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PREFACE

Many countries have been applying wastewater to the soil for centuries.
In almost all instances the nutrients in the effluent from agricultural and
domestic sources have "been used for their fertilizer value. This alone can
make the concept of land treatment of wastewater a cost-effective alterna-
tive to other forms of treatment of these waste products. Agricultural crops
produced at land treatment sites are of high quality and can be used as an
animal food source. When wastewater is applied to various forest species,
yields may increase by a factor of two. This increase in yield may provide
an alternative energy source to replace diminishing oil, gas and coal supplies.

In the United States several land treatment systems have been in opera-
tion since the turn of the century. In the past ten years, however, Federal
legislation has not only given municipalities added incentive to utilize land
treatment but it has also mandated that land treatment be one of the treat-
ment alternatives that is considered prior to applying for federal construc-
tion grants. If land treatment is the selected method its percolating water
must meet prescribed water quality standards and it must be the most cost-
effective method for treating the wastewater.

The objectives of this Symposium are to summarize the state of know-
ledge of the practical aspects of the treatment of wastewater by land appli-
cation and to identify .the suitable approaches for the design of such land
treatment systems. The topics to be included are: site selection considera-
tions, case studies of national and international concern, health effects
of land treatment systems, pretreatment considerations, uses of wastewaters
in agricultural and forest systems, monitoring, modeling and design criteria.

The Symposium Proceedings are published in two volumes. Volume I
contains the invited papers presented and discussed at the conference.
Volume 2 contains shorter papers about on-going research that were
selected from the responses received following a call for abstracts.

The program committee wishes to acknowledge Mr. Noel Urban, Chief,
Urban Studies and Management Section, Engineering Division, OCE for his
support of the Symposium. Special thanks is offered to Mr. Ben Yamashita
and Ms. Mary Ann Austin of the Public Affairs Office, Mr. Stephen L. Bowen
and Mrs. Donna 1. Murphy of the Publications Section and Mrs. Donna Gerow
of the Word Processing Center for their assistance in preparation and lay-
out of the proceedings. In addition, the symposium coordinator is particu-
larly indebted to the program committee for their assistance in coordination
and review of the proceedings, to Mrs. Sandra Messersmith who helped in the
overall planning of the fymposium, to Ms. Nancy Dumont who arranged for the
Russian translations, and to CRREL management for their support and coopera-
tion in hosting the Symposium.

HARLAN L. MCKIM
Symposium Coordinator
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CASE STUDIES

A CASE STUDY OF SOIL PHOSPHORUS AND HEAVY
METALS DUE TO EXTENDED EFFLUENT IRRIGATION

Mikkel R. Anderson, URS Co., Seattle, Wn.

A spray irrigation facility operated
for fourteen years near Seattle, Wash-
ington was examined for soil enrichment
of phosphorus, copper, zinc, lead, and
chromium. Profiles were take in a
naturally acid, sandy loam, in which
pasture grasses were being grown with
effluent from a trickling filter second-
ary treatment facility.

At the time of sampling and for a
significant portion of the facility's
life, the field was receiving extreme
hydraulic loads of over 4 cm per day
over the 18.6 hectares with no resting
periods. The upstream treatment plant
was continually exceeding design capacity.
The field operated with no storage
during rainy or freezing periods.
Effluent quality was monitored and mass
loadings computed to compare with
estimated enrichment values. Enrichment
was calculated as the difference between
the estimated mass of each constituent
in the irrigated profiles and the
control profiles. Analyses revealed
definite enrichments of phosphorus,
copper, zinc and lead. The response to
chromium appeared indefinite due to the
low level of chromium addition relative
to soil background levels. Soil pH
showed a one unit depression from the
control to irrigated profiles with one
surface value recorded at pH 4.5.
Results for soil concentrations were
compared to results reported as part of
the Penn State effort and found to be
comparable. Conclusions drawn indicated
that despite severe hydraulic overloading
and low soil pH, heavy metals and
phosphorus were being readily removed by
the soil profile.

BACKGROUND

This research reviewed the perfor-
mance of the Lake Hills Sewage Treatment
Plant near Seattle, Washington, a
full-scale spray irrigation facility in
a moderate, humid climate. This facility
was erected as a temporary means of
disposal until the completion of a major
intercepter to this area. Because of
project scheduling, this "temporary"
facility served from 1959 to 1973.

The Lake Hills treatment facility
consisted of primary sedimentation,
trickling filtration, secondary sedi-
mentation, disposal by pumping to a
sprayfield utilizing seven sets of
agricultural type-impact sprinklers. At
the end of the service life, the spray
area of 18,63 hectares was heavily
overloaded hydraulically with flows
reaching a peak of 22,710 cubic meters
per day (nrVj) with peak daily averages
around 15,000 nc/j compared to a design
flow of 9,500 m /d. The application rate
of 4.11 centimeters (cm) /day was
greater than five times that suggested
as desirable in the literature.(1)
Despite this overloading, the field
continued to operate satisfactorily from
the standpoint of wastewater disposal
and nuisance problems.

The specific objectives of this
research were to analyze the possible
buildup and penetration in the soil of
the heavy metal ions of copper, zinc,
chromium, and lead; and the biolo-
gical stimulant phosphorus. Columns of
soil were sampled with depth in two
irrigated and two adjacent, non-irrigated
profiles. Concentrations of constituents



were determined and compared with depth
for analysis of profile penetration, and
compared with effluent application rates
to estimate long-term removal effective-
ness.

INSTALLATION CHARACTERISTICS

The Lake Hills spray field is
located on a deposit of Lynden loamy
sand, a well-drained, moderately acid,
rich reddish-brown, loamy sand with
considerable coarse sand and a scattering
of shot pellets. The upper ten inch
subsoil is a moderately acid, yellowish-
brown, loamy sand. These materials are
slightly acid to neutral.

The total area of the sprayfield
was 21 hectares. However, only about
18,63 hectares were actually utilized
for irrigation. The site is naturally
quite flat with a maximum elevation
variation of no more than six in 1000.
The winter water table is approximately
one meter under the surface.

Vegetal cover at the site was
primarily coarse pasture grasses. At the
time of sampling, hydraulic loading was
severe enough to have resulted in
formation of slime mats in the immediate
vicinity of the sprinkler heads, and the
vegetation was sparse to non-existent in
these areas. Elsewhere within the influ-
ence of the sprinklers and subsequent
runoff, the grass was generally quite
lush. Crop growth was luxurious enough
to permit up to three cuttings of hay
annually when timing of rains would
permit farm machinery to operate ade-
quately. During periods of high rainfall
and plant flows, runoff from the field
would pond on part of the nearby,
well-used King County Marymoor Park
necessitating the shutdown of adjacent
sets of sprinklers for health hazard
considerations.

The disposal site was divided into
seven "fields", with a maximum design
application rate of 11.5 cubic meters
per hectare (m /ha) or 0.58 centimeters
per day. Information regarding design
application schedules was not available.
Automatic valves were installed to allow
remote control of field irrigation from
the plant, but abandoned due to cold
weather malfunctions. Although no field
operation records exist, it appears that
the manual selection of irrigation
fields was somewhat arbitrary with the
exceptions of selective field drying for
harvesting and full field operation
during freezing weather.

The effluent pump station was
designed for 15,400 liters per minute
maximum, utilizing three pumps with a
combined output of 181 kilowatts with
all seven fields operating. In an
effort to lower the system head, increase
pump output, and reduce maintenance, the
nozzle orifice portions of the sprinklers
were removed. At first, this was only
practiced during wet weather flows, but
towards the end of the life of the
installation, the nozzles were left out
all the time. This practice aggravated
conditions of hydraulic overloading by
adding the problems of compaction due to
droplet impact and reduced the effective
area of primary application. As a
result, localized conditions of overland
flow existed within the vicinity of the
application circle, and standing water
was common.

SAMPLING METHODS

Effluent Samples

A concentrations taken in 1971 and
1972, and 3) examinations by the author

of samples collected coincident with
field sampling efforts in 1973. A
summary of effluent quality appears in
Table I. All tests were run according
to Standard Methods/2)

Soil Sampling

Sampling was carried out on two
paired profiles, one irrigated and one
control each exposed by hand digging.
Profiles 2 and 3 were one pair, 4 and 5
the other. 2 and 5 being the irrigated
profiles and 3 and 4 being control.
Sites indicated as control were estab-
lished in areas where influence from
wastewater spraying would be minimal,
but with close proximity to the sites in
irrigated soils.

The samples were air dried for 48
hours under a forced-draft hood. The
samples were then ground in an attempt
to separate any fine material adhering
to larger particles. The grindlngs
were passed over a 0.27 mm plastic
sieve. These portions were utilized for
analysis of copper, zinc, lead, chromium,
and phosphorus.

Soil pH was measured according
to procedures developed by Black.(3)

Soil sample digestrates were
analyzed with an atomic absorption
spectrophotometer for metal contents.
Digestion was a modification of the



procedure suggested by Jackson'*'
utilizing, HF, HNO-j, HCIO4 and HC1 acids.

Total phosphorus determinations
were performed by the vanadomolybdophos-
phoric acid colorimetric method per
Standard Methods^2)

TABLE 1

LAKE HILLS STP EFFLUENT QUALITY

Parameter

Biochemical
Oxygen Demand

Suspended Sol ids

Copper

Zinc

Lead

Chromium

Phosphorus (as P)

pH

Mean
Concentration

Number of
Samples

51 mg/1

34 mg/1

0.28 mg/1

0.37 mg/1

0.05 mg/1

0.02 mg/1

3.6 mg/1

6.8

120

120

10

10

10

10

(2)

(2)

(3)

(3)

(3)

(3)

r (D
,(2)

Source Key:

(1) Field samples and analyses, 1973.

(2) Seattle METRO operating records,
courtesy Mr. Gary Isaac, 1962-1973.

(3) Seattle METRO laboratory data,
courtesy Mr. Jim Hinman, 1971-1972.

RESULTS

PH

Soil pH measured in water is
displayed in Figure 1. The two irrigated
soil profiles show roughly a one pH unit
drop relative to the control soils at
all depths. Measured values for the
control soils are equal to or slightly
higher than values measured for the
Lynden series in 1938. What appears to
be the case is that medium to slightly
acid soil has become very strongly to
strongly acidic at all depths.

The significance of the low pH
values is prelimarily the increased
solubility of metal ions which would
result. Numerous researchers, including
Leeper^ ' and Chaney(6) have cited
reports showing little to no reduction
in yield of crops at relatively high
metals levels and a pH of near neutral,
but noticeable toxicity when the pH was
dropped to around 5.5 with all else

held equal. These same researchers have
recommended that soil pH be kept at
about 6.5 to avoid excessive crop uptake
of heavy metals. At Lake Hills only the
deeper samples in the control profiles
had pH near or above 6.5.

At Lake Hills, if increased mobility
of ions due to low pH occured, it should
have resulted in higher values of ions
in the lower portion of the profiles
where the pH was higher. However,
such a condition was not observed. The
pH depression was not significant enough
to promote increased downward mobility
of the specific ions examined at this
site.

Lead

As shown in Figure 2, lead values
were low, both in the soil and the
effluent. This was reassuring consid-
ering lead's potential toxicity to
humans.

The irrigated profiles of soil
showed a moderate but consistent enrich-
ment over the control soils. As in the
zinc and copper determinations, all
profiles tended toward a common value
below 60 centimeters. In light of the
fact that lead concentrations in the
upper portion of a plant are usually
lower than in the roots, even in highly
contaminated soils, it appears that lead
buildup presented no threat at Lake
Hills either from the standpoint of
public health or crop health. The only
suggestion the analyses of lead raises,
is the avoidance of edible root crops on
fields to be irrigated with wastewater.

Zinc

The major source of zinc in Lake
Hills water was corrosion of zinc
galvanized water pipes. With the
Seattle area's soft, corrosive water,
this is a relatively rapid process.(?'
The water applied to the sprayfield was
richer in zinc than any metal measured.

Zinc displayed an obvious enrichment
due to irrigation as displayed in Figure
3. Both irrigated profiles showed
nearly identical values at depths to 40
centimeters. Enrichment of the first 30
centimeters was the most pronounced,
with zinc values estimated at more than
twice that of the control soils' upper
30 centimeters of depth. The second 30
centimeters of soil also showed enrich-
ment , but this appeared due to higher
values in the upper layer being reflected



into the upper portions of the underlying
layer. However, the deepest sample
values tended toward a common value.
Using the analogy of an ion exchange
bed, it does not appear that zinc had
"broken through" at depths greater than
one meter.

The significance of 200 micrograms
per gram in the upper soil is probably
one of plant pathology rather than
public health. Although zinc enrichment
was definitely occurring, the fourteen
years (1959 to 1973) of operation did
not result in phytotoxic buildups of
zinc.

From the standpoint of 2inc, it
appears that the Lake Hills sprayfield
was removing zinc effectively without
toxic buildup. The acid pH of the soil
did not appear to promote excessive
mobility to lower levels of the profile.
It appears that the sprayfield could
operate for an additional 20 years or so
without extreme ramifications resulting
from zinc buildup, but the question of
sublethal crop toxicity would still need
to be investigated.

Copper

The results of copper determinations
showed a similar, but less pronounced
pattern to that of zinc. This is not
surprising as copper was being applied
at a lesser rate (0.28 milligrams
per liter Cu vs. 0.37 ppm Zn) although
of the same magnitude as zinc. Plumbing
corrosion plays the key role as a
source.

As displayed in Figure 4, the
maximum value for a soil sample was 132
micrograms/gram, occurring at the five
centimeter depth in profile two. This
was also the depth where maximum zinc
values were recorded, emphasizing the
similarity of the two profiles. Copper
values also showed no "breakthrough",
again tending toward natural levels
below 60 centimeters in depth and above
the water table.

Chromium

The results of the chromium analyses
are confusing compared to the results of
the other heavy metals. The possibility
of unknown difficulties in the laboratory
analyses cannot be ruled out. Profile
two shows a substantial, albeit erratic,
enrichment over control profile three,
but irrigated profile four and control
profile five reveal almost identical
values for the first and second 30

centimeters. To further cloud the
results, no profile showed any tendency
to coincide at a common value below 60
centimeters.

It appears that chromium values in
the irrigated and non-irrigated profiles
are so close that no pattern is apparent.
This is an analogy to a low "signal" to

Phosphorus

) estimated that
efficiencies in the range of 99% could
be expected for phosphorus removal. At
Penn State, Hook, Kardos and Sooper^
reported a mean removal rate over seven
years of spray application of 98.3% when
effluent was sprayed on crops grown on
clay loam and sandy ltiam soils.

The analyses at Lake Hills indicates
a definite buildup of phosphorus in the
irrigated profiles. The irrigated
profiles contained nearly 400% as much
phosphorus as the control profiles
in the first 30 centimeters, while the
second 30 centimeters contained almost
500% as much.

Calculations of Enrichment

The total mass present in the
irrigated profiles minus the mass in the
control profiles was taken to represent
the enrichment due to irrigation. These
values were calculated for the 0 to 30
centimeter depth and 30 to 60 centimeter
depth, reported herein as 30 centimeter
and 60 centimeter respectively. These
computed values are displayed in Table 2.

For the purpose of comparison,
Table 3 displays reported values for
metals in wastewater and soil versus the
Lake Hills values. From the values, it
appears that the Lake Hills effluent
was enriched, primarily by water supply
corrosion products, to greater levels
than the effluent reported by Sidle, et
al,(9) except for the element lead.
Correspondingly, the values for the
soil profiles show a similar pattern of
concentrations, although neither exceeds
the values reported as "common" in
agricultural soils.

Table 4 compares the estimated
applied pollutant loading with the
estimated soil enrichment. Several
observations are possible.

All the heavy metals, except
chromium, appeared to be enriched in the
soil in roughly the same magnitude as
they were applied. This might be
expected, as these elements should be



bound readily fay soil processes..
However, i t is interesting to note that
this apparent enrichment occurred in
spite of the low soil pH measured.
Various authors have cautioned that too
low a pH (below 6.0) would promote metal
ion mobility. This doesn't seem to have
occurred in the Lake Hills soil which
implies other metal binding mechanisms
are at work that aren't as pH sensitive,
or perhaps a seasonal lowering of soil
pH occurs at Lake Hills which corre-

sponded to the sampling period. The
author feels the lat ter is more plausible,
but in any event the native soil is
naturally acidic, and yet no increased
heavy metal ion mobility was apparent.

The element phosphorus appeared to
have also been readily bound in the soil
judging from the sample profiles, but
enrichment calculations showed about
twice the phosphorus applied. Some
losses could be expected due to crop
uptake and leaching. The lat ter mech-
anism might be significant due to the

Parameter

TABLE 2

VALUES OF SOIL ENRICHMENT

Mean Mean
Irrigated Control Enrichment

(metric tons) (metric tons) (metric tons)
30 cm/60 cm 30 cm/60 cm 30 cm/60 cm

Lead
Zinc
Copper
Chromium
Phosphorus

0.7/0.2
9.8/4.1
3.8/1.7
3.7/1.8
240/130

0.4/0.1
3.0/2.2
1.3/0.7
2.2/1.6
64/27

0.3/0.1
6.8/1.9
2.5/1.0
1.5/0.2
176/103

Note: Values a re in t o t a l tons for 30 cm of depth over
18.63 ha .

TABLE 3

COMPARISON OF LITERATURE VALUES

WITH LAKE HILLS DATA

Element

Cu
Zn
Pb

Source Key:

(1) Menzie

Lake
Hills

.28

.37

.05

and

Wastewater Applied
mg/1

.02

.02

.02

1

to
to
to

Chaney,

5.9
20
20

10)

2

0.07 0
0.20 1
0.14 0

3

.45

.74

.04

Soil

Lake Hills
Irrigated

6.7
16.6
1.2

Waste characteristics.

(9)

(1st

4

20
50
10

30
ï

5

1.
3.
3.

cm)

0
1
3

Lake
Hills
Control

2.7
6.3
0.8

(2) Sidle, Hook, and Kardos.

(3) Dangel, Values for "standing tap water".

(4) Allaway, Common soil values without wastewater.

(5) Same as (2), except for 5 cm/wk plots, extracted with 0.1 N HC1.
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TABLE 4

ESTIMATED MASS LOADING VERSUS
ESTIMATED ENRICHMENT

Parameter

Lead
Zinc
Copper
Chromium
Phosphorus

Total Lifetime
Mass Loading
(metric tons)

1.45
11.0
8.3
0.6

107

Estimated
Enrichment
(metric tons)

0.4
8.7
3.5
1.7

279

Note: Values represent total estimates
mass applied or enriched during
the life of the sprayfield of
18.63 hectares in area.

low soil pH, but no successful leachate
samples were collected to verify
or deny the significance of leaching.

The chromium analyses showed no
clearly definable pattern. Whereas the
uppermost samples indicated a definite
enrichment, the next two deeper samples
in the profile, 5 and 10 centimeters,
showed the control soils increasing and
irrigated plots decreasing. The remark-
able difference in the chromium profile
versus the other metals may have been
due to problems in the sampling or
analytical procedures, but the lead,
which paralleled the chromium in every
way throughout the sampling process,
showed no such scattering of values.
The enrichment of chromium appears to be
low relative to backround levels making
patterns difficult to detect.

CONCLUSIONS

In general, the Lake Hills sprayfield
was a success when viewed as a treatment
and disposal process. It appears to
have sustained adequate operation and
removal of pollutants in the face of
extreme overloads and lack of maintenance
that would not be tolerated in conven-
tional operations. Credit for the
success seems to rest mostly with the
choice of soil, the Lynden series,
although the records are not clear
whether this was a product of engineering
judgment or political availability. The
sandy nature of the soil allowed the
system to equilibriate to a quasi-
overland flow system when heavy sprinkler
applications clogged the soil in the
immediate vicinity of the applicators.
It appears that the system removed heavy

metals and phosphorus in excess of
removals by secondary treatment, while
building the soil organic levels and
growing a lush hay crop.

Depression of soil pH such as was
found at Lake Hills is a constant
concern voiced with regard to metals
toxicity. One of the corrective tech-
niques is liming. Adjusting the soil
acidity at Lake Hills would cost approxi-
mately $78,200. This is a significant
expense and efforts should be made to
accurately verify the need, as most
soils on the western side of Washington
State are naturally acidic. Further,
liming as an acidity control aimed at
metals retention has the drawback that
in high rainfall areas, such as western
Washington State, natural forces are
constantly at work leaching out buffering
compounds and lowering the soil pH. If
a soil pH is raised with lime, and
metals are stored in the upper layers as
carbonates or phosphates, they may be
released in rather large quantities to
crops by the mere act of cessation of
continual lime additions. In other
words, the soils would require perpetual
liming and monitoring. It appears wiser
to approach the metals question at the
source, such as pipe corrosion in the
case of Lake Hills. Addition of lime to
the water supply would control corrosion
products, an economic benefit to every
homeowner, and lower metals levels in
the effluent and sludges. At that
point, application rates or field life
could be adjusted to match soil condi-
tions, i.e., lower with lower pH.
Results of this study suggest significant
metals retention capacity even at
relatively low pH. More data on
metal-soil-crop relationships are
required to utilize a metals balancing
approach, however.

It appears from observations at the
Lake Hills site that spray irrigation
will become overland flow whenever soil
infiltration rates are exceeded due to
rain, effluent peaking conditions,
organic overloading or a combination.
This situation need not constitute a
failure other than by definition, as
overland flow has been reported to be an
effective treatment process on its
own, especially with regard to bio-
chemical oxygen demand and suspended
solids. If buffer strips are to be
required to help minimize risk from
pathogens contained in aerosols, these
strips can also serve as a backup
process in the overland flow mode.
Presumably, runoff interception and



erosion control would be part of the
design in any event, but locating these
facilities on the outside of the buffer
zone may allow savings by reducing
storage requirements by utilizing flood
irrigation or overland flow of buffer
zones for storage. One key concern is
the susceptibility of the crop to soil
flooding. Generally, perennial grass
crops are more tolerant and would lend
themselves better to this concept
than an annual such as corn.
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CASE STUDIES

DEMONSTRATION PLANT EVALUATION OF AN
INFILTRATION-PERCOLATION SYSTEM FOR BOULDER, COLORADO
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This paper reviews the treatment
performance of a demonstration
infiltration-percolation system operated
by the City of Boulder Sewage Treatment
Facility. The study investigated the
seasonal and climatic trends observed in
the treatment efficiency of secondary
effluent by the high-rate land treatment
system during the first continuous year
of operation.

The facility consisted of an
infiltration-percolation basin of approx-
imately 0.9 acre. Unchlorinated
secondary wastewater effluent was
applied twice a week at a loading rate
of 100 ft/yr. The applied wastewater
percolated through shallow loamy and
clay sands covering alluvial sands and
gravel. It was then collected 8 to 10
feet below the surface by underdraln
piping and discharged into Boulder Creek.

The treatment performance of the
infiltration-percolation system varied
somewhat between summer and winter
operation. The soil system demonstrated
good capability for reducing the con-
centration of phosphates applied in the
secondary effluent. However, maximum
phosphate levels of about 1.5 mg/£-P did
leach through the system during the
winter. Consistent removal of the
majority of the refractory organic
materials was observed throughout the
study period. The maximum effluent COD
concentration of 44 mg/£ occurred during
the winter, and coincided with an
abnormally high level of organics in the
applied wastewater at that time. Organic
and ammonium nitrogen removal by the
infiltration-percolation basins was
nearly complete. However, maximum

leaching of ammonium through the soil
also occurred during the winter. A
nitrogen balance Indicated that the
basins stored ammonium nitrogen during
the winter and discharged high levels of
nitrate nitrogen in the spring.

INTRODUCTION

High rate infiltration-percolation
is one of the treatment methods under
consideration by the City of Boulder,
Colorado, for upgrading the quality of
wastewater to meet more stringent dis-
charge requirements. As such, a pilot
study was undertaken in the spring of
1976 to assess the capability of
infiltration-percolation for providing
efficient and reliable treatment in the
context of the soil and climatic condi-
tions which characterize the Boulder area.
This paper discusses the performance of
one infiltration-percolation bed during
the first full year of steady state
operation.

The City of Boulder is located 40 km
(25 miles) northwest of Denver and is
situated at the base of the Eastern Slope
of the Rocky Mountains. The elevation of
Boulder is 1655 m (5430 ft), and the
climate is best described as semiarid.
Inherent in this type of climate are
lengthy periods of low humidity and
little precipitation. The average annual
precipitation in Boulder is approximately
48 cm (18.9 in.). Although the average
annual temperature is about 11°C (52°F),
large diurnal variations in temperature
typically occur. The growing season
generally extends from May 9 to October 8,
with an annual average of 152 days above
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three days following loading. Sampling
and analysis was performed during the
first loading of each week. Samples
were collected for analysis of the nitro-
gen forms at nine different times within
the three days following basin loading,
while the remaining constituents were
monitored only once, at 24 hours after
loading. Sampling took place after the
percolate was collected by the under-
drain system and prior to its pumped
discharge to Boulder Creek.

System Performance

In evaluating the performance of
the infiltration-percolation system, it
was found that continuous operation of
the basin was possible throughout the
year. However, periods of freezing
temperatures did produce a unique cycle
within each loading sequence. During
these periods, a layer of ice formed on
the surface subsequent to basin loading.
As the infiltration continued under the
ice layer, the ice would eventually
collapse and break apart. During the
following basin loading the broken ice

floated to the surface and the cycle was
repeated.

Some seasonal variations were
observed in both the system hydraulics
and the treatment efficiency. Most of
these observed differences were probably
directly related to temperature effects,
although seasonal variations in the
influent wastewater characteristics,
such as those indicated in Table I, may
also have had some impact on the observed
product quality variations. These
variations have been presented and dis-
cussed for each of the measured waste-
water constituents in the following
sections of the paper.

Nitrogen. A complete analysis was
performed for the typical nitrogen forms
in the applied effluent and renovated
water. The majority of the applied
nitrogen existed in the ammonium and
organic nitrogen forms. The annual
average total nitrogen concentration
applied to the basin was 16.5 mg/£-N,
of which 7.6 mg/£ was In the ammonium
form, and 7.0 mg/£ in the organic
nitrogen form. The seasonal variations
of the applied nitrogen forms were
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0°C(32°F). Weather patterns occurring
in this high plains region are basically
dominated by four air masses. Cold
artic air masses are responsible for
short periods of extreme cold often
experienced during the winter months.
Periods of increased precipitation
during the spring result from moist air
masses which develop in the Gulf of
Mexico. The summer months are commonly
influenced by warm dry air from Mexico
and the desert Southwest, causing
periods of extreme warmth and dryness.
However, the general weather patterns
are influenced by moist Pacific air
masses which move easterly across the
Rocky Mountains.

DESCRIPTION OF SYSTEM AND OPERATION

The small infiltration-percolation
basins evaluated in this study were
constructed adjacent to Boulder Creek
at the 75th Street Treatment Plant in
Boulder. Since only one of three basins
was operated continuously throughout the
study period, discussion in this paper
has been limited to the operation and
performance of this basin. The 75th
Street Treatment Plant is a 5.68 x 107

liter/day (15 MGD) secondary treatment
system which consists of a standard rate
trickling filter followed by chlorina-
tion. The influent to the infiltration-
percolation basin was pumped from the
secondary clarifiers prior to chlorina-
tion. A schematic flow diagram for the
system is illustrated in Figure 1.

The demonstration infiltration-
percolation basin was 0.872 acre In area
and was comprised of a sandy clay loam
surface which varied in depth from 38-66
cm (15-26 in.). The infiltration rate
of this soil averaged 0.53 in/hr over
the basin surface. The underlying soil
consisted of well rounded gravel mixed
with sand and silt loam to an approxi-
mate depth of 3.7 m (12 ft). This
gravel layer was underlain with an
impermeable shale layer. A clay dike
was constructed around the perimeter of
the basin to isolate the basin from the
surrounding groundwater. This dike
extended from the bedrock to 0.75 m
(2,5 ft) above the ground surface. The
normal groundwater table was typically
0.9-1.5 m (3-5 ft) below the ground
surface in the area of the basin, but
was lowered to approximately 2.4 m
(8 ft) within the basin area by two
17.8 cm (7 in.) underdrains located at
the 2.4 m (8 ft) depth. Figure 2
illustrates the basin layout in plan
and cross-section.

Basin loading occurred twice each
week for a six-week period, followed by
a drying and scarification period between
each loading cycle. The required length
of the drying period between loadings
was generally one week in the summer and
autumn, and two weeks during colder
periods. Each loading Inundated the
basin to a 30.5-35.5 cm (12-14 in.)
depth, which was equivalent to an annual
loading rate of 30.5 m (100 ft). All of
the ponded water on the basin surface
usually infiltrated the soil within

r 3UUD6E

0RIT TO
DISPOSAL SITE

INFILTRATION- PERCOLATION
•ASINS

TO LAND
DISPOSAL SITE

SLUO8E
MOLDING
TANKS

VACUUM
FILTERS

Figure 1 - Schematic Flow Diagram for the 75th Street Treatment Plant
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Table I

Seasonal Averages for Constituent Concentration in Boulder
Secondary Effluent Applied to Infiltration-Percolation Basins

from 7/12/76 through 8/25/77

Constituent

Total Nitrogen1

Ammonia
Organic Nitrogen
Nitrate
Total Phosphate2

COD
Alkalinity3

Hardness3

Calcium
Magnesium
Chlorides
Suspended Solids
Total Solids

Spring

13.8
7.3
4.7
1.8
4.8
58.0
128
132
34.6
11.0
27.4
14.6

311

Summer

13.2
6.0
4.7
2.5
5.1

58.1
118
154
35.6
14.8
23.2
11.7
333

Fall

14.6
5.3
6.6
2.7
7.2

72.1
125
119
-
-
32.1
21.6
286

Winter

24.5
11.7
12.2
0.6
7.9

118.3
164
112
32.2
7.4

27.3
25.4
302

Annual

16.5
7.6
7.0
1.9
6.2
76.6
134
129
34.1
11.1
27.5
18.3
308

All nitrogen concentrations in mg/£ as N
2mg/£ as P
3 as CaC03

i

a»

— 0 — « « R A S E TOTAL NITROGEN APPLIED

—Cl NITRATE NITROGEN H RENOVATED WATER

o AMMONIA MTROGEN W RENOVATED WATER

JULY AUG SEPT,
1*76

MARCH APRIL
1977

Figure 3 - Basin No. 1 Performance - Nitrogen

included in Table I. The nitrogen
present in the renovated water was
primarily in the nitrate form, with low
levels of ammonium also detected. The
organic nitrogen and nitrite concentra-
tions were generally less than 0.5
mg/£-N and 0.10 mg/£-N02-N, respectively.
Figure 3 illustrates the nitrification
performance of the basin by comparing
the concentrations of the total nitrogen
applied with the concentrations of
nitrate and ammonium detected in the
renovated water. Each point on the
figure represents the average concentra-
tion of a six-week loading cycle, and

corresponds to the initial loading date
of the cycle. The nitrate accounted for
98% of the total nitrogen discharged
from the system. A nitrogen balance
across the infiltration-percolation
system indicated that only a 9% reduc-
tion in nitrogen occurred during the
study period (St. John, 1977). This
reduction was likely associated with
denitrification and volatilization since
the basin surface was operated without
vegetative cover.

Significant seasonal variations
were observed in the concentrations of
both the applied and discharged nitrogen.
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The influent variations were indicated
previously in Table I, and Figure 3
illustrated the seasonal variations in
the ammonium and nitrate concentrations
of the renovated water. The highest
ammonium concentrations measured in the
renovated water occurred during the two
coldest loading cycles, and reached
levels of as high as 1.89 mg/Jl NH^-N.
The secondary effluent applied to the
bed also contained the highest levels of
ammonium during this same period, and
averaged 4.1 mg/Z mg/£-N above the annual
average. The higher concentrations of
ammonia detected.in the renovated water
during winter operation were likely
related in some part to the higher con-
centrations in the applied secondary
effluent. In addition, the typical
winter operation cycle hindered the
oxidation of the ammonium ions retained
in the soil. The transport of oxygen
into the soil was restricted by both the
ice layer described earlier and shorter
drying periods which occurred between
loadings during the colder cycles. This
reduced oxygen availability, together
with the temperature related reduction
in the nitrification rate limited the
rate of recovery of the ammonium adsorp-
tion capacity within the soil matrix.
As a result, the soil became more heavily
loaded with ammonium ions and some
leakage resulted.

Although the magnitude of the
ammonium leakage was not large enough to
affect the average nitrate concentrations
during the cold weather period, a long
term accumulation of fixed ammonium ions
resulted in extremely high nitrate dis-
charges in the spring, as is indicated

in Figure 3. The ammonium accumulation
is shown in the curves of Figure 4,
which indicate a cumulative nitrogen
balance for the first year of basin
operation. The cumulative nitrogen
storage, or loss, on any date is simply
the difference between the application
and discharge lines of this figure.
Increased storage during the winter is
illustrated by the larger difference
between applied and discharged nitrogen
during these months.

The summer and autumn fluctuations
in the nitrogen levels of both the
applied and renovated water were less
pronounced, which indicated that the
capacity of the soil to absorb and
biologically oxidize the ammonium was
not fully taxed during these periods.

Loss of nitrogen through denitri-
fication or volatilization was very
limited in the system. However, varia-
tions of the system management and
operation to optimize nitrogen removal
were not practiced during this period
of investigation.

Phosphorus. Phosphorus removal
during the study period was generally
excellent, with renovated water phos-
phorus concentrations consistently less
than 1.5 mg/H PO4-P. Figure 5 illustrates
the trends observed in the total phos-
phorus levels of the applied effluent
and renovated water throughout the study
period. A distinct seasonal trend was
observed as is indicated in this figure.
The concentration of total phosphorus
appearing in the renovated water
increased significantly during the
winter loading cycles when the wastewater

JULY AU6. FEB. MARCH APMl

IST7

MAT JUN£

Figure 4 - Cumulative Nitrogen Applied and Discharged from Basin No. 1
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Figure 5 - Basin No. 1 Performance - Phosphorus

temperatures were the lowest. Phosphates
introduced to the soil system are
initially adsorbed in the mineral or
organic fraction of the soil (Harter,
1969; Hsu, 1964). The adsorbed phosphate
is subsequently precipitated or mineral-
ized as inorganic compounds into the soil
matrix by a slower reaction. This pre-
cipitation reaction serves to release
the adsorption sites within the soil for
additional phosphorus removal. The
adsorption process will control the rate
at which phosphorus can be removed from
the soil until the soil matrix becomes
saturated, at which point the slower
precipitation reaction will limit the
rate of phosphorus removal (Barrow, 1975).

The increase in phosphorus levels
applied to the bed during the autumn and
winter apparently saturated the phos-
phorus adsorption capacity within the
soil system. At this point, the slower
precipitation reaction effectively con-
trolled the rate and effectiveness of
the phosphorus removal process.

Organics. The removal of waste-
water organics in the infiltration-
percolation system was monitored by
determining the chemical oxygen demand
(COD) of the applied wastewater and that
of the renovated water 24 hours after
loading. The average COD of the applied
effluent and bed effluent has been
plotted for each six-week loading cycle
in Figure 6. Included with these data
are the average removal efficiencies for
each cycle. As can be seen from these
data, the infiltration-percolation
system was generally effective in
reducing the wastewater organic concen-
tration by about 70-80%. The increase

observed in the renovated water COD
during periods of colder temperatures
was accompanied by higher applied
effluent levels. These high influent
COD concentrations were attributed to
highly concentrated industrial waste
discharges which appeared in the Boulder
sewage during that time.

The apparent decline in COD removal
efficiency during the spring months was
due to the unusually low COD levels in
the applied effluent. As illustrated
in Figure 6, the renovated water COD
levels remained low during this period.
Alum was used from March 5 to May 5,
1977 to facilitate settling in the
secondary clarifier. This alum addition
resulted in average COD values of 43
mg/£ as compared with a seasonal average
of 58 mg/«, (St. John, 1977).

Suspended Solids. Excellent
removal of suspended solids was exper-
ienced throughout the operation of this
system. Although the suspended solids
in the applied effluent increased during
the winter months, the effect on the
renovated water was minimal. Figure 7
illustrates this observation, and shows
little or no suspended solids present
in the renovated water. Again, the
points in the figure were averages of
a six-week loading cycle plotted as a
function of the initial loading date.

Microorganisms. Total and fecal
coliforms were monitored on a grab
sample basis to determine the effective-
ness of the infiltration-percolation
system for bacterial removals. Although
the removal efficiencies averaged 96.2%
through the study period, the fecal

Ik
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Figure 7 - Basin No. 1 Performance - Suspended Solids

coliform count in the renovated water
varied considerably. Fecal coliform
organism counts of as high as 103/100 ml
appeared in the renovated water at times.
From these data it is clear that signi-
ficant bacterial leakage can occur in
high rate soil treatment systems.

SUMMARY AND CONCLUSIONS

The infiltration-percolation
system evaluated in this study was shown
to be very effective in reducing the
concentrations of many important waste-
water constituents found in secondary
effluents. The suspended solids and
coliform organism concentrations were
consistently reduced by over 96%.
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Significant phosphorus and COD removals
were also attained, although the leakage
of these constituents was somewhat more
pronounced. Organic and ammonium nitro-
gen were also efficiently removed, with
subsequent oxidation and release of
nitrate nitrogen. These removals and
transformations were effected throughout
the year with relatively minor seasonal
fluctuations.
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ABSTRACT

Groundwater and soil nitrogen and
phosphorus concentrations were measured
beneath a rapid infiltration site that
has received primary municipal effluent
for 30 years. Similar measurements were
taken at adjacent locations and used as
controls. After percolation through 7 m
of unsaturated gravelly and sandy loams,
total nitrogen values in the underlying
aquifer approached those recorded at
offsite control locations. Influent
values of 40.2 mg/L total-N decreased to
less than 4 mg/L in the shallow aquifer.
Nitrate-N did not pose a pollution
hazard. Effective phosphorus removal
required longer travel distances, but
the sorption capacity of the soil had
not been exhausted even after 30 years
of continuous wastewater application.

INTRODUCTION

The success of a rapid infiltration
facility is measured in part by the
soil's ability to prevent the migration
of wastewater applied nitrogen and
phosphorus into the underlying
groundwater. Specific questions
regarding the fate of these nutrients
still remain unanswered because most
systems have been monitored for only
short periods of time. Evaluation of
long-term treatment efficiency is
therefore necessary to sharpen design
criteria for widespread use and estimate
the environmental impact of land
application of wastewater.

With the above objective in mind,
an investigation was conducted at a
rapid infiltration site that has
received primary effluent for over 30
years. Soil chemistry and groundwater
quality data obtained at this site were
compared with equivalent data from a
nearby control site which had never
received wastewater. A total of 23 soil
parameters and 40 groundwater parameters
were monitored. This discussion,
however, focuses primarily on the
behavior of nitrogen and phosphorus.

SITE DESCRIPTION

The City of Hollister is located 35
km inland from Monterey Bay and 144 km
south of San Francisco. Its climate is
marked by warm dry summers and cool
rainy winters. Mean annual
precipitation is 33.4 cm, with greater
than 19 cm occurring from December to
February. The highest average
temperature occurs in July (20°C). Mean
annual temperature is 15°C.

A facilities plan for the Hollister
rapid infiltration site is presented in
Figure 1. Clarified effluent flows by
gravity to a series of 20 individually
controlled infiltration basins ranging
in area from 0.3 to 0.7 ha. Total
spreading basin area equalled 8.8 ha.
Average daily flow was 43.8 litres per
second (L/s) . Wastewater was applied to
a depth of 30 cm in each basin on a
rotating basis; measured infiltration
rates varied among basins and ranged
from 4.6 to 31.7 cm/d with an average of
17.7 cm/d. The basins were allowed to
dry for periods from 14 to 21 days prior
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Figure 1. Hollister Rapid Infiltration Site Layout

to reapplication. Effluent application
over the entire rapid infiltration site
was 30 cm per week (or 15.6 metres per
year). All basins were free of
vegetation and regularly disked to
restore surface infiltration capacity.
Sludge from the clarifier was drawn off
and applied to drying beds which are
separate from the rapid infiltration
area.

The soil at the Hollister site is
mapped as a Metz sandy loam (Typic
Xerorthent) [1], an alkaline soil (pH 8

to 9) underlain by stratified calcareous
sands and gravels. The terms gravelly
sand or gravelly sandy loam, though,
often offer a more appropriate
description of soil texture.

The principal water bearing units
beneath the site are lenticular beds of
sands and gravels interbedded with clay
(Figure 1), Preliminary data [2]
suggested that groundwater flowed in a
predominantly westerly direction.
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Table 1. Average Effluent and Groundwater Quality Results
mg/L Except as Noted

Groundwater

Effluent Shallow Intermediate Offsite control walls

Constituent Rangs Average 3A IB 3B 1C
Significant
contrasts^

COD

BOD

TOC

Total

Org-N

546-1,029 706

134-414 220

240-264 24B9

29,7-58.5 40.2

19.7-44.0 25.3

6.7-21.8 14.5

NO"-N

Total P

PO.-P

0.16-0.8

10.0-21.5

9.0-13.2

0.43

12.4

10.5

46 50 21 24 18 127 16 14 14 21 30

6 13 3 4 5 16 3 <6 5 4 1

10h llh 9h <lh 13h 20h <lh ~ 6h - 5h

3.8 1.7 6.7 7.8 2.9 1.8 2.1 0.2 6.0 4.1 9.9

<0.4 <0.1 <0.2 <0.1 0.4 0.3 <0.1 0.2 <0.2 <0.2 <0.05

2-2 1.0 0,5 0,8 2.4 1.1 <0.5 0.2 <0.5 <0.2 0.4

1-2 0.6 6.1 7.0 0.1 0.5 1.9 0.05 5.6 3.9 9. S

8.0 9.6 0.1 0.2 0.1 0.1 0.1 0.04 0.03 0.1 0.1

6.8 8.7 0.1 0.1 0.1 0.03 0.04 0.04 <0.02 0.06 <0.01

7.5 7.7 8.2 7.6 8.0 7.9 7.8 7.2 7.7 7.6 7.9

E-S, E-I, E-D,
E-C, D-I, 1-S

E-S, E-I, E-D,
E-C

E-S, E-I, E-D,
E-C, C-S, :-S

E-I, E-C, C-S,
C-D, D-I, I-B

E-S, E-I, E-D,
E-C, C-S, C-I,
D-S, I-S

E-I, E-D, E-C,
C-S, D-S, I-S

a. Average of four grab samples.
b. Depth of well screen « 48 m.
c. Depth of well screen *= 7.5-10.5 m.
d. Depth of well screen • 19.5-24.0 m.
e. Average of twelve 24 h composite samples.
£. contamination by COD exerting drilling mud.
g. Average of three 24 h composita samples.
h. single grab sample.

1. Fairvlse contrasts, t~statistic, a - 0.05
E = Effluent
S - shallow wells
I • Intermediate wells
D - Deep walls
C • Control wells.

i I I I I I i i i • i I I i • • I I • i • i i | , i I i i i i i I I ) I I i i I |

2124 28 I 4 8 «2 16 20 24 28 I 4 8 12 16 20 24 28 I 4 8 12 16 20 24

JANUARY FEBRUARYDECEMBER

(1976)
(1977)

TIME, DAYS

Figure 2. Water Level Response to Basin Flooding in
Observation Wells 3A and 5A



EXPERIMENTAL PROCEDURES RESULTS

Effluent was sampled quarterly from
June 1976 through March 1977. A battery
operated, refrigerated composite sampler
was installed to sample from the
effluent trough of the primary
clarifier. Each sampling period
produced seventy-two 1-hr samples that
were composited according to flow. The
samples were analyzed according to
Standard Methods [3].

Groundwater quality was monitored
at a series of observation wells (Figure
1). One quarterly sample was taken from
each well at the time of effluent
sampling. The shallow groundwater
samples were taken to coincide with
maximum groundwater mound height created
by wastewater application. Thus, the
results represent renovation at minimum
travel distance and detention time of
the percolate in the unsaturated soil
profile. All observation wells were
flushed thoroughly prior to sample
collection. Samples were analyzed in
accordance with Standard Methods [3],
Shallow depth wells were designated "A";
intermediate "B"; and deep "C." Wells
numbered 1, 2, 3, and 5 were sited to
intercept groundwater flow leaving the
basins, while Well 4C was located
upgradient and served as a control.
Four existing offsite wells, 6C, 7C, 8C,
and 9C also served as control wells
downgradient of groundwater flow from
the site. (Results from these wells
were statistically equivalent to that
recorded at Well 4C.) These wells were
located approximately 0.8 km west of the
rapid infiltration site. Wells 3A and
5A were equipped with continuous water
level recorders. Shallow depth wells,
located at Sites 1 and 2 (Figure 1),
yielded no water during the monitoring
program.

The soil profile was sampled
randomly at three locations that
received primary effluent and two
offsite control locations. Composite
samples were obtained at four depth
increments (0-16, 25-35, 95-105, and 295-
305 cm) at each sampling location. The
soil was air dried, thoroughly mixed and
screened through a 2 mm diameter sieve.
Analytical procedures for nitrogen and
phosphorus are described by Black [4].
All soil data are reported on a whole
soil basis.

Wastewater and Groundwater

Characterization of Hollister1s
primary effluent and groundwater is
presented in Table 1. The effluent
COD:BOD- ratio of 3.2 is somewhat higher
than expected for medium density
residential areas and may reflect input
from a paper recycling plant which
accounts for 25% of the total flow.
Other constituent concentrations are
within a range typical of primary
effluents [5]. Ammonia nitrogen
accounts for greater than 60% of the
total nitrogen, and inorganic
orthophosphate makes up 85% of the total
phosphorus.

Water level fluctuations observed
in Wells 3A and 5A are presented in
Figure 2. Depth to water table
decreased when adjacent infiltration
basins were flooded, but both wells
remained dry or nearly dry when adjacent
basins were allowed to dry. These
results suggest that groundwater at this
depth resulted exclusively from
wastewater application. Further support
for this conclusion is provided by
noting that shallow Wells 1A and 2A,
located at offsite locations in
equivalent geological strata, remained
dry throughout the study.

Total nitrogen values in the
effluent were significantly higher than
those reported in any of the groundwater
aquifers. Total N in the shallow
aquifer was only 11% of input levels.
This result becomes even more important
by noting that the shallow groundwater
is derived solely from wastewater
application, eliminating dilution as a
treatment mechanism. Thus, despite
groundwater sampling at times of minimum
vertical travel, substantial nitrogen
renovation was achieved. In contrast,
total N in the intermediate aquifer was
higher than that recorded in either the
shallow or deep aquifers. However,
total N levels in all three aquifers
were statistically indistinguishable
from control well values, suggesting
that wastewater applied nitrogen has not
adversely affected groundwater quality.

Ammonium-N showed statistically
significant contrasts when wastewater
concentrations were compared to
observation or control well values. All
aquifers were statistically
indistinguishable from control wells and
themselves. Input levels of ammoniuin-N
approximating 25 mg/L were reduced to
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nearly zero after 7 m of vertical travel
through unsaturated soil .

All well groups had significantly
lower organic nitrogen than applied
wastewater. Organic nitrogen was
reduced from init ial values of 14.5 mg/L
to 1.6 mg/L after 7 m of travel.
Organic-N in the shallow aquifer was
significantly higher than intermediate
or control well values. This result
conflicts somewhat with total N data,
and probably reflects sampling
variability rather than nitrogen
movement.

The behavior of nitrate-nitrogen
was more difficult to evaluate because
ambient control well levels were so
high. The value of 9.5 mg/L at Well 9C
was already close to the recommended
maximum of 10 mg/L set for drinking
water supplies [6]. The high
concentrations of nitrate-N that were
observed in the intermediate wells were
comparable to offsite control wells,
suggesting that the nitrogen in the
intermediate aquifer was derived from a
source other than surface applied
wastewater. Had NO, been derived from
the infiltration basin area, Wells 5A
and 3A would have responded because they
were within the groundwater mound
created during wastewater application.
The mobile nitrate anion [7] would
probably be associated with the
groundwater mound. In addition, there
is evidence for significant
denitrification as discussed in the
following section.

Total input phosphorus levels were
reduced significantly from 12.4 to 8.8
mg/L after percolation through 7 m of
soil , a reduction of 30%. Total-P in
the intermediate aquifer was also higher
than in the control wells. However, the
difference is small and may only reflect
sampling variability.

Shallow aquifer orthophosphate-P
was significantly higher than that
recorded in either the intermediate,
deep, or control wells, again reflecting
the influence of wastewater addition.
Although input levels were reduced from
10.5 to 6.8 and 8.7 mg/L at Wells 3A and
5A, respectively, the reduction was not
stat ist ically significant. The lack of
significance probably indicates sampling
variability rather than a lack of
continued treatment, as is discussed
later. In addition, the ratio PO,-
P/total-P is comparable in both the
wastewater and shallow aquifer,
suggesting that selective removal of
inorganic P relative to organic P was
not occurring.

Soils

The results of the soil sampling
program are presented in Table 2. The
vertical distribution of soil nitrogen
and phosphorus is shown in Figure 3. A
two factor analysis of variance was
performed for both nitrogen and
phosphorus species and indicated that
depth and treatment represented
significant (a = 0.05) sources of
variation in all cases. A depth-
treatment interaction was observed for
all parameters except total-P.

Both nitrogen components exhibited
significant concentration increases as a
result of wastewater treatment with
selective enrichment occurring at the
soil surface. Total-N and organic-N
were closely related in both trend and
magnitude. The highest concentrations
of total-N occurred at the surface where
values of nearly 1,500 and 700 ppm were
observed for treatment and control
s i tes , respectively. The respective
values decreased by factors of one-fifth
and one-tenth at 300 cm depth. Organic-
N accounted for 80% or more of the total-
N throughout the soil profile, although
i t accounted for only 40% of the total-N
in the wastewater, suggesting that
organic-N was being preferentially bound
by the soi l .

A comparison of total-N input with
the mass of total soil nitrogen
currently in excess of background levels
revealed that the surface 300 cm of soil
accounted for only 2% of the total-N
applied over the 30 year period. This
implies that much of the nitrogen had
been converted to mobile forms and no
longer existed within the sampled soil
profile. Conversion to N- or N?0 would
result in atmospheric loss, while
conversion to NO, would result in loss
to the underlying groundwater.

In the theoretical denitrification
reaction, where glucose is used as a
carbon source, 3.2 grams of carbon is
required for each gram of nitrogen
denitrified (C:N = 3.2:1). Lance and
Whisler [8] observed that stabilized
municipal wastewater (C:N = 1.2:3) did
not contain enough unstablized organic
matter to denitrify wastewater applied
to soil columns. These laboratory
results were verified at the Flushing
Meadows rapid infiltration project [9].
On the other hand, i t is probable that a
high BOD wastewater does denitrify
rapidly when applied to the soil . Law
et al . [10] reported 83 to 90% removal
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Table

Depth, cm

Control
No. 1

0-16
25-35
95-105

295-305

control
NO. 2

0-16
25-35
95-105

295-305

Treatment
Site No.l

0-16
25-35
95-105

295-305

Treatment
Site No.2

0-16
25-35
95-105

295-305

Treatment
Site No.3

0-16
25-35
95-105

295-305

2.

PH

8.5
9.3
9.4
9.4

7.8
S.4
8.9
9.1

6.3
6.8
7.9
8.8

6.4
6.5
7.8
B.8

6.7
7.6
8.0
8.6

Results

Organic
matter, %

0.76
0.08
0.02
0.01

1.35
0.15
0.02
0.02

1.20
0.20
0.06
0.11

2.19
0.12
0.03
0.08

2.02
0.28
0.05
0.03

of Soil

Nitrogen,

Chemical Analyses

ppm

Total Organic

560
76
64
45

840
110

34
180

1,200 1,
370
120
180

1,720 1,
350
93

190

1,600 1,
200
104
77

550
62
45
34

818
98
30

167

100
330
99

140

600
290
74

150

500
174
86
65

Phosphorus,

Extractable

13
0.67
0.56
3.7

8.4
0.15
0.09
0.17

57
61
42
54

109
73
39
32

110
63
33
21

ppm

Total

710
610
390
330

790
460
360
470

1,600
1,200

720
960

2,000
1,400

790
840

2,800
1,400

920
850

TOTAL H *, k, 0R5ANIÇN. •! k| TOTAL-P, «lE/k, BICARBONATE P, at/kg

400 100 1700 1900 0 400 800 1200 1800 0 500 1000 1500 2000 2900 0 20 40 BO BO 100

30

100

150

200

230

300

itetNO

Q CONTROL

O IASTEIATER APPLICATION
ONE STANDARD DEVIATION

Figure 3. Vertical Distribution of Total Nitrogen,
Organic Nitrogen, Total Phosphorus, and Extractable Phosphorus
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of total nitrogen from overland flow
treatment of high BOD cannery wastes.
Lance et al. [11] also demonstrated that
with the" addition of 150 mg/L glucose
(C:N = 5:1), soil columns intermittently
flooded with secondary sewage water
realized a 90% nitrogen reduction.
Nitrogen removal decreased to 60% when
the carbon concentration was 80 ppm (C:N
= 2.7:1]. At Hollister, the C:N ratio
was approximately 6 to 1, a condition
favoring denitrification.

Gilmour et al. [12] showed that a
flooded surface soil containing 0.9%
total carbon denitrified applied nitrate
readily without organic amendments. At
Hollister, surface organic carbon
approximated 1%. Therefore, the zone of
most active denitrification is likely to
be near the soil surface in spite of its
proximity to the atmosphere. This has
been demonstrated in field experiments
by Rolston et al. [13] who also observed
that denitrification took place near the
soil surface.

Although the soil pH is slightly
lower than optimum for denitrification
reactions, the pH is well above limiting
values that would inhibit the
denitrification process [14].

Groundwater data also present
strong evidence for denitrification.
Organic-N is generally converted
(through NH ) to NO -N without much
change in absolute concentration. If
nitrification and subsequent loss to the
underlying groundwater were occurring,
total-N in the shallow aquifer would be
expected to approach input total-N.
Examination of the groundwater and
effluent data (Table 1) reveals that
input levels of total-N are more than
ten times greater than total-N levels in
the shallow groundwater, suggesting that
denitrification is the primary mechanism
responsible for soil nitrogen loss.

Significant differences between
control and treatment sites were also
observed for both total and bicarbonate
extractable phosphorus. Both phosphorus
species accumulated in the surface 100
cm of the soil profile. At the surface,
treatment site total-P increased by a
factor of about 3 while extractable-P
increased by a factor of 10 over control
sites. Only 33% of the total applied P
was retained in the upper 300 cm of the
soil profile, indicating significant
transport of wastewater applied
phosphorus at an annual wastewater
application rate of 15.6 m. Poor
phosphorus removal efficiencies were
also observed at the Flushing Meadows
rapid infiltration site [9, 15].

Rapid infiltration systems require
sandy soils that can sustain high water
intake rates and high transmissivity in
the subsurface environment. Therefore,
layers with high phosphorus sorption
capacity are not likely to be
encountered. In an attempt to determine
if the soil at the Hollister rapid
infiltration site still retained its
ability to sorb phosphorus, solution
phosphorus was equilibrated with soil
obtained from both control and treatment
site locations. Experimental details
were modified after Enfield [16].
Results of this experiment are presented
in Figures 4 and 5.

Phosphorus sorption in both soils
was a function of time and equilibrium
concentration. After 288 hours of
equilibration, an equilibrium
concentration of 12.4 mg/L (the average
total-P concentration in Hollister's
wastewater) yields 69 and 108 ppm of
sorbed phosphorus for the treatment and
control site soils, respectively. Thus,
even after 30 years of wastewater
application, the soil retains 64% of its
original sorption capacity.

Sawhney and Hill [17] found
equivalent behavior for Connecticut
soils. They suggested that alternating
periods of wetting and drying may bring
fresh mineral surfaces into equilibrium
with the soil solution, creating new
sites for phosphorus sorption. Similar
conclusions were reached by Kao and
Blanchar [18]. Enfield [16] noted that
there is a balance between sorption and
conversion of adsorbed P to more
insoluble forms. He suggested that
reactions occur which utilize adsorbed
orthophosphate to form phosphate
minerals that have solubilities that are
somewhat less than the adsorbed forms.
This regenerates some sites for
adsorption.

Despite the fact that the soil at
the Hollister facility retains its
ability to adsorb phosphorus, a longer
travel distance would be required for
effective phosphorus removal.

SUMMARY

Nitrogen and phosphorus removal
efficiencies were investigated after 30
years of rapid infiltration. Results
suggested that 7 m of vertical travel
distance provided effective nitrogen
removal. Input total-N levels of 40.2
mg/L were reduced to less than 4 mg/L
within the shallow aquifer underlying
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the s i te . Nitrate-N did not pose a
pollution hazard, in fact, nitrate-N
values beneath the infiltration site
were lower than those recorded in
offsite control wells. A comparison of
total nitrogen input to that gained by
the soil revealed that only 2% of the
wastewater nitrogen could be accounted
for in the upper 300 cm of soil profile.
Denitrification was believed to be the
primary nitrogen removal mechanism.

Phosphorus removal was found to be
less effective, despite the soil 's
continued ability to adsorb solution
phosphorus after 30 years of wastewater
application. Input concentrations of
12.5 mg/L were reduced to 8.8 mg/L after
7 m of vertical travel at an annual
wastewater application rate of 15.6 m.
Longer travel distances would be
required to increase removal efficiency.
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CASE STUDIES

THE LAKE GEORGE VILLAGE (NY) LAND APPLICATION SYSTEM

Donald B, Aulenbach, Department of Chemical and Environmental Engineering
Nicholas L. Clesceri, Director, Fresh Water Institute

Rensselaer Polytechnic Institute
Troy, New York 12181

The Lake George Village Sewage Treat-
ment Plant has been applying unchlorinat-
ed secondary treated effluent onto natu-
ral delta sand beds by rapid infiltration
since 1939. The sand system has been
shown to remove nonconservative materials
such as BOD, COD, alkybenzenesulfonates,
coliforms and fecal coli and ammonia and
organic nitrogen. Soluble inorganic
materials such as sodium, chloride, po-
tassium and nitrate generally pass through
the sand system. Calcium and magenesium
showed no significant changes. Alkalin-
ity increased due to carbonate and bi-
carbonate reactions within the soil.
Orthophosphates were completely removed
in the top 3 m of the sand beds and ni-
trates were removed in beds which were
18 m in depth or more.

Sewage flows vary from approximate-
ly 1,900 m3/day in winter to 4,700 m3/
day during the summer tourist season.
Dosing of the sand beds is intermittent
with average overall loading rates of
0.12 m/day and actual infiltration rates
of 0.08 to 0.3 m/day depending on the
depth of water on the bed and the time
since the last cleaning. The operation
has continued successfully throughout
the cold winter months experienced in
this area.

The greatest removal of constitu-
ents occurred in the top 10 m of the
sand beds. Continued quality improve-
ment was observed in the further verti-
cal flow and the approximately 600 m of
horizontal flow before the applied ef-
fluent reemerges as seepage along the
south bank of West Brook, a tributary

to Lake George. There were no indica-
tions that the soil's capacity to treat
the applied sewage effluent was ap-
proaching exhaustion.

INTRODUCTION

In 1936 there was concern for the
potential pollution of beautiful Lake
George by the increase in population at
the southern end of the lake around the
Village of Lake George. In order to pre-
vent any contamination of the lake, a
sewage treatment plant was designed.
The inclusion of a land application
system in this design was to comply with
the regulation that there shall be no
discharge of sewage or sewage effluent
into any waters of Lake George or into
any streams flowing into the Lake (1).

DESCRIPTION OF THE TREATMENT SYSTEM

The treatment plant as it exists
today, is shown in Figure 1. The orig-
inal plant put into operation in 1939
was built in triplicate to accommodate
the summer tourist flows which were
approximately 3 times the winter perma-
ent population flows. The sewage from
the Village is collected in a central
sump where it is pumped by force main
a distance of approximately 1.6 km to
the treatment plant. After metering,
the sewage flows through one of the
three two-stage settling tanks with
separate sludge digestion compartments,
through one of three dosing chambers
serving the siphons which are used to
provide sufficient head to spread the
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water onto one of three trickling filters.
Two of the trickling filters are of the
high-rate rotary distributor type and are
used in the summer. The third is a low-
rate fixed nozzle filter which is covered
by boards on sawhorses and used exclusive-
ly in the winter. After secondary sedi-
mentation the unchiorinated final efflu-
ent is applied to the rapid infiltration
sand beds. The original fixed beds (north
beds 1-6) are in continual use to this
day. The sand is a naturally occurring
delta sand deposit which was deposited
by the melting glacier approximately
10,000 years ago.

•••tk

Figure 1. Plan of the Lake George
Sewage Treatment Plant

The treatment plant has had 5 ad-
ditions to the initial 6 sand beds since
it was built. The major addition of south
beds 1-6 and beds N-13 and -14 was made
in 1965 when a new sewer system was built
to serve the adjacent Town of Lake George.
The present total infiltration area of
the sand beds is 2.15 ha. The combined
digested sludges are dried on adjacent
sand beds and the dried sludge is re-
moved to a landfill west of the treat-
ment plant. The sand beds have operated
satisfactorily through the rather severe
winters of the area. Winter temperatures
may reach as low as -35°C and periods of

at least 33 days of continuous below
freezing temperatures have been recorded.
No chlorination is applied anywhere with-
in the sewage treatment plant.

The lower (north) sand beds are all
dosed by gravity, whereas the upper (south)
beds are serviced by means of a pump.
Normal operation of the infiltration beds
is to dose one north and one south bed
from 8 a.m. to 4 p.m. and another simi-
lar pair of beds from 4 p.m. to 8 a.m.
On week-ends or holidays, two north and
two south beds are dosed simultaneously
for a 24-hour period. The beds normally
drain in 1 to 3 days depending upon the
amount of sewage applied and the time
since the last cleaning. The design is to
allow the beds to dry for at least one
day between dosing. Occasionally, dur-
ing extreme high summer flows, this
rest period may become shortened or non-
existent. Periodically, at least twice
a year, the beds are drained and any
clogging material is removed along with
the top few cm of sand which is disposed
of in the areas adjacent to the sand
beds. The bed is then plowed and re-
leveled prior to being returned to ser-
vice. Weed growths within the sand beds
are considered undesirable and are nor-
mally removed as soon as possible.

BACKGROUND

In his original description of the
treatment plant, Vrooman (2) stated that
"the final effluent becomes ground water
which in all probability seeps eventually,
to some water course as a highly purifi-
ed liquid which cannot be identified as
a sewage effluent". However, this was
purely speculation based on reasonably
understood principles and it remained
until the present authors made addition-
al studies in the area to prove the
validity of this statement. Studies made
by Fink (3) measuring ground water resis-
tivity indicated a band of low resistiv-
ity ground water following in a generally
northerly direction along Gage Road
toward West Brook (See Figure 2). With
this information available, a survey
was made of the south shore of West
Brook in the vicinity of Gage Road.
Considerable seepage was observed coming
out of the ground along the south bank
of West Brook at the edge of the flood
plain. Conductivity measurements taken
of this seepage showed the highest con-
centration of total dissolved solids to
be in the closest proximity to Gage Road
with the exception of some runoff which
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was later traced to an area where the
highway department had stored highway de-
icing salt uncovered on the surface of x

the ground for several years (4).

EXPERIMENTAL PROCEDURES

In order to study the quality of the
ground water between the infiltration
beds and the seepage along the south
bank of West Brook, a series of observa-
tion wells was placed in this area as
shown in Figure 2. The well points were
located at different depths within the
aquifer. In addition to the sampling
wells, sampling stations were set up at
the location of the two seepages prior
to their flow into West Brook, and in
West Brook upstream and downstream from
the seepage areas. Seepage above (west of)
Gage Road collects naturally in a small
stream which discharges into West Brook
immediately upstream from the culvert
under Gage Road. The seepage in the area

downstream (below Gage Road) was more
diffuse, so a ditch was dug to consoli-
date these seepages into one stream.
The seepages were monitored for flow and
samples secured before discharge into
West Brook.

Specific data for the depths of the
individual wells, the approximate ground
water levels within the wells and the
bed rock or rejection point for the wells
is shown in Table 1. In all cases, for
each well site the depth of the points
was lower with the notation proceeding
through the alphabet from A (AA) to D.
The steel wells consisting of a steel
point and screen and iron pipe were
manually driven. The wells marked P were
augered with a 10 cm auger and then a
plastic screen and pipe were placed in
the hole. Use of the plastic pipe less-
ened contamination of the sample due to
metals, primarily iron which may inter-
fere with phosphorus measurements. As

Figure 2. Map of the General Area of Study Showing the Observation Wells
and Other Sampling Points.
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TABLE I. WELL DATA
(Elevations in m. Above Mean Sea Level)

Location
1
2A
2B
3A
3B
3C
3D
4
5
6A
6B
7
8AA
8A
8B
9
10
IIS
11D
12A
12B
14

Steel or
Plastic

P
P
S
P
P
P
S
S
P
P
S
S
p
p
p
s
s
s
s
p
p
s

Top of
Well
145.57
115.25
115.44
104.05
104.19
104.35
103.73
115.68
152.50
140.03
140.25
153.85
143.37
143.66
143.68
143.11
141.80
344.98
145.17
136.04
136.06
144.27

Ground
Surface
144.77
114.45
114.45
103.63
103.63
103.63
103.63
114.52
151.03
139.73
139.85
152.53
143.30
143.21
143.29
142.28
141.08
143.95
143.95
135.69
135.71
143.80

Approx.
Ground
Water

126.47
109.28
109.31
103.47
103.52
103.54
103.44
114.50
147.22
120.92
120.59
151.55
123.48
122.03
122.02
123.10
134.66
124.06
123.81
117.54
117.04
125.81

Bottom of
Point

124.44
107.36
100.72
102.57
100.32
97.94
96.23
112.65
146.16
118.68
109.76
150.47
121.96
121.21
118.38
120.58
133.81
121.09
117.40
116.55
109.07
124.61

Bedroc

123.48
93.29
93.73
95.73
95.73
95.73
95.73
112.65
145.55
109.76
109.76
150.47
118.38
118.38
118.38
120.58
133.81
115.91
115.91
109.05
109.07
124.00

the wells were put into service, samples
were removed from them by pumping (in the
shallower wells) or by means of a bailer.
The first samples were secured in 1973;
the major portion of the study was com-
pleted by the end of 1976. Some sampling
and analysis are still being performed.
In general, samples were secured on a bi-
weekly basis.

In addition to the observation wells
to determine changes in water quality with
horizontal distance, studies were under-
taken to determine the change in quality
with depth in bed N-ll. A series of
driven well points, suction lysimeters,
and pumping wells were installed in this
sand bed as shown in Figure 3. Here
again, the normal sampling procedure was
bi-weekly, although during the flow
tracer study to determine the velocity
of flow through the sand bed, the
pumped wells were monitored continu-
ously.

In general samples were secured in
rinsed plastic containers, returned to
the laboratories, and analyzed as soon
as possible. Preservation with mecuric
chloride was performed in the field for
all portions of the samples to be ana-
lyzed for nitrogen and phosphorus. All
analyses were conducted according to

Standard Methods (5).

INFILTRATION RATES

Infiltration rates were estimated
based on the amount of sewage applied to
each sand bed, the time it took for the
sewage to drain through a bed, and the
frequency of dosing. Since precise flow
data to each sand bed are not available,
it was assumed that half of the flow
reaches the treatment plant from
8 a.m. to 4 p.m. and the other half of
the daily flow occurs during the 16 hour
night time period. Since two beds are
dosed simultaneously during each period,
it was assumed that each bed dosed re-
ceived approximately one quarter of the
daily flow. This value may not be en-
tirely accurate since the lower north
beds are dosed continuously by gravity
and the upper south beds are dosed inter-
mittently by means of a pump which is
actuated by the depth of the water in a
wet well filled by the flow over an
adjustable weir in the pipe to the north
beds. Time and facilities were not
available for the actual measurements of
the flow to the upper beds or the time
of operation of the pump to the upper
beds. It is felt that dividing the flow
equally between the north and south beds
provides a reasonable estimate for
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Figure 3. Profile of Bed N-ll Showing the Depths of Driven Well Points,
The Operational Lysimeters and the Shallow and Deep Pumped Wells, The
Latter Two of which Penetrate into the Saturated Aquifer.

calculation of the loading rates.

The estimated monthly loading rates
for a 12 month period are shown in
Table 2 (6). The maximum loading rate
occurred during the month of August with
a loading of 1.37 m3/ha-min or 0.2 m/day.
This represents the amount of liquid that
can be safely applied to the sand beds
without exceeding the total infiltration
capacity. It must be mentioned, however,
that during the latter part of August
1975 and 1976, the sand beds were all
completely loaded and the normal drying
time between dosing was either very short
or non-existent. After the tourists de-
parted after Labor Day, the flows dimin-
ished markedly and the sand beds were
allowed to dry and were scraped, thereby
increasing the infiltration capacity.

The actual infiltration rate was
measured in several of the sand beds by
installing a water level recorder in
those beds. The rate of infiltration in-
creased with the head of liquid on the
sand beds as shown in Figure 4 (6). The
lowest rates recorded with less than 0.3
m of liquid on the sand bed were in the
range of 0.8-0.18 m/day under normal
operating conditions. It may be seen
that different beds have different infil-
tration rates, with bed S7 having a rate
exceeding 0.3 m/day with a water depth
on the bed of 0.6 m. An infiltration
rate exceeding 0.6 m/day was measured on
a freshly scraped bed with a depth of
water of 0.3 m. With continued inter-
mittent operation the flow rate decreased

gradually to the values previously
stated.

PURIFICATION WITH DEPTH IN THE
UNSATURATED ZONE

All of the studies relating tb the
purification of the sewage effluent ap-
plied to the sand bed as a function of
depth within the unsaturated zone in the
sand bed were conducted in North Bed 11.
The driven well points in this bed
(Figure 3) were essentially ineffective
from the standpoint of securing samples.
The samples secured from the 4 operating
lysimeters at depths of 3, 7, 11, and
18 m provided most of the information for
the changes with depth in the unsaturated
zone. Samples were also secured from the
2 pumped wells within the aquifer at 23
and 28 m depths, to evaluate the quality
of the water in the saturated zone im-
mediately beneath the sand beds.

Temperature measurements showed that
the applied sewage effluent temperature
varied with the ambient air temperature,
whereas the temperature near the bottom
of the unsaturated zone showed a lesser
degree of fluctuation. Within the sat-
urated zone the temperature range
throughout the entire year was between
8 and 13°C.

There was little significant dif-
ference in pH at various depths. The
lowest value observed was 6.5 at the 11 m
depth in fall and the highest was 7.4 in
well IIS during the summer.
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TABLE 2
WASTEWATER LOADING RATES, LAKE GEORGE,NY

Month Flow
TO6 1/d

Loading Rate
1/m2-d m/d

1974
Sep
Oct
Nov
Dec

1975
Jan
Feb
Mar
Apr
May
Jun
Jul
Au g

Average

2.80
2.23
1.57
1.86

1.89
1.94
2.15
2.66
2.50
2.95
3.67
4.24

2.54

1.11
0.89
0.62
0.74

0.75
0.77
0.85
1.05
1.00
1.17
1.46
1.70

1.01

0.13
0.10
0.07
0.08

0.09
0.09
0.10
0.12
0.12
0.14
0.17
0.20

0.12

Figure 4. Comparison of the
Infiltration Rates of Several
Sand Beds in Normal Use

There was a consistent slight in-
crease in dissolved solids concentration
with depth during all seasons. The
highest value of 300 mg/1 occurred dur-
ing the summer and the lowest (175 mg/1)
during the winter. In the saturated
zone immediately beneath the bed values
never exceeded 125 mg/1, indicating the
influence of the ground water in this
area.

The principle of intermittent dos-
ing of the sand beds is to allow the beds
to become aerated between dosing, thus
promoting aerobic treatment of the ap-
plied waste effluent. Measurements of
the DO with depth showed the lowest
values to be approximately 2.5 mg/1 at
the 18 m depth and in well US. These
lowest values occurred during the fall
and winter. The redox potential was

determined only during the spring of 1976
and was positive at all times with the
one exception being the 18 m depth at
which point it was only slightly nega-
tive. The redox potential variation
coincides fairly closely with the DO
level variations measured in Bed N-ll.

The highest chloride concentration
of 100 mg/1 occurred during the winter
which is also the time of the greatest
use of highway deicing salt. There was
no significant change in the chloride
content with depth in the sand beds.

The calcium content of the applied
sewage effluent was approximately 20 mg/1
with no significant changes in concentra-
tions with depth within the unsaturated
zone of Bed N-ll. There was even less
variation in magnesium content with depth,
maintaining an average value of approxi-
mately 6 mg/1.

There was a consistent trend of an
increase in alkalinity from about 100
mg/1 in the applied sewage effluent to
approximately 250 mg/1 at the 18 m depth.
There seems to be some relationship be-
tween alkalinity and pH and DO. As the
alkalinity increased, the pH and DO de-
creased indicating the possible presence
of microbial activity which utilizes
oxygen, producing CO2 which ultimately
converts carbonates to bicarbonates
which are measured as alkalinity.

There appears to be an inter-rela-
tionship between the organic, ammonia
and nitrate nitrogen in the soil (8).
During all seasons, there was a decrease
in ammonia and organic nitrogen within
the top 3 m of the sand bed with a con-
sequent increase in the nitrate content
at this depth. However, for summer and
fall there appeared to be a subsequent
decrease in nitrate with a significant
increase in the organic and ammonia
nitrogen at the 7 and 11 m depths. By
the 18 m depth both the organic and
ammonia nitrogen contents were less than
8 mg/1 during the summer and fall com-
pared to 16-18 mg/1 of nitrogen applied
to the sand bed. During spring there
was no recurrence of the high ammonia
and organic content at greater depths.
Instead, values of organic, ammonia and
nitrate nitrogen were all less than
0.5 mg/1. The changes in nitrogen com-
pounds with depth during the spring in
Bed N-ll are shown in Figure 5, with the
depth of bed S-3 indicated on this figure
for comparison. The upper dotted line
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Figure 5. Variation of the Various
Forms of Nitrogen Measured with
Depth in Bed N-ll During Spring 1976.
The Depth of Bed S-3 is Shown for
Purposes of Comparison.

indicates depth to water in bed S-3 and
the upper dashed line the bedrock in bed
S-3. The lower dashed line indicates
the depth to water in Bed N-ll; below
this level of 20 to 22 m the sand is
saturated with water. The high nitrate
content at the 3 m depth also has signi-
ficance in terms of other less deep in-
filtration beds. Some of the beds have
only about 3 m of unsaturated zone fol-
lowed by another 2 m of saturated zone
above the bedrock. In these sand beds
the oxidation of organic and ammonia
nitrogen to the nitrate would result in
nitrate entering the saturated zone and
being carried through the soil. This
could account for the elevated nitrate
concentration measured in the ground
water as described in the next section.

The loss of nitrogen from the aqueous
system probably to elemental nitrogen is
shown in Figure 6 in which the various
forms of nitrogen are added for each
season. The greatest loss of nitrogen
occurred during spring. The loss of
nitrogen corresponds with a low DO and a
slightly negative redox potential at the
18 m depth in spring, and is assumed to
represent reduction of nitrate.

In general the orthophosphate con-
tent was reduced from approximately
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Figure 6. Variations in Total
Nitrogen During Summer, Fall and
Spring with Depth in Bed N-ll,
with the Depth of Bed S-3 Shown
for Comparison.

1.4 mg/1 in the applied wastewater to
0.1 mg/1 by the time the sewage effluent
reached the 7 m depth. The total phos-
phorus indicated some initial reduction
after 3 m vertical movement followed by
higher values at greater depths. The
highest values observed in the shallow
pumping well were approximately 0.4
mgP/1 of total phosphorus (8).

There were
during various
tent at various
was an increase
depth, with val
and 8 mg/1. No
be made between
redox potential

significant fluctuations
seasons in the iron con-
depths. In general there
in iron content with

ues varying between 0.5
direct relationship could
the iron content, pH, DO,
or phosphorus content.

There were no significant changes
in the sodium or potassium content of
the applied sewage effluent as related
to depth. The average sodium content
was approximately 14 mg/1 and the average
potassium content was approximately
6 mg/1.

Other parameters measured included
BOD, COD, alkylbenzenesulfonates, coli-
form and fecal coli all of which were
essentially removed in the top 3 m of
the unsaturated zone of the sand bed.
Preliminary measurements were made for
copper; however, all of the concentrations



were less than 0.5 mg/1 which is the
lowest detectable limit using the atomic
absorption spectrometer system used.
Aluminum was not found within the detect-
able limit of about 1 mg/1.

PURIFICATION WITH DISTANCE IN THE
SATURATED ZONE

After the applied sewage effluent
flows vertically through the unsaturated
zone of the sand beds it flows approxi-
mately another 600 m northward through
the saturated zone before it emerges as
seepage along the south banks of West
Brook. This distance provides some
additional purification of the liquid.
In order to monitor the quality of the
water in this saturated zone, a series
of observation wells was installed. The
location of the observation wells is
shown in Figure 2, and specific data for
the depths of the wells is given in
Table 1.

There was little change in pH in
the saturated zone during the spring and
winter. During the summer the pH reach-
ed a high value of 8.8 in well 6A. There-
after, there was a gradual decrease in
the pH in all the wells, but it remained
above pH 7.0 which was the average value
of the sewage treatment plant effluent.
During the fall the pattern was the same
as during the summer but with less high
pH values.

During all seasons the shallower
wells indicated higher values of dis-
solved solids than the corresponding
deeper wells. This indicates that the
sewage containing higher dissolved solids
than the ground water remained nearer the
surface of the aquifer with the deeper
sampling points more representative of
the normal ground water. High dissolved
solids were observed at wells 3 as influ-
enced by the storage of the highway de-
icing salt at the town garage.

The shallower wells consistently had
higher DO values than the deeper wells,
with the lowest values occurring during
the summer at 0.5 mg/1 in wells 9 and
3D. There was a slight trend toward in-
creasing DO with increased distance from
the sand infiltration bed.

Redox potential measurements were
only made during the spring of 1976 with
values ranging between +100 and +150 mV.
The lowest values were observed in the
control wells which received no effluent

from the sewage treatment plant.

There was a slight trend of decreas-
ing chloride concentration with distance
from the sand infiltration bed. Again,
wells 3 showed the influence of the near-
by highway deicing salt storage area.

There was little change in the or-
ganic nitrogen content of 2 mgN/1 through
the saturated portion of the soil system.
However, the ammonia-nitrogen content was
reduced from an average value of 4 mg/1 to
less than 0.1 mgN/1. During the summer
there was a marked reduction in the ni-
trate content with values in well 2B of
approximately 0.6 mgN/1. During the fall,
winter and spring the nitrate values at
well 2A ranged between 5 and 7 mgN/1.
There appears to have been some micro-
bially mediated conversion of the nitrate
to gaseous forms of nitrogen during the
summer.

In general the total phosphorus con-
tent was reduced to values less than
200 ug/1 prior to emergence in the seep-
age at West Brook. The orthophosphate
was in general less than 10 ugP/1 with
the lowest values of less than 0.2 ugP/1
(the minimal detectable limit of the
analytical method used) in well 2B.

DISCUSSION

The combined vertical and horizontal
transport of the unchlorinated effluent
from the Lake George Village Sewage Treat-
ment Plant through the sand achieves the
production of a highly purified effluent.
There are no significant adverse effects
upon ground water as indicated by the
parameters of temperature, pH, alkalinity,
coliforms, BOD, COD or soluble phosphorus.
Whereas there are some increases in the
total dissolved solids, the alkalinity
and the chloride content of the ground
water, these are within acceptable
limits.

The only parameter of possible con-
cern is the nitrate content which is in
the range of 7 mgN/1 in the seepage.
This is close to the recommended drink-
ing water standards of 10 mgN/1 (7).
It appears that the sand system is cap-
able of further lowering this nitrate
level primarily during the warmer sea-
sons and at greater depths within the
unsaturated zone. This is attributed to
conversion of the nitrate ion to gaseous
nitrogen which escapes from the aqueous
system. Studies are presently being
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conducted to develop a method of creat-
ing conditions which would convert more
nitrates to gaseous nitrogen without
interfering with the phosphorus removal.

The Lake George Village Sewage Treat-
ment Plant land application system has
been successfully achieving the equivalent
of tertiary treatment of domestic sewage
since 1939. There are no indications
that the system will not continue achiev-
ing this high degree of treatment for a
long period of time. Thus, a land appli-
cation system using sand can be consider-
ed to be a satisfactory method for pro-
viding tertiary treatment of wastewater.
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CASE STUDIES

YEAR ROUND APPLICATION OF WASTEWATERS
TO LAND IN A HUMID CONTINENTAL CLIMATE
WITH UTILIZATION OF NATURAL VEGETATION

William Honachefsky L.S. P.P.
Basin Manager
Monitoring, Surveillance and Enforcement Element
New Jersey Department of Environmental Protection

The project was carried out on a 2
section 6 hectare overland flow treat-
ment system in Morris County, New
Jersey. The two main objectives of the
study were to ascertain whether ter-
tiary treated wastewaters could be effec-
tively applied to an over land flow
treatment system on a year round basis
despite sub freezing temperatures and
whether the use of natural vegetation
would be an acceptable substitute to a
harvestable crop system. The results of
the two year study (1976 through 1977)
indicate that year round application
with certain precautions is possible in
climates with a 2 to 3 month sustained
winter season. Ice buildup was in some
respects beneficial to the system.
Concurrently the manipulation of the
natural vegetation as a crop cover
rather than a harvestable crop proved to
be not only more cost effective but of
direct benefit to wintertime operations.

INTRODUCTION

The study site is located in the
northwestern portion of Morris County,
New Jersey approximately 64 kilometers
west of New York City. Geographically
this portion of Morris County is iden-
tified as being within the Highland
Province of the State. An area charac-
teristically identified by its broad
rounded flat-topped ridges, rising 121
to 183 meters above deep and generally
narrow valleys. The climate falls
within the general classification of
"humid continental" and is characte-
rized by a great annual range of tempe-

rature. Mean monthly temperatures for
June, July and August are near or above
21.1°C while in January the averages
are typically below 0*C. Microclima-
tological data of the site is presented
further on. The treatment facility which
provided the effluent to be discharged
was 250,000 GPD capacity contact aera-
tion plant with rapid sand filters,
phosphate removal and chlorination as
tertiary treatment. The organic design
load was 270 mg/1 B.O.D.5 and the plant
did meet the following average quality
effluent paramters throughout the study.

Suspended Solids 6 mg/1 or less

B.O.D.c 6 mg/1 or less

The plant during the study processed a
maximum of 80,000 GPD which was well
below design. The high degree of treat-
ment and requirement that it be applied
to the land rather than discharged to a
stream was a result of a request of the
New Jersey Department of Environmental
Protection that extra precautions be
taken to protect a small tributary of
the headwaters of the South Branch of
the Raritan River. The original design
called for the effluent to be applied
to the land for 9 months of the year and
recharged directly into the soil
through four 30.48m x 30.48m x 1.82m
groundwater recharge beds for the
remaining 3 months during cold weather.
Subsequent to construction of the four
recharge beds however it was determined
that they were non-functional due to an
unanticipated artesian groundwater table.
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This abandonment left the owner of the
sewage treatment plant in a precarious
position. The D.E.P. was especially
concerned because no downhill collection
and recirculation system had been pro-
vided for this overland flow system.
However after serious deliberation a
determination was made to allow year
round land application on a trial basis.

DISCUSSION

When the treatment plant was com-
pleted in the Spring of 1975 a single
area of 2.83 hectares had been set aside
for land application of the treated
wastewaters. The vegetative cover at
that time was of mesic upland forest
with an Quercus sp.-Acer sp. canopy and
a Lindera benzoin-Viburnum sp.understory.
The soil on the site was Identified
according to the National Cooperative
Soil Survey as Cokesbury extremely stony
loam with a fairly uniform 4% slope.
The site was cleared of all natural ve-
getation and rough graded but because
of the extreme rocky nature of the soil
imported fill (clay loam) was brought
in and graded 30 to 45 centimeters deep
over the entire site. An earthern berm
was also constructed along the southern
perimeter of the field since this was
adjacent to a small stream. The
effluent piping in the field consisted
of buried 15.24cm and 10.15cm diameter
mains with 5.08cm and 3.81cm diameter
PVC laterals with Model 41 Rainbird
sprinkler heads set 20 to 25 centi-
meters above the ground surface and
provided with adequate backdrains to
prevent freezing. Five 7.6cm diameter
PVC monitoring wells were established
around the field to monitor groundwater
quality. Depths average 7.6 meters and
static water level was 1.8 meters below
ground surface. One well of the 5 (see
exhibit 2) was established upstream as
a background reference and the remai-
ning 4 were established at various loca-
tions at the downstream end of the field.
Samples were collected from these wells
every 2 weeks and analyzed for B.O,D»5
orthophosphate and NO3 Nitrogen. The
intent of the owner was to establish a
crop cover of Phalaris arundinacea
(reed canary grass) however due to
other associated problems, namely im-
proper soil fertilization and erosion a
nurse crop of Lolium perenne (perennial
rye grass) had to be established first.
The reed canary grass subsequently
seeded through late Spring and early
Summer *

In later summer of 1975, the field was
receiving approximately 4.2cm/week
(45,000 GPD) and runoff was becoming a
severe problem due to the saturated
condition of the soil. The rye grass
was cloning thus reducing the effective
basal coverage on the land surface and
at the downhill end of the site flooding
and ponding were increasing in frequency.
Here the rye grass cover had been
completely destroyed. The saturated
conditions of the soil however were
conducive to the natural propagation of
indigenous freshwater marsh species
such as Galamagrostis inexpansa, Typha
latifolia, Scirpus validus, Sagittaris
brevirostra, Eleocharis flaccida,
Sparganlu minimum, and Impatiens
biflora. By early fall reed canary
grass seedlings 10 to 15cm high were
also appearing sporadically around the
field. In September of 1975, because
of the failure of the 4 recharge beds
and severe runoff problem occurring on
the spray field the owner was advised
to seek additional areas to spray his
effluent. He selected a more elevated
and exposed area of some 3.2 hectares
approximately 30 meters due south in
what had once been an active farmfield
but which had been dormant for several
years and was now in a vegetational
transition known as "suceessional
field." The dominant vegetation con-
sisted of annual and perennial herbs
such as Solidago canadensis, Potentilla
pumila, Fragraria americana, Chicorium
intybus, Verbascum thapsus, Reseda
lutea, Rubus alleghaniensis and woody
herbaceous shrubs such as Cornus amomum
and Cornus stolonifera and tree seed-"
lings parented by the surrounding
dominant canopy forest usually Fraxinus
americana, Betula populifolia, Juni-
peris virginiana various species of
Quercus and Acer Rubrum. The D.E.P.
recommended that the existing vege-
tation be preserved as much as possible
to avoid the runoff problems which had
occurred on field #1. An uninformed
contractor however subsequently clear-
cut the entire area with a brush hog
prior to installation of the piping
system. The soils of the site were
determined to be Annandale gravelly
loam with an average slope of 5% and a
maximum of 24% in one small area at the
downhill end of the site. Construction
and layout were similar to field #1
however only 44 spray heads were
installed. An earthern berm similar to
the one installed at field #1 was also
installed along the entire downhill
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side of the field as a precautionary
measure to protect the adjacent stream
and the South Branch of the Raritan
River. Again reed canary grass was
broadcast generally over the clearcut
existing vegetation and wherever
construction had taken place. In
November 1975 the field was put into
operation at a minimal rate of 1.2cm/
week(15,000GPD). The winter of 1975
was particularly severe with the State
experiencing some of the coldest weather
in a decade during the months of
December 1975 and January 1976. (See
summary of temperatures and precipi-
tation in EXHIBIT 1.) Ice buildup was
substantial on both fields however it
was particularly severe on field #2 due
to the higher elevation and more ex-
posed conditions. In most instances the
ice on field #2 accumulated in mounds
1.2 to 1.8 meters above the surface of
the ground immediately near the spray
head and gradually tapered to several
centimeters in thickness some 6 to 9
meters radially from the spray head. On
field #1 the ice built up to a maximum
of 0.6 to 0.9 meters of depth. All
spray heads remained, with very few
exceptions, free of ice buildup and
were able to maintain an ice free zone
around themselves some 0.9 to 1.2
meters in diameter. Very little runoff
occurred during the subfreezing condi-
tions of December and January despite
the frozen ground. However during day-
time hours when the incoming solar
radiation was particularly intense, mel-
ting did occur but very little runoff
was produced. Because of the sparse
vegetative cover the ground surface was
solidly frozen. It was assumed that
very little treatment was occurring
through the soil. Samples of the ice
mounds were taken in late February and
early March 1976 to determine the PO4
and NO3 concentrations since a rapid
melt could cause a short term severe
runoff problem. The results indicated
0 mg/1 for orthophosphate and 2 mg/1 of
nitrate nitrogen. Fecal coliform ana-
lysis showed 20 MPN/100 ml. During
March and April of 1976 the vegetative
growth on both fields had increased
significantly. Field #1 contained a
mixture of successional mesic upland
marsh plant species and reed canary
grass seedlings with an average height
of 45.7 to 60.9 centimeters. Field #2
saw a return of the original succe-
ssional field vegetation with some reed
canary grass seedlings occurring only
in the wettest portions of the site

particularly near the spray heads.
Vegetative height average 30.4 to 35.5
centimeters. In late July 1976 the
D.E.P. made two recommendations to the
owner. One that he immediately divert
20,000GPD from field #1 to field #2
and secondly that the vegetation on
both fields not be cut or harvested
except for keeping the spray heads clear.
The effects of the first recommendation
were immediate. Field #1 within a
month had dried out substantially,
ponding had ceased and runoff had been
sharply curtailed. It was hoped that
recommendation two would allow the
maturing reed canary grass time to
reseed itself thus enabling the Depart-
ment to assess its competiveness with
indigenous species. For the owner this
also meant a substantial savings in the
capital cost associated with the
cutting, collecting and disposing of
such vegetation. In those areas where
the reed canary grass grew around the
spray head it became necessary to cut
these areas bi-weekly but where the
successional field vegetation predo-
minated cutting was necessary only
every 6-8 weeks. In August 1976 the
DEP allowed the owner to raise the
gallonage allotted to field #2 to
4.5cm/week (55.O0OGPD). By the fall of
1976 the vegetative cover on both
tracts consisted of predominantly
indigenous species as previously out-
lined ranging in height from 60.9 to
9.4 centimeters. The reed canary grass
occupied 30% and 5% of the total vege-
tative cover on fields #1 and #2
respectively. During the early part of
December 1976 heavy snowfalls caused
the collapse of the tall vegetation
and subsequent freezing conditions
resulted In a frozen canopy of ice and
snow over the matted vegetation. This
frozen canopy was broken through at
several locations on both fields in
January 1977. The soil was found to be
in an unfrozen state and despite
ambient subfreezing temperatures
assumed to be biologically active. No
soil samples were taken. Ice buildup
was similar in all respects to the
previous winter, and again with a few
exceptions the spray heads remained
free of ice buildup. The only problem
spray heads were those that had been
installed lower than 7.6cm above the
ground surface and those at the most
downhill portions of the field. These
were subject to ice aggradation as a
result of intermittent melt and freeze.
During March and April 1977 the spring
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thaw results in very little runoff from
either field except when associated
with a heavy downpour. From May 1977
through September 1977 the vegetation
on both fields grew prolifically. The
reed canary grass increased its surface
area coverage on field #1 from 30% of
the previous summer to 40%. Mature
height ranged from 1.2 to 1.4 mefcgr»
On field #2 the woody and herbaceous
shrubs and annual and perennial weeds
which had previously been clearcut grew
back with an intense resurgence. The
reed canary grass however did not
increase significantly preferring to
remain in the moist soil conditions
immediately adjacent to the spray heads.
Both fields were examined in early
November 1977 and it was observed that
a mat of dead and decaying vegetation
had begun to buildup on the soil . of
field //I which although beneficial for
wintertime operation could hinder the
natural reseeding of the reed canary
grass and retard new vegetative growth
in the spring of 1978. D.E.P. reco-
mmended that the owner harvest the dead
vegetation on field #1 in early April
1978 or just prior to the growing
season and that said harvesting be done
in the spring every two years hence.
Field #2 on the other hand exhibited no
symptoms which could adversely affect
its ability to function as a land treat-
ment system. It was determined that it
could be as long as four years between
cutting operations due to the charac-
teristics of this successional field
cover. This study was terminated in
December 1977 however this land appli-
cation system is still being followed
closely.

CONCLUSIONS

Utilization of the naturally
occurring vegetation in land disposal
systems appears to be less costly in two
major respects:

(1) less capital expenditure is
required for establishment as
compared to imported or exotic
species of vegetation and;

(2) maintenance costs are lower
because less frequent cutting
and cultivation are required
on both a short term and long
term basis.

By using naturally occurring vegetation
it would also appear that start up of
such land application facilities may be
quicker.

This study would also seem to indicate
that subfreezing temperatures and ice
buildup have little major effect on the
hydraulics of these application systems
except during thawing periods when
accompanied by heavy rainfall, or when
application rates were excessive for the
soil conditions and vegetative cover of
the site. The buildup of ice on the
sprayfields also appeared to be of some
benefit when overlain on a heavy vege-
tative cover. Even though ambient air
temperatures were below freezing the
soil remained unfrozen in such instances
and appeared to be still biologically
active. While this last point was not
especially critical in this particular
case study because of the advanced
treatment of the effluent there may be
other Instances when this may become
critical when the effluent is not so
"polished".
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DATE

Jan. 1976

Feb.

March

April

May

June

July

August

September

October

November

December

Jan. 1977

February

March

April

May

June

July

August

September

October

November

December

.9

8.5

12.0

17.8

20.6

26.8

26.9

27.0m

22.4m

14.4

8.1

1.4

-2.2

4.3

11.9m

17.4

23.8

24.4

28.0

24.9

20.7

14.5

9.0

1.4

EXHIBIT I
TEMPERATURE AND PRECIPITATIC»
LONG VALLEY, N.J. STATIOH

NATIONAL OCEANIC AND ATMOSPHERIC ADMIIISTKATION

Long. 74°-47'
Lat. 404-47' fl«v. 550 feet

°C (*C) C O (°C)
MONTHLY MONTHLY MO1CTHLY DEPARTURE SNOW & SLEET
AVG.MAX.TEMP. AVG.MIN.TEMP. AVC.TEHP. FROM NORMAL (CENTIMETERS)

20.3

17.8

20.3

Trace

0

0

0

0

0

0

2.54

27.9

29.2

17.8

12.7

0

0

0

0

0

0

0

7.6

10.1

-10.4m

-5.0

-1.4

3.5

5.8

12.8

12.0

11.5ra

8.3m

3.6

-3.5

-9.2

-13.7

-7.0

-.3

2.3

7.3

11.3

15.0

14.2

11.7

3.0

1.5

-7.1

llected dx

-4.7«

1.1

5.3

10.7

13.2

19.8

19.5

19.3m

15.4m

9.0

2.3

-3.9

-7.9

-1.3

5.8B

9.9

15.5

17.8

21.5

19.5

16.2

8.8

5.3

2.8

.trine the m

-2.1

+3.5

+2.7

+1.7

-1.0

+.6

-2.3

-1.4

-1.5

-2.4

-3.0

-2.8

-5.3

+ .4

+3.2

+9

+1.3

-1.4

-.3

-1.1

-.7

-2.6

-.05

-1.7

oath
Hence not complete monthly average.



WELL ill (BACKGROUND

Nitrate N

Orthophos]

B.O.D.c

WELL //2 (1

Nitrate N

Orthophos]

B.0.D.5

WELL #3 (1

Nitrate N

Orthophos]

B.O.D.5

WELL M (1

Nitrate N

Orthophos]

B.O.D.5

WELL #5 (]

Nitrate N

Orthophosphate

B.0.D.5

EXHIBIT 2
Field 1

MONITORING WELL DATA
Monthly Avg.

1976

Nitrate N

Orthophosphate

B.O.D.c

WELL #2 (DOWN STREAM)

Nitrate N.

Orthophosphate

B.0.D.5

WELL #3 (DOWN STREAM)

Nitrate N

Orthophospha te

B.O.D.5

WELL #4 (DOWN STREAM)

Nitrate N

Orthophosphate

B.O.D.5

WELL #5 (DOWN STREAM)

1.3

3.1

.8

.2

.006

2.7

.11

.8

1.3

.2

.04

1.4

.25

.8

1.4

*A11
Analyses in Mg/1

Monthly Avg.
1977

.35

.20

1.3

.25

.50

6.5

.06

0

1.5

.45

.20

7.1

.19

0

1.6



*A11
Analyses in Hg/1

WELL #8 (DOWN STREAM)

Nitrate N

Orthophosphate

B.O.D.5

WELL #9 (DOWN STREAM)

Nitrate N

Orthophosphate

B.O.D.5

WELL #10 (DOWN STREAM)

Nitrate N

Orthophosphate

B.O.D.5

WELL #11 (DOWN STREAM)

Nitrate N

Orthophosphate

B.0.D.5

EXHIBIT 3
Field 2

MONITORING WELL DATA
Monthly Avg.

1976

.16

0

1.5

.72

1.2

1.8

.32

.40

.63

.39

0

1.2

Monthly Avg.
1977

.36

0

6.4

5.3

0

1.8

.67

0

4.8

.36

0

1.7
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CASE STUDIES

FIELD INVESTIGATIONS OF ADVANCED TREATMENT
OF MUNICIPAL WASTEWATER BY OVERLAND FLOW

R. E. Peters Agricultural Engineer, Environmental Laboratory, U. S. Army-
Engineer Waterways Experiment Station, Vicksburg, MS 39180

C. R. Lee Soil Scientist, Environmental Laboratory, U. S. Army
Engineer Waterways Experiment Station, Vicksburg, MS 39180

ABSTRACT

Overland flow treatment of munici-
pal facultative lagoon effluent was
studied on 24 research plots measuring
4.6 x 46 m at Utica, Mississippi. Fac-
tors evaluated included the amount of
wastewater applied, length of applica-
tion period, slope of treatment area,
crop management and reduction in bio-
chemical oxygen demand (BOD), suspended
solids (SS), nitrogen, phosphorus,
heavy metals and coliforms. Runoff
BOD and SS average 10 and 14- mg/£, re-
spectively, after overland flow treat-
ment. Nitrogen reductions of 80 percent
or more can be achieved at application
rates of 2.54 cm in 18 hours for the
warmer months of the year and of 1.27 cm
in 18 hours for the cooler winter months.
Overseeding the treatment area with a
winter ryegrass cover helps to maintain
nitrogen reduction. Phosphorus reduction
ranges from 40 to 60 percent at an appli-
cation rate of 1.27 cm in 6 hours. Addi-
tion of aluminum sulfate (alum) to the
wastewater prior to land application
enhances phosphorus reduction to over
80 percent. Fecal coliforms in undisin-
fected wastewater are not reduced to 200
MPN/100 ml with 5-day-per-week waste-
water applications. Concentrations of
fecal coliforms in runoff were higher
than those in the applied wastewater
during the summer months. Continuous
application of wastewater for 7 days
per week has produced coliform concen-
trations in runoff waters less than 200
MPN/100 ml. Overland flow effectively
reduces heavy metals in applied waste-
water by more than 90 percent. Overland

flow treatment of municipal wastewaters
can produce grass yields on marginaj. ag-
ricultural soils that approach the
yields obtained on better agricultural
soils.

INTRODUCTION

In 1971, the U. S. Army Corps of
Engineers began an investigation of com-
prehensive wastewater management on a
regional basis. This work was carried
out within a cooperative agreement be-
tween the Department of the Army and the
Environmental Protection Agency. In
addition, the Civil Works Directorate of
the Office of the Chief of Engineers re-
quested that a technical assessment of
land treatment methodologies be provided
for use in the Corps of Engineers Waste-
water Management Program. This assess-
ment revealed a number of areas of
insufficient information for proper im-
plementation of land treatment systems.
The U. S. Army Cold Regions Research and
Engineering Laboratory (CRREL), Hanover,
New Hampshire, was given the responsi-
bility to develop a research program
entitled "Soil as a Purification Medium
for Wastewater." This program was de-
signed to provide the necessary informa-
tion for the proper design and operation
of land treatment systems. The overland
flow research project at the Waterways
Experiment Station (WES) is part of this
Wastewater Research Program.

In 1972, the WES initiated a green-
house modeling effort to study overland
flow for treatment of municipal waste-
water. This initial greenhouse research



indicated that overland flow was very
effective in wastewater treatment for
nitrogen and heavy metals and moderately
effective for phosphorus reduction (1-3).
A need existed for the evaluation of a
prototype overland flow system in a
natural environment. Such a research
facility was established in 1975 near
Utica, Mississippi, about 24 miles
southeast of Vicksburg.

Climate at Utica averages 137 cm of
precipitation per year with 5 cm as
snow and sleet. Mean annual maximum and
minimum temperatures are 24° and 12°C,
respectively. Temperature extremes have
been recorded at a maximum of 41°C and a
minimum of -20°C.

DESCRIPTION OF THE STUDY

The research facility consists of
24 plots, each measuring 4.6 x 46 m con-
structed on slopes of 2, 4 and 8
percent, with eight plots on each slope.
This experimental design enables dupli-
cation of four different modes of opera-
tion on each slope for a comprehensive
evaluation of overland flow treatment
of wastewater. Each plot was seeded
with a 5:2:2:1 mixture of four grass
species: reed canary (Phalaris
arundinacea L.), Kentucky 31 tall fescue
(Festuca arundinacea), perennial rye-
grass (Lolium dactylon L.), respectively.
The rate of seeding was three times that
recommended by agricultural extension
specialists to ensure a dense grass
cover. The soil is a Grenada silty clay
loam with a pH of 7.0, a bulk density of
1.2 gm/cm3, a permeability of 0.042 cm/
hr, and a moisture content at 1/3 and 15
bar of 23.0 and 9.9 percent, respective-
ly.

Wastewater for irrigation is ob-
tained from one of the two 2.4-ha facul-
tative lagoons that serve most of the
1000 people of Utica. Lagoon effluent
at Utica is lower in nitrogen, phos-
phorus and heavy metals than representa-
tive wastewaters across the Nation.
Therefore, additional nutrients as
NH4CI, NH4H2PO4 and heavy metals as
chlorides are injected into the lagoon
effluent before irrigation to raise the
total nitrogen to 20 mg/£, total phos-
phorus to 10 mg/£, zinc to 0.3 mg/£,
copper to 0.1 mg/£, nickel to 0.1 mg/£
and cadmium to 0.05 mg/&. Biochemical
oxygen demand (BOD) and suspended solids
(SS) average 22 and 35 mg/Jl, respective-
ly. The pH of the lagoon effluent
ranges from 7 to 11, with an average at

pH 9.0. Effluent application to each
plot is automatically controlled to give
predetermined amounts of wastewater over
predetermined time periods. Wastewater
is applied into a trough made from a
rain gutter at the top of the slope.
Holes in the bottom of the trough dis-
tribute wastewater evenly across the
plot. A flow regulator is adjusted to
deliver from 1.27 to 5.08 cm of waste-
water per day. The period of applica-
tion is set by the opening and closing
of an electrically timed solenoid valve.
Application periods of 6, 18, or 24
hours per day, 5 or 7 days per week,
are being evaluated. Runoff water is
collected in a sump and pumped off the
plot through a meter to measure the
volume of runoff. Wastewater and run-
off are collected periodically to de-
termine water quality.

Aspects of overland flow treatment
of wastewater that are being evaluated
include: rate of wastewater application,
length of application period, slope of
treatment area, crop management, reduc-
tion of BOD, SS, nitrogen, phosphorus,
heavy metals and fecal coliforms.

Two crop management systems are
being evaluated. One system consists
of the four grasses previously mentioned
and is harvested three times per year:
spring, early summer and early fall.
The second system is similar to the
first with the exception that after the
fall harvest, the plot is overseeded
with a winter cover crop of ryegrass and
harvested one additional time during
early spring.

Information generated from the Utica
research project will be used as a basis
for the development of improved design
criteria and operational guidance for
overland flow wastewater treatment
systems. This paper describes some of
the highlights of the research to date.

RESULTS AND DISCUSSION

BOD and SS Treatment

The ability of an overland flow
treatment system to reduce BOD and SS is
of considerable importance since these
parameters are limited by virtually
every discharge permit issued in the
United States. BOD concentrations in
the applied effluent ranged from 6 to 37
mg/Jl with an average concentration of
22 mg/&. After overland flow, BOD con-
centrations in the runoff from each
slope had been reduced to approximately

1+6
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Figure 1. Reduction of wastewater BOD
by overland flow at indicated slope for
an application rate of 1.27 cm applied
in 6 hours, 5 days per week.

10 mg/£ (Figure 1). Similar results
were observed for SS, which ranged from
8 to 75 mg/A, with an average throughout
the year of 35 mg/£ in applied waste-
water and approximately 15 mg/Jl SS in
runoff waters (Figure 2). There were no
significant differences in BOD and SS
treatment between slopes. Studies have
shown the potential of satisfactory re-
moval of BOD and SS at elevated hy-
draulic loadings (4).
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Nitrogen Treatment

Both greenhouse and field research
indicate that nitrogen is effectively
reduced from applied wastewater after
treatment by overland flow. During the
summer and spring of the year, nitrogen
reduction approximates 90 percent when
wastewater is applied at a rate of 1.27
cm in 6 hours for 5 days per week
(Figure 3). As temperatures become
cooler, nitrogen reduction decreases to
approximately 80 percent in the fall
and below 80 percent in the winter.
While there are no differences in
nitrogen reduction among slopes during
most of the year, the 8-percent slope
has a significantly higher nitrogen re-
duction than either of the other slopes
during the winter. This difference
could be related to the orientation of
the 8-percent slopes toward the sun.
Snow and ice appear to melt more quickly
on the 8-percent slope during the winter
months than on the other slopes.
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SEASON, 1976-77

WINTER SPRING

Figure 3. Influence of slope and
season on total nitrogen reduction at an
application rate of 1.27 cm in 6 hours.

Figure 2. Reduction of wastewater SS by
overland flow at indicated slope for an
application rate of 1.27 cm applied in
6 hours, 5 days per week.

Increasing the amount of applied
wastewater to 2.54 cm in 6 hours during
November 1976 resulted in comparable
runoff Total Kjeldahl Nitrogen (TKN)
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Figure 4. Influence of wastewater ap-
plication rate on TKN concentrations in
runoff waters from a 2-percent slope.

concentrations to that of a 1.27-cm-in-
6-hour application rate (Figure 4). How-
ever, during December and January,
significantly higher TKN was found in
runoff waters at the higher application
rate. This nitrogen was predominantly
organic nitrogen. Nitrogen reduction
at the 2,54-ctn-in-6-hour application
rate resulted in 70 percent or more re-
duction in applied nitrogen. On
31 January 1978, the application period
for the 2.54-cm amount of wastewater
was increased to 18 hours. During
February, the runoff TKN concentrations
for both rates began to approach each
other and were similar through the
spring months. Recent results from the
winter of 1977 indicate that while run-
off TKN concentrations remained approxi-
mately 5 mg/£, runoff nitrate concentra-
tions were observed at 10 rag/Jl or more.
Therefore, a total nitrogen concentra-
tion of 15 r\p,/9. or more in runoff
waters was observed during the coldest
winter months of 1977. Even the 1.27-
cm-in-6-hour application rate resulted
in nitrate concentrations of 5 mg/£ or
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Figure 5. Influence of crop management
practices on nitrogen removal from waste-
water applied at a rate of 1.27 cm in
6 hours.

more. Only when 1.27 cm of wastewater
was applied in an 18-hour period during
this winter did total nitrogen concen-
trations become approximately 5 mg/£ or
less. These results indicate that
nitrogen treatment by overland flow is
significantly hindered at colder winter
temperatures. The contributing factors
for this are slower growth of grasses
and decreased microorganism activity
at cooler temperatures. In an effort
to increase grass growth, the treatment
area was overseeded with ryegrass after
the fall harvest in 1976. Nitrogen re-
duction was maintained at approximately
80 percent while the dormant reed canary
mixture dropped to approximately 50-
percent reduction (Figure 5). This
difference was not as pronounced in the
winter of 1977. While the existence of
an actively growing grass cover during
the winter months is believed to be
beneficial in maintaining nitrogen
treatment, additional data are needed
to substantiate this.

Phosphorus Treatment

Overland flow can provide moderate
reduction of applied wastewater phosphor-
us. Phosphorus concentrations in
runoff waters for 2.54 cm of wastewater
applied in 6 hours, 5 days per week, were
significantly higher than the 1.27-cm
amount (Figure 6). However, when the

Figure 6. Influence of wastewater
application rate and alum additions on
total phosphorus concentrations in
runoff waters from a 2-percent slope,

application period was increased to 18
hours on 31 January, the 2.54-cm appli-
cation produced similar phosphorus con-
centrations in runoff waters as the
1.27-cm application. Addition of
aluminum sulfate (alum) to the waste-
water in amounts equal to 1:1, Al:P,
prior to irrigation, significantly
reduced runoff phosphorus concentrations
for both application rates to as low as
1 mg/& in May. Phosphorus reduction
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Figure 7. Influence of wastewater
application rate and alum additions on
total phosphorus reduction on a
2-percent slope.

was significantly lower when wastewater
was applied at 2.54 cm in 6 hours com-
pared to 1.27 cm in 6 hours (pigure 7)
Increasing the application period to
18 hours on 31 January resulted in the
phosphorus reduction becoming similar
for both rates of wastewater applica-
tion. Alum additions to the wastewater
in March resulted in phosphorus
reductions of 80 percent or greater for
both application rates. When more
stringent phosphorus removal is
required, pre- or post-treatment will be
necessary.

Coliforin Treatment

The lagoon effluent at Utica is
not disinfected prior to application
since the relatively high pH of 7 to 11
makes effective chlorination costly.
While overland flow has been observed
to reduce coliform numbers in runoff
waters during October through March,
significantly larger numbers of
coliforms than those in applied waste-
water have been found in runoff waters
during the summer months (Figure 8).
The exact cause of this increased
coliform count in the overland flow
runoff is not clear. However, the
occurrence of this event in two con-
secutive summers would suggest that
fecal coliforms are not a reliable
indicator of sanitary conditions during
the summer months. Very seldom during
the year has the number of coliforms in
runoff water approached 200 MPN/100 ml.
However, since August 1977, the con-
tinuous application of 2.54 cm of waste-
water in 24 hours for 7 days per week
has maintained runoff water coliform
counts below this level.

Heavy Metal Treatment

Both the greenhouse and the field
research indicate that heavy metals
are effectively reduced from applied
wastewater treated by overland flow.
Over 90-percent reduction in zinc,
copper, nickel and cadmium has been
observed from applied wastewaters to
overland flow treatment areas.
Accumulations of heavy metals in the
organic mat on the soil surface near the
point of wastewater application has been
shown previously in greenhouse research
(3). Elevated levels of heavy metals
were observed in the grass closest to
the point of wastewater application.
Similar results are expected at Utica
and may present potential problems if
the grass is used as forage. Long-term
effects of heavy metal accumulation on
the soil surface need to be determined.
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Figure 8. Influence of season on fecal
coliform response at wastewater applica-
tions of 1.27 cm in 6 hours, 5 days per
week.

Grass Yield

Grass yield from the Utica overland
flow plots approached yields commonly
obtained on better agricultural soils.
The reed canary plots receiving 1.27 cm
of wastewater in 6 hours, 5 days per
week, produced 11,700 kg/ha of forage
after three harvests. This yield
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Forage yield from overland
at Utica, Mississippi, for

compares well with reed canary yields
in Minnesota by Larson et al. The
overseeded ryegrass plots produced ap-
proximately 10,000 kg/ha of forage after
four harvests for both 1.27-cm and 2.54-
cm application amounts of wastewater
(Figure 9). These data illustrate the
potential productivity of marginal
agricultural soil for forage production
through overland flow treatment of
municipal wastewaters.

SUMMARY

For municipal lagoon effluent simi-
lar to that at Utica, effective treat-
ment for reduction of nitrogen in the
southeast U.S.A. can be achieved at
application rates of 2.54 cm in 18
hours for the spring, summer and fall
seasons of the year. A lower applica-
tion rate of 1.27 cm in 18 hours should
be used during the winter season. Over-
seeding the treatment area with a winter
cover grass may help to maintain nitro-
gen treatment during the winter. Phos-
phorus treatment by overland flow is
moderate, but can be enhanced to over
80-percent reduction by addition of alum
to the wastewater before application.
Fecal coliforms are not a good indicator
of the sanitary conditions on an over-
land flow system during the summer
months. Forage production on an over-
land flow system can compare well with
production on better agricultural soils.
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CASE STUDIES

NITROGEN REMOVAL PROCESSES IN AN OVERLAND
FLOW TREATMENT OF WASTEWATER

R. A, Khalid Center for Wetland Resources
W. H. Patrick, Jr. Center for Wetland Resources
R. C. Mcllhenny Nuclear Science Center

Louisiana State University
Baton Rouge, Louisiana 70803

Biochemical transformations of la-
belled NHj~N resulting from the overland
flow treatment of simulated wastewater
were studied in a small-scale Olivier
soil-Bermuda grass test model on a 2%
slope in a sealed growth chamber. The
results indicate that the fraction of
applied l^N recovered at the end of 90-
day overland flow treatments in the run-
off and subflow, soil fraction, plant
tissue, and gaseous phase was 7.0%,
34.6%, 22.9%, and 35.5%, respectively.
A maximum concentration of 210 mg 1%2*
m was detected in the closed atmos-
sphere at the end of the 90-day experi-
ment. Significant recovery of volatil-
ized NH-j in the closed atmosphere con-
firmed the occurrence of this process in
the overland flow system.

The effect of N forms on the kinet-
ics of l^N i o s s w a s also investigated in
small-scale soil-plant system simulating
overland flow conditions with controlled
alternate aerobic-anaerobic cycles. The
rate of gaseous 1 % loss followed a zero
order reaction and was 3.93 ug l%*g~l
day-1 for the l^NO^-N treatments and
2.09 Ug ^N-g" 1 day-1 for the 15NH4~N
treatments. The absence of NO3 accumu-
lation in both the experiments indicates
that the denitrification reaction was
not a limiting process in the N removal.
The results of our study show that plant
uptake, denitrification reactions, and
NH3 volatilization were all important
processes that should be maximized for
an efficient removal of wastewater N in
overland flow treatment systems.

INTRODUCTION

Implementation of Public Law 92-500
has been a driving force in the develop-
ment of land application as an alterna-
tive for the effective treatment of
wastewater. This has generated interest
in studying the processes involved in
pollutant removal. Utilization of the
entire biosystem, soil and vegetation,
as a 'living filter' has been acclaimed
the most ecologically appropriate
wastewater treatment technique because
it allows recycling of the major nutri-
ent elements, N and P (1). The reported
high renovation efficiency of N, a major
pollutant in municipal wastewater, rang^
ing from 75 to 90% in the overland run-
off treatments, indicates the effective-
ness of such a land treatment system
(2,3,4).

The major physical, chemical, and
biochemical processes involved in the
removal of wastewater N include physical
adsorption of NffJ-N by the soil exchange
complex, NH3 volatilization, immobiliza-
tion of NH^- and NO3-N by microbes, bio-
logical denitrification reactions, and
plant uptake. Excellent review articles
describing the mechanisms of these pro-
cesses in terrestrial soils, wetlands,
and lakes have been published in
recent years (5,6,7). However, quanti-
tative data on the relative importance
of various N removal mechanisms in an
overland flow system such as plant up-
take, denitrification, and NH3 volatili"
zation are lacking. The use of unla-
belled N source in the overland flow
treatment experiments may result in



discrepancies in the removal efficien-
cies measured for various processes due
to a much larger pool of indigenous soil
N compared to wastewater N (3). It is
therefore necessary that labelled N
should be used to compute a more relia-
ble estimate of N removal efficiencies.
This investigation was designed to eval-
uate the role of nitrification-
denitrification reactions, NH3 volatili-
zation, plant uptake, and immobilization
of applied inorganic -^N in N removal in
an overland flow treatment of wastewa~
ter.

MATERIALS AND METHODS

Olivier silt loam soil (Aquic
Fragiudalfs) collected from Burden
Research Plantation, Baton Rouge,
Louisiana was used for this study.
This soil is poorly drained, slowly per-
meable, and is formed from loesslike
material. The surface soil (0 to 15 cm
depth) has a CEC of 6.2 meq/100 g soil,
a pH of 5.8, and contains 8.0% clay and
0.75% organic matter. The bulk soil
samples collected were partially air-
dried, passed through a 0.63-cm mesh
screen, limed to pH 6.5, and used for
the overland flow experiment.

Experiment 1. The Distribution of
Applied l^NHt-N in Various Components
of Overland Flow Treatment Model in a
Sealed Growth Chamber in Olivier Soil-
Bermuda Grass System

Description of overland flow model.
A sealed growth chamber was designed to
study the removal of applied labelled
NHJ-N in various effluent, soil, plant,
and gaseous components (Fig. 1). The
container for the overland flow test
model was constructed of 1,27-cm thick
plywood with inside dimensions of 30 cm
W, 152 cm L, and 13 cm D. Two holes
were drilled in the lower end of the
container on one side to collect sub-
flow. A plexiglass port was attached
on the same end to collect runoff. The
interior of the constructed box was
coated with an epoxy paint and lined
with polyethylene sheeting to prevent
water seepage.

In the test container described
above, 68 kg of Olivier soil calculated
on oven-dry weight basis, was uniformly
packed to 12.5-cm depth and planted to
Bermuda grass (Cynodon dactylon, L.)
sod. Bermuda grass was grown for

several months to establish a good
grass cover. An additional application
of CaC03, equivalent to 10 meq/100 g
soil was made on the soil surface 3
weeks prior to enclosing the soil^plant
system. The experimental model was
placed on a 2% slope in a room fitted
with fluorescent and incandescent lights
for normal plant growth. Platinum elec-
trodes were installed in triplicate at
1-cm and 7-cm soil depths at two points
across the length of the test container
(20 cm and 120 cm downslope) to monitor
redox potentials. Two weeks after the
installation of the platinum electrodes
the test container with the soil-plant
system was enclosed in a 0.63-cm thick
plexiglass box and sealed airtight with
silicon rubber. Two sampling ports for
gas analysis, a Hg manometer for moni-
toring the pressure of the chamber's
atmosphere, a thermometer, and outlets
for platinum electrode wires were in-
stalled. Provisions were made for in-
fluent addition, effluent, and con-
densed water collection. The tempera-
ture of the closed system was maintained
at 30 + 1°C by constantly circulating a
cold water ethanol mixture (-10°C)
through copper tubing running inside
the closed system. A schematic diagram
of the overland flow treatment model
and the enclosed system is shown in Fig.
1.

Treatment application. The sealed
soil-plant system was purged with a 4:1
mixture of Ar and O2 gases for 24 hours
to bring the level of N2 gas in the
system to less than 1%. Twelve liters
of solution containing 23 Ug 15NH4~N/ml
as (NH4)2SO4 (10.372 atom %

 1 5N) and 27
yg soluble C/ml as glucose was applied
to the closed overland flow system at
a flow rate of 11-1 ml/minute. The run-
off and subflow collected were recir-
culated for 4 to 5 days to create re-
duced soil conditions. No solution was
then applied for 1 to 2 days, and the
soil-plant system was allowed to re-
oxidize to facilitate nitrification.
Seventeen influent applications, each
containing •*•% and C, were made during
the 90-day experiment period. Runoff
and subflow collected at the end of
each application were combined and an-
alyzed for NHj- and NO3~15N. Gas sam-
ples were collected from the closed
system at regular intervals and analyzed
for labelled % and N2O gases using a
Dupont Model 21-614 mass spectrometer.
The condensed water collected from the
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Figure 1. A schematic diagram of the overland flow wastewater
treatment model in a sealed growth chamber.

closed system was analyzed for NH^-N to
determine the occurrence of NH3 vola-
tilization during overflow. Redox po-
tential measurements were made everyday
to monitor the occurrence of oxidized
and reduced conditions conducive to
nitrification-denitrification reactions.
At the end of overflow treatments plant
samples were analyzed for l^N. Soil
mass was sectioned with depth and down-
slope length and analyzed for NHj-N,
NO3-N, and organic N according to the
methods described by Reddy (8). The
proportion of applied •'••'NH4 recovered
in various components was calculated,
as was an 1->N mass balance. The pH of
the sectioned soil samples was also de-
termined.

Experiment 2. Effect of NH4- and NO3-N
forms on the Removal of Applied " N in
a Simulated Wastewater Treatment

The kinetics of N loss when N was
applied as 15NH*- and 15NO~-N during an
alternate anaerobic-aerobic cycle, as
occurs in overland flow wastewater
treatment, were studied in this experi-
ment. Two hundred grams of Olivier soil
limed with CaCO3 to pH 6.5 was placed
in 10-cm tall plastic containers and
adjusted to 35% moisture for 1 week to

allow CaC03 reaction with soil. Rye
grass seeds (Lolium perenne, L.) were
evenly spread on the soil surface at
the rate of 0.5 g to each container and
were covered until the seeds germinated.
A blanket application of 100 pg P and
50 yg soluble C/g soil was added to
each container. Rye grass seedlings
were grown for 10 days at controlled
moisture content of 20 to 35%.

Treatment Application. Labelled
NHA-N or NO3-N treatments (10.372 atom
% 15N as (NH4)2SO4 and 10.059 atom %
1 5N as KNO3) were applied at the rate
of 50 yg N/g soil on days 1, 7, 13, 18,
22, 28, and 33. Twenty-five yg C/g
soil as glucose was also applied with
N treatments. After each N treatment
addition, moisture level in the soil-
plant system was adjusted to 55% and
then let drop to 20% and maintained at
this level for 24 hours. This cycle
of alternate flooding and drying was
repeated one more time. At the end of
every second cycle, 4 to 6 days after
N treatment, duplicate 1 % H J - and
•"N03~N treatments samples were taken
out from the experiment. Plant samples
were washed, dried at 60°C, and ana-
lyzed for " N . Soil samples were ana-
lyzed for labelled NH^-N, NO3-N, and



organic N as described in Experiment 1.
Soil pH was also determined at the end
of two cycles. Nitrogen treatments
were applied to the remaining soil-
plant containers and subjected to two
alternate flooding and drying cycles.
Various soil-plant components were then
analyzed for *%. Soil and plant sam-
ples were taken out at the end of days
6, 12, 17, 21, 27, 32, and 38 after the
start of the experiment and analyzed
for 1%. Loss of applied 1 % <jue t o
NH3 volatilization and denitrification
processes was determined by subtracting
" N recovered in the soil-and plant
components from that applied to the
soil-plant system. Kinetics of N loss
in the 1 5 N H £ - and 15NO~-N treatments
were computed using a linear zero order
kinetics model.

RESULTS AND DISCUSSION

Experiment 1. The Distribution of
Applied l^NIÏJ-N in Various Components
of Overland Flow Treatment Model in a
Sealed Growth Chamber

Redox potential measurements dur-
ing overland flow treatment. The redox
potentials were measured at 1-cm and
7-cm depths to determine the oxidation-
reduction status of the surface and
subsurface soil layers. The redox po-
tential values of a surface layer of
the soil-plant system ranged between
+450 mv and +700 mv and remained well
oxidized during the 90-day overland
flow treatment. The redox potential
values determined at the 7-cm depth
fluctuated between +150 mv and +710 mv
during the first 60 days of the experi-
ment and between -180 mv and +690 mv
during the latter part of the experi-
ment (Fig. 2). It is evident from the
data that well oxidized conditions near
the soil surface provided a favorable
environment for the nitrification of
added 1 5 N H £ - N retained by the soil
mass. The redox potential values of
the subsurface layer oscillated from
reduced to oxidized to reduced condi-
tions during the course of overland
flow treatments which indicate that
conditions for the denitrification of
NO3-N that may have diffused down from
the surface layer were occurring in the
test model. Redox potential values of
approximately 350 mv or less would
cause the NO3-N to be unstable and sub-
ject to denitrification reactions (9).

-300

Figure 2. Redox potential values at
the 7-cm soil depth as a function
of time in an overland flow treat-
ment of wastewater.

The aerobic-anaerobic zones identified
in the soil-plant system would facili-
tate simultaneous nitrification-
denitrification processes and enhance
N losses to the atmosphere (8,10).

Mass Balance of Influent 15NHj-N Ap-
plied to Olivier Soil-Bermuda Grass
Sealed Overland Flow

The runoff and subflow collected
after influent applications were made15j ^

pp
were analyzed for 1 5NHj- and ^ N O I - N to
determine the proportion of added
15NH4~N not retained by the soil-plant
system. At the end of 90-day overland
flow treatments the plant root and shoot
mass were analyzed for -"N taken up by
the plant. The soil mass was sectioned
with depth and model length and analyzed
for 15NHj-N, 15NO3-N, and organic 1 5N
fractions. A mass balance of added
l^NHj-N recovered in various system com-
ponents is presented in Table 1. The
data indicate only 7% of added 15NHJ
was determined in the effluent runoff
and subflow. Most of the added I^N re-
covered in the effluent was present in
the NHj form. The fraction of applied
15N present in NO3 form in the runoff
and subflow was insignificant (0.25%).

Approximately 93% of added 1 5N not
found in the effluent was either taken
up by the plants, adsorbed by the soil
complex, incorporated Into the organic
fraction, or lost to the atmosphere
through denitrification or NH3 vola-
tilization reactions.



Table 1. Mass balance of
(4742.3 mg N) added to Olivier
soil-Bermuda grass sealed
overland flow system

System
Component

Recovered

mg N % of added N

Effluent (Runoff
& subflow)

NO3-N

Plant Uptake

Shoots

Roots

Soil Fraction

N0~-N

Organic N

321.10

11.87

782.10

305.60

584.79

15.11

1039.65

6.77

0.25

16.49

6.44

12.33

0.32

21.92

Total N
Recovered

N Loss

(N2 gas)

(NH3 vola-
tilization)

3060.23

1682.07

Incomplete
recovery

Incomplete
recovery

64.57

35.43

(2.80)

(4.30)

The uptake of 15JJ by Bermuda grass
plants accounted for 23% of added
l^NH^-N. The aboveground plant shoots
and primary roots accounted for 16.49%
and 6.44% of total 15m added, respec-
tively. The proportion of added I^N
retained by the soil fraction amounted
to 12.33% in the NHt form, 0.32% in the
NO^ form, and 21.92% in the organic
form. Similar to the effluent data,
very little added ^ N H + N w a s accumu-
lated in the NO3 form in the soil at
the end of the experiment. This indi-
cates that NO3-N was not stable in the
system and could have transformed im-
mediately to other forms which will be
discussed later in the paper.

A balance sheet calculated for the
added 1 5N shows that 64.57% was re-
covered in the effluent plant and soil
fractions (Table 1). This means that
35.43% of added ^ N , a significant
fraction, was unaccounted for. The
may have been lost to the atmosphere
through denltrification reactions

or NH3 volatilization. The sealed
soil-plant system was set up to monitor
the evolution of N2 and N2O gases due
to denitrificatlon reactions occurring
in the system. The data plotted in
Fig. 3 indicate that N2 production
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Figure 3. Gaseous l^j^ concentration
as a function of time in a sealed
overland flow Olivier soil-Bermuda
grass system.

steadily increased with time, although
not at the same rate, and a maximum
concentration of over 200 mg H2'm~ was
detected at the end of 90-day overland
flow treatments. The proportionately
greater Nn production in the last 20
days may be attributed to more reduced
soil conditions in the subsurface (Fig.
2) favorable to the biological denitri-
fication of NO3-N present in the soil.
No N2O gas was detected in the closed
atmosphere. The absence of N2O in the
system may be due to the high soil pH
6.6 to 7.6, which could favor N2 for-
mation. Studies on denitrification
products show that acid conditions are
more favorable for the formation of N2O
and NO than neutral and alkaline con-
ditions which enhance N2 (11,12). Also,
due to high solubility of N2O, traces
of this gas produced in the closed sys-
tem may have dissolved in the condensing
H2O and escaped the system. The re-
covery of N2 gas in the enclosed at-
mosphere was not quantitative since a
steady increase in N 2 and Ar gases in
the mass spectrometric analysis was de-
tected. This indicates that the en-
closed atmosphere was slowly contamin-
ated by the outer atmosphere, possibly
through the influent water application
and may have displaced - ^ ^ ê a s through
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runoff, subflow, or condensing H2O out-
lets. In spite of the incomplete re-
covery of N2 gas, the data plotted in
Fig. 2 indicate the occurrence of deni-
trification reactions in the overland
flow system at the low redox potential
levels.

The loss of applied 1^NHj-N through
NH3 volatilization was detected by col-
lecting the condensed H2O from the
closed system in 0.1 N/H2SO4 and analyz-
ing for NHJ-N. The recovery of this NH3
volatilized, although qualitative and
incomplete, accounted for 4.3% of total
15N added and confirmed the occurrence
of NH3 volatilization process in the
overland flow system. Surface soil pH
that ranged from 7.2 to 7.6 provided
favorable conditions for the volatiliza-
tion of applied 1%H4-N. Appreciable
losses of applied NHÎ-N under alkaline
soil conditions have been detected under
laboratory and field conditions (13,14)
and may be a significant process in N
removal from the wastewater.

Based on the qualitative detection
of NH3 volatilization and denitrifica-
tion products it can be concluded that
35.43% of applied 1 5N not accounted for
in the mass balance sheet was lost to
the atmosphere through biological de-
nitrification and NH3 volatilization
reactions.

Distribution of Soil 1^N Fraction as a
Function of Soil Depth and Downslope
Length

The efficiency of N removal by the
soil mass was investigated by determin-
ing the concentration gradients of vari-
ous N forms at the end of the experi-
ment. The soil was divided into 0- to
37-cm, 37- to 74-cm, 74- to Ill-cm, and
111- to 148-cm sections downslope from
the point of influent application. Each
section was then sliced to 0- to 2.5-cm,
2.5- to 5.5-cm, and 5.5- to 12.5-cm
depths and analyzed for soluble and ex-
changeable 15NH+_N S 1->NC>3-N, and organic
15N. The data summarized in Table 2 in-
dicate that l^NH^-N decreased sharply
with slope, and this trend was obvious
at all soil depths studied. A consis-

tent decrease in -N concentration
with depth was also observed in the 0-
to 37-cm and 37- to 74-cm sections. No
accumulation of -N occurred at the
end of the experiment, and the concen-
tration of l-̂ NÔ -N was insignificant
(0.16 to 0.37 pg ^NO^-N/g soil, Table
2). The concentration gradient o£

Table 2. Distribution of influent
15NH£-N in various soil frac-
tions determined at the end of
overland flow treatments in
sealed soil-plant system

Soil
depth
cm

Distance downslope, cm

0-37 37-74 74-111 111-148

15NH%-N, yg/g soil

0-2.5
2.5-5.5
5.5-12.5

0-2.5
2.5-5.5
5.5-12.5

0-2.5
2.5-5.5
5.5-12.5

33.18
28.74
14.73

0.32
0.21
0.20

14.38
12.44
4.27

'NO3-N,

0.36
0.26
0.24

Organic 1 5

87.44
31.12
12.22

48.34
10.94
6.88

4.08
1.82
2.48

1.12
0.81
1.48

yg/g soil

0.37
0.24
0.21

0.17
0.17
0.16

N, yg/g soil

18.21
3.57
5.90

3.90
1.31
3.05

organic !••% with depth and with distance
downslope was similar to that of l^

The accumulation of Nfl̂ -N and
organic N in the upper half of the test
model suggests that the capacity of the
soil complex to adsorb NH^-N was not
saturated at any point. Once retained
by the sail complex the NHj-N may have
been immobilized by the organic C ap-
plied with the influent, utilized by the
soil microbes present in the soil, or
taken up by the plants. Since the sur-
face soil was normally oxidized, it
facilitated nitrification reaction re-
sulting in NO3-N which diffused down-
ward and underwent biological denitri-
fication and loss to the atmosphere.
This sequential immobilization and
nitrification-denitrification processes
most probably resulted in adsorption
sites constantly being available for
NtfJ adsorption, and the applied 15NH4
did not move appreciably beyond half of
the test model length. Similar results
were reported by Hoeppel e_t al. (2) for
the removal of cannery wastewater N in
a 3-m long overland flow model. They
found that about 50% of the NHJ- and
NO3-N losses from the amended waste-
water were incurred within the initial
30 cm. Law et̂  al_. (15) also suggested
a nonlinear pattern in N removal rate
with slope in a grassland with cannery
wastewater spray irrigation. They re-
ported 15.0, 0.70, and 1.0 ppm total N



after 0, 12.19, and 30.48 m of overland
flow, respectively. The relative dis-
tribution of these N forms may be dif-
ferent in the long-term overland flow
models where the system may reach an
equilibrium stage resulting in the min-
eralization of organic N. Plant removal,
NH3 volatilization, denitrification pro-
cesses, NO3 leaching, and runoff will be
the limiting factors in the removal of
wastewater N under such conditions.

Experiment 2. Effect of N Forms on the
Kinetics of 1 % Loss in Simulated Waste-
water Treatment in Olivier Soil-Rye
Grass System

Each application of •LJNH,- or
3Ô-N to the Olivier soil-rye grass

system established in small containers
was followed by two alternate flooding
and drying cycles (55% moisture to 20%
moisture). Soil and plant samples were
then analyzed for 1 % , and the distribu-
tion in various system components was
studied. The amount of -^N lost to the
atmosphere through denitrification re-
actions was calculated by subtracting
the amount of l-'N recovered in the soil
and plant components from that added to
the system. Data summarized in Table 3
show that the accumulation of added
•^NHJ-N in the soluble and exchangeable
fractions increased with time as addi-
tions of 1 5 N H A - N were made. About 6.6%
of added 15NH|-N was still present in
the NH^ form at the end of 38 days. Es-
sentially no NOj was found in the soil
during the length of the experiment. As
the maximum concentration determined at
the end of the last -^N applications was
only 0.42 yg 15N03-N/g soil. It is evi-
dent that unlike NHt-N, the NO3 formed
due to biological NHj oxidation under
oxidized soil conditions was very un-
stable and immediately transformed into
other N forms.

The incorporation of added
into the organic fraction increased with
time in a linear mode and was several
orders of magnitude greater than the
residual 1 5 N H £ - N fraction. This organic
fraction plays an important role in the
overland flow treatment system as a N
sink thus reducing NHj levels in the
runoff waters. However, in the per-
manently established overland flow sys-
tems, the organically fixed N would
mineralize with time and may be subject
to recycling.

Labelled N applied as NO" was not
converted to -^NHj1 or accumulated as NO3

low
15NH

to any significant levels as their con-
centrations remained below 1.0 yg N/g
soil. The applied ^NO^-N may have con-
verted to gaseous forms (N2, N2O) upon
flooding, been taken up by the growing
plants, or immobilized to organic N.
The analysis of organic N shows that
2.75 yg to 23.85 yg ^N/g soil was in-
corporated with the organic fraction.
Several mechanisms are proposed in the
literature for the conversion of NO3-N
to organic N such as anoxie NO3 assimi-
lation (16,17) and respiratory reduc-
tion to NHJ and organic N (18). The
soil conditions conducive to substantial
respiratory reduction of NO3-N include
excessive amounts of easily reducible C
source and intense soil reduction. In
simulated wastewater treatment systems
described in Experiments 1 and 2 in our
study and in others (2,3) the organic C
source in the applied wastewater is
generally low (<100 mg C/£), and the re-
dox potential values fluctuate between
reduced and oxidized with alternate
wetting and drying cycles. The dis-
similatory reduction of NO3 to NtïJ under
such conditions would be limited. Very
ow levels of I^NHJ-N (0.1 to 0.66 yg
5NH|-N/gj Table 3) converted from
I5NO3-N treatment in our study suggest
that respiratory NO3 reduction to NH^-N
was not a significant process in our
system.

The immobilization of 15NO3~-N to
organic N, although smaller in magnitude
than the denitrification losses (dis-
cussed later in the section) is impor-
tant in overland treatments in that
it would reduce NO3-N losses through
runoff, subflow, or leaching through
the soil profile.

The data presented in Table 3 also
indicate that the fraction of added -^N
retained in the soil (NIïJ-N + N0~-N +
organic N) was much greater in the
•^Nlfy-N amended treatments than in the
1%03-N amended treatments. Soil ^ N
in the l^NH^ treatments ranged from
11,84% to 22.19% of total 1 5N added,
whereas only 5.40% to 7.16% of added
15 was retained in the soil in the

;} treatments. Rye grass plants
(shoots and roots) accumulated up to
25% more ^5N in the NHj treatments com-
pared to NO3 treatments. The mass
balance of ^JS added to the soil-plant
system during the 38-day experiment
shows that 18.47% to 30.65% of added
1 5 ^ - N and 33.17% to 55.80% of added

~-N were lost from the system. De-
nitrification reactions resulting in N£



Table 3. Effect of N forms on the recovery of applied
plant components

in various soil and

System
components
analyzed

NH+-N

NO3-N

Organic N

NH+-N

NO3-N

Organic N

Soil N
Plant N
N Loss

Soil N
Plant N
N Loss

6

50

0.39

0.08

7.85

0.10

0.18

2.75

16.70
63.10
20.20

6.10
38.10
55.80

12

100

Applied

1.11

0.09

12.75

Applied

0.20

0.12

5.10

Applied

13.90
60.35
25.75

Applied

5.40
46.65
47.95

17

Time, days

21 27

N applied; yg 15N/g soil

150

15NH£-1

1.91

0.08

15.75

15N0;-I

0.53

0.13

8.80

200

tf recovered.

6.85

0.19

20.65

ï recovered.

0.65

0.12

11.35

15NH+-N recovered,

11.84
59.63
28.53

15NO3-I

6.33
60.50
33.17

13.85
55.50
30.65

I recovered.

7.43
52.15
40.42

250

, yg 15N/g

9.64

0.23

25.05

, Ug 15N/g

0.66

0.88

14.50

, % of 1 5N

13.98
60.54
25.48

, % of 1 5N

6.42
48.18
44.40

32

300

soil

20.39

0.26

39.30

soil

0.51

0.60

19.15

added

19.98
61.55
18.47

added

6.75
56.03
37.22

38

350

23.04

0.42

54.20

0.62

0.60

23.85

22.19
57.47
20.34

7.16
47.31
45.53

and N2O gas production and NH3 vola-
tilization may account for these 1 %
losses. However, soil pH values in the
NHJ treatments ranged from 5.4 to 6.4,
and in the NO3 treatments from 6.6 to
6.8. The acidic soil conditions in the
NHj treatments preclude the possibility
of any significant NH3 volatilization
occurring in the system (19).

Loss of applied 1 5NH 4- and
 15NO~-N

due to denitrification reactions in-"
creased as N additions were made with
time. The data plotted in Fig. 4 sug-
gest the rate of ^^N disappearance
followed a zero order reaction and was
independent of Nlf£- or NO^-N concentra-
tions. Similar results have been re-
ported by Broadbent and Clark (20) and
Patrick (21) who suggested that the
rate of denitrification was independent
of NO^ concentration and followed a
zero order kinetics. The slope of the
N loss calculated from the linear re-
gression analysis in our experiment
demonstrates that the rate of -^N loss
in the ^ N O ^ - N treatments was about two

orders of magnitude greater than •'•-'NH4-N
treatments (3.93 yg -"N'g"1 day"! and
2.09 yg 15N*g , respectively). The
complete disappearance of I^NO^ in the
soil_fraction in both 15NH£-N and
15NO3-N treatments in Experiment 2
(Table 3) and in 1 5 N H J - N treatment in
Experiment 1 (Table 2) strongly suggests
that denitrification process was not a
limiting factor in the gaseous loss of
applied N.

_ 100

I1100-

50

15 S5 30 40
Time, Days

Figure 4. Kinetics of 1 5N loss in 4
and !5NO3-N treatments in Olivier soil-
rye grass system.



NITROGEN REMOVAL PROCESSES - A GENERAL
DISCUSSION

The predominant form of N in the
wastewater is usually NHt-N, although
some NOÔ-N in the preapplication treated
secondary effluent and small amounts of
organic N are also present (19). When
wastewater is applied to a sloped soil
a variety of physical, chemical, and
biochemical reactions are initiated.
The effects of physical factors such as
hydraulic characteristics of the soil,
the friction slope, and the slope angle
which can influence the direction and
intensity of NH4 ion movement in the
overland flow system were discussed in
a recent article (22). A schematic dia-
gram of the major chemical and biologi-
cal processes significant in the renova-
tion of wastewater are presented in Fig.
5. Volatilization of applied NlïJ-N as
free NH3 from the soil surface is an im-
portant chemical reaction resulting in
losses of applied NIïJ to the atmosphere
(14). The magnitude of NH3 volatiliza-
tion is largely controlled by pH of the
wastewater, loading rates, clay content
of the soil, and temperature (13,19).

Of the biological reactions nitri-
fication and denitrification are very
important. Nitrification is important
because it converts NHt-N, adsorbed on
the exchange complex and not easily dif-
fusible, to NOt-N that moves readily
with the percolating water to the lower
anaerobic soil layers. Denitrification
is important because it is the principal
process by means of which NO^-N is lost

ATMOSPHERE

WATER
FLOW"

from the soil system through conversion
to N2O or N2 gases (6,7). Under the
conditions of our experiments 20 to 56%
loss of applied -^N was attributed to
denitrification reactions. Patrick and
Reddy (23) attributed about 25% loss of
applied "Ntit-N from the soil-plant sys-
tem under field conditions to denitrifi-
cation reactions. The results of our
study also show that 23 to 62% of ap-
plied l^N w a s removed by the plant tis-
sue. This significantly large fraction
of added l^N removed by the plants con-
firms that plant growth may be an ef-
ficient process in wastewater treatment
in overland flow systems. However, very
little research has been conducted on
the role of plant species in the es-
tablishment of land treatment models.

Our findings indicate that plant
uptake, denitrification, and NH3 vola-
tilization are important N removal mech-
anisms in overland flow treatment of
wastewater. However, quantitative data
showing the relative importance of these
processes are lacking. Also, more re-
search is needed to optimize the soil-
plant conditions for the maximum removal
of wastewater N that will result in
effective low-cost overland flow treat-
ment with minimum groundwater and stream
contamination.
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CASE STUDIES

PERFORMANCE OF OVERLAND FLOW LAND TREATMENT IN COLD CLIMATES

T.F. Jenkins, C.J. Martel, D.A. Gaskin, D.J. Fisk and H.L. McKim

U.S. Array Cold Regions Research and Engineering Laboratory, Hanover, New
Hampshire

ABSTRACT

In a study conducted at the Cold
Regions Research and Engineering Labora-
tory (CRREL), Hanover, NH, primary
wastewater, secondary wastewater, and
tapwater were applied to separate sec-
tions of a prototype overland flow site.
Each section was 2.9 m wide, 30.5 m long
and graded to a 5% slope. The site was
underlain by a rubber liner to ensure
that water did not percolate below a
depth of 15 cm. Water and wastewater
were applied at the top of the slope
from perforated plastic pipe. The
surface and subsurface flows were col-
lected at the base of the slope in large
galvanized steel tanks. Flowmeters were
used to monitor the volume of water
applied and collected. Composite water
samples were analyzed for pH, BOD, TOC,
SS, NO3, TKN, NH4, total P, major cations,
fecal coliform, conductivity and chloride.

The objective of this study was to
evaluate the performance of overland
flow systems, especially during the
winter months. Operation of the CRREL
overland flow facility began in May 197?
and continued through the winter of
1977-78. The results of this study
indicated that satisfactory BOD removal
did not occur at soil temperatures below
1+°C. Based on this criterion, 105 days
of storage would be needed at the CRREL
site. This is 30 days less than the
storage needs predicted by the EPA-1
computer program.

In addition, results indicated that
secondary treatment before overland flow
can "be detrimental to maximum nitrogen
removal efficiency due to the poor

treatment of nitrate applied. Suspended
solids removal was found to be excellent
throughout the winter application season.

Warm weather treatment efficiences
of the system using primary effluent
were 9^% for BOD, 91% for suspended
solids, 9h% for nitrogen and 89% for
phosphorus. Fecal coliform vas found to
be a poor indicator of disinfection
efficiency from an overland flow system.

INTRODUCTION

Land application of municipal
wastewater has been practiced in the
United States for over a hundred years.
The use of this technique was primarily
oriented toward disposal, analogous to
discharging to a surface water body.
Land application systems, with treatment
as the primary goal, were relatively few
in number. However, this trend has
changed within the last ten years.

Wastewater systems in which efflu-
ent is applied to the land can be
classified as operating in one or more
of the following modes : slow infiltra-
tion, rapid infiltration or overland
flow (Reed et al., 1972). The overland
flow mode, called grass filtration in
Australia (Seabrook, 1975), involves
applying wastewater to a vegetated slope
at a flow rate exceeding the infiltra-
tion capacity of the soil. The water
moves by sheet flow over the soil sur-
face and is discharged to a surface
water course or given additional treat-
ment.

The overland flow process was first
studied in detail in the late 196O's by
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a group of investigators interested in
the treatment of cannery wastes at
Paris, Texas (Law et al., 1969). Their
results indicated a high level of treat-
ment for nitrogen, solids and oxygen
demanding substances but only partial
removal of phosphorus. In the early
1970's, the potential use of overland
flow to treat municipal wastewater was
investigated (Carlson et al., 197U;
Thomas et al., 197*0. These results
indicated that overland flow could be
used as a tertiary process to reduce the
nitrogen content of secondarily treated
wastewaters or as an initial treatment
step for raw comminuted wastewater.
When raw wastewater was applied, reduc-
tions of oxygen demanding substances,
equivalent to secondary treatment, were
achieved (Thomas et al., 197*0 • Phos-
phorus, however, was not treated to a
level acceptable for discharge to phos-
phorus limiting surface waters. As a
result, investigations were initiated to
study alternate methods of removing
phosphorus (Thomas et al., 1976, Lee et
al., 1976).

The mechanisms of nitrogen treat-
ment in overland flow systems have also
been studied (Hoeppel et al., 197*+;
Khalid et al., 1978; Lee et al., 1976).
Plant uptake is a major removal mech-
anism particularly when the crop is
harvested and removed from the site. A
second mechanism, denitrification,
converts nitrate nitrogen to gaseous
products (N2 or N2O) which are lost to
the atmosphere. Denitrification is a
microbiological process and is dependent
on localized environmental constraints,
namely EH (oxidation-reduction poten-
tial) and availability of degradable
organic carbon. A third process,
ammonia volatilization, is also opera-
tive under certain conditions (Khalid et
al., 1978, Avnimelech and Laher, 1977).
The ability of overland flow systems to
treat applied nitrate nitrogen has not
been studied in detail, but speculation
by Hoeppel et al., 197*1- has indicated
that excellent performance was to be
expected.

The use of overland flow systems to
date has been limited to locations with
year-round warm climates. This is due
to a lack of information regarding cold
weather performance and speculation of
poor treatment efficiencies as tempera-
tures approach freezing. Large storage
facilities may be required to handle
wastewater generated during periods when
application would be curtailed. In the

absence of cold weather performance
criteria, state agencies have been
overly conservative in regulating the
amount of storage capacity required.
Some states have required as much as 8
months storage for all land application
systems.

Actual data relating overland flow
system performance to climatic condi-
tions have not been available to date.
This study was conducted to generate
criteria for predicting performance of
overland flow systems as a function of
temperature, allowing a more rational
establishment of storage requirements.

METHODS

The overland flow facility is
located at the U.S. Army Cold Regions
Research and Engineering Laboratory
(CRREL) in Hanover, N.H. This area has
a mean annual temperature of 7°C and
approximately l6o days are below freezing
each year. Annual precipitation and
snowfall average 95 and 185 cm/year
respectively. The site faces south-
southwest with prevailing winds from the
west and northwest.

The overland flow site is 8.8 m
wide by 30.5 m long and graded to a 5
percent slope. It was divided into
three equal sections (2.9 m x 30.5 m)
each of which received either primary,
secondary or tapwater exclusively. The
tapwater section served as a control.
Water and wastewater were applied at the
top of the slope through perforated
plastic pipe which could be backdrained
when not in use. Surface and subsurface
flows were collected at the base of the
slope in large galvanized steel tanks.
Flowmeters were used to monitor volumes
of water applied and collected. A
diagram of the overland flow site is
shown in Figure 1.

The soil used on the overland flow
slope was classified as Hartland silt
loam. The percentages of sand (>50 y ) ,
silt (50 - 2y) and clay (<_ 2y) were 5,
72 and 23 respectively. The cation
exchange capacity of the soil is about 5
mequiv/lOOg and the pH is about 7.1.
Bulk densities averaged l.k g/cc and the
specific gravity was 2.7. Underlying
the soil at a depth of 15 cm (6.0 in)
was a 1.0 mm rubber membrane preventing
downward percolation of water and simul-
ating impermeable soils required for
overland flow sites. Crushed stone was
placed at the top of the slope to pre-
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Figure 1. Diagram of Prototype Overland Flow System.

vent erosion and to allow an even flow
distribution.

All three sections of the overland
flow slope were seeded with orchard-
grass, tall fescue, reed canary and
perennial ryegrass. Orchardgrass and
tall fescue "became the predominant
species on the wastewater sections while
tall fescue predominated on the control
section along with a considerable amount
of red clover. The absence of red
clover on the wastewater sections was
probably due to a more dense and pro-
lific grass growth which crowded out the
clover. A picture of the relative
growth characteristics of each section
is shown in Figure 2.

The primary and secondary waste-
waters used in this study were obtained
from the CRREL pilot plant facility
(Iskandar et al., 19T6). Both waste-
waters were ozonated and stored in 5300
1 (lkOO gal.) concrete tanks prior to
application. Tapwater was obtained from
the Hanover water supply system and
applied directly to the site. The
tapwater, primary effluent and secondary
effluent were applied at a rate of
approximately 5 cm (2 in.) per week.
The daily application rate was 0.25 cm
(0.1 in.) per hour for a period of five
hours. Application ceased whenever
rainfall exceeded 1.3 cm (0.5 in.) per
day.

Both primary and secondary waste-
water were applied throughout the
winter of 1977-78. Tapwater application
was discontinued in late December due to
freezing problems with the pipeline
system. The site was covered with snow
from December 6, 1977 to March 29, 1978,
which, along with the heat content of

the wastewater, prevented the soil from
freezing. A picture of the overland
flow site during mid-winter is shown in
Figure 3.

SAMPLING AND ANALYSIS

Flow proportioned composite samples
were taken of the applied wastewater and
runoff from each overland flow section.
Runoff was also sampled after substantial
rainfall or snowmelt to provide informa-
tion on the "flushing" effect. Sampling
of subsurface flows was discontinued
after it become apparent that it was
insignificant (less than 2% of applied
wastewater) with respect to volume and
concentration of components. All
samples were refrigerated at h°C until
analyzed.

Each sample was analyzed for chlor-
ides+nitrate (NO3 - N ) , and ammonium
(NH4 -N). Approximately twice a week,
samples were analyzed for BOD5. Sus-
pended solids (total and volatile),
fecal coliform, pH, conductivity, total
organic carbon (TOC), total and KJeldahl
nitrogen were analyzed once a week.
Periodic measurements were obtained for
phosphate, potassium, sodium, calcium,
magnesium and nitrite. All analyses
were conducted in accordance with Stan-
dard Methods for the Examination of
Water and Wastewater, lUth Ed. (1976)
and Methods for Chemical Analysis of
Water and Wastes ( ^

Soil temperatures were measured
with thermocouples located 1.27 cm (0.5
in.) below the soil surface. Thermo-
couples were placed upslope, midslope
and downslope on each section of the
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Figure 2. View of Overland Flow Site During Summer Operation.

overland flow site. Air temperatures
near the site were also measured. Every
four hours these data were recorded by
an automatic data logger and stored on
tape.

RESULTS AND DISCUSSION

The average quality of the applied
primary, secondary and tapwater is shown
in Table 1. Both primary and secondary
wastewaters contained somewhat higher
concentrations of nitrogen than that
used "by other investigators (Law, et
al., 1969; Hoeppel, et al., 197U ).
Ammonium was the most common form of
nitrogen in both wastewaters. Primary
wastewater contained very little nitrate
whereas secondary wastewater contained
up to 27 mg/l during the summer months.
This was due to the nitrification process
occurring in the extended aeration
treatment plant. Suspended solids and
BOD5 concentrations were typical of
effluents produced by primary and secon-
dary processes. Tapwater contained no
measurable pollutants.

Wastewater and tapwater application
began on 13 May 19TT- A two week accli-
mation period followed during which the
system seemed to come to equilibrium.

From 30 May to 16 October 1977, excel-
lent removals of BOD, suspended solids,
phosphorus and nitrogen were obtained
from both primary and secondary sections.
As shown in Table 2, B0D5 and suspended
solids removal were greater than 90
percent and runoff concentrations were
well below secondary effluent standards.
Phosphorus removal was greater than 80%
for both primary and secondary sections.

Total nitrogen removal was greater
from the primary section than the sec-
ondary. Higher total nitrogen concen-
tration in the runoff from the secondary
section was mainly due to a higher
applied nitrate concentration (Table 2).
It was found that periods of high nitrate
in the runoff corresponded to days when
high nitrate levels were present in the
applied secondary wastewater. This
relationship, which is shown in Figure
h, indicates that nitrate is not treated
effectively by overland flow. Appar-
ently, nitrate is not immobilized in the
soil and remains in the mobile liquid
phase. On the other hand, ammonium was
effectively removed on both slopes.
These results suggest that secondary
treatment prior to application could
decrease the nitrogen removal efficiency
of overland flow systems.

The concentration of suspended



Figure 3. View of Overland Flow Site During Mid-Winter Operation.

Table 1
Average Wastewater Quality Applied

to Overland Flow Slopes
30 May 1977 - 1 April 1978

Applicant Concentrations

Parameter

N(T) - N(mg/1)
NH^ - N(mg/l)
N0 3 - N(mg/1)
P(T) - P(mg/1)
BOD5 (mg/l)
SS(T) (mg/l)
SS(V) (mg/l)
C(0) - C(mg/1)
Cond (umhos/cm)
pH (pH units)
Fecal Coliform

(#/l00 ml)
K (mg/l)

Primary

36.6
33.1
0.5
6.3
85.3
Jk.6
60.7
89.2

52^-
7 I4.

7.9x104

12.1+

Secondary

33.5
27.3
5-1
5.9
53.2
30.2

21.7
57.0

519
7-5

1.8xlO4

11.9

Tap

0.3
0.1
0.0
0.6
0.1*
1.1*
0.7
9.1*
91
7.1
0

1.1*

solids in the runoff from tioth waste-
water sections was approximately equal
to that from the tapwater section. Or-
ganic carbon levels were also quite
similar (Table 2). This indicated that
near maximum removal of those parameters
had "been achieved.

As shown in Table 2, the average
fecal coliform concentration from the
tapwater section was approximately four
times higher than the secondary section.

Similar results obtained by Hunt et al.
(in press) suggest that fecal coliform
concentration may not be a useful indi-
cator of sanitary quality from runoff
produced by overland flow sites.

After 16 October 1977 treatment
efficiency began to decrease. By the
end of December, system performance
seemed to stabilize at the level shown
in Table 3. Suspended solids were the
only pollutants effectively removed
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Table 2
Average Warm Weather Performance

from Overland Flov Slopes
30 May - 16 October 1977

Runoff Concentrations

Parameter

N(T) - N(mg/l)
NH4 - N(mg/1)
N03 - N(mg/1)
P(T) - P(mg/1)
B0D5 (mg/l)
SS(T) (mg/l)
SS(V) (mg/l)
C(0) - C(mg/1)
Cond (ymhos/cm)
pH (pH units)
Fecal Coliform

(#/l00 ml)

Primary

5.U (9h%)*
3.2
1.6
1.9 (89$)
11.2 (91%)
6.7 (97%)
5.2

29.0
395
7.7
6.3xl02

Secondary

8.0
2.6
5.2
2.2
U.6
3.8
3.2
26.0
32k
7.6
18

(8T*)

(80*)
(95*)
(96%)

Tap

0.7
0.1
0.1
0.2
l.U
2.8
l.U
22.0
211
7-9
72

*Numbers in parentheses refer to mass percent removal.

30

25 h

Runoff
20

'Jrunoff
R = 0.82
N = 71

0.73 [NOj]applitd + 2.2

5 10 15 20
N0~ Applied

25 30

Figure k. Runoff N0 3 Concentration vs.
Applied NO3 From Secondary
Slope.

during this period. BOD5 removal from
the secondary section remained relatively
high (80%) "but removal from the primary
section was only 58 percent. Both
nitrogen and phosphorus removal de-
creased to the 25 to 32 percent range.
As indicated previously, operation of
the tapwater section was discontinued
due to freezing problems with the pipe-
line system.

To determine the temperature at
which the renovation capacity of the
overland flov system effectively ceased,
average weekly BOD5 concentrations in
the runoff from the primary section were
plotted against soil temperature. As
shown in Figure 5S a reasonable corre-
lation (R = 0.78) was obtained with the
second order polynomial

[BOD5] = 0.226 [Soil Temp.]2
 ( l )

- 6.53 [Soil Temp] + 53.0

The curve shown in Figure 5 indicates
that runoff BOD5 concentrations "begin to
increase as the soil temperature de-
creases "below lU°C. However, satisfac-
tory removal was maintained until soil
temperature reached approximately 1+°C
where runoff BOD5 concentrations exceeded
30 mg/l. At temperatures below k°C,
BODt, removal was minimal and approached
the steady state condition described in
Table 3.

The effect of soil temperature on
ammonium concentrations in the runoff is
shown in Figure 6. Runoff ammonium
concentrations from both primary and
secondary sections were used in this
plot. An excellent correlation (R =
0.936) of this data was obtained and the
curve of best fit can be described by
the second order polynomial

[NHj = O.llU [Soil Temp]2

- 3.9^ [Soil Temp.] + 35-1

, .
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Table 3
Average Cold Weather Performance

from Overland Flow Slopes
12 December 19TT - 19 March 1978

Runoff Concentrations

Parameter

N(T) - N(mg/l)
NH4 - H(mg/1)
W03 - N(mg/l)
P(T) - P(mg/1)
BOD5 (mg/1)
SS(T)(mg/l)
SS(v)(mg/l)
C(0) - C(mg/1)
Cond (ymhos/cm)
pH (pH units)
Fecal Coliform

(#/l00 ml)

Primary

37.2 (2550*
Zk.3

2 . 0
5-9 (31$)

65.3 (58/0
13.6 (84$)
1 1 . k
69.1

606
7.2
Ô.lxlO1*

Secondary

26.2
21-5

3.8
k.k

13.9
l u i
3.5

kk.2
616

7.3

(32$)

(30$)
(80$)
(88$)

6.3xlO3

*Numbers in parentheses refer to mass percent removal.

BOD5

(mg/t)

8 0

70

60

50

40

3 0

20

10

[BODJ

-

*

" * \

1 1 I 1

I 1 '

= 0.226 [Soil Temp]

•

-6.53 [Soil Temp]+53.0 -

R = 0.783
N= 19

-

-

-

-

-

I 1 1 1

0 10 12 14

Soil Temp, °C

16 18 20 22 24

Figure 5. Average Weekly Runoff BOD Concentration vs.
Boil Temperature (Primary Section).
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°C

Average Weekly Runoff NH4 Concentration vs.
Soil Temperature for Primary and Secondary
Sections.

From the curve shown in Figure 6, treat-
ment of ammonium began to decrease at
approximately lU°C- These results agree
quite -well -with data presented by Metcalf
and Eddy (1970) on the effect of temper-
ature on nitrification in conventional
biological treatment systems.

The number of storage days recom-
mended for overland flow systems oper-
ating in cold climates was determined on
the basis of runoff BOD5 concentrations
vs soil temperatures. As shown in
Figure 5, runoff BOD5 concentrations
were greater than 30 mg/l at soil temp-
eratures below 1+°C. This indicates that
wastewater applications should cease
whenever the average weekly soil temper-
atures decrease to k°C and resume when
temperatures return to k°C and above.
If this criterion was applied to the
overland flow facility at CREEL, 105
days of storage would be required. For
the winter of 7T-T8, wastewater applica-
tion would have ceased in late December
and resumed in mid April.

It should be noted that even when
soil temperature is restored to k°C in
the spring, treatment efficiency may not
be satisfactory until the microbial
population has had a chance to reestab-
lish itself. Also, some reconditioning

of the slope after a severe winter may
be required. Consequently, additional
storage capacity may be needed and it
would be advantageous to have the abil-
ity to recycle whenever runoff quality
is unsatisfactory.

Using threshold values of 0°C air
temperature, 2.5U cm snowcover and 1.27
cm precipitation, the EPA-1 Program
(Process Design Manual for Land Treat-
ment of Municipal Wastewater, 1977) pre-
dicted a storage requirement of 135
days. This is 30 days longer than the
storage time based on soil temperatures
below i+°C. However, it should be noted
that the EPA-1 Program predicts storage
based on a design life of 20 to 30 years.
The data presented in this paper repre-
sents only one year. Also, the differ-
ence in storage times could be reduced
by modifying the EPA-1 Program and in-
serting new threshold values.

CONCLUSIONS

1. Wastewater application should cease
whenever the soil temperature on the
overland flow slope decreases to ̂ °C.
The system should not be restarted until
soil temperature is restored to U°C.
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2. The effect of temperature on ammon-
ium removal from overland flow systems
is similar to that of conventional
"biological systems.

3. Ammonium is more effectively removed
by overland flow systems than nitrate.
Evidence indicates that nitrate is not
immobilized and is carried into the
runoff.

h. Warm weather performance of the
overland flow system was excellent.
BOD5 and suspended solids removals were
greater than 90 percent.

5- Fecal coliform concentrations in the
runoff were found to be a poor measure
of the sanitary quality of overland flow
runoff.
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SITE SELECTION

A METHOD FOR PRELIMINARY EVALUATION OF SOIL SERIES CHARACTERISTICS
TO DETERMINE THE POTENTIAL FOR LAND TREATMENT PROCESSES

Mark A. Moser, formerly Metcalf and Eddy, Inc., Palo Alto, California,
Currently Graduate Student, Cornell University

A simple method for evaluating the
suitability of soil series for land treat-
ment processes is presented. Values of
significant soil properties found in most
soil surveys are used to achieve a pre-
liminary assessment of the feasibility of
the irrigation, overland flow and rapid
infiltration land treatment processes.
Depth to bedrock, slope and soil per-
meability are separated into ranges and
assigned numerical values in a rating
matrix. Matrix values reflect the rela-
tive importance of the soil property to
a particular land treatment process. By
combining rating values of each soil
property, a rating of the suitability of
a soil series results.

INTRODUCTION

This paper presents a method for pre-
liminary evaluation of soils for land
treatment processes. The land treatment
process considered includes two types
of slow rate irrigation, overland flow and
rapid infiltration. The method presented
is simple and may be most used by
planners not intimately familiar with
soils and land treatment processes.
Existing literature on land treatment
lists acceptable soil characteristics but
seldom discusses the relative importance
of the various soil characteristics. The
approach presented in this paper allows
consideration of several significant soil
characteristics at the same time.

A rating matrix format can assist in
the early stages of evaluating the tech-
nical feasibility of land treatment. It
allows consideration of slow rate

agricultural and woodland irrigation,
overland flow and rapid infiltration.
However, it is emphasized that the soil
rating is only a portion of the early
stages of land treatment planning. Other
factors must be included and refinements
in data made as planning progresses.

The method, based on a suitability
rating matrix, was developed in part
during a study (1) evaluating technical
feasibility at the regional and local
levels. In the study, soil suitability
ratings were combined with other eval-
uation factors to establish technical
suitability for land treatment processes.

The soil rating matrix was developed
to relate the relative importance of
major soil properties to land treatment
process requirements. The matrix allowed
evaluation of more than 90 soil series
in 4 physiographic regions in the
Nashville, Tennessee urban study area,
covering 5,000 square miles (1). Al-
though the matrix was developed for the
Tennessee study area, it also has been
found usable in the Piedmont and Coastal
Plain physiographic regions and may be
usable in most areas of the United States
that have completed soil surveys.

Importance of Soil Properties

The literature on land treatment
site evaluation includes listings of
soil properties judged to be most impor-
tant. Table 1 lists the characteristics
emphasized by different studies. In
general, except for References 1 and 2,
previous work established limitation
ratings for slow rate agricultural
irrigation based on the most limiting
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soil property. No discussion of the
relative importance of soil properties
was presented. No consideration was
given to woodland irrigation, overland
flow or rapid infiltration.

Evaluation of all of the soil char-
acteristics identified in Table 1 will
aid in optimizing land treatment process
design. However, it is not necessary to
include all of these characteristics to-
gether to locate potential sites or eval-
uate potential for land treatment pro-
cesses. The "Process Design Manual for
Land Treatment of Municipal Wastewaters"
(3) presents ranges of significant soil
characteristics that distinguish the soil
suitability for land treatment processes
(Table 2). Soil depth, slope and per-
meability evaluated together should allow
preliminary assessment of the suitability
of a soil for irrigation, overland flow
and rapid infiltration. This may seem
to be an oversimplification but these
properties represent and infer other
soil characteristics.

Table 1. Soil properties to be Con-
sired in Evaluating the
Feasibility of Land Treatment.

U.S.E.P.A. (2); USEPA, USACOE, USDA (3):
Topography (slope, relief, flood
potential), texture, structure, pH,
salinity, nutrient levels (N, P, K,
Mg, Ca, Na), adsorption (cation
exchange) and fixation capacities,
permeability, depth to water table.

Schneider and Erikson (4):
Soil texture, natural drainage,
water table depth range, permeabil-
ity, water holding capacity, phos-
phorus adsorption, slope.

Witty and Flach (5):
Limiting permeability, soil drain-
age class, runoff potential, flood-
ing potential, available water
capacity.

Olson (6), (for New York State):
All of Witty and Flach above, root-
ing depth, trafficability, erosion,
stoniness, pH of B horizon, eleva-
tion.

Table 3 relates the importance of the
significant soil properties to land
treatment process evaluation.

Development of Soil Rating Matrix

The most appropriate classification
unit for evaluating the significant
properties as discussed is the soil
series of a soil survey. Soil series
are groupings of soils with similar
properties. Except for different tex-
tures in the surface layer, all of the
soils within one series have major hori-
zons (subsurface layers) that are similar
in thickness., structure and other char-
acteristics (7). Soil series are mapped
as soil phases on aerial photographs in
the soil survey. A soil phase defines
a unit of the soil series with a speci-
fic surface horizon thickness, surface
texture, slope, erosion status or other
characteristics that affect its manage-
ment.

Based upon the significant soil
characteristics presented in Table 2,
relevant considerations presented in
Table 3 and field experience, a number-
ical rating matrix for land treatment
process evaluation was developed and is
presented as Table 4. The partitioning
of each soil characteristic into ranges
was developed around the ranges of these
characteristics commonly reported in
USDA Soil Conservation Service Soil
Surveys.

The numerical values assigned to
ranges of each soil property are empiri-
cal. The values were assigned to em-
phasize the relative importance among
possible ranges of a soil property in
Table 4. As the suitability of a soil
property increases for a land treatment
processes, the value increases. An
"E" value has been included where the
range of a soil property would exclude
a land treatment process regardless of
other properties.

For example, a soil depth of 1-2
feet would in most cases preclude grading
a slope for overland flow and was assign-
ed an "E" rating value. The E results
in an automatic poor rating, disregard-
ing the rating values of other soil pro-
perties. In the soil depth range of 2-5
feet, adequate depth of soil for overland
flow slope formation exists so a higher
rating value is allowed. However, 2-5
feet of soil would not be as favorable
as a deeper soil, therefore, an inter-
mediate value of 5 was assigned. With
soil depths greater than 5 feet no re-
striction to slope formation would be
expected so a value of 7 was assigned for
ranges 5-10 feet and 10+ feet.

The maximum value for a soil proper-
ty was assigned to emphasize the relative
importance between properties, e.g., low
permeability is more significant for
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Table 2. Ranges of Soil Characteristics Suitable for Land Treatment Processesa

Land Treatment Process

Slow Rate Irrigation

Woodland Irrigation

Overland Flow

Rapid Infiltration

Soil
Depth
(ft)

2-3+

2-3+

1-2+

10+

Soil
Slope

(%)

0-20

0-40

2-15

0-10

Soil
Permeability

(in/hr)

0.2-6

0.2-6

0.006-0.6

0.6-6

a) Modified from Reference 3

overland flow than is deep soil or shal-
low slopes. Thus a value of 10 was as-
signed to the lowest permeability whereas
ratings of 7 and 8, respectively were as-
signed to the maximum soil depth and
shallowest slopes shown in the table.

Use of Rating Matrix

How Soil Survey Information is Used
in Rating Soil Series. The significant
soil properties for soil series must be
extracted correctly from the soil survey
to get reliable results using Table 4.

Soil permeability is rated for each
horizon in the soil profile. The lowest
range of permeability for the horizons
of a soil series in the table of soil
properties in a soil survey should be
used in establishing a numerical value
from Table 4.

A soil series may include a very
wide range of slopes, however series
occur most often within a restricted
range of slope. The predominant range
of slope should be used to rate the soil
series. The predominant slope can be
estimated from the proportionate extent
of phases of a soil series. A table con-
taining the proportionate extent of soil
phases can be found in the first few
pages of the modern soil surveys.

The depth to bedrock listed in the
table of soil properties in a soil survey
is used in conjunction with Table 4. The
depth of soil would be a more correct
evaluation. However, soil surveys ad-
dress the top 5 feet of soil and often
do not describe soil, unconsolidated
material or residium below this depth.
Therefore, the depth to bedrock should
be used.

Table 3. Impact of Soil Properties on the Evaluation of Land Treatment Process

Land Treatment Process

Slow Rate Irrigation

Woodland Irrigation

Overland Flow

Rapid Infiltration

Soil Depth

Adequate for
Treatment

Adequate for
Treatment

Adequate for
Slope

Formation

Adequate for
Treatment

Soil Slope

Tillage,
Runoff,
Erosion,

Application
System

Erosion,
Application

System

Favorable
for Slope
Formation

Favorable for
Basin

formation

Soil Permeability

Land Area Require-
ment

Land Area Require-
ment

Minimize Infiltration

Maximize Infiltration
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Table 4.

Soil characteristic

Soil depth, m(ft)b
0.3-0.6 (1-2)
0.6-1.5 (2-5)
1.5-3 (5-10)
>3 (>10)

Permeability, cm/hr (in./hr)^
0.5 (<0.2)
0.5-1.5 (0.2-0.6)
1.5-5 (0.6-2.0)
>5 (>2.0)

Slope, %
0-5
5-10
10-15
15-20
20-30
30-35
>35

Overall suitability ratinge

Good
Fair
Poor

Rating Factors

Agricultural
irrigation

E c

3
8
9

3
5
8
S

8
6
4
0
0
E
E

20-25
14-19
<14

For Soil Seriesa

Type

Woodland
irrigation

E
3
8
9

3
5
8
8

8
8
6
5
4
2
0

20-25
14-19
<14

of System

Overland
flow

E
5
7
7

10
7
2
E

8
5
2
E
E
E
E

20-25
15-19
<15

Rapid
infiltration

E
E
4
8

E
1
6
9

8
4
1
E
E
E
E

20-25
15-19
< 15

aThe rating factors are usable for establishing a preliminary rating of the
suitability of a soil series; they will not replace field testing in the de-
sign of a land treatment system.

^Depth of the profile to bedrock.
cE=Excluded, automatically rated as poor.
^Permeability of most restrictive layer in soil profile.
eSum of values from the three soil characteristics.

Arriving at a Rating. Once located,
predominant slope, limiting permeability
and depth to bedrock for a soil series or
soil phase are compared to Table 4 and a
numerical value assigned to each proper-
ty. The values are summed and the total
used to establish a soil suitability
rating based on the ranges of numbers at
the bottom of the table.

A soil suitability rating of good,
fair or poor for each land treatment
process results. A good rating implies
suitability for the land treatment pro-
cess. A fair rating means that the soil
series is suitable for the land treat-
ment process, but special considerations
would apply. A poor rating infers that
the soil would not be suitable for the
land treatment process.

Although the rating matrix was devel-
oped around the ranges of properties

commonly reported in USDA-SCS soil sur-
veys, reported values for soil proper-
ties do not always match these ranges.
In using Table 4 a flexible approach is
allowed. The numbers in the table are
not absolutes but may be varied within
the limits between ranges in the matrix.
For example, a soil series with a re-
ported depth to bedrock of 4-7 feet
should be rated with a number that com-
promises the values for soil with depths
2-5 or 5-10 feet. The number assigned
would be based on a subjective judgement
by the person compiling the rating. An
example rating of an area for land treat-
ment is presented.

Figure 1 shows approximately 40
acres closely resembling many areas of
the Piedmont region of the eastern sea-
board. This area is gently to moderately
rolling with well developed drainage



Figure 1. Example Area of Soil Map to
be Evaluated (adapted from 8)

patterns. The bounded mapping units
shown in the figure are soil phases. The
soil phase label includes a two letter
abbreviation of the soil series name,
followed by a third letter denoting the
slope range and, in most cases, a number
at the end indicating erosion status.
For rating soil series as described here,
only the soil series portion of the soil
phase is used.

Important characteristics of the
soil series mapped in Figure 1 are listed
in Table 5. These characteristics are
used to rate the soil series for their
suitability for slow rate agricultural
irrigation in Table 6. An example of the
rating method using the Maner series
follows.

The Maner Series has a depth to bed-

rock of 1.5 to 3 meters. Therefore a
rating value of 8 (from Table 4) for
slow rate agricultural irrigation was
assigned. The predominant slope of the
Maner series is 3-8%. This does not
correspond directly to the score ranges
of 0-5% and 5-10% in Table 4. Therefore
an intermediate rating value of 7 was
assigned. The limiting permiability of
the Maner series is 0.5-1.5 cm/hr. Using
Table.4 a rating value of 8 was assigned.

Summing the assigned rating values
the total is 23. Comparing this total
to the rating scale in Table 4 a rating
of good is found. The ratings of the
other four soils in Table 6 were arrived
at in the same way. The reader might
try to duplicate the results in Table 6
starting with Tables 4 and 5. A map can
be made from Figure 1 using the ratings
in Table 8, rating the whole ^ipure for
agricultural irrigation. (Figure 2)
Similar rating and mapping for overland
flow and rapid infiltration can be done.
Results should show the area of Figure 1
as mostly good for overland flow and
mostly poor for rapid infiltration.

Potential Use of a Matrix. The
type of simple rating matrix presented
is usable at a planning level of site
identification and evaluation. Rating
soil series in the vicinity of a town
and compiling a color coded map of soil
series ratings will emphasize areas of
high suitability. Selected areas could
be compared for their potential for
various land treatment processes.

At the areawide or regional scale,
an estimate of technical potential for
land treatment can be made based on soil
series of the region. A preliminary
assessment of soils of a region will in-
form local planners of land treatment
potential.

Table 5. Characteristics of Soil Series Mapped in Figure 1 (Adapted from 8)

Map Symbol Soil Series Depth to Bedrock Slope
Cm) (%)

Limiting Permeability
(cm/hr)

Md

Ch

Gh,Gc

Gm

Wo

Maner

Chestor

Glenelk

Glenvilla

Worshim

1.5-3

1.2-3

1.5-3

1.5-2.4

1.2-2.1

3-8

8-12

3-8

0.3

3-8

1.6-5

0.5-1.6

0.5-1.6

0.15-0.5

0.15-1.6

T5



Table 6. Example Suitability Rating of Soil Series From
Figure 1 for Slow Rate Irrigation,

Soil Property Rating Value

Soil Series Depth to
Bedrock

8

7

8

8

6

Slope

7

5

7

7

8

Limiting
Permeability

8

S

6

3

4

Total

23

17

20

18

18

Rat in

good

fair

good

fair

fair

Maner

Chestor

Glenelk

Glenvilla

Worshim

L.:.l Scal*JIÈ84Ô

Figure 2. Suitability Map for slow
rate agricultual irriga-
tion of soils in Figure 1.

SUMMARY

A matrix rating system of signifi-
cant soil properties allows rapid screen-
ing of potential land treatment site
areas. Results show areas of good, fair
and poor suitability and the amount and
distribution of these soils. The rating
will allow preliminary site and land
treatment process identification, but
must be supplemented by field work and
consultation with a knowledgeable soil
scientist prior to final design.

NOTE: The matrix approach is being
pursued further and examples of utiliza-
tion and improvement will be reported

upon in the future.
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SITE SELECTION

FEASIBILITY STUDY AND PRELIMINARY SITE IDENTIFICATION
FOR LAND TREATMENT IN MIDDLE TENNESSEE

John A. Powers, Metcalf &.Eddy, Inc., Palo Alto, California

ABSTRACT

The methodology and findings of a
study of land treatment feasibility in a
12,200 km area in Middle Tennessee is
described. The study is conducted in a
two-step approach to determine the
technical feasibility for four major
land treatment processes: agricultural
irrigation, woodlands irrigation,
overland flow, and rapid infiltration.

The first step is an areawide
feasibility assessment based on
available planning documentation with
emphasis on the effects of land use,
soils, and slope. The second step is a
source-specific analysis of land
treatment potential in the vicinity of
selected major wastewater sources. The
procedure involves a more detailed
approach than used in the first step, as
many additional factors are considered.
Alternative site areas are delineated,
within which specific sites may be
located.

PURPOSE

The purpose of the study was to
assess the technical feasibility of land
treatment of municipal wastewater in the
10-county Metropolitan Region of
Nashville, Tennessee. The project is
part of the wastewater management
component of the U.S. Army Corps of
Engineers' Metropolitan Region of
Nashville, Tennessee, Urban Study [1].
The final report serves as a basis for
land treatment implementation studies by
federal, state, and local agencies and
will provide planning options for long-
range needs.

The study was limited to technical
considérations related to the
identification of land areas suitable for
land treatment. It was not the purpose
of the study to explore cost factors,
implementation considerations, or to
provide comparative ratings of sites.
These considerations are the subject of a
second phase of the project, which is a
more detailed assessment for a selected
community. Only the procedures and
results of the first phase are reported
here.

METHODOLOGY

The methodology consists of
assessing the feasibility of land
treatment in the study area at two
distinct levels of approach: areawide
feasibility and source specific
feasibility. The areawide feasibility is
determined in order to indicate the
technical potential for land treatment in
general terms throughout the study area.
The source specific feasibility is
determined for the purpose of
demonstrating the opportunities for land
treatment in the vicinities of existing
wastewater sources.

Areawide Approach

The methodology for the areawide
assessment is one in which broad land
areas are classified for their potential
as suitable site areas for land
treatment. It is a no-constraints
approach in that no predetermined factors
are considered which would influence or
limit the approach. Examples of such
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constraints would be the limitation of
the analysis to only selected types of
land treatment systems, or the
consideration of only selected categories
of land use for analysis.

Certain technical factors are
analyzed to classify the various portions
of the study area in terms of high,
moderate, and low potential for the
principal land treatment application
methods (agricultural irrigation,
woodland irrigation, overland flow, and
rapid infiltration). No areas are
entirely excluded from further
consideration, because in many cases
relatively small but high potential areas
are not apparent at the areawide scale.
Those areas that might otherwise be
excluded are often adequate for treating
the smaller flows in a study area.

Source Specific Approach

The methodology for the source
specific assessment is a source-
constrained approach in that potential
site areas are identified within a
reasonable proximity of selected
wastewater sources. The investigation
process initiates at the wastewater
source and extends outward for a radius
of several kilometres from the source,
generally not exceeding 10 km, or until
a suitable number of site areas are
found.

The analysis typically begins with
the examination of aerial photographs of
existing land use and maps of projected
land use surrounding a selected source
to locate possible areas for sites. The
largest identifiable areas are selected.
This is followed by a review of
topographic features that affect site
selection, such as slope and local
relief. Soil characteristics are
simultaneously evaluated to determine
land treatment potential. Since there
is a significant difference in the level
of detail of soils information between
areas with soil surveys and areas
without surveys, two distinct approaches
to evaluation of soils are followed, as
described later. After the soils are
evaluated, other technical
characteristics of the site area such as
parcel sizes, geology, and groundwater
considerations are identified which
could influence further investigations
into the feasibility of the area.

Finally, site inspections of the
identified areas are conducted to ensure
that major features of the areas are
correctly identified and that other
important aspects are not overlooked.

In some cases, this results in a further
refining or complete elimination of an
identified area.

TECHNICAL CONSIDERATIONS

Although a number of considerations
are possible in analyzing the technical
potential for land treatment, an attempt
should be made to limit the factors to
those considered most significant and
consistent with the level of detail
employed at the different stages of the
study. These factors are described in
the following paragraphs for the
areawide and source specific analyses.

Areawide Analysis

The process of identifying and
rating the potential of broad areas for
land treatment requires the use of
identification factors that are
definitive and that correspond to easily
identifiable physical features. The
factors must be on a scale consistent
with the degree of detail of information
available for areawide analyses.
Generally, the factors considered most
suitable to produce the desired results
at an areawide scale include land cover,
slope, and soils. A rating system for
evaluating each of these factors is
illustrated in Table 1. A brief
discussion of this system follows.

Table 1. Rating Factors For Identifying
Potential for Land Treatment

In An Areawide Analysis

Land use

Open and
cropland

Partially
forested

Heavily
forested

Built up

Slope

0 to 12%

12 to 20*

>20%

Soils'

XYZ
association

Agricultural
irrigation

High

Moderate

Low

LOW

High

Modérât*

Low

High

Typa of

Woodlands
irrigation

Moderate

Moderate

High

Low

High

High

Low

High

system

Overland
flow

High

Moderate

Low

Low

High

Moderate

Low

Moderate

Rapid
infiltration

High

Moderate

Low

Low

High

Moderate

Low

Low

Actual soil association ratings not shown.
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Land Use. The existing land use of
an area has an obvious effect on
suitability for land application and is
reflected in the table. Land use
information is obtained from small scale
planning documents that are considered
adequate for the areawide analyses.

Slope. The most important
topographic feature for land application
systems is the predominant slope of the
land. Excessive slope may cause an
undesirable amount of erosion and runoff
to occur, especially during wet-weather
conditions, and may also require large
capital expenditures for earthwork.

In Table 1, the ratings are high
for all types of land treatment systems
where slopes of 0 to 12% occur. The
topography is considered sufficiently
flat so that runoff considerations and
site preparation requirements are
minimal. Areas with predominant slopes
of 12 to 20% are less desirable,
although they are not considered highly
restrictive to the potential of an area.
One exception is that of woodlands
irrigation, in which the forest debris
and organic mat at the surface are
deterrents to runoff and erosion. Thus,
the ratings for the 12 to 20% slope
category are high for woodlands
irrigation and moderate for agricultural
irrigation, overland flow, and rapid
infiltration. Slopes in excess of 20%
are considered to be generally
restrictive for all land treatment
systems.

Soils. Soil characteristics are
usually the most important factors to be
considered in evaluating the technical
feasibility of land treatment. The most
appropriate soil classification unit for
evaluating the various properties is the
soil series. For mapping of large
areas, however, the most appropriate
unit is the soil association, which is a
combination of soil series in a defined
proportion.

A system was developed for rating
soil series on the basis of soil depth,
permeability, and slope. This rating
system is described in detail in another
transaction in this volume (Moser).
Once each series is rated, soil
associations are evaluated by combining
the ratings of each of their component
series. The resulting evaluation
essentially provides an indication of
the probability of finding soils
suitable for a particular land treatment
process within the soil association area.

The results of these procedures are
presented on maps indicating broad areas
of potential. To develop these maps,
the rating factors introduced in the
previous section are translated
graphically into screening overlays for
each method of land treatment as it is
affected by each rating factor. For
example, one overlay shows high,
moderate, and low potential land cover
areas for agricultural irrigation
systems. The overlays for each rating
factor are then consolidated to produce
a composite map identifying the
potential of areas for each method of
land treatment. In order to interpret
the overlapping effect of different
ratings in a given location, definitions
of high, moderate, and low potential are
developed and are presented in Table 2.
Some judgment is also exercised in
working with the overlays to minimize
the presentation of relatively small
mapping units.

Table 2. Definition Of High, Moderate,
And Low Potential Areas

Rating of land cover,
slope, and soils

Designated
potential

High potential for
all three factors High

Any combination of
high or moderate
potential ratings
(except all three
high potential) Moderate

Any combination of
factors which includes
at least one low
potential rating Low

It is important to note that the
figures produced from this procedure are
based on generalized information to give
an areawide perspective. Actual sites
of high technical suitability may be
found outside of the designated high
potential areas. It should also be
noted that the results pertain only to
the physical potential for land
treatment and do not take into
consideration legal, political,
environmental, social, or economic
factors, nor are they related to
wastewater sources.

Source Specific Analysis

The source specific analysis
provides identification and preliminary
evaluation of potential land treatment
site areas for selected communities.
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The term 'site area1 is used to
designate areas with potential for land
treatment within which a site could be
located. Thus, site areas are generally
larger than required for a given method
of application.

The level of detail of a source
specific analysis depends on the detail
of information available. A greater
amount of detail is possible in counties
with completed soil surveys than in
counties without surveys. A soil survey
allows a more detailed evaluation
because the soil mapping units (covering
a minimum area of 3 to 4 ha) can be
evaluated directly for land treatment
suitability. In areas without soil
surveys, soils are mapped according to
soil associations. Soil association
mapping only generally describes the
extent of a group of soil series that
are found together, the properties of
which are not homogeneous. Areas mapped
by soil association are evaluated by
estimating the potential for finding
suitable soils within the soil
association of the site area.

The factors considered most
important in identifying and evaluating
potential site areas are discussed in
the following paragraphs.

Wastewater Flows and Quality.
Flows are the basis for determining land
area requirements when considered in
conjunction with application rates.
These factors are described below.
Quality is a factor in determining
nutrient loadings and site life. For
municipal systems, hydraulic loadings
normally govern the capacity of a site.

Water Quality Standards. The water
quality standards for the receiving
stream or effluent quality are important
as factors in selecting the land
treatment process to be used. Another
consideration in the planning stages may
be the impact of water quality standards
on a conventional system if a land
treatment system were not implemented.

Land Area Requirements. The area
requirements of a prospective site are
determined primarily on the basis of
application rates, which are a function
of the hydraulic capacity of the site
for the greatest projected flow (design
flow) in the life of the system.
Estimates of field area requirements
should be conservative in order to
compensate for the many uncertainties
normally associated with a feasibility
analysis.

Proximity to Source. The distance
of a prospective site area from the
wastewater source is obviously important
from a cost standpoint. However, there
are a number of factors which may offset
the costs related to distance, such as
the lower cost of property more remote
from the community. Since cost
constraints are not directly considered,
there are no guidelines which establish
generalized limitations of distance from
source.

Land Use. The land use factors
considered important include urban
development, vegetative cover, and
parcel size.

Urban development is considered an
obstacle to implementation of a land
treatment site and is generally avoided
wherever existing or projected
development is indicated.

The vegetative cover of an area
affects the type of land treatment
system to be used. Normally, only
predominantly nonforested areas are
identified for agricultural irrigation,
overland flow, and rapid infiltration
systems. Although it is possible to
clear a forested area for one of these
systems, this would be an option
developed in a detailed study.
Conversely, only presently forested
areas are identified for woodlands
irrigation, although a woodlands system
could be developed in open land (e.g.,
tree farms).

Parcel sizes within the identified
site areas are important secondary
considerations to the implementation
potential for a site. In general, large
parcels should be sought in order to
minimize the number of parties involved
in a lease agreement or land purchase.
For this reason, predominant parcel
sizes in the vicinities of identified
site areas are determined.

Topography. The topography of a
site area directly affects land
preparation requirements, application
rates, and runoff control. In the
source specific analysis, local relief
is taken into account by site area
inspection and review of large-scale
maps.

Soil Characteristics. As described
earlier, soil characteristics are
perhaps the most important of all
factors considered. In the
identification of site areas in this
analysis, the appropriate soil series or
soil association is evaluated as
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soil association is evaluated as
previously described to delineate
potential site areas from a soils
standpoint. In the areas which have
soil surveys, site areas and potential
methods of application are identified
with a higher level of confidence than
in unsurveyed areas. It should be noted
that, particularly in the case of areas
without surveys j soil characteristics of
specific sites can vary from the
generalized characteristics reported.
Further evaluations of potential sites
would, therefore, require field soils
investigations.

Geology. Important geologic
factors include fracturing and
solutionization characteristics of the
bedrock which provide possible short-
circuiting opportunities for drainage to
groundwater. Generally, however, this
is a problem only when the soil cover is
insufficient to provide adequate
treatment of the percolating wastewater.
Actual identification of these problem
areas can only be accomplished on a site
specific basis and is not incorporated
into a feasibility land study.

Groundwater Considerations. The
primary concern for groundwater at the
feasibility level is the depth to
groundwater. Existing groundwater
quality is a design consideration and
must be analyzed on a site specific
basis.

Hydrology. Hydrologie factors
which affect site selection include
surface drainage (runoff), subsurface
drainage, and the susceptibility to
flooding. All of these are design
considerations which cannot be
adequately addressed without detailed
field investigations. It is noteworthy
that soils generally well suited to land
treatment are often found along streams
and rivers where they are subject to
flooding. Since flooding problems can
often be mitigated by storage and proper
system management, site identification
is not restricted by flooding potential.

STUDY RESULTS

Following the study methodology
described, the 10-county area (Figure
1) surrounding Nashville was analyzed
for the technical feasibility for land
treatment. The study area includes
four counties with completed soil
surveys, and one county with a nearly
complete survey. All of the technical

factors previously described were
considered to some extent, although
many were found to be useful only as
general points of information and were
not evaluated in detail .

KENTUCKY

^ 1 0 2 0 3 0 4 ^ 5 0

SCALE KILOMETRES

Figure 1. Study Area - Metroplitan
Region of Nashville, Tennessee

The estimated application rates
and land area requirements for treating
a unit flow of 50 L/s of wastewater in
the study area are presented in Table
3. The application rates are
relatively low because many soils in
the study area are of slow to moderate
permeability and of relatively shallow
depth. The land area requirements are
used in both the areawide assessment
(see Figure 2) and the source specific
assessment (see Table 4 ) .

Table 3. Application Rates and Land
Area Requirements, Nashville, Tennessee

Agricultural
or woodlands
irrigation

Overland flow

Rapid
infiltration

Application
rate, cm/wk

0.5

2.5

6.0

I^nd area
required, ha

255

47

29

In order to assess the
effectiveness of the areawide and
source specific methodologies and to
illustrate the use of the information
presented, study results for two of the
10 counties are presented. Robertson
County is a soil surveyed county in the
north central study area, and Sumner
County is an unsurveyed county
bordering Robertson County to the east.
These counties were also selected to
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compare the effects of different levels
of soil information on the analysis.
Although they do not represent all the
features of the study area, these
counties are physiographically similar
and each contains communities
representative in size of many of the
communities studied.

Areawide Analysis

Results of the areawide analysis
are shown in Figure 2 for the two
counties (original scale 1:250,000).
This figure illustrates the broad areas
identified with potential for
agricultural irrigation. The high
potential areas are those with flat to
gently rolling topography and deep,
moderately permeable soils. These
areas are presently farmed for field
crops and pasture. Robertson County
represents the most extensive high
potential areas of all the counties in
the study area.

studied, based on the values derived in
Table 3 and using projected flows for
the year 2000* These area requirements
provide a perspective of the relative
probability for finding sites with
moderate to high potential for land
treatment. It is inferred from this
figure that there should be numerous
opportunities for finding high
potential areas in the vicinities of
Springfield, Greenbrier, and Portland.
Likewise, the prospects seem moderately
good for finding agricultural
irrigation sites in the vicinity of
Gal latin. It appears that the least
opportunities are available for
Ridgetop and Hendersonville. These
observations correlated closely with
the information developed in the source
specific analysis.

Similar analyses were performed
for woodlands irrigation, overland
flow, and rapid infiltration. The
potential for each of these processes
was less extensive than for

POTENTIAL

HIGH

MODERATE

LOW

o
CUMBERLAND RI VER

0 5 10 13 20 2 5

S C U E KILOMETRES

Figure 2. Potential for Agricultural Irrigation, Robertson and Sumner Counties

The moderate potential areas
generally have good soils but are
partially forested or have moderate to
steep slopes. In the southern part of
Sumner County, the soils of the flat,
open areas are generally shallow and
not considered as having high potential
for irrigation. Low potential areas
are generally those with steep slopes
or heavy forestation.

Superimposed on Figure 2 are
graphical representations of the land
area requirements for agricultural
irrigation for each of the communities

agricultural irrigation and, for
simplicity of presentation, are not
included here. The results of these
analyses were also confirmed by the
source specific analysis.

Source Specific Analysis

For presentation purposes, the
results of the source specific analysis
are limited to one community in each
county, and are shown in Figure 3 and
Table 4. The site areas were
Hentified in accordance with the
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Figure 3. Potential Land Treatment Site Areas for Portland and Springfield

methodology and factors described
earlier, and the table provides a
generalized summary of important
features of each site area.

The distinction between surveyed
and unsurveyed areas is reflected in
the figure and the table. In surveyed
areas, the potential for land treatment
is more accurately determined because
of better soil information and, as a
result, the site areas can be
delineated at a relatively large scale
of mapping; hence, the larger scale for
Springfield in Figure 3. The original
mapping scales for soil evaluation were
1:16,000 for soils mapped areas and
1:250,000 for unmapped areas. In the
table, the surveyed areas are described
in terms of predominant soil series;
whereas the unsurveyed areas are
described in terms of predominant soil
association.

Visits were conducted to the
identified site areas to verify the
potential of the areas and to finalize
site area boundaries. In some cases,
recent housing developments were found
within the boundaries and some areas
were eliminated. Generally, however,
the analytical procedure for
identifying site areas proved to be
fairly accurate.

CONCLUSIONS

Land treatment was found to be
feasible by one or more land treatment
methods throughout most of the 10-county
study area. High potential areas with
sufficient land availability for
irrigation or overland flow sites were
identified in the vicinities of all the
mmunities studied (largest projected



Table 4. Potential Laud Treatment Site Areas For Portland and Springfield

site area

Portland
(unsurveyed)

1

Total

area,
ha»

975

Distance
from

source ,
km

1.6-5

Predominant
soil

association
or series

Association

Pickwick-
Pembroke-
Cumberland

Currant
land cover

or use

Cropland
and pasture.
some forest

Elevation
Predominant différence,

parcel source to
aise, ha site area, i

170 0.8

150

210

145

Springfield
(surveyed)

1785

1-2 270 4

1-3 440 4.G

1-4 595 4

PiclcwicK- Cropland
Pembroke- and pasture
Cumberland

(-3) to 6

(-9) to 3

0.8-1.6

3.2

4.8-6.4

6.4

Pickwick-
Pembroke~
Cumberland

Pickwick-
Pembroke
Cumberland

Pickwick-
Baxter»'
Cumberland

Pickwick-

Cropland

Cropland
and pasture,
some builtup

Cropland
and pasture,
some forest

Cropland

16

20-40

12

12

(-3)

(-3)

(-12)

(-3)

to 3

to 0

to e
Baxter- and pasture,
Cumberland some forest

series

Pembroke,
Baxter,
Dickson,
Hountview

Mountview,
Dickson,
Pembroke,
Pickwick

Pembroke,
Baxter,
Hamblen,
Crider

Pembroke,
Crider,
Dickson

85* farm
15» woods

90% farm
10t woods

80* farm
20* woods

80% farm
20% woods

60 45

12-200 45

Broad, flat to rolling slopest
pasture, field crops and
occasional woodlands, few housesj
large parcels.

Very broad, gentle slopes,
pasture and field crops} few
houses; moderate parcel size.

Flat to gently sloping; field
crops; several houses, factories
south of site; moderate parcel
size.

Generally flat with choppy micro-
relief; open and cropland; karst
topographyi subdivisions near
site area; moderate parcel size.

Rolling hills at the head of a
drainage basin; pasture, field
crops; few houses, moderate
size parcels.

Broad, flat to gently sloping;
field crops; few houses; indus-
trial area to north; fountain
head to south.

I*rge open flat to rolling fields;
mostly agriculture, some woodland;
few houses; few small parcels ;
some sinkholes in northern part
of site.

Plat to gently rolling fields;
agricultural cropland; scattered
sinkholes in western site area;
few houses; moderate to large
parcels.

Flat to rolling; poorly drained
woodland in center of site;
karst topography; dissected by 2
major roads; several small and
one very large parcel.

Gently rolling farmland dissected
by stream valleys; karst topo-
graphy mixed with developed drain-
age; scattered sinkholes; few
houses; many small parcels.

Portland land area required - 200 ha; Springfield land area required - 530 ha, based on land area requirements
in Table 3 and projected flows for the year 2000.

population—73,000) except metropolitan
Nashville (projected population—
626,000). Rapid infiltration was
generally not feasible because of slow
to moderate soil permeabilities
throughout the study area.

The methodology used in the
areawide analysis was found to provide
fairly accurate and consistent
predictions of land treatment
feasibility for the scale at which the
study was conducted. This was confirmed
by the identification of potential site
areas in the source specific analysis
within the generalized areas of
potential identified in the areawide
analysis. With some exceptions, the
definitive distinctions expected in the
source specific analysis between soil
surveyed areas and unsurveyed areas were

not readily apparent in the presentation
of the results. Since soil surveys do
provide relatively detailed information
for a feasibility level study, it may be
concluded that land treatment potential
may be determined with a higher degree
of confidence using soil surveys than is
possible if surveys are not available.
Field studies would be necessary to
fully evaluate the technical suitability
of a site area and to provide
preliminary design criteria for a land
treatment system.
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SITE SELECTION

PHOSPHATE ADSORPTION CAPACITY AND CATION EXCHANGE CAPACITY OF
35 COMMON SOIL SERIES IN NEW YORK

T. J. Tofflemire, Bureau of Water Research, New York State Dept. of
Environmental Conservation, Albany, New York.

R. Arnold, Dept. of Agronomy, Cornell University, Ithaca, New York.
M. Chen, Div. of Laboratories and Research, Dept. of Health, Albany, New York.

A cross section of New York State
soils were analyzed for phosphate ad-
sorption capacity, cation exchange ca-
pacity and related parameters. When the
soils were grouped on the basis of par-
ent materials or on the basis of B hori-
zon taxonomy, there were highly signifi-
cant differences in these chemical prop-
erties between the subgroups. For phos-
phate adsorption, tills were better than
outwashes and acid soils better than
calcareous ones. For cation exchange
capacity (CEC), however, the calcareous
soils were slightly better than the acid
ones, and the clays gave the highest
total capacities. It was also found
that the phosphate adsorption capacity
was greatest in the A & B horizons and
decreased with Increased depth.

INTRODUCTION

There has been renewed interest in
putting wastewater on land. This has
proved especially economical for small
plants in unpopulated areas where suit-
able land is available. Soils have con-
siderable ability to adsorb phosphates
and heavy metals in wastewater and to
protect water courses from these corn-
pounds. The heavy metal retention ca-
pacity is often limited to 10% of the
soil cation exchange capacity (1).

Phosphate and heavy metals can be
removed by several mechanisms: (A)
Rapid removal or sorption. (B) Slow
mineralization and insolubilization.
(C) Plant uptake and (D) Biological im-
mobilization (2, 3, 4, 5, 6). Rapid
removal submechanisms could include ion

exchange, chemical reaction and physical
adsorption. Although the exact sub-
mechanisms are not clear, the Langmulr
isotherm has been used successfully by a
number of authors to describe this rapid
removal. This article will give data on
this rapid removal ability for 35 New
York soil series. After 2-5 days (the
period of an isotherm test) the addi-
tional P removal on soils slows and is a
topic of research. Some of this re-
search data Indicated that the ratio of
four months P retention to the 5 day re-
tention was in the 1.5 to 3.0 range for
a number of soils (7) . The range of P
adsorption values from the Isotherm
tests on many soils Is much greater (ap-
proximately 1-100 range). Even though
the isotherm values are of the main pa-
rameters characterizing soil adsorption
of phosphate, other factors including
pH, contacting solution, temperature,
redox potential, oxygen status, soil
moisture tension, and time also have an
effect (8, 9). Equations for predict-
ing the movement of phosphate through
soils as a "shock layer" were given by
Shaw and Novak, et al. (10, 11).

Vijayachandran and Barter (12)
studied 19 soils and correlated PO^ ad-
sorption with other soil chemical prop-
erties. Leachable aluminum and organic
matter were highly correlated. Ellis
and Erickson (5), in a study of 29
Michigan soil profiles for phosphate ad-
sorption, found that for sandy soils and
podzols, the B horizon generally ad-
sorbed the most phosphate followed by
the A and C horizons. Bailey (13) noted
that acid soils and soil formed on igne-
ous rocks had higher phosphate adsorp-



tion capacities than other soils.

METHODS AND PROCEDURES

As indicated in Tahle 1, 35 soil
series of varying parent material were
sampled. A pit was generally dug with a
backhoe and the major subhorizons within
the A, B and C horizons were sampled.
Analyses included bulk density, pH, size
distribution, and cation exchange capac-

ity on all samples. Fe, Al and Ca min-
eralogy were determined on many of the C
horizon samples. Deep samples (8-26 m;
28-85 ft.) from 13 areas In New York
State were also analyzed for phosphate
adsorption capacity. The pH was deter-
mined on a 1:1, soil :distilled water mix-
ture. The soils were first air dried,
crushed and sieved. Chemical analyses
were performed on the size fraction less
than 2 mm. Cation exchange capacity
(CEC) was determined using the standard

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Soil SerleB

Adams

Becket 1

Becket 2

Basgor

Charlton

Chenango

Collomer

Colonie

Colton

Elmwood

Elnora

Erie

Essex

Gilpln

Herman

Hlnckley

Honeoye

Howard

Lackawanna

Langford

Lansing

Lordstown

Mardlo

Morris

Ontario

Oquaga

Palmyra

Faxton

Rhlnebeck

Riverhead

Schoharle

Shaplelgh

Sodus

Vergennes

Wareham

Windsor

Beach Sand

Table 1.

Parent Material

Sandy outwash

Granite, gneias and
coarse till

Granite, gnelas and
till
Granite, gneiss and
till
Gravel, coarse outwash

Sllty lake beds

Sandy outwash

Sandy outwash terrace

Sand over lake beds and
clay
Sandy outwash

Shale, till

Till, granite, gneiss

Residua», shale, slltstone

Till, granite, gneiss

Gravelly outwash

Loamy till with sandstone,
limestone and shale
Gravelly outwash terrace

Sandstone, till

Shale, till

Sandstone, shale and
limestone till
Grey shale and sandstone
till
Sandstone and shale till

Red sandstone and ahale
till
Limestone, sandstone and
shale till
Red shale and sandstone
till
Gravelly outwash

Schist and granite till

Clayey lake beds

Gravelly outwaah

Sllty clay bads

Granite till

Sandstone till

Lacustrine or marine
clay
Met sands, outwash

Sandy' outwash

SOIL SAMPLES LOCATIONS

Comments

C fraglpan

C fraglpan

C calcareous

c calcareous

C calcareous

B fragipan
C calcareous
c fraglpan

C2 calcareous

C calcareous

C calcareous

B fraglpan

B fragipan

C calcareous

B fraglpan

B fraglpan

C calcareous

C calcareous

Fraglpan

C calcareous

C calcareous

C calcareous

Horizons(Depth in cm)

A12, B21ir, B22, B23, Cl, C2
10 20 51 74 117 183

Ap, B211r, B221r, B23, Cx
13 20 38 74 127
O&A. B211r, B221r, B23, IICx
18 33 46 74 183

Al, B211r, B22ir, B23, B3, Cl, C2
10 23 30 51 71 97 127
Ap, B21, B22, B3, Cl, C2
15 25 48 76 127 203
Ap, B21, B22, B23, C
20 53 127 191 216
Ap, B&A, B2t, Cl, C2
25 36 66 122 229
A, B21, B22, B23-4, B25-6, Cl, C2, C3
5 28 33 91 178 234 366 457
A2, B21h, B221r, B23, Cl, C-25
5 13 30 51 76 762

Ap, B, A'2, II'2, IIC
23 43 53 124 213
A, B21, B22, B23, Cl, C2
15 46 69 102 183 213
Ap, B2, A'2, B'xt, B3, lie
18 36 61 84 142 198
Al, B21, B22, B3, Cxi, Cx2
15 30 46 61 91 150
A&O, B21, B22t, B23, C

5 15 43 58 76
Ap, B21hlr, B22, B3, Cl, C2, C3
25 33 43 64 114 127 203
Ap, B21, B22, Cl, C2, Coarse/Fine aanrf
13 25 71 157 203 1220 1830
Ap, B5.A, B21t, B22t, IIC1, IIC2
25 38 61 81 140 208
Ap, B, A'B, B2t, C
23 46 66 112 198
A&0, B21, B22, B<, C
8 23 43 124 216

Al, B21, B22, B3, A'2, B'x, IIC
10 43 61 84 104 147 211
Ap, B4A, B2t, Cl, C2, Danley Bit
20 33 76 137 178 366-457
Apl, Ap2, B2, Cl, C2, C3
6 18 33 56 102 122

Ap, B21, A'2, Ex, Cl, C2
25 43 51 89 145 191
Ap, B2, Bx, C
15 33 163 203
Ap, Bl, B2t, Cl, C2
23 43 81 117 152
02, Bl, B21, B22, C
0 13 30 64 81

Ap, Bl, E2t, Cl, C2
t(\ 43 7fi 119 17R
£U *tj tO 117 I/O
Al, Bl, B2, Cxi, Cx2
1K "ÏH 11 1(19 1 19LJ JO /I lUi LJd.
Ap, B4A, B21t, B22t, IIIC1, IIIC2
18 33 43 76 178 183
Al, B21, B22, B31, IIB32, IIIC1, C2, C3
3 18 41 61 94 152 183 213

Ap, B&A, B21t, B22t, Cl, C2, C3, C4
15 25 43 64 91 152 191 287
A2, B21, B22
3 10 51

Ap, B2, A'2, B'x, C
15 36 61 91 152
Ap, B&A, B2t, C
23 38 64 152
Not designated
0-183 to 518
A, B21, B22. Cl, C2, C3
36 51 71 127 157 188
0-15
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ammonium acetate procedure, and phos-
phate capacity was established with a
.01 M NaCl contacting solution at 25°C.
More details on the methods and data are
given in another report (14).

RESULTS AND DISCUSSION

For all horizons of the 35 soils
samples, the phosphate adsorption maxi-
mum (B max) ranged from 2.8 to 277 mg
P/100 gm of soil and averaged 38.2. The
amount of P adsorbed at a 5 mg P/l equi-
librium concentration (x/m @ 5) and the
CEC also varied over a 1-100 factor
range. Table 2 gives the horizon means
for all the soils. The B horizon B max
and x/m @ 5 were on the average 2.5

Tabla 2. HORIZON MEMIS

based on a parent materials classifica-

T»ble 4. CRO0P ING II KEY FOR WEIGHTED HORIZONS

A

B

C

Thick,
cm

6.3

29

39

Bulk Den,*
m/ce

1.32

1.60

1.72

B max*
up r/100 urn

45.7

42.9

IS.9

X/B 0 5*
UK F/100 un :

30.5

33.4

12.2

CEC*
•eg/100 t*

18.7

8.8

fi.5

•Corrected for the
2

of coarse fragments (CF) greater than

times that for the C horizon. For some
soils this factor was 5.0, and .6 m (2
ft.) of B horizon was equal to 3.0 m (10
ft.) of C horizon in total capacity to
remove phosphate. This is of importance;
in most wastewater rapid infiltration
systems, the B horizon is generally not
utilized. Modified designs to allow ap-
plication of the wastewater above the B
horizon are needed if phosphate removal
is to be maximized. For CEC, the A hori-
zon has the greatest unit capacity but
the lowest total capacity due to its
small thickness.

To simplify the data for analysis, a
single A horizon and thickness-weighted B
& C horizons were obtained by calculation
for each soil from the detailed horizon
data. The soils were then grouped by
four methods. The first grouping uti-
lized the new national soil classifica-
tion (Table 3) and had 8 subgroupings:

Alflsola

2 Aqualfs

9 Udalfs

Entlaola

2 Fsaanetits

Table 3.

Inccptlsolfl

1 Aquepts

7 Ochrcpta

GROUPING I

Spodisols

5 Fraglorthods

7 Baplorthods

Ultlsols

1 Bapludulta

The numbers refer to the number of soils
in that subgroup. Grouping system II is
given in Table 4, based on a 1/250,000
scale soil map of New York State by
Arnold et al. (15). Grouping III was

Key Mo. Description mnd Soil» Included that «ere Sampled

0. Other are»» not classified: 14* Gilpin.

1. Areaa dominated by coaru textured mesle aoils with
aand and gravai aubstrata. -Domlnantly to exces-
sively « 1 1 drained:
8 Colonie, 11 Elnora, 16 Blnckley, 36 Wlndaer

2. Are» dominated by medium and moderately coarae
textured ueslc soils with sand or (travel aubstrata.
-Domlnantly veil drained:
6 Chanango, 18 Howard, 27 Palmyra, 30 Rlverhaad

3. Areaa dominatad by medium and moderately coarae and
coarse textured frigid «olio with sand and gr«v*l
substrata. -Domlntmtly to excessively «ell drained:
1 Adams. 9 Co J ton

4. Areas dominated by medlin and moderately coarse
textured meslc aoils "lth compact loamy substrata.
-Somlnantly and moderately well drained vith a cal-
careoua substrata:
12 Erie, 17 Honeoye, 21 Lansing, 25 Ontario

5. Areas dominated by medium and moderately coarse
textured meslc soils with fraglpaas and compact sub-
strata. -Domlnantly and moderately «ell drained:
13 Essex, 19 Lackavanna, 20 Langford, 28 Fax ton,
33 Sodus

6. A I M » dominated by medium and moderately coarse
texturad frigid aoils with fraglpans or compact sub-
strata. -Doainantly «ell drained soils hiring sand
or gravel substrata:
2 Becket No. 1, 3 Becket No. 2, 4 Bangor, 15 Demon

7. Areas dominated by coarse to fine texture. atone
free aoils with silty or clayey substrata.
-Domisantly to moderately well drained:
7 Collamer, 8 Elmwood, 29' Rhinebeck, 31 Schoharle
34 Vergennes

8. Areas dominated by noderstely deep and «hallow aoils
over bedrock. -Dominantly «ell drained:
5 Charlton, 22 Lordstown, 23 Hardln> 24 Morris,
26 Oquaga

*Theee numbers sre from an alphabetical listing of the aoils
from 1 to 36.

tion taken from a New York State soil
nap by Cline (16). This grouping system
is given in Table 5 and had 7 subgroups.
Grouping IV combined aspects of Grouping
I and III (parent materials) and had 6
subgroups. It was based on the taxonomy
of the B horizon (14).

The data was then subjected to a
two-way (subgroups and horizons) analy-
sis of variance using Scheffe's approxi-
mation for unequal numbers of soils per
subgroup via the NWAY 1 computer pro-
gram (17). This was done for the first
3 grouping systems and for each of the
variables indicated in Table 6. The F
values given were highly significant for
most parameters with respect to horizons
and with respect to subgroups. Grouping
systems II and III had the highest F
values and significance levels.

The next step involved looking at
the A, B or C horizons individually
within the previous grouping systems
noted in Table 7. Here, a one-way (soil
subgroups) analysis of covariance was
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1.

2 .

3 .

Granite, gneiss t i l l

2 , 3* Bteket 1, 2
4
5
13
28
13

Sand

1
9
8
16
30
36
11

Sand

«
27
18

Bangor
Charlton
Herwm
Faxton
Essex

and Gravel Outwaah

Adams
Col ton
Colonie
Hinckley
Rlverhead
Windsor
Elnora

and Gravel Outvash. Calcareous

Chenango
Palmyra
Howard

4.

3 .

6 .

7,

Silt

31
7
29
34
10

and Clay Beds

Schoharie
Colliner
Rhinebeck
Vergennes
ElfltwDod

Sandstone, Siltstsne and shale t i l l
23
24
26
19
20
22

Mardin
Morris
Oquaga
Lackawanna
Langford
Lordstown

Limestone, Sandstone and Shale t i l l
Calcareous

12
17
25
33
21

Shale

14

Erie
Honeoye
Ontario
Sodus
Lansing

and S i l t s t o n e

Gilpin

Variable

Table 6 .

Grouping I
Sub-Groups Horizons

F VALUES

Interact

FOR TWO-WAY ANALYSIS

Grouping I I
Sub-Groups Horizons

OF VARIANCE

Interact
Grouping I I I

Sub-Groups Horizons Interact

Thick, cm

B.D. gm/cc

Coarse Frag. %

Silt and Clay 1

pH Units

B max mg P/100 gm

x/m @ 5 mg P/100 gm

CEC meq/100 gm

B max - kg P

x/m S 5 kg P

CEC kg eq

Deg. of Freedom

7.0 55.2

4.67 26.8

2.87! NS

NS

3.37

7.26

5.94 4.49

2.21* 6.15

NS 30.9

2.20* 27.4

NS 9.9

8.42

10.8

7.16

!I

1.92

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

4.73 61.7

3.85 33.5

7.09 2.57**

46.3

18.0

14.2

12.0

7/104 3/104 21/104

3.23*

6.10

15.5

10.5

4.41 13.7

6.79 70.4

8.28 71.7

7.09 22.1

8/100 3/100

NS

NS

NS

NS

NS

NS

NS

NS

1.9211

2.25

NS

24/100

3.58

3.72

25.2

6.15

33.7

11.4

9.06

5.68

5.31

4.43

8.83

40.2

29.5

5.26

4.34!

6.17

8.73

5.73

12.1

49.3

41.2

23.3

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

2.57

6/108 3/108 18/108

NOTE: NS - Not significant; values not footnoted are significant at .005
! - Significant at .01 * - Significant at .050

II - Significant at .025 ** - Significant at .070

Table 7. F VALUES FOR COVARIANCB ANALYSIS WITH SOILS WITHlN SUBGROUPS
AS REPLICATES WITH B.D.. S-K: AND pH AS COVARIATES

B max

x/m 1?

CEC

NOTE:

A

-

5

-

If not

Grouping I
B

3.05'

2.77*'

2.88!

.#

C

NS

NS

NS

noted, values are

Grouping II
A

2 .81 !

-

NS

highly

B

7.85

7.02

2.11'*

significant

C

NS

NS

NS

a t

4

3

t h e

Grouping III
A

.89

-

.64**

4,

4,

2

.005 level

B

.41

.10*

.73*'

C

NS

NS

1.79

Group
B

12

11

" 4

ing IV
ft!)

. 61

.18

.51

NS not significant
* significant at .006 at 6/24 DF
** significant at .010
! significant at .025
!l significant at .035 at 6/24 DF

*! significant at .050
I* significant at .100 at 8/22 DF
# @ 7/23 DF
## « 5/25 DF
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performed using the BMDOAV program (18)
for each of the 4 grouping systems.
These analyses apply to unit capacities,
not total mass capacities for the hori-
zons. Either B max, x/m @ 5, or CEC was
selected as the dependent variable with
bulk density (B.D.), % silt plus clay
(S+C) and pH as the independent covari-
ants. Many of thé F values were highly
significant, especially for the B hori-
zon. This indicated that the chemical
properties are significantly different

for different soil taxonomy subgroups.
The mean values for Grouping III are
given in Table 8 and the ranking of
these means in Table 9. Here, several
important trends were noted. The best
soils for removing phosphorus were the
acid tills. The acid tills were better
than the calcareous tills, and the tills
were better than the outwashes. Again,
within the outwashes, the acid soils re-
moved more phosphate than the calcareous
soils. For CEC, the silt and clay beds

Table 8. GROUPING III MEANS

Sub
Group
Horisons
A
B
C
T

A
B
C
T

A
B
C
T

A
B
C
T

A
S
C
T

A
B
C
T

2

26.8
33.1
12.9
20.9

18.5
23.4
8.6
15.8

12.8
5.2
2.2
4.0

.048

.351

.212

.602

,037
.268
.125
.432

.023
,060
.048
.132

1

67.9
81.2
18.9
45.2

44.9
68.1
13,7
35.5

31.7
12.1
4.1
9.1

.141

.690

.307
1.202

.086

.575

.218

.932

.063

.103

.062

.250

B max - BE P/100
3

26.6
19.1
5,0
13.9

ïZï_
20.3
14.1
2.8

10.4

CEC
12.4
5.3
3.7
5.1

4

48.4
39.6
31.4
35.4

? 5 - at.
34,1
27.3
17.7
22.2

6

40,7
25,9
13.4
22.6

P/100 Km
21.9
15.8
7.8
13.4

- meq/100 fn
17.5
16.6
16.1
16.4

19.7
7.6
5.9
7.9

B n«x - kg P/sq. m
.077
.301
.047
.433

.059
,231
.029
.327

CEC
.037
.076
.041
,158

.140
,310
.681

1.138

/eg. m
.099
.212
.371
.693

.099

.416

.210

.745

.051

.255

.117
,431

- k« equivalent/sq
.052
.086
.377
.562

.052

.111
,0B3
.258

7

64.1
70.9
49.0
65.3

55.2
59.5
38.4
54.3

22.6
10.5
14.5
12,2

.028

.553

.144

.731

.024

.464

.113

.607

. n
.010
.082
.042
.137

5

50.2
37.9
22.3
31.9

33.1
28.5
13.9
22.4

14.6
6.1
6.6
7.1

.083

.541

.306
,908

.059

.348

.178

.612

.021
,094
.091
.210

Ave.

45
42
18
30

30
33
12
22

18
9
6
8

.7
,9
.9
.9

.5

.4

.2

.3

.2

.0

.5

.3

,096
.448
.300
,869

.064

.338

.180

.601

.039
,087
• 111
.251

*N0TE : All values reduced by a linear correction for Z coarse fragments (CF).

Table 9. RANKING OF SOIL SUBGROUPS IN GROUPING III

Group Parent Material Comments*

1 3

2 4

2 5

2 1

3 2

4 7

5 6

Granite, gneiss till

Sandstone, ailtstone
and shale till

Shale and slltstone

Silt and d a ; beds

Limestone, sandstone
and shale till, cal-
careous

Sand and gravel outvash

Sand and gravel outvash,
calcareous

Acid tills dominate In the New York
Adlrondacks

S + C - 26.1%

These soils often have high water
table or rock limitations

S + C - 45.42

Only one soil, "Gllpln," sampled has
high rock limitations

E + C - 62.97

Soils high In clay, Impermeable with
occasional high water tables

E + C - 85.2Z

Calcareous tills, often In Western
New York State

S + C - 45,2Z

Outvash
S + C - 12.5/Ï

Calcareous outwash, often in Western
New Tork State

S + C - 13.SX

•Average % silt + clay for the total horizon samples.
#Ranklngs based on an average of ranking values for B or Total Horizons in Table 7,
However, when the Group VII "Gilpln" soil cane close to a tie In the rankings» it vas
put on the next lower rank, due to the shallow rock limitation.
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had the highest capacity and the calcar-
eous soils were better than the acid
ones. The tills were again better than
the outwashes. The complete data set
and means for the weighted B horizon
via Grouping IV are listed in Table 10.
Here, the soils having highly spodic E
horizons gave the highest.phosphate ad-
sorption. Correlations and regression

equations were developed for the soils
within the subgroups in another report
(14).

The soil with the highest capacity
to remove phosphate was the Becket se-
ries, which is an acid till, sampled in
the New York State Adirondack^. Data
for two sets of samples of this soils

Table 10. GROUP tV DATA SET FOR WEIGHTED B HORIZONS

Hennon
Colton
Eangor
Becket 2
Becket 1

Adams
Colonie
Elnora
Windsor

Mean

Mean

Coarse Silt Bulk
Fragments* and Clayl Density _pH B max x/m 95

21.97

1.52
.129
.000

8.57

2.55

18.46

2.64
8.32
11.62
15.00

9.40

1.50 5.57 101.22 86.91

Color B Horizon, Primarily Inceptisols, Subgroup II

1.52
1.48
1.62
1.70

1.58

5.32
5.68
5.81
6.40

5.80

29.29
20.31
11.59
23.62

21.20

26.71
13.46
8.53
9.42

14.53

Argilllc Horizon, Alfisols. Subgroup III

CEC

11.20
34.44
23.33
17.14
23.75

8.13
12.61
23.09
18.62
29.85

Highly Spodic

1.53
1.52
1.59
1.42
1.47

Horizon,

7.20*
5.16
5.20
4.97
5.31

Spodosols Subgroup

59.42
65.11
80.22
154.34
147.01

I

47.70
55.39
65.47
135.82
130.17

9.26
8.47
6.54
19.39
17.92

12.32

5.98
3.31
4.14
2.38

3.95

Howard
Palmyra
Ontario
Lansing
Honeoye
Rhinebeck
Erie
Langford
Schoharle
Collamer
Vergennes

40.26
36.23
11.74
27.24
12.64
.87

16.96
20.22
2.28
1.00
.000

18.29
22.96
42.61
49.44
51.36
77.13
53.33
53.51
86.69
96.75
99.00

1.67
1.60
1.61
1.76
1.41
1.63
1.72
1.45
1.69
1.60
1.52

7.04
7.15
7.23
6.78
7.18
6.87
7.54
5.64
6.20
6.03
6.21

20.56
19.88
19.06
32.91
22.27
35.36
34.80
50.45
37.41
47.70
57.28

17.11
12.07
9.34
18.27
13.63
21.55
21.77
40.19
27.27
24.24
47.78

6.51
6.59
8.09
8.46
8.92
8.77
7,45
6.72
21.20
20.13
26.50

Mean 15.40 59.19 1.61 6.72 34.36 22.99 11.76

Gilpin

Argillic Horizon, Ultisol*, Subgroup IV

18.62 63.10 1.46 4.20 70.91

Comble Horizon, Inceptisols, Subgroup V

59.52 10.52

Chenango
Riverhead
Lackawanna
Sodus
Oquaga
Paxton
Morris
Elnwood
Lordstown
Mardln

70.78
12.08
37.74
25.13
36.24
14.09
22.95
4.67
31.71
30.80

13.32
22.42
30.26
33.93
35.36
41.91
48.19
48.33
50.29
51.92

1.47
1.60
2.09
1.90
1.34
1.83
2.00
1.33
1.63
1.73

6.16
5.09
5.55
6.33
4.86
5.66
6.33
6.63
4.63
5.25

16.76
33.10
31.01
20.70
37.96
26.50
17.50
20.11
50.93
39.40

13.27
24.72
20.92
16.16
32.75
15.03
8.97
15.54
40.55
27.60

2.89
2.29
4.23
4.99
7.25
12.27
7.70
6.46
6.73
4.33

Mean 28.62 37.59 1.69 5.65 29.40 21.55 5.91

Hinekley
Essex
Charlton

Mean

29.70
16.67
10.42

18.93 21.82

Cambic - Spodic Intergrade Horizon, Subgroup VI

31.53
48.73
52.18
44.15

19
20
25

.39

.33

.75

1
1
1

.44

.64

.61

6
6
6

.16

.80

.54

1.56

25
36
45

.59

.42

.91

9
8
10

.81

.71

.54

6.50 35.97 9.69

*This value may be an error on the high side.



sériée (which is classified as a spodi-
sol, typic fragiorthod, coarse loamy,
mixed frigid) are given in Table 11.

The mineralogy data for the clay,
silt and sand size fraction on the C
horizon was obtained. The data on the
sand fraction gave the highest correla-
tions with B max and CEC. For all the
soils, percents of quartz, potassium,
feldspar and plagioclase feldspar, each
had correlation coefficients of -.5 to
-.7 with B max and CEC. The percents of
leachable iron and aluminum and the per-
cents of silt plus clay and mixed rock
fragments were positively correlated
with B max and CEC. However, when these
C horizon soils were broken down into
subgroups according to the Grouping III
parent materials classification, the ab-
solute values of correlation coeffi-
cients decreased with the exception of
percent silt plus clay which increased
to the .7 to .9 range. In other words,
for soils of a broad diversity of parent
materials, the minerals gave higher cor-
relation with B max and CEC than for
soils of a narrow group of parent mate-
rials.

It was noted from the detailed data
on the soil horizons that, at constant
percent silt plus clay, the soil B max
decreased with increasing depth. This
trend was further investigated by test-
ing deep outwash and till samples from
various locations across New York State.
Fourteen depth composited samples rang-
ing from 8-26 m (25-85 ft,) in depth
gave an average coarse fragments cor-
rected B max of about 6.7 mg P/100 gm
and an x/m @ 5 value of about 3.3 mg
P/100 gm, which was significantly lower
than the average C horizon samples noted
in Table 8 (14).

Table

CONCLUSIONS

It was concluded that for soils up
to a 1.8 m (6 ft.) depth in New York
State and probably in the northeastern
United States, that the most effective
and useful way to rate their ability for
phosphate adsorption capacity and cation
exchange capacity was by grouping them
by a parent materials soil classifica-
tion system or by a B horizon taxonomy
system and analyzing a number of soils
from each soils subgroup. It was also
found that the unit B max (phosphate ad-
sorption capacity) of the B horizon was
often over 2.5 tomes that of the C hori-
zon. For phosphate adsorption, tills
were better than outwashes and acid
soils better than calcareous ones. The
Becket series, an acid till in the New
York State Adirondacks, was outstanding
for phosphate removal. For CEC, how-
ever, the calcareous soils were slightly
better than the acid ones, while the
clays gave the highest total capacities.
On the average, soils 8-26 m (25-85 ft.)
had a lower B max than did the C hori-
zon of soils at a 1-2 m (3-6 ft.) depth.
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11. BECKET SOIL SERIES DATA

Thickness - cm
pH - units
B max - mg P/100 gm*
x/m @ 5 - mg P/100 gm*
x/m @ 5 - mg P/100 gm*
CEC meq/100 gm*
Silt + clay X <.O62 mm
Clay X <-002 mm
Coarse fragments X >2 mm
Al by 2N HC1 -Z
Fe by 2tt KC1 -Z
Fe by B -X t

AP

13
5.1
125.
104.
41.6
26.5
43
2
12

Horizon

B 21

8
5.0

0 277.2
1 221.2

78.5
33.7
43
2
12

- Becket

B 22

18
5.3
193.4
180.1
111.1
19.8
34
3
17
1.91
1.79
1.51

1

B

25
5.
75
67
35
11
23
0
32

23

3
.5
.9
.8
.8

Cx

64
5.9
29.6
27.0
15.2
6.5
24.5
0.5
22.5
0,89
1.17
0.29

Horizon

0 « A

18
4.4
56.7
6.3
.7
76.7
21
2
15

B 21

15
4.91
240
214
109.2
35.5
21
2
20

- Becket

B 22

13
4.95
161.5
135.7
55.6
16.9
17
2
15
2.87
2.63
2.46

2f

B 23

25
5.0
83.5
88.8
45.4
10.9
18
1.5
16.5

Cx

119
5.2
13.7
10.0
3.0
1.7
16.5
.5
21.5
.28
1.12
.13

•Corrected for % coarse fragments.
tAmmonium Citrate and Sodium dithionate leach.
@For the total B Horizon composite: TOC - 2.64Z, volatile solids
Al - 1.01Z.

5.467, Fe by B - 1.361,
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DESIGN CRITERIA

TWO PHASE EVALUATION OF LAND TREATMENT AS A
WASTEWATER TREATMENT ALTERNATIVE - A RATIONAL
APPROACH TO FEDERAL AND STATE PLANNING AND
DESIGN REQUIREMENTS

*SIlls, M. A., Project Manager
*Silbermann, P. T. Senior Vice President
*Sansoucy, G. E., Project Engineer
*Mann, R. W., Project Engineer

*A11 are with Anderson-Nichols &
Company, Inc., Boston Massachusetts
and Concord, New Hampshire,

In order to include land treatment as
a viable alternative in federal, state and
local wastewater management plans and
design efforts, a straightforward two-
phase evaluation scheme was developed.
This approach was found necessary to allow
the consulting engineer to meet the dic-
tates of both the Water Pollution Control
Act Amendments of 1972, PL 92-500, and
the Clean Water Act of 1977, PL 95-217,
as well as budget adequate fees for the
detailed and oft times expensive evalua-
tion of the land treatment alternative.

Phase 1 involves a preliminary
screening technique utilizing existing
topographical data, agricultural data,
soils maps, SCS Reports, climatological
data and general design criteria. In
this phase, potential sites, loading
limitations and transmission routes are
identified. Early impact identification
and evaluation factors are used to high-
light and optimize the engineering and
scientific tasks and associated levels
of effort which will be necessary in the
Phase 2 detailed evaluation and study
phase.

Phase 2, the second and more detailed
phase,will determine the cost-effective-
ness of the land treatment alternative(s),
and quasi-final design criteria. The
general breakdown of results from the
second phase evaluation includes: waste-
water composition and quantification,
hydraulic loading, organic and nutrient
loading, host site plant and soil renova-
tion capacities (Phosphorus Adsorption

Isotherms, Cation Exchange Capacity, etc.),
geohydrological and groundwater flow
analysis, pretreatment and storage re-
quirements and effluent suitability for
irrigation (salinity, electrical conduc-
tivity, sodium adsorption ratio; nutrients,
heavy metals and toxic components).

A simple checklist has been devra.lop-
ed for both the Phase 1 and 2 evaluation
steps.

A. INTRODUCTION

The planning, design and construction
of land application systems for the
treatment of wastewater requires consi-
deration of probably the broadest range
of technical, environmental and socio-
economic factors of all the alternatives
in the wastewater treatment field today.
The three basic land treatment methods:
spray (slow rate) irrigation, overland
flow and rapid infiltration can effect
the subsurface and groundwater environ-
ments as well as surface and air environ-
ments. The public health, social and
economic aspects of land treatment
can also be quite complex thus emphasiz-
ing the importance of timely and accurate
planning efforts prior to design and con-
struction.

In addition, land treatment systems
planned for the United States must comply
with a number of federal, state and local
regulatory requirements which necesitate
extensive commitment of time and resources
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to the evaluation of potential land treat-
ment sites and system components.

In order to insure both the timely
and accurate evaluation of land treatment
alternatives as well as maximize the di-
rection and effectiveness of detailed site
investigations, a two phase planning
effort is proposed. The first phase
would generally screen the study area for
potential sites utilizing early evalua-
tion indicators as "planning tools" to
identify the most promising land treatment
sites for further study as well as empha-
sizing the topics and data gathering ef-
forts needed in the second phase to fully
define the feasibility and potential en-
vironmental impacts of such sites.

B. FEDERAL AND STATE REGULATORY STATUS

The federal (USA) statutory basis for
consideration and funding of land appli-
cation systems for the treatment of muni-
cipal wastewater is the Federal Water
Pollution Control Act Amendments of 1972
(Public Law 92-500). This is solidly
reinforced by the recent passage of the
Clean Water Act of 1977 (PL 95-217).

In accordance with the legislative
dictates of Public Laws 92-500 and 95-217
a number of regulations have been issued
pertaining to land application. They are:

• Areawide Waste Treatment Management
(Section 208), 40 CFR 35, subpart F,
published in the Federal Register,
May 13, 1974.

• Grants for Construction of Treat-
ment Words (Section 201).

« Guidance for Facilities Planning
(May 1975), and 40 CFR 35.917.

• Cost-Effectiveness Analysis Guide-
lines, 40 CFR 35, Appendix A pub-
lished in the Federal Register,
September 10, 1973.

• Secondary Treatment Information
(Section 304(d)(f)) 40 CFR 133
published in the Federal Register
on August 17, 1973.

• Alternative Waste Management Tech-
niques for Best Practicable Waste
Treatment (Section 304(d)(2)),
published in the Federal Register
on February 11, 1976.

In addition to the existing federal
statutes and regulations, the Administra-
tor of the EPA, in his letter of Octo-
ber 3, 1977, has further defined
EPA policy on land application. In this
letter, he requires Regional Administra-
tors to preferentially consider land ap-
plication as an alternative wastewater

management technology; ... and that if an
applicant for construction grant funds
does not recommend a method that encour-
ages water reclamation and reuse, then the
applicant should be required to provide
complete .justification for the rejection
of land treatment.

Other related federal laws which
effect the feasibility of the land
application waste treatment alternative
are:

• National Environmental Policy Act
(PL 91-190)

• Safe Drinking Water Act (PL 93-532)
• Toxic Substances Control Act

(PL 9 4-469)
• Resource Conservation and Recovery

Act (PL 94-580)
The individual states and munnici-

palities within the United States have
also adopted a wide range of technical
requirements in reviewing land treatment
systems. In most cases, however,
specifics of these requirements are not
published and approval of land application
systems is on a case by case basis.

C. THE FEDERAL WASTEWATER TREATMENT
CONSTRUCTION GRANTS AND FACILITIES
PLANNING PROCESS

The previously listed federal sta-
tutes, regulations and policy gulldelines
attributable to PL 92-500 and PL 95-217,
emphasize both the requirements and over-
all need for accurate and timely evalu-
ations of the land treatment alternative
in meeting the wastewater treatment needs
of a given community. In order to assist
such communities in the planning, design
and construction of such facilities, the
U.S. Environmental Protection Agency, in
cooperation with the Individual states,
has instituted a construction grants-in-
aid program with three basic steps:
Step 1, facility planning; Step 2, design;
and Step 3, construction, A schematic
flow diagram of this process is shown in
Figure 1.

With respect to land treatment, the
most important, yet complex stage in the
process is the Step 1, facilities plan-
ning step. It is the basic purpose of
the facilities plan to define the waste-
water treatment needs and goals of a
study area, and after developing alter-
natives, recommend the most cost-effec-
tive and environmentally sound means to
meet those goals.

Recent federal guidelines have es-
tablished the additional facilities plan-
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ing requirement to preferentially consi-
der land treatment as wastewater treat-
ment alternative as wlel as to thoroughly
document any reasons for rejection of
land treatment in the facilities plan
and/or environmental assessment. The
following sections outline a two phase
pro-cess by which the environmental engi-
neer or planner can effectively implement
these basic facilities planning require-
ments, in a rational manner, to maximize
the commitment of resources and insure
the effectiveness of subsequent land
treatment evaluation efforts.

PHASE I

1. Identify potential land
sites by general "process" suitability.
Land treatment alternatives can be divided
into two categories: "process" alterna-
tives and "system" alternatives. Land
treatment process alternatives refer to
the basic process, i.e., spray irrigation,
overland flow, etc. System alternatives,
on the other hand, include all elements
and unit processes of the land treatment
facility, i.e., storage, transmission,
discharge point, etc. Figure 2, illus-

Figure 1. U.S. Environmental Protection Agency Construction Grant Process Flow Diagram.

D. TWO PHASE EVALUATION OF LAND
TREATMENT AND CASE STUDY

In order to rationally develop land
treatment alternatives for a given study
area in an accurate yet timely manner, a
two phase process can be used. Simply
stated, the procedure starts with a
broad, general and optimistic view of
land treatment suitability and wastewater
treatment needs in Phase 1 to develop
early evaluation impact indicators of the
various alternatives with the objective
being to highlight and gradually focus
in on the most promising land treatment
alternatives for further study in Phase 2.

An outline of the two phase process
is as follows:

trates schematically these various "pro-
cess" and "system" alternatives. The
Phase 1 site screening procedure will
generally identify land areas within the
study area as to their "suitability" (not
feasibility) for the three major "process"
alternatives:

• spray (slow rate) irrigation
• overland flow
• rapid infiltration
It is important to remember that the

first screening of potential sites should
utilize broad and general suitability
criteria, with emphasis on identifying as
many "potential" sites as possible, and
leaving detailed judgements of each site
for the latter steps of the Phase 1 pro-
cedure.

The key features of the Phase 1 site
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identification procedure are shown in Fi-
fure 3. The emphasis is on categorizing
sites initially by process suitability
i.e., spray irrigation, overland flow,
etc., as well as their general suitabili-
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Figure 2. Land Treatment "Proems" and "Syattm" Atternativss.

to meet water quality discharge require-
ments and land use constraints. The
quantitative screening elements of the
procedure, i.e., slopes, soils character-
istics etc., will be dependent on contin-
uing advancements in the state-of-the-
art of land treatment as well as any
unique features pertinent to specific stu-
dy areas. The environmental planner,
therefore, can incorporate more or less
detailed site selection criteria within
the basic screening methodology. A sum-
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mary of published operational data on
the three major land application processes
is given in Table 1 and may be used as a
baseline guide by the environmental plan-
ner in the initial site identification
procedure.

Tabla 1. Summary of PiiMi*had Site Operational Data tor Land Applica-
tion Proem»» ISourc*: Rcf. 1,2,3,4).
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Figura 3. Flow Diagram for the Phase 11dentification of Land Treatment
Sites by Process Suitability.

A description of the individual
elements of the screening procedure shown
in Figure 3 is given below:

a. Define constraints on the develop-
ment of land treatment alternatives.

No constraints: all land within the
study area can be evaluated for the en-
tire range of land application processes
and various system combinations.

Site constraints: Only predetermined
sites can be used and land application
processes are evaluated to match the giv-
en sites.

Process constraints: The study be-
gins with a limitation on the land appli-
cation processes which can be used and
potential sites are identified only for
those processes.

b. Land Use Suitability—Sites should
not seriously conflict with existing land
use but should reinforce land use patterns.
The drainage basins of surface water sup-
plies, national parks, heavily used re-
creational areas, developed urban areas
and historic sites may be areas of ex-
clusion for land application systems be-
cause of committed land use or sensitive
environments.
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c. Identify sites by process suita- bined effects of land use, soils, topo-
bility using Table 1. graphic, geologic and hydrologie charac-

teristics as well as water quality limi-
d. Define buffer zone requirements tations of an area can be simply organiz-

for potential land treatment sites. Typi- ed to determine the suitability of land
cal values of from 200 to 400 feet can be application sites, on a preliminary basis,
used for the initial Phase 1 effort. using three basic map overlays as tools:

e. Define water quality standards
and discharge limitations. The quality
of land treatment effluents must logical-
ly meet the prevailing discharge stan-
dards for each receiving waterbody if wa-
ter quality goals are to be met. Al-
though detailed analyses are required to
determine if a given land treatment site
can produce an effluent in compliance
with specific water quality standards
and discharge limitations, the following
preliminary screening criteria can be
used to help categorize potential sites
by process suitability.

<9 In general, all land application
processes will.produce an effluent
of secondary quality suitable for
discharge to major watercourses.

« Water quality limited watercourses
of medium to small size are most
probably suitable for direct or
indirect discharges from spray
(slow rate) irrigation and rapid
infiltration systems,

c Small environmentally sensitive
waterbodies including Class A
streams, lakes and groundwater
aquifiers most probably can re-
ceive effluents from spray (slow
rate) irrigation systems which
utilize harvested crops for maxi-
mum renovation of applied water.

It should be emphasized that the
above general screening criteria is only
a tool which may be of use during the
preliminary site identification proce-
dure and should not be the basis for fi-
nal exclusion of any given site.

f. Define climatological constraints.
In general, land treatment processes
which depend on crop or plant uptake for
wastewater renovation or which are
adversely affected by freezing must ap-
ply wastewater on sites during the warm-
er periods of the year. These climato-
logical factors in essence require stor-
age of wastewater during certain periods
of the year and so require higher waste-
water loading on potential sites than
that which would be dictated by the an-
nual average flow rate.

g. Construct a composite site
screening and evaluation map. The com-

• United States Geological Survey
Quadrangle Maps

• Soil Conservation Service Soil
Maps

•> Land Use Maps (Zoning, planning
agencies, etc.)

A grid system will normally prove useful
in transferring data from the individual
map overlays to the composite site
screening map. The individual sites
which are identified in the Phase 1
screening procedure are then transferred
to the simple composite site selection
map and evaluation for further analysis.

2. Preliminary Development of Wastewater
Loading Rates

Wastewater quantity and quality must
be accurately determined during the Phase
2 effort in order to fully assess the
feasibility and environmental impacts of
any of the land treatment sites which
have been previously identified. However,
a rough approximation of wastewater flow
rates (i.e. 100 gpd/capita) and popula-
tion projections (i.e. 50% increase dur-
ing the planning period) can be used dur-
ing the Phase 1 process to develop ef-
fective early evaluation indicators.

3. Preliminary Identification of
Potential Land Treatment Impacts And
Areas of Study

As was the case in initially identi-
fying potential sites, the emphasis in
the initial listing of impacts and study
areas should be to include as many fac-
tors, both positive and negative as pos-
sible, leaving detailed judgements and
evaluations for the latter phases of the
planning effort. Table 2 can be used as
a guide in initially identifying and
developing these impacts and areas of
study.

4. Early Evaluation Indicators for the
Identification of the Most Promising
Sites for Further Study

As outlined in the previous sections,
the land application alternative can in-
clude an extensive list of options and
areas for investigation. In order to in-
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sure that sufficient efforts are focused
on significant land treatment impacts at
an early stage in the facilities planning/
environmental assessment process, a sys-
tematic but flexible early evaluation
system can be developed and used as a
"tool" to determine the most promising
land treatment sites and areas for fu-
ture study.

The first step in the early evalua-
tion procedure requires development of a
single composite map of the planning
area and adjacent communities with over-
lays of the following basic characteris-
tics.

• Location of preliminary land ap-
plication sites and suitability
by process type(s)

percent increase in population (such as
50% can be assumed during the Phase 1
process for this initial assessment pro-
cedure. It should be emphasized that
these initial population and wastewater
generation projections are for prelimi-
nary evaluation procedures only and that
detailed projections of wastewater quan-
tities will be performed during the fa-
cilities planning effort. Major indus-
trial or commercial wastewater loadings
should be included even if extremely
rough estimates are used.

Thirdly, estimate the approximate
wastewater hydraulic loading on each po-
tential site by determining a hydraulic
loading factor (H.L.F.) for each site
using equation 1.

Table 2. Potential Land Treatment Impacts and Areas of Study (Source: Ref. 3).
MAJOR ENVIRONMENTAL
IMPACT COMPONENTS DESCRIPTION

A. EnvironnentaJ, Effects

1. soil

2. Vegetation

3. Groundwater
4. Air Quality
5. Animal and Insect l i fe

6: Climate

7. Surface Water

8. Geologic Formations

B. Public Itealth Effects
1. Groundwater
2. Insects and Rodents
3. s i t e Runoff
4. Aerosols and Odors
5. Crops/Food Chain
6. Noise and Traffic
7. Surface rcater

c. Social/Aesthetic Effects

1. U i d Use

2. Oanntunity Growth

3. Relocation of Residents
4. Greenbelts/Open space
5. Recreational Act ivi t ies

D. Eoonoïïiic Effects

1. Irjss of Tax Revenues
2. I^nd Devaluation
3. Energy Committment
4. Resource Comnittment
5. firoundwater
6. Surface water
7. Revenges

E. legal Effects

1. Water Rights

2. Jmplemantation Authority

3. Existing Regulations and
Plans

Changes in groundwater lavels, drainage areas, local clirate, organic/inorganic effects on soil hydraulic capacity,
soil chemistry and toxic elments

Tfexic effects, changes in groundwater levels, local clijnates, reduced growth due to hydraulic loadings or poor
- aeration
Effect groundwater levels, rate and direction of flow, changes in quality and build up of toxic contaminants
Formation of Aerosols and odors
Disrupt food chain, migratory routes and habitats of certain species, alter groundwater tables, encroach sites of
rare and endangered species
increase local hudidity and decrease tenperature, changes in microclimate near application site
Increases or decreases in rates of flow, changes in watar quality, change in drainage basin hydrological
characteristics

Transmission of ccntaminants through bedrock discontinuous, creation of discontinuous by percolating wastewater

Build up of toxic contaminants, patliogens, heavy metals, reduction in quantity of potential drinking water supplies
Contamination of insects (nosquitoes) and rodents from wastewater/sludge contaminants r breeding pathogenic vectors
Qantamination of populated areas
lïananission of pathogens in aerosols, odor effects on general health
Build up of toxic contaminants in the food chain via direct consunption or food chain intemediate (i.e. pigs, beef)
Crop harvesting activities, primary and secondary çrowth effects, pretreatment facilities
Changes in quality and quantity of potential surface drinking water supplies

Possible conflicts with surrounding land use: residential, commercial, industrial, recreational, urban, agricul-
tural, wilderness and green belts
Increases in growth due to sewer system availability, decreases in growth due tr> resource or local services,
couru, ttmn ts
Possible relocation of residential, ccnmercial and farm buildings/ schools, cemeteries and churches
Disruption of local scenic character, enhancement of local scenic character
Effects on wild and scenic rivers, archeological, historical and geological sites

loss of taxable land as a result of govemmsntal purchase
Change in value of land used or adjacent land
Pretreatsent facility, transmission of wastewater to application area, harvesting crops
I^nd, chemicals, su; plenrentAl fertilization
increase or decrease in quantity of graundater, chançie in quality of groundwater
increase or decrease in quantity of surface water, change in quality of surface water
Sales of crops, renovated water, irrigation water or leaseback of purchased land

Conflicts with Riparian, ap^ropriative or combination water rights of natural water-courses, surface vaters,
percolating groundvatar

Ability to purchase and use land application area, conflicting or overlapping political jurisdiction,
public information And acceptance
Possible conflicts with comprehensive master plans, rnniiig, wastewater treatment regulations and standards

« Approximate boundary of major de-
veloped areas by land use.

• Location of surface and groundwa-
ter drinking water supplies and
s u r ^ c drainage divides.

<t Approximate downstream center of
the wastewater collection system
and radii distances to potential
sites.

Secondly, establish the preliminary
wastewater quality and quantity projec-
tions for the study area. A reasonable

H.L.F. = Wastewater Applied/Unit Average
Daily Flow Equivalent Loading of
the Application Site (1)

The individual components of Eq.
described below.

1 are

Wastewater Applied
• Spray Irrigation
•Overland Flow
« Rapid Infiltration

Annual Average
Daily Flow Rate

(gpd)
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Unit Average Daily Flow Equivalent
Loading of the Application Site
The equivalent hydraulic loading, in

terms of the annual average daily flow,
on the site area if wastewater was ap-
plied at 1 inch per week during the ap-
plication period. The unit equivalent
loading values for the major land treat-
ment processes and assumed application
periods are given below:

• Spray (slow rate)
irrigation, 6 month = 1940 gpd/acre
application

• Overland Flow, 6
month application = 1940gpd/acre
period

• Rapid Infiltration,
12 month application» 3880gpd/acre
period

Adjustments to the unit average daily
flow equivalent loading values can be
easily made to account for shorter appli-
cation periods (i.e., specific crop
growing seasons, state requirements etc.)
by using the following relation:

Unit Average Daily Flow Equivalent Load-
ing = A x B_ (2)

26
where: A = Unit Average Daily Flow

Equivalent for a 6 month (26
week) application period(i.e.
1940 gpd/acre)

B = Assumed application period in
weeks

Once the H.L.F. is determined for
each site table 3. ca» Jje usteâ as ,ar; ap-
proximate guide in relating land treat-
ment impact components to the H.L.F.
The early impact identification and evalu-
ation factors in Table 3 ind*^ate in-
creasing degree of severity and need for
study of the various impacts on a scale
from 1 to 3 with "+" or "-" for emphasis.
Beneficial impacts such as crop revenue,
irrigation water for golf courses, etc.,
are indicated with a value of 1.

It should be noted that the H.L.F. is
essentially the application rate in inches
per week which would be required on a
specific site area to hydraulically dis-
pose of the average daily wastewater flow
from a given study area. A similar rela-
tion for sludge loading of a land appli-
cation site can also be developed, per-
haps in terms of a solids loading factor
(S.L.F.) in which annual application of
sludge in tons of solids per acre per
year is calculated for each potential
site and from which another site of early
impact identification and evaluation fac-

tors can be assessed.
It should be emphasized again, that

the early evaluation rating system is ba-
sically a subjective tool to optimize
study efforts and not a substitute for de-
tailed facilities planning analyses.

Tabla 3. Early Impact Identification and Evaluation Factor*.
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Figura 4. Phase 1 Compoarte SHs SAlactkm and Evaluation Map for
Ttnkarsvilla, New England.

As an example of the Phase 1 proce-
dures, a composite site selection and
evaluation map for Tinkersville, a hypo-
thetical community in New England has

103



been developed and is shown in Figure 4.
À rough projection of wastewater flows
for the study area indicate that a value
of 1.7 MGD for average daily flow can
be used in the Phase 1 analysis.

A summary of early evaluation impact
identification factors for this example
are given in Table 4 and indicate, on a
preliminary basis, that rapid infiltra-
tion sites 16 and 17 and spray irrigation
site 7 are the most promising land appli-
cation alternatives to be investigated
in Phase 2. In order to fully evaluate
sites 7 and 17, a comprehensive and de-
tailed wastewater and soils renovation
analysis will most likely be required
to insure protection of the ground water
aquifer to the south. A similar effort
is indicated for site 16 to insure pro-
tection of the small Class A streams
and future surface water supplies near-
by. Energy demands and operational
costs are also highlighted at site 16.

can be found in published literature (1,2,
3,4). Table 5, however, was developed to
assist the environmental planner in es-
tablishing budget requirements and manpow-
er estimates for both in Phase 1, preli-
minary development of land application
alternatives and the subsequent Phase 2,
detailed evaluations of specific sites.
The range of values shown in Table 5 for
the Phase 1 preliminary site screening
efforts roughly corresponds to communi-
ties with sewered populations of less
than 1000 to greater than 30,000. In ad-
dition, the range of manpower effort for
the Phase 2, detailed site investigations
roughly correspond to specific land ap-
plication sites of less than 50 acres
(20.3 ha) utilizing land treatment pro-
cesses without storage to land applica-
tion sites of 500 acres (203 ha), utiliz-
ing processes that do require wastewater
storage. It should be noted that any
given site chosen for Phase 2 evaluation

Tabla 4. Summary of Environmental Impact Early Warning Indicators for
TlnkersviHa.
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Phase 2

Using the results of the Phase 1
analysis, the environmental planner can
now itemize potential land treatment
sites for detailed study in Phase 2 as
well as the areas in which maximum study
efforts should be focused. Specific in-
formation on each potential area of study

may not require all the tasks indicated
in Table 5 and conversely other sites
within a given study area may require
additional study efforts. Also, inter-
mediate levels of effort between the
Phase 1 and 2 categories may further op-
timize the planning process. For examp-
le deep soil borings or a preliminary
cost effectiveness analysis can be per-



formed prior to a full commitment to a
Phase Retailed site study. In any case
the environmental planner must include
sufficient levels of effort in evaluat-
ing the selected land application alter-
natives in Phase 2 to adequately define
both the-technical and environmental
feasibility of the land treatment alter-
native under study as well as its via-
bility as a practical wastewater treat-
ment method.

Credit: Much of the material in this
paper was developed by Anderson-Nichols
& Co. under contract (68-01-4617) with
Region I of the Environmental Protection
Agency for the preparation of an En-
vironmental Assessment Manual designed
to improve the assessment procedures be-
ing used in wastewater facility planning.
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Table 5. Consultant and Subcontractor Manpower Commitment for the Evaluation of the
Land Application Alternative.

FACILITIES PLANNING
ITEM BUDGET

Phase 1, Preliminary Site
Screening and Development 10-20 man days

*Phase 2, Detailed Site
Evaluations

— \ ^Surveys J

Borings /

Cadastral /

Quantify Wastewater /
Characteristics I

Soils Mapping \ 230-1400 man days

Groundwater Mapping

Bedrock Mapping

Soils Renovation Capacity

Soils Hydraulic Capacity

Report

Public Hearing / J

*Includes an approximate range of manpower effort
evaluate a single site

ENVIRONMENTAL
ASSESSMENT BUDGET

5-10 man days

f~30-110 man days

to completely
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DESIGN CRITERIA

HISTORICAL PERFORMANCE OF
DESIGN DEPARTURES OF MUSKEGON
COUNTY WASTEWATER MANAGE-
MENT SYSTEM NO. 1 AS VIEWED
BY THE DESIGN ENGINEER

W. J. Bauer Consulting Engr,
Chicago, IL

ABSTRACT

A number of departures from con-
ventional design were used in the
Muskegon County Wastewater Manage-
ment System No. 1, primarily to save
nearly $20 million in construction
cos t . This paper summarizes several
of these design departures:

1. Elimination of grubbing in the
areas cleared of trees for agricultural
purposes.

2 . Elimination of most of the
lining of the sand-bottom lagoon in
favor of intercepting and returning the
leakage.

3 . Soil-cement slope paving 8 "
thick.

4 . Prefabricated pumping stations
up to 28 MGD capacity.

5 . Automatic machines for laying
the drainage p ipes .

6. Sand ditches for major water
conductors.

7. Percolation through soils
underlying the storage lagoon as a
treatment process .

8. Storage lagoons as biological
treatment works.

INTRODUCTION

This project in Muskegon County,
Michigan, was designed under the
direction of the writer during the
period July of 1970 to May of 1971,

when bids were taken. Construction
began in the fall of 1971; the first
wastewater arrived in May of 1973.
At the time of this writing, parts of
the system had been in operation for
about 5 yea r s .

This land treatment system proved
to be remarkably low in construction
cos t . Comparisons are made with e s -
timating curves which have been pro-
vided by the U . S . EPA for guidance of
consulting engineers . Part of the rea-
son for the large difference in cost
l ies in the use of departures from con-
ventional design for many of the fea-
tures of the project, thereby incurring
some r isk . If the nonconventional
design does not work, or works poorly
it reflects upon the consulting engineer
in a detrimental manner. Because the
saving in construction cost does not
accrue to the benefit of the consulting
engineer, It would appear foolish for
him to subject himself to such r i sks .
For better or for worse , however, this
was what was done in the Muskegon
County project.

For this reason, there is an un-
usual opportunity to evaluate the per-
formance of design departures which
are seldom attempted on the scale at
which they were attempted in the
Muskegon project. As the person
most aware of the risks and benefits
which are involved in the use of these
design departures, it i s appropriate
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for the design engineer to take a look
at the actual performance after the
first five years. This paper reports
the results of that second look.

DESIGN DEPARTURES

Definitions

The departures from conventional
design which were used in the Mus-
kegon project and which are discussed
here may not appear to be departures
to some design engineers. They may
point to other projects in which the
same ideas have been used successful-
ly. Nevertheless, the writer believes
that the ones he selected for discus-
sion in this paper would be perceived
as being departures from the conven-
tional design by most engineers.

list of Departures

The list of departures which have
been selected for discussion appears
in the Abstract of this paper and will
not be repeated here. Suffice it to
say that not all of the design depar-
tures have been listed, but only those
which the writer considered would be
of major interest to prospective de-
signers of land treatment systems.

DISCUSSION

Elimination of Grubbing

Risks. Much of the area was
covered with trees at the time the
project site was selected. Certainly
the trees would be cleared off, but
was it necessary to clear out the
roots as well? It was decided to
eliminate grubbing, reasoning that
the roots would decay in place as a
result of the irrigating and fertilizing.
Damage to farming equipment occurred
during plowing or discing, but such
difficulties were small compared to
the cost saving.

Damage to underground electrical
cables also occurred. Proper proce-
dure calls for an initial run of the
plow without the electrical cable to

discover and clear away underground
obstacles. In a second run, the plow
is drawn along the same course, this
time laying the cable. Unfortunately,
the electrical contractor elected to
attempt the installation with only one
run of the plow per course.

Cost Savings. The actual cost of
the clearing of 3850 acres of trees
was bid at $1.5 million if burning of
the cleared trees would be permitted,
and at $1.9 million if burning would
not be permitted and the trees had to
be stacked in the "corners " between
irrigation circles. The final cost was
about $1.8 million. This included
some grubbing in critical areas - such
as the sites of the dikes for the sto-
rage lagoon - but did not include
grubbing of roots throughout the major
portion of the area. The specifications
provided for pushing the trees over so
that the roots would be pried out with
the trunk. This was done in most
instances. It was not done in the
case of the smaller trees, which did
not have enough stiffness and strength
in the trunk to pry out the roots. The
actual cost of tree clearing averaged
$467 per acre.

By comparison, the costs for
clearing of 3850 acres of land as
read from the estimating charts pro-
vided by the U.S. EPA are as follows:

$ millions, EPA
Chart May, 1971

Heavily
Wooded 6.0

Brush, Trees 1.4

5.3

1.2

The Muskegon site would call for
taking the average of the two figures.
The cost from the estimating charts is
seen to be on the order of $3.2 mil.
This may be compared to the actual
cost of $1.8 million. The largest
factor in accounting for this difference
was the elimination of the grubbing
requirement. The saving of $1.4 mil-
lion was far greater than the addition-
al expenses incurred in the repair of
the agricultural discs caused by col-
lision with roots and other obstacles
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encountered in cultivation.

Elimination of Lagoon Lining

Risks. The large storage lagoons
of the Muskegon project were con-
structed entirely on sand and the dikes
were comprised entirely of sand. The
sand had been tested for its thickness
and permeability by means of 4 dif-
ferent well pumping tests . It was
apparent that considerable leakage
would occur unless steps were taken
to curtail it . Large leakage could
also threaten the safety of the dikes,
which might be destroyed by piping
of water through or beneath them.
For both reasons, it was necessary
to control the leakage.

Conventional Approach. The con-
ventional approach would be to line
the entire bottom of the lagoon. This
approach is indicated in the US EPA
estimating charts, which show the
cost of such lining for lagoons with
5000 MG of storage (Muskegon size)
to be $15 million. Now the total cost
of the Muskegon project leakage con-
trol system, was less than $1 million.
Why the large difference ?

Design Departure. The design
departure used in this instance was
to control the leakage to a tolerable
amount, then Intercept it and return
it to the reservoir. The amount of
the leakage was limited by the use
of a clay lining 400 ft. in width
around the perimeter of the lagoon,
the lining thus covering perhaps 20%
of the total area. The total bid cost
for 1.74 million sq. yds. of clay
blanket was $834,000. This is a far
cry from the $15 million one would
read from the US EPA cost estimating
chart. Even if one were to use the
fact that only 20% of the bottom would
be covered with clay, the US EPA
chart would lead to an estimate of
$3 million, still several times the
actual cost. Two reasons are given
for the difference :

a. The Muskegon approach
involved the lining of only 20% of the

total lagoon bottom.
b . The unit costs used in the

US EPA publication were for a lining
material much more expensive than
clay.

Even when one adds the cost of
the perimeter ditch around the lagoons
for the intercepting of the leakage and
the cost of the two pumping stations
for the return of the intercepted flow
to the lagoons, the result is to add
only about $100,000 more to the cost.
Thus, the total cost for 100% mana-
gement of leakage through the sand
bottom of the 1700 acres of storage
lagoon was less than $1 million. As
compared to the use of a 100% lining
using expensive materials - which the
US EPA estimating chart says would
cost $15 million - this is a substan-
tial saving. Furthermore, there is no
guarantee that the 100% lining would
actually control all of the leakage,
whereas one can be reasonably con-
fident that all of the leakage is con
trolled by the interception and recycl-
ing system actually used.

Soil Cement Slope Protection

A thin, 8" thick, paving of soil
cement was used on the 4:1 interior
slope of the sand dikes to serve as
wave protection and as a means of
limiting seepage. This was a deli-
berate departure from the conventional
type of soil-cement wave protection
such as that developed by the Bureau
of Reclamation, which uses stair-
stepped layers of soil cement, result-
ing in an effective thickness of 2 or
3 feet. The 8" thickness was selected
strictly as a means of reducing the
cost of the 635,000 square yards of
such protection required.

The cost saving - as compared to
the use of say 24" of soil cement or
the use of Portland cement concrete
paving - was on the order of $6 per
square yard, or about $3.8 million.
Some ice damage during the first
winter of operation, when the water
was unusually high, produced some
anxiety on the part of many that the
choice was a good one. Subsequent
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experience has shown the cost of
maintenance to be relatively small
compared to the saving in original
construction cost. Actual expenditures
to date - for the years 1974, 1975,
1976 and 1977 have not exceeded an
average of $50,000 per year. This is
about 3% of the original cost of the
installation. The interest on the dif-
ference in construction cost would
have been about $200,000 per year,
let alone the saving in the original
investment itself, plus the saving in
the cost of maintaining the alternative
system.

Prefabricated Pumping Stations

Seven prefabricated pumping sta-
tions of the subterranean type were
used in the Muskegon County Project.
The largest of these had a capacity
of 28 MGD, and the smallest a capa-
city of about 1.5 MGD. These sta-
tions were part of the sewage collec-
tion system. The combined cost of
these seven stations installed includ-
ing wet wells and electrical power
substations was $1.3 million. The
largest one (28 MGD) was bid at
$255,000. The next largest (20 MGD)
was bid at $225,000. The smallest
(1.5 MGD) was bid at $81,000. The
equation C = 80,00 +6250 (Q), where
C = cost in dollars and Q = station
discharge capacity in MGD, would
appear to fit the data, (May 1971
price levels).

On the basis of this equation,
the main pumping (P.S. "C") with
capacity of 80 MGD would have cost
$580,000 as a prefabricated subter-
ranean station. Its actual cost -
constructed as an above-ground con-
ventional reinforced-concrete-and-
masonry structure with office and
workshop - w a s $1.7 million. Even
when allowances were made for such
features as the office, the workshop
and the surge tank, the cost was at
least twice what would be expected
for a prefabricated pumping station.

Thus one could conclude that the
$1.3 million construction contract for
the 7 smaller pumping stations would

have been at least $2.6 million if
constructed-in-place station had been
used.

To-date, the principal problem of
the 28 MGD prefabricated subterranean
station has been the dissipation of
the heat generated by the electric
motors. An air conditioner was pro-
vided in the station, but proved to be
inadequate and it was augmented by
the addition of another unit.

Automatic Drainage Pipe Laying

The deep permeable sands of the
project site permitted spacings of
drains up to 500 ft. Such large spac-
ing was a direct result of calculations
based upon measured transmissibility
of the sand formation, the hydraulic
loading on the drainage system and
the hydraulic capacity of the 6" dia-
meter corrugated plastic drainage pipes.

Furthermore, the drains were
originally bid at $2.87 million, com-
pared to an Engineer's Estimate of
$0.6 million. Through field demon-
strations arranged by the design
engineers, a contractor was pursuaded
to do the same job for less than $0,8
million. The cost saving can be at-
tributed to the use of automatic, laser
guided, computer-controlled machines
which accurately placed 6 " drain pipe
at depths between 5 and 9 feet at
speeds of 1500 feet per hour.

Drainage problems of the site
during the first 5 years of operation
are confined to the areas of muck
soils, which are found in the south
1/4 of the irrigated area of the main
project site. The design here was
predicated on the assumption that the
drain pipes would be laid below the
muck soils in the underlying sand,
and that the percolating water would
move down through the muck and then
horizontally through the sand to the
drains. Evidently this mode of opera-
tion did not develop as planned and
the operators are coping with the
problem by using less irrigation water
and by discing to air dry for planting.

Deep Ditches vs . Large Conduits
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The final product of the system
is delivered to the receiving streams
via large and deep ditches excavated
in sand. In order to minimize the
number of pumping stations, these
ditches were sometimes made very
deep to pass through some high ground.
One might raise the question of why
not concrete conduits ? These could be
passed through high ground in deep
trenches and covered up to create a
more attractive landscape. Furthermore,
the quality of the underdrain water -
free from all suspended solids and
bacteria - could be maintained in
closed conduits. In the open ditches,
this water is reinfected with bacteria
from the atmosphere and surrounding
ground and also picks up a new load
of suspended solids and nutrients.
(Published statistics on the final ef-
fluent quality show the 4 or 5 mg/1
of suspended solids picked up in the
flow through the sand ditches and the
corresponding amounts of nutrients and
bacteria. The water coming out of the
underdrains is essentially free from
such contaminants.)

There are several other types of
large ditches which are also used
throughout the site. The following
tabulation indicates what was involved:

Type of Ditch Length
Outlet, Mosquito Creek 7 miles
Outlet, Black Creek 1 mile
Lagoons, ditches 7 miles
Bypass ditches 5 miles

Total 20 miles

If these ditches had been replaced
by concrete pipes, for example, the
cost increase would have been extre-
mely large. On the flat grades avail-
able, it would have been necessary
to use very small velocities and hence
large pipes.

With a typical slope of 1 foot
in 10,000 feet, the capacity of a 48"
diameter pipe would have been only
13 cfs. A 96" diameter pipe would
have a capacity of 90 cfs, approxi-
mately what would be required for the
main outlet to Mosquito Creek. Taking
an average size of 72" for this pipe,

the required 7 miles of it would have
cost about $2.5 million. By contrast,
the total cost for 13 miles of ditches,
including incidental concrete structures
and associated pumping stations, was
$1.1 million. The saving in cost
through the use of ditches was prob-
ably at least $250,000 per mile, or
a total of say $5 million for the pro-
ject as a whole.

What was lost by the use of
ditches rather than concrete pipes ?
One could list the following:

1. Large areas of land were
taken up for ditches. If pipes had
been used, this land surface would
have been available for other purposes.

2. The final effluent of the
underdrain system - free from sus-
pended solids- bacteria and nutrients,
was "recontaminated" as it passed
through the open ditches on its way
to the receiving stream. (The "recon-
tamination" was the result of "natural"
causes, and hence would not by some
be classed as "contamination". Never-
theless, it showed up as increased
suspended solids, bacteria and
phosphorus.)

It was judged by the writer at
the time of the design and it is still
his opinion, that the added advantages
were not worth the several millions of
dollars of additional cost.

Percolation Through Lagoon Bottoms as
Treatment

At the time of the design of the
Muskegon County system it was re-
cognized that the controlled leaking
through the bottom of the lagoon could
constitute a treatment process. The
distance of percolation through the
sand to the intercepting ditches was
a minimum of 500 feet, 400 feet of
this produced by the clay blanket
around the perimeter of the dikes.

Nevertheless, the Michigan autho-
rities would not permit any credit to
be taken in the design of the project
for the effect of this percolation. It
was to be measured, however, so that
future designers might be able to take
advantage of i t .
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Some rough calculations were made
of the amount of iron in the mass of
sand which the percolating water
would encounter, in an attempt to make
a crude estimate of how long the
phosphorus precipitation might continue.
The lagoons began the leaking process
in 1973, and so there has elapsed a
period of nearly 5 years during which
the quality of the intercepted water
has been sampled and analyzed.
What have been the results ?

The first water to be intercepted
was of course the ground water under
the lagoon site. This water was
forced out by the leakage water enter-
ing the sand mass under the lagoons.
With a typical percolation velocity of
5 feet per day under the 0.1 hydraulic
gradient, and with a 10% available
volume for movement, the actual pro-
gress made was about 50 feet per day.
The 500 feet distance would then be
tranversed in about 10 days. Thus,
very soon after the leakage began,
the first percolated water would be
showing up in the intercepting ditches.
After the first month, it could be
reasoned that most of the intercepted
water had leaked from the lagoon.

Yet for nearly five years (May
1973 to April 1978) the effect of this
anaerobic percolation through iron-
bearing sands has been to reduce the
total P from about 2 to about 0.02
mg/1, a 99% removal. In the ditch,
the P content goes up to 0.1 mg/l
because of the biological community
in the ditch. Even so, the performance
has been remarkably consistent and
reliable.

Biological Treatment in Storage Lagoons

The original design of the Mus-
kegon County system assumed a BOD
loading on the storage lagoons of 20
pounds of oxygen demand per acre per
day. For the 1700 acres, this amounted
to 34,000 pounds of oxygen demand
to be satisfied each day by the natu-
ral reaeration which would occur in
these large lagoons.

The entire system was designed
for 42 MGD of water with an assumed

incoming BOD of 250 mg/l, which
amounted to a design BOD load of
88,000 pounds per day. Of this total,
54,000 was to be satisfied by the
mechanically aerated lagoons and the
remaining 34,000 by the naturally
aerated storage lagoons.

To date, the system has not been
fully loaded. Currently, the load is
about 28 MGD with a BOD of typically
250 mg/l . This amounts to about
58,000 pounds of oxygen demand per
day. Assigning 34,000 to the storage
lagoons leaves 24,000 for the aerated
lagoons. Thus, these aerated lagoons
would be loaded to about 24,000 •*-
54,000 = 44% of their design capacity.
This light loading was not realized by
those who first operated the system,
and they used all of the mechanical
aeration capacity even though it was
not needed. When it was realized
that this practice was wasteful of
electric energy, it was stopped and a
fraction of the equipment was used.
At present, about 1/3 of the capacity
is being utilized, with the remainder
of the BOD being satisfied by the
storage lagoons.

To date, there has been a negli-
gible accumulation of solids on the
bottom of the storage lagoons. (The
deposition in the aerated lagoons is
also very small.)

While the use of naturally aerated
lagoons to satisfy the BOD of sewage
is certainly nothing new, the use of
lagoons of 850 acres in extent for
this purpose was new. To achieve a
satisfaction of 34,000 pounds of
oxygen demand per day without using
one kilowatt hour of electricity is an
important achievement in this day of
energy conservation. It deserves wider
publicity.

One could conceive of large sew-
age treatment system which would pro-
vide sufficient area in the storage
lagoons so that 100% of the biological
treatment would be achieved without
the use of electrical energy. In the
case of the Muskegon lagoons, it is
apparent that a flow of about 16 MGD
could be handled without any electric
energy. This is a large flow. The
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investment in the storage lagoons
themselves is about $8 million. The
leakage out the bottom is on the order
of 16 to 20 MGD, and this is water
filtered through a minimum of 500 feet
of sand. It thus appears that the $8
million storage lagoon could provide
for 16 MGD with the following treat-
ment.

(a) Flow regulation; the ability
to receive shock loads up to many
times 16 MGD without adverse impact.

(b) Biological treatment; the nat-
ural aeration processes which would
occur without the use of electrical
energy would be sufficient in them-
selves to satisfy the oxygen demand.

(c) Final filtration through a
minimum of 500 feet of sand, removing
suspended solids and bacter ia .

(d) Possibly phosphorus removal
for a considerable period of time, by
virtue of the ability of the chemicals
in the underlying sand to tie up the
phosphorus in the percolating water.

(e) A system without sludge
problems.

Examination of the high qjality of
the water in the intercepting ditch
around the storage lagoons is evidence
of the performance of a system of the
type outlined above. One wonders
whether this type of treatment might
indeed be an economical solution in
many locations where soils of the
same type would exis t , these being
mainly dune sand.

There are other locations in the
world where similar types of sewage
treatment are uti l ized. One of these
is in Holland, where again the dune
sands are used . Another is in Phoe-
nix, Arizona, in the experimental work
of Herman Bouwer. The soils there are
in two par ts , the upper layer of 5 feet
or so being a sandy loam, and the
lower one of 200 feet or so being a
gravel.

Data from the performance of the
Muskegon County System should be
made available through the auspices
the State of Michigan Department of
Natural Resources, so that future eco-
nomies in construction and operation
of sewage treatment plants can be

achieved.
The effect of the inherent t reat-

ment ability of the storage lagoons is
to increase the total capacity of the
Muskegon County System by at least
16 MGD. This brings the capacity of
the main site to about 58 MGD, which
may be compared to the present load
of 28 MGD. There is evidently con-
siderable ability for expansion of
industry and related development in the
Muskegon County area without increas-
ing the need for additional sewage
treatment capacity.

SUMMARY

Savings in construction cost of
the Muskegon County project which
may be attributed to departures from
conventional design are as follows:

No grubbing $3.2 million
Limited lining $4.0 million
Thin soil cement $3.8 million
Prefab Pump Station $1.3 million
Drain Pipe Laying $2 .0 million
Deep Outlet Ditches $5.0 million

Total $19.3 million

This saving in construction cost
largely accounts for the difference
between an original estimate by an
independent consultant of $70 million
and the actual cost of about $45 mil-
lion, including land and interest
during construction. (The remaining $5
million saving results from the absence
of a general contractor; Bauer Engi-
neering coordinated the several
independent contracts .)

In addition, the data provided by
the Muskegon project on the use of
large lagoons on sand as treatment
works should save future construction
and operating dollars for projects which
would be constructed in similar geo-
logical conditions. Whether this sav-
ing will be achieved depends upon the
initiative of designers in taking ad-
ventage of such opportunities.
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DESIGN CRITERIA

DEVELOPMENT OF LAND APPLICATION DESIGN
CRITERIA FROM FIELD INVESTIGATIONS

Ants Uiga, Metcalf & Eddy, Inc., Palo Alto, California

ABSTRACT

A recently completed feasibility
study developed land application design
criteria for Fort Polk, Louisiana. The
initial site assessment provided
information about general site
conditions, groundwater, soils,
climate, and special conditions.
Detailed site investigations were
conducted to provide specific soil,
geologic, and hydraulic conductivity
information. Application rates and
storage requirements were developed for
rapid infiltration, slow rate, and
overland flow systems. The best
apparent alternative was found to be a
rapid infiltration system.

INTRODUCTION

The engineering design of a land
treatment system relies upon the
application of a general procedure to
site-specific conditions. Fort Polk,
Louisiana, is presented as an example of
those methods.

EXISTING SITE CONDITIONS

General. Fort Polk is located in
the west central portion of Louisiana
near the communities of Leesville and
DeRidder. The approximate distances to
principal cities in Louisiana are
Shreveport, 177 km; Alexandria, 97 km;
and Lake Charles, 145 km.

The existing land use is an impact
area for the small arms firing ranges.
Nearly mature long leaf pine provide the
predominant vegetative cover. The

rolling hills vary in elevation from 85
m to 110 m.

Groundwater. Groundwater occurs
regionally in both artesian and perched
water table aquifers. In the shallow
water table aquifers, groundwater
recharge is from precipitation that
enters the ground and percolates
downward through sandy beds. In the
artesian aquifers, groundwater movement
is generally downgradient within sandy
strata between impermeable beds of clay.
Discharge areas include streams, lakes,
swamps, and the Gulf of Mexico.

Soils. The Ruston-Malbis-Lucy
Association is predominant within the
potential areas for land application.
Soil associations are only general
classifications, so additional
information was determined by site
investigations.

The soils series were related to
the topographic relief. The more
permeable sandy soils (Eustis, Lucy, and
Ruston) occur in the upper elevations,
while the clays and less permeable soils
(Malbis, Beauregard, and Susquehanna)
predominate in the lower areas and
drainage channels.

In the Zion Hills No. 1 area, sandy
and sandy loam soils up to a depth of 15
m overlay a continuous clay strata. A
perched water table occurs above the
clay strata, which appears at the soil
surface as seepage in areas adjacent to
Drake's Creek.

Major differences were noted in the
Rosepine area. Soils were generally
moderate to somewhat poorly drained.
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The entire area is underlain by a strata
of clay and silty clay occurring within
1.8 to 2.1 m of the surface.

Climate. The climate of Fort Polk
is classified as humid subtropical with
mild winters and hot, wet summers.
Climatic data were collected from 1951
to 1973 at the U.S. Weather Station in
Leesville, Louisiana, The temperature
of the area ranges from an average high
of 36.7°C in the summer months to a low
of -3.9°C in the winter months. The
mean rainfall per year is in excess of
135 cm and the maximum annual rainfall
occurred in 1923 with 224 cm. Snow is
infrequent and occurs about once a year.

The number of operating days per
year for land treatment alternatives can
be obtained from basic data, such as
length and probability of occurrence of
freeze-free periods, and minimum
temperatures. A 90% probability exists
that freeze-free periods will be 206
days using 0°C, 264 days at -4.4°C, and
340 days at -8.9°C.

A 50% probability exists that
monthly precipitations will vary from
5.8 to 14.1 era. A 5% probability exists
for monthly precipitation occurrence
between 21 and 33.5 cm.

Land Use. All the land at Fort
Polk is utilized for the training
mission at the Fort. The additional use
of land to receive and treat wastewater
will require a dual use within an area.

Forest Management. Harvesting and
reforestation of woodlands on Fort Polk
are under the management of the U.S.
Forest Service, Vernon Division. The
management cycle from planting to
harvest for longleaf pine trees is
usually about 40 years. The age of the
trees in the areas considered for a land
treatment system varies from 30 to
greater than 50 years. The trees would
require cutting and reforestation during
the design period, if a forest
irrigation system were to be considered.

Agricultural Management. Although
natural fertility levels in the soil are
low, climatic conditions at Fort Polk
are favorable for forage production.
The growing season extends from April to
November, with ample distribution of
rainfall typically occurring.

As an example, the potential forage
production using coastal Bermuda hay
with nitrogen fertilization of 336 kg/ha
will be given. An established stand

would yield 4 to 6 cuttings, with a
yield of 17 metric tons/ha per cutting.
An annual yield of 68 to 100 metric
tons/ha can be estimated.

The management of pastureland can
include year-round pasture with a forage
such as Bermuda grass, or a combination
of Bermuda grass with a winter planting
of rye for grazing. The year-round
pasture with an established forage
appears to involve less farm operation
and better agricultural production.

Special Conditions. A protective
program has been instituted specifically
for the endangered species Dendrocopos
borealis, common name is the red-
cockaded woodpecker. A program of
surveying, mapping, and marking the
location of the red~cockaded woodpecker
colonies, den trees, nesting trees, and
support stands on the military post is a
continuing project.

Unusable areas occurring in the
study area include the stream beds and
adjacent seepage area, the nesting trees
and 152 m surrounding area of the
endangered woodpecker species, and some
slopes of 20 to 30%. The location of
these areas is shown in Figure 1.

Water Quality. All wastewater
treatment alternatives at Fort Polk
would involve discharges to streams of
the Upper Calcasieu River Basin (either
directly or through seepage above
streams). Analysis of the water quality
of the streams was provided in sampling
programs in 1974 and 1975. The changes
in water quality from nonpoint and point
sources are most notable for increases
in COD, suspended solids, and ammonium
nitrogen.

Wastewater Treatment

Existing Treatment Facilities.
Although there are two wastewater
treatment facilities on Fort Polk,
serving North and South Fort Polk, the
feasibility study for the land treatment
is limited to South Fort Polk. The
South Fort Polk wastewater treatment
plant is being expanded by the addition
of essentially duplicate units that
added 44 L/s in capacity to the existing
facilities. This addition gives the
facility a total design capacity of 110
L/s. The existing trickling filter will
provide secondary level preapplication
treatment prior to land application.
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Wastewater Characteristics. The
wastewater effluent was characterized by
the USAEHA during the period of 4-15
November 1974. The results of the
analyses show typical values for a
secondary effluent with no excessive
concentrations of major or minor
constituents.

Flows. The design flow is 166 L/s.
The present flow at the South Fort Polk
treatment plant is 66+17.5 L/s.

NPDES Permit Requirements. The
South Fort Polk treatment' plant
expansion satisfies the present and
proposed interim NPDES permit
requirements. Long-term discharge
requirements will apparently be based on
oxygen demand criteria, which require
high removals of BOD and nitrification
of the effluent.

Nonpoint discharges of wastewater
do not require permits for discharge.
Discharge to permanent groundwater would
be required to meet EPA drinking water
standards.

Land Treatment Criteria. The state
discharge criteria report that "the
following should be taken into
consideration in the design of such
[land treatment] facilities. (1) The
equivalent of secondary treatment of
sewage is mandatory prior to land
treatment. (2) Disinfection is required
only if there is potential human
exposure either directly or by spray.
(3) Land treatment with sewage is not
acceptable for dairy pastures or for
crops normally eaten uncooked" [1].

FIELD INVESTIGATION

Soils

Initial Soil Reconnaissance. Zion
Hills No. 1 and the Rosepine areas were
selectively surveyed within the areas
that appeared suitable for one or more
of the land application alternatives.
Areas were delineated after field
reconnaissance with regard to soil
type, drainage, and slope.
Approximately 1,000 ha in Zion Hills
No. 1 and 773 ha in the Rosepine areas
were selected to be intensively mapped.

Detailed Soil Investigation.
Areas selected during the
reconnaissance survey were mapped in
detail according to standard procedures
of the SCS. Pits were dug to 3.0 m by

backhoe in the major soil types and
profile descriptions were made. Soils
were sampled for chemical and
mechanical analysis by soil horizons.
The Eustis, Lucy, and Ruston soils in
the Zion Hills No. 1 area are well
drained soils with fine sand or sandy
loam surface horizons. The Malbis and
Susquehanna soils, occurring in the
Rosepine area, are moderately well
drained to somewhat poorly drained acid
soils. Surface horizons range from
loamy sand to sandy loams and are
usually thinner than 51 cm. The
Eustis, Lucy, and Ruston soils
contained an argillic horizon at a
depth of 61 to 122 cm to maximum clay
accumulation.

Geologic Borings

Borings were made in the Zion
Hills No. 1 area to very firm clay or
sandy clay in the bottom of each hole.
The contour map of the top of this
impervious strata indicated a 1.5% dip
to the east in the northern section and
less to the south. The clay strata
were apparently continuous beneath Zion
Hills No. 1. Evidence for this
conclusion was that similar material
was recovered in every boring and the
color and texture were consistent in
all borings. Boring logs showed that
these strata were at least 4.6 m thick
under most of the area, which was also
an indication of the continuous nature
of the horizon.

Soil Hydraulic Conductivity Testing

The hydraulic capacity of the
Eustis, Lucy, and Ruston soils was
determined by field investigations.
The 5.5 m diameter basins were
constructed on the site and operated
for three or four times.

The locations for the basins were
determined after soil mapping. Each
basin was sited on a representative
soil profile for the soil series and
adjacent to a test pit.

The three basins were flooded
rapidly (less than 15 minutes) to a
depth of about 15 cm by pumping from a
3,800 L tank truck. Time intervals and
water height were recorded until most
of the water infiltrated.

The test results for the Eustis
soils are shown in Figure 2. The
approximate steady-state rate was
chosen as the hydraulic conductivity.
The values of hydraulic conductivity
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Figure 2. Hydraulic Conductivity, Eustis Soil Test Basin

are 45.2 cm/d for the Eustis soil;
21.8 cm/d for the Lucy soil; and 26.2
cm/d for the Ruston soil. The values
represent vertical movement since no
significant lateral movement was
indicated by the soil moisture cell
readings.

CRITERIA DEVELOPMENT

Application Rate Criteria

Application rate criteria are
determined by individual site conditions
and are specific for the type of system
and the treatment requirements. The
application rate criteria are determined
for a rapid infiltration system by the
site-specific hydraulic conductivity.
Further limitations on a rapid
infiltration system may come from
requirements for short-term nitrogen
removal or long-term phosphorus removal.
For slow rate systems, application rate
criteria are determined from water
balance, nitrogen balance, or agronomic
considerations. Hydraulic conductivity
of the soil should be considered, but
may not be a major limitation. For
overland flow systems, application rates

are based cm climate, length of terrace,
and slope of terrace.

Rapid Infiltration. The
development of criteria for rapid
infiltration basin design considered the
hydraulic conductivity of "clean" water,
the level of preapplication treatment,
climate, and amount of bed surface
maintenance. In considering that all of
these factors are highly favorable, the
design rates for the soil types are;
Eustis, 46 cm/wk; Lucy, 23 cm/wk; and
Ruston 23 cm/wk [2].

The operation cycle of the basins
encompasses 2 weeks flow of wastewater
applied during 2 days of continuous
flooding. For example, the Eustis soils
basins would receive about 91.4 cm of
wastewater during a 48-day period, with
the remaining 12 days of the cycle to
allow for complete infiltration
(estimated 1 to 3 days) and reaeration
(about 11 to 9 days) of the bed profile.
A complete application cycle would
encompass 2 weeks and require seven sets
of basins.

The subsoil water movement was
calculated from a measured infiltration
rate, a known depth to impervious clay
strata, and particle size classification
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of materials from the soil surface to
the clay strata . The limiting soil
horizon was the argil lie horizon or
depth to maximum clay concentration.
The particle size classification below
the 3 m depth of soil survey test pits
was obtained by split-spoon samples
during geologic boring. No increase was
noted in clay content of the samples
that would indicate a restrictive layer
to water movement.

The measured soil infiltration and
permeability of the surface horizon was
found to be from 1.9 cm/h to 0.91 cm/h.
Conservative estimates of horizontal and
vertical permeability were made at 0.25
cm/h and 0.025 cm/h, respectively. The
velocity of flow away from the basin was
computed using an observed clay strata
gradient of 1.5%. This minimum gradient
of the clay would produce a flow
velocity of 0.2 m/d assuming a specific
yield of 30%. Wastewater application
mounding would increase the gradient, so
a greater velocity would result from
groundwater mounding.

The transmissivity of the subsoil
would move a minimum volume of
61 m /m *d at a saturated depth of 4.6 m
above the clay. A basin width of 61 m
receiving a surface application of 0.9
m/d would not exceed subsoil
transmissivity under these conditions.
Since this value exceeds the maximum
application and provides adequate
subsoil flow using conservative
cri ter ia , no underdrains or recovery
wells are required to assist subsoil
water movement or prevent excessive
groundwater mounding.

Slow Rate. Application rates for a
slow rate system are determined by
nitrogen limitations, agronomic
management, or hydraulic conductivity.
The soil types considered for the slow
rate system were shown to have adequate
hydraulic conductivity of 45.7 cm/d, so
hydraulic limitations should not be a
concern. Agronomic considerations
should not pose limitations at the s i te .
The mean number of days when the minimum
temperature drops below 0°C is 40,
occurring between November and March.
The January monthly mean for the daily
minimum temperature is 3.3°C.

A nitrogen and water balance was
used to calculate acceptable
applications that satisfy a potable

water nitrate-nitrogen limit. The
following assumptions were used:

Item

Total nitrogen
(applied), mg/L

Crop nitrogen uptake, kg/ha

Annual evapo-
transpiration (ET), cm

Annual precipi-
tation minus ET, cm

Allowable leaching
concentration, mg/L

Denitrification, % of total
nitrogen application

Design
assumptions

20

336

96.5

39.4

10

15

The nitrogen balance was computed
using design assumptions and a water
balance for the average year. The soil
conditions are favorable for microbial
denitrification with a high annual
temperature and moist soil conditions.
The lack of organic matter may have a
limiting effect, so a denitrification
rate of 15% of the total applied
nitrogen was utilized [2]. The overall
results are summarized in Table 1.

Table 1. Annual Summary of Nitrogen
and Water Design Balances

Applied wastewater,
liquid, m 5.3

Applied wastewater
nitrogen, kg/ha 1,053

Denitrification

loss, kg/ha 157

Crop uptake nitrogen, kg/ha 336

Leaching nitrogen, kg/ha 560

Average leaching
concentration, mg/L 9.8
Leaching volume, precipi-
tation and wastewater, m 5.7

Woodland Irrigation. Application
rates are determined in a similar manner
for woodland irrigation and slow rate
systems. Suitable data for the nitrogen
uptake and evapotranspiration of tree
species are substituted for the
agronomic crops that are normally
considered in a slow rate system. The
nitrogen uptake of young evergreen trees
was assumed to be 67.2 kg/ha. The
annual evapotranspiration was 38 cm/yr
for pine trees. The annual distribution
of nitrogen uptake by trees is not as
well defined as with agronomic crops.
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Consequently, an annual nitrogen balance
was calculated rather than a monthly
balance.

An application rate of 2.5 cm/wk
was assumed to occur during a 13-week
period from December to February. A
rate of 5.0 cm/wk was assumed to occur
during a 39-week period from March to
November. The application rate produces
an annual average nitrate concentration
of 9.9 mg/L [2].

Overland Flow. Application rate
criteria for overland flow systems have
been determined empirically from pilot,
research, and demonstration studies.
The variable design factors are terrace
gradient, terrace length, and to a
lesser degree, preapplication treatment.

For lagoon or secondary effluent,
loadings of 15 to 40 cm/wk are
considered. Lower values of 17.5 to 25
cm/wk should be considered (1) for
slopes greater than 6%, (2) for terraces
less than 45 m, or (3) because of
reduced biological activity during very
cold weather.

A hydraulic application rate of 15
cm/wk was used for overland flow system
feasibility at Fort Polk. The
application rate represents an average
value, because consideration must be
given to nonapplication times due to
climate and agricultural management.

Storage Criteria

Storage of wastewater is required
for most land treatment systems, because
of daily and seasonal imbalances between
wastewater supply and allowable
applications. Storage requirements can
be controlled by either climatic
constraints or agricultural management
practices. Overland flow systems and
many irrigation systems will be affected
primarily by climatic constraints.
Agricultural management practices, on
the other hand, will usually control
storage requirements in those irrigation
systems where crop production is
important. Rapid infiltration systems
operate year-round under most
conditions, and consequently have
minimal or no storage requirements.

Rapid Infiltration, Storage
requirements for a rapid infiltration
system are determined by maintenance or
emergency considerations, rather than
climatic conditions. Precipitation on
the infiltration basins will be retained
by the 1.2 m high containment berm

around the basins. This provides
sufficient freeboard to contain the
maximum monthly precipitation at the 5%
probability level. All wastewater
applied and precipitation falling into
the infiltration basins will receive
treatment by passage through the soil
column. The only requirement for a
separate storage basin would be to
provide emergency wastewater retention.

Slow Rate. The storage requirement
of a slow rate (irrigation) system can
be estimated either from a climatic or a
water balance evaluation. The climatic
evaluation is based on weather records.
Seasonal variations in wastewater
generation are not considered, nor are
the hydraulic capabilities of the soil
or the consumptive water use by plants.
In contrast, the water balance
evaluation is a monthly accounting
method that balances the quantities of
wastewater generated and wastewater
applied. The applied wastewater volumes
can be computed from a nitrogen balance,
plant consumptive water use, or a
maximum hydraulic conductivity. Several
computer programs are available to
determine storage requirements [2].

The EPA-1 program tabulates the
number of days of nonapplication based
on daily climatic records. The decision
on whether or not wastewater application
occurs is based on assigned threshold
values for temperature (0°C),
precipitation (1.3 cm/d) , and snowfall
(2.5 cm of snowcover). The EPA-1
program produces the following results:

• EPA-1 estimated maximum storage -
6.days

• Length of maximum freeze period -
5 days

The EPA-2 storage program was
developed to evaluate periods of
extensive and continuous precipitation.
Precipitation may limit application if
surface runoff must be controlled or if
continued saturated soil conditions need
to be avoided. The results of the EPA-2
program based on an estimated available
water capacity of 15 cm and reduced
applications during periods of
saturation or near saturation in the
soil profile are given below:

Recurrence
interval, yr

Maximum
20
10
4
2

Slow rate system, EPA~2
maximum storage, d

35
31
16
S
6
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Water balance storage requirements
were computed to be 74 days from
wastewater application volumes that
varied from 20 cm/month to 79 cm/month.

An engineering decision was
necessary to determine an optimum
storage requirement for least cost.
Variable factors influenced the overall
cost as outlined in Table 2.

specific criteria. Application rate
criteria were determined from hydraulic,
climatic, and agronomic considerations.
Storage requirements were computed by
system need, water balances, or climatic
constraints.

Uniform (up
to 10 cm/wk)

Table 2. System Design Changes Based
On Variability of Application Scheduled

Distribution Field
Application Storage pumping, power storage Application components,
schedule volume requirement cost area cost

Decrease Decrease Decrease Increase Increase

variable (5 cm/wK
to 20 cm/wk) Increase Increase Increase Decrease Decrease

The two extremes in application
scheduling were a near uniform
application rate and a variable rate
based on nitrogen utilization by plants.
The storage requirement based on a near
constant application schedule was 40
days. The storage requirement provides
ample storage to satisfy additional
operational or existing climatic
requirements.

Overland Flow. Storage
requirements for an overland flow system
are determined by daily operating
considerations, since application rates
are near constant throughout the year.
Nonapplication periods occur when daily
precipitation is greater than 1.3 cm;
air temperature drops below -3.9°C; and
greater than 2.5 cm of snowcover exists.
These criteria are computed in the EPA-2
computer program [2] and yield the same
storage requirement as a slow rate
system.

Woodlands Irrigation Systems. The
storage requirements for a woodlands
irrigation system were calculated by a
monthly water balance. The maximum
storage requirement of 38 days exceeds
the climatic criteria generated by the
EPA-2 program.

SUMMARY

Criteria for system feasibility and
design were developed for Fort Polk,
Louisiana. The basic site conditions
were described. Field testing
procedures and surveys provided site

The selection of the best land
application alternative required an in-
depth engineering analysis of cost and
location factors as well as the design
criteria. This presentation was limited
to design criteria. A cost-
effectiveness analysis determined that
rapid infiltration was the best apparent
alternative.
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DESIGN CRITERIA

PRETREATMENT TECHNIQUES A D DESIGN MODIFICATIONS
FOR RAPID INFILTRATION LAND TREATMENT SYSTEMS

M.A. Sills, Chief Sanitary Engineer, Anderson-Nichols & Co., Inc., Concord, N.H.
R. Costello, Ph.D. Candidate, Dept. of Civil Engineering, Univ. of Conn., Storrs, CT
R. Laak, Assoc. Prof., Dept. of Civil Engineering, Univ. of Conn., Storrs, CT

Pretreatment techniques to optimize
infiltration rates and the hydraulic ca-
pacity of rapid infiltration systems
were investigated utilizing laboratory
soil columns and field installations.
Domestic wastewater was used to compare
the effect of: aerobic versus anaerobic
pretreatment, ozonated effluent, applied
wastewater BOD5, TSS, and algal cell con-
centration as well as varying tempera-
tures on the infiltration rates of three
major soil types. A cube root relation-
ship has been developed which can be

/(BOD + SS) 2

V (BOD + SS) 1

used to estimate the reduction in appli-
cation area requirements attributable to
increased removals of BODc and TSS. An
optimum pretreatment selection procedure
is proposed which minimizes the total
present worth cost of both the pretreat-
ment and application area portions of a
rapid infiltration system.

Laboratory scale rapid infiltration
basins incorporating a coarse sand fil-
ter nitrification step followed by a
fixed film denitrification step have
been developed utilizing methanol and
greywater as the carbon source. Optimum
hydraulic and organic loading rates for
the nitrification-denitrification pro-
cess were determined. A pilot scale
field installation was constructed in
October 1977 using domestic waste from a
single family residence. A conceptual
design for a full scale rapid infiltra-
tion-nitrification/denitrification basin
is proposed for land treatment sites

requiring a high degree of nitrogen re-
moval prior to groundwater recharge.

Ongoing laboratory studies have in-
vestigated using expandable montmoril-
lonite clay structures in aqueous suspen-
sions for removal of soluble, refractory
or toxic organics prior to rapid infil-
tration land treatment. The objective
being incorporation of chemically active
soil types, which are characteristically
impervious, in a land treatment system
utilizing less active, pervious soils.
Commercial and laboratory grades of ex-
pandable Wyoming bentonite and non-ex-
pandable kaolinite were contacted in
batch experiments to determine wastewater
total organic carbon (TOC) adsorption
rates and capacities. The results of the
batch experiments indicate that adsorp-
tion or ion-exchange (organic cations) of
wastewater TOC on the internal structure
of expandable clays is a function of
both the level of wastewater treatment
and the TOC/clay concentration rate.

Optimum clay adsorption concentra-
tions and uptake rates for the waste-
water tested justify their use in a pre-
treatment step prior to application on
rapid infiltration basins.

OPTIMUM BOD5 AND S.S. PRETREATMENT RE-
QUIREMENTS

Pretreatment for Reducing Infiltration
Area

Dunbar(l) reported that city sew-
age was first treated in Bunzlau, Ger-
many in 1559- Raw sewage was put on
land. Enthusiasm with wastewater
farming grew. In England Sewage
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Utilization Acts were passed in 186U-67.
Urban population Increased along with
Industrialization. As a result land
disposal areas became overloaded and
research was initiated to decrease land
area/wastewater ratio. Sir Edward
Frankland developed a sand filter which
could "be loaded about ten times faster
0.03 m3/m2/d than an infiltration land
area at a load of 30 m-Vha/d, In i8601s
Austin recommended that suspended solids
should be removed before land applica-
tion. Tatton's work'l' supported the
concept of pretratement (sand filtration)
and he suggested the following loads
in m3/ha/d:

involved 6 columns with soil moisture
pressure profiles and quantity of infil-
trated liquid measurements. The study
showed that the aerobic unit effluent
infiltrated more liquid "but the soil
columns showed greater moisture pressure
drops. The study did not include enough
samples and showed that the columns were
not identical. A second study was
conducted with more soil columns, apply-
ing effluents that did not differ in
quality BOD^ + SS = 75 mg/l for septic
tank effluent and BODK + SS = 88 mg/l
for aerobic unit effluent. Slightly
higher ponding times were found for the
aerobic unit effluent as should be

SOIL DESCRIPTION

sandy loam over clay

turf over sand

sand over gravel

WITH PRETREATMENT

i+5

90 - 135

213

RAW SEWAGE

23

33

A Royal Commission (1898) (l) rec-
ommended the following loads in m^/ha/d
for soil infiltration surfaces for pre-
treated effluent:
sandy loam over clay - 12 to 25 m3/ha/d
sand over gravel - 115 - 230 m-Vha/d

It was recognized that pretreat-•
ment enhances infiltration and properly
loaded infiltration fields lasted 30
years without losing their performance.

The first laboratory study on the
effect of pretreatment on soil clogging
was conducted by Winneberger, J.H. et
al. (2) using 6 Oakley sand columns and
2 Columbia sand columns. Half of the
columns were intermittently dosed with
septic tank effluent and the remainder
with an extended air plant effluent.
The column experiment was terminated
after 5 weeks, "before clogging rates
reached equilibrium or zero rate. Dur-
ing the dosing of the columns the pack-
age plant effluent quality improved.
The mean rate of clogging was greater
with the septic tank effluent (1.5 to
2 fold). Because the extended air re-
actor was not operating properly and
the duration of testing was short much
of the data (severity of clogging) re-
mained within the experimental error
range.

University of Wisconsin investiga-
tors (3) tested Almena silt load with
distilled water, septic tank effluent
and aerobic unit effluent. Two separate
studies were conducted. The first study

expected. The conclusion (3) that pre-
treatment was not found to affect the
degree of clogging in fine textured
soils could not have been reached from
their experimental data. However, when
two different effluents with a BOD5 + SS
ratio of 0.^3 were applied to sands a
substantial difference in clogging was
found (3).

A laboratory study by Laak (k) used
30 soil columns and three soil types
loaded with various load rates for up to
l60 days. Two different effluents with
a BOD5 + SS ratio of O.i+5 was used. The
results showed that the clogging pro-
gressed according to the cumulated total
mass or load applied (the sum of BOD^
and SS in kg) regardless if the effluent
applied was pretreated aerobically or
anaerobically. The effect of improved
pretreatment was also verified in the
field where three extended aeration
units were put in line, to units in soil
areas where septic tank systems had
failed. A later study (5) conducted at
a field research station confirmed that
a BOD5 + SS ratio of 0.7 lagoon/septic
tank effluent over a 2 year period
clogged horizontal 2 v? soil surfaces (2
different soils) to a lesser degree. A
laboratory study (h) showed that the
clogging layer behaved similarly at 20°C
as well as at 8.5°C. A later laboratory
(6) study showed that the clogging layer
reacts to a temperature rise of 15
degrees centigrade by becoming tempor-
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arily more permeable. A brief study (9)
showed that ozonation reduces primary
effluent color suspended solids and
of the BOD5. When the ozonated effluent
was infiltrated into matured clogged
soil surfaces, the soil surface biocrust
microorganism population did not change.

The laboratory study {k) using col-
umns yielded a relationship which could
be expressed by the following equation:

(BOD + SS)
(1)

where BOD5 and SS are expressed mg/l;
subscripts o - known; x - to be selected;
A - infiltration area, m^.

Equation 1 can be used to compute
the area of infiltration or clogging
surface required if the hydraulic load
and soil permeability is kept constant
but the concentration of BOD5 + SS is
changed by pretreatment. Area A Q can be
computed for a (BOD + SS) O value of 150
to 250 mg/l (representing a septic tank
effluent) from Equation 2 which was de-
rived from plotted data (7,8) gathered
by different investigators.

A =
- Q x 8.6U x 10

k - 5.6
log1Qk

(2)

where k = saturated permeability in
cm/s; Q = flow in m^/s; and A o - infil-
tration area in m2. Kropf's (4) labora-
tory study, using a single type of ef-
fluent (septic tank effluent) showed
that by dosing and up to 3 days resting
a smaller volume of liquid is passed in
19 weeks than through continuously load-
ed soil column surface (3 different
soils) at equilibrium or zero clogging
rates which are reached in 3 to 6 months.
A total of 72 soil columns were tested.
The experiment showed that to maintain
higher infiltration rates of equilibrium
or mean zero clogging rates the clogging
surface needs to be 'starved' by more
pretreatment or by applying loads less
than the maximum.

Table I shows the reduction of in-
filtration area at different BOD5 + SS
ratios. Equation 1 was used to compute
the reduced infiltration surface when
pretreatment is increased.

Optimizing the Cost of Pretreatment

An optimum level of pretreatment
for rapid infiltration systems can be
determined as a function of cost using
the results of the previous section. In

order for higher levels of BOD5 and SB
removal above a given base level, to be
economically justified, the increase in
total life cycle cost of the additional
pretreatment must be at least equal to
the reduction in total life cycle costs
attributable to the reduction in appli-
cation area. One method which can be
used to relate total life cycle costs of
any given wastewater treatment alterna-
tive to another is the Present Worth
Cost (PWC) analysis. Using the PWC pro-
cedure, all capital and operational and
maintenance costs as well as salvage
values at the end of a predetermined
study period are converted to an equiva-
lent present worth value at the begin-
ning of the study period for each waste-
water treatment alternative under consid-
eration. The alternative with the lowest
PWC procedure can be found in texts on
engineering economics; however, a basic
approach to optimizing rapid infiltra-
tion pretreatment coat would then be to
minimize the PWC of the entire system;
i.e., pretreatment plus application area
PWC according to the following relation.

+APWC of Increasing Pretreatment Above
a Base Level <-APWC of Decreasing the
Application Area Required (3)

Inspection of Eqs. 1 and 2 indicates
that the results of such an economic
comparison will be a function of:
wastewater flow, the base level of
pretreatment, the saturated in-situ
permeability of potential application
sites and the (BOD5 + SS) removal ef-
ficiency of the pretreatment system as
well as local costs for the construction
and maintenance of the rapid infilatra-
tion systems under consideration. The
analysis also assumes that there are no
constraints on the availability of land.
In order to simplify the analysis a
"unit application area PWC breakeven
point" can be utilized which is defined
as the incremental increase in PWC to go
from the base level of pretreatment to a
higher level of pretreatment divided by
the area saved in using the higher level
of pretreatment. The general "unit
application area PWC breakeven point"
equation is given below:

Unit application area PWC breakeven
point (for the ith level of pretreat-

ment) = PWC i t h - PWC base

" A r e a i t h
(h)

The unit application area PWC breakeven
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TABLE I

Degree of Pretreatment vs. Clogging Surface Required

(BOD + SS) A

(BOD + SS)X r a t i o Â21

o o

Percent Reduction in
Infiltration Surface

1:1
1:U
1:8
1:16

1
1.6
2
2.5

0
38
50
60

10,

!
< 1.0

I

O.I

1 ' 1 ' 1 ' 1 1 1 1

7 Unit Application Area
Break Even Point.

Prttreatment Optlnns
Base, Level 1-BOD + SS -

• Level 2-BOD + SS =
• Level 3 BOD + SS -

K-0.051 CH/S
1-6-5/» t, N-20

1 . 1 I.I. i l l 1 . 1

P . M .

250
60
15

yrs.

c = F.W.CI - p.w.c.bas(! :

Areabase - Areaj

/

m8/-e \
mg/# \
n>g/# \

(present worth), *

1 i 1 il.l 1'

CMDOl 0.01 0.1

Wastewater Flow (ms/s)

(BOD + SS) O is for septic tank effluent and has a value of 150 to 250 mg/l.
"be computed from Eq. 2.

point so derived is an economic indica-
tion of the total life cycle costs (PWC)
which can "be expended per unit of area
in the design, construction and mainten-
ance of rapid infiltration application
basins using the "base level of pretreat-
ment before increased pretreatment and
removal of BOD^ or SS is justified. It
should be emphasized that this conclu-
sion is based primarily on maintaining
the long term hydraulic functioning of
the rapid infiltration system and that
there may be other reasons for increas-
ing pretreatment above a base level in-
cluding local regulations, codes or spe-
cial conditions of the application sites
under study (i.e., odors, aesthetic fac-
tors etc. ).

As an example of the optimization
procedure and as a guide to the environ-
mental planner, a pretreatment optimiza-
tion curve for rapid infiltration systems
was developed using average but current
(l9?8 basis) capital costs, operational
and maintenance expenditures and salvage
values for three levels of pretreatment
and a range of wastewater flow rates.
See Figure 1. The in-situ saturated per-
meability of the application site was
assumed to be K-0.05 cm/s, the base level
of pretreatment, level 1, was taken as
primary sedimentation and all levels of
pretreatment were defined in terms of
(BOD5 + SS) in accordance with Eq. 1.
A 20 year planning period was used with
an interest rate of 6-5/8 percent. A
summary of the data used in constructing
Figure 1 is given in Table II.

Inspection of Figure 1 indicates
that the unit application area PWC break-
even point generally decreases with in-
creasing flow rates thus emphasizing the
increasing economic feasibility of in-
creased pretreatment at the higher flow
rates. Generally Level 2 (BOD + SS = 60
mg/l) is the more economical pretreat-
ment step above the base level 1 (BOD +
SS = 250 mg/l) if the unit application

AQ can

1.0

Figure 1. Rapid infiltration pretreat-
ment cost optimization curve.

area PWC breakeven point is exceeded.
However, Figure 1 also indicates that
there is a range of design flows from
0.007 m3/s to O.O65 m^/s where level
3 (BOD5 + SS = 15 mg/l) would be a more
cost effective pretreatment step if the
breakeven point for level 1 is exceeded.

The environmental engineer and plan-
ner should feel free to modify the pre-
treatment optimization procedure and
mathematical relationships as necessary
to more accurately reflect actual condi-
tions in the study area so that the basic
elements of the procedure can serve as an
accurate guide in the selection of the
most cost-effective rapid infiltration
system possible.

OPTIMIZING NITROGEN REMOVAL WITH A COM-
BINATION RAPID INFILTRATION-NITRIFICA_
TI0N7DENITRIFICATI0N BASIN

A laboratory study investigated
biological denitrification efficiency
using methanol, greywater and settled
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Table II. 1978 Pretreatment Costs

Level 1
Flow PWC r
m3/s US $ x 10

O.OOU38

O.OU38

0.1*38

1.02

2.1+7

13.36

Level 1
area
ha

0.59

5.9

59

Level 2
PWC s

US $ x 10

1.61*

5.53

31.6

Level 2
area
ha

0.37

3.7

37.0

Level
PWC

US $ x

2.7

6.6

39-7

3

10 6

Level 3
area
ha

0.23

2.3

23.0

sewage as supplemental carbon. The ex-
perimental model consisted of six coarse
sand filters providing the nitrifying
step followed by six fixed-film anaerobic
denitrifying reactors.

The nitrifying reactors had 0.6l m
of sand with a uniformity coefficient of
1+.0 and an effective size of 0.16 ram.
The upflow denitrifying reactors consist-
ed of columns filled to a depth of 0.6l
m with 0.05 m to 0.1 m diameter stones.

Septic tank effluent taken from the
University of Connecticut Wastewater Ex-
periment Station and primary effluent
from the University of Connecticut sew-
age treatment plant was dosed twice daily
into the nitrifying reactors at a rate of
0.068 m3/m2/day. The three supplemental
carbon sources were added (C:N of 3:l)
prior to the denitrification step. All
six reactors were operated in parallel
under the same hydraulic mode of opera-
tion.

Analyses were performed on samples
for the concentration of nitrates, ni-
trites and ammonia nitrogen using a Tech-
nicon Auto-Analyzer. BODc, suspended
solids, and dissolved oxygen were deter-
mined as per Standard Methods (12).

Results

Denitrification columns receiving
greyvater as a carbon source removed 71
percent of the available nitrate while
methanol removed 83 percent and settled
sewage removed 1+.3 percent. The BOD5,
ammonia-nitrogen and suspended solids
concentration in the final effluent of
the denitrifying reactors increased in-
significantly after using greywater or
methanol as carbon sources. No signifi-
cant difference in nitrogen or denitrifi-
cation efficiency was observed "by load-
ing with septic tank effluent or primary
effluent.

Using the results of the laboratory
nitrification-denitrification studies a
conceptual design for a combination rapid

infiltration nitrification/denitrifica-
tion basin is under development at the
University of Connecticut. The key de-
sign elements of the basin are shown in
Figure 2 and include the controlled ap-
plication of wastewater on a coarse sand
filter sized for complete nitrification
of the reduced wastewater nitrogen. Once
the nitrified effluent has passed through
the sand filter, it would then enter a
subsurface fixed film denitrification
reactor consisting of 0.05 m to 0,1 m
diameter stones. Supportive material in
the form of a graded mineral aggregate
filter will "be necessary to prevent
breakthrough of nitrifying sand filter
while still maintaining hydraulic flow.
At this point, a supplemental carbon
source, such as methanol or greywater,
would "be added to the fixed film reactor
using perforated diffusers. The sizes of
the denitrification chamber would be suf-
ficient to provide a hydraulic residence
time of h to 5 days to complete the bio-
logical denitrification reactions. The
nitrogen gas end product would be vented
via a continuation of the rock filter to
the atmosphere. As a means of ensuring
the hydraulic residence time necessary to
complete the denitrification step, a Con-
trolled Perviousness Layer (CPL) would be
provided in accordance with Eq.. 1 and 2

NO,

Fixed Film V
Denjtrlflcation \

Reactor \

Carbon Source
Injection Diffusers

Controlled
Pervious Layer

Figure 2. Conceptual design of a com-
bination rapid infiltration nitrifica-
tion/denitrification basin.
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to insure flooding of denitrification
reactor between the dosing periods of the
"basin. As an additional feature of the
"basin, the final leachate percolating
through the soil mantle would contain
sufficient soluble carbon and acclimated
denitrifying bacteria to provide a "re-
sidual" denitrification effect as the
leachate moves away from the application
area. A pilot scale field installation
of the nitrification/denitrification
basin was constructed in October 19TT
using domestic waste from a single family
residence.

The results of laboratory scale
studies and the ongoing field scale pilot
operation indicate that the wastewater
application rates as well as dosing and
resting periods for the combination rap-
id infiltration-nitrification/denitrifi-
cation basin are approximately the same
as rapid infiltration system treating
primary effluent (13). These results
further emphasize the feasibility of
incorporating the rapid infiltrâtion-
nitrification/denitrification basin in
land treatment applications where a high
degree of renovation of wastewater nitro-
gen is required prior to groundwater re-
charge of the effluent.

OPTIMUM RENOVATION OF WASTEWATER ORGANICS
USING SELECTED CLAY STRUCTURES IN RAPID
INFILTRATION SYSTEMS

The basic wastewater renovation
mechanisms available to land treatment
systems can approximately be divided into
three categories: physical, chemical and
biological. Rapid infiltration land
treatment systems utilize filtration and
biological degradation within the first
meter of soil from the ground surface to
remove wastewater organics and solids.
Once past this "biologically active zone,
however, the renovation of soluble, re-
fractory and toxic organic species in
the wastewater is highly dependent on
physical-chemical mechanisms such as
adsorption, ion-exchange and precipita-
tion.

A major characteristic of rapid in-
filtration systems, however, is the use
of application sites composed of pervi-
ous soil types such as sands, gravels
and loamy sands (13). It has often been
observed that the renovation capacities
of the purely physical-chemical mechan-
isms of the soil environment are inverse-
ly proportional to hydraulic capacity.
Coarse sands for instance have typical
specific surface areas of 0.03 m^/g and
cation exchange capacities of 1.0 meq/

100 g while certain expandable clay
structures have theoretical specific sur-
face areas 800 m2/g and cation exchange
capacities 100 meq/100 g (13,15). Land
treatment systems composed primarily of
the more active clay fractions, however,
would be severely limited by hydraulic
constraints which would require excessive
land areas for wastewater application.
Also important is the fact that within
the "clay size category" there is a wide
range of physical, chemical and mineral-
ogical properties. Montmorillonite, a
layered silicate, for example, is one of
the more active clay minerals and exhib-
its a unique swelling property in the
presence of water and other polar mole-
cules allowing movement of these species
into the basal space between the silicate
sheets (1^,16,17). Kaolinite on the
other hand, is a non-swelling clay, with
a significantly less potential for reno-
vation of wastewater organics.

Previous research has indicated
that migration to and adsorption on the
basal planes of expandable clays in
aqueous suspensions is a function of the
specific organic molecule, structure and
size of the molecule, charge and Stern-
Gouy layer effects, pH and the presence
of other chemical species in solution
(16).

It was concluded that the adsorption
or ion-exchange of soluble wastewater or-
ganics, by even the most active clay
fractions could exhibit an "optimum ad-
sorption" range within which maximum up-
take of organic species would be accom-
plished.

In order to confirm this effect, a
series of batch adsorption tests were
performed using primary (sedimentation),
secondary (trickling filter) and ter-
tiary (rapid sand filter) effluent from
the University of Connecticut Sewage
Treatment Plant. Three types of clays
were dosed at various concentrations, pH
and contact times in 0.1*5 V filtered
wastewaters. Soluble total organic
carbon (TOC) was determined for each
clay dosage before and at the end of
each contact period. The clays studied
included two swelling montmorillonite
structures consisting of a commercial
grade Wyoming bentonite supplied by
ADM Chemical Company and a laboratory
grade bentonite supplied "by Fisher
Scientific Company, and a non-swelling
kaolinite structure using Kaolin N/F
supplied by Fisher Scientific Company.

In order to determine optimum clay
adsorption ranges for each wastewater,
at a pH = T.0, "both the mass of TOC re-
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moved per gram of clay and specific re-
moval efficiency were plotted against
clay dosage.

The results of the batch tests are
shown in Figures 3 through 8 and indicate
that for the swelling bentonites "both
specific mass TOC uptake as well as
specific removal efficiency are a func-
tion of the wastewater tested, the speci-
fic type and grade of clay used as well
as its concentration in suspension.
Bentonite TOC specific mass uptake and
removal efficiency were maximized at
clay concentrations of less than 50 mg/l.
The Kaolinite specific mass TOC uptake
and removal efficiency was consistently
less than the "bentonites while removal
efficiency showed an increasing trend
with increasing clay concentrations in
suspensions. These results were not
changed "by varying the pH as shown for
the primary effluent in Figure 9- The
optimum pH for each maximum TOC adsorp-
tion range was determined by further
batch testing and indicated that the
optimum pH for the removal of the waste-
water organics studied was 7.0. This
result was attributed to competitive ion
exchange and precipitation reactions
involving wastewater inorganic species
at other than neutral pH. Long term
batch tests (lU days) were used to de-
termine TOC uptake rate on clay struc-
tures. The time for the bentonites to
reach equilibrium was shown to be a
function of the wastewater used as well
as clay concentration but it was es-
sentially complete within 6 hours.

A method of measuring the specific
surface area of the expandable benton-
ites in aqueous suspensions was develop-
ed using a monolayer coverage of the
basal planes of the clays at the maximum

« r f Initia! TOC'45 mg/« (solubl»)
pH-70

• ADM C1IF.MTCALS, Wyoming Bentonite
• FISHER B-2'.iS, Bontonite
A FISHER K-3 KAOLIN, Kaoi ln l te

200 300
Cloy Dosagt (mg/l)

Figure 3- Specific mass uptake of prim-
ary sedimentation effluent soluble TOC
as a function of clay dosage.

Initial TOC- IS mg/t dolubl»)
PH'7.0

• ADM CHEMICALS, Wyoming Bentonite
• FISHER li-23!>, Bentonite
A FISHER K-:j KAOLIN, Kaolinite

200 300
Clay Dosage (mg/<)

Figure h. Specific mass uptake of tric-
kling filter effluent soluble TOC as a
function of clay dosage.

ADM CHEMICALS, Wyoming Rantonlte
FÏSHER B-^iS, lieiltonite
FISHER K-3 KAOLIN, Kaol iu i t e

200 300
Cloy Dofiogft(mg/l)

Figure 5. Specific mass uptake of rapid
sand filter effluent soluble TOC as a
function of clay dosage.
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Figure 6. Specific removal efficiency
of primary sedimentation effluent solu-
ble TOC as a function of clay dosage.
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Figure 7. Specific removal efficiency of
trickling filter soluble TOC as a func-
tion of clay dosage.
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Figure 8. Specific removal efficiency of
rapid sand filter effluent soluble TOC
as a function of clay dosage.

A method of measuring the specific
surface area of the expandable benton-
ites in aqueous suspensions was develop-
ed using a langmuir isotherm approxima-
tion of a monolayer coverage of the
basal planes of the clays at the maximum
adsorption point of méthylène blue mole-
cules. Using this technique, a maximum
available surface area for the benton-
ites of 755 to 785 m2/g was determined.

This procedure also demonstrated
that the available specific surface area
of expandable clays in aqueous suspen-
sions is a function of clay concentra-
tion and the organic species present
(i.e., TOC/clay ratio).

The ability of bentonite clay struc-
tures to selectively remove specific or-
ganics in wastewater suspensions was de-
termined using batch experiments which
monitored méthylène blue dye uptake in
demineralized water as well as the vari-
ous filtered municipal wastewater. The
results are shown in Figure 10 and indi-
cate that the optimum uptake range of
méthylène blue is dependent on clay
dosage as well as the wastewater solu-
tion used.

A conceptual design procedure for
the optimum use of impervious but active
clay structures to remove wastewater TOC
in rapid infiltration systems is shown
in Figure 11. The optimization proce-
dure would relate the maximum uptake and
removal of wastewater TOC by the clay
structures to a minimum amount of hy-
draulic capacity lost in using these
impervious structures. It can readily
be seen that both these terms are rela-
ted to the total mass of clay used. Fur-
thermore, based on typical values of
permeability for clays and sands as well
as the previously determined optimum

I.Si-

1.0-1

ADSORBENT - ADM CHEMICALS, Wyoming Bentonite
ADSORBATE - Primary Effluent, Initial TOCj'. 60mg/^ (Soluble)

100 200 300
Clay Dokaa.6 imq/4)

400 "600

• Méthylène Blue in demineralized water
• Méthylène Blue In filtered primary effluent
A Méthylène Blue in filtered secondary effluent
O i<ethylene Blue in filtered tertiary effluent

ADSORBENT - ADM CH]

Wyoming bentonite

300 400 500 600
Cloy DOSO,» (ma/*)

700 800 9OO

Figure 9- Specific mass uptake of pri-
mary sedimentation effluent soluble TOC
as a function of pH and clay dosage.

Figure 10. Specific removal of méthy-
lène blue dye in suspensions of various
wastewaters as a function of clay dosage.
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Optimum
Clay Dotog»

Rapid Infiltration
Batln

Figure 11. Conceptual design of a rapid
infiltration system with optimum utili-
zation of clay structures for removal of
wastewater total organic carbon.

clay dosage requirements the hydraulic
losses incurred for the wastewaters
studied would not significantly affect
the normal hydraulic operating range of
rapid infiltration systems treating
primary effluent.
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DESIGN CRITERIA

PENN STATE'S WASTEWATER IRRIGATION SYSTEMS - PAST AND FUTURE
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ABSTRACT

Three distinct areas are consider-
ed—the wastewater renovation and con-
servation research system used at Penn
State for the past 15 years, irrigation
system design research performed during
these years, and the expanded wastewater
irrigation system presently being in-
stalled.

The 22 l/s (0.5 mgd) solid-set,
above-ground, sprinkler irrigation sys-
tem was designed in 1962 and installed
in 1963. This research system irrigated
secondary treated wastewater year-round,
including winter periods with tempera-
tures as low as -25° C (-13° F). The 26
ha (64 ac) overall facility included
dozens of smaller systems irrigating
various crops and woodlands.

System design discussed includes
various sprinkler patterns and spacings,
commercial and specially fabricated
sprinkler heads, and hydrologie effects
of operational procedures and spacings.
System design aspects presented repre-
sent a half-dozen formal theses, as well
as extensive informal observations.

Phase I of the expanded system to
handle 175 l/s (4 mgd) has been instal-
led. This phase includes a 1893 m 3 (0.5
mg) surge tank, two 0.26 MW (350 hp)
pumping plants, and a 4.8 km (3 mi) long
45 cm (18 in) diameter ductile iron main.
Design of Phase II, encompassing the
remainder of the project, is approxi-
mately 85 percent complete. This phase
involves all field irrigation system
aspects and monitoring. Design in this

phase includes modifications from the
original system stemming from past
research and experience.

RESEARCH SYSTEM - PAST

The pumping plant which supplied
secondary treated and chlorinated efflu-
ent to the irrigation sites was located
on the 60 cm gravity outfall line that
by~passed the Duck Pond (Figure 1). A
sump which functioned as a pump pit was
installed in the by-pass line and a pump
house was constructed over this 3 x 3 x
2.5 m sump. The pump house contained
two pumping plants which were alternated
manually, one serving as a standby.
Each pumping plant included a vertical
centrifugal pump, designed for an output
of 22 SL/s at 160 in total head, and a
44.5 kW, 3-phase electric motor. The
pump house also contained an in-line
meter, which measured the amount of
effluent pumped, and a pressure record-
ing instrument equipped with high- and
low-pressure automatic signaling devices
to indicate possible failures in the
distribution or irrigation systems.

A 15 cm buried main line conveyed
the effluent to the Astronomy and Game-
lands Sites. The main line was buried
at least 45 cm; however, since this
depth was not adequate to prevent freez-
ing, the wastewater had to be pumped
continuously during cold weather. Ap-
propriate vents and drains permitted air
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removal and effluent drainage from the
main line when required.

One main branch line terminated at
the Astronomy Site approximately 4 km
from and 53 m higher than the pumping
plant; the second branch line terminated
at the Gamelands Site approximately 6.4
km from and 85 m higher than the pumping
plant. The pump supplied approximately
22 Us at 482 kPa to the Astronomy Site
or about 19 l/s at 310 kPa to the high
point in the Gamelands Site. The rate
and pressure desired were regulated in
each area by branch line valves which
were manually operated.

All pipe beyond the buried distri-
bution system was above ground and com-
prised the irrigation application sys-
tems. These surface systems were
composed primarily of 10 and 12.5 cm
aluminum main lines and 5 and 7.5 cm
aluminum lateral lines, which distri-
buted the effluent to regularly spaced
sprinklers on 2.5 cm diameter risers.
Various small experimental areas uti-
lized galvanized steel and plastic pipe
for comparative purposes.

By appropriate use of specific spri-
nklers, spacing of the sprinklers along
the laterals, spacing of the laterals,
and adjustment of pressure at each lat-
eral, application rates of 0.42 or 0.63
cm per hour were provided at individual
locations. For an application depth of
5 cm per week only 1.2 ha need to be
irrigated each 8-hour period or 1.8 ha
each 12-hour period to use 22 %/s con-
tinuously. Each arrangement irrigated
3.6 ha each day and thus, the system
covers 26 ha in a week. Most of the
areas received 5 cm of effluent per week;
however, various small experimental
areas received 2.5, 10, or 15 cm per
week.

A solid-set irrigation system was
used in all areas. That is, main and
lateral lines were not moved from posi-
tion to position, as is frequently done
in agricultural crop irrigation. This
permanent arrangement was preferred
since it was difficult to move pipe
among the trees; it was nearly impos-
sible to move pipe when it was covered
with ice; and the laterals used during
winter needed to be on a continuous
grade to provide rapid draining during
freezing weather.

Sprinkler heads in the agronomic
crop areas were staggered, with a dis-
tance of 24 m between sprinklers along
the laterals and 24 m between laterals.
Each sprinkler emitted 1 £/s for an
application rate of 0.63 cm per hour. A

portion of the reed canarygrass area had
sprinklers placed on 24 x 30 m spacings
and applied the effluent at 0.42 cm per
hour. For open areas the wider spacing
is preferred since it permits lower
original system costs and more conven-
ient farming operations.

Spacings of the sprinkler heads in
wooded areas varied from 24 x 12 m to
24 x 24 m. The variations were due to
physical area restraints, research needs,
or merely to provide flexibility in the
total system. The most desirable spac-
ing for wooded areas seems to be 18 x 24
m, which gives a good compromise between
uniformity of distribution and cost of
original equipment.

SYSTEM DESIGN RESEARCH

The sprinkler development and
hydrologie research summarized in this
section is from six Department of Agri-
cultural Engineering theses and is dis-
cussed more fully in Reference 1.

Successful operation of sprinkler
irrigation systems at below freezing
temperatures where the distributed
material is high in pollution potential
requires equipment that provides uniform
application across the area and reliable
performance to prevent freeze-ups.
Parmele's efforts were directed at dis-
tribution techniques involving no me-
chanical action except for tests con-
ducted with commercial sprinklers. The
perforated pipe, trickle from the open
end of vertical pipes, and surface
infiltration trench systems were deemed
unacceptable due to poor distribution.
Ice buildup on the turning mechanisms
of the two-nozzle commercial sprinklers
tested made their operation unsatis-
factory at below freezing temperatures.

Givens developed an inverted cone
stationary-deflectcfr sprinkler which was
nearly 100 percent reliable in opera-
tion. However, poor distribution made
it unacceptable since most of the dis-
charge landed in a narrow width circle
concentric with the sprinkler location.
Tests with modified and standard commer-
cially available sprinklers produced
results similar to those of Parmele.

Brown modified the stationary-
deflector sprinkler developed by Givens
by adding curved grooves to induce spin-
ning of the inverted cone. Frequent
failure of the cones to spin plus non-
uniform distribution led to their aban-
donment .

Bodman's approach was directed at
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achieving uniform distribution over a
series of several successive operation
cycles. Sprinklers with indexed-posi-
tioning mechanisms were developed in an
effort to improve upon: reliability»
penetration of a frozen surface (Figure
2), and distribution as compared to pre-
viously tested equipment. Throughout
the development process, emphasis was
placed on achieving the desired perfor-
mance while minimizing damage to trees
associated with ice buildup. While
each of the sprinklers tested satisfied
one or more of the operation parameters,
none of them satisfied all of the re-
quirements simultaneously (Reference 3).

All units tested were checked for
uniformity of distribution by operating
them in a prepared test site equipped
with a grid of collection containers.
Data collected were subjected to analy-
sis by computer to yield a Christian-
sen Uniformity Coefficient (CUC) and a
Coefficient of Variation (CV). Of the
five sprinkler designs tested, four pro-
vided CUC and CV values of 85.5 or
higher. A value of 75 was considered
acceptable for both indices.

Ice buildup on trees was estimated
for each type sprinkler following each
run. Maximum and average heights of ice
were estimated with values ranging up to
5 and 4 m, respectively. These observa-
tions led to the conclusion that within
wooded areas, sprinklers with low tra-
jectory angles are preferred due to less
ice buildup in the trees.

Research to date indicates that
equipment is not available to provide
reliable operation for averting freeze-
ups, to give uniform distribution which
helps reduce the potential buildup of
nutrients to toxic levels and enhances
renovation, and to provide good pene-
tration which helps minimize runoff. A
compromise among the three factors is
necessary when selecting from presently
available equipment. Research, however,
does indicate that single nozzle sprin-
klers are preferred over multi-nozzle
units since less ice buildup occurs on
the sprinklers in winter and fewer plug-
ging problems are encountered throughout
the year because of the larger single
orifice.

Two hydrologie investigations were
conducted—one by Rebuck on a Morrison
sandy loam soil at the Gamelands Site
and the other by Jarrett on a Hublers-
burg clay loam area at the Astronomy
Site. The Gamelands Site study evalu-
ated hydrologie aspects under a sequence
of irrigation loading depths during

spring, summer, and fall climatic con-
ditions. This study verified that under
Pennsylvania's stratified soils a large
portion of runoff induced by irrigation
could more properly be termed interflow.
This is advantageous in wastewater irri-
gation since phosphorus concentrations
in interflow are substantially lower
than in direct surface runoff.

The study at the Astronomy Site was
conducted to determine the difference
between the watershed's responses with
respect to runoff peak rates, total run-
off volumes, and chemical quality of the
runoff under two irrigation procedures.
The one procedure applied effluent to
the entire watershed simultaneously to
maximize its hydrologie response, while
the second procedure applied effluent
during a sequence of times to minimize
its hydrologie responses. Results indi-
cated that during periods when infiltra-
tion and percolation rates were not
decreased by soil frost, sequencing the
application of irrigation was advantage-
ous. During periods when soil frost
essentially prevented infiltration and
the surface was coated with ice, how-
ever, sequencing had no beneficial
effect on total runoff but did result in
a generally lower content of phosphorus
and nitrogen in the runoff.

EXPANDED SYSTEM - FUTURE

Penn State's proposed wastewater
renovation facility is being designed to
handle 175 k/s. Phase I of this project
has already been installed and includes
a 1893 m^ surge tank, two 0.26 MW pump-
ing plants, and a 4.8 km long 45 cm dia-
meter ductile iron main. The pumping
plants are housed in a new structure
located adjacent to the present research
pumphouse and the 45 cm main, running
only to the edge of the Gamelands Site,
parallels the 15 cm research main,
Figure 1.

The design of wastewater irrigation
systems is still somewhat of an art
rather than an exact science. One can
begin with a 600-page book and by an
inductive process develop a system, or
he can start with a six-page leaflet and
deductively design a system from five
major variables which are adjusted by
experience. Penn State's expanded
wastewater system (Figures 3 & 4) is
being developed from these variables
with adjustments based on experience
gained in the design of over two dozen
wastewater systems in a half-dozen
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a. Little Penetration (Note smooth ice layer)

'; : • '

b. Moderate Penetration (Note honeycombed effect)

c. Severe Penetration (Note complete melt-through)

Figure 2. Surface Appearance with Relative Degrees of
Penetration
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states (References 2 and 4). Daily flow
from the treatment plant in conjunction
with the weekly loading depth determines
the amount of irrigation area required.
The application rate in conjunction with
the loading depth per week establishes
the number of separate fields that can
be irrigated each week. Sprinkler spac-
ing in conjunction with the rate of
application establishes the required
discharge rate of each sprinkler,
whereas the sprinkler spacing and the
area per field establishes the number of
sprinklers which should operate at any
one time. The fifth variable is the
operating pressure at the sprinkler noz-
zle. This pressure in conjunction with
the required discharge rate of the
sprinkler determines the diameter of
nozzle hole that is required.

Effluent flow rate from the Univer-
sity's wastewater treatment plant varies
from approximately 39 i/s to 175 i/s but
flows are mostly in the 86 to 163 H/s
range; thus, 175 i/s is being used as
the basis for design. With a 5 cm week-
ly loading depth, 208 ha of land are re-
quired. A 5 cm per week loading depth
is compatible with the renovation and
hydrologie capabilities of the site
relative to soil type and depth, depth
to the groundwater table, and desire for
recharge.

Two different fields per day or 14
fields per week can be irrigated when
using an application rate of 0.42 cm/hr
and a 5 cm loading depth per week. Thus
15 ha need to be under irrigation at all
times to handle 175 £/s. This 15 ha re-
quirement is being divided into 1.2 ha
plots to obtain hydraulic and hydrologie
balance, to permit use of smaller pipe,
and to provide a system with nearly uni-
form pressure requirements among the 14
time periods per week.

Typical layout of the 1.2 ha plots
involves 18 sprinklers spaced 26 x 26 m
in wooded areas and 22 x 31 m in open
areas. The wider spacing in the open
area provides lower original costs and
easier farming conditions, while the
arrangement in the woods provides maxi-
mum spacing for which adequate distri-
bution is still attainable. A sprinkler
discharge of 0.82 l/s gives an applica-
tion rate of 0.42 cm/hr on each area,
since the areas are equal in size.
Also, each area receives its 5 cm of
wastewater in 12 hours, permitting a
uniform time procedure each week for
changing valves manually.

Average operating pressures are to
be 275, 482, and 689 kPa at high, medium,

and low elevations, respectively. To
emit 0.82 if s from each sprinkler the
nozzle diameters are reduced for in-
creasing pressures to 0.68, 0.60, and
0.52 cm, respectively. Using this range
of pressure minimizes the need for re-
ducing valves and also reduces the ener-
gy requirement of the pumps by one stage
or 37 kW. At the cost of 1.5 cents/kWh,
this represents an energy savings of
approximately $5,000 per year of use for
each pump.

Additional design factors relate to
winter irrigation, monitoring, and spe-
cial system arrangements for ease of
year-round operation and management.
Special deflectors and shields will be
used to prevent icing of valves and lat-
eral drains. All-terrain vehicles will
be needed in winter to move easily and
safely over ice covered areas, to reduce
walking distances and time required for
lateral draining and maintenance, and to
provide ready access to any part of the
system without excessive road mainten-
ance or snow removal. A network of
wells, some of which are shown on Fig-
ures 3 and 4, will be used to monitor
subsurface water movement and quality in
each dominent direction of water egress.
Dedicated management, however, will
still be required to operate effectively
a system of this magnitude on a year-
round basis.
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WETLANDS WASTEWATER TREATMENT SYSTEMS

Maxwell M. Small
Brookhaven National Laboratory

Upton, New York

ABSTRACT

On the basis of contaminant attenua-
tions in artificial wetlands when used in
reclaiming water from various types of
sewage, It is desirable to examine these
systems in engineering terms and to con-
sider their use in the reclamation of
wastewaters in general.

Judging from the demonstrated per-
formance of two wetlands semi-works at
Brookhaven National Laboratory, it
appears that these systems are techni-
cally superior to conventional secondary
treatment plants and can be the equiva-
lent of AWT plants. It is estimated
that both construction and operating
costs of artificial wetlands are less
than these costs for conventional treat-
ment plants in the 38 to 3800 m^/d flow
range. Energy consumed in artificial
wetlands construction is estimated to be
a small fraction of the total energy
required to build a modern conventional
plant.

Design constraints which are neces-
sary to gain the technical, dollar and
energy advantages of artificial wetlands
for sewage reclamation are presented.
Extensions of the prototype designs to
systems for the reclamation of other
point and non-point source wastewaters
are discussed.

DESCRIPTION

Two artificial wetlands sewage recla-
mation semi-works are in operation at
Brookhaven National Laboratory, Upton,
L.I., N.Y. (BNL). Their design and his-
tory have been described previously [1-3]
in detail but, in summary, they are as
follows. The Meadow/Marsh/Pond (M/M/P)

has two Reed Canary Grass meadows of
.08ha each, followed by a .08ha Typha
marsh followed by a .08ha pond about
1.5m deep. The Marsh/Pond (M/P) is simi-
lar but omits the meadows. Both are
underlain by a barrier membrane. Both
are fed screened, comminuted, aerated,
raw, unsedimented sewage. Both polish
their effluent by surface application to
a wooded, sandy-soil aquifer recharge
area. Schematics of both are shown in
Fig. 1.

These wetlands began operation in
Spring of 1973. Since Spring 1975,both
have been in continuous, on-line opera-
tion, reclaiming water from blends of
septage and sewage, septage or sewage
alone, sludge from septage lagoons and
from conventional primary plants and,
raw solids from the BNL sewage system
clarifier. The wetlands operate through-
out the year, without producing odor or
vermin, with no regular maintenance, at
various application rates between 420
and 835 nP/ha-d. Both ponds are stocked
with fish and freshwater clams. Wildlife
is attracted to and live in these natural
settings.

No permanent sediment build-up has
occurred over the full five year opera-
tion in either system despite the fact
that no sludge has been removed from the
sewage at any point. Hay is harvested
from the meadows at the rate of 18Mg/ha-y
dry weight. Duckweed is harvested from
the M/M/P ponds. Both crops are fed to
horses. The M/P Is not cropped. The
M/M/P requires twice the land needed for
the M/P and appears to do a slightly
better contaminant removal job. However,
the renovative capacity of the M/M/P is

lUl
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not enough better to justify its use
unless land is not dear and a crop is
desired. On an engineering basis, the
M/P is more efficient so that where pos-
sible it is recommended and has been the
model for the studies in this paper.

PERFORMANCE

Two Data Reports covering 13 months
operation of both wetlands have been pub-
lished [4-5]. Subsequent analyses con-
tinue to be made for future publication
but the data in Table 1 are taken from
reports which are now available. Table 1
shows that average effluent concentra-
tions from both ponds are high in Total
Suspended Solids and in Total Coliform
and, from the M/P, In Turbidity. These
contaminant levels are inevitable in

discharges from natural ponds and, judg-
ing by the low FC/FS ratios found, are
due to algae and detritus, not the carry-
over of sewage forms. Because of these
substances, however, the direct reuse of
pond effluent is not recommended before
they are filtered out. For groundwater
recharge at BNL it has been found [2],
as reported by others [6], that passage
of pond effluent through 2 to 3 m of
vegetation covered, sandy soil is suf-
ficient both to filter and to disinfect
the percolate to U.S.P.H.S drinking water
standards.

Both BNL pond effluents are high in
Iron and Manganese, This is due to the
content of these elements in the local
groundwater. It is common for producing
water wells in the BNL area regularly to
yield 3 to 4 mg/i of Iron and not uncom-
mon for well water to contain 16-2Omg/jl.



Table 1. Characteristics of Influent Sewage and Pond Effluents
for 13 Month Study Period 8/75 - 8/76
(in mg/1 except for pH and as noted)

Contaminant

Total Solids
Total Volatile Solids
Total Suspended Solids
Total Volatile Suspended Solids
Total Dissolved Solids
Biochemical Oxygen Demand (BOD)5
Chemical Oxygen Demand
Total Nitrogen (liquid + solid)
Kjeldahl Nitrogen (liquid + solid)
Ammonia Nitrogen (liquid)
(N02 + NO3)-N (liquid)
Total Phosphorous (liquid + solid)
Orthophosphate-P (liquid)
Total Coliform (#/100ml)*
Fecal Coliform (#/100ml)*
pH
Turbidity (J.U.)
Water Temperature (°C)
Specific Conduc. (y mhos)
MBAS (ABS)
C alcium
Chloride
Chromium
Copper
Fluoride
Iron
Magnesium
Manganese
Potassium
Sodium
Zinc

*Multiply value by 103: Means

INFLUENTS

Mean

562
335
353
235
208
170
495
25
19.7
8.4
5.5
7.2
4.8

59.6
1.6
6.8
43
10
464

.3
20
35

.05

.7

.5
3.6
4.3
.14

5
26
1.3

Max.

5,300
3,640
4,300
3,050
1,000
2,700
7,900

91
88
18
17
27.7
22

20,000
1,000

8.9
400
22

6,600
3
72
110

.5
3.2
1
20
8.5
.75

11
52
4

are geometric.

M/P EFFLUENT

Mean

206
102
43
35
163
19
58
9.5
6.8
3.5
2.6
2.1
1.3
2
.05

7.4
8.5
11
262

.24
14
30
.01
.03
.4

1.2
3.6
.1
4
25
.2

Max.

300
142
100
76
242
46
120
18
14
11.5
6.7
4
3

234
10.6
9.1
74
24
340
1.4
26
46
.03
.14
.6

5.5
6.3
.3
9
52
.6

M/M/P
EFFLUENT

Mean

180
87
39
28
140
13
48
5.2
3.7
1.2
1.5
1.6
1.1
2.25
.03

6.9
4.8
10.6
224

.3
14
29
.02
.04
.3

1.5
3.3
.1

3.1
22.8
.2

Max.

365
241
104
70
308
62
120
15.6
12.6
6.8
3.2
5.3
4.6

127
4.5
9.2
71
24

315
2.9
47
85
.3
.2
.5

3.9
4.4
.5

11
30

.7

PLANT COMPARISONS

With the exceptions noted above,
both ponds produce an effluent which is
generally better than that to be expected
as a yearly average from conventional
secondary sewage plants [3,7]. With the
addition of polishing by vegetated soil
filtration a wetlands + recharge sequence
can be compared favorably with AWT plant
performance. In summary, the recharge
quality of BNL wetlands recharge, at the
water table, is expected to equal that
reported for other land use systems,
namely, in mg/lt BOD5 - 1-2, TSS - 1-2,
NH3-N - .5-1, total N = 2-4 and total P
= .1-.5 [8].

A comparison of IN removed by an
artificial M/P followed by slow rate
infiltration [8], with EN removal by a
contemporary AWT test plant is shown in

Fig. 2. The reported [9] performance of
the Blue Plains 380 m3/d, three-stage,
suspended growth pilot plant is plotted
against EN removals measured in BNL mod-
els and, against calculated removals to
be expected by a 950 m3/d on-line M/P
recharge design commissioned by the Town
of Brookhaven [10]. The plots indicate
that about 9% of influent EN will remain
in the AWT effluent after conventional
sand filtration and predict 12% in the
wetlands effluent after forest filtration.
At the given influent EN strength of 25
mg/Z this means that the AWT process will
reduce effluent discharge concentration
to 2.25 mg/Jt and the projected wetlands
will reduce it to 3.0 mg/Z.



96

88

80

72

64

56

48

40

32

24

16

8

0
Blue

Plains

M/P
System

c

c

c
c

ce

3?

Plot of Blue Plains Test Averages
of 40 Determinations

Plot of BNL Marsh/Pond Test Averages
of 52 Determinations

Plot of BNL Marsh/Pond
Proposed Plant

A.W.T. Blue Plains Pilot Plant

BNL Marsh/Pond
Proposed Plant

BNL Marsh/Pond Model

Process Stages

Primary
High Rate

Organic
Synthesis

Nitrif. Denitrif.

Marsh/Pond With Recirculation

Sand
Filtration

Forest
Filtration

Fig, 2 Comparison of Total Nitrogen Removals

COSTS

Having found that the renovative
performance of artificial wetlands fol-
lowed by vegetated recharge is compara-
ble to that of conventional AWT plants,
it is desirable to examine their com-
petitive cost position. It was found
that denitrifying artificial wetlands
can be built at less cost over their
commercial range than so-called package
conventional plants providing nitrifica-
tion only. Fig. 3 shows the relation-
ships.

This plot is the result of a study
[11] of the construction cost of arti-
ficial wetlands as plants for small
communities, compared with these costs
for two types of package plant [12] and
other small community alternatives.

It is interesting to note that the M/P
[13] would be less costly than all
alternatives considered by one community
with an estimated 53 m^/d load except
for individual on-site disposal systems.
Where these are acceptable, a M/P cannot
compete with their low first cost below
130 m^/d. However, package extended
aeration plants cannot compete with them
below 400 nP/d and rotating biological
media plants below 2,000 nr>/d.

Operating and maintenance costs for
M/P plants will benefit from lower debt
service expense because of higher con-
ventional plant construction costs. The
cost for power is the principal opera-
ting expense and is estimated at 1 h.p.
per 40 m3 of throughput. Manpower need
not average over 1 M.Y. per 4ha of com-
bined M/P which is the size required for
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sludge dewatering [7]. Both designs are
assumed to accept the same influent
sewage strength and produce the same
effluent concentrations. The character-
istics and energy requirements estimated
[14] for the two designs are shown in
Tables 2 and 3. It is startling to note
from these Tables that to manufacture
all hardware and to construct the M/P,
even with a 100% contingency factor, Is
estimated to require about 16% of the
energy expenditure necessary to manufac-
ture and build the conventional activated
sludge plant.

Table 2.

Land Required ha
// Operators M.Y.

Retention Time d
Annual Chemicals t
Annual Sludge _t
Recharge

M/P AWT
System Characteristics

m3/d

5.57 2
1 4
12-25 <1

222
250

1235 1900

63

2 3 4
4 /m3/day

Fig. 3 Plant Construction
Cost Comparison

a design throughput of 1900 m /d.

ENERGY

In view of the growing need to con-
serve energy where possible, a study has
been made [14] of the total energy
required for a conventional AWT plant
for use by small communities. An energy
comparison was made between a 1900 m^/d
M/P with vegetated soil filtration and
the same size conventional activated
sludge plant having nutrient removal and

Table 3. Energy Requirements

To Construct-KwhxlO"3 864 5310
To Operate-KwhxlO-3/y 788 2666

Operating energy for the M/P will
be one third of the energy that it takes
to run the activated sludge plant. The
M/P cost saving is due to its 50% lower
power load demand, no chemical use and
no sludge handling, drying or removal
effort.

DESIGN

To accomplish these technical,
economic and energy conservation advan-
tages over conventional sewage treatment
plants, specific design and operating
constraints are necessary for both types
of wetland. Among these are:

Incoming sewage must be aerated to
prevent odor if there is the possibility
that it will be septic;

Each marsh, meadow and pond must be
sized to prevent flood flows from devel-
oping a greater-than-settling velocity
and to allow design flows no less than
12-15 days retention in the system;

Artificial wetlands should be
stocked with plant and animal popula-
tions which are indigenous to the area
so that it is certain they do grow there
naturally and will not have to be cul-
tured in order to thrive;

1U5



The wetlands are marshes, meadows
and ponds in configurations and sequences
which are designed specifically for the
terrain, the climate and the wastewater
to be reclaimed;

Each component must be contained by
an impermeable barrier to prevent leak-
age before the influent has run the full
treatment course;

Each component must have freeboard
so that a flood will be contained or, so
ice can rise or snow accumulate above
the flow to let the processes continue
underneath;

A recharge area must be planned so
that natural, vegetated soil will do the
final polishing and disinfection without
ponding whether the reclaimed water is
to go to surface streams or lakes or, is
to percolate to groundwater;

Incoming sewage must be screened to
remove non-degradables and it must be
comminuted if raw fecal matter is to be
processed;

Influent sewage annual average con-
taminant strengths should not exceed
those shown in the first column of
Table 1 if the average effluent contam-
inant strengths shown are to be met by
either artificial wetlands system.

If these design constraints are met,
there appears to be no reason why BNL
model wetlands cannot be built elsewhere
to reclaim water from any form of sewage.

OTHER APPLICATIONS

In view of the cost and energy
effectiveness of artificial wetlands in
treating sewage, the BNL models have been
investigated as appropriate technology
for use in the reclamation of other waste-
waters. In addition to authorizing the
construction of a M/P to renovate the
effluent from their septage, sludge and
laundry waste lagoon, the Town of Brook-
haven is also considering a BNL proposed
[15] recirculation facility to pretreat
landfill leachate to a low enough strength
for renovation in a M/P wetlands.

In concert with the Town, BNL is
developing a wetlands configuration best
suited to the removal of contaminants
from highway and general runoff ahead of
its discharge into a recreational lake.
This application is endorsed by the
regional 208 study [16] of wastewater
management which recommends M/P construc-
tion and evaluation with particular
emphasis on heavy metal and organic
chemical removals. Such a use would be
of great value in protecting the Long

Island sole source aquifer. Because of
the reported [17] high level of both
toxic chemicals and heavy metals in area
runoff in general and highway runoff in
particular, direct use of a Brookhaven
model wetlands cannot yet be recommended.
Care in the design of the wetlands is
necessary to obviate plant and animal
toxicity and the initial installation
can be considered only experimental since
BNL has not worked with high levels of
these contaminants.

At the request of The Coordinating
Council on the Restoration of the
Kissimmee River Valley, BNL recently
evaluated the use of wetlands in the
control of Florida feed-lot and farm
runoff. It was concluded that by con-
verting existing pasture to function as
the meadow [18], by diversifying the
marshes [19], and by digging shallow ponds
M/M/Ps could effectively control surface
water contamination by farm runoff. It
was felt that pretreatment by regular
flushing would be necessary to assure
flow and that harvest of aquatic weeds,
such as Hyacinth, would be a necessary
post-treatment to gain the desired high
nutrient removal. A prototype wetland
of the Committee's design to control this
runoff is now under construction by that
group.

Proposals for use elsewhere of
engineered artificial wetlands are being
considered by several state and local
jurisdictions. Others are under dis-
cussion with the private sector where it
is anticipated these low cost, energy
conservative schemes will find acceptance
as appropriate technology in the control
and reclamation of many wastewaters.
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ABSTRACT

A 1-year study has been completed to
evaluate use of artificial marshes as a
treatment system for waste from confined
hog feeding operations. A 3 x 2 factor-
ial experimental design was employed to
evaluate the performance of marshes
planted with one of three emergent spe-
cies (Sparganium eurycarpum, Phragmites
australis, Typha glauca) and receiving
three different loadings of hog waste.
Each treatment was replicated twice.
For each marsh, a complete hydrological
and nutrient (N, P) budget was deter-
mined. Data on COD and solids were also
collected. The growth of the plants,
particularly rates of vegetative repro-
duction, were also monitored regularly
throughout the growing season to examine
the effect of sludge accumulation on
plant vigor. Because the odor associated
with present animal waste handling
systems has been a major problem, the
most important feature of artificial
marshes treating hog waste is that they
seem not to have developed any odors
during their first year of operation.
Emergent plants have a system of inter-
nal air spaces that allows oxygen from
the leaves to diffuse into the rhizomes
and roots. Enough oxygen seems to be
diffusing out of the roots and into the
accumulating sludge to prevent it from
becoming completely anaerobic.

During the summer of 1977, the
marshes produced a superior effluent to
that of an anaerobic lagoon. Up to 70%
of the TVS and 50% of the COD was re-
moved by the marshes, largely through

mechanical filtration. Approximately 17%
of the N and P was removed, mostly by
uptake into the plants.

Design criteria for these marshes
and suggested modifications are pre-
sented.

INTRODUCTION

A form of biological sewage treat-
ment has been developed in Europe
(Seidel, 1973; deJong et al, 1977) that
combines the action of microorganisms
and higher plants. A trench or series
of trenches is prepared and filled with
a coarse, porous medium, such as crushed
rock. These trenches are then planted
with selected species of emergent
aquatic plants to create an artificial
marsh and loaded with raw sewage.
According to Seidel (1973), the effluent
from such artificial marshes equals or
exceeds in quality the effluent from
conventional sewage-treatment plants.
The major interest in using artificial
marshes for treating human sewage has
arisen because the systems can be used
seasonally (e.g., for summer resorts)
and are cheaper and easier to manage than
conventional municipal systems.

As far as could be determined, art-
ificial marshes have not been used to
treat livestock manures. At present,
anaerobic lagoons are the most econom-
ical method for processing manure
flushed from confined-animal units
(Smith and Hazen, 1976). Although la-
goons liquefy manure very effectively,
they also produce a distinct and
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disagreeable odor. Therefore, we have
been examining alternative treatment
systems to replace anaerobic lagoons.
Marsh systems seem to be an attractive
alternative; the gravel matrix would
serve as an anaerobic zone, but the
plants should keep the upper surface
sufficiently aerobic to detoxify obnox-
ious anaerobic gases rising from the
lower levels. Such marsh systems should,
therefore, produce an inoffensive ef-
fluent suitable for recycle cleaning
of the confinement house.

The development of an artificial
marsh system that is an alternative to
the anaerobic lagoon requires that the
following criteria are satisfied:

(1) the vegetative reproduction of
plants should not be inhibited.

(2) the quality of the effluent
should equal or be superior to
that of the anaerobic lagoon;

and (3) no offensive odors should be
produced.

The objective of our study was to de-
termine if these criteria could be met
by artificial marshes.

MATERIALS AND METHODS

Three species of emergent aquatic
plants were chosen for the study:
Phragmites australis (common reed),
Typha x glauca (common cattail), and
Sparganlum eurycarpum (burr reed). All
three are native to Iowa and thrive in
submerged, highly organic environments.
Rhizomes of the plants, collected from
a natural marsh, were planted in early
June 1977, in 18 wooden boxes (1.2m x
2.4m) adjacent to a 700-head swine
finishing house near Ames, Iowa. Each
marsh box was lined with a 0.25mm poly-
ethylene membrane and filled with gravel
to a depth of 0.46m.

Three loading rates were used in a
factorial design with two replicates.
The highest represented the amount of
manure produced by a 60kg pig (the aver-
age weight in a finishing house) spread
over 8.1m2 and would be intermediate in
area between an anaerobic and aerobic
lagoon. Manure was taken from the
swine house effluent sewer line and
allowed to settle into solid and liquid
fractions; the high treatment consisted
of 2L of each. The two lower rates
were 2L and 0.2L of liquid alone, con-
taining both urine and the flushing med-
ium of recycled lagoon water. The
marshes were loaded with a manure treat-
ment daily except Saturday and Sunday.

Each marsh box was fitted with an
adjustable overflow pipe; the effluents
from each pipe drained into a concrete-
lined pit (Figure 1). This pit was
initially filled with water from the
adjacent anaerobic lagoon presently
used to treat the manure from the
finishing house. No further additions
of water were made to the system except
from manure loadings or from precip-
itation.

Controlled recirculation of the
pit contents was achieved by means of
orifices on pump-fed manifolds. The
flow rate at each orifice was 2.1 L/min.
and the recirculation pump operated
four times daily for 30 minutes each
time. By noting the time between pump
start up and the first signs of over-
flow, the amount of evapotranspiration
could be estimated. This estimate was
made for the daylight hours and could
not account for nighttime losses or
gains. This method was not regarded as
very accurate so a linear regression of
our measurements vs_. pan-evaporation was
calculated. All water-loss data used in
developing mass balances were calcu-
lated from the regression equation by
using pan-evaporation and rainfall data
gathered at a University farm 8km to
the West.

The plants were examined weekly and
new shoots were counted. Shoot heights
were recorded at 3-week intervals.
Biomass was calculated from a linear
regression model, using shoot height,
leaf width, and number of leaves, orig-
inally formulated from plants collected
in a natural marsh. Weekly measurements
of the concentrations of total volatile
solids (TVS), chemical oxygen demand
(COD), Kjedahl nitrogen (total-N),
ammonia nitrogen, total phosphate
(total-P), ortho phosphate were made of
the marsh effluents, the solid and
liquid portions of the manure, and the
recirculation water.

The system went into operation the
week beginning 1 August 1977. Results
were collected until 7 November 1977,
by which time the aerial portions of
the plants had been killed by frost.
The boxes were then drained. Because
of the small scale of the artificial
marshes, no attempt was made to operate
during the winter.
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Table 1. Total loading of TVS, COD, total-N, and total-P (kg/ha) over the
14 weeks of the study in the three treatments.

Component High

TVS 122100.

COD 76900.

total-N 5770.

total-P 2920.

TREATMENT

Medium

40367.

34967.

4546.

2227.

Low

37900

29467

4260

2107

Table 2. Above and below ground biomass (kg/ha) of emergent plants in the
artificial marshes.

Species Treatment

Typha High

Medium

Low

Sparganlum High

Medium

Low

Phragmites High

Medium

Low

Note: AN0VA F-test indicated no difference between treatments within species
in above- and below-ground biomass at the 0.05 level of significance.

*Measured at peak standing crop; 10 September 1977.

**Seasonal accumulation measured 4 April 1978.

Above-ground*
Biomass

15545.

16100.

15930.

14810.

13410.

14295.

6162.

7789.

7319.

Below-ground**
Biomass

11885.

12840.

18101.

7460.

7330.

5580.

6310.

4945.

5530.
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RESULTS

Table 1 presents the characteris-
tics of the three loading rates used.
We found that the loadings actually
applied were higher than those intended.
The recirculating pit contents (initial-
ly charged with lagoon liquid) accounted
for more than 70% of the total loading
for all parameters in both medium and
low treatments. As a result, differ-
ences between them were obscured.
Despite the heavy nutrient loads, the
plants grew vigorously and showed no
symptoms of stress. Although solids
accumulated around the bases of the
plants, they did not seem to hinder
vegetative reproduction. Biomass
(Table 2) indicated no statistical dif-
ference between treatments within
species (ANOVA, F2 3 » 0.83; F2 3 at
0.05% = 9.6). The'obvious differences
in biomass between species were the
result of differences in the morphology
of each. In part the low above-ground
biomass of Phragmites resulted from the
plant initially putting most of its
production into below-ground rhizomes.
This was supported by the relatively
large below-ground accumulation in com-
parison to the above-ground peak
biomass values (Table 2).

Survival of all species was gen-
erally high, but some injury to young
Sparganium shoots was evident at the
highest loading rate. Mechanical injury
(crushing) occurred during daily appli-
cation of the solid manure. Yet since no
statistical difference between biomass
in the high and low treatments was dem-
onstrated, such injury seems minor.
Underground parts of all species sur-
vived the winter and were in good
condition in late April.

The greatest removal percentages
are found in the highest treatments
where up to 70% of the TVS and 50% of
the COD was removed (Table 3). The sig-
nificant removal of TVS and COD may be
due to both filtration and biological
activity. It seems likely that the
porous support (gravel) was behaving as
an anaerobic filter (see Young and
McCarty, 1969) and mechanical filtration
is primarily responsible for the reduc-
tions of TVS and COD. This is
especially true for the highest loading
since most of the TVS and COD was in the
solid fraction that only the highest
treatment received (Table 1). There
was some biological activity, however,
as evidenced by the removal percentages
found In the low loadings of essentially

liquid organics.
Removal of nitrogen by the marshes

never exceeded 15% (Table 3) and most of
this nitrogen was taken up by the plants.
For example, 177 grams of nitrogen (12%
of the total) was removed by the Typha
medium treatment marsh, of which 150
grams can be accounted for in the leaf
material alone. The leaf nitrogen con-
centration of each species was similar
in all three treatments, and because
the biomass was also similar for a given
species (Table 2), the plants should re-
move a comparable amount of nitrogen
from each treatment. Any additional
removal such as that found in the high-
est treatments was the result primarily
of mechanical filtration. Negative
nitrogen budget values in Table 3 may be
the result of errors in estimates used
in our mass-balance calculations. They
are, however, more likely to be the
result of nitrogen fixation since errors
in the hydrological budget should also
have produced negative phosphorous
budgets in the medium and low treatments,
but did not (Table 3).

Phosphorous removal was in part
through uptake Into the plants, but
filtration and sedimentation probably
contributed significantly to total re-
moval. In the Typha medium treatment,
of the 93 grams removed (13% of the
total), only approximately 15 grams of
phosphorous were accounted for in leaf
material.

Because the marsh system was being
tested as an alternative to the anaero-
bic lagoon, a comparison of the efflu-
ent quality of both systems was made
(Table 4). The existing anaerobic
lagoon already produces an effluent of
sufficient quality to recycle as a
manure transport medium; any effluent
produced by the marshes of equal or
higher quality would also meet the cri-
terion for recycling. The quality of
the marsh effluent continually improved
relative to the lagoon during the study.
Although there was some dilution water
present in the overflow holding pit be-
fore the start of recirculation in July,
the trend of improvement cannot be ex-
plained by dilution alone. There is no
doubt that during warm weather the marsh
system produced a superior effluent to
that produced by the anaerobic lagoon.
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Table 3. Percentage reduction of TVS, COD, total-N, and total-P by artificial
marshes during the study period.*

Species

Typha

Sparganium

Phragmites

Treatment

High

Medium

Low

High

Medium

Low

High

Medium

Low

TVS

69.1

24.3

21.7

70.5

25.1

22.9

69.0

14.9

9.9

COD

48.4

30.1

16.9

53.4

28.7

19.6

48.4

28.1

14.0

total-N

14.8

12.0

6.2

11.1

-9.7

-12.3

14.9

4.0

-0.9

total-P

19.9

13.4

8.5

16.0

5.0

5.7

18.5

8.1

7.2

*Average of 2 replicates.

Table 4. C0D(mg/L) in an anaerobic lagoon and marsh-treated recirculation
water,*

Week Anaerobic Lagoon Recirculation Water

09

11

13

15

17

19

21

1890.

2160.

2330.

2100.

2040.

2030.

471.

330.

241.

207.

159.

151.

159.

*Recirculation water taken initially from the lagoon in June.



DISCUSSION Seidel, K. 1973. System for purifica-
tion of polluted water. U.S.

During the summer, the artificial Patent 3,770,623.
marshes did not develop an offensive
odor. Comments by several visitors Smith, R. J., and T. E. Hazen. 1976.
tended to reinforce our opinion that Hydraulic swine manure handling at
even the most heavily loaded marshes Iowa State University: Review of 15
were without a pungent swine-manure years experience, p. CC 6.
odor. Although we found these results (Proceedings, 1976 Congress Inter-
encouraging, we should stress that the national Pig Veterinary Society),
results only cover warm-weather
operation. Young, J. C , and P. L. McCarty. 1969.

All three species tested thrived in The anaerobic filter for waste
all three treatments. Typha and treatment. Journal Water Pollu-
Phragmites seemed to be the best species tion Control Federation 41:R160-R173.
for artificial marshes since their young
shoots were not crushed by manure solids.
We believe that the marsh plants were
responsible for the removal of nitrogen
and some phosphorous. The removal of
COD and TVS, however, seemed to be the
result of mechanical filtration and
mlcrobial activity.

Aesthetically, we believe the marsh
system has many advantages over the an-
aerobic lagoon. The question remains,
does such a system have a chance of
working during the 3-months of very cold
weather expected from mid-November to
mid-February? We believe that if the
manure slurry is piped into the marshes
at a depth of lm and then brought to the
surface by riser pipes, the protection
afforded by the canopy of dead vegeta-
tion would allow flow during the winter.
While biological activity will be mini-
mal, the mechanical filtration that
would take place should provide an
effluent of no worse quality than from
an anaerobic lagoon during extreme
cold weather.
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ABSTRACT

This study reports on the growth
and nutrient removal of forage grasses
receiving three years of wastewater
applications. The forages received
wastewater at various application rates
and schedules and were grown in either a
Windsor sandy loam or a Charlton silt
loam soil. Plant and soil analyses were
performed on representative samples
during the study.

Wastewater application rates ranged
from 5 to 15 cm/wk which annually sup-
plied 257 to 1119 kg of nitrogen/ha. At
these rates the crop removed 21k to U72
kg of nitrogen/ha. As the application
rate increased, crop removal for nitro-
gen increased but at a decreasing rate.
The forages yielded from 8.2 to 13.7
t/ha of dry matter.

When 1+30 kg of nitrogen/ha was
applied, the crop removed 329 kg/ha or
77% of the applied nitrogen. At this
application rate, 110 kg of phosphorus/
ha was applied and crop removal account-
ed for 32 kg/ha or 29$. Differences in
crop uptake were not observed in the
application schedules which applied 7»5
cm/wk of wastewater.

Plant and soil analyses indicated
that concentrations of potassium were
near deficient levels. Potassium defi-
ciencies were related to a greater plant
removal rate of this element than
applied.

INTRODUCTION

Nitrogen is one of the limiting
factors in the design of slow infiltra-
tion land treatment systems and in the
nitrate form is a highly mobile element
in soil solution. Removal of nitrogen
in a slow infiltration land treatment
system is primarily by plant uptake.
Since nitrogen uptake by the plant is
not a linear function of the rate at
which the element is applied, it is
important to obtain nitrogen uptake data
at various nitrogen application rates.

Proper agronomic management is also
required to obtain and maintain the
necessary removal of wastewater constit-
uents at land treatment sites. This
will include appropriate crop establish-
ment and soil and crop management tech-
niques. Improper management will result
in a reduced crop nutrient removal and
therefore a lower application rate and
a greater land requirement.

In order for a crop to provide for
high nitrogen removal, macro and micro
nutrients should be in adequate supply.
Also information as to changes in soil
pH, soil nutrient availability, and
interactions among soil nutrients should
be known for long term applications of
wastewater. Wastewater application
schedules should be reviewed to note
differences, if any, in crop removal and
to obtain better system management.
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OBJECTIVE

The objective of this research was
to determine the growth of forage grasses
and the removal of nutrients by them
during three years of wastewater applica-
tion. The wastewater was applied at
various rates and schedules during the
growing season.

MATERIALS AMD METHODS

The research was conducted at the
U.S. Army Cold Regions Research and
Engineering Laboratory (CRREL), Land
Treatment Research Facility, in Hanover,
New Hampshire, during 1971*, 1975 and
1976. One component of this facility is
a set of six outdoor land treatment test
cells, which have been described in
Iskandar et al. (1976). The test cells
measure 8.1+ m x 8.h m x 1.5 m and are
equipped with water sampling devices.

A Windsor sandy loam soil was used
in three of the cells and a Charlton
silt loam in the other three. A forage
mixture that included reed canarygrass
(Phalaris arundinacea L.), timothy
(Phleum pratense L. var. 'Climax') and
smooth bromegrass (Bromus inermis Leyss.
var. 'Lincoln') was seeded at the rate
of 12.1, 6.6, 5.5 kg/ha, respectively,
to all test cells on 21 May 1973.
Domestic wastewater collected from
Hanover, N.H. was either primarily or
secondarily treated and applied to the
test cells by spray irrigation. The
wastewater contained an average of 28.0
ppm nitrogen, 6.k ppm phosphorus, 11.0
ppm potassium, with a pH that was near
neutrality. The wastewater was disin-
fected with ozone prior to application.

The application rates and schedules
for each test cell during this study
are shown in Table 1. The primary and
secondary wastewaters were similar
in the concentration of constituents
which would directly affect plant growth
(Table 2).

In May 1976, cells 2, 3, h and 5
were reconditioned. The existing
vegetation was killed with the herbicide
glyphosate. Potassium chloride at the
rate of 300 kg of potassium/ha was
applied to the four cells. Dolomitic
limestone was applied at the rate of
7308 kg/ha to cells 2, k and 5 and 61+88
kg/ha to cell 3. The soil surface was
then tilled and seeded with orchardgrass
(Dactylis glomerata L. var. Pennlate)
and reed canarygrass.

The forage was cut three times per
year at a height of 7-5 cm. The harvest
dates were 3 June, 28 July and 17 Septem-
ber in 197^; 12 June, 23 July and 23
September in 1975; and, 8 June, h August
and 15 September in 1976. Each cutting
was collected and weighed to obtain the
total fresh weight per cell. Randomized
grab samples were dried at 70°C and dry
weights per plot were calculated. The
grab samples were analyzed for nitrogen,
phosphorus and potassium using standard
procedures (Black, 1965).

RESULTS AND DISCUSSION

Nitrogen

Crop uptake is the principle mech-
anism for removal of nitrogen and other
wastewater elements in the slow infil-
tration mode of land treatment. In this
study weekly wastewater applications
during the growing season (April thru
October) ranged from 5.0 to 15.O cm/wk
during 197^, 1975 and 1976. The nitro-
gen loading rate ranged from 257 to 1119
kg/ha (Table 3). Annual nitrogen re-
moval by the forage during this time
ranged from 21*1 to 1+72 kg/ha.

Forage yields, on a dry weight
basis, resulting from the various waste-
water application rates ranged from 8.2
to 13.7 t/ha during 197^ to 1976 (Table
3). Increases in nitrogen removal are
closely associated with increases in
crop yields. Crop yields of about 10.5
t/ha removed over 300 kg/ha of nitrogen
annually.

During 197*+ and 1975 when the nitro-
gen loading rate varied from 1+27 and 1+33
kg/ha on five of the test cells, the
crop removed from 308 to 3I+I kg/ha of
nitrogen (Table 3). At this application
rate the forages were removing an average
of 77$ of the nitrogen which was applied
during the growing season.

In 1975 on test cells 1 and 6 at
the 5.0 cm/wk application rate, the crop
removed more nitrogen than was applied.
This reflects the more efficient use of
nitrogen by the plant at lower applica-
tion rates and the availability of
residual nitrogen in the soil from
previous years applications. Similar
findings on crop removal of unaccounted
for nitrogen has also been reported for
corn and reed canarygrass treated with
wastewater by Sopper and Kardos (I97I+).
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Table 1, Test cell weekly application schedules.

Test cell no.
Application 1 2 3 ~ k

19lh

7.5
1*02

62.5

7.1

26.9

2U.2

2.1+

0 . 0

21.6

8.8

32.7

Secondary
1975

6.7
3U2

35.9
5.8

_

12.3

9 . 0

_

11.3

10.6

32.6

l?76

7.3

1*58

-

6 .1

27-5

23.2

1+.3

-

21 .1

13.0

37.7

Period Windsor soil Charlton soil

197U-1976 5.0-S* 15.0-S 7.5-P 7.5-P 7.5-P 5.0-S

(ld)t (3d) (3d) (3d) (2l+h)** (id)

* (5.0-S) 5.0 cm of secondary effluent/week (P - primary effluent),
t (d) is number of daily (8 hours) application periods per week.
**(2Uh) Application occurred over one 2l+-hour period.

Table 2. Mean annual water quality analyses of
primary and secondary effluent.

Primary
Parameter 197h 1975 1976

pH (pH units) 7.1+ 7.0 7.2

conductivity (ymhos/cm) 39U 357 1+57

total carbon (ppm) 81+. 1 68.6

total phosphorus (ppm) 7-0 6.1 6.I1

total nitrogen (ppm) 26.1+ - 31.3

Kjeldahl-N (ppm) 25.7 2U.1 31.2

Nitrate-N (ppm) 0.6 0.1+ 0.1

Nitrite-N (ppm) 0.0

Ammonium-N (ppm) 22.1 21.8 28.7

Potassium (ppm) 8.3 11.2 13-9

Chloride (ppm) 36.1 29.1 36.3

Table 3. Annual crop yields and nitrogen removal by established
forage grasses grown in the experimental test cells
during 19lh, 19T5 and 1976.

Application
rate

cm/wk

1971+

5.0
5.0
7.5
7.5
7.5
15.0

1975

5.0
5.0
7.5
7-5
7.5

15.0

1976

5.0
5.0
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Cell No.

6
1
1+
3
5
2

1
6
5
1+
3
2

1
6

Nitrogen
applied
kg/ha

1+27
1+33
523
612
685

1119

277
285
1+28
1+31
1+32
867

257
299

Nitrogen
in forage

kg/ha

331
308
361
3 6 l
378
1+50

306
299
339
3U1
326
1+72

211+
21+0

Yield
t/ha

10.5
9.6

11.6
10.5
12.6
13.0

11.3
9 . 2

12.1
10.8
10.8
13.7

8.2
1 1 . 1



Figure 1 shows the removal of
nitrogen "by crops at the various appli-
cation rates of nitrogen over the three
year period. Crop removal increased as
nitrogen application rate increased.
The slope of the curve generally obeys
the "law of diminishing returns."
Therefore as nitrogen application rates
increases, crop uptake also increases
but at a decreasing rate for each extra
unit of nitrogen applied.

500

450 •

200 400 600 SOO 1000
Nitrogen Applitd (kg/ho)

1200

Figure 1. Crop uptake of nitrogen at
various application rates
over a three year period
(19TU-1976)

This curvilinear relationship is
important when estimating nitrogen
"balance sheets at land treatment sites.
Any adjustments to the application rates
will directly influence crop removal.
For example, at the 197^ nitrogen appli-
cation rates of IJ-27, 612 and 1119 kg/ha,
the crop removed 331, 36l and 1+50 kg of
nitrogen/ha (Table 3). At these nitro-
gen application rates the crop removed
increasingly smaller percentages of the
nitrogen applied during the groving
season, i.e. 78, 59, and kO%. The
amount of nitrogen not taken up by the
crop is potentially available to leach
to the groundwater.

Two different application schedules
were employed, which supplied 7-5 cm/wk
of wastewater during 191^ and 1975 to
the Charlton soils. In one treatment

the wastewater was applied on .three con-
secutive days (2.5 cm/day) at eight hours
per day, with a 16 hour rest period be-
tween applications. In the other treat-
ment, wastewater was applied during a
single 2U-hour period. In both treat-
ments wastewater was applied at the
rate of 0.3 cm/hr. As noted in Table
h, when averaging two seasons of data,
crop uptake of nitrogen and percolate
quality was similar in both the appli-
cation schedules. These results indi-
cate that varying the application sched-
ule while applying 7.5 cm/wk of waste-
water in a slow infiltration system will
have little effect on crop uptake and
percolate water quality.

Phosphorus

Unlike nitrogen, phosphorus can be
retained in the soil and usually under
proper management is not a short term
problem in land treatment of wastewater.
Iskandar et al. (1976) noted that in the
CHREL test cells this element was effec-
tively removed by the soil with little
or no leaching to the groundwater. The
long-term effects of phosphorus are
usually associated with determining the
life expectancy of a land treatment site
through its soil buildup and eventual
leaching in soils after many years.
Phosphorus removal by plants ranged from
31 to i+5 kg/ha when 73 to 222 kg/ha was
applied in the CRREL test cells in 197*+
and 1975 (Table 5). Removal efficiency
was low when compared with nitrogen and
ranged from lU to \2% of the applied
element during the two growing seasons
(Palazzo, 1976).

In Minnesota (Larson et al,, 1975),
various forage grass species receiving
two rates of wastewater were harvested
three times during the year. Crop
removal of phosphorus ranged from 23 to
1*2 kg/ha and 37 to 51* kg/ha at each
successive application rate for waste-
water. In Pennsylvania, reed canary-
grass was irrigated with wastewater over
a six year period (1965-1970). Hook et
al. (197U) reported that a total of
925 lb/A (1017 kg/ha) of phosphorus was
applied and the forage removed 280 lb/A
(308 kg/ha) during the six-year period.
Therefore, average annual applications
and crop removal were 170 and 51 kg/ha,
respectively. The authors also noted
that, on a properly managed site, most
added phosphorus will remain in the soil
or be removed "by the crop. These data
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Table k. The effects of wastewater application
schedules on crop uptake of nitrogen
and percolate quality.

Years of
application

I97U-I975

one 2k hour application
Nitrogen Nitrogen NO3-N in
applied in plant percolate

three 8 hour applications
Nitrogen Nitrogen NO3-N in
applied in plant percolate

kg/ha

557

ppm

11.2*

kg/ha ppm

12.lt*

*No statistically significant differences at the 5% level.

Ta~ble 5. Amounts of phosphorus applied
to test cells and removed by
forage during 197*+ and 1975-

Application
rate Applied Removed

cm/wk

197k

5.0
7-5

15.0

1975

5-0
7.5

15.0

kg/ha

116

301

73
108
222

31
31
hk

indicate that when waste-water annually
supplies appoximately 100 kg/ha of
phosphorus to a site the forage grass
is able to remove about 30 kg/ha or 30%
of the applied.

Potassium

Potassium is one of the macro
elements, along with nitrogen and
phosphorus, required for plant growth.
Although contained in wastewater it is
not considered a pollutant and there-
fore receives little attention in land
treatment of wastewater. However,
potassium is important in maintaining
optimum plant growth and, in turn,
maximum nitrogen removal from waste-
water.

Typical plant contents of potassium
average about 90% of that for nitrogen
in forage grasses (National Research
Council, 1970; Potash Institute of
America, 1973). Therefore, if a forage
removes 330 kg/ha of nitrogen annually,
300 kg/ha of potassium should be avail-
able to the plant.

Although the characteristics of
wastewater will vary, it •will usually

contain 2 to 3 times more nitrogen than
potassium. In the design and operation
of land treatment systems it is usually
considered that the crop will remove
large quantities (about 70%) of the
applied nitrogen. If the plant removes
large quantities of nitrogen, it would
also remove greater amounts of potassium
than was applied.

In this study more potassium was
contained in the crop than was applied
in the wastewater (Table 6). The un-
accounted for potassium removed by the
crop during 19lk and 1975 ranged from 12
to 159 kg/ha at wastewater application
rates from 5 to 15 cm/wk. In another
wastewater irrigation study at Penn.
State greater or nearly equal amounts of
potassium were removed by corn silage
than what was supplied in the waste-
water (Sopper and Kardos, 19Jk).

The potassium concentrations in the
forages and soils taken from the test
cells from 1973 to 1976 are shown in
Table 7. Concentrations of this element
consistently declined in both the soils
and plants during this study. Both the
concentrations of potassium in the leaf
and the soil were low or marginally
deficient in terms of optimum growth of
forage grasses (Martin and Matocha,
1973; Doll and Lucas, 1973).

Since plant removal of potassium
is reported as being about 90% of that
for nitrogen, the following practical
equation was developed to avoid defic-
iencies of potassium at land treatment
sites:

fertilizer potassium
required (kg/ha)

estimated annual removal
of nitrogen by crop (kg/ha)

potassium supplied by
wastewater (kg/ha)

X 0.9



Table 6. Quantitative amounts of potassium applied
and removed by crop during 197** and 1975.

Cell No.

1
2
3
1*
5
6

1975:

1
2
3
1+

5
6

Application
rate

cm/wk

5.0
15-0

7.5
7-5
7.5
5-0

5.0
15-0

7-5
7-5
7-5
5.0

Applied

kg/ha

98
2C6
121
115
2l+l
101*

152
233
223
216
233
153

Removed

kg/ha

257
350
21*1*
291
302
2l*l

238
3l*0
2U6
269
21*5
208

Unaccounted for

kg/ha

159
61*
123
176
61
137

86
107
23
53
12
55

Table 7. The concentrations of potassium in plants
and soils receiving vastewater.

Cell
No.

1

2

3

1»

5

6

Application
rate

cm/wk

5.0

15-0

7-5

7.5

7.5

5.0

Sample

leaf
soil

leaf
soil

leaf
soil

leaf
soil

leaf
soil

leaf
soil

1973 1971* 1975 1976

2.65
0.12

3.00
0.12

2.75
0.12

2.70
0.09

3.05
0.09

2.1*0
0.09

2.67
O.ll*

2.72
0.16

2.37
O.ll*

2.51*
0.37

2.1*6
0.37

2.31
0.22

2.10
0.06

2.1*7
0.06

2.22
0.10

2.36
0.11

2.07
0.11

2.22
0.07

2.01*
0.07

0.08

0.05

—

—

1.83

* Leaf concentrations in %, soils sampled at the 0 - 15 cm depth and
analyses reported in meq/100g.

If the soils are initially low or
deficient in this element, then extra
potassium fertilizer will "be required,
depending on soil test results. The
reactions of potassium in soils are
relatively complex and largely dependent
on soil type. Therefore, soils and
plants should "be checked annually for
potassium to avoid excess or deficiency
problems. One problem which might
develop with excessive applications of
potassium is magnesium deficiency. Mag-
nesium is important to "both crop growth
and animal nutrition. Therefore, a
thorough analysis of soils is needed to
avoid imbalances of exchangeable cations
and other elements in soils.

SUMMARY

The growth and nutrient removal of
forage grasses receiving various waste-
water application rates and schedules
was studied over a three year period
from 19lh to 1916. Nitrogen applica-
tions, resulting from the wastewater
irrigation, ranged from 257 to 1119
kg/ha. As the application rate in-
creased, crop removal increased but at a
decreasing rate.

The results of this study show that
when ^30 kg of nitrogen/ha was applied
in the wastewater, the forage removed an
average of 329 kg of nitrogen/ha or 11%
of the applied. Forage yields ranged
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from 8.2 to 13-7 t/ha and vere noted as
being related to the removal of nitro-
gen. The wastewater applied also con-
tained about 110 kg of phosphorus/ha and
the crop removed 32 kg/ha.

Differences in crop uptake of
nitrogen, phosphorus and potassium were
not dependent on the schedule at which
the wastewater was applied. Therefore,
there was no advantage in spraying the
wastewater at a rate of 0.3 cm/hr in one
continuous 2k hour period or for 8 hours
a day over a three day period.

Reductions in the plant and soil
concentrations of potassium were related
to the N/K ratio contained in the plant
as compared to that supplied "by the
wastewater. The removal rates of po-
tassium by plants, with optimum removal
of nitrogen, exceeded the potassium
supplied by the wastewater. An equation
is presented to assist in avoiding
deficiency problems with this element at
slow infiltration land treatment sites.

From the study it appears that long
term, use of typical municipal wastewaters
may cause imbalances in soil and plant
nutrition. These imbalances could
affect plant growth and nutrient removal,
and could create dietary problems for
animals consuming this forage. There-
fore, plant and soil analyses should be
continuously performed and local agri-
cultural persons consulted on the re-
sults to avoid potential problems.
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ABSTRACT

The use of wastewater for turf
irrigation was investigated at the USAF
Academy. From the time of its construc-
tion in 1960, the Eisenhower Golf Course
has been irrigated with secondary waste-
water. Soil sampling began in 1964.
Elevated levels of potassium, copper,
iron and zinc occurred in soils from
the irrigated portions of the golf
course. Analysis of soil cores from
sites sampled in 7.62 cm (3 inch)
increments to a depth of 45.72 cm (18
inches) indicates a buildup in metal
concentration which is inversely pro-
portional to depth. A change in the
species composition of the turf has
occurred; the perennial grasses ori-
ginally established on the greens and
tees (seaside bentgrass, Agrostis
palustris) and on the fairways (common
bluegrass, Poa pratensis; redtop,
agrostis alba; and colonial bentgrass,
agrostis tenuis) have been replaced by
shallow rooted annuals, primarily
annual bluegrass (Poa annua). Some
adverse effects (e.g., yellowing and
premature needle drop) have also been
observed in Ponderosa Pine (Pinus
ponderosa) on and adjacent to irrigated
areas. This report presents a portion
of the data collected over 12 years of
soil sampling.

INTRODUCTION

Land application as a method for
recycling liquid effluent from munici-
pal and industrial sewage treatment

plants is of current interest. This
method has been proposed as the final
step in wastewater treatment because it
is a very effective way to renovate
wastewater which can then recharge the
ground water aquifer. In addition where
irrigation is necessary or desirable
sewage effluent can be used as irriga-
tion water thereby reducing the demand
on potable water supplies and water
treatment facilities. Land application
also has potential for reducing commer-
cial fertilizer costs by taking advan-
tage of the nutrients in sewage effluent.

The principal use of municipal
sewage effluent irrigation has been in
turf grass areas, such as municipal
parks, golf courses, cemeteries, and
highway medians. Many U.S. municipali-
ties and several Air Force bases use
sewage effluent irrigation (18). How-
ever in recent years projects have been
initiated to use sewage effluent in
agricultural and forest irrigation (9,
12, 15). Other studies have been con-
ducted using sewage effluent for
reclamation of disturbed land areas such
as strip mines and mine spoils. Some
of these studies have been designed to
determine the effects of overland flow
treatment of wastewater (3, 10).

Numerous examples have been reported
where wastewater irrigation caused
changes in soil composition and in soil
build up of the chemical constituents
contained in the wastewater (8, 13).
Some of these soil changes are accepta-
ble or even desirable; however, in some
cases, the build up has resulted in the
formation of nonproductive soils (4).
In most instances, however, under proper
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management procedures, land treatment
systems can renovate wastewater to
drinking water quality in the percolate
water and not impare plant growth or
physical soil stability (11).

In semiarid or arid environments,
even when well or river water has been
used for agricultural irrigation, soil
build up of various chemicals found in
the water can be a problem. In arid
agricultural regions high evaporation
rates may accelerate surface accumula-
tion of salts, thus requiring soil
flushing procedures. However waste-
water irrigation practices for municipal
turf grass management do not presently
include a freshwater flushing procedure.
Sewage effluents generally contain a
diversity of chemicals at concentrations
not found in irrigation water. Some
of these chemicals have been demon-
strated to be biologically concentrated
in plant tissue (17).

The present study was initiated to
determine the extent of salt and mineral
accumulation in soils and to evaluate
the effects that have occurred during
16 years of sewage effluent irrigation
on turf grass at the U.S. Air Force
Academy. A complete description of all
soil data is presented elsewhere (5).

SITE DESCRIPTION

Location and Climate

The Air Force Academy is located
27.3 km (11 miles) north of Colorado
Springs in El Paso County, Colorado.
It.includes 7244.1 ha (17,900 acres) of
foothills and plains at an altitude
ranging from 1932.5 to 2438.5 m (6,340
to 8,000 feet) on the eastern slope of
the Rocky Mountains.

The high mountains to the west of
the Academy block atmospheric moisture
originating from the Pacific Ocean so
that the primary source of moisture is
the Gulf of Mexico. The transport of
atmospheric water from the Gulf into
central Colorado is inconsistent. Con-
sequently, most of the area has relative
low humidity and the average annual
precipitation is 44.5 cm (17.5 inches)
which is slightly more than a semiarid
climate. A large portion of the pre-
cipitation occurs in short, often
destructive, cloud bursts which are
generally localized. This rainfall is
so rapid that most of the moisture is
lost to runoff.

Mean wind speed at the Academy is
9 knots, however, wind speeds and direc-
tion can be highly variable.

Geology and Soils

Precambrian Pikes Peak Granite forms
the mountains of the Rampart Range at
the west edge of the Academy area. The
predominant bedrock within the Academy
area is Dawson Arkose of Cretaceous and
Pal eocene age. The Dawson Arkose con-
sists about equally of coarse arkosic
sandstone and of interbedded lenticular
siltstone and clay. The soil type
analyzed has been reported as sandy
loam.

A complete description of the
geology of the Air Force Academy site
has been reported by Varnes «rt a]_. (16).

Golf Course and Irrigation System

The Eisenhower Golf Course is
located in South Lehman Valley at the
Academy. The first course was opened
in 1960 with 18 holes and a driving
range. In construction of the course,
provision was made for sprinkler irriga-
tion with secondary wastewater. Modi-
fication in 1975 relocated sprinkler
heads in order to avoid irrigation of
trees in a number of areas and to more
efficiently distribute water in turf
areas. Irrigation with wastewater has
been continuous on this course since
the system was activated in 1960.

Irrigation Water Source

Irrigation Water for the golf
course originates from the Air Force
Academy Sewage Treatment Plant. The
plant includes both full primary and
secondary treatment (1). Sewage efflu-
ent is pumped sequentially through a
series of wastewater lagoons (non-potable
reservoirs) (Figure 1). These have been
identified as wastewater lagoons (non-
potable reservoirs) 1, 2, 3, and 4, as
defined by the pumping sequence.
Lagoons 1 and 2 are aerated. Water
from wastewater lagoon 2 is utilized for
irrigation of the golf course.

Plant Species on the Eisenhower Golf
Course

The dominant tree species on the
golf course is Ponderosa Pine (

)
g ( J J ^
ponderosa). Fairways have been seeded
with common bluegrass (Poa pratensis),
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Figure 1. Detailed Map of the U.S. Air Force Academy
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redtop (A&rostis alba) and colonial
be n tq ra s s '( Ag ro s t i s tenu is) . Greens
and tees have been seeded with seaside
bentgrass (Agrostis pa i us t r i s ) .

Repeated botanical observations
have been made by A i r Force Academy
personnel (unpublished data). These
observations have indicated a gradual
s h i f t of species density on greens,
tees, and fairways from the preferred
seeded perennial grasses to the less
desirable, shallow rooted annual blue-
grass ( e . g . , Poâ  a_nnua_). In f ac t , i t
is estimated that some areas are now
more than 90% annual bluegrass.

SAMPLING PROTOCOL AND ANALYTICAL RESULTS

Water Composition

In 1975 a water sampling program
was i n i t i a t e d for the Academy Golf
Course, and three samples were drawn
from the i r r i g a t i o n system during the
time period between May and August.
These samples are representative of
the secondary sewage e f f luent which is
used to i r r i g a t e the go l f course and
were analyzed by the USAF Occupational
and Environmental Health Laboratory,
Kelly AFB, Texas. The composite
resul ts are presented in Table 1 . For
comparison purposes, typical secondary
e f f luent values (14) are also given in
Table 1 .

Water Appl icat ion Rates

Although quant i ta t ive appl icat ion
rates for i r r i g a t i o n water are not
ava i lab le , the fo l lowing estimate has
been provided by the Golf Course
Superintendent:

a. Approximately 44.5 ha (110)
acres) of the gol f course
are i r r igated.

b. There are 753 sprinkler heads
used to i r r igate the golf
course.

c. Each sprinkler head output is
.10598 m3/min (28 gallons per
minute).

d. Each sprinkler head runs
approximately 15 minutes per
night for approximately 180
days per year.

e. The annual i r r igat ion rate
estimate is 4841.97 m3/ha/
year (1.58 acre feet per
year)J

Chemical Constituent Application Rate

The amount of each chemical in the
wastewater based on the estimated i r r i -
gation rate is given in Table I . 2 The
data are presented to give an "order
of magnitude" estimate for the annual
rate of application.

Soil Analysis

Soil analyses were performed by the
Cooperative Extension Service and Exper-
imental Station Soil Testing Laboratory,
Colorado State University, Fort Collins,
Colorado. In i t ia l samples were obtained
with a 2.54 cm (one inch) soil probe to
a depth of 7.62 cm (3 inches). Soil
samples from greens, tees, and fairways
in 1975 and 1976 were taken with a 7.62
cm (3-inch) diameter soil auger. Soil
samples were also taken from adjacent
forested areas with the soil auger.
Sites were selected from non-irrigated,
fresh water i r r igated, and wastewater
irrigated forested areas.

DISCUSSION

Potassium (KpO) has increased in
the soil surface layer between 1964
and 1972 (Figure 2). This trend seemed
to indicate that other chemical con-
stituents of the i r r igat ion water might
also be accumulating in the soil surface
layer.

Analysis of zinc data obtained from
soil core samples in 1975 and 1976 indi -
cated a two-fold effect. F i rs t , the
zinc concentration found in the irrigated
soil is elevated above the concentration
found in non-irrigated soil (26.7 ppm
irrigated vs. 0.6 ppm non-irrigated).
Secondly, there is a pronounced concen-
tration of zinc in the top 7.62 cm (3
inches) of the irrigated s o i l , but i t
decreases with depth (Figure 3). This
trend is repeated in a l l soil core
samples for i ron, copper, potassium and

The calculation for water applica-
tion rate is as follows: (753 heads)
(.10598 m3/min/head)(15 min/day)(180
days/yr) ^ (44.5 hectares) = 4841.97 m3/
ha/year.

2
The calculation for i r r igat ion

water chemical content is in grams per
hectare per year. Note that they are
based on only three water samples and
the estimated water application rate.
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Table 1. I r r igat ion water
rate.

Parameter

Ammonia Nitrogen

Cadmi urn

Chemical Oxygen Demand

Chlorides

Chromium (Hexavalent)

Chromium (Total)

Color

Copper

Cyanides

Dissolved Solids

Fluorides

Iron
Lead

Manganese

Mercury
Nitrates

N i t r i te Nitrogen

Oils and Greases

Phenols
Phosphates

Silver
Sulfates

Surfactants

Total Organic Carbon

Turbidity
Zinc

comfjanson/analy

Typical
Secondary

Eff luent» (14)

Not

Not

Not

Not

Not

5,

Not

Not

Not

Not

Not

Not

9.8

0.1

70

100

Avai lable

0.2

Avai lable

0.1

Avai lable

Avai lable

Avai lable

0.1

0.1

0.2

.0 mg/ml

20

Available

Available

0.3

10.0

Available

125.0

Available

Avai lable

Available

0.2

sis and chemical cc

USAFA
Irrigation

Water Analysis8

12.2
<0.01

24

27

<0.01

<0.05

22 units

<0.02
<0.01

250

0.07
0.22

<0.05

0.1

<5.0 mg/ml

17

0.05
.53

0.08
20.2

<0.01
34

0.3

9

3 units

0.07

)nstituent application

Chemical Constituent
Application Rate0

gm/ha/year

59071.7

48.4

Not Applicable

130732.3

48.4

242.1

Not Applicable

96.8
48.4

1210485.0

3389.3

1065.2

242.1

484.2

24.2

82313.0

242.1
2566.2

382.5
97807.2

48.4

164626.0

1452.6

43577.5

Not Applicable

338.9

Al l results in mg/1 unless otherwise noted.

3To determine the amount of chemicals applied in gm/ha/year the water concentrations
obtained by analysis at the Environmental Health Laboratory at Kelly AFB are
treated as follows:

(mg of chemical/1)(.001 g/mg)(4841970 1/hectare/year) = gm of chemical/hectare/
year.
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several other minerals (5). Similar
distribution in the soil profile has
been reported for other areas where
sewage effluent irrigation has been
used (9).

At the present time it is not
known if the soil mineral buildup is
responsible for the observed grass
species shift and tree distress. The
Air Force Academy Cemetery which
receives the same water, but in a
different application regime, (i.e.
infrequent, long, deep penetrating
waterings), has over a period of
five years successfully transitioned
from a condition in which annual
bluegrass Poa annua predominated, to
the present condition where the more
desirable common bluegrass, Poa
pratensis is the dominant grass
species.

The literature (2) on Poa annua
indicated that this shallow rooted
species preferred high nutrients,
frequent watering and short mowing.
This would seem to indicate the species
shift to Poa annua observed on the golf
course is due to a combination of
required management practices (i.e.
short mowing coupled with frequent,
short, shallow waterings) which rein-
forced the effects of the wastewater
borne nutrients and chemicals.

Therefore the interaction between
the high nutrient content of the irri-
gation water and the management prac-
tices necessary to maintain an outstand-
ing golf course in a semiarid environ-
ment may have combined to cause the
observed spread of Poa_ annua.

While modification of management
practices may allow the reversal of
the grass species shift trend and
eliminate the tree stress in the
short term, the long term salt and
metal buildup in the soil may still be
a problem. Current work has indicated
that trace metals which build up in
the surface soil (a) will not migrate
through the soil column, and (b) are
not considered biologically available
once they are incorporated into the
soil structure (6, 7).

Much of the work on wastewater
irrigation has been done in areas of
moderate to high rainfall and low
evaporation. However, there is a
growing interest in the use of waste-
water in areas of low rainfall and
high evaporation. Although agricul-
ture has long practiced periodic soil
flushing with fresh water, there is
presently no similar practice in

municipal turf grass wastewater irriga-
tion, and indeed many of our wastewater
irrigation systems are dedicated to the
use of only wastewater.

At the present time more research
is needed to look at chemicals which
are deposited with the sewage irrigation
water and to determine whether these
chemicals remain biologically unavail-
able once they are incorporated in the
soil surface layer. The Air Force
Academy in conjunction with the Cold
Regions Research and Engineering
Laboratory is currently conducting a
joint study to determine the effects of
wastewater irrigation as it applied to
arid high altitude environments. This
study will also incorporate analysis
of lagoon treatment and further examine
the fate of and the soil/vegetation
interaction mechanisms of the chemical
constituents in wastewater.

CONCLUSION

This study on the Eisenhower Golf
Course was initiated because of the
observed replacement of the desired
perennial grasses with a less desired
species of annual bluegrass, Poa annua.
In addition, severe yellowing and
stress was observed in the native
Ponderosa Pine located in areas under
irrigation.

Analysis of soil data gathered
between 1964 and 1972, indicated a
build up of potassium in the soil
surface layer. In addition, soil core
samples from irrigated sites revealed
elevated levels of zinc, copper, iron,
and several other chemicals. These
chemicals were concentrated in the soil
surface layer, and their concentration
decreased with depth. It was not
determined however, whether the chemicals
observed in the soil surface layer were
biologically available and thus actually
responsible for the observed changes in
vegetative growth and development.

Comparison of an area which
receives frequent shallow irrigation to
an area which receives infrequent deep
irrigation indicates that proper manage-
ment practices can be used, at least in
the short term, to mitigate any undesir-
able effects on grass species distribu-
tion which might be contributed to by
the use of wastewater irrigation.
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AGRICULTURAL AND FOREST MANAGEMENT

HEAVY METAL CONTENT AND MINERAL NUTRITION OF CORN AND
PERENNIAL GRASSES IRRIGATED WITH MUNICIPAL WASTEWATER

R. H. Dowdy, USDA-SEA-FR, University of Minnesota
G. C. Marten, USDA-SEA-FR, University of Minnesota
C. E. Clapp, USDA-SEA-FR, University of Minnesota
W. E. Larson, USDA-SEA-FR, University of Minnesota

The renovation of municipal waste-
water effluent by land treatment was
studied for 4 years (1974-1977). This
field study was conducted on a well-
drained, silt loam soil (Typic Hapludoll)
with the water table at approximately
150-cm depth. The 60 cm of silt loam are
underlain by outwash sand and gravel.
The effluent, obtained from an activated
sludge treatment facility that serves a
domestic, suburban population, was applied
on corn at rates of = 5 and 10 cm/wk
throughout the growing season. Slightly
higher rates were applied on perennial
grasses. The control treatments for both
corn and forage were fertilized with
mineral fertilizer and irrigated with
ground water in amounts required for
optimum dry matter production.

Trace metal concentrations in the
effluent were low: 22 yg Zn/1, 11 yg
Cu/1, 4 yg Ni/1, 3 yg Pb/1, 4 yg Cr/1,
and 0.2 yg Cd/1. Sodium, Ca, Mg, and K
concentrations averaged 275, 70, 24, and
12 mg/1, respectively. Only minor changes
in trace metal contents of corn and grass
tissues were observed.

Copper concentrations in corn and
grasses decreased with added effluent,
often to the point of plant deficiencies.
The K content of corn was reduced to the
deficiency level by effluent applications,
probably as a result of increased Na
uptake. Effluent additions greatly
reduced the Fe and Mn contents of all
tissue; the reduction may have resulted
from I) a higher soil pH on the effluent-
treated areas and ii) a very active
microbial environment that is continuously
binding solution Fe and Mn into an
unavailable form.
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INTRODUCTION

The renovation of secondary-treated
municipal wastewater (hereafter referred
to as "effluent") by land treatment has
received increasing attention in recent
years, with the implementation of
stricter laws on the discharge of
"pollutants" into surface waters.
Besides strong economic and energy-
related arguments, land treatment has
the favorable attributes of supplying
essential plant nutrients, particularly
nitrogen (N), and water for agriculture.
Bouwer and Chaney (1974) have published
a comprehensive review of land treatment
of effluent. When effluent loading
rates are high, attention must be given
to the possible accumulation of toxic
trace metals in plant tissue as well as
to plant nutrient imbalances that would
reduce plant growth.

In this paper, we report the effect
of 4 years of high effluent loadings on
the trace metal and mineral nutrient
composition of corn (Zea mays L.) and
selected perennial forage grasses. In
a companion paper, Marten et al. (1978)
discuss the effects of high effluent
loadings on feed quality of these crops.

MATERIALS AND METHODS

The soil at the field site was a
well-drained, Typic Hapludoll (WaukeganX
It is uniform silt loam material over-
lying neutral to calcareous outwash
gravel at about 60 cm with a water table
at 140 to 150 cm. Site selection,
description of the drainage and



Table 1. Average total elemental
composition of wastewater effluent
from the Apple Valley, Minnesota,
treatment plant (1974-1977).

Element

Na
Ca
Mg
K

Zn
Cu
Pb
Cr
Ni
Cd

Concentration
Apple
Valley+

275
70
24
12

22
11
3
4
4
0.2

(Range)

mg/1

(216 - 304)
( 67 - 76)
( 24 - 24)
( 11 - 14)

pg/l

( 18 - 26)
( 8 - 20)
( 2 - 6)
( 3 - 4)
( 2 - 7)
( <0.2 - 0.2)

Typical
Value*
——————

50
24
17
14

150
100
50
25
20
5

+ Values are averaged over 4 years of
annual composite samples.

# Values are taken from compilation by
Dowdy, Larson, and Epstein (1976).

irrigation systems, and experimental
design have been detailed by Clapp et al.
(1977).

The effluent used was a secondary-
treated wastewater that had passed through
a dual-bed polishing filter. Trace metal
levels in the effluent (Table 1) were 5
to 10 times lower than "typical" values
compiled by Dowdy et al. (1976) but sodium
(Na) and calcium (Ca) concentrations were
higher than levels often observed for
secondary effluent. The pH was = 8.1.

Effluent was sprinkler irrigated on
corn and grasses at nominal rates of 5
(low) and 10 (high) cm/wk throughout the
growing season on the corn and slightly
higher rates on the grasses (Table 2).
Control treatments for both corn and
grasses were fertilized with mineral
fertilizer and irrigated with ground
water in amounts required for high dry

matter production.
Corn leaf samples opposite and

directly below the ear were collected at
silking, while the other corn tissues
were sampled at physiological maturity.
Grass samples were collected from each
of three harvests and composited on a
weighted average basis. All plant tis-
sues were dried at 70 C, ashed at 450 C,
and extracted with 2.0 N HC1. The
extract was analyzed by an inductively
coupled plasma source emission spectro-
graph for all elements except cadmium
(Cd), nickel (Ni), lead (Pb), and
chromium (Cr). These latter trace
metals were determined by a direct read-
ing atomic absorption spectrophotometer
utilizing a deuterium lamp background
corrector where appropriate (Dowdy and
Larson, 1975). The elements, zinc (Zn),
copper (Cu), Cd, Cr, Ni, and Pb, are
collectively referred to as "trace
metals" in this paper.

RESULTS AND DISCUSSION

In any discussion of trace metal
uptake and accumulation by plants, soil
pH must be considered. Initial soil
pH was 6.0. By liming and 4 years of
effluent (pH = 8.1) application, soil pH
~ 7.0 on control plots versus 7.4 on the
low and high effluent irrigation areas
for both corn and grass plots. Soil pH
in this range is optimal for minimizing
trace metal uptake by growing plants.

One of the major concerns associ-
ated with land applications of any waste
is the subsequent accumulation of trace
metals in crops produced on treated soil,
which may ultimately prove detrimental
to the food and feed chain. Total metal
additions for the 4-year period on corn
and grass areas are presented in Tables
3 and 4, respectively. The maximum
addition of 1250 ha-cm of effluent (high
forage) resulted in the addition of only
0.02 kg Cd/ha. To place this Cd addi-
tion into perspective, one should know

Table 2. Annual and total quantities of wastewater effluent applied (1974-1977).

Year
Crop Treatment 1974 1975 1976 1977 Total

ha-cm

Corn

Forage

Low
High

Low
High

136
223

169
295

109
197

137
240

112
218

145
268

145
302

247
450

502
940

698
1253
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Table 3. Trace-metal concentrations in corn tissues grown following 4 years of
irrigation with wastewater effluent.

Treatment

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Total
Metal
Applied
kg/ha

0
1.09
2.03

0
0.56
1.02

0
0.01
0.02

0
0.20
0.38

0
0.19
0.37

0
0.15
0.28

Leaf

24a
23a
25a

8.6a
4.1c
6.1b

0.07a
0.07a
0.09a

1.28a
0.80a
0.90a

0.85a
0.41b
0.33b

0.45a
<0.40a
<0.40a

Metal

Zn

Çu

Cd

Cr

Ni

Pb_

Concentration

Stover

— 11er/is _ -
ng/g —

16a
21a
12a

4.9a
2.6c
3.9b

0.12a
0.08a
0.09a

1.26a
1.27a
1.26a

0.57a
0.56a
0.68a

0.88a
0.55a
0.80a

in Tissue+

Grain

27a
26a
22b

0.2a
0.3a
0.2a

<0.11a
<0.11a
<0.11a

0.11a
0.17a

<0.07a

0.24a
0.20a
0.14a

0.47a
0.47a
0.49a

Cob

llab
14a
8b

2.1a
1.5b
1.9a

0.09a
0.08a
0.08a

1.80a
1.83a
1.90a

1.85a
1.62a
1.77a

0.51a
0.52a
0.53a

+ Means of 4 replications. Values reported on 70 C weight basis. Means within
columns within elements followed by different letters are significantly different
(P ̂  .05); Duncan's multiple range test.

that EPA's "Proposed Classification
Criteria" for Solid Waste Disposal Facil-
ities would allow a maximum cumulative
Cd addition of 20 kg Cd/ha (EPA, 1978).
If based on this criterion, a site life
of 4000 years would be projected.
Relatively small quantities of Zn, Cu,
Cr, Ni, and Pb were also applied.

Trace metal levels did not increase
in the corn tissues studied (Table 3).
In fact, Cu concentrations of leaf and
stover tissue and Ni content of leaf
tissue decreased slightly. The lack of
increase in the trace metal concentra-
tions of corn tissues is not surprising
in light of the discussions in the pre-
vious paragraph on the relatively small
quantities of metals added. These find-
ings confirm earlier predictions of

Bouwer and Chaney (1974) that "the level
of metals in municipal wastewater should
soon be sufficiently low that heavy
metals will not be a limiting factor in
long-term wastewater irrigation prac-
tices."

Both Cr and Ni accumulated In the
cob tissue of corn, although there was
no difference in concentration as a re-
sult of effluent applications. Because
of this partitioning effect, Cr and Ni
uptake would be overlooked if cob tissue
were not analyzed. Indeed, we (unpub-
lished data) have observed this for Cr,
where sewage sludge was the metal source.

Trace metals did not accumulate in
reed canarygrass (Phalaris arundiancea
L.), quackgrass (Agropyron repens L.),
tall fescue (Festuca arundiancea

ITT



Table 4. Trace-metal concentrations of selected forage species grown following
4 years of irrigation with wastewater effluent.

Treatment

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Total
Metal
Applied

kg/ha

0
1.52
2.67

0
0.76
1.35

0
0.01
0.02

0
0.28
0.50

0
0.26
0.48

0
0.21
0.37

Metal Concentration
Reed
Canary-
grass

28a
34a
24a

6.3a
5.1a
3.3b

0.07a
0.10a
0.07a

0.74a
0.66a
0.76a

1.96a
2.15a
1.95a

0.64a
0.58a
0.63a

Zn

Cu

Çd

Cr

Ni

Pb_

Quack-
grass

yg/g

22b
30a
23b

6.4a
5.5a
4.3b

0.08a
0.11a
0.10a

0.63a
<0.59a
0.60a

1.11a
1.27a
1.16a

0.68a
0.74a
0.53a

in Tissues-
Tall
Fescue

22a
20a
21a

5.0a
3.4b
3.6b

0.10a
0.10a
0.07a

0.62a
0.60a
0.66a

1.94a
1.37a
1.57a

0.57a
0.71a
0.46a

Orchard-
grass

25a
22a
23a

5.9a
5.1a
4.2b

0.07a
0.09a
0.07a

<0.59a
<0.59a
0.68a

2.44a
1.55a
1.87a

0.80a
0.65a
0.43a

+ Means of 4 replications for 3-time cut composite samples (except tall fescue,
which was a 4-time cut). Values reported on 70 C weight basis. Means within
columns within elements followed by different letters are significantly different
(P -£ .05); Duncan's multiple range test.

Schreb.), or orchardgrass (Dactylis
glomerata L.) as a result of effluent
applications (Table 4). Copper levels
decreased with increasing levels of
effluent application, particularly in
reed canarygrass and quackgrass. This
may be a developing trend, but it did
not consistently hold for previous years.

Zinc and Cu are essential plant
nutrients. The Zn levels in the treated
plants were considered adequate for both
corn (Melsted et al., 1969) and forages
(Martin and Matocha, 1973). However,
the Cu concentration in corn leaf tissue
grown on the effluent treatments was
close to the critical level of 5 lig/g
(Melsted et al., 1969), below which
yield reductions can be expected. Our

Cu values for grass tissues were well
below the average, 11 yg/g, value listed
for smooth bromegrass in Wisconsin
(Wedin, 1974) and would be considered
deficient, 6 yg/g, for alfalfa (Martin
and Matocha, 1973). Indeed alfalfa pro-
duced in 1976 on our high effluent areas
averaged 4.6 yg Cu/g tissue.

All elements listed for corn in
Table 5 and grasses in Table 6 are essen-
tial for plant growth except sodium (Na).
The phosphorus (P), Mg, and boron (B)
concentrations in corn were insensitive
to effluent applications and are consid-
ered adequate for grain production
(Larson and Hanway, 1977). Potassium
(K) and Ca levels in corn tissue, except
grain, decreased with effluent applica-
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Table 5. Elemental composition of
selected corn tissues grown following
4 years of irrigation with wastewater
effluent.

Treatment

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Tissue Concentrâtion+
Leaf

0.34a
0.28b,
0.35a

2.22a
1.47b
1.43b

0.67a
0.51b
0.50b

0.37a
0.41a
0.31a

1330c

Stover

0.
0.
0.

2.
1.
1.

0.
0.
0.

0.
0.
0.

ii

• - [l

550c
4340b 4050b
5670a 6080a

1970a
120b
164b

220a
30b
30b

9.8a
9.8a
9.5a

217a
91b
103b

50a
25b
25b

7.'
8.
8.

P
08b
16a
14a

K
10a
51c
84b

Ca
40a
29b
31b

30a
23b
18b

g/g -

Na

Fe

Mn

B
7a
7a
6a

Grain

0.37a
0.38a
0.37a

0.44a
0.48a
0.50a

0.00a
0.00a
0.00a

0.19a
0.15a
0.16a

5b
31a
38a

24a
16b
19b

7a
5b
5b

2.3a
2.3a
2.7a

+ Means of 4 replications. Values
reported on 70 C weight basis. Means
within columns within elements
followed by different letters are
significantly different (P ̂  .05);
Duncan's multiple range test.

tions, in spite of supplemental K fer-
tilization. These decreases probably
were related to increased Na uptake
associated with large Na additions by
effluent. In fact, corn was K deficient,
which must be a management concern for
any wastewater land treatment system.

Major reductions in the iron (Fe)
and manganese (Mn) contents of corn
tissues resulted from effluent applica-
tions, but reductions were the same for
both rates of application. Such reduc-
tions defy a simple explanation, but may
be related to a very active microbiolog-
ical environment in which new Fe- and
Mn-binding sites are being generated
continually, so that solution Fe and Mn
were bound or complexed in an unavail-
able form. Also, the higher soil pH of
the effluent-treated plots could help
explain the lower Fe and Mn levels.
However, the Fe and Mn contents of leaf
tissue were sufficiently high for normal
corn growth and production on all treat-
ments ,

The P concentrations in grasses
(Table 6) were enhanced by effluent
applications, although P content did not
differ between high and low treatments.
The enhanced P levels may explain the
apparent Cu deficiencies noted for
grasses grown on effluent treated plots.
Wedin (1974) reported that Cu, Fe, and
Zn deficiencies have been observed on
soils receiving large applications of P.

The K and Ca concentrations in
grasses did not change with effluent
application, and, along with P and Mg
concentrations, were all at sufficient
levels for optimum plant growth (Wedin,
1974).

The Na, Fe, and Mn content in grass
tissues were very sensitive to effluent
applications — Na increased dramati-
cally while Fe and Mn showed large
reductions. These changes are similar
to those noted for corn and were present
consistently over the 4 years of this
study. Unlike data for corn, B levels
in the grass tissues were increased by
effluent applications.
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Table 6. Elemental composition of selected
forage species grown following 4 years of
Irrigation with wastewater effluent.

Treatment

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Control
Low
High

Tissue Concentration+
Reed Quack-
Canary- grass

grass

0.32b
0.43a
0.40a

2.94a
2.74a
2.81a

0.38a
0.36a
0.41a

0.35a
0.30b
0.26c

P
0.32b
0.38a
0.37a

K
3.00a
2.70b
2.75b

Ca
0.38a
0.41a
0.42a

M&
0.25a
0.24a
0.23a

Tall
Fescue

0.32b
0.42a
0.42a

3.20a
2.96a
3.14a

0.43a
0.45a
0.40a

0.43a
0.34b
0.28c

Orchard-
grass

0.32b
0.47a
0.46a

3.59a
3.50a
3.78a

0.40a
0.42a
0.41a

0.39a
0.33b
0.28c

yg/g

460c
2750b
3830a

303a
76b
87b

86a
48b
36c

4.0c
8.6a
7.3b

Na
480c

2460b
3510a

Fe
310a

83b
96b

Mn
80a
48b
38c

B
4.0c

12.6a
8.1b

1280c
3490b
5400a

382a
75b
83b

Ilia
57b
48b

3.2b
7.4a
6.4a

1310c
3180b
4990a

270a
75b
92b

142a
95b
86b

3.2c
9.7a
7.7b

+ Means of 4 replication for 3-time cut com-
posite samples, except tall fescue which was
a 4-time cut. Values reported on 70 C weight
basis. Means within columns within elements
followed by different letters are significantly
different (P _< .05); Duncan's multiple
range test.
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FEED QUALITY OF FORAGES IRRIGATED WITH
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ABSTRACT

We applied municipal sewage efflu-
ent to five persistent perennial forage
grasses and to corn grown for silage and
grain during each of three years. The
effluent was applied at = 5 and 10 cm/wk
on corn and at higher rates on the per-
ennial grasses throughout the growing
season to supply 186 to 800 kg N/ha,
depending on the year. A control treat-
ment received 224 to 336 kg N/ha as
NH^NOj and ground water irrigation as
needed.

Sewage effluent did not consistently
influence in vitro digestibility of the
perennial grasses or of the corn ears,
stover, and fodder. The only consistent
influence of effluent application on
feed value of the crops was increased
concentrations of desirable crude pro-
tein when the high effluent rate was
used on the perennial grasses. The Ca
requirements of ruminants were met by
all grass treatments, and the continuing
supply of soil P by the effluent insured
adequate P concentrations in the grasses
to meet ruminant needs.

Long-term effluent applications
caused increases in non-nutrient silica
concentrations of both perennial grasses
and corn stover. However, levels of
silica up to 3.5% of forage dry matter
did not adversely influence digestibi-
lity. This finding refutes the pub-
lished inference that concentrations of
forage silica in excess of 2% of dry
matter deter optimum rumen digestion.

We conclude that application of
very high rates of sewage effluent to

perennial grasses and corn during com-
plete growing seasons will not adversely
influence feeding value of these crops
for ruminant animals. Forages grown In
this manner will have feeding value equi-
valent to or better than that of forages
grown by traditional practices.

INTRODUCTION

Perennial forage grasses have been
used to effectively renovate municipal
sewage wastes for many years. Forages
growing on land treated with nearly all
of the wastes produced in Melbourne,
Australia are successfully pastured by
sheep and cattle; the livestock farm
involved has been used in this way since
1897 (1). King and Morris (2) reported
that liquid sewage sludge had little
effect on the digestibility of Coastal
bermudagrass, Cynodon dactylon (L.) Pers.,
fed to steers when sludge supplied over
900 kg/ha of N and over 200 kg/ha of P;
N level of the grass increased due to
sludge application, but P and Ca levels
did not change. When Day and Kirkpatrick
(3) applied treated municipal wastewater
to oats (Avena sativa L.) in Arizona,
forage and grain protein levels were
about equal to those obtained when oats
was irrigated with well water and when
about 112 kg/ha of N fertilizer were
applied.

To our knowledge, no comprehensive
analysis has been reported of the feed
quality of perennial grasses or of corn
(Zea mays L.) grain, stover, or fodder
grown in soil receiving high levels of
sewage effluent over long periods of time.
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Our objective was to determine whether
repeated application of high concentra-
tions of municipal sewage effluent to
perennial forage grasses and corn in-
tended for fodder would affect the feed
quality of these forages for ruminant
animals.

MATERIALS AND METHODS

We selected an experimental site
adjacent to the Apple Valley Wastewater
Treatment Plant of the Twin Cities Metro-
politan Waste Control Commission (Minne-
apolis-St. Paul, Minnesota) that has a
Waukegan silt loam (Typic Hapludoll)
soil with the water table at about 150
cm deep. This soil overlies a leached
outwash gravel at about 60 cm deep.
Twelve blocks of land, each about 0.1
hectare, were arranged in a 2 by 3 fac-
torial design with two replications for
comparison of perennial grasses and corn
grown at each of three sewage effluent
rates (based on N application):

split plots (two representing a tillage
variable and two representing a residue
return variable). Because these vari-
ables did not affect forage quality, they
will not be discussed in this paper.
Each forage sub-rep was split to repre-
sent 2-time, 3-time, and 4-time cutting
per season, and further split to include
eight species. Because the 3-time cut-
ting was most practical, only it will be
included in this paper. Because alfalfa
(Medicago sativa L.), smooth bromegrass
(Bromus inermis Leyss.), and timothy
(Phleum pratensis L.) did not persist on
effluent-treated plots into the second
and third years, only the five species
that persisted well will be discussed in
this report (see Table 1, footnote 2 for
a listing of these species).

Laboratory tests for nutritive value
during each of 3 years included jin vitro
digestible dry matter (IVDDM) via the un-
published 2-stage direct acidification
method of the NC-64 Regional Committee,
crude protein (CP; Kjeldahl N X 6.25),

Year

Control-no effluent
(N supplied as NH^NOg

to both corn and grasses)

kg N/ha/year1

Low
effluent

High
effluent

Corn Grasses Corn Grasses

1
2
3

Mean

224
336
336

299

369(136)
186(109)
204(112)

253

458(169)
234(137)
264(145)

319

604(223)
337(197)
397(218)

446

800(295)
410(240)
488(268)

566

Cm of effluent applied are listed in parentheses.

The phosphorus applied at each effluent rate was:

Year

kg P/ha/year
Control-no effluent Low

(P supplied as superphosphate effluent
to both corn and grasses) Corn

High
effluent

Grasses Corn Grasses

1
2
3

Mean 101

159
95

104

119

198
119
135

151

261
171
203

212

345
209
249

268

All plots were K-deficient in year 1.
In year 2 and thereafter potassium was
supplied to both control and effluent-
receiving plots as needed to meet the
requirements of high-producing plants
(to maintain a soil test of about 300
kg/ha available K).

Two sub-replications were randomly
arranged within each forage block, and
each corn block had four randomly placed

and the chemical tests of Goering and
Van Soest (4). The latter included acid
detergent fiber (ADF), acid detergent
lignin (ADL), cell wall constituents
(CWC), and plant silica. We also measured
the concentrations of Ca and P by
emission spectrography.
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RESULTS AND DISCUSSION

Nutritive Value of Perennial Grasses

The IVDDM of the five persistent
perennial grasses that received NHi)NO3
fertilizer or sewage effluent is pre-
sented in Table 1. In the first year,
the grasses treated with the high rate
(H) of effluent (800 kg N/ha) were more
digestible (P£.O5) than were those of
the control (C) getting 224 kg N/ha in
the form of NHi»N03; those treated with
the low rate (L) of effluent (458 kg
N/ha) had intermediate digestibility.
Grass concentrations of the two fiber
components that usually are negatively
associated with digestibility (ADF and
ADL) did not vary among these first-year
treatments (Table 2). However, the
highly digestible CP fraction was higher
(P_<. 05) in the H compared to C grasses
(Table 3), and the poorly digestible CWC
fraction was lower (P£. 05) in the H
grasses. Undoubtedly, these composition
differences were reflecting the much
greater N level that had been applied to
the H plots (more than 3-fold greater)
compared to the C plots during the first
yearo

In the second year, when N levels
applied to C and H treatments were more
comparable (336 kg/ha and 410 kg/ha,
respectively), the grasses of treatment
C were more digestible than those of
treatment H (P£,05); treatment L grasses
(234 kg N/ha) did not differ in digesti-
bility from those of C, even though L
grasses had lower CP (Table 3), The C
grasses had lower concentrations (P_^.05)
of two incompletely digested fiber
fractions (ADF, Table 2; CWC, Table 3)
compared to the H grasses, which
accounted for the digestibility
differences.

In year three, effluent treatments
did not affect IVDDM, ADF, or CWC con-
centration of the grasses. However,
grasses of the H plots had greater CP
and less indigestible ADL (P£.05) than
did those of the C plots. The ADL con-
centration differences could not be
attributed to N applications per s£,
because the grasses of the L plots also
had lower ADL (P£.O5) than did those of
the C plots (even though the L grasses
received only 264 kg N/ha compared to
336 kg N/ha for the C grasses). Thus,
some unknown effluent effect other than
N amount was opérant in year three.

Examination of the three-year mean
nutritive value parameters (Tables 1, 2,
and 3) reveals that application of even

very high amounts of sewage effluent did
not adversely affect feed quality of the
perennial grasses. The only consistent
influence of effluent application on any
of these nutritive value Indices was
increased concentrations of desirable
crude protein when the high effluent
rate (high N rate) was used.

Kentucky bluegrass frequently had a
lower available energy (lower IVDDM) than
the other grasses (Table 1). The highest-
yielding grasses (reed canarygrass, tall
fescue, and orchardgrass) had similar
feeding value, except that reed canary-
grass often contained more crude protein
(Table 3).

According to Goering and Van Soest
(4), concentrations of forage silica in
excess of 2% of dry matter can deter
optimal digestion by ruminant animals.
Silica concentrations of the two efflu-
ent-receiving treatments (L and H)
exceeded that of treatment C (?<_.05) in
the second and third years (Table 4),
and they usually exceeded 2% of dry
matter. However, comparison of silica
values with IVDDM values (Table 1)
reveals little relationship between these
two variables. Thus, while sewage ef-
fluent application definitely caused
increased silica concentrations in the
grasses after the first year, apparently
silica did not reach sufficiently high
levels to interfere with digestibility.

Ruminants have maximum dietary
requirements of about 0.2% Ca and 0.3% P
(5). The Ca needs of ruminants were
exceeded by all of the perennial grasses
in all of the treatments, and Ca con-
centrations were not significantly
influenced by effluent treatments or by
grass species. In years 1 and 3,
grasses from effluent-treated plots (L
or H) contained more P (P_<. 05) than those
from the control (Table 4). All the
grasses contained sufficient P to meet
the needs of high-producing ruminants,
except for those of the control treat-
ment in the third year. Fertilizer P
had been applied to the control in years
1 and 2 (135 kg/ha and 168 kg/ha,
respectively), but not in year 3. Thus,
an advantage to use of sewage effluent
on forage lands is the continuing supply
of adequate P to meet ruminant require-
ments.

Nutritive Value of Corn

The IVDDM of corn ears, stover
(above-ground plant with ears removed),
and fodder (complete above-ground plant)
is presented In Table 5. Ear digesti-
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bility was not influenced by effluent
treatment. Control stover digestibility
was lower than that of L or H treatments
in year 2 and lower than that of the L
treatment in year 3. Digestibility of
stover from treatment H also was lower
than that from treatment L in year 3.
These digestibility differences were
associated with ADL concentrations
(Table 6), in that lower ADL accompanied
higher IVDDM. The positive influence of
reduced lignin on digestibility of corn
stover is well known, and has been the
basis for selection of low-lignin (brown-
midrib) genotypes. Part of the stover
IVDDM difference in year 2 could also be
attributed to lower ADF in the L and H
treatments (Table 6). Part of the
higher stover digestibility of the L
treatment in year 3 could be attributed
to its lower CWC (Table 7).

The only primary treatment differ-
ence in fodder digestibility was the
lower IVDDM of the control in year 2,
which could be explained by the
appreciably lower stover IVDDM of that
treatment (Table 5). While some
statistically significant (P£.O5)
differences appeared in the ADF and ADL
of fodder due to treatments (Table 6),
these differences were not of sufficient
size to affect digestibility. The lower
CP of treatment L fodder, compared to C
or H fodder, in years 2 and 3 (Table 7)
was associated with the considerably
lower N application on this treatment
(Materials and Methods) in those years.

When sewage effluent application
influenced corn crop feed energy value,
the effect was positive. As with the
perennial grasses, effluent application
to corn eventually caused an increase
in stover silica (dry matter silica con-
centrations of 2.6% and 3.4% for control
and the mean of L and H, respectively,
in the third year). However, again this
non-nutrient did not interfere with
stover or fodder nutritive value. Ca
concentrations were very low in corn
ears (<.005%) of all treatments and more
than adequate (>.3%) in corn stover of
all treatments; fodder Ca was deficient
(<.2%) in all treatments. P concentra-
tions were adequate for ruminant rations
in corn ears of all treatments (>,3%)
and deficient in all stover and fodder
(£.25%).
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Table 1, In vitro digestible dry matter concentration of five persistent perennial forage grasses during three
succeeding years of treatment with NH,NO3 fertilizer compared to two levels of sewage effluent (Means
of three harvests per year and of four replications per harvest).1

Soil Treatment

Year and Species2
NH,NO3
(Control)*

Low
effluent3

High
effluent3 Mean

Kentucky bluegrass
Quackgrass
Orchardgrass
Tall fescue
Reed canarygrass

Mean

Kentucky bluegrass
Quackgrass
Orchardgrass
Tall fescue
Reed canarygrass

Mean

Kentucky bluegrass
Quackgrass
Orchardgrass
Tall fescue
Reed canarygrass

Mean

i._. % dry wt

65.9
67.6
67.7
64.0
68.0
66.6b

67.6
72.5
74.0
71.0
68.6
70.7a

65.9
67.8
68.4
68.7
67.7
67.7a

69.5
71.8
72.8
66.5
71.2
7O.4ab

63.6
74.4
75.2
71.2
70.0
70.9a

62.0
68.6
69.8
66.8
69.2
67.3a

71.0
74.0
74.4
68.8
73.4
72.3a

61.7
69.0
71.6
69.6
69.3
68.2b

66.0
69.3
71,2
67.5
69.3
68.7a

68.8a
71.1a
71.6a
66.4a
70.9a

64.3b
72.0a
73.6a
70.6a
69.3ab

64.6b
68.6a
69.8a
67.7ab
68.7a

3-year Mean 68.3 69.5 69.7

'Means within rows or columns followed by different letters are different (P^.05); Duncan's range test.
2Latin names in order of listing: Poa pratensls L., Agropyron repens L., Dactylis glomerata L., Festuca
arundinacea Schreb., and Phalaris arundlnacea L.
'Hereafter designated "C", "L", and "H", respectively.

Table 2. Acid detergent fiber and acid detergent lignin concentrations of five persistent perennial forage
grasses during three succeeding years of treatment with NH^NOs fertilizer compared to two levels
of sewage effluent (Means of three harvests per year and of four replications per harvest).-

Year and Species

Kentucky bluegrass
quackgrass
Orchardgrass
Tall fescue
Reed canarygrass

Mean

2

Kentucky bluegrass
Quackgrass
Orchardgrass
Tall fescue
Reed canarygrass

Mean

3

Kentucky bluegrass
Quackgrass
Orchardgrass
Tall fescue
Reed canarygrass

Mean

3-year Mean

C

35.6
36,0
38.0
36.7
35,7
36,4a

35.2
33,6
36.4
33.8
34.9
34.8b

36.0
36,8
38.2
35.0
37.5
36.7a

35.8

Acid detergent fiber
Soil treatment
L

35,4
33.5
36.4
37.4
34.0
35.3a

37.6
33.2
36.0
35.9
36.2
35.8ab

37.7
36.0
37.6
37.8
36.9
37,2a

36.1

H

34.6
33.9
36.2
38.3
34.3
35.5a

37.4
35.7
37.2
35.6
36.5
36.5a

37.0
36.5
38.1
36.7
37,0
37.1a

36.4

Mean

35.2a
34.5a
36.9a
37.5a
34.7a

36.7a
34.1c
36.5a
35.1bc
35.9ab

36,9b
36.4b
38.0a
36.5b
37.lab

C

3.9
4.3
4.0
3.4
3.6
3.8a

3.8
4.3
3.5
2.8
3.8
3,6a

4.1
4.3
4.0
3.5
3.9
4.0a

3,8

Acid determent lignin
Soil treatment
L

3.8
4.1
3.8
3.4
3.5
3.7a

4.0
3.7
3.3
2.7
3,3
3.4a

3.8
3.9
3.5
3.2
3.4
3,6b

3.6

H

3.4
4.2
3.5
3.4
3.2
3.5a

3.8
4.1
3.4
3.0
3.1
3,5a

3.4
4.2
3.3
3.4
3.4
3.5b

3.5

Mean

3.7ab
4.2a
3.8ab
3.4b
3.4b

3.9a
4.0a
3.4b
2.8c
3.4b

3.8ab
4.1a
3.6b
3.4b
3.6b

'Means within rows or within columns followed by different letters are significantly different
(P£.O5); Duncan's multiple range test.
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Table 3. Crude protein and cell wall constituent concentrations of five persistent perennial forage grasses
during three succeeding years of treatment with Nl^NOs fertilizer compared to two levels of sewage
effluent (Means of three harvests per year and of four replications per harvest).1

Crude protein Cell wall constituents

Year and Species
Soil treatment
L H Mean

Soil treatment
L H Mean

1

Kentucky bluegrass
Quackgrass
Orchardgrass
Tall fescue
Reed canarygrass

Mean

19.1
19.2
17.9
16.2
19.8
18.4b

19.5
20.7
18.4
16.7
21.1
19.3b

21.
23.
20.
18.
23.
21.

4
0
4
8
4
4a

20.0ab
21.0ab
18.9bc
17.2c
21.4a

55.8
57.0
57.4
57.4
57.1
56.9a

54.
53.
56.
58.
53.
55.

8
1
3
2
6
2a

52.3
52.0
52.4
55.6
53.3
53.1b

54.3c
54.0c
55.4bc
57.1a
54.7c

Kentucky bluegrass
Quackgrass
Orchardgrass
Tall feacue
Reed canarygrass

Mean

3

Kentucky bluegrass
Quackgrass
Orchardgrass
Tall fescue
Reed canarygrass

Mean

3~year Mean

16.4
16.3
14.9
13.4
16.1
15.4a

15.0
13.9
12.8
13.3
14.9
14.0b

15.9

13.0
15.6
12.9
12.0
14.8
13.7b

14.6
14.7
11.8
11.8
15.4
13.7b

15.6

15.0
16.6
14.6
17.3
16.9
16.1a

15.2
16.3
14.6
14.4
17.1
15.5a

17.7

14.8b
16.2a
14.1c
14.2c
15.9a

14.9b
15.0b
13.1c
13.2c
15.8a

56.3
53.7
55.4
54.6
55.6
55.1b

60.0
61.9
60.8
59.3
61.6
60.7a

57.6

59.0
53.1
53.9
56.0
57.1
55.9ab

61.6
58.7
59.0
61.8
61.6
60.5a

57.2

58.9
55.0
56.9
55.3
56.9
56.6a

59.7
59.3
59.5
60.0
60.2
59.7a

56.5

58.1a
53.9c
55.4b
55.3b
56.5b

60.4a
60.0a
59.8a
60.4a
61.1a

Means within rows or within columns followed by different letters are significantly different (P^.05);
Duncari's multiple range test.

Table 4. Silica and phosphorus concentrations of five persistent perennial forage grasses during three
succeeding years of treatment with NHi|N03 fertilizer compared to two levels of sewage effluent
(Means of three harvests per year and of four replications per harvest).'

Year and Species

1

Kentucky bluegrass
Quackgrass
Orchardgrass
Tall fescue
Reed canarygrass

Mean

2

Kentucky bluegrass
Quackgrass
Orchardgrass
Tall fescue
Reëd canarygrass

Mean

C

3.0
2.1
1.8
2.6
2.3
2.4a

2.4
1.6
1.8
2.2
2.4
2.1b

Silica
Soil treatment
L H

3.2
2,4
2.0
2.7
2.8
2.6a

3.1
2.1
2.5
3.5
3.2
2.9a

3.0
2.3
2.1
2.6
2.6
2.5a

3.4
2.6
2.9
3.1
3.4
3.1a

Mean

3,1a
2.3c
2.0d
2.6b
2.6b

3.0a
2.1c
2.4b
2.9a
3.0a

C

0.39
0.38
0.36
0.36
0.38
0.37b

0.38
0.46
0.41
0,40
0.42
0.41a

Phosphorus
Soil treatment
L H

0.48
0.51
0.51
0.48
0.51
0.50a

0.36
0.41
0.40
0.40
0.42
0.40a

0.52
0,57
0.54
0.53
0.55
0.54a

0.39
0.45
0.44
0.38
0.47
0.4 3a

Mean

0.46a
0.49a
0.47a
0.46a
0.48a

0.38a
0.44a
0.42a
0.39a
0.44a

Kentucky bluegrass
Quackgrass
Orchardgrass
Tall fescue
Reed canarygrass

Mean

3-year Mean

1.9
1.8
1.5
1.6
1.9
1.7b

2.1

3.2
2.1
2.3
2.9
2.7
2.6a

2.7

2.8
2.2
2.5
2.5
2.7
2.5a

2.7

2.6a
2.0b
2.1b
2.3a
2.4a

0.26
0.27
0.25
0.26
0.26
0.26b

0.35

0.31
0.32
0.36
0.32
0.34
0.33a

0.41

0.32
0.35
0.36
0.32
0.35
0.34a

0.44

0.
0.
0.
0.
0.

30a
31a
32a
30a
32a

hearts within rows or within columns followed by different letters are significantly different (P^.05);
Duncan'a multiple range test »
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Table 5. In vitro digestible dry natter concentration of corn ears, stover, and fodder
during three succeeding years of treatment with NH.,NO3 fertilizer compared to
two levels of sewage effluent (Means of 2 replications, 2 tillage methods,
and 2 residue return methods).1

Soil treatment
NHHNO3 Low High

Plant part and year (Control) effluent effluent

Ear % dry wt

1 85.1a 83.8a 85.3a
2 93.7a 94.2a 94.0a
3 87.0a 88.0a 88.6a

Mean 88.6 88.7 89.3

Stover

1 52.8a 53.7a 53.9a
2 58.1b 66.3a 65.3a
3 55.0b 58.5a 56.7b

Mean 55.3 59.5 58.6

Fodder

1 68,2a 67.5a
2 77.6b 80.5a
3 74.1a 75.7a

Mean 73.3 74.6 74.9

l

Means within rows within years followed by different letters are significantly
different (P£.05); Duncan's multiple range test.

Table 6. Acid detergent fiber and acid detergent lignin concentrations of corn ears, stover, and
fodder during three succeeding years of treatment with NHUNO3 fertilizer compared to two
levels of sewage effluent (Means of 2 replications, 2 tillage methods, and 2 residue
return methods).'

Plant
and

part
year

C

Acid detergent fiber
Soil treatment

L H

Acid detergent
Soil treatme

C L

liitnin
nt

H

11
6
9

.9a

.9a

.9a

12
6

J.

.3a

.9a
12
7
9

,0a
.2a
.4a

2.
1.
1,

4a
2a
8a

2
1
1

.5a

.2a

.6c

2
1
1

.4a
,2a
.7b

45.
40.
45.

9a
9a
2a

45
38
43

.4a
,1b
.7a

45
35
45

.6a

.6c
,2a

5
4
4

,0a
,0a
.3a

4
3
3

.7a

.0b

.5b

5.
3.
4.

0a
3ab
4a

Ear X dry wt

1
2
3

Mean 9.6 9.5 9.5 1.8 1.8 1.8

1
2
3

Mean 44.0 42.4 42.1 4.4 3.7 4.2

Fodder

1 29.6c 30.2b 30,6a
2 22.2a 22.2a 21.6a
3 24.2a 23.7b 23.1c

Mean 25.3 25.2 25.1 3,0 2,7 2.9

'Meare within rows within years followed by different letters are significantly different (P^.05);
Duncan's multiple range test,
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2.
2.

7a
5a
8a

3
2
2

.7a

.la

.4b

3
2
2

.8a

.2a

.7a



Table 7. Crude protein and cell wall constituent concentrations of corn ears, stover, and fodder
during three succeeding year» of treatment with NHi.NO, fertiliser compared to two levels
of sewage effluent (Means of 2 replications, 2 tillage methods, and 2 residue return
methods).1

Plant part Crude protein Cell wall constituents
and year Soil treatment Soil treatment

Ç L £ Ç L

dry wt ———-—•.«._•

7.
6.
4.

6a
8a
5a

7
5
3

.7a
,3b
.5a

7.
6.
4.

8a
0b
7a

72.
65.
72.

3a
2a
8a

70.
63.
69.

6b
9a
9b

70.
63.
71.

2b
8a
8ab

1 8.1b 8.4ab 9.0a 31.0a 31.0a 31.0a
2 8.8a 7.7a 8.4a 21.0a 21.0a 22.0a
3 8^58 ijOb ^3_a 24.2a 22.7a 23.9a

Mean 8.5 7.7 8.6 25.4 24.9 25.6

1
2
3

Mean 6.3 5.5 6.2 70.1 68.1 68.6

Fodder

1 7.8a 8.0a 8.3a 52.5a. 52.4a 52.7a
2 7.9a 6.5b 7.3ab 40.9a 42.1a 41.2a
3 ii£a Ii6_b 6i9a 43.8a 42.5a 42.2a

Mean 7.5 6.7 7.5 45.7 45.7 45.4

'Means within rows within years followed by different letters are significantly different (P£.05);
Duncan's multiple range test.
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AGRICULTURAL AND FOREST MANAGEMENT

THE ROLE OF PONDS IN LAND TREATMENT OF WASTEWATER

Darrell L. King, Institute of Water Research
Michigan State University, East Lansing, Michigan

ABSTRACT

Ponds used for storage or pretreat-
ment of wastewater prior to terrestrial
application significantly alter waste-
water quality. Data from the Michigan
State University Water Quality Management
Facility (WQMF) indicate that significant
permanent phosphorus reduction decreases
markedly once benthic sediments are
saturated with phosphorus but that excel-
lent nitrogen removal continues.

Phosphorus concentrations within
such ponds vary seasonally but signifi-
cant permanent phosphorus removal should
not be anticipated beyond the first two
or three years of operation. Harvest of
aquatic plants yields only about 10%
removal of both phosphorus and nitrogen.

In wastewater ponds, aquatic plant
growth leads to accelerated denitrifica-
tion and increases pH to 10 or more caus-
ing large ammonia losses to the air dur-
ing those periods of the year when algae
and aquatic macrophytes are active.
While this nitrogen loss to the atmos-
phere will be controlled by site-specific
conditions of light availability and
temperature and alkalinity of the waste-
water, nitrogen concentration decreases
in a logistic fashion as a function of
detention time within the WQMF ponds
yielding a 95% nitrogen reduction in 120
days. The rate of nitrogen removal, as
gN/M2/day, from these ponds is a linear
function of nitrogen concentration.

In addition to marked nitrogen
losses associated with aquatic plant
growth, the ability of these plants to
elevate the pH also leads to precipita-
tion of a variety of heavy metals. Such
alterations in wastewater should be
included in design criteria whenever

ponds are incorporated in land treatment
of wastewater.

INTRODUCTION

In most systems designed for land
treatment of wastewater, wastewater is
impounded for some period of time prior
to terrestrial application. Such
impoundment may range from a series of
stabilization ponds for pretreatment of
wastewater before it is applied to the
land to large storage basins to hold
wastewater during those periods of the
year when terrestrial application is
impractical. Regardless of the form of
and reason for impoundment, a variety of
changes in wastewater quality occur under
the auspices of the aquatic ecosystem
within detention basins. These altera-
tions in wastewater quality may limit
some potential benefits expected from
terrestrial wastewater application but
also offer design flexibility if they are
recognized and incorporated into the
system design.

This discussion deals with both
benefits offered and limitations imposed
by impoundment of wastewater prior to
land application based largely upon data
obtained from the Michigan State Univer-
sity Water Quality Management Facility
(WQMF).

THE WATER QUALITY MANAGEMENT FACILITY

The WQMF was constructed to allow
evaluation and demonstration of the
wastewater treatment and nutrient recycle
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capabilities of aquatic and terrestrial
ecosystems both singly and in combina-
tion. Secondary wastewater effluent is
conveyed at a rate of 1892 m3/day 7.25 km
from the East Lansing, Michigan, acti-
vated sludge wastewater treatment plant
to the 200 ha WQMF on the southern margin
of the Michigan State University campus.
There the wastewater flows by gravity
through a series of four ponds to a pump-
house from which it is applied as spray
irrigation to the 130 ha terrestrial
site.

These ponds range from 3.23 to 4.98
ha with a total surface area of 16 ha.
Maximum pond depth is 2,4 m at the outlet
and mean operating depth of each pond is
1.8 m to place the entire pond bottom
within the euphotic zone to encourage
growth of aquatic macrophytes. During
construction, the ponds were sealed with
native clay yielding a low permeability
of 0.18 cm/day.

The outlet structure of each pond
allows withdrawal of water from the top,
bottom, and mid-depth. Mixture of
incoming secondary effluent with water
from each of three depths from each of
the four ponds at the pumphouse allows
a wide variety of wastewater quality for
terrestrial application.

CARBON DYNAMICS

Ponds charged with wastewater are
extremely dynamic systems. The immedi-
ate reaction to the addition of nutrient-
rich wastewater to ponds is rapid photo-
synthetic carbon fixation by aquatic
plants at rates as high as 24 mg carbon/
I/day in ponds receiving raw sewage (1).
Such marked carbon uptake rates exceed
the rate of recarbonation from the air
and significant amounts of carbon dioxide
are drawn from the alkalinity system
governed by the first and second disso-
ciations of carbonic acid as shown in
equations 1, 2, and 3.

[COf]
K2 =

HCO3 + H ^ C02 + HOH

HCOi ̂ T C0Ï + H+

2 H C 0 i ^ C 0 2 + COf + HOH

CD
(2)

(3)

Such carbon removal results in all
three of these reactions moving to the
right with an increase in COf, a decrease
in HCO3 and an increase in pH as shown
for the second dissociation in equations
4 and 5.

[HCOi]

K2 [HCOj]

[COf]

(4)

(5)

This rise in pH is accompanied by a
sharp decrease in free carbon dioxide
concentration (1)> precipitation of a
variety of metal oxy-hydroxides and
carbonates (2) and a loss of ammonia to
the atmosphere as shown by the equilib-
rium in equation 6 for which the pK is
about 9.2 at summer temperatures (3).

NHJ^S- NH3
(g)

(6)

Thus, the addition of nutrient-rich
wastewater sets in motion a wide variety
of changes in water chemistry all medi-
ated by aquatic plant response to such
nutrients. However, such plant induced
changes in chemical equilibria feed back
on the plants to limit both total photo-
synthetic rate and the type of plants
which can exist in the ponds.

Wastewater nutrient content varies
considerably, depending on the source.
The secondary effluent being discharged
from the East Lansing, Michigan, acti-
vated sludge system to the WQMF contains
about 20 mg nitrogen/1 and 5 mg phos-
phorus/1 with an alkalinity of about 3
meq/1. At an atomic ratio for aquatic
plants of C100N16P1 each liter of this
effluent contains enough phosphorus to
allow plant fixation of about 190 mg of
carbon, enough nitrogen for about 100 mg
of carbon and enough carbon for about 40
mg of carbon fixation. Clearly, carbon
is the nutrient in shortest supply
relative to photosynthetic activity in
ponds receiving such effluent.

Carbon is supplied to the plants
from the alkalinity system, from respir-
atory activities within the pond and
from the atmosphere. That supplied by
the alkalinity is limited by the alka-
linity of the source water (4) while the
carbon supplied from the atmosphere is
an inverse function of the carbon dioxide
concentration of the water (5). Carbon
supplied from respiration is determined
by the amount of respiratory biomass
within the pond but even those ponds
receiving raw sewage experience severe
carbon shortage during summer months (1)
(6) (7).

When wastewater is impounded, plant
photosynthesis, unlimited by nitrogen
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and phosphorus, responds to available
sunlight and begins extracting free car-
bon dioxide (2). As this carbon dioxide
is fixed, the alkalinity system adjusts
to the new equilibrium as indicated in
equations 1, 2, and 3. The pH begins to
rise and the free carbon dioxide concen-
tration decreases. The rate of change in
this equilibrium is determined largely by
the rate of photosynthesis but the extent
of change, and thus the maximum pH and
minimum free carbon dioxide concentra-
tion, is related directly to the time of
detention of the wastewater in the pond
(2) relative to available sunlight and
water temperature.

The specific growth rate of aquatic
plants is related in a kinetic fashion to
the free carbon dioxide concentration of
the water (8)(9) such that as free carbon
dioxide decreases plant photosynthetic
rate decreases. In addition, the inten-
sity of available light interacts with
available free carbon dioxide as a direct
multiple to limit photosynthesis by
aquatic plants (10) (11). The various
aquatic plant species each have a differ-
ent kinetic response to those interacting
limits but with increased detention time
and the resulting extremely low free car-
bon dioxide concentrations the desirable
green algae sink faster than they grow
(12) (13). At that point the advantage
passes to those plants which can maintain
their active biomass in the euphotic
zone. The plants favored under these
conditions are macrophytes and bluegreen
algae with their pseudovacueles which
allow them to maintain bouyancy. In
shallow ponds the factors determining
which of these latter plant forms will
dominate appear to include detention
time, carbon, light and nitrogen avail-
ability and the relative aerobic nature
of the bottom sediments (2) (14) (15).

Regardless of the photosynthetic
dominant, the pH of the water in ponds
charged with wastewater increases as a
direct function of detention time (2)
during that period of the year when
available light and existing temperature
allow aquatic plant photosynthesis. The
resulting elevation of pH causes signifi-
cant changes in other equilibria which
bring about marked alterations in other
water quality parameters (2). Of par-
ticular interest in cleansing wastewater
and recycling wastewater nutrients are
the potentials for change in the phos-
phorus and nitrogen content generated by
such elevation in pH.

Within the WQMF, pH routinely
exceeds 10 in the three downstream ponds

during the summer months and, during the
summer of 1976, the macrophyte, Elodea
canadensis, maintained a pH well above 10
within the second pond for several weeks
with no attempt to manage vegetative
growth,

PHOSPHORUS REMOVAL POTENTIAL

Phosphorus is removed from waste-
water in ponds by direct sorbtion on to
bottom sediments, as metal precipitates
and by incorporation into biological
tissue.

All bottom sediments have a finite
capacity to sorb phosphorus with the
amount sorbed being dependent on the com-
position of the sediments and the water
chemistry (16). In ponds receiving
domestic wastewater, the initial signifi-
cant reduction in the phosphorus content
of wastewater will decline as the bottom
sediments become loaded with phosphorus.
An example of this loading is seen in the
first of the four WQMF ponds which at
times during the second summer of opera-
tion had an effluent with a higher phos-
phorus content than the influent. With
continued throughput of wastewater the
phosphorus content of the downstream
ponds increased. Once the bottom sedi-
ments of these ponds become saturated
with phosphorus, no further phosphorus
removal from the wastewater can be
expected from this mechanism. Thus,
phosphorus sorption on bottom sediments
of ponds cannot be counted on for long-
term phosphorus removal from wastewater.

With the high pH levels generated in
wastewater ponds by photosynthetic activ-
ity, it is tempting to picture signifi-
cant phosphorus removal as precipitates
of various calcium phosphates. However,
the elevated pH is accompanied by
increased concentrations of carbonate ion
which successfully compete with the phos-
phate for the calcium. The shortage of
available cations and the generally more
favorable precipitation of carbonate
markedly limit precipitation of phos-
phorus as a calcium salt in wastewater
ponds. Nucleation and substitution of
the phosphate to form hydroxyapatite
appears to require a longer period of
time than normally would be considered a
reasonable detention period for waste-
water (17).

Precipitation of iron and aluminum
phosphates undoubtedly occurs, but iron
and aluminum concentrations in most
wastewater would not allow significant
phosphate precipitation. In addition,
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bacterial respiration of organics at the
bottom of such ponds will alter water
chemistry such that recycle of the iron
bound precipitates will occur (18). Gen-
erally, then, precipitation of phosphorus
as calcium, iron and aluminum salts can-
not be counted on to remove appreciable
amounts of phosphorus in wastewater ponds
over a sustained period without the addi-
tion of significant concentrations of
available cations.

Harvest of biologically concentrated
phosphorus is the only other mechanism
which offers any real potential for
removing phosphorus from wastewater ponds.
Here the greatest potential lies in the
harvest of plant tissue prior to the loss
of photosynthetically concentrated phos-
phorus associated with the use of the
plants by other aquatic biota. For all
practical purposes such harvest is most
efficient if directed at macrophytes and
large periphytic algal masses since
planktonic algae are difficult and
expensive to remove (19),

Removal of phosphorus by harvesting
plant biomass presupposes significant
phosphorus uptake by the plants which in
turn is predicated on rapid plant growth.
Within wastewater the growth rate of the
aquatic plant is most often limited by
the availability of a photosynthetic car-
bon source (1).

During 1976, 3151 Kg dry weight of
floating Cladophora fracta masses were
harvested from the first WQMF pond while
Elodea canadensis harvest was 9223 Kg dry
weight from the second pond and 6554 Kg
dry weight from the fourth pond. The
phosphorus concentration of the Clado-
phora, including the appreciable sedi-
ment incorporated with it, was 1.60% of
dry weight. The phosphorus concentration
of Elodea was 0.65% dry weight in pond 2
and 0.33% dry weight in pond 4 with the
difference reflecting the much higher
phosphorus concentration in the water of
the second pond during the summer of
1976. The total amount of phosphorus
removed from the WQMF ponds during 1976
by plant harvest was 132 Kg as elemental
phosphorus. At a loading rate of 1892
m3/day for a 365 day period at a phos-
phorus concentration of 5 mg P/l, the
ponds would receive 3545 Kg of phosphorus
per year. The phosphorus removal asso-
ciated with plant harvest from the WQMF
ponds amounted to 3,8% of the annual load
or 7.6% of the phosphorus entering the
lakes during a 180 day summer period.

Population estimates of aquatic
plants just before harvest indicated that
about 50% of the Elodea population was

removed from the second pond and about
25% was harvested from the fourth pond.
No population estimates are available
from the first pond but the Cladophora
ceased appreciable growth when the water
temperature reached about 23°C. The
harvest from the second pond represented
a maximal effort while that from the
fourth pond was the result of a lesser
effort. The third pond was not har-
vested.

However, even if all available
plants had been removed from all four
ponds, the phosphorus removed would have
been about 10% of the annual phosphorus
loading or 20% of the 180 day summer
loading. For the summer period, the 20%
projected maximum would equal a removal
of one mg P/l.

The absence of significant precipi-
tation of phosphorus and the limited
ability of aquatic plants to remove
phosphorus from wastewater leave little
chance of wastewater ponds meeting phos-
phorus discharge standards such as those
currently in effect in Michigan after the
pond bottom sediments become saturated
with phosphorus. Detention times
required for sufficient phosphorus
removal from wastewater far exceed any
reasonable period. Thus, after a period
of operation sufficient to saturate
bottom sediments with phosphorus, storage
of wastewater prior to land application
will offer little phosphorus reduction.

WATER SOFTENING

The abundance of phosphorus in ponds
charged with wastewater insures that
phosphorus will not limit biotic activity.
Potential limits to plant production in
such ponds include carbon, nitrogen,
light availability, and water temperature.

The carbon limit is the first to be
reached by the plants and with carbon up-
take from the alkalinity both pH and car-
bonate concentration increase. This
leads to precipitation of a variety of
carbonates and oxy-hydroxides but such
precipitation does not represent perma-
nent removal. Periods of respiration
which may occur at any time of year but
particularly during the winter sharply
decrease pH leading to marked dissolution
of these precipitates. Thus, reductions
in water hardness observed in such ponds
during some periods are offset by
increases in concentration of those
cations which contribute to hardness of
water during other periods.



NITROGEN REMOVAL

Significant amounts of nitrogen are
lost to the air from wastewater ponds as
both ammonia gas and nitrogen gas result-
ing from denitrification. The amount of
each form lost is dependent upon the type
of wastewater added, the depth of the
pond and the time of year.

During periods of elevated pH, the
ammonium ion dissociates to free ammonia
gas as was shown in equation 6. Loss of
this gas to the atmosphere leads to con-
tinued dissociation of ammonium nitrogen
and to decreased nitrogen levels in the
water. The ability to maintain ammonia
nitrogen in wastewater ponds is thus a func-
tion of the pH of water shown in Figure 1.
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Figure 1. Relationship Between Ammonia
Concentration and pH in the
Second WQMF Pond During 1976.

Obviously, the rate of nitrogen loss
as ammonia is determined by interactions
between the degree of wind mixing, the
depth of the pond, the water temperature,
the rate of nitrification, the rate of
ammonia uptake by aquatic plants, and by
the rate of ammonia production within the
pond. However, much of the nitrogen loss
from the WQMF lakes during 1976 shown in
Figure 2 must be ascribed to this pro-
cess since the amount of nitrogen removed
cannot be accounted for in either plant
tissue or by denitrification.

While it is not possible to obtain
accurate estimates of planktonic and
filamentous algae which dominated the
first pond during 1976, only 4% of the
nitrogen removed from the wastewater in
this pond was accounted for by harvest

-.03t

0 40 80 120
DETENTION TIME (DAYS)

Figure 2. Average Total Nitrogen Concen-
tration in Wastewater as a
Function of Detention Time in
the WQMF Ponds During 1976.

of Cladophora. Harvest of Elodea
accounted for 22% of the nitrogen
removed in pond 2 and 90% of the nitro-
gen removed in pond 4. The third pond
was not harvested. Only 9% of the total
nitrogen removed during the period from
June through October of 1976 can be
accounted for in plant harvest from the
WQMF ponds.

During the occasional severe respir-
atory events in the WQMF ponds, denitri-
fication may represent an important
nitrogen loss but the supersaturated
oxygen levels and the high pH maintained
throughout much of the warm season would
discourage denitrification. In those
ponds charged with raw wastewater,
denitrification would play a greater role
in nitrogen loss.

The rapid cycling of nitrogen
through the plants to the bacteria by
both bacterial decay of plant biomass and
bacterial use of nitrogenous materials
leaked from the plants (20)(21) allows
considerable ammonia production. Main-
tenance of pH values in excess of the pK
for the ammonium ion dissociation and
the rapid wind mixing of these ponds
allows significant amounts of ammonia to
be lost to the air. Clearly this loss is
directly related to the pH of the water,
which in turn is related to the type of
waste the pond is charged with and the
time the wastewater is retained in the
pond.

If the pond is charged with secon-
dary effluent, as is the WQMF, little
organic carbon enters the lake and little
carbon dioxide is supplied by bacterial
respiration of this material. In this
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case plant photosynthetic carbon supply
is met by the carbon dioxide from the
alkalinity system and by recarbonation
from the atmosphere with the rate of
recarbonation being inversely related to
the free carbon dioxide concentration in
the water. As the plants extract carbon
from the alkalinity, the free carbon
dioxide level falls and pH rises. The
longer the wastewater is retained in the
lake, the higher the pH will rise until
the free carbon dioxide concentration is
decreased to the level where the free
carbon dioxide limited photosynthetic
carbon uptake rate of the most competi-
tive plant is equal to the atmospheric
recarbonation rate. At this point the
maximum pH will be reached and, while
longer detention times will not yield a
higher pH value, they will allow con-
tinued loss of ammonia to the air.

The relationship between remaining
total nitrogen concentration and deten-
tion time is shown in the data in Figure
2 which yields equation 7.

Nt = No e~-03t (7)

where: Nt = total nitrogen concentra-
tion (mg N/l) at time t

No = initial total nitrogen con-
centration (mg N/l)

t = days

As shown in Figure 3, the rate of
nitrogen removal from the WQMF ponds from
June through October of 1976 is a linear
function of the influent inorganic nitro-
gen concentration which can be described
by equation 8.

-0.017 + 0.038 N (8)

where: N =
K

rate of nitrogen removal (g
N/m2/day)

N = influent inorganic nitrogen
concentration (mg N/l)

Combination of equations 7 and 8 to
yield equation 9 suggests that the rate
of nitrogen removal by shallow ponds
charged with secondary effluent is
largely a function of detention time
when available light and temperature
allow aquatic photosynthesis.

N = -0.017 +
K

0.038 (No
-.03t

) (9)

If the pond receives raw sewage, the
considerable carbon dioxide released by
bacterial respiration of the organic
fraction represents another carbon source
to the plants, and extraction of carbon
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Figure 3. The Rate of Nitrogen Removal
in the WQMF Ponds During 1976
as a Function of Incoming
Nitrogen Concentrations.

from the alkalinity and thus pH rise will
be slowed. Under these conditions a
longer detention time will be required to
reach the maximum pH level, but the rate
of denitrification would be increased.

Given sufficient detention time the
biotic communities of ponds charged with
wastewater are extremely efficient at
stripping nitrogen from wastewater. Dur-
ing the period from June to October,
1976, nitrogen removal within the WQMF
ponds amounts to 95% with only 9% of the
total nitrogen removal being accounted
for by the harvest of aquatic vegetation
from the lakes.

DESIGN CONSIDERATIONS

While there is little likelihood
that the aquatic ecosystem can reduce the
phosphorus concentration of municipal
wastewater sufficiently to meet effluent
phosphorus standards, it is extremely
efficient at stripping nitrogen from
wastewater. This nitrogen removal, a
direct response to aquatic plant photo-
synthesis in a carbon limited system,
offers real opportunity for the produc-
tion of a low nitrogen wastewater which
can be applied to terrestrial systems
when terrestrial plants do not require
nitrogen with no fear of contaminating
groundwater with nitrate. Since phos-
phorus is removed by soil sorbtion, this
allows significant extension of the
irrigation season and a significant
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decrease in the total acreage required
for irrigation and storage of wastewater.

In those systems aimed at maximizing
nitrogen recycle, ponding of wastewater
should be minimized, particularly during
the summer months to prevent the loss of
nitrogen to the air prior to terrestrial
application. Where wastewater is stored
over the winter and applied to the land
during the summer, considerable nitrogen
losses will occur with the amount of loss
increasing as a function of wastewater
detention time particularly during the
warm months of the year. This nitrogen
loss should be considered when such sys-
tems are designed and where a series of
ponds is used the greatest nitrogen
recycle can be accomplished by withdraw-
ing wastewater for land application from
as far upstream in the pond series as
possible.
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AGRICULTURAL AND FOREST MANAGEMENT

USE .OF NATURAL TERRESTRIAL VEGETATION FOR
RENOVATION OF WASTEWATER IN MICHIGAN

Thomas M. Burton, Institute of Water Research, Michigan State Univeristy
James E. Hook, Department of Crop and Soil Science, Michigan State University

ABSTRACT

Secondary municipal effluent has
been applied to both abandoned farm
fields and to unmanaged beech-sugar
maple forests for the past two years on
the Water Quality Management Facility at
Michigan State University. Mass bal-
ances for phosphorus, nitrogen, and
chloride have been constructed. Old-
field treatments included unirrigated
control areas and applications of 5 and
10 cm/week of spray irrigation. Within
each of these three treatments, two
replicated plots were unharvested, two
were harvested only in June and two
others were harvested in both June and
September. Mass balance data for the

1976 and 1977 growing seasons indicate
that abandoned farm fields will effec-
tively renovate wastewater with proper
management. Harvesting extends the
active growing season and results in
continued N and P uptake through October.

Forest wastewater application
studies have included unirrigated con-
trol areas and 5 and 10 cm/week applica-
tion areas. Results from the 1976 and
1977 growing seasons indicated that out-
put leachate concentrations of nitrate-
nitrogen often approached or exceeded
input concentrations on the 5 cm/week
application area. Leachate concentra-
tions on the 10 cm/week application area
were much lower, perhaps due to denitri-
fication in these water-logged soils.
Runoff from this site, however, often
exceeded discharge standards.

Management implications of the 1976
and 1977 data for these forests and old-
field wastewater application studies are
discussed.

INTRODUCTION

The use of natural vegetation for
renovation of secondary municipal efflu-
ent has been studied since 1975 as part
of the land application studies associ-
ated with the Water Quality Management
Facility (WQMF) at Michigan State Uni-
versity. The basic premise of these
land application studies is that a
variety of management alternatives must
be developed so that the designer and
operator of any particular land treat-
ment facility can select that management
alternative that best meets the needs of
the local facility. Thus, a variety of
crops and cropping practices, a variety
of schemes for use of non-cropped areas,
plus a variety of spray application
rates, harvest schemes, and plant spe-
cies and varieties have been included in
the studies at Michigan State Univer-
sity. Much of these data are in manu-
script form and have been or will be
submitted for publication in the near
future (Brockway et̂ aj_., 1978; Leland et_
al., 1978; and several unpublished manu-
scripts by J. E. Hook and M. B. Tesar,
J. E. Hook and T. M. Burton, T. M.
Burton and J. E. Hook, and others). The
purpose of this paper is to summarize
the research on natural or non-agronomic
vegetation that has been done on the
WQMF at Michigan State University.

MATERIALS AND METHODS

The Water Quality Management
Facility (WQMF) consists of a section
of the newly constructed East Lansing,
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Michigan, activated sludge sewage treat-
ment plant that can be operated indepen-
dently of the main tertiary plant; a
7.25 km, 53 cm transmission line; four
1.8 m deep lakes with a combined surface
area of 16 ha; and a 58 ha land irriga-
tion site (130 ha including aerosol
buffer zones). While this system was
supposedly designed to handle 7,570 m3/
day (2 MGD) of secondary effluent from
the East Lansing plant, winter storage
requirements limit operation on a year-
round basis to 1892 m3/day (0.5 MGD). The
system was operated with 1892 m3/day of
poor quality tertiary effluent from the
old East Lansing plant in 1974 and 1975.
Changeover to the new East Lansing plant
was made during the winter of 1975 forc-
ing a shutdown of the WQMF. It started
operating with 1892 m3/day of secondary
wastewater in April 1976, and has been
operated at that level since that time.
The land research reported here includes
results from 1976 and 1977 when the sys-
tem was operated with secondary, munici-
pal effluent. All land irrigation dur-
ing this time was with secondary efflu-
ent taken directly from the transmission
line from East Lansing or a combination
of wastewater directly from East Lansing
and water that backsiphoned out of the
first receiving lake when the irrigation
pumping rate exceeded the flow from East
Lansing. The effluent was chlorinated
before irrigation.

The land irrigation site consists
of a 58 ha irrigation site surrounded by
a 72 ha aerosol buffer zone. The soils
on this site are very diverse and change
rapidly both horizontally and vertically.
In general, the predominant soils are
loams, loamy sands, or sandy loams of
the mixed mesic family of Typic
Hapludalfs. The Miami, Mariette,
Brookston, and Fox loams are the most
common soils on the site. The average
hydraulic limit for the site is 5 cm/
week but varies from 0 to 20 cm/week.

The two primary types of research
on non-cropped systems have included
various harvest and irrigation schemes
for oldfield successional ecosystems and
the use of late successional sugar
maple-beech forests for renovation of
wastewater. The oldfield research has
included two sites. One oldfield site
was used for investigation of various
harvest schemes and irrigation rates on
renovation of wastewater during the
growing season. A second site was used
for studies of the feasibility of winter
irrigation in Michigan (Leland et al.,

1978). A third site was used for the
forest studies. Each of these sites is
described below.

The oldfield research was conducted
on abandoned farm lands that had been in
corn cultivation approximately 10-12
years prior to these studies. The volun-
teer vegetation on the two experimental
oldfield sites was dominated by Solidago
sp., Agropyron repens, Taraxacum
officinale, Aster sp., and Poa compressa
but included a diverse flora of minor
species. In general, the grasses,
Agropyron repens and Poa compressa, and
the dandelion, Taraxacum officinale,
dominated growth early in the season
(April to mid-June) with Solidago sp.
overlapping them and becoming dominant by
early June and with Aster sp. becoming
important late in the growing season.

The oldfield site used for harvest
and irrigation rate studies was divided
into six experimental blocks of six 0.07
ha plots each (36 total plots). Four of
these blocks (24 plots) were irrigated
with 5 or 10 cm/week of wastewater from
mid-April to mid-October in 1976 and 1977
and two of them served as unirrigated
controls. Within each block, harvest
treatments were assigned randomly; these
treatments included no harvest--5 cm/
week, no harvest--10 cm/week, one harvest
in June--5 cm/week, one harvest in June--
10 cm/week, two harvests in June and Sep-
tember- -5 cm/week, and two harvests--10
cm/week.

Soil and soil-water were sampled
from a small area in the center of each
plot. The soil-water was sampled with
porous cup vacuum tube type lysimeters
placed at the 15 and 120 cm depths and
evacuated to 0.8 atm. 48 hours prior to
sampling and just before one of the two
weekly applications of wastewater. The
winter spray site was irrigated year
round at 5 cm/week and was sampled at 45,
90, and 150 cm depths at 9 lysimeter
sites within the irrigation area and at
4 lysimeter sites from adjacent, non-
irrigated control areas.

The forested site was dominated by
sugar maple, Acer saccharum, and beech,
Fagus grandifolia (75 and 11% dominance,
respectively, of trees equal to or
greater than 10 cm in diameter [Knobloch
and Bird, 1978]). This site was divided
into three 1.2 ha plots with one plot
receiving 5 cm/week of secondary efflu-
ent, a second receiving 10 cm/week and a
third acting as a non-irrigated control.
Soil and soil-water samples were collected
from 10 lysimeter sites in each plot. Soil-
water samples were collected with tube
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type porous cup vaccuum lysimeters at 15,
30, 60, 90, 120 and 150 cm depths.

Mass balance studies of nitrogen,
phosphorus, and chloride were conducted
for all three study sites as follows.
Wastewater inputs were calculated from
pump records and verified with plastic
rain gauges scattered throughout each
site. The wastewater was sampled using
acid-washed polyethylene funnels placed
1.5 m above ground just before each irri-
gation period and collected immediately
after each irrigation period. Precipi-
tation inputs were monitored with 4
recording rain gauges located at inter-
vals on the WQMF within 1.2 km of any of
the individual study areas. Nutrient
inputs from precipitation were calcu-
lated using literature values of N and P
for Michigan (Leland et̂  a^., 1978).
Evapotransporation from each site was
calculated using the technique of Thorn-
thwaite and Mather (1967). Water leach-
ing past the root zone was sampled at
the 120 or 150 cm depth as described
above and average weekly lysimeter con-
centrations of N and P plus the amount
of wastewater available for recharge
according to the water budget method of
Thornthwaite and Mather (1967) were used
to calculate leaching outputs. When run-
off occurred, it was sampled using a
combination of individual grab samples
and event samples taken with an ISCO
sequential sampler. Discharge was cal-
culated using recording hydrographs, V-
notch weirs and stage-discharge curves
developed for each runoff monitoring
station. Removal in harvested vegeta-
tion was estimated from tissue analysis
and from vegetation yield data deter-
mined from subsamples during harvesting
or from biomass estimates derived from
four randomly collected 0.25 m2 quadrat
samples of above ground biomass from
each plot in the harvest plot studies.

Analyses of soil, soil-water, run-
off, wastewater, and vegetation followed
generally accepted wet chemistry or ion-
selective electrode methods and are des-
cribed in detail by Leland et_ al_. (1978),
or will be described in later detailed
manuscripts so will not be included here.

RESULTS AND DISCUSSION

Forest Research

The 5 cm/week forested site did not
effectively renovate wastewater since
inorganic nitrogen leached past the 150
cm depths at concentrations similar to

concentrations in applied wastewater.
Monthly wastewater input concentrations
varied from 12,5 to 20.5 mg N/l in 1976
and from 8.1 to 13.6 mg N/l in 1977.
The lower 1977 values were a consequence
of irrigation of additional area for
other studies in 1977 resulting in
greater backsiphoning from the first
receiving lake. Nitrogen is rapidly
lost from these lakes (see D. L. King,
this symposium Volume), so this back-
siphoning resulted in lower nitrogen
concentrations in the applied wastewater.
Weekly average concentrations of waste-
water leaching past the 150 cm depth
varied from 6 to 16 mg N/l in 1976 and from
7 to 14 mg N/l in 1977 with lower con-
centrations correlating with lower con-
centrations in applied wastewater. The
mass balance for inorganic N reflects
this lack of retention since only 15% of
applied N was retained on site (Table 1).

A second forested site was deliber-
ately water-logged by irrigation with 10
cm/week of wastewater to see if denitri-
fication would be promoted. Concentra-
tions in leachate have declined drama-
tically since the start of the study
with concentrations of inorganic N at
the 150 cm depth varying from 2 to 4 mg
N/l in 1976 and declining to levels con-
sistently less than one mg N/l by July,
1977. Cl/N ratios indicated that waste-
water was reaching this depth. Ratios
of Cl/N were similar to wastewater at
the 150 cm depth on the 5 cm/week plot
but increased significantly on the 10
cm/week site. The Cl/N ratio of input
wastewater varied between 5 and 10, the
ratio for the 150 cm depth leachate
varied between 6 and 14 for the 5 cm/
week wastewater application site indica-
ting only slight removal of N but
increased to 240 for the 10 cm/week
application area by the end of the 1977
irrigation season. Chloride values at
depth approached calculated values (in-
put corrected for rain dilution and
evapotranspirational concentration) by
October 1, 1976, and remained at that
level for all of the 1977 season. Thus,
wastewater was infiltrating to depth,
and dilution by the native soil-water
pool had become negligible by October,
1976. The lack of infiltration and
percolation of inorganic N to the 150 cm
depth as indicated by the high Cl/N
ratio and low inorganic N concentrations
would suggest significant immobilization
in the soils, increased uptake by the
vegetation, or increased denitrifica-
tion. Increased denitrification seems
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Table 1: Mass Balance for Inorganic N for the October 1, 1976 to September 30, 1977 Water Year.

-INPUTS (kg/ha)- -OUTPUTS (kg/ha).

Irrigation Rate Wastewater Vegetation
Treatment (cm/week) Precipitation Irrigation Total Removal Runoff Recharge Retention

Forest

Oldfield -
No Harvest

o
to

Oldfield -
One Harvest

Oldfield -
Two Harvests

0

5

10

0

5

10

0

5

10

0

5

10

22.25

22.25

22.25

22.25

22.25

22.25

22.25

22.25

22.25

22.25

22.25

22.25

0

167.43

302.37

0

143.02

263.12

0

143.02

263.12

0

143.02

263.12

22.25

189.68

324.62

22.25

165.27

285.57

22.25

165.27

285.57

22.25

165.27

285.57

0

0

0

0

0

0

37

128

147

70

156

237

0.04

0

71.80

0

0

0

0

0

0

0

0

0

0.13

161.84

22.89

0.25

28.84

119.20

0.14

30.19

75.80

0.19

10.17

87.10

22.08

27.84

229.93

22.20

136.43

166.37

-14.89

7.08

62.77

-48.09

-0.90

-38.53
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Figure 1: Nitrate Concentration Versus Discharge For a Wastewater Initiated Runoff
Event From the 10 em/week Wastewater Irrigation Site.

the most likely explanation but the
others cannot be ruled out.

Even though leachate concentrations
of inorganic N was very low for the 10
cm/week wastewater application site,
problems with high runoff concentrations
still indicated that this site was only
marginal at best in terms of nitrogen
removal. Peak concentratins of inor-
ganic N during runoff events were often
greater than 60% of input inorganic N
concentrations. For the depicted
example of a typical mid-summer runoff
event (Figure 1), input inorganic N con-
centrations were 10.4 mg N/l, and almost
all of this input N was as NO3-N.
Nitrate -N in runoff rose rapidly follow-
ing start-up of irrigation, peaked at
almost 7 mg N/l several hours before
peak discharge, then decreased slowly
to very low levels about 30 hours later
(Figure 1). On a mass balance basis,
this runoff represented only 22% of
annual loading (Table 1). Nevertheless,
loading with wastewater with higher
NO3-N concentration of 20 mg/1 or more
as is typical of effluent from many
wastewater plants would probably have
resulted in peaks of NO3-N runoff that
exceeded the drinking water standard of
10 mg N/l for most runoff events. In
addition, this runoff also contained

peak total P concentrations that exceeded
the 1.0 mg P/l Michigan wastewater stan-
dard and resulted in 33% of applied
wastewater P being exported in runoff
(Table 2).

In conclusion, the forest wastewater
application research indicated that
little removal of N from wastewater
occurred for loadings of 5 cm/week of
wastewater. These results are similar to
those of Hook and Kardos (1978) for a
long-term study at Pennsylvania State
University. Deliberate water-logging of
the site did reduce leachate to accept-
ably low levels of N03, however, this
reduction was accompanied by increased
runoff losses of both N and P at levels
that were unacceptable or only marginally
acceptable. Management of a forested
site in such a way that denitrification
was promoted but runoff was limited might
permit use of wooded sites for wastewater
renovation. Such management would
require a very careful balancing of
wastewater input and infiltration and
would probably require more attention
than most wastewater land application
operators would want to give it. Thus,
relatively mature forests may not be very
good candidates for land application of
wastewaters that contain more than 10 mg
N/l of inorganic N. They do provide
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Table 2: Mass Balance for Total P for the October I, 1976 to September 30, 1977 Water Year.

Treatment

Forest

Oldfield -
No Harvest

w
o

Oldfield -
One Harvest

Oldfield -
Two Harvests

Irrigation Rate
(cm/week)

0

5

10

0

5

10

0

5

10

0

5

10

Precipitation

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.17

0.17

-INPUTS fktr/hal

Wastewater
Irrigation

0

43.75

86.60

0

33.30

65.80

0

33.30

65.80

0

33.30

65.80

Total

0.17

43.92

86.77

0.17

33.47

65.97

0.17

33.47

65.97

0.17

33.47

65.97

Vegetation
Removal

0

0

0

0

0

0

9.5

14.4

24.2

15.6

19.2

26.9

OUTPUTS

Runoff

0 . 1

0

29.00

0

0

0

0

0

0

0

0

0

Oca/ha}

Recharge

0.002

1.52

0.64

0.01

0.40

0.55

0.01

0.45

0.67

0.01

0.19

0.51

Retention

0.16

42.40

57.13

0.16

33.00

65.42

-9.34

18.62

41.10

-15.44

14.08

38.56



excellent removal of P from wastewater.
Young rapidly growing forests do appear
to be effective at removal of both N and
P from wastewater (Breuer et̂  al_., 1978;
Brockway e£ al., 1978; Sopper and Kerr,
1978; Urie eT~al_., 1978; and others).
Such young forests also represent areas
that can be managed for high production
of fibers and would seem to be better
places for renovation and recycling of
wastewater than are more mature forests
and woodlots.

Oldfield Research

The oldfield treatment sites were
effective at removal of both N and P on
an annual basis no matter what harvest
regime was used (Tables 1 and 2). How-
ever, the harvest of vegetation did
remove almost all of the inorganic N
added by wastewater irrigation with the
two harvest treatment being most effec-
tive (Table 1). Furthermore, either of
the one or two harvest treatments reduced
annual inorganic N leaching by about 35%
(Table 1). This reduced annual N leach-
ing was primarily the result of regrowth
on the harvested plots. On the unhar-
vested plots, growth slowed and biomass
started to decrease in mid-August. At
about that same time, leachate NO3-N con-
centrations at the 120 cm depth on the
unharvested plots began to increase
steadily from levels of 1 to 3 mg N/l to
concentrations that approached the 10 mg
N/l level by late October. Prior to mid-
August, there was little difference in N
and P removal regardless of treatment.
Thus, the effect of harvest was to pro-
long active growth and uptake of N and P
and increase the effective renovation
period from mid-August through late
October. The harvests also removed sig-
nificant portions of the added N and P
as recyclable biomass (Tables 1 and 2).
The June only harvest removed 77% of the
N and 43% of P added in the 5 cm/week
wastewater application while the June
and September harvests removed 94% of
added N and 73% of added P. For the 10
cm/week application rate, the June only
harvest removed 52% of added N and 29% of
added P while the June and September harvest
removed 83% of N and 41% of P. Harvesting
would, therefore, markedly prolong the
sorption capacity of the site for P, reduce
dependence on denitrification and immobili-
zation mechanisms for removal of N, and
increase the expected longevity of the site
as a useful area for renovating and recy-
cling wastewaters. The two harvest strategy
would be more effective than only one

harvest but either strategy would produce
high quality leachate with respect to
nitrogen and phosphorus.

Winter Spray Study

Winter irrigation of wastewater is
feasible in Michigan (Leland et̂  aK,
1978). Results of these studies on the
WQMF indicated that the ice build-up on
the site insulated the soil and prevented
significant frost penetration. As a con-
sequence, infiltration continued through-
out the winter. In fact, for the three
winters of wastewater application, infil-
tration of wastewater was 70 to 80% of
input with the remainder running off in
stream water. Since there are no active
uptake mechanisms for NO3-N in the win-
ter, NO3-N in leachate did increase
throughout the winter period and would
exceed the 10 mg N/l through most of the
winter if high NO3-N wastewater were
used. Also, phosphorus concentrations
during the early spring snow and ice melt
period exceeded Michigan's 1.0 mg P/l
standard. However, on a mass balance
basis, P reduction was excellent with 77%
of P added during the period of December
1, 1976 to March 16, 1977 (post-runoff)
being retained on site, 13% leaching to
groundwater, and only 10% running off the
site. Runoff losses could probably be
controlled by minimal amounts of diking
to prevent runoff during early snowmelt
periods. Thus, winter irrigation would
be an excellent way to irrigate low
NO3-N wastewater from the lake systems,
thereby decreasing storage requirements
and reducing construction costs for com-
bined lagoon-land treatment systems.

CONCLUSIONS

Research on non-agronomic areas of
the WQMF has demonstrated that (1) old-
fields can be used effectively for reno-
vation of up to 10 cm/week of wastewater
throughout the growing season; (2) har-
vesting of oldfields removes most added
N and a significant amount of P in plant
biomass that can potentially be recycled
as green manure, composted, or fed to
animals; (3) harvesting of oldfields
reduces the annual amount of N leaching
to groundwater by about 35% by promoting
active plant uptake during the mid-
August through October period when
growth on unharvested plots is minimal;
(4) winter spray irrigation is feasible
in Michigan but only if low NO3-N water
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from wastewater lagoons is used and if
measures such as diking are taken to con-
trol runoff from the site during spring
snow and ice melt; (5) late successional
forests are not effective at wastewater
renovation since most added inorganic N
leaches through to the groundwater; (6) late
successional forests can be water-logged
to promote denitrification but runoff
from such a hydraulically overloaded site
exports substantial amounts of both N and
P with peak concentrations of both
exceeding the 10 mg N/l and 1.0 mg P/l
drinking or wastewater standards, respec-
tively; (7) all areas are effective at P
removal if application rates are kept low
enough that significant runoff does not
occur (between 5 and 10 cm/week for the
WQMF).
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AGRICULTURAL AND FOREST MANAGEMENT

IRRIGATION OF FOREST PLANTATIONS WITH SEWAGE LAGOON EFFLUENTS

Dean H. Urie, North Central Forest Exp. Stn., USDA Forest Service
John H. Cooley, North Central Forest Exp. Stn., USDA Forest Service
Alfred Ray Harris, North Central Forest Exp. Stn., USDA Forest Service

East Lansing, Michigan

ABSTRACT.—Wastewater from faculta-
tive sewage lagoons serving small Michi-
gan communities has been used to irrigate
both established plantations of P-inus
vesinosa and new plantations of hybrid
poplars and Christinas trees. The
established plantation has been irrigated
six growing seasons at three rates on a
one-day per week schedule. The hybrid
poplars were irrigated five growing
seasons at two rates on a weekly schedule
in one location, and at two rates on an
irregular schedule for four seasons at
a second location. Christinas trees have
been irrrigated four seasons on a single
irregular schedule. Weed and rodent
control has been a serious problem.
Most tree species tested showed signifi-
cant increases in height growth under
effluent irrigation. These increases
ranged from 28 percent to 181 percent
above controls. Soil water at 120 cm
depth was maintained at nitrate levels

which meet potable water requirements
(<10 ppm NO.J-N) . Nitrogen and phosphorus
loading levels were lower than those
reported for most other land recycling
research, primarily due to the dilute
effluent produced by the 2-cell lagoon
systems. "Raverdeaux" poplar was the
only species tested which showed a sig-
nificant increase in foliar nitrogen. A
5-year-old plantation of this species
contained 80 percent of the total nitro-
gen added through effluent irrigation
at the 70 mm/week rate. Toxicity symp-
toms due to excessive boron in leaf
tissues were noted in Pinus resinosa.
Ground cover species form the primary
nutrient sink during the early stages of
tree plantation development. Complete

weed control was shown to cause exces-
sive (>10 ppm) nitrate-N levels in soil
water.

LAND TREATMENT FOR LAGOON WASTEWATERS

Stabilization lagoons are widely
utilized by small community sewage
districts to provide low-cost sewage
treatment using minimally skilled opera-
tors. Where additional land can be

acquired without prohibitive costs land
irrigation using the lagoon effluent
provides a method for filtering out the
excess total dissolved solids which
often prohibit direct discharge to
surface waters. Land management prac-
tices on the irrigated lands often dic-
tate the irrigation schedule. Forest
crops, which are compatable with the
high-moisture regime and capable of
utilizing the excess nutrients, require
only minimal cultivation and reduce
interruptions for planting and harvesting
operations.

Tests of lagoon effluent irrigation
were begun by the U.S. Forest Service in
1972 at Middleville, Michigan, on one of
the first lagoon sewage treatment sys-
tems in the area. The facility included
two 4.4 ha (11 acre) ponds serving a
largely domestic community of 2,500
population. The effluent was discharged
primarily onto agricultural lands. Ad-
jacent plantations of Pinus resinosa
Ait. and open land were utilized for
evaluation of forest cover as treatment
sites for effluent.

Three replicate plots of 0.018 ha
(0.045 acre) were irrigated by sprinklers
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at 0, 25, 50, and 88 mm per week one day
a week from 1972 through 1976 in the
20-year-old P. resinosa plantation. The
forest tests were conducted on a Boyer
sandy loam soil (typio hapludalf).
Groundwater levels were 18 to 20 m deep.
Evaluations of the chemical character-
istics of water passing through the root
zone were made from soil-water samples
removed from 60 and 120 cm depth using
pressure-vacuum lysiraeters.

On the open lands two Populus hy-
brids and six other species of trees
(see Table 3) were planted in 1972 and
irrigated at 0, 30, and 70 mm per week
during the 1972-1976 growing seasons.
One of the hybrids was also planted in
1973.

Measurements of soil-water quality
at 120 cm depths were obtained from
pressure-vacuum lysimeters under the
hybrid Poputus plantings during 1975 and
1976.

Two additional studies were in-
stalled at Harbor Springs, Michigan, in
1974 on lands owned by the Sewage Treat-
ment Authority, The Harbor Springs
lagoon system consists of paired 0.1-ha
(0.25-acre) aerated primary lagoons and

an 8-ha (20-acre) storage lagoon. The
system services a residential-resort
community of about 2,000 people. The
land disposal area is located on Blue
Lake loamy sand (alfio haplorthod) with
the water table at 12 to 18 m depths.
Forestry studies were conducted on the
primary effluent disposal areas for this
facility, an 8.1-ha (20-acre) area irri-
gated with a 360 (525 ft.) center pivot
irrigator and a 2.4-ha (6-acre) area
irrigated at two rates by a fixed set of
rotary sprinklers. Four species and four
varieties of one species of Christmas
tree seedlings (see Table 3) were
planted in four replicated blocks under
the center pivot irrigator. Two Populus
hybrids were planted in four blocks, two
blocks under each of two rotary sprink-
lers, delivering effluent at different
rates. Unirrigated control tests were
established nearby, out of the range of
the irrigators.

Irrigation rates and frequencies
varied considerably, depending on equip-
ment maintenance and the discharge needs
of the facility. The irrigation season
usually began in early May and extended
until about November 1. Annual dosage
levels are listed in Table 1.

Table 1. Mean annual irrigation rate and nutrient loading for
forestry tests at Middleville and Harbor Springs

Depth
Irrigated

No.
yrs. N K

nrni/yr

Middleville 1972-1977

Pinus vesinosa
25 mm/wk
50 mm/wk
88 mm/wk

Seedling tests 1972-1976

30 mm/wk
70 mm/wk

Harbor Springs 1974-1977

Christmas trees
Hybrid poplars

Low Rate
High Rate

kg/ha/yr-

453
906

1,593

612
1,291

817

1,998
4,400

(6)
(6)
(6)

(5)
(5)

(3)

(3)
(3)

36
73

131

44
103

24

79
160

14
27
48

16
37

10

31
62

43
86

151

58
123

64

156
343

3.6
7.2

12.7

4.9
10.3

2.0

5.0
11.0
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Effluents from both lagoon systems
were low in both total nitrogen and to-
tal phosphorus. The Middleville efflu-
ent increased to a relatively stable
level of approximately 10 mg/1 N and
5 mg/1 P during the final 3 years of
the test. The Harbor Springs effluent
was below 3 mg/1 N and 2 mg/1 P through-
out the test period. Because of the
long detention time in the secondary
lagoon volatilization of ammonia is ex-
pected to keep N levels low, although
some increases may occur as the system
ages (Meron et al. 1965).

QUALITY OF SOIL WATER

Phosphorus was effectively removed
under all plantations by soil adsorption
or plant uptake (Table 2), Excessive
nitrogen moved to groundwater primarily
as nitrate-N. There was a lower level
of nitrification of organic and ammonia-
cal nitrogen in the Harbor Springs tests
where the effluent was applied much more
frequently and at higher intensities.

symptoms are evident from sewage irriga-
tion.

Nitrate nitrogen levels at the 120
cm sampling depth have consistently re-
mained within potable limits. Should
the nitrogen discharged by the lagoons
increase, the higher rates of irrigation
would result in excessively high nitrate
enrichment of groundwater, such as noted
by Sopper and Kerr (1977) in Pennsylvania
studies,

SOIL

Effluent irrigation has increased
the overall fertility of both the litter-
humus layer and the upper soil layer on
the Middleville site. In the red pine
plantation, litter-humus decomposition
increased 50 percent and the pH changed
from 4.7 to 6.7 under irrigation. In
the 0- to 5-cm soil layer, average organ-
ic matter content increased 40 percent
and pH changed from 4.8 to 7.2 with irri-
gation. Total Kjeldahl nitrogen, total
phosphorous, cation exchange capacity

At Middleville after 6 years of irrigation and base saturation were respectively 50,
nearly 50 percent of the potassium and
essentially all the boron was moving
through the soil mantle under the two
higher rates of irrigation in the P.
resinosa plantation. These plots have
been the only site where boron toxiclty

65, 65, and 70 percent higher with treat-
ment than controls. Both higher cation
exchange capacity and Kjeldahl nitrogen
are directly attributable to the increase
in organic matter moved into the soil by
irrigation. All the phosphorus applied

Table 2. Mean concentrations of various forms of nitrogen, total
phosphorus, potassium, and boron in lagoon effluent and
in soil water under forest plantations at Middleville and
Harbor Springs, 1977.

Study/treatment

Middleville Lagoon
P. vesinosa
Control
25 mm/wk
50 mm/wk
88 mm/wk

Populus hybrids
Control
30 mm/wk
70 mm/wk

Harbor Springs Lagoon
Christmas trees
Control
Irrigated

Populus hybrids

N Tot

11.4

1.1
2.9
2.8
6.5

2.0
2.5
3.6
4.2

1.0
2.5
1.2

NO3-N

3.2

0.1
1.5
1.8
5.4

1.1
1.9
2.8
0.4

0.6
0.2
0.4

TKN

~ mg/1-
8.2

1.0
1.4
1.0
1.1

0.9
0.6
0.8
3.8

0.4
2.1
0.8

P Tot

2.9

0.02
0.30
0.06
0.02

0.10
0.05
0.14
2.0

0.03
0.03
0.02

K

9.3

-
-
3.2
4.2

-
-
-
7.8

-
-
-

B

0.88

-
-
1.05
0.71

-
-

0.25

-
-
-

Populus fcybrid data from 1976, last year of study.
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through irrigation was accounted for in
the upper 10 cm of soil. The fact that
no real differences existed between irri-
gation rates indicated that the upper
soil layer had essentially reached equi-
librium and additional nutrients were
being leached to lower soil layers.

Essentially the same results were
obtained in the soils in the hybrid
Populus plots only lesser in magnitude,
partly because of lower Irrigation rates
and site differences. Uptake by the veg-
etation was probably different also. To-
tal Kjeldahl nitrogen, total phosphorous,
total exchangeable bases, and organic
matter increased by 5, 10, 110, and 6
percent respectively. Soil pH changed
from 6.0 to 7.2 and humus pH changed from
5,3 to 6.0.

SURVIVAL OF PLANTED TREES

The effect of irrigation on survival
of trees varied depending on occurrence
of natural precipitation, moisture and
nutrient requirements, impact of destruc-
tive pests, and characteristics of plant-
ing stock.

Rainfall during the 1972 growing
season was abundant and well distributed.
Irrigation did not significantly affect
survival of any selections planted that
year at Middleville except the tulip pop-
lar (Table 3), which probably has the
highest moisture and nutrient requirement.
In 1973, there was an extended dry period
in midsummer. Irrigation more than
doubled survival of 'Raverdeaux' poplar
cuttings, the only selection that was
planted that year.

At Harbor Springs, Insect and mouse
damage was so extensive on Irrigated plots
that less than 1 percent of the 'Raver-
deaux' poplar and only 72 percent of the
Populus aanesaens x P. tremuloides sur-
vived. Survival was better on control
plots where moisture stress was the main
cause of mortality. This difference be-
tween irrigated and control plots is re-
lated to the marked difference in growth
of nontree vegetation. The standing crop
of grass and weeds which provides cover
for insects and mice was 90 percent greater
on irrigated plots than on control plots.

The effect of planting stock charac-
teristics is most evident in the Christ-
mas tree trials. Austrian Hills Scotch
pine stock was exceptionally sturdy. Its
shoot/root ratio was only 1.6 compared to
6.7 for French Auvergne Scotch pine. Ir-
rigation increased survival of the Austrian
Hills stock by only 1 percent but it in-

creased the survival of French Auvergne
stock by 37 percent. The effect of dif-
ferences In nutrient demand is most evi-
dent in a comparison of Austrian Hills
Scotch pine and Douglas-fir. These two
had nearly the same shoot length and
shoot/root ratio. Douglas-fir had slightly
smaller stem diameters. Irrigation in-
creased survival of Douglas-fir, the more
demanding of the two, by 13 percent com-
pared with 1 percent for Austrian Hills
Scotch pine.

GROWTH

Growth was not reduced by irrigation
in any of the experimental plantings. At
Middleville, average height of 'Raverdeaux'
poplar, green ash, and white cedar were
significantly (P £ 0.05) greater on irri-
gated plots. The average heights of all
other selections were higher on Irrigated
plots, but the increase over controls was
not significant. There were no signifi-
cant differences between the two irriga-
tion rates. At Harbor Springs, irrigation
nearly doubled the height of Populus
aanescens x P. tvemuloidee after three
growing seasons and increased average
height of Christmas trees by as much as
58 percent.

NITROGEN CYCLING

'Raverdeaux' poplar is the only
selection tested that showed a significant
Increase in nitrogen concentration in
foliage on Irrigated plots, and foliage
was the only tree component showing an
increase. A fully stocked plantation of
this hybrid would assimilate, in whole
trees including foliage, 120 kg of N per
hectare in the first 4 years and an addi-
tional 290 kg/ha in the fifth year.

Nitrogen in the 5-year-old plantation
would,therefore equal 186 percent of N
added in 30 mm of wastewater per week for
5 years and 80 percent of N added in 70 mm
per week. The assimilated N would be
about equally distributed among the three
major components of the trees so harvesting
trees without foliage would remove about
2/3 of assimilated N from the site and
harvesting main stems only would remove
about 1/3.

The pattern of N assimilation by
'Raverdeaux' poplar (Figure 1) is charac-
teristic of tree plantations during the
establishment period. In order to control
N leaching during this period, some non-
tree vegetation must be retained as a
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Table 3. Survival and height of trees on irrigated and control plots.

MIDDLEVILLE

Selection

Populus deltoides x P. nigva
('Raverdeaux' poplar)

'Raverdeaux'
Populus aanesaens x
P. grandidentata

Fraxinus pennsylvanioa
var. lanceolata (Green ash)

Liriodendron tulipifera
(Tulip poplar)

Larix deoidua
(European larch)

Larix leptolepis
(Japanese larch)

Thuja oaaidentalis
(Northern white-cedar)

Queraus borealis
(Northern red oak)

Populus deltoides x P.

nigra
Populus aanesaens x P.

o

tremuloides
Piaea glauaa

(White spruce)
Pseudotsuga mensiesii

(Douglas-fir)
Abies balsamea

(Balsam fir)
Pinus sylvestris

(Scotch pine)
French auvergne
Austrian hills
Scotch highland

Turkish

Age

(yrs)

4
5

5

5

5

5

5

5

5

<
Con-
trol

41
98

65

88

24

21

48

37

53

Survival
Irri-
gated

87
99

89

93

63

26

50

47

64
HARBOR SPRINGS

3

3

4

3

4

4
4
4
4

50

89

80

69

16

34
86
66

16

<!

72

98

82

60

79
89
85

14

In-
crease

46
1

24

5

39

5

2

10

11

50

17

18

3 13

1 44

X45
3

1 1 9

-2

Con-
trol

183
382

298

163

157

128

182

61

113

_

61

44

21

20

45
63
59

47

Height
Irri-
gated

492
629

398

240

246

225

290

102

123

_

120

94

33

56

83
106
105

60

In-
crease

1

£169
1 651

34
i
1 47

57

76

59
i
1 67

9

97

"4.14
3 57

*181

X84
, 68
78

1 28

Increases significant at 95% level.
2
Stock damaged before planting.
3
Controls not replicated.

temporary sink. To further evaluate N
assimilation by herbaceous vegetation,
small plots irrigated with wastewater
have been either mowed to control height
growth of grass and weeds, sprayed with
herbicide to eliminate grass and weeds,
or left undisturbed. Figure 2 shows the
NO» + N0--N concentration in percolate
collected during the first growing sea-
son using suction lysimeters below the
rooting zone. The high concentrations
associated with spraying reflect min-
eralization and leaching of dead vege-
tation as well as the leaching of N

applied with the wastewater.

FOLIAR BORON

At middleville, irrigation has signi-
ficantly (P <_ 0.10) increased boron con-
centration In leaf tissue of 'Raverdeaux'
poplar, Populus aanesaens x P. grandi-
dentata, green ash, tulip poplar, white
cedar, and red pine (Figure 3). Aver-
ages for Japanese larch and red oak
were higher on irrigated plots than on
controls, but differences were not sig-
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AGEIyrs.1

Figure 1, TKN assimilated In a plantation of 'Raverdeaux' poplar
spaced 1.25 m x 1,25 m with 90 percent survival.

SPRAYED

JULY AUGUST ' SEPTEMBER ' OCTOBER ' NOVEMBER

Figure 2. Nitrate in ground water under irrigated plots sprayed to
eliminate grass and weeds, mowed periodically or left
undisturbed.
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14 years old I

• • POPLUS CANESCENS x P. GRANDIDENTATA

EUROPEAN LARCH

NORTHERN RED OAK

•^-•TULIP POPLAR

'JAPANESE LARCH

• RED PINE
'NORTHERN WHITE CEDAR

~ ~ ^ ASH
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APPLICATION RATE [mm/wkl

Figure 3. Foliar boron concentration after 5 years of irrigation
with wastewater at Middleville, Michigan.

nificant and there were no differences
with irrigation rate except in the 1972
planting of 'Raverdeaux' poplar. Visible
symptoms of boron toxicity have been
observed only in red pine where first-
year needles of some trees have yellow
tips and second-year needles have necro-
tic tips up to 1 cm long (Neary et al.
1975). The significance of these symp-
toms is unknown. Stem analyses have
shown no decrease in growth of affected
trees.
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HEALTH CONSIDERATIONS

LAND APPLICATION OF SEWAGE WASTES:
POTENTIAL FOR CONTAMINATION OF FOODSTUFFS
AND AGRICULTURAL SOILS BY VIRUSES,
BACTERIAL PATHOGENS AND PARASITES

Edward P. Larkin, John T. Tierney,
Joseph Lovett, Dale Van Donsel,
David W. Francis, Food and Drug
Administration, Cincinnati, OH 45226;
George J. Jackson, FDA, Washington, D.C.

Land disposal of sludge and efflu-
ents from sewage treatment plants is be-
ing utilized on an ever-expanding basis
in the United States, Removal of micro-
bial pathogens by sewage treatment plaits
has not been shown to be completely ef-
fective, however. Few of the sludges
and effluents produced by treatment
plants are monitored for the presence of
pathogens, and methods are not available
to detect viral hepatitis and gastroin-
testinal viruses. In addition, mechani-
cal, biological, and physical factors
periodically interfere with normal sew-
age treatment, resulting in the bypass
of raw sewage for indeterminate time
periods.

Laboratory and field studies have
shown that viruses and bacterial patho-
gens may persist for weeks and even
months on vegetable crops and in soils
that have been irrigated and/or ferti-
lized with sewage wastes. Some para-
sitic eggs/cysts have been shown to per-
sist in soils for periods exceeding 3
years. Microbial die-off in soil and
on vegetable surfaces is a rate phenome-
non directly related to the original
contamination levels and environmental
conditions. Factors such as solar radi-
tion, temperature, humidity, and rain-
fall directly affect the persistence of
microorganisms. If viruses, bacterial
pathogens, or parasites are present on
food crops contaminated with sewage
wastes, these organisms may persist for
a longer time than that required for
growth, harvesting, and distribution
of the food to the consumer.

Because most sewage treatment plant
processes cannot produce sludges and
effluents known to be devoid of patho-
gens, the Food and Drug Administration
recommends that food crops that are to
be consumed raw by humans should not be
irrigated and/or fertilized with wastes
from sewage treatment plants. To avoid
possible cross-contamination, foods that
enter the home or food establishment in
the raw state and are later cooked should
not be irrigated or fertilized with sew-
age wastes unless the latter are shown
to be free of pathogens. In addition,
because of the known persistence of para-
sites, sewage treated land should not be
used for growing food crops that are
eaten raw until at least 3 years after
the last sewage application.

INTRODUCTION

The increasing visible and invisibJe
pollution of waters in the United States
and throughout the world has resulted in
legislation restricting sewage discharge
into streams, standing waters, and oceans.
The limitations of known treatment pro-
cesses in removing contaminants and pol-
lutants have tended to shift disposal of
sewage and effluents from the water to
the land in an attempt to utilize the
chemical, physical, and biological pro-
perties of the soil. The living filter
that the land provides appears to pre-
sent a solution that not only produces
an acceptable water, but also provides
a method of using sewage to grow crops
and return income to the community.
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Land disposal of sewage sludge and
effluent is being used by more than
1,000 communities (1,2,3) in the United
States and is being contemplated by hun-
dreds of other municipalities as a meth-
od of secondary or tertiary sewage treat-
ment. The fertilizer content and water
volume are of agricultural value, espec-
ially in arid areas, and many waste
treatment systems incorporate the use of
sludge on crops in an attempt to control
groundwater pollution and soil satura-
tion by chemicals.

Although land disposal appears to
be a means of solving some of our water
pollution problems, the potential exists
for contamination of our soils, crops,
and groundwaters by pathogenic bacteria,
viruses, and parasitic animals (4-14).
Our ever-increasing requirement for water
indicates that reuse of wastes will soon
be essential for maintenance of our com-
munity and industrial needs. Every ef-
fort should therefore be made to elimi-
nate the sources of biological and chemi-
cal pollution so that wastes can be ef-
fectively and economically used without
fear of contamination (15,16,17).

FACTORS AFFECTING THE MICROBIOLOGICAL
QUALITY OF SEWAGE EFFLUENTS

Efficacy of Sewage Treatment Plants

A potential public health problem
exists upon sewage discharge to the en-
vironment because of the reported in-
adequacy of presently used effluent and
sludge disinfection and treatment pro-
cedures . Removal of pathogens by sewage
treatment plants has not been shown to be
completely effective. If such wastes are
to be used on food crops, it is essential
that the sewage facility be able to re-
move all microbial pathogens (18).

The efficiency of virus removal
from effluents of sewage treatment plants
is estimated to range from 0% to 99.9%.
A properly operated activated sludge
plant, combined with adequate chlorine
treatment, could remove 1 x 10^ virus
units per 100 ml from sewage. However,
there is some question as to the contin-
uous efficiency of conventional sewage
treatment operations. Even under the
controlled conditions of pilot plant ac-
tivated sludge processes, unknown factors
periodically reduce virus removal to less
than 60%. The virus removal efficiency
of field installations would be expected
to fluctuate even more (19-24). Mammali-
an viruses do not propagate after enter-

ing a sewage system, but the small size
and persistence of viruses in sewage
waters result In passage of the organ-
isms through many of the clarification
and holding operations of the treatment
plant.

Many sewage treatment plants bypass
raw sewage because rainfall volume ex-
ceeds plant capacity, and also an un^
known percentage are operating beyond
their treatment capacity because of ex-
cessive population growth in their com-
munities. Mechanical breakdowns often
occur in sewage treatment plants, and
discharge of incompletely treated sewage
occurs for Indeterminate periods of time.
An example of such an operational prob-
lem was reported by Taylor (25), who
cited a study of sewage treatment plants
in California during 1964 as reported by
Ongert, et^ al. This survey indicated
that 56% of the plants that were visited
had mechanical problems during the year,
and 33% of the treatment plants reported
bypassing raw sewage for periods of 6
hours to 300 days.

Influent Quality

The microbiological quality of
sludges and effluents from treatment
plants depends not only on the effic-
iency of the treatment plant, but on the
contributors to the influent as well. An
increase in the incidence of disease or
carrier state in the human and animal
population results in an increase in the
number of pathogenic microorganisms
entering a sewage treatment plant. Con-
tamination of the food supply could re-
sult in the seeding of infection into
the population, with a subsequent in-
crease in contact infection and a result-
ing higher input of organisms to the a.ew-
age system. If the cycle persists, an
endemic, arid possibly epidemic, disease
environment could develop.

During the last 100 years, the in-
cidence of communicable disease in the
United States has been reduced through
the use of preventive medicine and sani-
tation. Certain diseases have been
eliminated even though they exist In
other parts of the world, sometimes in
epidemic proportions. In some countries,
viral, bacterial, and parasitic diseases
are endemic in the human population.
Such populations produce highly infec-
tious sewage, which, unless properly
treated, may contribute to the mainten-
ance of high levels of disease in the
population. In some instances, raw sew-
age is used for the production of human
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and animal foods. similar level.

Elimination of the Dilution Factor

Data produced by several investi-
gators show that when land disposal me-
thods are used, the majority of micro-
organisms in the wastes will be removed
from sludges and effluents and remain in
the upper portion of the soil (26-28).
Instead of a dilution, as would be ex-
pected when sewage wastes are discharged
into flowing bodies of water, the re-
verse situation occurs during land dis-
posal, and concentration of pathogenic
organisms takes place in the soil. If
such land is used for the growth of food
crops or other types of vegetation, the
potential for contamination increases
with each inefficiency in the sewage
treatment system. A number of studies
have shown that viruses and other organ-
isms are attached to or associated with
particulate material in sewage wastes
(29-35). these particulates would tend
to concentrate on the surface layers of
the soil. If the treatment processes are
ineffective over a period of time, suf-
ficient concentration of microorganisms
may take place in the upper levels of the
soil to result in a possible health haz-
ard. If environmental conditions result
in limited sunlight, increased humidity,
and decreased temperature, survival of
microorganisms in such soils could be
prolonged significantly, and the poten-
tial for adsorption of viral, parasitic,
and bacterial pathogens onto the surface
of plants would be increased. Food crops
such as lettuce, cabbage, and other broad
leafed vegetables would expose extensive
contact areas to the soil surface, and
root crops would be continuously exposed
to the contaminants.

CORRELATION OF DISEASE WITH SEWAGE

Epidemiological data on the associ-
ation of viral disease with sewage are
limited, except in the case of infectious
hepatitis (36). However, parasitic dis-
ease data in one study showed that sewage
plant workers had a higher Incidence of
infection than controls and that the va-
riety of parasites causing infection was
higher in the sewage plant group than in
the control groups (1). This study also
demonstrated that the incidence of para-
sitic disease in consumers of sewage-
irrigated crops was higher than that of
the controls. Viral and bacterial dis-
eases are probably transmitted at a

OCCURRENCE AND PERSISTENCE OF
PATHOGENS IN SEWAGE

Unless sterilized all treated
wastewaters retain some of the original
organisms, and the accumulated solids
may show a higher concentration of org-
anisms than the liquid wastes (6).

Enteric Bacteria

Wastewaters and sludges frequently
contain Salmonella that may survive for
long periods of time (37-42). Although
some studies have shown no correlation
between the number of pathogens and other
enteric organisms in wastewaters, others
have reported a positive relationship
between fecal coliforms and Salmonella
(24,43). When fecal coliforms exceeded
1,000/100 ml of water, there was a 96%
chance for the occurrence of Salmonella
(44). In another study, Salmonella was
demonstrated in greater than 80% of ir-
rigation waters with an average coliform
density of 250,000/100 ml (45). The
waters that were negative for Salmonella
had an average coliform density of
34,000/100 ml. Ratios of 255,000 fecal
coliforms to 4,800 enterococci to 1
Salmonella have been reported (38). Soil
and water contaminated with fecal mater-
ial have been reported to be health haz-
ards when used in the production of edi-
ble crops, and fecal organisms have been
detected on field-grown vegetables (38-
42,43,46-51).

Several environmental factors af-
fect survival of enteric bacteria in/on
contaminated soils, fruits, and vegeta-
bles (39,45,50,52-54). Moisture seems
to be the most Important microbial grcwtii
regulating factor in all soils. Growth-
promoting temperatures and high soil
moisture content may result in growth of
some bacteria (53,54). High relative
humidities (80% to 95%) in combination
with high temperature (27°C) resulted in
the growth of Pseudomonas aeruginosa on
lettuce and beans (47). Whereas high
temperatures may promote growth, refrig-
eration temperatures (< 4°C) enhance bac-
terial survival. Typhoid organisms on
vegetables have survived refrigeration
for 10 weeks (51). The addition of fecal
material such as sewage or sludge ap-
parently has no effect on survival or
reduction of enteric organisms (51,52).
A soil pH of 6 to 8 favors enteric bac-
teria survival, and little effect has
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been reported at pH values ranging from
5 to 10 (51). Only very acid peat soils
appear to adversely affect bacterial
survival (52).

Bacterial die-off in soil and on
vegetable surfaces is a rate phenomenon
directly related to original contamina-
tion levels and environmental conditions.
All data reviewed showed that survival
of enteric bacteria in soil was usually
measured in months, and it was apparent
that enteric bacteria can survive longer
than the growing season for vegetables
(39,42,50-57). Fruits and vegetables
grown in contaminated soils could thus
present a health hazard if eaten raw,
even after a germicidal wash (1,40,44,
56).

Tubercle Bacilli

The numbers of tubercle bacilli
that may occur in sewage are not easily
estimated because of the difficulty in
isolating the organisms from material
that contains extremely high levels of
other organisms. The number of viable
organisms depends on the incidence of
tuberculosis (TB) in a community (58).
A study of one community where the inci-
dence of tuberculosis was known reported
that all sewage wastes contained detect-
able TB organisms when the ratio of in-
fected to noninfected individuals ex-
ceeded 1:600 (59). The tubercle bacil-
lus was also found to persist in sludge
drying beds for up to 15 months. Another
study found that TB organisms inocula-
ted into sludge were reduced only 85%
after digestion for 35 days, and that
there was little if any decline in num-
bers after 25 days in sludge drying
beds (60). Weiser, et al. (61) were
able to isolate Mycobacterium from
sludge beds used in treatment of wastes
from a tuberculosis hospital, and Tison,
et jil. (62) isolated M. tuberculosis
from a sanatorium effluent that had re-
ceived full treatment, including
chlorination.

We were able to recover Mycobac-
terium bovis (BCG) from soil for 29
days following irrigation with inocu-
lated sludge and effluent (63). At
this point, interference from soil org-
anisms masked any further presence of
the BCG indicator. In addition, myco-
bacteria were isolated from lettuce 35
days after irrigation and from radishes
after 13 days. The crops were essen-
tially lost after these time periods
because of depletion from sampling, in-
sect damage, and disease. A rapid

initial drop in numbers of mycobacteria
on the crop was probably due to the
washing effect of rainfall, but the per-
sistent low levels isolated for up to 35
days indicated firm attachment by some
organisms or recontamination from soil.

Viruses

Information pertaining to virus con-
tamination and persistence in and on veg-
etable crops and soils is limited. In
one study of crops irrigated with sewage
effluent, two of 60 field samples of veg-
etables were found to be positive for
enteroviruses, and the viruses persisted
on the crops for up to 2 months (26,64).
In another study, three of 146 vegetable
samples were found to be positive for
coxsackievirus B; five of 170 soil sam-
ples and three of 60 wastewater samples
were positive for the same virus (65).
Additional studies with enteroviruses
demonstrated persistence on contaminated
cabbage, pepper and tomato plants for 4,

12 and 18 days, respectively (27). An
extensive study was performed by Bon-
darenko and Grigori on market fruits and
vegetables that had been harvested from
sewage-irrigated fields (66) . The high
recovery rates from carrots, beets, and
potato esi indicated extensive soil con-
tamination with coxsackie and echo-
viruses. Virus contamination was also
noted on sorrel, cucumbers, tomatoes,
apples, cherries, rhubarb, and lettuce.
A total of 457 different types of fruits
and vegetables were examined, and 9%
were positive for enterovirus. The crop
irrigation water was designated only as
drainage water. In a drip irrigation
study, attenuated polioviruses were re-
ported to persist on cucumbers for 8
days, the duration of the experiment© 7) .

We reported in earlier publications
that poliovirus 1 persisted for 36 days
on lettuce and radish crops that were
spray-irrigated with inoculated sewage
sludge and effluents (28,68,69). Crops
grown in soil previously irrigated with
effluent inoculated with poliovirus were
shown to be contaminated for at least
13 days. During two separate spring
seasons, poliovirus could be recovered
from soils for 7 to 11 days after ir-
rigation with sludge that had been in-
oculated with virus. During cooler per-
iods of the year, poliovirus was shown
to survive in soil for at least 60 days
after final sludge irrigation. When
similar soil was flooded with effluent,
viruses persisted at least 89 days.
These data indicate that when sludges or
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effluents are disposed on the land dur-
ing cooler periods of the year, viruses
may persist for months. In addition,
two research groups have shown that vir-
us uptake through the root system of
plants is possible, indicating that both
internal and external portions of the
plant may contain virus contaminants (70-
73).

A number of factors such as solar
radiation, temperature, humidity and
rainfall affect virus persistence on veg-
etation and in soil. Studies by other
investigators demonstrated that viruses
may pass through the surface layers of
some sandy soils and be protected from
solar radiation and high surface temper-
atures (74).

At present, no simple laboratory
methods are available for detecting hep-
atitis A or the gastrointestinal viruses.
These organisms are produced in high nun-
bers in fecal discharges of individuals
with clinical and subclinical disease.
It is possible to monitor for other vir-
uses and bacterial pathogens in sewage
sludges and effluents, but such studies
are expensive and not commonly used.

The enterovirus input into a sewage
treatment plant has been estimated to
range from 5 to 21,000 units per 100 ml
(75), with an average of 200 to 7,000
units per 100 ml in the United States.
Sewage from residential areas usually
has a higher viral concentration than
sewage from industrial plants or com-
bined sanitary-storm sewer installations.
In addition to enteroviruses, 26% to 57%
of the sewage samples examined contained
reoviruses, and 25% contained adeno-
viruses (76).

Parasites

Little attention has been given to
the presence of parasites In sewage and
their potential for contaminating food
crops. This deficiency is probably re-
lated to the belief that only a low in-
cidence of parasitic infection occurs in
the United States. Such may not be the
case, however, because of positive infec-
tions of large numbers of Vietnam War
veterans and immigrants, food imports
from countries with a high parasitic in-
cidence, and extensive travel abroad of
U. S. citizens.

Data from a limited number of stud-
ies (Table 1) indicate that parasites are
probably present in all sewage wastes.
The number and type of parasites in the
sewage depend on the human and animal
contributors to the system. It has been

estimated that an individual infected
with Entamoeba histolytica may produce
up to 14,000,000 cysts per day in his
feces (77). A good example of one para-
site survival form that is being con-
sistently found in sewage is the Ascaris
egg. One female Ascaris may pass up to
250,000 eggs daily in the feces of an
infected human (78). These eggs have
been detected in both sludges and ef-
fluents of municipal sewage treatment
plants (79). The persistence of such
eggs is shown in Table 2. Under opti-
mum conditions, Ascaris eggs have been
shown to survive in soil for more than
6 years.

Many virus and bacterial infections
resulting from improper disposal of sew-
age wastes can be controlled by immuni-
zation and chemotherapy, but parasitic
diseases are difficult to prevent and
cure. Many such infections result in
long-term, debilitating disease. In
Colombia, South America, 20% to 60% of
the population is continuously infected
with E. histolytica (80). In many parts
of the world, especially emerging third
world countries, parasitic diseases are
endemic and result in repeated reinfec-
tion, adverse public health problems,
and economic depression.

CURRENT REGULATION OF
SEWAGE DISPOSAL ON LAND

Information compiled by the Nation-
al Commission on Water Quality indicates
that 22 of the 54 States and Territories
have formal regulations pertaining to
land application of wastewaters (91).
Thirty-eight states require a minimum of
secondary sewage treatment. Land appli-
cation of effluents is prohibited in the
District of Columbia, discouraged in
Rhode Island, and not practiced in Iowa
and Nebraska. Eleven states appear to
have no restrictions on land application
of wastewater. Five states have regula-
tions pertaining to the use of sewage
wastes on food crops. Ohio excludes
waste utilization on root crops and leafy
vegetables. Oregon and South Carolina
prohibit use on crops consumed by man
with additional restrictions on grazing
lands and feed for dairy cattle. Texas
and Virginia exclude use on food crops
that are consumed raw (92).

Land disposal of sewage wastes would
be of no value to many communities be-
cause of lack of suitable land within an
economically feasible distance from their
treatment facilities. In addition, the
population density of large metropolitan
areas makes land disposal of effluents
unrealistic, since they have volumes ap-
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Table 1. Parasite Recovery from Sewage Wastes

Source

Municipal
anaerobically
digested
sludge

Army Camp
sludges
(17)

Municipal,
primary treatment

Municipal effluent

Municipal wastes

Municipal wastes

Type of Parasite

*Ascaris sp.
*Toxocara sp.
*Toxascaris leonina
*Trichuris sp.
@I§tenia_and Hymenolepis sp.
YEimeria and Isospora sp.

GHymenolepis, *Ascaris,
*Trichuris, VEntamoeba
histolytica, *hookworm

*Ascaris and VEntamoeba
coli

ÏEntamoeba histolytica

helminths

helminths

Number

11/120/100 g
101/340/100 g
0-16/100 g
0-23/100 g
0-33/100 g
0-372/100 g

36%
positive

15-27/1
(in settled
sewage)
6-24/1
(in effluent)

2.2/1

6.2/1
(primary effluent),
1.25/1 (secondary
effluent)

700/1
(raw sludge)
200/1
(activated sludge)

Refer-
ence

(81)

(82)

(83)

(84)

(4,85)

(86)

Helminths
*Nematode (egg) or (larva)
OCestode (egg)

Protozoa (cyst)

Table 2. Reported Parasite Persistence

Source Parasite Time of Persistence Reference

Lagooned sludge

Semi-anaerobic

nematode eggs

Ascaris eggs

At least 5 years

s 6 weeks
lagooned silt

Sludge

Soil

Soil

Ascaris eggs
hookworm larvae

Ascaris eggs

Ascaris eggs

> 81 days
> 62 days

> 6 years

Several years

(87)

(88)

(89)

(90)

(91)
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proaching 1 billion gal/day. In areas
where land disposal is suitable, every
attempt should be made to grow crops
other than those in the food chain to
minimize the potential public health
problem of disease transmission through
the food supply (93-104).

CONCLUSIONS AND RECOMMENDATIONS

Viral, bacterial, and parasitic
pathogens found in sewage will survive
on crops and In soils for periods ranging
from several days to months or even years
Because some of these organisms can per-
sist for periods longer than a single
growing season and longer than that re-
quired for distribution to the consumer
(105,106), land application of sewage
wastes may pose a potential health haz-
ard. This hazard is compounded by in-
adequate sewage treatment, lack of micro-
biological monitoring of effluent and
sludge by sewage treatment plant person-
nel, and the limited regulations or poli-
cies governing application of sewage
wastes to land.

Because most sewage treatment plant
processes do not produce sludges and ef-
fluents known to be devoid of pathogens
and because of the limitations in moni-
toring systems, the Food and Drug Admin-
istration recommends that food crops
that are to be consumed raw by humans
should not be irrigated and/or fertili-
zed with wastes from sewage treatment
plants. Because of the known persist-
ence of parasites, sludge treated land
should not be used for growing food
crops to be eaten raw by humans until at
least three years after sludge applica-
tion has ceased. In addition, sewage
wastes, unless shown to be free of path-
ogens, should not be used to irrigate
and/or fertiliEe food crops that enter
the home or food establishment in the
raw state, even when such foods are to
be cooked, because of the potential for
cross contamination. Proposed Environ-
mental Protection Agency rules recom-
mend that wastes applied directly to the
land be stabilized. In addition, crops
normally eaten raw may not be grown for
at least one year following the appli-
cation of such wastes. A longer delay
may be necessary if there are positive
indications of viable Ascaris ova or
other pathogens (107)•

Municipalities contemplating sewage
disposal on land should Investigate the
use of crops other than those in the
food chain until treatment and monitor-

ing methods are in use that would pre-
clude the seeding of crops with patho-
gens,
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HEALTH CONSIDERATIONS

ADSORPTION OF SELECTED ENTEROVIRUSES TO SOILS

Charles P. Gerba
Sagar M. Goyal

Department of Virology and Epidemiology,
Baylor College of Medicine, Houston, Tx. 77030

Removal of viruses from effluents
applied to land is believed to be facil-
itated by adsorption of virus particles
to soil. Thus, factors influencing virus
adsorption will determine the efficiency
of virus removal as well as the long-
term behavior of viruses in soil. Of the
27 different enterovirus types studied,
only echovirus types 1, 12, and 29 ad-
sorbed significantly less to a sandy
loam soil than did other reference virus-
es. No difference in adsorption was ob-
served between the reference strains and
recent isolates of poliovirus types 1, 2
and 3, but a great deal of intratypic
difference in adsorption was found among
echovirus 1 and coxsackievirus B4 iso-
lates. Thus, adsorption of 7 different
strains of echovirus type 1 to a loamy
sand soil ranged between 0 and 99%.
These results indicate that adsorption
of virus to a given soil is highly
strain-dependent. A selected number of
viruses were studied for their adsorp-
tive behavior with nine different soil
types. All viruses studied adsorbed
well to soils having a saturated pH
below 5.0.

INTRODUCTION

Since Public Law 92-500 makes it
mandatory to stop the discharge of
treated or untreated sewage into large
bodies of water by 1985, land applica-
tion of wastewater has emerged as a via-
ble alternative for renovation of sew-
age water. However, since waste treat-
ment systems are incapable of removing
all the pollutants present in the sew-

age, it is necessary to study the fate of
such pollutants after application on
land.

Little is known about the fate of
human viruses applied to soil. It is ob-
vious that if viruses are not retained
by soil, they may migrate vertically,
resulting in groundwater contamination.
Most virus removal by soil is believed
to be due to the process of virus ad-
sorption to soil, in contrast to bacter-
ia which are removed in the soil surface
by filtration, sedimentation, and ad-
sorption (Gerba et al., 1975).

The few studies that have been done
on viral adsorption to soil have used
poliovirus and certain bacteriophages
as the model viruses for predicting the
behavior of all enteric viruses (Burge
and Enkiri, 1978; Drewry and Eliassen,
1968; Gerba et al., 1975; Lefler and
Kott, 1974; Young and Burbank, 1973).
Use of coliphages as an indicator for
the presence of human enteroviruses in
water has been advocated because of the
ease of handling phages in comparison to
working with animal viruses (Gerba et
al., 1975; Lefler and Kott, 1974), but
it has been found that coliphages do
not behave in the same manner as polio-
virus in their adsorption to soil (Young
and Burbank, 1973). Studies concerning
enteric virus adsorption to soil have
only been conducted with poliovirus (Du-
boise et al., 1976; Gerba et al., 1975;
Lance et al., 1976), whose behavior may
not reflect that of other enteroviruses.
The present study was undertaken to com-
pare the adsorptive behavior of differ-
ent types and strains of enteroviruses
to different types of soils.

225



Table 1. Major Characteristics of Soils*

Sample
code

Soil
series

Family Surface
area

(m2/g)

Per- Per- Per- Cation Percent Satur-
cent cent cent exchange organic ated
clay silt sand capacity matter pH

(meg/1 )

to

B

C

D

F

H

K

X

FM

Vernon

Clarita

Windthorst

Chigley

__

Fine, mixed, thermic

Fine, montmorillonitic,
thermic

Fine, mixed, thermic

Fine, mixed, thermic

Not classified

84

203

155

52

105

Anthony

Rubicon

Sandy, siliceous,
hyperthermic

Coarse-loamy,
(calcareous),

Sandy, mixed,

Loamy sand

mixed
thermic

frigid

38

18.4

39

54

53

28

36

13

20

16

13

24

48

26

13

59

40

13

4

3

10

4

8

77

92

89

32

71

53

23

30

6.

4.

5.

__

5

2

6

0.3

4.2

1.4

1.4

0.78

3.64

0.27

0.4

__

4.5

7.1

4.9

8.0

8.0

7.1

8.2

5.5

7.8

* For additional characteristics, see Enfield et al. (1976).



MATERIALS AND METHODS

Soils

Nine soils from different sources
were used in this study. The major
physicochemical properties and source of
each of these soils are shown in Table
1. Additional information on the prop-
erties of these soils can be found in an
article by Enfield et al. (1976).

Viruses

The following enteroviruses were
obtained initially as reference reagents
from the Research Resources Branch, Na-
tional Institute of Allergy and Infec-
tious Diseases, National Institutes of
Health, Bethesda, Md.: echovirus types
1-8, 11-13, 22, 24-29, and 31; polio-
virus types 1, 2, and 3; and coxsackie-
virus types B1-B6. Several entero-
vi ruses isolated from groundwater be-
neath a wastewater land disposal site
were also studied. These included: 5
strains of echovirus type 1; 2 strains
of coxsackievirus type B4; 3 strains of
poliovirus type 2; and 4 strains of po-
liovirus type 3. In addition, one
strain each of echovirus type 1 and po-
liovirus type 2 which had been isolated
from estuarine water were used in ad-
sorption studies. These viruses were
identified by use of combination anti-
serum pools as described by Mel nick et
al. (1973). The viruses were initially
concentrated from groundwater and sea-
water by membrane adsorption-elution
methodology (Farrah et al., 1976; Gerba
et al., 1978).

Virus Assay

Viruses were grown and assayed in
the BGM cell line using the plaque assay
technique and dilution procedures as de-
scribed elsewhere (Gerba et al., 1978)
and reported in PFU (plaque-forming
units).

Adsorption Studies

The virus being studied was suspen-
ded in either deionized reverse-osmosis-
treated tapwater (RO water), effluent
from an activated sludge sewage treat-
ment plant, solutions of CaCl2 in RO
water, or soil extract in RO water. The
soil extract was prepared by addition of
50 ml RO water to a 50-ml volume of dry
soil. The mixture was shaken for 30 min
and the soil removed by centrifugation.

The supernatant was then filtered through
a Millipore HA membrane filter of 0.45-
wm pore size. Adsorption of virus to
soil was determined by addition of a 2-
ml suspension of virus containing 10 -
107 PFU, in one of the solutions indica-
ted, to 2 g of test soil. The mixture
was then shaken on a shaker table at 200
rpm for 30 min. The soil was then re-
moved from suspension by centrifugation
for 5 min at 3000 rpm and the supernatant
was assayed for virus. A control suspen-
sion of virus in the solution being tes-
ted, but without soil, was also treated
in the same way. The difference in titer
between the control and the sample con-
taining soil was used to determine the
quantity of virus adsorbed to the soil.
Unless otherwise indicated, all experi-
ments were done using R0 water. Data on
virus adsorption represent the average
results of two to five experiments.

In studying the effect of soil con-
centration on virus adsorption, the ra-
tio of soil to water was always kept con-
stant, i.e., 1 g of soil to each 1 ml of
R0 water.

RESULTS

The effects of virus concentration,
soil concentration, and time on virus ad-
sorption were initially evaluated using
FM (Flushing Meadows) soil and poliovirus
type 1. The results, shown in Table 2,
indicated that only 1 gram of FM soil was
necessary for adsorption of more than
99% of 106 PFU of this virus. From these
results, it was decided to use 2-gram
amounts of soil in the remaining experi-
ments .

Table 2. Effect of Soil Quantities on
Adsorption of Poliovirus Type 1

to FM Soil

Amount of
soil (g)*

0.5
1.0
2.0
4.0
8.0
10.0
15.0
20.0

Percent of virus
adsorbed

74.0
99.3
99.9
99.2
99.7
99.9
99.9
99.9

* Equal volumes of soil and R0 water
were used.
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Using FM soil and RO water, the
rates of adsorption of echovirus 1 and
poliovirus 1 were determined; the re-
sults are shown in Table 3. Most of
the poliovirus 1 was found to adsorb
within 1 min after contact with the
soil, while adsorption of the echovirus
1 leveled off after a 4-min contact per-
iod. While more than 99% of the polio
1 adsorbed to the soil, only about 50%
of the echo 1 adsorbed to the FM soil
during the 1-hour contact period. No
significant inactivation of the viruses
in control samples without soil occur-
red during this period of time. From
these results, it was decided to use a
30-min contact period for adsorption
studies, to ensure that the greatest
amount of viral adsorption had occurred.

Table 3. Effect of Time on Virus
Adsorption to FM Soil

Time Percent adsorption of:
(min)

0
1
2
3
4
5
10
20
30
45
60

Polio 1 (LSc)

94
99
93
99
98
98
98
98
99
99
99

Echo 1

14
13
34
23
53
46
50
42
57
59
50

Table 4. Effect of Virus Concentra-^
tion on Virus Adsorption to FM Soil

PFU
added

PFU
recovered

% ad-
sorption

4.5 x 10"

2.6 x 10É

2.8 x 106

1.3 x 109

1.5 x 10

1.6 x 10

4 .5 x 10

10

10

10

3.8 x 10 ;

7.5 x HT

5.6 x 10E

4.0 x 10É

1.5 x 10'

6.0 x l o '

>99.99

99.90

99.70

99.99

99.97

99.91

99.87
* Increasing amounts of polio 1 (LSc) in
2 ml of suspension were added to 2-

gram amounts of a loamy sand soil
(FM).

The adsorption of varying quanti-
ties of polio 1 to FM soil was compared
and the results are shown in Table 4.
The results indicated that the soil was
not saturated with virus even after addi-
tion of 4.5 x lOlO PFU of virus, and that
the percent adsorption was similar for
all the concentrations of virus studied.

The adsorption of 27 different
reference enteroviruses to FM soil is
shown in Table 5. The viruses used were
supplied by the National Institutes of
Health as standard reference material for
each viral serotype. Most of the virus-
es adsorbed very well to the FM soil,
with more than 90% of the added virus ad-
sorbing to the soil. Exceptions were
echo 1, 12, and 29, of which only 55.0,
78.0, and 14.0%, respectively, adsorbed
to the soil.

Table 5. Adsorption of Different
Enterovirus Types to FM Soil

Virus
type

% ad-
sorp-
tion

Virus
type sorp-

tion

Echovirus
1
2
3
4
5
6
7
8
11
12
13
22
24
25
26
27
29
31

55.0
99.4
98.8
96.0
99.8
99.99
99.9
96.0
99.9
78.0
91.0
99.99
94.0
95.0
99.99
99.99
14.0
91.0

Poliovirus
1
2
3

Coxsackievirus
Bl
B2
B3
B4
B5
B6

99.9
98.0
99.6

99.99
99.2
96.0
99.99
99.9
98.0

Various strains of naturally occur-
ring enteroviruses isolated from ground-
water and polluted seawater were also
compared for their ability to adsorb to
FM soil; the results are shown in Table
6. No significant difference was ob-
served between poliovirus isolates in
their adsorption to FM soil, but a great
deal of variability was observed among
the echo 1 and coxsackie B4 isolates.
The adsorption of echo 1 isolates varied
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from 99 to 0%. These results indicated
that adsorption of virus to a given soil
is very strain-dependent.

Table 6. Adsorption of Different
Enterovirus Strains to FM Soil

Virus type

Polio type 2

Polio type 3

Echo type 1

Coxsackie B4

Strain
number*

R109
Rill
R113 ^
9CH-1**

R201
R202
R203
R204

4CH-1**
R115
V212
V239
V248
V249

V216
V240

% adsorp-
tion

99.8
99.5
98.0
99.6

99.9
99.9
99.9
99.9

96.6
99.7
46.0
0
30.0
35.0

30.0
0

* Except as otherwise indicated, the
viruses were isolated from ground-
water beneath a wastewater land
treatment site.

** Viruses isolated from polluted estu-
arine water.

In Table 7 is shown the adsorption
of different enterovirus types, and of
strains of echo 1 and coxsackie B4, to
FM soil in R0 water, treated sewage,
soil extract, and solutions of CaCl2.
In general, strains of echo 1 adsorbed
less in the presence of sewage and soil
extract than in R0 water. Little dif-
ference in adsorption was seen among
the other viral groups in these solu-
tions. No significant enhancement of
virus adsorption occurred in the pres-
ence of 0.001 M Cad2- Adsorption of
all of the viruses, however, appeared
to be enhanced in the presence of 0.01
M CaCl2- These data are consistent
with previously published data on virus
adsorption and ionic strength (Gerba
et al., 1975; Lance et al., 1976).

The adsorption of these viruses
to nine different soils was compared
(Table 8). Again, a great deal of var-
iability was found among the types and
strains of virus in their adsorption to
different soils. The exception was
soil B, to which all of the viruses ad-
sorbed very well. In general, all vir-
uses adsorbed poorly to soil K. Polio-
virus generally adsorbed better than
most of the other viruses to all of the
soils studied. Low soil pH appeared to
be the only obvious factor influencing
virus adsorption to the soils studied.
All of the viruses exhibited the great-
est amount of adsorption to soils B and
0, both of which had a saturated pH be-
low 5.0.

Table 7. Effect of Suspending Medium on Virus Adsorption to FM Soil

Virus type

Reference Strains:

Polio 1 (LSc)

Echo 1
Echo 7
Echo 12
Echo 29

Coxsackie B3

Recent Isolates:

Echo 1 (V212)
Echo 1 (V239)
Echo 1 (V248)
Echo 1 (V249)

Coxsackie B4 (V216)
Coxsackie B4 (V240)

Percent
RO
water

99.9

55
99.9
78
14

99.4

46
0
30
35

30
0

virus adsorption with:
Treated
sewage

99.3

0
94
84
12

93

0
14
12
6

27
17

Soil
extract

96

38
97
97
54

87

o 
o 

o 
o

6
37

0.001 M
CaCl2

96

4
96
14
23

72

0
7
7
34

15
0

0.01 M
CaC12

99.0

82
97
99.0
99.2

99.0

78
80
75
70

in 
o

CO
 

CO
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Table 8. Adsorption of Enteroviruses to Different Soil Types

Soil
type

B
C
D
F
H
K
T
X
FM

Percent virus adsorption

Reference strains

Polio
1 (LSc)

99.9
95
94
99.0
99.6
42
82
56
99.9

Echo
1

99.7
21
90
11
12
28
13
78
60

Echo
7

99.0
98
68
99.0
99.5
20
22
8
99.9

Cox-
sackie
B3

99.6
92
83
97
97
56
35
73
97

Recent

Echo 1

V212

99.7
23
70
19
38
44
1

79
32

isolates

V239

98
10
65
53
49
5

52
68
22

V248

99.8
25
99.9
33
25
0
33
82
16

Coxsackie B4

V216

99.3
2

67
32
34
12
34
44
19

V240

98.7
0

92
26
24
56
35
73
97

DISCUSSION

The limited amount of information
available on virus adsorption to soils
is almost entirely based on studies us-
ing poliovirus type 1 and bacteriophages
(Gerba et al., 1975). Results with
these viruses generally indicate excel-
lent removals of virus in soil columns
and adsorption in batch studies. Only
the nature of the soil was recognized
as a major factor influencing the ad-
sorption of the virus, and it was con-
cluded that viruses were largely rem-
oved within a few centimeters of the
soil surface during infiltration of
virus-laden wastewater (Drewry and Eli-
assen, 1968; Gerba et al., 1975; Lefler
and Kott, 1974). With the development
of methods for the concentration of en-
terovi ruses from large volumes of water,
it became possible to look for naturally
occurring viruses in groundwater beneath
sites used for the land treatment of
sewage (Gilbert et al., 1976). The re-
sults of several field studies indica-
ted that naturally occurring viruses
can penetrate long distances into the
groundwater near some wastewater land
treatment sites (Schaub and Sorber,
1977; Wei lings et al., 1975). Both
field and laboratory studies have indi-
cated that environmental factors such
as rainfall could result in the elution
of viruses from soil and further sub-
surface migration (Weilings et al.,
1975; Duboise et al., 1976; Lance et
al., 1976). These results illustrated
the need for additional work on under-
standing factors influencing the sub-
surface travel of enteric viruses in
groundwater.

The purpose of this study was to
determine if poliovirus adsorption to
soil truly reflected the behavior of
other members of the entérovirus group,
including recently isolated strains. It
quickly became evident that, while polio-
virus to a large extent reflects the be-
havior of most reference laboratory
strains of enteroviruses in adsorption to
soil (Table 5), it was not reflective
of many strains recently isolated from
sewage-polluted waters. In the initial
screening of enteroviruses, the adsorp-
tion of laboratory strains to FM soil
was evaluated (Table 5). Of the 27 dif-
ferent enterovirus types, only echo 1,
echo 12 and echo 29 adsorbed significant-
ly less than the other reference entero-
viruses. In addition, the rate of echo 1
adsorption was found to be less than that
of polio 1 (Table 3). No difference in
adsorption was observed between the lab-
oratory and natural isolates of polio-
virus (Table 6), but a great deal of var-
iability was observed between the natural
isolates of echo 1 and coxsackie B4.
Adsorption of echo 1 strains to FM soil
ranged from 99 to 0%. Polioviruses are
the enteroviruses most commonly isolated
from sewage because of the widespread
use of oral poliovirus vaccine. Thus,
all of the poliovirus isolates are prob-
ably vaccine progeny strains and not
true wild-virus variants. From this
work it is apparent that virus adsorp-
tion to soil is highly dependent on the
strain of virus. Differences in adsorp-
tion between different strains of the
same virus type might result from vari-
ability in the configuration of proteins
in the outer capsid of the virus, since
this will influence the net charge on
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the virus (Gerba et al., 1975). The net
charge on the virus would affect the el-
ectrostatic potential between virus and
soil, and thereby could influence the
degree of interaction between the two
particles.

Soluble organics have been shown
to compete with viruses for adsorption
sites on mineral surfaces (Gerba et al.,
1975), and it is not surprising that the
viruses studied, in general, adsorbed
less to FM soil in the presence of sec-
ondarily treated sewage (Table 7).
Adsorption of all of the viruses was en-
hanced in the presence of 0.01 M CaCl2,
again indicating that the surface charge
of the virus is involved in the adsorp-
tion of viruses to soil (Gerba et al.,
1975),

Overall, polio 1 adsorbed best of
all the viruses to the nine different
soils studied. A great deal of varia-
bility was seen among the different
viruses in their adsorption to soils
(Table 8). Soil B was the only soil to
which 98% or more of each virus studied
adsorbed. This soil and soil D, which
was also a good virus adsorber, were
characterized by having a saturated pH
below 5.0. Soil X, which had a satura-
ted pH of 5.5, was not an overall good
adsorber of virus. Thus, a low soil pH
appeared to favor virus adsorption of
all of the viruses studied. It has pre-
viously been reported that bacteriophage
adsorption to soils correlates with
cation exchange capacity and soil sur-
face area (Burge and Enkiri, 1978), but
no clear overall correlation was evident
between these factors and virus adsorp-
tion. However, the differences in pH
make it difficult to study other fac-
tors. The data presented in Tables 1
and 8 are currently being analyzed by
statistical methods to provide addition-
al information on the relative impor-
tance of various soil characteristics in
virus adsorption.

It is now clear that not all vir-
uses, even strains of the same type,
will behave the same under identical
conditions in soil systems. Preliminary
studies on the removal of different en-
terovi ruses during migration through
soil columns indicate that viruses which
adsorb poorly in batch studies also have
a lower removal rate during soil filtra-
tion. Thus, batch studies may reflect
to some extent the degree of virus mi-
gration into the subsurface environment
during the land treatment of wastewater.
More work will be needed to determine
if batch studies can be definitely cor-

related with virus movement in soils.
It may not be surprising that all

of the naturally isolated viruses ad-
sorbed well to soils of low pH, since
the technique used to concentrate them
from field samples involved adsorption
to membrane filters at low pH (Farrah et
al., 1976; Gerba et al., 1978). Thus,
viruses that did not have this charac-
teristic would not have been isolated.

We are at present evaluating the
adsorption of adenoviruses, rotaviruses,
and coliphages to soils to determine if
the other major groups of viruses found
in sewage behave differently than do the
enteroviruses.
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HEALTH CONSIDERATIONS

THE OCCURRENCE OF HUMAN ENTEROVIRUSES IN A LONG ISLAND

GROUNDWATER AQUIFER RECHARGED WITH TERTIARY WASTEWATER EFFLUENTS

J. M. Vaughn and E. F. Landry

Department of Energy and Environment
Brookhaven National Laboratory

Upton, New York 11973

The occurrence of human enterovirus-
es in a Long Island groundwater aquifer
recharged with tertiary wastewater ef-
fluents .

A two-year study of the impact of
human viruses on a tertiary-groundwater
recharge system located on Long Island
is currently nearing completion. Raw
influents, chlorinated tertiary effluents
and groundwater from beneath a uniquely
designed recharge basin were assayed on
a weekly basis for the presence of in-
digenous human enteroviruses and coli-
form bacteria. While high concentra-
tions of viruses were routinely isolated
from sewage influents, the chlorinated
tertiary effluents were positive for
virus in only 3 of 20 samples. In spite
of the high quality effluent being re-
charged, viruses were detected in the
groundwater aquifer on several occasions
indicating their ability to percolate
through the unsaturated zone. This find-
ing was confirmed by the results of two
poliovirus seeding experiments carried
out at the field installation. At both
high (75-100 cm/hr) and low (6 cm/hr)
infiltration rates seeded polioviruses
were detected at all sampling levels as
well as in the groundwater aquifer, 7.62
m below the recharge basin. It would
appear that low infiltration rates pro-
mote better virus removal in the type of
soil naturally occurring in this region
of Long Island.

1. INTRODUCTION

Increased demands for additional
sources of potable water have resulted
in the need to supplement groundwater
reserves. Among methods proposed to
augment groundwater supplies are those
involving recharge with renovated domes-
tic wastewater including: spray irriga-
tion; overland flow; deep well injection;
and basin recharge. The use of waste-
water in any of the above schemes of
aquifer supplementation has often met
with opposition because of the potential
hazard posed by the presence of the
human viruses which commonly occur in
sewage (Bernard, 1973; Gerba et al.,
1975).

Laboratory studies have identified
several factors which affect virus re-
moval during the passage of wastewater
through soil. Drewry and Eliassen
(1968) indicated that adsorption rather
than filtration was the probable mech-
anism of virus removal during sand or
soil percolation. Gerba et_ al^_t (1975)
reported that the adsorption process
was strongly influenced by a number of
factors including the pH of recharged
water, the chemical composition and
moisture content of the soil, and infil-
tration rate through the soil. The
ionic strength of the adsorbing envir-
onment has also been shown to be impor-
tant in the attachment of virus to soil
particle (Duboise et al., 1976; Lance
e£ ajL_, 1976; Wellings ^t al^, 1975).
Clean, dry sand was shown to have little
removal capabilities when saturated with
a virus-containing solution (Berg, 1973),
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while previously moistened sand demon-
strated an improved removal efficiency
(Nestor and Costin, 1971). Drewry and
Eliassen (1968) reported that soils con-
taining high concentrations of clay and
silt were extremely effective virus ad-
sorbants. Bitton (1975) indicated that
this efficiency was due primarily to
their large surface area.

While adsorption mechanisms have
been the subject of a number of labora-
tory studies, comparatively few have ad-
dressed the presence of naturally oc-
curring viruses at operational recharge
installations. Wellings et al., (1975)
reported the isolation of poliovirus and
coxsackievirus from groundwater beneath
a cypress dome used for the recharge of
secondarily-treated effluent. Schaub
and Sorber (1977) also demonstrated the
sporadic occurrence of enteroviruses in
recharged groundwater. Gilbert et^ al.,
(1976) were unable to detect viruses in
groundwater samples taken at the Flush-
ing Meadows recharge project. Recently,
Vaughn et al., (1978) demonstrated the

presence of a variety of enteroviruses
in groundwater aquifers adjacent to
wastewater recharge basins at three sep-
arate recharge sites located on Long
Island.

A major portion of the above studies
were conducted with sewage effluents
which received no more than secondary
treatment. The present report describes
the results of routine viral monitoring
and field experimentation at a uniquely
designed recharge installation which
uses tertiary-treated effluents.

2. METHODS AND MATERIALS

A. Test Site

The site selected was located at
the 12 Pines treatment facility in Med-
ford, New York. The plant (1.2 MGD
capacity) combines conventional primary
and secondary treatment processes with
tertiary treatment (denitrification-
filtration) and chlorination. Treated

TABLE 1

Chemical and Physical Characteristics of 12 Pines
Tertiary-Treated Sewage Effluent and Renovated Well Water

Turbidity (NTU)
Conductivity (ymho)
pH
Total alkalinity (mg/1)
Chloride (mg/1)
Sulfate (mg/1)
Nitrate-nitrogen (mg/1)
Nitrite-nitrogen (mg/1)
Ammonia-nitrogen (mg/1)
Total Kjeldahl nitrogen (mg/1)
Ortho phosphate (mg/1)
FeTT" (mg/DM n H (m&/:L>
MgTT (mg/D
CaT* (mg/1)
Na+ (mg/1)
K (mg/1)
Total suspended solids (mg/1)
Total organic carbon (mg/1)

Mean

Effluent

4.58
439.50
6.61

95.38
54.13
35.63
3.38
0.11
5.34
6.63
6.13
<0.05
0.02
4.53

19.0
58.25
12.25
5.00
15.13

a^-g.o)-/
(393-500)
(6.10-7.20)
(48-115)
(47-64)
(28-54)
(0.07-16.0)
(0.006-0.49)
(0.06-15)
(0.9-17)
(4.8-6.8)
(<0.05)
(0.01-0.03)
(2.7-7.8)
(15-24)
(54-68)
(11-13)
(1-14)
(10-29)

Values

Well

7.2
459
6.11

67.12
53.5
36
7.54
.026
.38

2.27
6.07
0.05
.078

4.26
21.37
59.12
12.87

Water

(2.5-15)
(389-500)
(5,2-7.1)
(31-98)
(50-56)
(29-56)
(.09-17)
(.003-.083)
(.16-1.1)
(.6-10)
(4.8-7.0)
(<0.05-0.1)
(.02-.15)
(2.6-7.0)
(17-33)
(54-68)

J12-14)
nt^'
nt

a/
— Numbers in parentheses, represent the range of values.

— Samples not tested.



sewage is then discharged into nearby
recharge basins, or a portion diverted
for flooding on the test recharge basin.
The physical and chemical characteristics
of the tertiary effluent and the reno-
vated wastewater may be seen in Table 1.
Thirty yards northeast of the recharge
basins is the study facility built and
operated by the U.S. Geological Survey
(Figure 1). The structure is a minia-
turized version of the adjacent recharge
basins, consisting of a circular test
basin 6.09 m in diameter (25 m^) whose
surface is approximately 7.62 m above
the static water, level. A manhole has
been carefully constructed through
the center of the basin to a depth of
6.4 m so as not to disturb the natural
soil. Within the manhole, gravity samp-
lers (38.7 cm2 capture area) have been
constructed at depths of 0.75, 2.25 and
5.34m which extend 0.9m into the sur-
rounding recharge basin. At the bottom
of the manhole, a well has been sunk
into the water table to allow testing of
waters which have percolated through the
system. The test basin has been equip-
ped with instrumentation for measuring

water level, infiltration rate, tempera-
ture and conductivity. The soil in the
basin consists primarily of coarse sand
and fine gravel and contains an average
of G.75% silt and clay (Table 2). The
study facility operates at a normal
loading rate of 180,000 1 per day and
combines the advantage of a sufficiently
large operating surface with the ability
to control variations which might be ex-
perimentally applied to the system. Sew-
age was continuously applied to the
basin during the indicated study period.

B. Sample Collection

Samples of raw sewage (influent),
tertiary effluent, and groundwater from
beneath the test basin were collected
at weekly intervals. Raw sewage grab
samples were collected in sterile 4 1
containers. Tertiary effluent (100 1)
and groundwater (400 1) samples were
collected in sterile 220 1 tanks (Plast-
i-cube, Greif Brothers Corp.). Between
collections, tanks were thoroughly
rinsed with tap water, sanitized with
0.12 N hydrochloric acid (thirty minutes)

BASIN FLOOR
ELY 17.6 m

LEGEND

GRAVITY SAMPLER

NEUTRON-PROBE
ACCESS HOLE

TEMPERATURE
PROBE

WATER LEVEL
RECORDER

SAMPLING WELL

>frb.9mi0.9m-'

T
0.75 m

—-RETAINING WALL

5.34m

Figure 1. Schematic of the test basin facility.
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TABLE 2

Percentage of Particles in Each Size Range in
Soil Samples from Unsaturated Zone, Below Test Basin

values in percent)

Particle diameter

(mm)

Depth below basin surface (m)

0.75 2.25 5.34

Silt and clay
<0.0625

Sand
0.0625-0.125
0.125-0.250
0.250-0.5
0.5-1
1-2

Gravel
2-4
4-8
8-16
16-32
32-64

0.30 0.75 1.2

0.4
3.3

14.1
36.4
13.4

6.9
6.4
9.6
9.3
0.0

1.8
23.5
27.5
25.8

4 .1

4.2
4 .1
8.0
0.0
0.0

1.6
10.9
25.2
36.3

6.2

4.3
4.3
6.2
3.5
0.0

and rinsed once again with tap water.
Immediately before collection at each
site, tanks and pumping equipment were
rinsed with 40 to 80 1 of water to be
sampled. These precautions were taken
to obviate the chance of cross-contami-
nation between samples. During the col-
lection of tertiary effluents, residual
chlorine was neutralized with sodium
thiosulfate (Standard Methods, 1976).

C. Virus Concentration Procedures

Viruses in raw sewage samples were
concentrated by an inorganic floccula-
tion procedure (Farrah et_ al., 1976).
The resulting concentrates (20-50 ml)
were supplemented with 10% fetal calf
serum and stored at -72 C.

Viruses in large volume water
samples were initially concentrated by
means of an Aquella Virus Concentrator
(Carborundum Corporation) using a series
of prefilters to remove debris. Viruses
were adsorbed to fiberglass depth cart-
ridge filters (K27), and epoxy-fiber
glass-asbestos filters (.1-0 and 0.45 um
Cox) at a pH of 3.5 and 0.5 mM A1C13

(Farrah et al., 1976). Elution of ad-
sorbed virus was carried out with 2 1
volumes of 0.1 M glycine at pH 11.5.

Eluates were then neutralized to pH 7.5
in an equal volume of pH 2.0 glycine.
The concentration procedures routinely
yielded a 4 1 volume which was reconcen-
trated in the laboratory by means of an
inorganic flocculation procedure (Farrah
!=L aĴ _i 1976) to a final volume of 50-
100 ml. After the addition of 10% fetal
calf serum, samples were stored at -72 C
to await assay.

D. Isolation and Identification

Viral enumerations from field
samples were carried out on monolayers
of low-passaged Buffalo Green Monkey
Kidney Cells (BGM - Microbiological As-
sociates) , which were grown on minimum
essential medium with Hanks balanced
salt solution supplemented with 10%
fetal calf serum. Five-tenths ml sample
volumes were placed on cell monolayers
in 25 cm^ flasks, and incubated for 1 hr
to facilitate virus attachment. After
decanting excess sample material, cells
were overlain with 4 ml neutral red agar
medium (Melnick and Wenner, 1964), and
incubated at 36 C under 5% C02 for a
period of 10 days. Daily readings were
taken to determine the presence of
viruses which appeared as plaques.
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Following the incubation period, plaques
were picked and enriched on monolayers of
BGM cells propagated in twenty-four well
cluster dishes (Costar). Isolates were
identified in microtiter plates by serum
neutralization techniques (Melnick et
al., 1973) using enterovirus typing pools.

E. Coliform Studies

In order to correlate virus data
with a recognizable biological pollution
indicator, total and fecal coliform num-
bers were determined for all samples col-
lected. Coliform enumerations were car-
ried out using standard "most probable
number" methods (Standard Methods, 1976).

F. Basin Seeding Experiments

On two occasions, effluents entering
the test basin were seeded with polio-
virus type 1 (LSc) in order to assess the
virus-removing capacity of the basin
under the stress of high virus concen-
trations. The procedures for each ex-
periment differed and will be described
separately.

a) Experiment #1

Monodispersed poliovirus (LSc)
stocks were propagated on monolayers of
Buffalo Green Monkey Kidney cells (BGM)
in Blake bottles according to the pro-
cedures described by Jakubowski et_ al.,
(1975). Foliovlrus was added to 8500 1
of unchlorinated tertiary-treated waste-
water entering the previously drained
basin. Viruses were inoculated through
an injection pipe which assured uniform
distribution of virus particles. The
final concentration of poliovirus in the
seeded effluent was 7.0 x 10^ PFU/1.

The experiment was initiated after
maintaining a basin infiltration rate of
6 cm/hr for a period of 2 weeks. The
seeded effluent was allowed to drain to
a depth of 4-6 cm above the basin floor
before resumption of normal recharge
procedures with unseeded tertiary ef-
fluent. The intention of this manipu-
lation was the production of a "band"
of water containing high numbers of
virus whose progress through the basin
could be traced.

Samples for virus assay taken dur-
ing the experiment included: tertiary
sewage (40 1) and observation well water
(400 1) samples taken prior to virus
seeding in order to supply background
information; 2 1 composite samples col-
lected at intervals from the gravity

samplers located at 0.75, 2.25 and 5.34
m depths in the basin; observation well
samples (400 1 each) taken at intervals
for a period of several days. Large
volume samples (40-400 1) were pro-
cessed using previously described virus
concentrator methods. Virus particles
in 2 1 gravity samples were concentrated
via an inorganic flocculation method
(Farrah e£ aJL_, 1976) .

All samples were assayed on mono-
layers of BGM cells using a plaque over-
lay technique. Because of the low num-
bers expected, 9-10 ml volumes of each
sample reconcentrate were analyzed for
virus content.

b) Experiment #2

The initial seeding experiment was
carried out at an infiltration rate of
6 cm/hr. The second experiment was
designed to assess the effects an in-
creased infiltration rate would have on
virus removal in the basin. Such in-
creased infiltration rates are commonly
experienced on Long Island following
basin renovation by scarification. For
several weeks preceding the experiment,
the basin received no effluent which
promoted moderate drying. One week
before the experiment, the previously
clogged top 2.5 cm of basin bottom were
removed and replaced with clean sand,
which had been removed during initial
construction of the basin. As a result
of these measures, an infiltration rate
of 75-100 cm/hr was realized. A 4000 1
unchlorinated effluent sample was seeded
with poliovirus (LSc) and allowed to
drain through the basin as before. Nor-
mal recharge operations were then re-
sumed. Because of the rapid infiltra-
tion rate, 1 1 gravity samples were
taken at intervals which were determined
according to the movement of the Seeded
"front" through the basin. Within an
hour of the passage of the "front"
through each of the sampling levels, in-
terval sampling was curtailed in lieu of
large volume composite samples, which
were collected at each level over a
period of 2-3 hours. Viruses contained
within these samples were concentrated
by an organic flocculation method
(Katzenelson et^ al., 1976). Groundwater
samples (380 1) were also collected dur-
ing the experiment, and processed
through an Aquella Virus Concentrator
using a modified 3% beef extract elution
method (Landry et_ al., in press).

Tertiary effluent was applied to
the basin for a period of 5 hr. All
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TABLE 3

Enterovirus and Coliform Isolations
from 12 Pines Raw Sewage Influent

Coliforms/100 ml

Sample
No.

Al
A8
All
A14
A16
A20
A23
A24
A29
A3 2
A3 5
A3 6
A41
A4 2
A45
A48
A53
A56
A59

aPFU-plaque

Date
Collected

11/10/76
12/2/76
12/6/76
1/21/77
5/6/77
5/11/77
5/18/77
5/24/77
5/26/77
6/2/77
6/7/66
6/20/77
6/27/77
7/13/77
7/18/77
7/27/77
8/2/77
8/8/77
10/11/77

forming units

Virus
PFUa/l

473.7
452.6
2368.4
5368.4

47.4
505.3
155.3
113.7
118.4
231.6
707.4
20

2682.1
137.4
394.7
490.3
454.7
10.6
179.5

TABLE 4

Total

4.6x10^
l.lxlO'
1.1x10;
1.2xl07

-i

4.3x10'

9.3x10'
4.3xlOB

1.1x10°
2.4x10^
2.3x10^
4.3x10^
7.5x10^
1.1x10*
1.5x10»
l.lxl0s

Enterovirus and Coliform Isolations
from 12 Pines Tertiary Sewage Effluent

Fecal

4.6x10,
4.6x10*
5.0xl0C

1.5x107

9.3x10
4.3x108

/•. 3x10
2.3x10
2.3x10
2.3x10;
4.0x10"
1.5x10'
9.3x10;
1.1x10'

Coliforms/100 ml
Sample

No.

A2
A3
A7
A9
A12
A17
A19
A22
A25
A28
A31
A34
A3 8
A40
A44
A4 6
A4 9
A52
A55
A58

Date
Collected

11/10/76
11/10/76
11/29/76
12/2/76
12/6/76
5/6/77
5/11/77
5/18/77
5/24/77
5/26/77
6/2/77
6/7/77
6/20/77
6/27/77
7/13/77
7/18/77
7/27/77
8/2/77
8/8/77
10/11/77

Virus
PFUa/l

81.0
0
0
15.5
0
1.1
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Total

3.8x101?
2.3xlO3

< 3 1
2.3x10^
1.5x10

1
1.7X101

~ 9

4.6xio:f
2.4xlO3

4
4.6x10?
2.4xlO4

<3
<3
4
<3
4
<3

Fecal

___

<3
< 3 1

1.5X101

———
8

2.3X1O1

<3

(X

4.6x10^
4.3x10i

<3
<3
<3
<3
<3
<3

PFU-plaque forming units
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samples were analyzed for virus content
as previously described.

3 . RESULTS

A, Enumerations From Field Samples

The treatment system under study was
operating at one-quarter to one-half capa-
city during the sampling period described
below. To date, approximately 2727 m of
water have been applied to the test basin.

As would be expected, raw influent
samples routinely yielded large numbers
of viruses and coliform bacteria (Table
3). A significant reduction in isolation
frequency was noted in the treated ef-
fluent (Table 4 ) , where viruses were de-
tected on only three occasions. In spite
of the infrequency of isolations from ef-
fluents, viruses were detected in the
groundwater beneath the recharge basin
on six occasions (Table 5) indicating the
ability of viruses to penetrate the

TABLE

unsaturated zone above the water table.
Little correlation was observed between
virus and coliform occurrences in most
of the samples analyzed. Variations
which occurred in coliform levels
throughout the sampling period cannot be
explained at this time.

Viruses identified from raw influ-
ent and tertiary effluent included:
Poliovirus types 1 and 2; Coxsackie-
virus types A16, B2, B5, and B6; and
ECHO virus types 18, 21, 25, and 27. To
date, only one of the groundwater iso-
lates was positively identified as being
Poliovirus type 2.

B. Basin Seeding Experiments

Experiment #1

Table 6 summarizes the data result-
ing from the first seeding experiment
which was carried out at a low infiltra-
tion rate (6 cm/hr). Significant re-
duction in viral numbers resulted from
5

Enterovirus and Coliform Isolations
for 12 Pines Renovated Wastewater
(Groundwater Observation Well)

Coliforms/100 ml

Sample
No.

A4
A5
A6
A10
A13
A15
A18
A21
A26
A27
A30
A33
A3 7
A3 9
A43
A4 7
A50
A51
A54
A57
A62
A64
A67

Date
Collected

11/10/76
11/18/76
11/29/76
12/2/76
12/6/76
5/6/77
5/11/77
5/18/77
5/24/77
5/26/77
6/2/77
6/7/77
6/20/77
6/27/77
7/13/77
7/18/77
7/27/77
8/2/77
8/8/77
10/11/77
10/18/77
10/26/77
10/31/77

Virus
PFUa/l

0.66
0
0
0
0
0.53
0
0
0
0
0.21
0
0
0
0
0
0
0.60
0.66
0
0.14
0
0

Total

9.3xioi:
4.3x10;
9.3x10;?
4.3xio;:
1.2xlO2

4.9xl0x

~*~— 1
7.5x10,
4.6x10^

7.5x10^
2.4x10^
4.3x10*
l.lxioj
2.4x10;;
2.5x10*
2.1x10^
2.8X10-3

4.3xl02

<3
<3

Fecal

1
9.6x10,

4.3x10;?
4.3xlO2

4

2

9
2.3xlOx

9
3.9x10*
4.3xlOZ

4 „
4.3xlO2

2.3X101

<3
9 2

3.0x10^
7.0x101

<3
<3

PFU-plaque forming units.
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TABLE 6

The Recovery of Poliovirus at Various Depths During
Sewage Recharge at a Low Infiltration Rate (6 cm/hr).

Initial Seeded Virus Concentration =• 7xlO4.

Depth Below Surface
of Basin Floor (m)

0.75 (Level 1)
it

2.25 (Level 2)

5.34 (Level 3)
it

7.62 (Level 4)

Sample #

1
2
3
4
5
6
7
8
9
1
2
3
4
5
6
7
8
9
1
2
3
4
1
2
3
4
5
6
7

Time of Collection
after Seeding (hr)

1.45-2.25
2.25-3.00
3.00-4.63
4.63-6.66
6.66-8.53
8.53-9.25
9.25-10.08
23.63-24.25

28.81-29.33
2.26-2.91
2.91-3.61
3.61-5.26
5.26-7.66
7.66-10.08
10.08-11.16
11.16-11.91
23.68-24.33
28.78-29.41
6.83-9.41
9.41-11.91

23.83-25.08
28.75-29.83

0
12
24
30
48
54
72

Virus PFU/1

0
0
7.90
16.90
20.00
17.70
25.25
1.90
3.70
5.45
0
3.18
3.60
11.60
2.20

23.30
1.59
19.50
0
0
38.20
0
0
0
0.35
0
0
0.08
0.07

passage through the unsaturated zone,
the greatest removals occurring between
the 2.25 and 5.34 m levels. In spite of
these encouraging removal rates, some
virus particles were apparently able to
penetrate the entire depth of the unsat-
urated zone. Peaks in viral numbers were
noted between 6 and 10 hours after seed-
ing in the 0.75 m level (level 1); at
11 and 28 hours in the 2.25 m level
(level 2); between 23 and 25 hours in
the 5.34 m level (level 3); and at 24
hours in the observation well (level 4).
The almost simultaneous appearance of
virus In the first two levels within
three hours of seeding suggested that
the virus-laden band of wastewater did
not move uniformly between these levels.
There was evidence of consistent virus
movement from level 1 to level 2, but
only a brief period of movement from
level 2 to level 3 (occurring between

hour 23 and 25). Few viruses were shown
to have successfully moved from level 3
to the groundwater aquifer (level 4).

Experiment #2

The second experiment indicated that
decreased viral retention occurred as a
result of high infiltration rate (Table
7). Large numbers of virus were detected
at all sampling levels. The seeded ef-
fluent apparently moved through the first
sampling level in a sharply defined band.
By the time the band reached levels 2
and 3, it had been rendered less compact
by diffusion within the soil column. The
high virus titer encountered in the first
sample from level 3 may have resulted
from channeling through portions of the
basin. Reduced numbers of virus were re-
covered from the aquifer (level 4). The
reduction was likely caused by virus
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TABLE 7

The Recovery of Poliovirus at Various Depths During
Sewage Recharge at a High Infiltration Rate (75-100 cm/hr).

Initial Seeded Virus Concentrations - 1.84 x 105/l.

Depth Below Surface Sample # Time of Collection Virus
of Basin Floor

0.75
ti

ti

ii

M

H

H

H

H

2.25
H

H

ti

H

H

H

M

5.34
H

H

H

H

H

it

II

H

7.62
II

(Level

(Level

(Level

(Level

(ra)

1)

2)

3)

4)

1
2
3
4
5
6
7
8
9
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
9
1
2

after Seeding (hr)

0.60-0.81
0.86-0.91
1.03-1.06
1.20-1.23
1.41-1.45
1.58-1.61
1.75-1.78
2.00-2.03
1.41-2.45
1.20-1.30
1.41-1.50
1.58-1.63
1.75-1.81
2.00-2.08
2.25-2.31
2.50-2.56
2.58-3.86
1.78-2.15
2.16-2.28
2.33-2.41
2.50-2.55
2.81-2.85
3.00-3.03
3.28-3.31
3.50-3.53
3.53-4.03
2.50-2.66
4.66-4.83

PFU/1 (xltT)

78.00
9?. 50
26.50
1.46
1.94
1.22
0.79
0.90
0.03
2.44
8.58
6.70
5.40
1.81
1.38
0.31
0.05
8.82
0.54
0.27
1.81

10.10
9.80
3.32
1.96
0.12
0.11
0.001

dilution following entrance into the
groundwater table. It is not known
whether the replacement of a portion of
the clogged basin surface had any sig-
nificant effect on overall virus passage
through the basin.

4. DISCUSSION

The recent development of improved
virus-concentrating methods has greatly
facilitated the routine isolation of
human viruses from large volumes of
water. Such methods, however, cannot
guarantee a 100% efficiency of virus
concentration. The field data presented
in the preceding section must therefore
be considered to be representative of
the minimum numbers of virus in each
sample. The inability to detect viruses

within the constraints of our testing
system cannot preclude the possibility
of virus occurrence in very low concen-
trations.

Currently practiced sewage treatment
methods cannot Insure the removal of all
human viruses, and their isolation from
treated wastewater effluents has been the
subject of numerous reports (Buras, 1976;
Clarke e£ al^, 1951; Metcalf et al^_, 1972),
The presence of these organisms has been
viewed as a potential health hazard to
wastewater reuse operations, especially
those involving groundwater recharge
(Bernard, 1973; Berg, 1973; Hori ̂ t al.,
1970). To date, relatively few field
studies have been carried out which ad-
dressed the question of naturally occur-
ring viruses in wastewater recharge sys-
tems (Gilbert et al., 1976; Schaub and
Sorber, 1977; Wellings et_ al^_, 1975;
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Vaughn et a3^, 1978).
The present study provides informa-

tion concerning virus removal in a basin
recharged with tertiary effluent. Viruses
were detected in groundwater on several
occasions during field sampling in spite
of the fact that tertiary effluents were
shown to contain few virus particles.
The progress of aquifer-entrained viruses
in the study area cannot be commented
upon, but three previous reports have
indicated the possible horizontal move-
ment of viruses through groundwater aqui-
fers (Schaub and Sorber, 1977; Wellings
e^al^, 1975; Vaughn et. al^, 1978).

Data from field studies were veri-
fied by the results of the basin seeding
experiments. In both instances, polio-
virus type 1 was shown to be capable of
penetrating to the aquifer (Note: Pre-
liminary field data from this laboratory
indicates that poliovirus type 1 may ad-
sorb more readily to soil surfaces than
other members of the enterovirus group
[Vaughn e£ al^, 1978] . Basin seeding
data may therefore represent a conserva-
tive model) . Infiltration rates used
during the seeding experiments were con-
sistent with the average "low" (i.e.
resulting from partially clogged basin),
and "high" (i.e. following basin scari-
fication) rates which normally occur at
Long Island recharge installations. A
comparison of the two experiments indi-
cated that lower infiltration rates re-
sulted in a greater efficiency of virus
removal during percolation through the
unsaturated zone. In a similar field
experiment, Shaub and Sorber (1977) iso-
lated indigenous enteroviruses in ground-
water following rapid effluent infiltra-
tion through sand basins. The basins
contained similar clay and silt concen-
trations to those of the present study.

The résulta of the present study
indicate that infiltration rate should
be an important consideration for basin
recharge operation. The findings of
this study pertain to the type of soils
described above, and may not be directly
applicable to regions containing sig-
nificantly different soil compositions.
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HEALTH CONSIDERATIONS

EVALUATION OF THE OVERLAND RUNOFF MODE OF LAND WASTEWATER APPLICATION
FOR VIRUS REMOVAL
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K.F. Kenyon, USAMBRDL, Ft. Detrick, Frederick, MD
B. Bledsoe, USEPA, R.S. Kerr Labs, Ada, OK
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ABSTRACT

Enteric and tracer virus removal
capabi l i t ies during land application by
the overland runoff mode of domestic
wastewater treatment were evaluated.
Raw, pr imari ly and secondarily treated
wastewaters were sprayed onto grass-
covered 36-meter long so i l p lo ts . The
plots contained a f ine sandy loam top-
soi l overlying an impermeable clay sub-
so i l with a general slope of 3 percent.
Tracer bacteriophage f2 seeded into the
applied wastewaters, was measured at
various points along the length of the
plots . Modest tracer virus removals of
between 30-60 percent were observed when
the so i l p lo t ef f luents were sampled.
In timed studies i t was determined that
the tracer virus advanced to the bottom
of the slopes a t the same rate as waste-
water. Tracer virus was detected at
plot eff luents wi th in 50-90 minutes
af ter application depending somewhat on
the hydraulic loading rate. Soil sam-
pl ing revealed that some f2 virus was
associated with the wastewater saturated
topsoil but l i t t l e penetration of virus
into the so i l p ro f i l e was observed.
Indigeneous enteric viruses were also
sought in the overland runoff system
u t i l i z i n g the bentonite virus adsorption
technique. The enteric virus levels
were reduced by approximately 85 percent
during the i r migration down the t reat -
ment slopes. Comparison of wastewater
chemical properties and virus removal
characterist ics during overland runoff
d id not reveal any obvious correlations
which could be used to predict virus
t r e a t a b i l i t y . Laboratory so i l adsorp-
t ion studies revealed that pol iovirus
adsorbed to so i l much more readily than

f2 coliphage. Poliovirus adsorption
improved on test soi ls with increasing
depth of so i l sample.

INTRODUCTION

Land treatment of wastewater is con-
sidered a preferred al ternat ive to ter-
t i a ry treatment of wastewater because i t
recycles nutrients and water back to the
land. The overland runoff mode of land
treatment is being u t i l i z e d or planned
at a number of locations throughout the
United States. Proper use of the over-
land runoff mode may allow s ign i f icant
reductions in a number of chemical and
biological components of wastewater.

Treatment of the wastewater con-
st i tuents is pr inc ipa l ly through adsorp-
t i o n , f i l t r a t i o n , biological metabolism/
conversion, and other complex interac-
tions as the wastewater flows down the
so i l slope. Because the applied waste-
water cannot percolate into the imperme-
able subsoi l , most o f the l i qu id reaches
the bottom of the treatment slope where
i t can be discharged to a receiving
stream or receive subsequent treatment.

The general consideration of factors
contributing to virus removal during
land wastewater treatment have been
excel lent ly reviewed and summarized by
Gerba et_ a]_., (1) and Bitton (2) .

The t rea tab i l i t y of viruses by over-
land runoff of wastewater has not been
examined in d e t a i l . Therefore, the
intent o f th is study was to provide
basic information on the interactions of
viruses with the components of overland
runoff systems. Of greatest importance
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was determination o f the locat ions where
virus was removed w i th in the system,
determination o f the ef fects o f waste-
water pretreatment and matur i ty o f
receiving so i l s upon the t o ta l v i rus
removal e f f i c i e n c y , and comparison o f
v i rus removal wi th removal o f other
wastewater parameters to i d e n t i f y any
s i m i l a r i t i e s which could be useful i n
monitoring v i rus removal.

The study locat ion was most des i r -
able because the s i t e and t r e a t a b i l i t y
character is t ics have been wel l charac-
te r ized and because raw, primary and
secondary t reated wastewater received on
the s i t e could be examined i n iden t i ca l
s o i l s , app l ica t ion regimes, and cl ima-
to iog ica l condi t ions.

MATERIALS AND METHODS

Study Si te

During October 1976 studies were
conducted on 7 overland-f low s o i l p l o t s ,
each having dimensions of 11 m by 36 m
wi th a ground slope o f approximately 3%.
The so i l p lo ts consist o f a surface
layer o f 4-8 i n . o f Windthorst, a f i n e
sandy loam underlain by impermeable,
hard-packed, sandy c l ay . Plots 1 , 2 ,
and 3 are the o r ig ina l t es t p lots and
they have been i n operation f o r 5 years.
Plots 4 through 7 began operation i n
Jan. 1976. The older p lots have a
ground cover o f nat ive bermuda grass;
the newer plots are covered wi th fescue
and rye grasses.

Secondary-treated wastewater from a
t r ick l ing f i l t e r process is applied to
plots 1 , 6, and 7 at 40, 20, and 40 cm/
week, respectively. Plots 2, 4, and 5
receive primary-treated sewage at
respective rates of 20, 15, and 20 cm/
week. The wastewater application period
for both primary and secondary plots is
6 days/week from 7 am to 5 pm. Raw
settled sewage, skimmed to remove f l o t -
ables, is applied to plot 3 at a rate of
20 cm/week. The application cycle for
plot 3 is 45 hr/week in 5 hr periods.
The wastewaters are applied to the over-
land runoff plots by spray with a low
pressure fan-type sprinkler mounted on
a boom rotating 360°.

Sprayed wastewater and plot e f f l u -
ents were sampled each week and analyzed
for routine chemical wastewater parame-
ters, u t i l i z ing standard USEPA methods,
by R.S. Kerr Laboratory personnel (3).
Total and fecal coliform counts were

also performed periodical ly, using their
standard membrane f i l t e r techniques.

Tracer Preparation and Wastewater
Seeding

Large quantities of f2 bacteriophage
required for the tracer studies were
produced as described by Loeb and
Zinder (4), and as modified by Kruse,
et al_. (5) on Escherichia col i strain
K13 in a New Brunswick fermentor where a
concentration of 10 l z plaque forming
units (pfu) f2/ml was attained.

Using a metering pump, a constant
dosage of 105 pfu/ml f2 virus tracer was
applied to the soi l plots through the
wastewater distr ibut ion systems over two
separate periods to determine temporal
relationships for virus migration and
clearance on the plots.

Tracer virus additions were i n i t i -
ated on the second day of the normal
weekly application cycle. Tracer f2
dosing was terminated midway through the
second day of seeding, thus providing
approximately 1 1/2 days of continuous
virus dosing in the applied wastewaters.
The above procedure was repeated on the
24th and 25th day of the study.

Wastewater Sampling

Plot inf luent. One l i t e r composite
samples were taken daily from the raw,
primary, and secondary wastewater i n f l u -
ent sprayed onto the cells to determine
input levels of tracer f 2 , and indigene-
ous enteric viruses (which were concen-
trated from the sample). Light opaque
collection vessels with a funnel opening
were placed at ground level under the
spray and remained there for 8 hr.

Plot eff luent. Grab samples of
effluent at the bottom of the overland
flow treatment slopes were taken for
evaluation of the capacity of the over-
land-flow system to remove tracer and
indigeneous virus on each plot at desig-
nated times during the application cycle.
At hour 8 of each sampling day 4 l i t e rs
of each plot 's effluent were also col-
lected for enteric virus concentration
and analysis.

Midpoint samples. Four ml samples
were taken from a small collection weir
at 18 m midpoints on each plot to pro-
vide information on the rate of migra-
tion for tracer virus removal within the
system.
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Soil Sampling

Shallow so i l corings were taken with
a stainless steel tubular coring device
to provide data on the removal of tracer
f2 by so i l and to detect any accumula-
t ion of virus at speci f ic so i l depths.
The corings of the permeable top soi ls
down to the clay subsoil were taken at
the midpoint of each plot pr ior to
wastewater application on designated
days. Corings were careful ly separated
to y ie ld surface, 2 cm and 8 cm samples.
Each sample was vigorously mixed 1:5 w/v
with tryptose phosphate broth to elute
tracer v i rus. The solids were allowed
to se t t le out and the supernatant f lu ids
were col lected and frozen un t i l assay.

Virological Analyses

Storage and shipment. Test samples
of tracer f2 in 5 ml polypropylene snap
lock tubes were handled as described by
Schaub and Sorber (6) .

Enteric virus concentrates, so i l
eluates, and seeded wastewater samples,
a l l frozen, were packed in dry ice and
shipped by a i r to USAMBRDL for assay.

F2 coliphage assay. The tracer
virus stock was assayed as formerly
described by Schaub and Sorber (6) .
Counts were recorded as pfu/ml.

Enteric virus concentration and
assay. The movement and removal of
indigeneous enteric viruses in the plots
was evaluated by assay of concentrated
wastewater samples. The 1 l i t e r compos-
i t e samples of sprayed raw, primary, and
secondary wastewater were col lected, as
well as 4 l i t e r plot ef f luent samples
and were returned to the lab and concen-
trated fo r enteric viruses by the bento-
n i te adsorption procedure. Seventy mg/1
bentonite clay suspension was added,
followed by CaCl2 to provide a concen-
t ra t ion of 10"2 M. The samples were
agitated periodical ly for 20 min to
allow virus to adsorb to the bentonite.
Each sample was then f i l t e r e d by nega-
t ive pressure through a 142 mm diameter
AP25 fiberglass p re f iHe r in a pressure
f i l t e r (Mi l l ipore Corp., Bedford, MA)
which retained the bentonite and
adsorbed v i rus . The vir ions were eluted
from the bentonite by applying 18 ml
tryptose phosphate broth (pH 7.2) to the
f i l t e r pad. The eluates with the concen-
trated virus were then drawn into a 125
ml vacuum flask and were placed in 20 ml
polypropylene snap lock tubes and frozen
un t i l assay at USAMBRDL. Sample analy-
sis was by virus plaque assay as

formerly described by Schaub and Sorber
(6) on BGM cel l monolayers.

Laboratory Virus Adsorption

Soil cores taken from the overland
runoff s i te were tested for the i r capa-
b i l i t y to adsorb pol iovirus I and f2
tracer viruses under lab conditions.
Soil samples from the surface, 2 cm and
8 cm depths of overland flow plots
receiving primari ly and secondarily
treated ef f luent and raw wastewater were
examined. Prior to tes t ing , each so i l
sample was steam s te r i l i zed . Then 2 gm
of so i l was mixed with 10 ml of ei ther
deionized d i s t i l l e d water containing
10" 3 M CaCU or autoclaved secondarily
treated sewage ef f luent . The mixture
was s t i r red vigorously for 5 minutes to
break up so i l aggregates. Then f2 and
poliovirus I viruses prepared as in
Schaub and Sorber (6) were combined and
added to the mixture to provide a f ina l
concentration of 10^ pfu/ml each. The
samples were s t i r red in termi t tent ly for
a 30 minute adsorption period. Soil
adsorbed and free vir ions were then
separated by centr i fugation of 10 ml
aliquots of each sample at 12,000 x G
for 10 minutes. The centrifuge super-
natants were plaque assayed for residual
virus on BGM cel l monolayers and on
£• co l i s t ra in K-13 lawns. Additional
samples were taken from the so i l -v i rus
mixture pr io r to centr i fugation and were
plaque assayed on the cel ls d i rec t l y .
The percent of virus adsorption to the
soils was determined to be the d i f f e r -
ence between d i rect assay and centrifuge
supernatant samples. Virus controls
were provided by identical testing of
the two virus seeded test waters without
soi l addition to detect virus losses due
to other ef fects .

RESULTS

The examination of the fate of
viruses in wastewater during renovation
by the overland runoff mode of land
treatment provided some interesting
observations.

Tracer Virus Migration and Clearance on
Overland Runoff Plots

A definitive picture of tracer virus
migration through the plots is seen in
Figure 1 which illustrates the time
required for the wave of applied tracer
to travel down the 36 m long overland
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runoff slopes. The averaged data from
each type wastewater plot shows that the
time required for virus to equilibrate
in the plot effluents after in i t i a t ion
of tracer seeding was rapid, occurring
within 60-90 minutes. Only small d i f fer -
ences in virus migration to the plot
effluents occurred at various hydraulic
loading rates. The tracer virus seeding
experiments revealed essentially plug
flow characteristics although plot 3
(20 cm/wk) and plot 4 (15 cm/wk) tended
toward more disperse flow.

100

o
*

Ovariand Flow Plots

O Raw Wastewater

û Secondary Effluent

D Primary Effluent

0.01
2 4 6 8

HOURS

Fig. 1. Tracer f2 Virus Recovery from
Overland Runoff Plot Effluents
after In i t ia t ion of Seeding.
The Percent of Virus Recovery
from Plot Effluents was Calcu-
lated from Seeded Influent
Levels.

Intensive sampling was also con-
ducted to establish the time required
for applied tracer virus to be flushed
from the overland runoff plots after
1 1/2 days of virus application in the
wastewater (Fig. 2). In this figure
0 hr is the time at which the tracer
virus dosing was terminated. The aver-
age virus recovery in plot effluents for
each type wastewater is indicated as a
percent of applied virus. This figure
i l lustrates the steady rate of clearance
of f2 tracer from the plot effluents
after seeding was terminated. The flush-
ing of f2 virus from the plots was not
nearly as rapid as the response to virus
seeding of the plots and in excess of

4 hr was required to achieve a new back-
ground equil ibration of virus in the
plot effluents. The new background
coliphage (a nondifferentiated combina-
tion of tracer f2 and other indigeneous
coliphage) level was approximately 0.1
percent of the applied tracer levels but
was 10-fold greater than the original
background indigeneous coliphage concen-
trations. The virus flushing rates for
the plots receiving the three type
wastewaters were somewhat di f ferent,
however, the differences were not
attributable to differences in hydraulic
loading rate or age of the plots. The
primary wastewater treatment plots took
longest to equilibrate after virus seed-
ing was terminated although the waste-
water application rate was approximately
that of the raw wastewater treatment
plots.

Tracer Feed Terminated

Owrlnnri Flnw Pint*
O Raw Wostêwater
û Secondary Effluent
D Prtnory Effluent

0.01

DAYS

Fig. 2. Tracer f2 Virus Clearance from
Plot Effluents after Termina-
tion of Wastewater Seeding.
The Percent of Virus Recovered
from Plot Effluents was Calcu-
lated from the Average Influ-
ent Level Attained During
Seeding.

Tracer f2 Coliphage Treatability

Throughout the overland runoff study
f2 coliphage samples were taken simul-
taneously from the migrating surface
waters at 18 m plot midpoints and plot
effluents. A comparison of the plots
capabilities to remove the viruses can
be seen in Figure 3 where the average



percent f2 virus removal at both sam-
pling points was calculated from virus
application levels. The f2 virus
removals generally ranged from 27 to
58 percent of input levels. The f2
coliphage was most actively removed
(treated) in the upper half of the
plots. Only plot 4 receiving primary
treated wastewater at a low hydraulic
loading rate effectively removed virus
in the lower half of the plot. Treat-
ment plots 1, 3, 6, and 7 exhibited
negligible virus removal capabilities on
the lower half of their slopes. Plot 3
receiving raw wastewater was poorest in
overall virus removal capabilities at
around 27 percent.

found at 8 cm. After tracer seeding was
terminated, recoveries of virus in sub-
surface samples compared to surface con-
centrations was much higher. However,
this reflected decreased surface virus
levels and not a buildup at lower soil
depths. Possible contamination of lower
soil profile with virus from the surface
during coring cannot be ruled out com-
pletely, but if so, these subsurface
virus recoveries represent a conserva-
tive virus removal picture.

Table 1. Trans location of f2 Tracer
Virus in Soils After Seeding

in Wastewaters

100

80

«0

40

I I Total F2 VIRUS REMOVED
W/A F2 VIRUS REMOVED in LAST HALF of PLOT

4
PLOT

73,

Fig. 3. Tracer f2 Virus Treatabil i ty
Profile on Overland Runoff
Plots,

Tracer f2 Coliphage Interaction within
Soils

Soil samples were taken at plot mid-
points to determine the extent that
coliphage was able to i n f i l t r a t e the
soil and also to detect virus buildup
within the soi l through f i l t r a t i o n or
adsorption. Soil cores from the
surface, 2 cm and 8 cm depths were exam-
ined for total coliphage on days 2, 4,
and 13 after tracer seeding. The per-
cent of virus capable of i n f i l t r a t i ng
beneath the soil surface on each sam-
pling day is calculated in Table 1 .
This data taken from plots receiving
primary and secondary treated waste-
waters was combined and averaged. I t
reveals that an average of only 12.7
percent of f2 coliphage detected on the
surface was able to penetrate to the
2 cm level and only 1.5 percent reached
the 8 cm level . On day 2, after 1 day
of tracer virus seeding, only 8.1 per-
cent of the virus on the surface pene-
trated to 2 cm and only 0.94 percent was

Soil % Virus Translocation
Depth Day 2 Day 4 Day 13 Avg.

2 cm
8 cm

8.1
0.9

14.8
1.7

15.2
1.7

12.7
1.4

pfu of f2/gm soil in subsurface sample
pfu of f2/gm soil in surface sample
x 100.

Enteric Virus Treatabil i ty

Indigeneous enteric viruses were
sampled and concentrated from the
sprayed wastewaters and overland runoff
plot effluents. Virus samples were con-
centrated to provide a f inal volume of
18 ml for tissue culture assay which
provided a 55-fold concentration factor
for the sprayed wastewater and 220-fold
concentration for plot effluents. The
enteric virus levels in the sprayed
wastewater influents averaged 28 pfu/1,
36 pfu/1 and 138 pfu/1 for secondary and
primary treated effluents and raw waste-
water, respectively. Table 2 i l l us -
trates enteric virus removals for each
plot effluent sample as a percent of
virus detected in concurrent applied
wastewater concentrates. In certain
instances enteric virus removals could
not be accurately assessed because the
virus levels were below detection l imi ts
for the volumes sampled and assayed.
However, a l l the secondary treated
wastewater plot effluents revealed >85
percent removal. Surprisingly the raw
wastewater plot also removed >85 percent
of the applied enteric virus (although
sample size was l imited). Primary
treated wastewater plots exhibited more
var iab i l i ty and relat ively less virus
t reatab i l i ty .
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Table 2. Percent Enteric Virus Removal by Overland Runoff3

Sample
Day

1
2
3
4
8

11
15
24
25

Avg. x
Removal

Raw
Wastewater

Plot 3.
(20 cm)b

_

_
_
_
_

77.0

91.5
95.1

87.9

Primarily Treated

Plot 2
(20 cm)

86.0
39.4
81.3
72.1

>94.0
67.3
72.1
21.0
76.8

>67.8

Effluent

Plot 4
(15 cm)

>94.0
76.8
95.3
95.3

>94.0
58.1
58.1
53.4
95.3

>80.0

Plot 5
(20 cm)

90.8
76.8
76.8
72.1
72.1
86.0
53.4
62.9
25.4

68.5

Secondarily Treated

Plot 1
(40 cm)

94.0
94.0

>94.0
88.3

>94.0
94.0
64.7
82.3
88.3

>88.2

Effluent

Plot 6
(20 cm)

88.0
82.3
94.0
94.0
94.0
82.3
88.3
94.0
94.0

90.1

Plot 7
(40 cm)

>94.0
64.7

>94.0
94.0

>94.0
88.3
76.0
88.3
76.0

>85.5

Average pfu/nter at plot influent: Raw wastewater - 137.8; Primarily treated
wastewater - 35.8; Secondarily treated wastewater 28.3
? Calculated from virus in plot effluents as a % of plot inf luent virus levels.

Centimeters of wastewater applied to plots weekly.

Virus Batch Adsorption Tests on Ada
Overland Runoff Plot Soils

Representative so i l cores from
mature overland runoff plots receiving
primarily and secondarily treated e f f l u -
ent and raw wastewaters were tested in
the laboratory for the i r capabi l i ty to
adsorb f2 virus and poliovirus I in
various water or wastewater suspension
batch studies. After 20 minutes adsorp-
t ion to the various soi ls the mixtures
were s p l i t . One portion was assayed
direct ly on appropriate host cel ls while
the second was centrifuged to pel let
soi l part icles and the centrifuged
supernatant was then assayed for
residual virus on the appropriate host
ce l l s . A comparison of virus adsorption
to soi ls contained in secondarily treated
wastewater eff luent and in d i s t i l l e d
deionized water containing 10"^ M CaCl«
can be seen in Table 3. I t is obvious
that poliovirus I adsorption was greater
than f2 virus regardless of the suspend-
ing medium, depth of the so i l sample or
qual i ty of wastewater treated on the
soi l p lots. I t is also noted that
poliovirus adsorption increased in
either suspending medium with depth of
the soi l sample. On the other hand f2
virus data does not have any def in i te
trend toward increased adsorption with
sample depth in either suspending
medium. F2 virus adsorption was not
improved in any of the three so i l sys-
tems. Surprisingly, poliovirus I adsorp-

t ion was better when contained in the
wastewater. I t was determined that soi l
from the plot receiving secondarily
treated wastewater had superior virus
adsorption capabil i t ies followed by the
soils treat ing the primary eff luent
(except for the surface soi ls) and
f i na l l y the soi ls which had treated raw
sewage had poorest virus adsorption
capabi l i t ies.

DISCUSSION

Overland runoff u t i l i zes land t reat-
ment mechanisms somewhat d i f ferent ly
than used by rapid and slow i n f i l t r a t i o n
modes of treatment. Because of an
impermeable clay subsurface layer the
contact of various chemical or b io logi -
cal wastewater components with deeper
soi l layers is prohibited. Virus treat-
ment in overland runoff is provided by
the mechanisms of surface se t t l i ng ,
s t ra in ing, f i l t r a t i o n , biological metabo-
l ism, prédation by soi l microf lora,
tox ic i ty of the s o i l , photochemical reac-
tions and thermal inact ivat ion. Most of
these processes take place at or near the
soi l surface as the wastewater migrates
down the surface of the treatment s i te .

The f2 tracer virus applied to the
soi l plots was able to migrate to the
overland runoff bottom drains (eff luents)
a distance of 36 m and stabi l ize through-
out the application cycle within 50-90
minutes af ter tracer application began.
No obvious differences in migration of
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Table 3. Soil Adsorption Capability of
Overland Flow Soils

Soi 1
Depth

Surface

Plot
Plot
Plot

2 cm

Plot
Plot
Plot

8 cm

Plot
Plot
Plot

l d

2
3

1
2
3

1
2
3

% Virus

H20

f2

126.3
129.4
100.0

65.4
80.0
77.8

129.4
106.0
107.4

Not Adsorbed to

b

Polio

1.3
60.7
6.0

0.37
2.8
3.4

0.096
0.54
3.3

Soila

Wastewaterc

f2

160.0
74.1

166.8

105.3
88.1

121.1

95.2
128.2
76.6

Polio

0.35
29.3
17.8

0.24
0.92
2.6

0.023
0.35
1.4

Calculated from virus in centrifuged
supernatant as a % of mixture prior to

. centrifugation. ,
: Distilled deionized + 10"J M CaCl-.
S Secondarily treated,

Wastewater pretreatment: Plot 1 =
secondary; Plot 2 - primary; Plot 3 =
raw.

the tracer virus could be matched with
age (maturity) of the plots, quality of
the wastewaters applied or nature of the
flow conditions. On plots receiving
the least hydraulic loading (plots 3 and
4) a trend toward more disperse flow
characteristics were observed. The time
required for tracer virus migration to
the treatment plot effluents was very
similar to that observed during a tracer
study with Rhodamine WT dye performed at
the site by EPA staff personnel (7).
They observed that 45-125 minutes was
required for the tracer dye migration
process. In that study the plot receiv-
ing the least hydraulic loading (plot 4)
also had disperse flow characteristics.

After termination of tracer virus
seeding to wastewater the virus was
cleared from the plots slowly and more
than 4 hr of flushing were required
before f2 virus levels in the effluent
became equilibrated at new background
levels. This indicates that some virus
were retained through the effects of sur-
face pooling, flow channelization, tem-
porary adsorption or filtration on the
soil surface. Because the stabilized

coliphage levels in plot effluents
remained approximately 10 times greater
than levels prior to tracer introduction
it is possible that there was some
regrowth of indigeneous coliphage or
that some slow virus releasing mechanism
was operating. In fact in 18 m midpoint
soil cores it was noted that the surface
concentration of coliphage dropped slowly
(approximately one order of magnitude)
over a 13 day period. Subsurface pene-
tration of f2 coliphage would appear
limited, since only an average of 12.7
percent of surface virus concentration
was observed at the 2 cm depth and only
1.4 percent of the surface concentration
was demonstrated at the 8 cm depth on
plots receiving primary or secondary
treated effluent. It is possible that
greater retention within the soil strata
occurred in the upper portion of the
treatment plots where it was determined
that greatest coliphage f2 removals
occurred. In general, well over half of
the total coliphage removals occurred in
the upper portion of the slopes regard-
less of plot age or type of wastewater
applied. Only plot 4 which had the low-
est hydraulic loading accomplished
greater than 50 percent of the total
coliphage removal on the lower portion
of the treatment slope but it is uncer-
tain if the low hydraulic loading rate
was a factor.

The laboratory virus adsorption
studies with f2 coliphage indicated that
this virus poorly adsorbed to any of the
test soils regardless of depth or sus-
pending medium. Previous studies by
Schaub and Sorber (6) and by Moore
et. al_., (8) have revealed that f2 is a
poor adsorber on either soils or organic
solids at intermediate pH, therefore,
the adsorption data from the current
study are not surprising. It is likely
that f2 coliphage adsorption on the
field plots was not a major factor in
their removal.

Enteric Virus Removal

Enteric virus removal by overland
runoff averaged about 20 to 30 percent
greater than f2 coliphage as determined
on the plot effluent samples. Exact
enteric virus measurements were not
possible in certain instances because of
limitations in virus sample volume con-
centration and assay procedures which
were imposed. It was determined that
the plots receiving secondarily treated
wastewater effluent and raw wastewater
provided most efficient enteric virus
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removal while plots receiving primary
eff luent provided less enteric virus
removal albei t better than f2 coliphage
removal. The higher enteric virus
removals noted on the plots may be in
part a ref lect ion of the good adsorption
of a typical enteric v i rus , poliovirus I ,
to soi ls observed in the laboratory
adsorption studies. In the lab studies
soils from the plots receiving second-
a r i l y treated wastewater and soi l samples
at greater depths were more effect ive in
virus adsorption than surface soi ls from
the other wastewater treatment p lots.
The differences in adsorption may be due
to factors (such as soluble organic
materials) in the wastewaters which t i e
up virus adsorption sites on the so i l
part ic les. Removal of these ent i t ies
during secondary wastewater treatment
pr ior to so i l application or through
removal of the ent i t i tes on the upper
soi l fractions upon application may
explain the poliovirus adsorption
results in the laboratory studies.

Comparison of Chemical, Virological and
Bacteriological Treatabi l i ty by Over-
land Runoff

The virus t rea tab i l i t y data from this
study and chemical and bacteriological
indicator data gathered by USEPA person-
nel (7) on the Ada overland runoff s i te
during the same test period were com-
ared for each type wastewater applica-
t ion. The col lect ive chemical waste-
water parameter removals were greatest
on the raw wastewater treatment plot
followed by primarily and then second-
a r i l y treated eff luent plots. Collec-
t ive ly the biological parameters ( co l i -
forms and viruses) behaved di f ferent ly
with secondarily treated eff luent plots
providing highest removal eff iciency
followed by primarily treated eff luent
plots and then the raw wastewater p lo t .
Possibly the biological removal capa-
b i l i t i e s of overland runoff are linked
to the degree of wastewater pretreatment.

None of the nonvirologic parameters
appeared capable of providing enough
correlation to be used to monitor virus
t rea tab i l i t y on the overland runoff
system.

In conclusion, coliphage tracer
studies revealed that virions generally
accompanied wastewater through the
treatment slopes at the same flow rate
in essential ly plug flow characterist ics.
Tracer virus clearance was somewhat
slower but there was l i t t l e adsorption
or penetration of virus into subsurface

soi l layers; therefore, pooling, flow
channelization, or straining may be
occurring on the plots. Most of the
tracer virus removal was on the upper
half of the treatment plot slopes but
total removals ranged between approxi-
mately 30 to 60 percent of applied virus,
Indigeneous enteric virus removals were
greater than tracer virus but the i r
removals on soi l plots receiving waste-
waters of d i f ferent qual i t ies did not
conform to coliphage removal character-
i s t i c s . The indigeneous enteric group
of viruses may adsorb to the various
soils more readily than coliphage.
Chemical wastewater parameter removal
characteristics did not paral lel virus
removal. More studies are required to
fu l l y assess and optimize enteric virus
removal by overland runoff.
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HEALTH CONSIDERATIONS

RELATIVE HEALTH FACTORS COMPARING
ACTIVATED SLUDGE SYSTEMS
TO LAND APPLICATION SYSTEMS

Ants Uiga, Metcalf & Eddy, Inc., Palo Alto, Calif.
Robert C. Fehrmann, Metcalf & Eddy, Inc., Palo Alto, Calif.

Ronald W. Crites, Metcalf & Eddy, Inc., Palo Alto, California

ABSTRACT

The comparative health factors
relative to activated sludge and land
application systems are presented.
Removal mechanisms and their
effectiveness are reviewed. Factors
needed to provide an evaluation method,
including contact with a susceptible
host, and concentration of health
affecting wastewater components are then
addressed. Land application systems
provide equal or greater protection
against various wastewater components.
Both treatment systems are effective in
minimizing health risks.

INTRODUCTION

Land treatment of municipal
wastewaters has been practiced at
various locations in the United States
for over 100 years. The passage of PL
92-500 and PL 95-217, with emphasis on
land treatment and recycling of
resources, has resulted in a renewed
interest in the subject. Further,
guidelines promulgated by the
Environmental Protection Agency (EPA)
have required evaluation of such systems
in all facilities plans.

Many public health and water
resources regulatory agencies were
unprepared for this level of emphasis on
an unconventional approach to treatment
of municipal wastewaters. Having little
or no data on which to make judgments,
they felt compelled to take a
conservative approach to management and
preapplication guidelines until a body
of reliable data could be developed to

support a less stringent position. A
similar approach has been taken by a
major portion of the environmental
engineering profession.

Purpose

The purpose of this paper i.s to
present a limited comparison of some of
the health factors associated with two
treatment systems. Although such a
comparison must be somewhat subjective
at this time, it should provide an
approach or framework under which more
objective comparisons can be made as
data are developed.

Basis of Comparison

For purposes of this paper,
conventional treatment will be limited
to a standard rate activated sludge
plant with discharge to surface waters.
A slow rate system will be used for the
example assessment as the most common
land treatment option.

To reduce the dissimilarities
between conventional and land treatment
systems, the comparison will be made on
a land treatment system with effluent
recovery and discharge to a water body.
Consideration of aerosols produced from
either sprinkling of effluent or
aeration of wastewater is not included.

253



REMOVAL MECHANISMS

Conventional Treatment

In conventional treatment,
reductions in infectious agents occur in
primary treatment (sedimentation),
secondary treatment (aeration and
sedimentation), and chlorine
disinfection, and as a result of
dilution and die-off following surface
water discharge. The reductions in
number of the infectious agents are
presented in Table 1. Although the
overall removals vary from negligible
values to greater than 99% removals,
highly effective mechanisms are required
to produce the 4 to 8 log reductions in
numbers that are needed to reduce
pathogen counts to low numbers.
Conventional wastewater treatment has
relied heavily on chlorine disinfection
to accomplish this die-away of
infectious agents.

Table 1. Enteric Microorganism Reduction
By Conventional Treatment [1-4]

Microorganism

Total
coliforms

Fecal
coliforms

shigella sp.

Salmonella sp.

Escherichia
coli

Virus

Entamoeba
histolytica

Primary
treatment
removal, %

<10

35

15.

15

15

<10

10-50

Secondary
treatment
removal, %

90-99

90-99

91-99

96-99

90-99

76-99

10

Conventional wastewater treatment
generally discharges the treated
effluents into surface bodies of water.
Since these waters occasionally serve as
recreation areas and sources of potable
water, the effect of the receiving
waters on the infectious agents is of
interest. The survival of enteric
microorganisms is less favorable in
environments other than the human body.
The die-off mechanisms in surface waters
combine with dilution to promote
reduction in populations (Table 2).

Conventional activated sludge
treatment does not remove nitrogen, but
modifications of the process can oxidize
organic and ammonium forms to lessen
oxygen demand of the treated effluents.

Nitrate concentrations meeting drinking
water standards are usually achieved by
dilution within the receiving surface
body of water.

Table 2. Survival of Infectious Agents
In Surface Waters [5]

Infectious agent

E. COli
S. fecal is

Enterobacter aeroftenes

Echo 12 virus

Polio I virus

Time for 99.9*
removal, a

5-7

8-18

8-18

5-12

13-20

Removal after
2 d, *

86-94

54-83

54-83
68-94

50-65

The concentrations of trace metals
occurring in strictly municipal
wastewaters are usually low, since
industrial inputs are generally the
major source. As shown in Table 3, the
concentrations occurring in untreated
municipal wastewaters are, at times,
less than the EPA drinking water
standard. The removals from solution by
primary and secondary conventional
treatment are also presented in Table 3,
as well as the removal by slow rate land
treatment. However, the concern about
trace metals does not cease with removal
from solution, since they are
concentrated in sludges as a result of
conventional treatment.

Activated sludge treatment with
surface water discharge provides the
comparison to land treatment. The
activated sludge treatment sequence
consists of unit processes for grit
removal, primary sedimentation,
aeration, secondary sedimentation,
chlorination (as an option), and surface
water discharge. In cases where a flow
is required, a 11.4 m /s flow is used
for example purposes.

Land Treatment

Land application systems provide
reductions in infectious agents by some,
or all of the following methods:
primary treatment, aerated lagoon
secondary treatment, storage,
application method, retention on soil
surface, retention within soil profile,
die-off in soil environment by
prédation, and dilution in groundwater
or surface waters.



Table 3. Summary of Trace Metal Information,
Concentrations, and Removals [6-8]

Component

Cadmium

Chromium

Copper

Lead

Manganese

Mercury

Zinc

EPA drinking
water standard,

mg/L

0.01

0.05

1.0

0.05

0.05

0.002

5 . 0

Raw municipal
wastewater

concentration,
mg/L.

0.004-0.14

0.02-0.7

0.02-3.4

0.05-1.3

0.11-0.14

0.002-0.05

0.03-8.3

Primary
treatment
removal, %

30

40

40

50

30

50

Secondary
treatment
removal, %

60

40-80

60-70

50-60

20

70-80

60

Removal
by slow
rate land
treatment

Jdrinking
water
standards

<drinking
water
standards

<drinking
water
standards

^drinking
water
standards

<drinking
water
standards

<drinking
water
standards

Aerated lagoons have been used as
preapplication treatment methods since
their low cost and low maintenance
requirements are generally compatible
with land treatment systems. Some
reported maximum removal capabilities
for indicator organisms and infectious
agents are presented in Table 4.

Table 4. Maximum Removal of Enteric
Microorganisms by Lagoon Systems [3,6,9]

Enteric microorganism Removal, *

Coliforms

Fecal coliforms

S. typhi

Virus

60-99.99

99

99.5

99.99a

through soil for virus from wastewater
effluents ranged from 20 to 117 cm [11].

The die-off of wastewater
microorganisms when applied to the soil
surface or vegetation is of interest due
to potential vector transport, site
worker contact, or survival on harvested
crops used for food [12]. Microorganism
die-off occurs due to sunlight effects
of desiccation and ultraviolet
radiation. Some reported values are
summarized in Table 5.

Table 5. Reported Survival Times
of Enteric Microorganisms

on Soils and Vegetation [7,13]

a. Laboratory study.

The capabilities of the soil to
remove infectious agents from solution
have been investigated under many
conditions for microbiological agents.
Essentially complete removal of fecal
and total coliforms were shown for an
experimental slow rate system [10].
Coliform removals to below detection
have also been reported [11].

Virus removal in soil systems was
reported to be greater than 99% at high
flowrates up to 91 cm/d using a sand
media [11]. Lesser flowrates can be
expected to produce greater removals. A
summary of observed travel distance

Enteric
microorganisms

Coliforms

Shiqella sp.

Salmonella ap.

Enterovirus

E. histolytica

Fodder
vegetables
Soil surface

Fodder
Leaf vegetables
orchard crops

Fodder
Soil surface
Leaf vegetables
Orchard crops

Leaf vegetables

Leaf vegetables

survival
time, d

6-34
35
38

<2
2-7
6

15-46
1-40

0.7S-<S

15-60

2

Estimated
die-off after

7 d, 4»

98
90
se

Below detection
Below detection
Below detection

94
93
98

Below detection

89

Below detection
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a. Calculated from median survival time.

Control of nitrate-nitrogen
discharge to groundwater by land
application systems involves system
design based on nitrogen balance.
Nitrogen removal occurs by crop uptake



and microbial denitrification in a slow
rate system [14]. The state-of-the-art
of land treatment system design for slow
rate systems can ensure nitrate
concentrations satisfying drinking water
requirements (10 mg/L as NO -N).

Land application practices reduce
heavy metal concentrations to low
levels. However, the cumulative
application to the soil, over the design
life of the project should be within
acceptable values [15].

Staffing Requirements

Staffing requirements were
estimated for the alternative systems to
determine degree of worker exposure to
health affecting components. According
to the methods published by the EPA [16]
and an assumed flow of 11.4 m /s, both
systems (slow rate and activated sludge)
would require staffing of about six men
per year (approximately 9,000 man-
hours). Sludge disposal and vegetation
planting and harvesting were not
included.

ASSESSMENT

The initial step was to identify
the significant wastewater components
affecting health. The infectious agents
of concern are Salmonella sp., Shigella
sp., parasites, Escherichia coli, and
viruses. Fecal and total coliforms are
included since they are generally
accepted for use as indicator organisms.
Principal inorganic chemicals of concern
are nitrates and trace metals.

Wastewater Treatment Interactions

The process steps for each
treatment sequence were identified as to
their potential (1) to remove a
wastewater component from solution, or
(2) to provide an opportunity for
contact in the agent-host transmission
cycle. The decrease in wastewater
components through the treatment
sequences were discussed previously.
The potential for a health effect to
occur was based on type of contact
(intensity) and frequency of contact
(duration).

Contact Interactions

The assessment method is presented
based on contact intensity factors and
contact duration factors. Contact
intensity describes the relative

potential of a contact producing
illness. Contact duration estimates the
frequency of these contacts based on
annual exposure. The two factors are
chosen to illustrate the difference
between low and high intensity of
contact and long and short durations of
contact.

Contact Intensity. Incidental
physical contact is the potential
physical contact between a host body and
an object that has been contacted by
wastewater or the wastewater itself.
This contact is the least likely to
cause infection or illness.

Aerosol inhalation is the potential
intake of aerosolized wastewater
droplets through normal breathing. The
factors for infection or illness require
the transport of a viable wastewater
pathogen in a proper size aerosol
particle that will carry beyond the
wetted perimeter of a site and still be
proper size for potential inhalation.

Accidental ingestion is the
potential of ingesting small volumes of
water, as typified by recreational
activities, such as swimming and water
skiing.

Potable ingestion is the supply of
water for domestic purpose which
includes the daily ingestion for
drinking, as well as food preparation,
bathing, and other uses. This contact
has the greatest potential to produce
infection or illness based on contact
factors alone.

Contact Duration. Contact duration
factors were used to assess the exposure
of the total population to various
contact opportunities with the health
affecting components of wastewater. The
method is a compromise between
estimating ingested volume of treated or
untreated water, and incidental contact.
The contact duration is considered to be
the total annual man-hours of exposure
(see Table 6). During the treatment
sequence, the man-hours of contact are
estimated from staffing requirements to
satisfy operation and maintenance. For
general public contact through
recreation, municipal surface and
subsurface water supply, and private
subsurface water supply the following
annual estimates were made:

Municipal water supply :

30,000 persons = 1-1 x 107, say 1071 h 365 d
d * yr

This example assumes that the entire community
{30,000 persons) has contact through municipal supply.
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Private water supply (adjacent owners to land application):

iJi x 3ÉLâ x 20 persons - 7.3 x 10
3, say 104

This example assumes that five families (four persons
each) have contact from private walls.

In this example, activated sludge
treatment preceded chlorine
disinfection. Since the die-off by
chlorination of various microorganisms
varies according to an exponential
relationship [17], the percent kill
varied for a given chlorine dose and
contact time. The estimated removals of
other wastewater microorganisms based on
99.99% kill for E. coli and published K
values are as follows: Salmonella sp.,
99.99%; Shigella sp., 99.99%;
poliovirus, 99%; hepatitis virus, 94%;
and E. histolytica,, 20 to 45%.

Table 6. Estimated Contact Duration
Factors, Annual Man-Hours

Process
step

0

1

2

3

4

5

6

7

3

Activated

Process

Collection

Primary
sedimentation

Aeration and
sedimentation

Disinfection

River die-off

River
dilution

Recreation

Municipal
water supply

sludge

Contact
duration

Negligible

6 x 102

3 x 103

2 x 102

Negligible3

Negligible*

105

107

Land treatment

Process

Collection

Headworks

Aerated
lagoon

storage
lagoon

field
distribution

Soil surface

Soil column

Groundwater
flow

Private or
public water
supply

Contact
duration

Negligible

2 x 102

2 x 103

6 X 102

2 x 103

5 x 102

Negligible

Negligible

104 or 107

a. All river contact assumed to occur during recreation.

RESULTS

Wastewater Components

Infectious Agents. The results of
the example assessment for land
treatment and activated sludge treatment
and river discharge are presented for
infectious agents in tabular form in
Tables 7 and 8.

Nitrate-Nitrogen. The behavior of
nitrate can be adequately controlled
during system design so withdrawal from
a potable water supply would not occur
at levels greater than EPA drinking
water standard (10 mg/L as NO -N). In
cases where the groundwater is not

potable, the design should not exceed
the existing nitrate concentration or
the drinking water limit, whichever is
greater. For land application systems
using an effluent recovery, the
percolation of water is minor so
groundwater quality changes would be
minimal.

Trace Metals. Trace metals should
pose no health concerns in the effluent
portions of the wastewaters. Since
typical values in raw wastewater are
low, the removals by either treatment
method would produce concentrations less
than drinking water standards. The
concentration of metals in sludges and
their disposition may require additional
consideration of health effects.

Trace Organics. The removal of
trace organics would not normally occur
in activated sludge treatment. The
removal method would be dilution with
the river water (assumed 20:1 for this
example) and adsorption to settleable
particles. Land application provides
considerable contact with soil particles
and opportunities for adsorption. The
soil microorganisms provide further
opportunities for microbial breakdown.
In a site investigation at Muskegon, it
was found that 56 organic compounds were
detected in applied wastewater but only
5 were detected in the final effluent
[18]. The use of chlorine disinfection
forms halogenated organic compounds,
some of which are thought to be
carcinogenic. The capabilities of land
treatment to provide high levels of
removal without a (chlorine)
disinfection step are noteworthy [19].
The elimination of a chlorine
disinfection step with conventional
treatment and discharge would generally
not be accomplished without an increase
in health risks.

Risk Evaluation

Site Workers. The annual man-hours
of worker contact were estimated to be
equal for a slow rate system and an
activated sludge system (Table 6). This
is not a direct indication of equal risk
because wastewater concentrations are
variable throughout the process steps.
In addition, contact intensities for
both systems are limited to only
incidental and aerosol contacts. The
onsite conditions change with each
contact type, so comparisons are
difficult to make.

257



Table 7. Land Treatment - Estimates
of Infectious Agent Concentration

Process step

Sewage
collection
Headwords
Aerated
lagoon
Storage
lagoon
Field
distribution
Soil surface d

soil
column

underdrain
recovery (50*
reeovary)*
River die-off

River dilution
Surface water
supply or
recreation

Fecal and total colifonns

Reduction3 concentration

Initial
cone.

None

99

99

None

S8-9S

99.9999

50

86-94
95

- , .

3xlO7

3xlO7

3xlO5

3xlO3

3xlO3

60-360

3.0x10-2

1.5x10-3

(9-21)xlO"5

(4.5-1DX10-6

(4.5-ll)xW6

Salmonella

Reduction*

Initial
cone.

None

99.5

99

None

93-94

99.99

50

54-83
95

,

and Shiqella

Concentration

4x10*

4xl03

20

0 . 2

0 .2

<1.2-1.4)xlO-2

2.OX1O-5

l .OxlO" 5

(1.7-4.6)xl0"6

(8.5-23)xlO-8

(a,5-23)xlO"8

Virus

Reduction*

Initial
cone.

None

99.9

99

None

89 on leaf
vegetables

99.99

50

50-94
95

Concentration

1.9X103

1.9xlO3

1 .9

1.9xlO":

1.9xl0-J

2.1X1O"3

1.9X10"6

I.OKIO"6

(1.7-4.6)xlO~7

(8.5-23)xl0-9

(0.5-231x10-9

Parasites

Reduction*

Initial
cone.

None

99.7

99

None

Essentially
complete (E.
hlstolytica)

99.9999

50

54-83
95

—

Concentration

lxl03 c

lxlO3

3

3x10-2

3xl0"2

Below
detection

3xlO"7

l.SxlO"7

(2.6-6.91X10"8

(1 .3-3 .5)x l0 - 9

(1.3-3.5)xlO-9

a. Expressed as * rénovai for each process step,

b- Expressed as No./100 ml>.

c. Uses a high literature value; most report less than 50 organisms/100 mL.

d. Estimated after 7 days exposure an soil surface or fodder crop, respectively.

e. Recovery assumes 50» by mass basis, but considered as concentration, A river
dilution would produce equal concentrations for 50* reduction by mass or concentration.

Table 8. Activated Sludge and River Discharge -
Estimates of Infectious Agent Concentration

Process step

sewage
collection

Primary
treatment

Secondary
treatment

Disinfection
(chlorine)

surface water
supply or
recreation

Die-off in
receiving
watar

Dilution in
receiving
water

Fecal and

Reduction*

Initial
cone.

10-35

90-99

99.99

Honed

86-94

95

total conform»

Doseb

3x107

(2.0-2.71xl07

<3.O-37)xlO5

30-270

-

1.1-38

0.06-1.9

salmonella

Reduction4 Dosefa

initial
cone.

15

96-99

99.99

Honed

54-83

95

4xl03

3.4X1O3

34-140

<3.4-14)xlO"3

(2.9-311x10-5

(5.8-621X1O"4

(2.9-311x10-5

Shi

Reduction4

Initial
cone.

15

91-99

99.99

Noned

54-83

95

gella

Doseb

4xlo3

3.4xl03

34-310

(3.4-311X1O-3

(3.0-7.01x10-5

(5.8-1401x10-*

(3.0-7.01x10-5

Virus

Reduction* Do«ab

Initial
cone.

10-15

76-99

94-99

Hone1*

50-94

95

1 .9x l0 3

(9.5-171x102

9.5-410

0.09-25

(0.06-3O1X10*3

(0.06-1201x10-1

(0.06-30)xlO-S

Parasites

Reduction4

initial
cone.

10-50

10

30-45

Honed

54-83

95

Doaeb

l x l o 3 0

500-900

450-810

250-650

3-15

50-300

2-15

a. Exprassed as % rénovai for each process.
b. Expressed as No. organiaas/lOO nL.
c. Uses a high literature valuer most report less than £0 organisms/100 mL.
d. A municipal water supply would nonally employ ehlorinatlon prior to distribution, although i t is not shown here.
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Overall, the health risks are
considered to be small, with neither
producing a notable health risk. This
is substantiated by a lack of any
reports indicating increased health risk
from occupational exposure by sewage
treatment plant workers within the
United States.

General Public. The relative
health risk potential to the general
public after the treated wastewater
effluents are discharged to surface
waters or groundwaters is shown in Table
9. The basis for comparison is the
estimated concentration for an activated
sludge discharge to surface water and
land treatment discharge to groundwater,
withdrawal and discharge to surface
waters. Based on the estimated
concentrations of infectious agents, the
land treatment system decreased the
relative health risk potential by
providing greater removals.

Table 9. Summary Comparison
of Health Risk Potentials

No. Organisms/100 mL

Table 10. Summary Comparison
of Removal Capabilities

Wastewater
agent

Conforms

Salmonella sp.

Shigella sp.

Virus

Parasites

Relative concentration at
surface water supplya

Land
treatment

(4.5-ll)xlO-6

(8.5-23)xlO~a

(B.5-23)xlCr9

(8.5-23)xlCT9

(1.3-3.5)xlO-9

Activated
sludge

0.06-1.9

(2.9-31)xlO~5

(3.0-7.0)xlO~5

(0.06-30)xl(T3

2-15

a. Provides water for municipal supply as
well as recreation.

A summary comparison of removal
mechanisms for slow rate and activated
sludge systems is provided in Table 10.
The decreased risk with slow rate land
treatment from infectious agents was
shown in comparing estimated
concentrations. The slow rate land
treatment removal mechanisms provide
removals of nitrates, trace elements,
and trace organics. An overall
decreased relative health risk occurs
under these conditions.

Wastewater
component

alow rate Activated
land treatment sludge treatment

Bacteria

Salmonella sp.

Shiqella sp

E. coli

Virus, in general

Parasites

E. histolytica

G. Iambiia

Nitrate

Trace elements

Trace Organics

0 to +

0 to +

Note; Comparisons based on the following notations:

+ positive removals with decreased
health risks

- Minor removals with unchanged health risks

0 Behavior unknown, but partial removals
have occurred.

DISCUSSION

Fail-Safe Aspects

The example assessment presented a
series of removal mechanisms that showed
with well maintained and operated
treatment systems, the health risks are
greatly decreased. The reliability of
the unit processes in conventional
treatment gives an indication of the
fail-safe aspects. Mechanical
equipment, such as pumps, feeders, and
mixers, provide continuous and adequate
performance only if maintained and
operated properly. Smaller systems
generally do not provide continuous
staffing. System upsets are most apt to
occur. The resulting inefficiency
depends on engineering design, but may
result in minor or major contamination
of receiving waters. Disinfection
processes are equally subject to upset
with results ranging from
overchlorination with potential
formation of halogenated organic and
chlorine toxicity, to underchlorination
with insufficient pathogen kill.

Land treatment systems are also
subject to short circuiting in the
preapplication treatment such as
aeration and storage lagoons, but the
overall treatment result after passage
through a soil column is essentially
unaffected by applied wastewater
concentration. In addition, a slow rate
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system is fail safe in that if too much
water is applied, the soil will not
accept the water. Further, the water
must pass through the soil to reach to
groundwater or the underdrains. A
properly designed land treatment system
should provide reliable treatment
comparable to or greater than that
provided by a well designed activated
sludge plant.

CONCLUSIONS

1. Results indicate that under
well maintained and operated conditions,
both conventional and land treatment
systems provide a large measure of
safety for public health. Slow rate
land treatment systems offer greater
protection against parasites and
viruses, trace metals, nitrate, trace
organics, and halogenated organics.

2. Adequate removal of parasitic
eggs and cysts requires positive
measures, such as filtration, or long
detention times in ponds or storage
lagoons. As such, the land treatment
alternative offers greater protection
with regard to health risks.

3. Conventional treatment and
disinfection is also less effective for
viruses than treatment by land
application. Treatment processes with
longer detention times, such as in ponds
and storage lagoons, afford better
removals than conventional activated
sludge treatment.

4. Land treatment systems are less
susceptible to failure or upsets than
conventional treatment systems,
especially for small systems.

5. Observations of interactions
not comparing the treatment processes
include:

a. The health hazard to site
workers does not appear greater than to
the general public. The contact by site
workers is generally limited to
incidental contact or aerosol
inhalation. The health risk to site
workers is thus limited to infectious
agents.

b. The use of wastewater for
irrigation of food crops may provide a
greater risk than irrigation of nonfood
crops since the agent-host transmission
cycle will be shorter and positive
removals by soil are not used. Die-off
varies according to type of crop and

infectious agent. However, present
application of wastewater to crops as
suggested in California regulations,
provides a safety factor of 10 to 10
over the last reported incidents (early
1900s) of disease transmittal using
"night soil" on food crops.

c. Trace metals are difficult to
evaluate as to health effects. Intake
with water sources should not pose
problems because the typically low
values in municipal wastewaters are
generally reduced to below drinking
water standards by wastewater treatment.

d. No estimation can be made of
the health hazards resulting from low
level of exposure to trace organics.
The dose response and health effects are
unknown at this time.
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HEALTH CONSIDERATIONS

A SEROEPIDEMIOLOGIC STUDY OF WORKERS ENGAGED
IN WASTEWATER COLLECTION AND TREATMENT

C.S. Clark, G.M. Schiff, C.C. Linnemann,
G.L. Van Meer, A.B. Bjornson, P.S. Gartside,
C.R. Bunciher, J.P. Phair,* E.J. Cleary,
Univ. of Cincinnati, *Northwestern Univ.

Exposure to wastewater used in land
treatment may have adverse health effects
but there are no definitive studies of
persons living near or working at land
application sites. However, studies of
wastewater collection and treatment
workers who have direct contact with
wastewater may suggest the potential
hazards for those with indirect contact.

The University of Cincinnati Medical
Center is currently engaged in a com-
prehensive study of wastewater treatment
industry workers in the U.S. This U.S.
EPA-supported study is a prospective
seroepidemiologic investigation of waste-
water workers in three cities. The focus
of the study is on possible health haz-
ards due to the viral and bacterial con-
tent of the wastewater.

The study involves collection of
blood specimens and throat and rectal
swabs every three months for laboratory
analyses, annual health examinations, en-
viromental monitoring and collection of
illness information. The central feature
of the laboratory studies is a battery
of tests for the determination of the
levels of viral and bacterial antibodies
and immunoglobulins in serum specimens.
The testing is designed to detect changes
that may occur after a person becomes
occupationally exposed to wastewater.

Initial results have revealed higher
levels of several viral antibodies in
sewage-exposed workers in comparison with
a control group. Some of these results
may be indicative of subclinical in-
fections . These and some of the other
results obtained during the first three
years of this four year study are pre-
sented. Efforts are made to relate

airborne bacterial levels at wastewater
treatment plants to those at a land
application spray irrigation site.

Introduction

The purpose of this study is to ob-
tain an assessment of the health risks
of populations occupationally exposed to
wastewater collection and treatment. In-
formation regarding the human health
risks associated with contact with waste-
water and related materials brought about
by occupational exposure, by residing
near wastewater treatment plants and land
application facilities, or by recre-
ational pursuits in water receiving
wastewater effluents is limited. How-
ever, assumptions concerning these risks
are providing motivation for the promul-
gation of state and federal standards
designed to protect populations from
these various exposures. The growing
emphasis on the land application of
wastewater and sludges as a viable method
of waste utilization increases the need
for reliable and up-to-date information
on the health risks, if any, involved.
The focus of this study is on the patho-
genic bacterial and viral agents in
wastewater.

The methodological tool for this
assessment is a prospective seroepidemi-
ologic study of populations that are in-
timately exposed to wastes by virtue of
their employment as municipal sewer
maintenance workers or as activated
sludge wastewater treatment plant workers.
Specific objectives of the project are:
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1. To determine whether wastewater
workers develop specific bacterial, viral,
and parasitic infections due to occupa-
tional expsoure to sewage.

2. To determine the immunologie
response among workers, presumed to be
exposed to a high level of antigenic
stimulation, i.e., wastewaters.

3. To determine whether wastewater
workers serve as a reservoir of certain
infections and, if so, whether members of
the workers' families are affected.

4. To determine the effect of ex-
posure to aerosols generated' by the acti-
vated sludge treatment process.

5. To determine the concentration
of bacterial aerosols at wastewater
treatment plants.

An underlying objective of the study
is the determination of the sensitivity
of various elements of the seroepidemio-
logic approach for the detection of
wastewater-related health effects. Such
determination would permit an assessment
of the potential application of this
methodology to the study of health risks
associated with other population ex-
posures to wastewaters. The latter would
include persons working with or living
near wastewater land-disposal facilities,
persons living in the vicinity of waste-
water treatment plants and persons en-
gaged in recreational use of bodies of
water receiving waste effluents.

Related Studies

Recent literature searches have re-
vealed little evidence of occupational
health problems associated with waste-
water pathogens (1,2). The few situa-
tions where adverse health effects have
been found were associated with sewage
farming with untreated wastes or with
other contact with essentially raw sewage
(3,4,5). A comprehensive retrospective
study of Berlin sewer workers by Anders
failed to yield any health problems asso-
ciated with sewage pathogens (6). Resi-
dents of Israeli kibbutzim where crop
irrigation with sewage is practiced ex-
perience certain gastrointestinal diseases
at rates 2-4 times higher than people in
kibbutzim not practicing such irrigation
(7). From the information available in
that report it is not possible to as-
certain the pathway(s) of the infections.
The unique nature of kibbutzim with their
closely-knit living patterns complicates
transferal of the kibbutzim study results
to U.S. situations.

In Sweden, Rylander and his asso-

ciates describe what they term a "sewage
workers syndrome" in workers in a sludge
drying operation producing dust mostly in
the respirable size range (8). Symptoms
of this syndrome include eye discharges
and fever usually developing several
hours after the end of the work day.
Laboratory testing revealed elevated
levels of the immunoglobulin IgA and of
white blood cells. Their investigation
is being extended to other wastewater
treatment plants. Layton has reported
that new employees in the wastewater in-
dustry sometimes experience dysentery
during the first year of employment but
appear to have no unusual ill effects
thereafter (9). A preliminary report of
a study of wastewater treatment workers
in Copenhagen, Denmark suggests that the
workers experience elevated immuno-
globulin levels and elevated levels of
antibodies to Weil's disease (10). Ear-
lier reports in Germany (5) and Ceylon
(4) also found elevated levels of anti-
bodies to Weil's disease which can be
transmitted by the urine of infected rats
and which in its earlier stage may re-
semble influenza. The U.S. Environmental
Protection Agency is currently supporting
two studies aimed at determining possible
health effects to persons living in
neighborhoods surrounding activated
sludge treatment plants (11,12). The
lack of information about whether neigh-
bors of wastewater treatment plants are
themselves at risk has provided further
impetus to determine the risk, if any, to
wastewater workers.

Overall Study Design

The study consists of an intensive
sérologie survey correlated with epide-
miologic and clinical data on the study
populations. The central feature of the
design is an evaluation of the effects of
occupational exposure to wastewater over
at least a 12-month period based on the
levels of specific viral and bacterial
antibodies in sera collected over that
time period. In order to help separate
the effect of the occupational exposure
from that associated with other possible
disease pathways, appropriate control
groups are utilized and in addition, many
of the wastewater workers are recruited
into the study at the time of their
initial employment in the wastewater
treatment industry. Results of the sero-
logical, epidemiological and clinical
aspects of the study are correlated with
data from an environmental monitoring
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program. The study is scheduled to be
completed in the spring of 1979.

On a quarterly basis, blood samples,
throat swabs and fecal samples are col-
lected from participants in the study.
Monthly health diaries are maintained by
the workers and their families. At times
of illness additional throat swabs and/or
fecal samples are requested. On a monthly
basis a project staff member, generally a
nurse, contacts the family by telephone
regarding illnesses. Periodically job
locations of participants are visited to
determine types and levels of exposure
and other work conditions. Work site air
is monitored periodically for bacterial
concentrations and wastewater samples at
the wastewater treatment plants are ana-
lyzed for bacterial and viral concen-
trations. On a yearly basis study volun-
teers are given a medical evaluation that
includes hematology, urinalysis, pulmo-
nary function testing, blood chemistry
(including tests of liver and kidney
function) and examination by a physician.

Epidemiological Aspects

Selection of Study Populations

As initially conceived the study
goals were limited to the first three
specific objectives listed above. In
Cincinnati, the occupational group
thought to have greatest exposure to
wastewater was sewer maintenance workers
who were thus chosen as the exposed pop-
ulation. These workers have been main-
taining the combined sanitary and storm
sewer system which predates by many
years the wastewater treatment plants,
the larger of which were built since
1950. Highway maintenance workers of the
Cincinnati Public Works Department were
selected as the control group.

About one year after this research
began its goals were expanded to include
a determination of the health effects
associated with the dispersion of aero-
sols generated by the activated sludge
wastewater treatment process (Specific
Objectives 4 and 5). At this time the
study design was expanded to include two
additional exposed populations groups:
(1) fifty (50) men at the Cincinnati
Mill Creek Sewage Treatment Plant which
was in the process of being expanded
from primary wastewater treatment to in-
clude the activated sludge process; (2)
and a total of one hundred (100) men
newly employed at activated sludge treat-
ment plants. The latter group were re-

cruited from Cincinnati, Ohio; Chicago,
Illinois; and Memphis, Tennessee. As
additional control groups, water treat-
ment plant workers were selected in
Chicago and in Memphis, workers at the
Memphis Light, Gas and Water Division.

personal Data

Illness data are obtained from:
monthly family health diaries, telephone
contacts and on-the-job contacts. For
each participant, the age and sex of
each other person in the household is
obtained in addition to household in-
come, number of years of school for the
worker, age, race, job classification,
and previous occupational exposure to
wastewater, if any. At the time of
joining the study a family medical his-
tory questionnaire is administered by a
member of the research team. In addi-
tion, at the time of the annual health
evaluation, a more detailed medical his-
tory questionnaire is given.

Job Exposure

Each worker is visited on his job
several times during the study to de-
termine type of job, frequency and in-
tensity of wastewater contact and aero-
sol exposure contact, and other related
work conditions. Results of these ob-
servations, together with results from
the aerosol monitoring, are used to
categorize the worker on a relative ex-
posure scale for direct wastewater con-
tact and one for aerosol exposure.

Sérologie Survey

Results of a sérologie survey of
sera collected quarterly provides the
basic core of data for this study. The
sera are analyzed for antibodies to 33
viruses or groups of viruses and 9 bac-
teria, and for 3 classes of immunoglob-
ulins. The purpose is to determine two
things; a) whether there are differences
in antibody levels between test and con-
trol groups and b) whether there are
significant increases in antibody levels
within a group of workers over a period
of time, indicating infection. In par-
ticular, we are interested in the re-
lationship between an increased anti-
body level in a volunteer and the pres-
ence of illness symptoms. The absence
of these symptoms indicates a sub-
clinical infection.

Antibodies are immunoglobulins
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which have specificity for particular
antigens such as specific viruses and
bacteria. Iramunoglobulins (Ig) are one
of the body's defenses against infecting
agents. IgG, the most abundant immuno-
globulin class, carries the bulk of the
burden of this defense. IgA is the pre-
dominant Ig in various seromucous secre-
tions, where it defends various internal
and external surfaces of the body against
invasion by microorganisms. IgM antibody
develops early in an infection and later
decreases in concentration followed by an
increase in antibodies of the IgG class.

Environmental Monitoring

The monitoring program consists of
viral and bacterial analyses of waste-
water samples and bacterial analyses of
aerosols. The purpose of the aerosol
sampling procedure is to provide data for
the estimation of worker exposure to air-
borne bacteria. The viral analyses of
wastewater •will be correlated with the
virus sérologie survey results. The
virus assay of wastewater in all three
cities is being performed under a con-
tract with the Metropolitan Sanitary
District of Greater Chicago.

Six-liter twenty-four hour composite
samples for virus assay are concentrated
using an aluminum hydroxide-continuous
flow centrifuge technique (13). Virus
content is estimated using a plaque assay
procedure using three cell cultures: (1)
BGM (Buffalo Green Monkey Kidney Cells),
(2) Wl-38 (Human Diploid Cell Strain),
and (3) PMK (Primary Monkey Kidney Cells).

Six-stage Andersen samplers are used
to collect the aerosols from about 0.4
M^ of air (14). Each sampler contains
six molded Andersen glass petri dishes
containing 27 ml of plate count agar. A
replicate plate method is used for de-
termining the total coliform (TC), fecal
coliform (FC) and fecal streptococcus
(FS) counts on the petri dishes from the
Andersen samplers. Bacterial analyses of
wastewater and aerosols are performed in
Chicago by the Metropolitan Sanitary
District of Greater Chicago, in Memphis
by the Memphis State University, and in
Cincinnati by the bacteriologist on the
study staff. Bacterial analyses are per-
formed according to Standard Methods (15).

Results

A total of about 400 workers are
currently involved in the study. Over

100 of these volunteers were recruited
at the time they began employment in the
wastewater industry. Preliminary results
will be presented on the environmental
monitoring, viral and bacterial serology
and immunologie findings. Clinical data
have not been analyzed.

Environmental Monitoring

Monitoring for bacterial aerosols
has been conducted in all three cities.
A comparison of bacterial aerosol levels
at wastewater treatment plants in this
study with levels at land application
projects will assist in relating poten-
tial human exposure levels at these two
types of facilities. In order to accom-
plish this, a summary of airborne fecal
coliform data to date from this study is
compared in Table 1 to data from an en-
vironmental survey at a project involving
the spray irrigation of wastewater (16).
Results of wastewater analyses are also
included to reflect the differences in
the wastewater being aerosolized.

Median fecal coliform levels over
basins and downwind from the activated
sludge plants were 7-14/M3 while those at
comparable distances downwind of the
spray irrigation site were only 1.0/M .
The median fecal coliform level in the
wastewater at the activated sludge plants
was 160 x 10^/100 ml, compared to that
from the spray irrigation site, 8.1 x
10vl00 ml* A number of factors must be
considered in comparing these data.
Rates of aerosolization of wastewater at
the activated sludge plants are much
lower than that at the spray irrigation
site. Wastewater treated varies from 30
MGD to about 1.0 BGD at the activated
sludge plants, while that at the spray
irrigation facility averaged 1.4 MGD. In
addition, the high volume air samples
used at the spray irrigation site yield
higher fecal coliform values than 6-stage
Andersen samplers used in this study.
Considering all of these limitations it
is concluded that airborne fecal coli-
form levels appear to be higher at the
activated sludge plants than at the spray
irrigation facility tested.

Virus Serology Survey

Sérologie data are based on concen-
trations of antibody in serum and ex-
pressed as a titre. This titre is the
highest dilution level which still pro-
duces a reaction, and is expressed as
the reciprocal of the dilution. Test
procedures used were complement fixation
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(CP), hemagglutination inhibition CHI),
and microneutralization (MN) (17).

Of interest in the serological sur-
vey are differences in antibody titre
levels for an individual over a period of
time and differences between worker
groups at a point in time. Both of these
comparisons depend on the laboratory pro-
cedures being done at the same time.
Testing of at least two sera for the
Cincinnati experienced sewer maintenance
and highway maintenance workers, and in
some cases Cincinnati experienced sewer
treatment workers, has been completed and
statistically analyzed for 33 viral anti-
bodies and for Hepatitis B antigen.

Tests were performed for antibodies
to Polio 1, 2, 3, Coxsackie Bl - B6,
adenovirus, reovirus, cytomegalovirus,
and Herpes Simplex by CF; Echo 7 and 12
by HI; and Coxsackie A7, A9, A16, Echo 1-
6, 8, 9, 11 - 14, 19, 21, 24 and 30 by
MN. Because a very high number of neg-
ative results were obtained for Polio 1,
2, 3, Coxsackie Bl - B6 by CF, these
viruses were retested by MN. For Polio
1, 2, and 3, the retesting gave a wide
range of titre levels, but no significant
differences between groups. For Cox-
sackie Bl - B6, the retesting resulted in
generally more positive results except
for Coxsackie B6. However, there were no
significant differences among groups for
results by MN, whereas the CF method had
resulted in significant differences for
Coxsackie Bl in October 1975. An example
of a set of sera analyzed by both methods
for antibodies to Polio 1 is shown in
Table 2.

The data for all sera were tabulated
in a contingency table of worker groups
vs. titre levels, as shown in the example
in Table 2, and statistically analyzed by
the chi-square test (18). Negative lab-
oratory results were reported as being
less than the minimum detection level
(<2 for MN, <4 for CF and HI) and were so
tabulated in the contingency table.
When significant differences were found,
a geometric mean of the titre levels was
used to facilitate interpretation. For
negative results, an arbitrary value of
one-half the minimum was assigned; for
example, a result of <4 was assigned the
value of 2.

Antibody levels were found to be
significantly different at the p <_ .02
level between groups tested for four
viruses. A listing of these viruses, the
dates of the sera collection and the
geometric mean are presented in Table 3.
In no case in our testing were the titre
levels of highway maintenance workers

significantly higher by the chi-square
test than those of sewer maintenance
workers. For Coxsackie B3 virus, anti-
body levels for the sewage treatment
workers were significantly higher than
those for sewer and highway maintenance
workers. The latter two groups were not
significantly different from each other.
Significant differences had previously
been reported for additional viruses (19)
but since these differences were not
evident in later testing they were de-
leted from Table 3. When available,
results of wastewater viral assays will
be compared with the virus serology data.

No differences have been found among
the three groups with regard to family
size, number of school-age children, or
illness rates. Therefore, the control
and test groups appear to be adequately
matched for these factors. If so, the
higher virus antibody levels in the sewer
maintenance workers presumably are the
result of occupational exposure to sewage.
An acquisition of viral antibodies in re-
sponse to occupational exposure to sewage
has been hypothesized (2); data from this
study are the first to support this
suggestion.

Results of the sérologie survey were
also analyzed to determine changes in
titre level for each worker over a period
of time. Titre level increases of 4-fold
or greater (referred to as seroconver-
sions) usually indicate infection. So
far, we have not found any significant
differences in seroconversion among
groups.

Bacterial Serology

Tests for antibodies to Salmonella
A, B, C, D and E, and Leptospira Pool 1,
2, 3 and 4 were performed on sera for
three groups of experienced Cincinnati
workers for October 1976, and two groups
of experienced Chicago workers for
February 1977. The test methods used
were passive hemagglutination for
Salmonella (20) and slide agglutination
for Leptospira (21). All Leptospira
test results were negative. No signifi-
cant differences were found between
groups, in either city, for Salmonella
antibodies.

Immunology

Levels of IgG, IgA, and igM were
measured by radial immunodiffusion (22)
in sera obtained from sewer maintenance,
highway maintenance, and sewage treatment
workers in Cincinnati during July of 1975
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and 1976 (Table 4). Levels of igG in the
highway workers were significantly higher
than those in the sewer workers during
both years. No consistent differences in
IgA or IgM levels were observed when the
sewer and highway maintenance groups were
compared. In 1975 IgM levels were higher
in the sewer maintenance workers than in
the highway maintenance group. This dif-
ference was not evident in 1976. IgM
levels were found to be lower in both
groups during the second year. Another
difference observed was that the IgA
level in the sewage treatment workers was
significantly lower than that of the
sewer maintenance group. In contrast,
IgG and IgM levels in this group were not
significantly different from the other
two groups.

For Chicago workers, immunologie
analyses were performed on sera collected
in January 1977 from inexperienced and
experienced sewage treatment workers, and
the water treatment workers. No signifi-
cant differences were found.

Conclusions

Based on the results thus far it
appears that sewer maintenance workers
have experienced more viral infections
than the highway maintenance workers.
Although more limited data have been pre-
sented for sewage treatment plant workers,
increased infection rates are not evident
as they were for sewer maintenance
workers. Median fecal coliform levels
over the activated sludge aeration basins
and up to about 100 feet downwind were 7—
14/M3. in this study there appears to
be no significant increase in Ig level
in individuals exposed to sewage in com-
parison to individuals exposed to a high-
way environment.

Testing of sera collected over about
a one-year time period beginning with
the time of initial employment are now
being analyzed. Job evaluations and en-
vironmental monitoring for bacterial
aerosols will be used to assign relative
wastewater and aerosol exposure levels
to the sewage-exposed workers. An effort
will then be made to determine if dose-
response relationships can be estab-
lished.
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Table 1

Comparison of Total Fecal Coliform Levels at
Activated Sludge Plants(a) and a Wastewater

Spray Irrigation Facility^)

Maximum

Median

Minimum

Maximum

Median

Minimum

Unwind

28

0

0

AEROSOL LEVELS fl/fj3

Activated Sludqe Treatment Plants
(12) Over Basins (13) Downwind (11) le-

146 141

14 7

0 0

Wastewater Spray Irrigation Facility

Upwind (16) Downwind (e>

<1.0 12.2

below detection 1.0

below detection below detection

WASTEWATER!d>

#/100 ml xio'
1

8000

160

1.1

18.6

8.1

2.4

(a) Chicago (West Southwest and Calumet), Cincinnati (Mill Creek), Memphis (North)

(b) Fleasanton, California (Reference No. 16)

(c) Number in parenthesis indicates number of aerosol samples

(d) 18 samples from activated sludge plants, 17 from spray irrigation
facility

(e) Op to 30 meters

Table 2

Contingency Table for Antibodies to Polio 1
October 1976

Comparing Test Methods

SM = Sewer Maintenance Workers
ST - Sewage Treatment Workers
HM = Highway Maintenance Workers

Complement Fixation Test

SM

ST

HM

<4

39

49

47

Microneutralization

SM

ST

MM

<2

3

3

6

4

0

0

0

Test

2

0

5

2

Titre Level

4

7

5

4

8

0

0

0

16

0

0

0

32

0

0

0

Titre Level

8

6

S

4

16

4

4

11

32

7

8

9

64

9

9

7

il28

6

3

6

Total

42

42

49
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Table 3

List of Viruses for Which Antibody Levels Were Found to
be Different (p <^0.02) in Cincinnati

Virus**

Echo 4

Coxsackie Bl

WOrk Groups*

Date

July 1975

October 1975

Difference

SM > HM

SM > HM

Geometric Mean

SM HM

2.7 t

t t

ST

n. t.

n.t.

Echo 30 July 1976
January 1977

SM > HM

Coxsackie B3 October 1976 ST > (SM S HM)

4.1
3.9

n.t.
n.t.

* SM = Sewer Maintenance, ST = Sewage Treatment and HM = High-
way Maintenance

** Test Types: Complement Fixation for Coxsackie B viruses
Microneutralization for all others

t Geometric mean is below minimum detection level

n.t. Not tested

Table 4

Immunoglobulins (mg/dl) Among Controls and
Sewage-Exposed Workers (19)

Group

1975:

Highway Maintenance

Sewer Maintenance

1976:

Highway Maintenance

Sewer Maintenance

Sewage Treatment

No.

69

41

53

33

51

IgG

2857*

2176*

262O±

2185±-

2496

(716)

(728)

(704)

(707)

(715)

IgA

281

327

233

271§

171 §

(1.6)

(1.6)

(1.5)

(1.4)

(2.5)

IgM

95t

126t

70

68

76

(1.9)

(1.7)

(1.7)

(1.4)

(1.8)

Figures in parenthesis represent standard deviation (S.D.) for IgG
and geometric S.D. for IgA and IgM. Geometric means and S.D.s are
given for IgA and IgM because calculations were done on log-trans-
formed data.

*p< 0.001; -tp=0.018; *p=0.007; §p=0.002 (many other differences were
significant, but only those for data relating to the same year are
shown).
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HEALTH CONSIDERATIONS

MICROBIOLOGICAL AEROSOLS FROM A FIELD SOURCE
DURING SPRINKLER IRRIGATION WITH WASTEWATER

Howard T. Bausum, USAMBRDL, Ft. Detr ick, Frederick, MD
Bruce E. Brockett, USACRREL, Hanover, NH
Patr ic ia W. Schumacher, USACRREL, Hanover, NH
Stephen A. Schaub, USAMBRDL, Frederick, MD
Harlan L. McKim, USACRREL, Hanover, NH
Roy Bates, USACRREL, Hanover, NH

Measurements were made of the
strength and dispersion of bacter ia l
aerosols resul t ing from land appl icat ion
of chlor inated, ponded wastewater by
spray i r r i g a t i o n . An approximately
square 2.1 hectare (5.2 acre) area was
covered by 96 Rain Bird impact spr in-
k le rs , thus creating a mul t i -point or
f i e l d aerosol source. Andersen viable-
type and large volume e lec t ros ta t ic pre-
c i p i t a to r a i r samplers were deployed
upwind and on 3 m centers in each of
three downwind transects: 30 m (or
21 m), 50 m (or 41 m) and 200 m. In
some runs, sampler locations a t 4.6 m
and 9.0 m elevat ion, 50 m downwind, were
used in l i eu of the 200 m locat ion. In
four runs, water to be sprayed was
seeded with fluorescent dye to charac-
ter ize the aerosol cloud without the
ef fec t of biological decay. During
aerosol studies, continuous on-si te
meteorological measurements were made,
and wastewater chemical parameters were
monitored.

Bacterial aerosols (standard plate
count) a t 30 m ranged from 46 to 1582
colony forming units (cfu)/m , mean =
485/m3). This value was reduced by 15%
at 50 m and by 92% at 200 m. Aerosol
strength was always greatly reduced at
the elevated sampler s ta t ions; mean
reduction from 1.7 m to 9.0 m elevat ion,
95%. A two- to three-fo ld var iat ion
among simultaneous samples wi th in t ran-
sects was observed, although in labora-
tory tests using wastewater aerosols
sampler va r i ab i l i t y was wi th in s t a t i s t i -
cal expectations. The median diameter
of bacteria-beaing part ic les was 2.6 ym

at 30 m downwind. Seventy-five percent
of such part ic les f e l l w i th in the range
of e f f i c i en t pulmonary deposi t ion, 1 to
5 urn. Dye aerosols were two- to three-
fo ld greater in re lat ion to source
strength than bacter ia l aerosols, thus
providing an estimate of bacterial aero-
sol d ieof f .

INTRODUCTION

Land treatment of wastewater by
spray i r r igat ion is an important alter-
native to advanced wastewater treatment.
From a public health standpoint, this
practice raises the question of the
potential dispersal of pathogenic bac-
te r ia , viruses and other organisms,
especially through downwind travel of
infectious aerosols. Some aspects of
this problem have been addressed in
several studies, in which data were
obtained on the travel of bacterial (1-7)
or v iral (6,7) aerosols. The present
ef for t was undertaken to provide measure-
ments of the strength, dispersion,
decay and part icle size characteristics
of bacterial aerosols generated by a
f i e l d source spray i r r igat ion process.
A concomitant objective was to provide
simultaneous source strength and meteoro-
logical data adequate for predictive
modeling of aerosol plume dispersion,
thereby fac i l i ta t ing development of
design cr i ter ia for protection of human
health.

This study forms part of a compre-
hensive evaluation of a demonstration
land wastewater treatment s i te for U.S.
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Army Corps of Engineers recreational
areas. The study, described in more
detail elsewhere (8), was undertaken
July-August 1976 as a jo in t e f for t of
the U.S. Army Cold Regions Research and
Engineering Laboratory, Hanover, NH, and
the U.S. Army Medical Bioengineering
Research and Development Laboratory,
Ft. Detrick, Frederick, MD, Application
to land by spray i r r igat ion is used as
the f inal step in treatment of a rela-
t ively weak domestic wastewater.

The study di f fers greatly from the
earl ier experiments in the nature of the
spray source. Here, 96 spray heads were
used, whereas in other studies only a
single spray head or a l ine source was
used.

In this study, most sampling equip-
ment was massed at two close-range dis-
tances downwind, so as to provide mult i -
ple observations at these c r i t i ca l
points. This provided better assessment
of sampler-to-sampler var iab i l i ty and
better def ini t ion of the early part of
the curve of aerosol strength vs. down-
wind distance.

MATERIALS AND METHODS

Site Description and Treatment of
Wastewater

The project studied treats waste-
water from a campground a t Deer Creek
Lake State Park, OH, s i tuated 56 km
(35 miles) southwest of Columbus, OH,
and 8 km (5 miles) south of the town o f
Mt. S te r l i ng , OH. The spray f ie lds are
in an open, f a i r l y l e v e l , area.

Raw wastewater is pumped to a s tab i -
l i za t i on lagoon with a mean depth of
1.7 m (5 f t ) and a mean residence time
of 90 days. The ef f luent then passes
through a chlor ine contact chamber (1 hr
contact t ime, 2 ppm tota l residual
chlorine) into a holding basin wi th a
mean residence time of 4-6 days. I t is
then pumped to the spray f i e l d where a
gr id of spray heads was used covering an
approximately square 2.1 hectare (5.2
acre) area (F ig. 1) . This area is
served by eight la tera l wastewater d is-
t r ibu t ion pipes, each bearing 12 Rain-
b i rd spray heads. The distance between
latera ls is 18.3 m and between spray
heads on each l a t e r a l , 12.2m. Sprink-
l e r heads are 0.6 m above ground l e v e l ,
with a nozzle size of 0.79 cm (5/32 inch)
internal diameter. Pressure measured at
the spray nozzles was 4.1-4.2 kg/cmz

(56-59 psi) and remained constant across

the spray f i e l d during tes t ing . The
flow was about 18.9 l i t e r (5 gal) /min/
nozzle for a to ta l o f 1910 1/min (580
gal/min). The area wetted by spray from
a single head averaged 13 m (42.5 f t ) in
radius, wh i le , at maximum, the spray arc
reached a height of 2.7 m (9 f t ) above
ground l eve l .

Field Methods

Meteorological Instrumentation and
Measurements. The fol lowing parameters
were measured at both 2 m and 20 m ele-
vat ion: wind speed and d i rec t i on , a i r
temperature, re la t ive humidity. Evapora-
t i o n , p rec ip i ta t i on , solar radiat ion and
atmospheric pressure were also measured,
and visual observations were made of sky
conditions and cloud cover.

An atmospheric s t a b i l i t y assessment
was made at the s ta r t and end of each
test run according to basic procedures
used in making plume dispersion e s t i -
mates as suggested by Turner (9) and
Pasquill (10).

Sampler Positioning and Operation.
Aerosol sampling runs were not attempted
under unstable atmospheric conditions nor
during periods of p rec ip i ta t i on , sh i f t i ng
wind di rect ion or wind speeds above 6.7
m/sec (15 mph).

Airborne bacteria were col lected
both wi th Andersen (11) viable-type
stacked-sieve samplers, loaded with
standard methods agar (BBL) in dispos-
able p las t ic Petri dishes, and with
high-volume e lec t ros ta t ic prec ip i ta tor
samplers (L i t ton Model M) through which
100 ml 1/2-strength m-plate count broth
(Difco) was continuously recirculated a t
10-12 ml/min. Air f low through Andersen
samplers was regulated a t 28.3 1/min by
c r i t i c a l o r i f i c e . L i t ton samplers were
operated at 1000 1/min and at an electro-
s ta t i c potential o f 13 to 14 kV.
Exposed sampling f l u i d was held in ice
unt i l testing.

Ster i l izat ion of the collection
discs and tubing of the Litton samplers
was accomplished using 0.1% NaOCl, pH
6.5, followed by sequential flushing
with 1.0% ster i le sodium thiosulfate and
ster i le water.

During each sampling run, samples of
effluent wastewater were taken at the
spray nozzle at several points in time
and composited.

A typical downwind sampler array is
i l lustrated in Figure 1 . The f i r s t , or
near, row of f ive aerosol samplers was
positioned 21 or 30 m from the most down-
wind row of sprinkler heads. A second
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FIGURE 1 Typical downwind sampler array and spatial relations

of operating spray heads

or intermediate row of f ive samplers was
located 20 m downwind of the f i r s t row.
All sampler rows were aligned perpendicu-
lar to the average wind direction.
Samplers were elevated on 1.7 m stands
and set 3 m apart. A Litton sampler
occupied the center of each row, and i t
was flanked at the 3 m intervals by
either four Andersen (microbiological
runs) or four all-glass impinger (AGI-30,
dye runs) samplers. Two Andersen or AGI
samplers were stationed upwind and two
at an additional downwind s i te . To
attain a vertical aerosol p ro f i l e , dur-
ing runs 7-14, these two small samplers
were raised to 4.6 and 9 m elevations on
a tower located at one end of the 50 m
downwind sampler row. In a l l other runs,
they were located 200 m downwind. Addi-
tional Lit ton samplers were located at
the upwind and 200 m stations. The posi-
tions of individual samplers and pumps
within the above-described pattern were

rotated each sampling day according to a
random sequence.

During runs using tracer dye,
disodium fluorescein (uranine) solution,
5% in d i s t i l l ed water, was injected at a
constant rate, into the l ine leading to
the spray f i e l d . Air sampling for
recovery of fluorescein aerosol was
delayed for an interval of time deter-
mined by prior experimentation to allow
the dye to reach the most distant spray
heads and to optimize dye aerosol d i s t r i -
bution throughout the f i e l d . During dye
runs, Andersen samplers were replaced by
AGI's. D is t i l led deionized water was
used as collection f l u i d in both AGI and
Litton samplers. Grab samples were
taken at the spray nozzle at 2 to 3
minute intervals. These were not̂  pooled,
to permit a check on possible fluctua-
tions in fluorescein level during the
injection period.
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Laboratory Methods

Estimation of Standard Plate Count
and Aerosol Part ic le Sizes. Standard
methods agar was used for a l l standard
plate count determinations performed on
the L i t ton and composite wastewater grab
samples, using conventional p lat ing
methods. Plates used fo r th is purpose
and exposed Andersen sampler plates were
incubated at 35°C fo r 48 hours.

From each Andersen sample, a median
par t ic le diameter (12) and quar t i le
diameters were derived.

An estimate was made of the percent
of each sample f a l l i n g wi th in the range
1.0 to 5.0 urn, as th is has been shown to
be the range of e f f i c i e n t deposition in
the human pulmonary system (13).

Other Organisms. Total and fecal
coliform and fecal Streptococcus levels
in composited wastewater samples were
estimated by the Mi l l ipore membrane
f i l t e r method using m-Endo (Difco) and
M-FC (BBL) broths and m-Enterococcus
agar respectively, u t i l i z i n g Standard
Methods (14). The to ta l coliforms were
incubated at 35°C for 22-24 hours, fecal
Streptococcus for 48 hours, and fecal
col i forms, in a 44.5°C water bath fo r
22-24 hours.

Fluorometry. Fol lowing sampling
runs using sodium f luorescein, a l l
wastewater and aerosol samples were
assayed f luorometr ical ly against known
sodium fluorescein standards in a
Perkin-Elmer fluorescence spectropho-
tometer, Model 204.

Physical and Chemical Wastewater
Parameters. Samples of wastewater leav-
ing the second lagoon for the spray
f i e l d , were tested for the fol lowing
parameters (samples were taken simul-
taneously with aerosol test runs):
hardness, chemical oxygen demand (COD),
total organic carbon (TOC) and to ta l
and free chlor ine.

Standard Methods (14) was followed
in performance of a l l tests; to ta l
chlorine determinations were performed
using the or thoto l id ine (Hach) method.

RESULTS

Meteorology

The majority of runs were made under
stable atmospheric condit ions. Runs 3,
6, 21 and 24 were performed under less
stable condit ions. A i r temperatures
during runs ranged from 20°C to 32.6°C
(68°F to 90.6°F), re la t ive humidities

from 43 to 95 percent and mean wind
speeds from 1.3 to 6.7m/sec (3 to 15
mph). Runs 9 and 19 were conducted a t
dusk and runs 5, 14 and 25 under condi-
tions of low solar rad iat ion.

Wastewater Characteristics

Total residual chlorine levels in
water used for spraying ranged from 0.1
to 0.4 mg/1. The water was moderate in
hardness, 163-198 mg/1, and a lka l ine ,
pH 7.0 to 8.7.

Standard plate counts varied from
5.8 x 103 to 6.6 x 104/ml. Total c o l i -
forms averaged 1.8 x 102 /ml, exceeding
fecal coliforms by more than two orders
of magnitude. Of a sample of 57 pre-
sumptive col i forms, 11 percent were
c lass i f ied as Klebsiel la.

Aerosol Determinations, Standard Plate
Count

Upwind estimates of the background
density of airborne bacteria-bearing
part ic les ranged from 23 to 403/m3 with
a mean of 110.8/m3.

Mean downwind estimates obtained at
the near and intermediate distances,
i . e . , 21-50 m, were s ign i f i cant ly higher
than corresponding upwind values in a l l
runs.

At the 21-30 m distance, total aero-
bic bacteria-bearing par t i c les , as meas-
ured by Andersen samplers, varied from
46-1582/m3 above background (Table 1).
The mean value fo r a l l runs a t th is
sampling distance was 485/m3 above
background. At the 41-50 m distance,
values ranged from 0-1429/m3 above back-,
ground with a mean for a l l runs of 41 7/m
(85% of 21-30 m mean). At the 200 m
distance, observations were not always
above background leve ls , and the highest
value observed was 223/m3 above back-
ground. The mean observation above
background for a l l samples at th is d is -
tance was 37/m3 (7.6% of 21-30 m mean).
There was a consistent reduction in
aerosol strength with elevat ion, with
bacterial levels at the 9 m height being
only s l i gh t l y above background counts.

A notable feature of the Andersen
sampler data is the great va r i ab i l i t y
observed between "repl icate" samplers
located in the same row and operated
simultaneously. Two- to three-fold
var iat ion was common. The overall
standard deviation wi th in rows of samp-
lers in the same run was 178, y ie ld ing a
coef f ic ient of var iat ion (= standard
deviation $ mean) of 0.37. In contrast,
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Table 1 . Bacter ia l Aerosol Levels3(Andersen Sampler): Standard Plate Count
Colony Forming Par t ic les (c fp) /m a t the Indicated Sampler Locat ions, and

Net Aerosol Levels (= Observed Minus Simultaneous Mean Upwind Value)

Run

1
2
3
4
5
7
8

10
11
12
13
14
15
16
17
19
20
21
22
24
25

Mean

First
Row Means

Obs.

534
393
446
373
979

1,362
477

1,049
285
234
239
192
169
938
967
584
420
492

1,314
535
585
596

Net

481
359
403
286
820

1,228
387
980
242
157
147
169
104
822
564
395
335
337

1,202
458
299
485

Second
Row Means

Obs.

477
532
485
196
658

1,292
483
832
274
267
255
164
121
880
800
520
481
280

1,128
380
443
519

Net

424
498
442
109
499

1,158
393
763
231
190
163
141
56

764
397
331
396
125

1,016
311
157
408

First

126
118
83
99
62

69
295
311
362

48
124
249
180
108

200
Obs.
Second

71
246
95
85

129

80
274
323
412

51
209
260
78

210

m

Mean

99
182
89
92
96

75
285
317
387

50
167
255
129
159
170

Net
Mean

46
148
46

6
-63

9
169
-86
198
-35

12
143
52

-127
37

4.6
Obs,

463
201
224
133
170
134
81

201

Elevated
m
Net

329
111
155
90
93
42
58

125

9
Obs.

163
-_
92

117
76
92
19

93

m
Net

29
_-
23
74
-1
0

-4

20

the same samplers operated simultane-
ously i n the laboratory aerosol chamber
produced agreement w i t h i n Poisson
expectat ions.

Estimates o f median p a r t i c l e diame-
te r and the percentage o f pa r t i c l es w i th
diameters i n the range 1 to 5 urn are
presented i n Table 2. In a d d i t i o n ,
upper and lower q u a r t i l e values are pre-
sented f o r each distance or e levat ion a t
which Andersen samplers were deployed.
Approximately 66 to 78 percent o f
bacter ia-bear ing par t i c les were between
1 and 5 ym i n diameter, the approximate
range o f e f f i c i e n t pulmonary deposi t ion.

The data c lea r l y ind icate tha t the
background bacter ia l aerosol was larger
in p a r t i c l e s ize than the aerosol a r i s -
ing from appl ied wastewater. In samples
from locat ions o f low wastewater aerosol
concentrat ion, i . e . , 200 m and the e le -
vated samplers (Table 1 ) , p a r t i c l e s ize
charac ter is t i cs were closer to waste-
water aerosol values, as estimated by
f i r s t and second row samplers, than to
background (upwind) values. Thus, f o r
example, the percent par t i c les between
1 and 5 vm was 67 a t 200 m downwind.
The value f o r c lose - in samples was 78

Table 2 . Median and Quar t i le Pa r t i c l e
Diameters and Percentage o f Par t ic les

1 to 5 urn in Diameter, Compared to
Mean Net Aerosol Concentration

Runs
1-5,

15-25

1st Row
2nd Row
200 m
Upwind

Runs
7-14

1st Row
2nd Row
4.6 m
9.0 m
Upwind

Mean
Net

Aero-
sol

Cone ,
cfu/mJ

490
395

37
0

473
434
125
20
0

Quartiles
Lower

1.58
1.55
1.60
2.03

1.82
1.88
1.92
1.70
1.97

Mi ddle

2.46
2.44
3.01
4.15

2.82
2.87
3.00
3.03
4.59

Upper

4.12
4.15
5.50
7.32

4.40
4.74
5.10
5.30
7.50

%
1-5
urn

78
76
67
48

75
73
68
66
49
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percent and for upwind samples, 48 per-
cent. Thus, downwind aerosols that were
close to background values in numbers of
particles/nw, nevertheless displayed
particle size properties of the waste-
water-derived aerosol. This indicates
that these aerosols were largely of
wastewater or ig in.

Fluorescent Dye Studies

Sodium fluorescein was used as a
tracer dye in four runs. Dye levels at
the spray nozzle were fa i r l y constant,
for a l l runs, with a mean of 4.3 x 10
ng/ml. Wide var iab i l i ty was observed in
aerosol samples between individual samp-
lers , with AGI samplers showing greater
var iabi l i ty than Litton samplers. Dye
aerosol levels at the f i r s t and second
row stations were generally in the range
100-200 ng/m , with expected decreases
occurring both downwind and with samp-
ler elevation.

In Table 3, fluorescein aerosol
levels have been normalized to source
strength.. The hybrid parameter used
(ng dye/nr a i r x 1000)/(ng dye/ml e f f lu -
ent) allows comparison with the corre-
sponding rat io for microbiological aero-
sols (net colony-forming particles/nr air
x 1000)/(colony-forming particles/ml
eff luent). The results for the two aero-
sols (dye and bacteria) are not s t r i c t l y
comparable, since the two were not meas-
ured in the same runs. For fluorescein
the geometric means of the ratios for
f i r s t and second row samples were 23.4
to 51.7. The corresponding ratios for
bacteria were lower by a factor of 2 to
3, i . e . , 9.8 to 15.1. The difference
serves as an estimate of biological
decay (dieoff) of bacterial aerosols.

DISCUSSION AND CONCLUSIONS

The aerosol f i e l d data, averaged for
a l l samplers and a l l runs, define best
the bacterial or dye aerosol level at
close-in points, i . e . , 21 to 50 m down-
wind from the nearest (downwind) sprink-
lers , because var iab i l i ty is evened out
by replicate samples. Aerosol estimates
at 200 m add an additional point on the
curve of aerosol strength vs. distance.

A steep decline in bacterial aerosol
density was observed upon elevation of
samplers to 4.6 m or 9 m above the
ground (Table 1). Values at 4.6 and 9 m
elevations averaged 30% and 5% respec-
t ively of those at 1.7 m. The aerosol
cloud was thus at a height readily
respirable by man. One explanation of
this result is that the spray f i e ld
exerted a cooling and, therefore,
atmospheric-stabilizing effect, thus
reducing upward movement of a i r masses.

Approximately 75% of the bacteria-
bearing aerosol particles at 30 m down-
wind were within the range of pulmonary
deposition (1-5 urn). Pathogens, i f
present, would have ready access to the
human respiratory tract. The particle
size properties of downwind bacterial
colony-forming particles were quite
different from those of the background
air (Table 2). Such differences may
serve as indicators of the source of
aerosol components. Thus, the fai lure
of 200 m and elevated station aerosols
to exhibit background part icle size
characteristics despite near-background
aerosol counts, suggests a lower back-
ground aerosol component than that indi-
cated by upwind sampler data.

I t is suggested that for spray
systems such as this one, covering a

Table 3. Mean Fluorescein Aerosol Levels Normalized with Respect
to Concentration at the Source,

(ng/m3 Air x 1000)/(ng/ml Effluent)

Run

6
9

18
23

Mean
Geom. Mean

Fi

AGI

17.8
59.3
13.0
21.7
28.0
23.4

r s t Row

Litton

53.3
62.9
45.2
35.2
49.2
48.1

Sample

Second

? Positions

Row

AGI L i t t on

124.0
69.8
20.8
6.7

55.3
33.1

60.6
58.1
-_

39.3
52.7
51.7

200 m

AGI

27.9
__
6.9
0

17.4
13.9

Elevated
4.6 m

AGI

19.5
__
-_

19.5
19.5

9 m

AGI
— * •

26.3
__
-_
26.3
26.1
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large area, a signif icant washout of
ambient airborne bacteria takes place
resulting in a greatly reduced back-
ground microbiological aerosol downwind.
The downwind aerosol, even though compar-
able in overall density to the upwind
aerosol, would then be largely wastewater-
derived and would be expected to include
enteric pathogens and sewage indicator
organisms in proportions characteristic
of wastewater aerosols.

At 20-50 m downwind from the spray
f i e l d , aerosols of seeded fluorescein
dye were 2-3 times greater than bacterial
aerosols in relation to source strength.
With a l l other factors being equal these
differences are estimates of biological
decay (dieoff) .

The total bacterial aerosol concen-
trations (standard plate count) encoun-
tered at the Deer Creek land waste treat-
ment s i te were quite comparable to those
observed at Ft. Huachuca, in earl ier
studies (4-6). However, in the present
study, standard plate count values at
the nozzle prior to aerosol ization were
signif icantly lower, 3 x 104/ml as com-
pared to 4 x 10~7ml. Compensating fac-
tors in this study may have been the
presence of a f i e l d of many sprinklers,
rather than one, and the generally
higher relat ive humidity levels
experienced.

Coliforms were a small part, less
than 1.0 percent of aerosol populations,
presenting scarcely measurable increases
above background levels. For the
treated wastewater at this s i t e , c o l i -
forms would not be suitable indicators
of the presence of pathogens in the
aerosol state. The Klebsiella group
comprised approximately 0.1 percent of
wastewater bacteria. Thus, a mean aero-
sol level of 485 cfu/nr at 30 m downwind
suggests a Klebsiella aerosol strength
of 0.5 cfu/m3"]

Further evaluation of the data from
the Deer Creek study, based on predic-
tive mathematical modeling of aerosol
behavior, is forthcoming.
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HEALTH CONSIDERATIONS

EFFECTS OF MUNICIPAL WASTEWATER
IRRIGATION ON SELECT SPECIES OF MAMMALS

Robert G. Anthony, The Pennsylvania State University
Gregg R. Bierei, The Pennsylvania State University
Rosemarie Kozlowski, The Pennsylvania State University

Population densities and concentra-
tions of heavy metals in tissues of
small mammals on effluent irrigated and
nonirrigated sites were investigated.
Populations of white-footed mice (Pero-
myscus leucopus) were significantly
higher on irrigated versus nonirrigated
sites during fall but not spring. Num-
bers of cottontail rabbits (Sylvilagus
floridanus) trapped were too small to
formulate conclusions concerning the
effects of wastewater irrigation on
their populations.

Analyses of heavy metals in liver
and kidney tissues from white-footed
mice suggested that Pb and Cd were accu-
mulating in mice inhabiting the irriga-
ted forested sites. Only concentrations
of Cu in kidneys were significantly
higher in cottontail rabbits for effluent
irrigated versus control sites. Heavy
metals had not reached hazardous levels
in herbivorous small mammals inhabiting
areas irrigated with sewage effluent.

INTRODUCTION

Research at The Pennsylvania State
University Wastewater Facility has
demonstrated the feasibility of terres-
trial wastewater renovation. The major
benefits of this practice are: (1) ces-
sation of stream and lake eutrophica-
tion, (2) recharging the groundwater,
and (3) the "fertilization effect" of
high nutrient levels in discharged
wastewater. Past research has empha-
sized the influence of wastewater reno-
vation on soil characteristics, ground-
water geology and hydrology and plant

ecology (Sopper and Kardos 1973, Parizek
1974) .

The effects of wastewater irrigation
on wildlife and wildlife habitat have not
been thoroughly researched. Modification
of terrestrial ecosystems by wastewater
renovation may have significant effects
on the health status of wildlife. If
these effects are detrimental, mortality
of wildlife may be increased. Benefi-
cial effects on wildlife may exist also,
and these effects should be documented,
particularly if wastewater renovation can
be used to enhance wildlife populations
(Anthony 1976).

A more recent and justified concern
with terrestrial wastewater renovation is
the introduction of heavy metals into
local ecosystems. The presence of heavy
metals in municipal effluent has been
documented by Konrad and Kleinert (1974)
and Mytelka et al. (1973). Increases in
Cu and Zn concentrations and total uptake
in reed canarygrass (Phalaris arundina-
cea) have been documented (Sidle et al.
1976), but concentrations of Cu, Zn, Cd,
or Pb were not high enough to be toxic to
plants. Sidle and Sopper (1976) have
shown differences in Cd concentrations
between different vegetative species in
sprayed and control areas. These find-
ings substantiate the potential hazards
to wildlife regarding heavy metal accumu-
lation of wastewater irrigated areas.

This paper reports on a study
designed to compare population densities
and concentrations of heavy metals in
tissues of small mammals from irrigated
and nonirrigated areas. The research
focused on two species of small mammals:
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the cottontail rabbit (Sylvilagus- florin
danus) and white-footed mouse
(Peromyscus leucopus).

METHODS AND MATERIALS

One rabbit study area and two small
mammal study areas were selected on the
Pennsylvania State University wastewater
renovation facility in Centre County,
Pennsylvania. The rabbit study area was
located in an aspen-white pine-shrub
habitat and consisted of four 1.6 ha
enclosures. Two enclosures received 5
cm of effluent per week from May 1971 to
November 1974, and the remaining two
enclosures (controls) received no efflu-
ent spray.

The small mammal study areas were
located in forested habitats. The irri-
gated site was a red pine (Pinus
resinosa) plantation which suffered
almost a 100 percent blow-down in 1968
and is now dominated by pokeweed (Phyto-
lacca americana) and black raspberry
(Rubus occidentalis). The area was
irrigated with 5 cm of effluent per week
from 1963 to 1970 and 7.5 cm per week
from 1970 to present. The nonirrigated
site (control) was a mixed oak (Quercus
spp.) forest community.

Population Studies

Small mammals were live trapped,
marked, and released on control and
effluent irrigated sites during Septem-
ber 1972 and 1973, and May 1973.
Sherman live traps were set at a density
of 34 traps per ha with a grid interval
of 20 m. An effective trapping area of
.24 ha was calculated per trap using
27.8 m as the mean distance that Pero-
myscus spp. traveled between recaptures.
All traps were checked once a day, and
trap periods varied from 7 to 14 days
depending on trap success. Population
estimates were calculated using capture-
recapture techniques and the modified
Schnabel estimator (Overton 1965).

Trapping of cottontail rabbits was
conducted in November and December of
1971, 1972, and 1973 on control and
effluent irrigated sites. Traps were
set at a density of 25 traps per ha with
a grid interval of 20 m, and population
estimates were determined by total cap-
ture. Conibear traps were placed in
holes and runways to remove trap-shy
animals and ensure total capture.

Heavy Metal Accumulation

White-footed mice and cottontail
rabbits were collected from control and
irrigated forested areas. Liver, kidney,
and bone (femur) from cottontail rabbits
and liver and kidney from white-footed
mice were frozen until samples could be
processed. Tissue samples were wet
ashed in concentrated nitric and perch-
loric acid. Concentrations of Cu, Zn,
Cr, Pb, Co, and Ni were analyzed by
atomic absorption methods using the Per-
kin-Elmer 306 atomic absorption spectro-
photometer. For Cd, an atomic abosrp-
tion spectrophotometer equipped with a
model 2200 Heated Graphite Atomizer was
used for the determinations.

RESULTS AND DISCUSSION

Small Mammal Populations

The population density of white-
footed mice on an area irrigated with
sludge-injected effluent was not sig-
nificantly different (P>0.05) from the
control area in fall of 1972 (Table 1).
Population densities on two areas irri-
gated with effluent and sludge-injected
effluent were significantly (P<0.05)
higher than densities on two adjacent
control sites in fall 1973. All spring
population densities on both irrigated
sites were not significantly different
(P>0.05) from densities on adjacent
control sites. Increase in fall popula-
tions was most likely in response to
vegetation changes which occur in a
mature deciduous forest. The lush
undergrowth of herbaceous plants in sum-
mer and early fall provides increased
food and cover for mice. This vegeta-
tion virtually disappears in winter
resulting in "normal" populations in the
spring.

Other mammalian species captured
in smaller numbers on both areas were
the short-tail shrew (Blarina brevi-
cauda), meadow vole (Microtus pennsyl-
vanicus), southern flying squirrel
(Glaucomys volans), opossum (Didelphis
marsupialis), and longtail weasel
(Mustela frenata).

Fall populations of cottontail rab-
bits were slightly higher, but not
significantly so, on irrigated plots as
compared to nonirrigated plots (Table
2). Numbers of rabbits trapped and size
of enclosures were too small to make
definitive conclusions concerning the
effects of wastewater irrigation on
cottontail rabbits. Casual observations
indicated that winter ice accumulation
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Table 1. Estimates of small mammal (Peromyscus spp.} populations on irrigated, nonirrigated, and
sludge-injected areas.

O3

Year

1972
1973
1973

1973
1973

Season

Fall
Spring
Fall

Spring
Fall

Irrigated
area

(no./ha)

8.98
2.43
9.06*

6.00
16.75*

95% cia

Lower limit-Upper

Area I:

5.77 -
1.68 -
7.14 -

• 13.59
• 3.51
• 11.30

Nonirrigated

limit (no./ha) Lower

Effluent Treatment

7.65
1.98
4.61*

Area II: Sludge-injected Effluent Treatment

3.79 -
12.66 -

• 9.11
• 21.76

6,22
6.93*

95% cia

limit-Upper limit

4.56 •
1.25 •
2.94 -

2.45 •
4.16

- 12.40
- 3.01
- 6.82

- 13.49
- 10.71

Z Valueb

.3669

.2546

.0022

.3897

.0030

CI is the confidence interval according to Chapman and Overton (1966).

Z value from Chapman and Overton (1966), Indicates the probability that the two means are from
the same population.

*Denotes a significant difference at the .05 level.



Table 2. Numbers of cottontail rabbits in irrigated and nonirrigated
enclosures during fall of 1971-1973.

Year

1971

1972

1973

No. of
Adults

5

8

10

Irrigated

No. of
juveniles

8

5

S

No. of
total

13

13

15

No. of
Adults

4

8

8

Nonirrigated

No. of
juveniles

6

3

2

No. of
total

10

11

10

lowered and broke shrubs and saplings
resulting in more food and better winter
cover for cottontail rabbits. These
vegetative changes plus increase in for-
age quality- (Wood et al. 1973) suggest
a potential benefit to cottontail rabbit
populations. These relationships
between rabbit populations and vegeta-
tive changes due to wastewater irriga-
tion should be investigated in future
studies.

Heavy Metal Accumulation

Concentrations of Pb in liver and
kidney and Cd in kidney of white-footed
mice from the irrigated forest area were
significantly (P<0,01) higher than those
from mice from the nonirrigated area
(Table 3). Conversely, concentrations
of Zn and Ni were significantly (P>0.01)
higher in liver and kidney of mice from
the nonirrigated site. There were no
significant (P>0.01) differences in Cu,
Cr, and Co in liver and kidney between
the two forested areas.

Analyses of heavy metals in liver
and kidney tissues from white-footed
mice suggested that Pb and Cd were accu-
mulating in mice inhabiting the treated
forested areas. However, concentrations
of Pb and Cd had not reached levels that
are considered to be toxic to animals.
Concentrations of Zn, Ni, Cu, Cr, and Co
showed that these metals were not accu-
mulating in mice on the sprayed forested
area. Although concentrations of Pb and
Cd had not reached toxic levels in the
present study, our data demonstrate the
potential hazards of these metals with
other sewage irrigation systems particu-
larly from industrial areas where metal
concentrations in effluent are higher.

Only concentrations of Cu in kid-
neys of cottontail rabbits were signifi-
cantly higher (P<0.05) for effluent
irrigated than control sites (Table 4).
Conversely, Cu in bone, Cd in kidneys
and liver, and Ni and Pb in kidneys were
significantly higher (P<0.05) in rabbits
from nonirrigated sites. No significant
differences in concentrations of Cr and
Zn in rabbit tissues were found between
irrigated and nonirrigated sites.

Analysis of heavy metals in liver,
kidney, and bone of cottontail rabbits
indicated that only Cu was accumulating
in rabbits inhabiting wastewater irri-
gated sites. Results showed that Cd,
Cr, Ni, Pb, and Zn were not accumulating
in rabbits on irrigated sites.

Sidle and Sopper (1976) documented
the presence of heavy metals in liquid
and sludge-injected effluent from the
Pennsylvania State University Wastewater
Renovation Facility. Their data charac-
terize heavy metal concentrations
commonly encountered from municipal sew-
age effluent in nonindustrial areas.
Sidle et al. (1976) have investigated
heavy metal uptake by plants in waste-
water irrigated areas. Results of this
study indicate that heavy metals were
not accumulating to hazardous levels in
small mammals inhabiting wastewater ••
irrigated sites at the Pennsylvania
State University Facility. Higher con-
centrations of Pb and Cd in white-footed
mice on irrigated sites do, however,
suggest some potential hazards.

Plant uptake of heavy metals is
highly dependent on soil pH, organic
matter, competing cations, and plant
species (Haghiri 1974), as well as the
amount of heavy metals applied in the
wastewater. All these factors could
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Table 3. Concentrations [PPM] of heavy metals in liver and kidney of white-footed mice (Peromyscus
1eueopus) from effluent irrigated and nonirrigated sites. Values are mean ± standard

Element

Cu

Zn

Cr

Pb

Co

Cd

Ni

deviation.

Irrigated

9.73 ± 3.

34.17 + 9.

2.22 ± .

2.00 ± 1.

.67 + .

.15 ± .

.81 + .

site

68

57**

90

49**

23

10

30**

Liver

Nonirrigated site

11.87 ±

50.26 ±

2.15 ±

.89 ±

.75 ±

.10 ±

1.35 ±

6.80

20.10**

1.57

.46**

.43

.12

.79**

Irrigated

7.20 ±

23.65 ±

7.99 +

7.11 +

1.29 ±

.66 ±

2.85 ±

1

4

10

2

1

site

.45

.86**

.30

.87**

.88

.46**

.32**

Kidney

Nonirrigated site

7.67 ±

43,61 ±

8.04 ±

3.71 ±

1.44 ±

.18 ±

4.43 ±

1.37

28.50**

6.03

2.88**

.71

.18

2.01**

**Denotes a statistically significant difference between means of irrigated and nonirrigated
sites at the .01 level of significance.
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Table 4. Heavy metal levels in cottontail rabbit tissues from animals captured from effluent irrigated and
nonirrigated enclosures. Values are mean ± standard error of mean (_s/n).

Metal (PPM)

Tissue Treatment Cd Cr Cu Ni Pb Zn

Liver Irrigated 1.209 ± .12* .878 ± .05 3.602 ± .37 2.501 ± .22 1.157 ± .09 45.904 ± 5.4

Nonirrigated 1.668 ± .31* .855 ± .06 3.701 ± .56 2.485 ± .27 1.084 ± .06 40.945 ± 6.4

Kidney Irrigated 6.719+ .81* .483 ± .04 3.687 ± .11* 3.126 ± .30* 1.010 ± .12* 35.664 ± 2.4

Nonirrigated 9.411 + .92* .452 ± .03 3.353 ± .15* 6.567 ± 2.54 1.909 ± .55* 33.417 ± 1.9

Bone Irrigated 7.828 ± .46 5.301 ± .29 3.439 ± .27 85.853 ± 5.1 50.778 ± 2.7 200.611 ± 13.5

Nonirrigated 7.918 ± .56 5.521 ± .25 5.095 ± .42* 77.140 ± 4.4 50.243 ± 2.6 179.141 ± 16.4

*Denotes a statistically significant difference between means of irrigated and nonirrigated sites at
the .05 level of significance.



explain the lower concentrations of
heavy metals in small mammals' tissues
from the treated areas as compared to
the control areas. Contrasting results
for white-footed mice versus cottontail
rabbits were probably a result of the
different areas they inhabited and cor-
responding soil-plant relationships in
terms of heavy metal uptake. In addi-
tion, white-footed mice select different
food items than cottontail rabbits; the
former are primarily granivorous while
the latter are herbivorous. Sidle and
Sopper (1976) have documented differen-
ces in Cd concentrations between dif-
ferent plant species which strongly
suggests that mammals with different
food habits would accumulate heavy
metals at different rates.

Studies on the effect of wastewater
renovation on wildlife and wildlife
habitat have been limited to only a few
vegetative types and have been hindered
by small plot size and short duration of
investigations. As larger irrigation
systems become operable opportunities
to investigate the definitive relation-
ships between habitat changes and wild-
life responses will arise. Integral to
these studies are investigations on the
enhancement, prevalence, and pathogeni-
city of diseases in wildlife which may
present a human health hazard (Anthony
1976).
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ABSTRACT

The accumulation of trace elements
in soil and plants from land disposal of
secondary treated wastewater has been
examined at two locations: Las Virgenes
and Orange County Wastewater Treatment
Plants in Southern California. Study
sites were selected on the basis of past
history of land disposal of wastewater,
rate of application and manner of appli-
cations. Soil, plant and wastewater
effluent samples were collected 6 times
during the first year of the study. The
soil was analyzed for particle size
distribution, cation exchange capacity,
soil moisture and metal content. A total
of 12 elements have been studied. This
paper reports on nickel, cadmium, silver
and lead. Metal determinations were
done using atomic absorption specto-
metry. The studied indicated that
at Las Virgenes cadmium was the only
metal which was higher in plant
material collected from sites receiving
wastewater, while no difference was
found in trees studied at Orange
County. Silver, cadmium and lead were
higher in the surface layer of soil
receiving wastewater effluent at
Orange County, while the distribution
of metals at the Las Virgenes test
sites receiving wastewater was not
restricted to the surface layer.

INTRODUCTION

The application of treated
wastewater to land may serve several
beneficial purposes. The soil may
act as a filtering system, removing
nitrogen, phosphorus, and biochemical
oxygen demand (Kardos, et al., 1974;
Bouwer, 1973; Kardos, 1970). The use
of treated wastewater for irrigation
purposes can extend water resources by
augmenting current supplies to meet
present and future demands. However,
concern has been expressed due to the
possibility of environmental contami-
nation from prolonged wastewater
application to land. The effect on
soil and plants from the application
of sludges to cropland has been well
documented (EPA Report 43019-76-013).
The possible effects from the use of
wastewater have more recently been
studied (Sidle and Sopper, 1976; Sidle
et al., 1976; Sidle et al., 1977).
Therefore this study was undertaken to
determine if nickel, lead, cadmium and
silver accumulated in soil and plants
from the long-term application of
chlorinated secondary domestic sewage
effluent.
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METHODS

Sampling Locations

The accumulation of trace elements
in soil and plants from the land
disposal of secondary effluent has
been examined at two locations, Las
Virgenes Wastewater Treatment Plant
and Orange County Wastewater Treatment
Plant, in Southern California. Sites
were selected on the basis of past
history of land disposal of waste-
water, rate of wastewater application
and manner of application. Three
sampling sites were selected at Las
Virgenes, two had received secondary
chlorinated effluent by spray irriga-
tion from March through November of
each year for a period of 4 years
previous to the initiation of the
study. One site had received no
wastewater until March, 1977. In
Orange County secondary effluent had
been applied by surface flooding to
the disposal site, a forested area,
for a period of twelve years, and the
control site had never received
wastewater.

Soil Type

At Las Virgenes the soil at the
test site was characterized as sorrento
loam. The surface layer (0-67.5 cm)
is dark greyish brown with a pH range
of 6.1 - 6.5. The subsurface layer
(67.6-150 cm) is brown silt loam. The
soil at the control site is slightly
more basic with the surface pH range
of 6.6 - 7.3 and the subsurface pH
range of 7.4 - 8.4. The soil at the
Orange County study sites is charac-
terized as hueneme fine sandy loam.
The surface layer is light brown-grey.
The subsurface layer is stratified
into grey loamy sand, silty loam,
loamy fine sand, fine sandy loam and
silty clay loam.

Sample Collection

Six soil sampling holes were
established at 12m intervals within
each study site. Soil samples were
collected at 15cm intervals from the
surface to a depth of 120cm. A total
of six samples were collected at Las
Virgenes and Orange County from August
1976 through July 1977. Plant and
soil samples were collected at the
same time. Mature healthy plants were
selected and whenever possible plants

from different test sites were matched
to Genus and species,

Metal Analysis

Soil samples were air-dried,
pulverized and passed through a 2mm
sieve. Two grams of air-dried soil
were placed in a 25mm x 200mm test
tube and 12.5 ml of 4 N HNO3 was
added. The samples in duplicate were
then digested (70 C - 80 C) for 14 to
18 hours. The volume of the samples
was adjusted to 50ml with deionized
water and the samples were shaken at
300 rev/min for 15-20 minutes. The
digest was then filtered through
Whatman 42 ashless filter paper, and
the filtrate collected and analyzed on
a 503 Perkin-Elmer Atomic Absorption
Spectrometer using flame ionization,
except for Pb, which was determined
using an electrodeless discharge lamp.
A series of standards for each metal
(250ppb, lOOppb, and 50ppb) and a
reagent blank were run with each set
of digestions.

Plant Analysis

Plant samples were separated and
washed. All parts of the plant were
washed in deionized water except the
root material, which was washed in a
10% HC1 acid solution followed by
rinsing in deionized water. The plant
material was then air-dried for 48
hours and oven dried at 50°C for an
additional 48 hours. The digestion
procedure referred to above was fol-
lowed except that 1 gram of plant
material and concentrated nitric acid
was used. If the plant material was
not fully digested after heating,
several drops of hydrogen peroxide
were added. Plant filtrate was also
analyzed using atomic absorption
spectrometry. All metals were determined
using flame ionization, except for Pb
and Ni, which were determined using a
graphite furnace.

Water Sample Analysis

Secondary effluent and irrigation
water from the test locations was
collected at each sampling time. The
water samples were immediately acidi-
fied to a pH<l, using concentrated
HNO,. Water samples in duplicate were
digested using the procedure for soil
except 9.4ml of water and 3.1ml of
concentrated HNO3 were added to the
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TABLE 1 General Soil Characteristics

Wastewater Application Rates

Site
Amount applied
(acre-ft/acre-yr)

Las Virgenes Control *

Las Virgenes Control2

Las Virgenes Low Rate

Las Virgenes Moderate
Rate

Orange County Disposal

Orange County Control

0

15

4.5

8-10

0.2-1

0.8-1

August 1976 - February 1977
2After February 1977

teat tubes. After digestion, the
water samples were not diluted or
filtered. All water samples were
analyzed for metal content using
atomic absorption epectrometry.

Soil Characteristics

Cation exchange capacity (CEC)
and pH were determined using standard
procedures (Chapman and Pratt, 1961).
The percent of water contained in the
soil sample was determined using the
method outlined in Standard Methods
for the Analysis of Water and Waste-
water.

Particle size analysis was deter-
mined using a modification of the
pipet method. All the soil which was
less than 53 m was analyzed using a
Hiac particle size analyzer Model
2000.

RESULTS

Wastewater

Wastewater application rates for
the two study locations are shown in
Table 1.

The mean yearly concentration of the
trace elements in wastewater effluent
and irrigation water are shown in
Table 2.
The metal concentrations in secon-

dary effluents were lower than in the
irrigation water, indicating that
metal content was increased from
transport through irrigation pipes.

Variation is seen in the particle
size distribution at all test locations.
An analysis of particle size data
throughout the soil column showed vari-
ation in particle size distribution
among sampling holes at all test loca-
tions. The largest differences in
particle distribution were among those
particles <51 ym. At the Las Virgenes
moderate rate disposal site, 20% more
particles were in this size range com-
pared to the control site.

The cation exchange capacity of
the control sites for both locations
was significantly greater than those
receiving wastewater- The particle
size distribution for the test sites
at Las Virgenes were varied between
3.8-7.8% sand, 38-52.5% silt, and
20.4-28.5% clay. At the Orange County
site the sand content varied between
5.6-8.3%, silt 42.7-46.7% and clay
15.9-25.6%.

The moisture content of the soil
at' the Orange County control site was
greater than the disposal site through-
out the year. At Las Virgenes the ef-
fect of moderate-rate spray irrigation
on the moisture content of the soil was
clearly evident. The amount of water
contained in the soil column was similar
for the control site (prior to March
1977) and the low rate application field.
After the initiation of wastewater ap-
plication to the control site, a large
increase (7-10%) in soil moisture
Occurred.

Metal Content in Soils

Though the range of nickel content
was greater at the Orange County
disposal site, the mean concentration
for all samples taken below 15cm was
less than that found at the control
site (Table 3). The pattern of Ni
distribution in the soil at Las Virgenes
was somewhat more complex. There was
wide variation in Ni content for all
the locations and depths. Generally,
the mean concentration of nickel (over
the year study) was lowest at the low-
rate application field, while below
45cm the concentration of Ni was
approximately equal for the control
and moderate application rate sites.

Silver levels (Table 4) were
elevated in the 0-15cm section of soil
at the Orange County disposal site,
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TABLE 2

Concentration of Trace Elements in Secondary Effluent and Irrigation Water

Site
Metal rag/I

Pb Ni Ag Cd

Las Virgenes

Secondary

Effluent

Las Virgenes

Irrigation

Orange County

Secondary

Effluent

Orange County
Irrigation

Orange County

Control

Irrigation

0.007 0.002 0.029 0.019 0.002 0.0003 0.002 0.001

0.020 0.004 0.044 0.003 0.004 0.001 0.011 0.013

0.040 0.013 0.089 0.046 0.006 0.001 0.029 0.006

0.072 0.027 0.081 0.044 0.008 0.001 0.037 0.013

0.001 0.003 0.040 0.010 0.002 0.001 0.001 0.001

TABLE 3

Nickel Content CPg/g dry weight) of Teat Soils

Soil Depth
(cm)

0-15
range
X

16-30
range
X

31-45
range
X

46-60
range
X

61-75
range
X

76-90
range
X

91-105
range
X

106-120
range
X

Orange County
Control

12,50
16.97

10.75
16.56

14.13
17.01

12.50
16.86

13.80
16.71

11.30
16.55

10.00
16.52

14.30
17.20

- 22.68
+ 2.58

- 19.80
+ 2.74

- 25.00
+ 2.92

- 21.00
+ 2.37

- 19.80
+ 1.93

- 20.90
+ 3.22

- 20.90
+ 0.91

- 19.90
+ 1.57

Orange County
Disposal

10.38
14.91

8.13
11.60

8.50
10.66

8.30
9.72

5,10
8.69

5.30
11.08

4.50
9.81

9.30
13.90

- 31.25
± 3.63

- 25.25

± 2-3 5

- 18.38
+ 1.46

- 22.00
+ 1.13

- 19.00
+ 3.30

- 35.00
+ 4.15

- 15.95
+ 3.08

- 30.05
+ 5.49

SHE

Las Virgenes
Control

14.50
43.18

15.30
40.99

15.00
42.32

13.30
37.24

14.00
36.17

13.00
37.18

13.00
36.76

13.50
46.29

53.50
+ 9.55

57.50
± 8,90

56.25
+ 10.34

4,50
+ 5.06

43.50
+ 5.52

40.50
+ 3.55

46.30
± 3.43

65.40
+ 17.62

Las Virgenes
Lov Rate

25.40
30.08

25.00
30.25

22,50
27.86

22.50
27.86

21.30
26.46

19.80
25.84

18.30
24.96

16.75
21.69

- 35
± 2

40
+ 1

30
± 3

32
± 3

- 34
± 3

41

± 3

33

± 2

27
+ 2

.87

.23

.50

.21

.26

.05

.18

.05

.50

.62

.50

.05

.50

.56

.30

.78

Las Virgenes
Moderate Rate

22.50
30.22

22.15
34.18

21.70
34.57

19.90
37.85

18.95
35.34

24.60
36.30

27.70
32.08

24.30
33.51

- 45.40
± 4-32

- 59.60
+ 8.75

- 56.80
+ 6.86

- 67i36
+ 13.37

- 68.40
+ 11.90

- 62.80
+ 11.22

- 39.80
+ 3.70

- 43.15
+ 6.37

X - Yearly mean
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TABLE 4
Silver Content (pg/g dry weight) oî Teat Soils

Soil Depth
(cm)

0-15
range
X

16-30
range
X

31-45
range
X

46-60
range
X

61-75
range
X

76-90
range
X

91-105
range
X

106-120
range
X

Orange County
Control

0.83
1.07

0.17
1.05

0.80
1.02

0.85
1.10

0.78
1.06

0.83
1,01

0.63
1.02

0,70
1.02

±

±

+

±

+

+

1.50
0.17

1.31
0.15

1.40
0.13

1.35
0.09

1.30
0.14

1.45
0.13

1.83
0.21

1.24
0.13

Orange County
Disposal

1.32 -
2.40 +

0.66 -
1.01 ±

0.82 -
0.96 +

0.68 -
0.86 ±

0,40 -
0.75 ±

0.55 -
0.76 ±

0.54 -
0.74 +

0.44 -
0.80 ±

4.28
1.08

1.43
0.28

1.08
0.10

1.14
0.09

2.04
0.31

1.23
0.25

0.99
0.17

1.53
0.19

SITE

Las Virgenes
Control

1.10
1.44

0.85
1.32

0.82
1.38

0.73
1.31

0.68
1.27

0.79
1.29

1.13
1.50

1.20
1.51

±

±

-

-

-

-

±

2.50
0.28

2.05
0.33

2.55
0.44

2.63
0.43

2.22
0.40

2.24
0.37

2.25
0.16

2.15
0.05

Las Virgenes
Low Rate

0.38
1.36

0.44
1.38

0.70
0.80

0.43
0.72

0.45
0.69

0.43
0.67

0.53
0.75

0.46
0.74

1.08
+ 0.54

1.03
+ 1.30

- 1.07
± 0.23

- 1.13
± 0.19

- 1.35
+ 0.19

- 0.87
+ 0.17

- 1.28
+ 0.12

- 1.08
t 0.20

Las Virgenes
Moderate Rate

0.38
0.82

0.44
0.85

0.70
0.88

0.43
0.95

0.45
0.93

0.45
0.82

0.49
0.88

0.45
0.85

±

±

*

±

±

1.08
0.19

1.03
0.16

1.07
0.15

1.13
0.25

1.35
0.28

1.35
0.24

1.10
0.23

1.12
0.26

X = yearly mean

while below 15cm the concentration of
silver was similar to or lower than
that of the control site. At Las
Virgenes test sites Ag concentration
(Table 4) throughout the soil column
was greatest at the control site.

Lead concentration in the soil
column at Orange County is shown in
Table 7. The surface layer of the
soil was higher in lead content at the
disposal site than the control field.
Overall, however, the mean Pb concen-
tration below 15cm was greater at the
control site.

The distribution of lead in the
Las Virgenes test fields presented a
different pattern (Table 5). Here the
low-rate application field had the
highest content of surface lead. The
location of this field next to a
highway is the probable explanation.
Below 45cm the amount of lead in the
control and low-application rate
fields was very similar. The data
indicated that the moderate-rate
application site had a higher concen-

tration of lead than the other test
sites at Las Virgenes.

The distribution pattern of Cd at
both Orange County and Las Virgenes is
shown in Table 6. At the Orange
County medium-rate application site
the Cd concentration in the surface
layer of the soil was higher than that
at the control field. The Cd levels
at lower depths were similar for these
two sites. Cadmium levels are naturally
elevated in soil at Las Virgenes. The
control site had mean Cd levels of
approximately 3 mg/kg. The low-rate
application field had a somewhat
higher mean level of Cd throughout the
soil column tested, and the moderate-
rate application field had still
higher concentrations. In order to
determine if these Cd levels were
elevated due to natural background
concentrations in moderate-rate soil
samples, an adjacent moderate-rate
disposal site and the area above the
moderate-application rate field (no
wastewater application except due to
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TABLE 5

Lead Content (vig/g dry weight) of Test Soils

Soil Depth
(cm)

0-15
range
X

16-30
range
X

31-45
range
X

46-60
range
X

61-75
range
X

76-90
range
X

91-105
range
X

106-120
range
X

Orange County
Control

8.10
11.63

6.90
9.85

4.90
8.55

6.20
9.27

6.70
9.50

6.40
8.97

4.00
10.66

7.00
10.64

±

-

±

±

t

±

+

13.96
1.91

12.90
0.92

11.70
0.80

13.50
1.41

16.40
1.93

16.00
1.87

22.10
3.71

17.50
2.68

Orange County
Disposal

6.33
22.75

4.00
8.21

6.55
7.66

3.70
7.21

1.70
5.28

2.40
7.13

2.30
5.10

3.30
5.27

- 41.50
± 10.82

•- 11.50
± 2.26

- 10.40
+ 0.56

- 11.80
+ 2.38

- 10.10
+ 3.05

- 14.40
± 4.31

9.60
± 2.22

8.90
+ 1.69

SITE

Las Virgenes
Control

1.70
6.43

1.97
5.74

2.00
5.86

1.40
7.03

1.40
6.04

1.60
5.71

1.60
5.59

3.20
5.52

7.50
± 1.37

12.60
± 1.40

7.80
± 0.26

15.80
+ 1.70

10.37
± 1.38

6.20
+ 2.03

8.10
± 1.03

8.08
i 0.34

Las Virgenes
Low Rate

7.48
11.32

5.59
9.28

5.40
6.90

3.40
6.03

3.70
6.00

3.00
5.39

2.70
5.35

2.80
5.20

17.90
+ 0.96

12,40
± 1.31

9.80
± 0.92

8.50
+ 1.62

8.90
+ 1.50

7.90
± 1.41

10.60
± 2.20

8.00
± 2.03

Las Virgenes
Moderate Rate

5.20
9.96

5.97
8.56

4.88
7.78

4.78
7.32

4.44
7.62

4.40
6.72

4.80
6.92

4.50
7.08

- 15.00
± 2.29

- 11.30
± 1.74

- 11.70
± 2.23

- U.10
± 1.60

9.60
+ 1.54

- 10.70
± 1.80

- 10.50
± 1.88

- 11.80
± 1.47

X " yearly mean

aerial carryover) were also analyzed
for Cd content at the 0-15cm depth.
The cadmium levels were 12.46 Pg/g and
5.34 Pg/g respectively.

Metal Content in Plants

The metal content of the trees
studied at Orange County is shown in
Table 7. Of the tree species sampled
only the genus Pinus was found at both
test locations. The data in this
Table indicates that somewhat higher
concentrations of Pb and Ag were found
in the pine trees at the disposal
site. The high amount of lead in the
needles at the disposal site may be
due to incomplete removal of surface
Pb during washing of the plants.
There appeared to be little difference
with regard to the metals tested
between Pinus spp. located at the
disposal site.

The trace-element content in
plant species (Tables 8 and 9) col-
lected from Las Virgenes indicated

that there is little difference in
metal uptake among the test sites
except for Cd. The only agricultural
crop tested was M. sativa, which was
only present at the low-rate applica-
tion field. A comparison between
different species of this genus indicated
that M. hispida found at the moderate-
rate disposal field had a greater
concentration of Cd than M. sativa
growing in the low-rate field. Further,
M. lupulina taken from the control
site had lower Cd levels than those
species growing on sites receiving
wastewater. Comparisons of Cd levels
in coniferous foilage from Cd polluted
and nonpolluted areas have shown
levels of 0.05 - 1.0 Ug/g and 0.01 -
0.9 pg/g respectively (Schacklette,
1972). Tyler (1972) found that Pinus
strobus L. had Cd levels of 0.9 Pg/g
in untreated soils. This study has
also shown that there is little dif-
ference in Cd levels in Pinus spp.
between the control and disposal
sites. Therefore, in soils such as



TABLE 6

Cadmium Concent (yg/g dry weight) of Test Soils

Soil Depth
(cm)

0-15
range
X

16-30
range
X

31-45
range
X

46-60
range
X

61-75
range
X

76-90
range
X

91-105
range
X

106-120
range
X

Orange County
Control

0.90 -
1.16 ±

0.90 -
1.14 ±

0.90 -
1.12 +

0.90 -
1.21 +

0.90 -
1.13 +

0.95 -
1.25 ±

0.80 -
1.20 +

0.95 -
1.15 +

1.53
0.18

1.30
0.17

1.95
0.19

1.50
0.15

1.40
0.18

1.60
0.19

1.60
0.20

1.40
0.18

Orange County
Dispoaal

1.20 -
.5.47 +

1.00 -
1.13 ±

0.90 -
1.28 +

0.80 -
1.08 ±

0.60 -
0.85 +

0.70 -
1.01 ±

0.70 -
0.96 +

0.90 -
1.08 ±

10.80
2.92

1.90
0.17

1.70
0.28

1.40
0.19

1.20
0.18

1.80
0.26

1.30
0.04

1.50
0.09

SITE

Las Virgenes
Control

1.90
3.35

1.80
3.46

1.90
3.46

1.80
3.42

1.50
3.42

1.60
3.48

1.90
3.26

1.80
3.58

4.10
+ 0.74

4.10
+ 0.37

4.10
+ 0.32

4.20
± 0.33

4.10
+ 0.59

4.40
+ 0.32

3.80
± 0.47

4.30
± 0.44

Las Virgene
Low Rate

4.10 -
4.75 ±

4.10 "
4.67 ±

4.00
4.29 ±

3.40 -
4.23 ±

1.40
4.06 ±

2.90 "
3.81 +

3.80 -
3.99 ±

3.30 "
3.70 ±

s

5.80
0.37

6.10
0.51

6.10
0.54

5.00
0.46

4.70
0.38

4.30
0.26

4.30
0.16

4.20
0.07

Las Virgenes
Moderate Rate

5.90
10.44

6.60
11.50

5.70
11.88

4.60
12.62

3.80
11.81

8.60
11.80

9.00
12.03

6.60
12.03

- 13.70
+ 2.28

14.00
± 1.65

16.90
+ 1.80

- 15.10
+ 2.05

- 17.80
+ 0.81

- 17.80
± 0.85

- 19.70
± 3.67

- 16.10
± 3.18

X - yearly mean

that found in Orange County where
accumulation occurs only in the surface
layer of soil, no increase in Cd
levels would be expected in plant
species with root zones below 15cm.
It should be noted that some of the
data are based on only one collection
time and therefore should be regarded
as preliminary.

DISCUSSION

Previous investigators have shown
that zinc and copper can accumulate in
the soil from the long term application
of wastewater (Sidle ̂ t al., 1977).
However, these investigators could not
demonstrate a definite accumulation
patter for lead, nickel or cobalt.
Further, Sidle and Sopper (1976) were
only able to demonstrate increased Cd
levels at 0-5cm depth in soil which
had received 5-15cm per week waste-
water over a 10 year period.

The major findings of the present
investigation was that long-term

application of wastewater by flooding
or spray irrigation can cause an
accumulation of certain trace elements
in both soil and plants. Silver,
cadmium and lead were shown to accumulate
in the hueneme loam soil (Orange
County), while no definite accumulation
pattern was found in the sorrento loam
(Las Virgenes) soil. There was some
evidence to suggest that Pb also may
accumulate in this soil. In hueneraa
loam the accumulation of trace elements
was confined to 0-15cm depth. Though
the elements under investigation in
this study were different from those in
the Sidle e± al. (1977) investigation,
these workers also found accumulation
in the upper layer of the soil. In
sorrento loam Cd was found to be
evenly distributed throughout the soil
column. Plants growing at the moderate-
rate application site at Las Virgenes
(sorrento loam) also were found to
have elevated Cd levels compared with
similar species from the other test
sites. The relatively high cation
exchange capacity of the soil and the
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TABLE 7

Trace Element Concentration in Plant Species from Orange County

Plant Species

Finus Flnea
Needle
range
X

Stem
range
X

Cone
range
X

Pinus halpensis
Needle
range
X

Stem
range
X

4.6
11.69

4.95
5.92

6.55
8.63

5.50
10.73

0.05
9.78

Melaleuca leucadena

Leaf1

Stem
range
X

6.1
6.5

Cupressus semperivens
Leaf
range
X

Stem
range
X

Cone

Eucalyptus sp.
Leaf
range
X

Stem
range
X

Pinus sp.
Needle
range
X

Stem

19.59
21.52

1.40
35.03

28.00
31.35

4.77
5.78

2.75
6.68

Metal
Fb

Orange

- 21.38
± 7.18

6.68
± 0.87

- 10.7
± 2,93

- 15.96
± 7.40

- 19.5
* 13.75

3.88

6.9
± 0.57

- 23.45
± 2.73

- 50.95
± 26.17
1.48

- 34.70
± 4.74

6.78
± 1.42

(ug/g) dry weight
Ni

County Disposal

0.95
1.54

0.88
1.69

2.17
2.37

1.20
1.54

1.08
1.34

3,

1.28
2.49

3.70
4.52

—
3.281

1.

3.97
4.11

-.

- 2.23
± 0,55

- 2.55
± 0.84

- 2.56
± 0.27

- 1.88
± 0.48

- 1.60
± 0.37

.68

- 3.70
± 1.71

- 5.33
* 1.15

.35

- 4.25
± 0.20

1.62^

Oranjte County <

- 11.65
± 4.54

21.23

0.20
2.53

3

Control

- 6.0
1 3.06

.00

0.11
0.16

0.16
0.21

0.15
0.29

0.27
0.48

0.20
0.55

0

0.32
0.34

0.43
0.59

0.35
0.35

0

0.29
0.45

<0.01
<0.10

0.99
0.28

0

AK

-
+

-

+

-
+

-
+

-

+

.26

-
t

-
+

-

+
.18

-
-

-
-

-
+

.55

0.22
0.04

0.22
0.06

0.53
0.17

0.70
0.30

0.90
0.50

0.35
0.02

0.75

0.36

0.60
0.22

0.19
0.10

0.44
0.13

1.35
1.87

1.95
2.00

1.65
1.73

1.41
1.71

1.65
2.53

1

1.4
1.61

2.10
2.17

2.55
2.62

1

1.25
1.36

1.75
4.06

1.00
1.27

2

CA

-
+

-

+

-
+

-
+

+

.35

+

-

+

.55

-
+

-

-

-

-

.20

2.5
0.49

2.05
0.07

1.80
0.11

2.0
0.42

3.40
1.24

1.82
0.30

2.23
0.09

2.69
0.10

1.46
0.14

6.36
3.26

1.60
0.31

no sample available
i^ - value based on one sampling time
X • yearly mean

low pH could explain these elevated
levels. Miller et al. (1976) have
shown that increased cation exchange
capacity and low pH increase Cd uptake
from the soil by plants. This is most
likely explained in terms of increased
Cd solubility.

As in the work done by Sidle et^
al. (1977) no accumulation of nickel
was noted at either of the test loca-
tions, and the levels of nickel found
in the plant materials were well below
the phytotoxicity level of 50 yg/g
reported by Cunningham et^ al. (1975).

It is important to note that
difference in lead levels in the

surface soil tested could be attributed
to aerial fallout as well as waste-
water application. One indication
that this is not the case at the Las
Virgenes sites is related to Pb concen-
trations within the depth profiles.
Below 60cm the control and low-rate
application fields contained similar
lead concentrations. These concen-
trations are lower than those found at
similar depths in the moderate-rate
application site. Because the moderate-
rate application site is removed from
any roadways and Pb levels remain
elevated to a depth of 120cm, waste-
water application could account for
this increase.
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TABLE 8

Concentration of Lead and Cadmium in Plant Species from Las Virgenes Test Sites

_ _ _ _ _ _ _ ^ site ~ — — - _ _ _ _ ^ ^ _ —

Las Virgenes
Control

Plant Species_

Cd

Laa Virgenes
Low Rate

Metal ug/g
Pb Cd

Las Virgenes
Moderate Rate

Pb Cd

leaf

Stem

root

1.94 + 1.45
1.43 + 0.79
1.33 + 1.08

1.79 + 0.34
1.80 + 0.35
2.38 + 0.41

leaf
stem

0.7

1.1

stem
seed

Brassica nlgra

leaf 1 .65+0.24 1.5 +0 .56 1 .65+0 .21
stem 0 . 7 8 + 0 . 1 0 1 .65+0.77 1 .20+0.42
root 0 . 4 0 + 0 . 2 6 3 .70+2 .12 0.6 +0 .42
flower 0.60 - -

leaf 3.15 + 1.77 3.45 + 0.36
stem 1 .50+0.00 2 . 7 0 + 0 . 1 4
root 1.40 + 0.14 2,95 + 0.21
flower2 2.2

Avena fatua

whole plant

Bromus sp.

leaf
root

Rumex crispus

leaf
stem
root
flower

1.3

2.7
2,8

1.5
0.5
2.3

1.6

1.4
1.6

1.7
2.3
1.6

3.
1.
1.

25 H

96 H
96 H
2,

—

1- 0.70
y 0.25
V 0.60

.1

2.
1.
0.
1.

4
3
9
7

2.6
2.6

+ 1
+ 0
+ 0
+ 0

2.0
2.8
0.6
0.2

.56

.71

.42

.00

8
8
7

3.6
2.5

.30 + 4.
,10 + 2.
.65+1.

4,30

7.2
5.6
6.4
3.0

10
96
20

0.4
1.1

2.1

0.9

1.2

5.6
4.2

3.3
4.1
2.7

1 - no sample available
2 - value based on one sampling time

Silver is seldom studied because
of its insolubility and low trans-
location rates into plants. However,
it does serve as a good model for the
distribution of insoluble elements in
soil. Therefore, as would be expected
Ag accumulated in the uppermost portion
of the soil (0-15cm) at the Orange
County disposal site, and its trans-
location into forest vegetation ap-
pears to be minimal.

In conclusion, the data from this
study indicate that the manner and
amount of accumulation of trace elements
is likely to differ with the pattern
of wastewater application, the amount
of wastewater applied, the type of
soil to which the wastewater is being

applied, and the concentration of
other trace elements. In the case of
Cd, the application of wastewater
containing low concentrations of this
metal may well result in an increased
Cd content in the soil and eventually
increased levels in plants growing on
that soil. Further study is needed to
fully understand different verticle
accumulation patterns of elements in
different soil types.
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TABLE 9
Concentration of Sliver and Nickel in Plant Species from La» Virgenes Test Sites

~~™ — Site ~ " ' " ~ ~ ~ ~~

Las Virgenes
Control

Plant Species

Las Virgenes
Low Rate

Las Virgenes
Moderate Race

Ag_
Metal ug/g
Ag Ni Ni

Sativa

leaf
stem
root

Medlcago lupulina

0.48 + 0.32
0.27 + 0.10
0.42 + 0.11

2.03 + 0.72
1.55 + 0.56
4.45 + 1.14

leaf
stem

0.3
0.1

Medlcago hlsplda

stem
seed

Brasslca nlgra

leaf 0.63 + 0.14 1.55 + 0.05
stem 0 . 3 0 + 0 . 1 0 0 . 7 3 + 0 . 2 1
root 0 . 2 0 + 0 . 0 0 1.3 +0 .72

0.35 + 0.07
0.30 + 0.00
0.30 + 0.14

1.00 + 0.71
1.20 + 0.14
1.20 + 1.13

flower 0.3 1.1

Raphanus sativus

leaf 0.70 + 0.14
stem 0.95 + 0.92
root 0.40
flower 0.40

Avena fatua

whole plant

Bromus sp.

leaf
root

Rumex crispus

leaf
stem
root
flower

0.13

0.2
0.3

0.2
0.5
0.4

2.55 + 1.06
1.90 + 0.8
2.05 ± 1.9

2.13

1.1
1.0

1.4
2.1
2.2

0.2
0.5

0.4 + 0.14
0.6 + 0.14
0.5 + 0.14

0.9
0.3
0.2
0.3

0.2

0.2
0.2

0.4
0.4

0.3

2.3
1.3

0.85 + 0.07
1.65 + 0.07
2.20 + 0.07

1.5
0.9
0.4
0.6

2.5

1.0
1.4

2.1
1.2

1.4

1 - no sample available
2 - value based on one sampling
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HEALTH CONSIDERATIONS

THE FATE OF SEWAGE EFFLUENT HEAVY METALS IN LAND WASTEWATER DISPOSAL SITES

K. W. Brown Soil and Crop Sciences, Dept, Texas A&M University

The fate of heavy metals applied to
land in secondary treated sewage efflu-
ent was reviewed. Concentrations of
many metals have been reported to ap-
proach, and in some cases exceed, those
recommended for continuous irrigation.
About half of the metals in secondary
treated sewage effluent are associated
with the suspended solids. Metals ap-
plied to land are generally concentrat-
ed in the soil very near to the surface
by both adsorption and precipitation
mechanisms. The sewage effluent applied
metals appear to be more readily ex-
tractable than those found in untreated
soils. There is no evidence of leachate
losses of metal from soils which have
been used for sewage effluent disposal.

While effluent applied metals are
taken up by plants, the uptake rate is
very small compared to application
rates, and is too small to significantly
reduce the metals in the soil. Metals
may leave disposal sites with wind and
water eroded soil particles. This can
be reduced by maintaining vegetative
cover and by minimizing runoff and
erosion. With proper management, the
metal constituents of sewage effluent
should not have a detrimental effect on
the environment.

INTRODUCTION

Increasingly, secondary treated
sewage effluent is either being disposed
of on land or used to irrigate crops.
Although the concentrations of heavy
metals are generally low in properly
treated effluent, long term applications
of wastewater which has not been prop-

erly treated could result in the accumu-
lation of certain metals to undesirable
levels. Much information is available
on the fate of sewage sludge applied
metals (see Page (1974) for a review),
but very limited work has been reported
on the fate of metals applied in efflu-
ent.

Metals applied to soils may be
transformed or lost through a variety
of pathways. They may be adsorbed in
the soil on mineral or organic surfaces,
they may precipitate, or they may be
taken up by vegetation. Metals could be
lost from the soil by crop removal, or
under certain conditions, by leaching
through the soil profile. Wind and wat-
er borne soil particles may carry the
adsorbed metals from the surface.

CONCENTRATIONS OF METALS IN EFFLUENT

The concentration of heavy metals
in secondary treated effluents reported
by various authors are given in table 1.
As would be expected, all reported val-
ues are far below those commonly found
in sewage sludge. In general, lead and
cadmium are found in the lowest concen-
trations, and zinc and copper are found
in the greatest concentrations in efflu-
ents.

The extreme high values of all met-
als are one to two magnitudes greater
than the means reported. When the grand
mean of all data is compared with ac-
ceptable concentrations for continuous
irrigation, we find that both Cd and Cu
concentrations are greater than the rec-
commended limits. The means of all met-
als are below those recommended for ir-
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Table 1. Mean and range of metal concentrations in secondary sewage effluent reported by various sources. The FWPCA recom-
mended concentrations for irrigation water are also given.

Menz ies/ Spyridakis/
All Page Mytelka Chaney Bradford Sopper Welch Grand Extreme
Volumes (1974) (1973) (1975) (1975) (1973) (1976) Mean Range 20 year Continuous2
ppm. Dissolved Total Total Total Total Total Total Total Total Irrigation Irrigation

Mean Range Mean Range Range Range Mean Range Mean Mean

O

ro

Cd

Cr

Cu

Hg

Ni

Pb

Zn

016

08

07

-

24

038

21

< .005-
.04

< .01-
1.0

< .01-
.55

< .02-
.3

< .02-
.86

< .02-
.08

.01-
1.7

< .005- < .02- < .005- < .005-
,027 .15 6.4 6.4 .01 .22

< .005- < .05- < .5- < .001-
.20 1.46 6.8 6.8 .007 .10

.01- < .02- < .02- .006-
.14 1.3 5.9 5.9 .021 .053

< .02- < .0001- < .0001-
.37 1.0 .125 .125

< .02- < .1- < .02- .003-
,43 5.4 1.5 5.4 .040 .60

< .02- < .02- < .2- .003-

.03- < .02- < .02- .004-

.009

.023

.109

,093

.14 1.3 6.0 6.0 .023 .35 .104

.44 4.7 20.0 20.0 .05 .350 .211

.0365

.1075

.47

-

.1908

.0918

1.001

< .005-
6.4

< .001-
6.8

.006-
5.9

< .0001-
1.0

.003-
5.4

.003-
6.0

.004-
20.0

.0

20.0

5.0

-

2.0

20.0

10.0

.005

5.0

.2

.5

5.0

5.0

FWPCA (1968) for fine textured soils only and when using irrigation practice is for a maximum of 20 years.

"FWPCA (1968) for any soil with no time limit on irrigation practice.



rigation limited to 20 years. The ex-
treme high concentrations of all metals
reported exceed the recommendations for
continuous irrigation, and in most cases
exceed those recommended for limited
irrigation. It is apparent that irriga-
tion with secondary treated sewage ef-
fluent will result in metal applications
which do approach, and in some cases
exceed, levels recommended for irriga-
tion water. It is thus evident that
irrigation and disposal systems utili-
zing secondary treated sewage effluent
should be managed to prevent long term
buildup of undesirable metals.

Blakeslee (1973) reported both
dissolved and total concentrations of
those metals for which he analyzed. Ty-
pically 45% of the metals are water sol-
uble. This is a much greater fraction
than would be expected for sewage sludge
(Page 1974). Thus since about half of
the metals in sewage effluent are asso-
ciated with the solids suspended, even
if all the solids were removed the mean
cadmium concentration in solution would
still exceed the recommended level for
continuous application. The averages of
all available data were utilized to cal-
culate the amounts of metals which may
be expected to be applied per year to
land irrigated with sludge effluent.
Calculations were done assuming irriga-
tion of 60 cm per year which would nor-
mally be used to irrigate a crop and ap-
plications of 2.4 M per year which might
be applied to permeable soils where the
objective is to dispose of the waste
rather than to utilize it. The results
are shown in table 2. It is evident
that rather large amounts of certain
metals may accumulate on land used for
long term disposal.

Table 2. Anticipated application rates
of heavy metals in kg/ha as a function
of irrigation rates calculated assuming
mean concentrations in sewage effluent.

Rate of Irrigation
Metal 60 cm ha/yr. 240 cm ha/yr.

Cd

Cr

Cu

Hg

Ni

Pb

Zn

0.219

0.645

2.82

2.22

1.1448

0.5508

6.006

0.876

2.58

11.28

8.88

4.5792

2.2032

24.024

ADSORPTION AND LEACHING OF METALS
THROUGH SOILS

The mechanisms of adsorption of Cu,
Zn, Fe, and Mn have been reviewed by
Ellis and Knezek (1972). They suggest
that although solubility of oxides of
naturally occuring compounds of these
metals are extremely low, adsorption and
binding of these metals by soil parti-
cles is sufficiently strong to play an
important role in their availability.
Bingham et al. (1964) reported in fact
that montmorillonite clay is capable
of adsorbing both Zn and Cu beyond its
cation exchange capacity, particularly
at neutral to alkaline pH's. They ex-
plained this by a combination of adsorp-
tion and precipitation. Sharpless et al.
(1969) reported that Zn added to soils
reverted to unavailable forms which can
be extracted only by strong acids.
There is little information available,
however, on the rate of reversion of
metals to forms which are less available
to plants and less likely to leach
through the soil. A listing of solubil-
ity product constants of common forms of
Cd, Cu, Hg, Fe, Mn, Ni, and Zn is given
by Ellis (1973). The hydroxides of all
are quite insoluble, as are many of the
other commonly found compounds. Thus
once the exchange sites are satisfied,
the excess ions should be readily pre-
cipitated. It should be noted, however,
that natural organic matter chelation
maintains amounts of metals in solution
at greater concentrations than would be
expected whether or not precipitation is
considered.

Griffin et al. (1976) have reported
that the adsorption of cationic heavy
metals - Pb, Cd, Zn, Cu, and Cr (III)-
Increases as pH Increases, while the
adsorption of anionic heavy metals -
Cr (VI), As, and Se - decreases as the
pH increases. Precipitation of cationic
heavy metals becomes an important mech-
anism of removal from solution at pH
values of 5 and above. They observed no
precipitation of the anionic heavy met-
als between pH 1 and 9. The anions are
adsorbed most strongly at pH's of 4 or
below.

A year long study of the mobility
of five metals applied to the soil in
secondary treated sewage effluent was
conducted by the author. The sewage ef-
fluent was spiked to raise the concen-
tration of each of 5 metals to 1 ppm.
Applications of 2 cm of effluent were
made per week to the soils enclosed in
lysimeters. The movement and distribu-
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tion of metals in the soil was traced
during the study. No metals were detec-
ted in the leachate collected from the
bottom of the 1,4 meter deep lysimeters
during the study. Profiles of the total
and DTPA extractable metal concentra-
tions from one of the soils are shown in
figures 1, 2, 3, 4, and 5. In all cases,
the metals applied accumulated at or
very near the soil surface. In most
cases, increases in metal concentrations
did not penetrate past 10 cm in depth.
A large fraction of the applied metals
were located in the top 2 cm and could
have been removed by scalping this thin
layer of soil.
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o AFTER ONE YEAR OF
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125

Figure 1. The distribution of total and
DTPA extracted cadmium in Norwood sandy
clay loam soil, following 1 year applica-
tion of secondary treated sewage efflu-
ent containing 1 ppm. Cd.
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Figure 3. The distribution of total and
DTPA extracted nickel in Norwood sandy
clay loam soil following 1 year applica-
tion of secondary treated sewage efflu-
ent containing 1 ppm... Ni.
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Figure 4. The distribution of total and
DTPA extracted lead in Norwood sandy
clay loam soil following 1 year applica-
tion of secondary treated sewage efflu-
ent containing 1 ppm. Pb.
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Figure 2. The distribution of total and
DTPA extracted copper in Norwood sandy
clay loam soil following 1 year applica-
tion of secondary treated sewage efflu-
ent containing 1 ppm. Cu.
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Figure 5. The distribution of total and
DTPA extracted zinc in Norwood sandy
clay loam soil following 1 year applica-
tion of secondary treated sewage efflu-
ent containing 1 ppm. Zn.



A large fraction of the metals add-
ed were extractable with DTPA. For some
metals, particularly Ni, Pb, and Zn, it
is evident that the effluent metals were
more easily extractable from the soils
than were the metals indigenous to the
soil. Studies are continuing to deter-
mine the length of time required for
the readily extractable metals to revert
to less available forms.

The results shown here are repre-
sentative of those for all four of the
soils studied. There was little evi-
dence that differences in clay content,
or initial pH influenced the movement
of metals. The pH of the water was al-
kaline, and slowly shifted all the soils
to higher pH levels. This may have
masked any differences which might have
resulted from the initial pH levels.

LOSSES OF HEAVY METALS ON ERODED SOILS

Since most metals are adsorbed or
precipitated very close to the soil sur-
face, the potential for losses with <
eroding soil is great. The potential
is particularly great when repeated ap-
plications are made without tilling the
soil. Tillage would incorporate the
metals throughout the plow layer and
thus lessen concentrations at the sur-
face from which erosion takes place.
Stevenson and Welch (1977) have repor-
ted wind transport of metals from treat-
ed plots to adjacent fields. Although
no data are available on the concentra-
tion of metals in the soil eroded from
areas treated with sewage effluent, it
stands to reason that the concentrations
would be similar to those found in sur-
face soils.

With proper management, metals
should not accumulate on disposal sites
to undesirable levels. Therefore, even
if the soil erodes, it should not cause
unduly elevated metal concentrations on
adjacent lands. However, if eroded soil
accumulates in an aquatic environment,
it is possible that certain metals could
be released under anaerobic or acid con-
ditions and constitute a hazard. There-
fore, normal soil conservation practices
including the maintenance of a good
ground cover and prevention of undue
runoff should be employed.

PLANT UPTAKE OF HEAVY METALS

The literature abounds with reports
on the uptake of heavy metals from waste

treated soils. Much of the information
dealing with the uptake of metals from
sludge treated soils has been summarized
by Page (1974). Much less information
exists, however, on the uptake of metals
for soils treated with sewage effluent,
but there is little reason to suspect
that the mechanism of plant uptake from
effluent treated soils would differ much
from those treated with sludge.

The fraction of metals taken up by
a bermudagrass crop grown on soil treat-
ed with 5 cm of secondary treated sewage
effluent containing 1 ppm. of Cu, Cd,
Ni, Pb, and Zn is given in table 3. It
is evident that only small quantities of
the applied metals can be removed by
crop uptake. The grass used would re-
quire 50 to 1000 years to remove the
metals applied during 1 year if removal
continued at the same rate as given
here. Excess amounts of nearly all met-
als have been shown to be toxic to
plants, while some metals, particularly
Cd, may be taken up in concentrations
that could be transmitted in toxic con-
centrations to animals. However, if
metals are not allowed to accumulate to
excessive amounts, the hazard of trans-
mission from areas used to dispose of
sewage effluent should be minimal.

Table 3. Percent of metal taken up by
bermudagrass during one year's growth
from four soils integrated with 5 cm of
secondary treated sewage effluent per
week.

Metal

Cd

Cu

Ni

Pb

Zn

Nacog-
doches
clay

pH 5.6

0.4%

0.9%

0.6%

0.6%

2.0%

Norwood
sandy
clay

pH 7.7

0.3%

0.5%

0.4%

0.5%

1.3%

Bastrop
sandy
clay
loam
pH 6.9

0.1%

0.2%

0.2%

0.2%

0.6%

Lake-
land
sandy
loam
pH 6.4

0.1%

0.3%

0.3%

0.2%

0.5%

Contribution of the Texas Agricultural
Experiment Station. Their work was
supported in part by the U. S. Army Med-
ical Research and Development Commission.
Contract N. DAD 17-73-C-3102.
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HEALTH CONSIDERATIONS

SORPTION OF CADMIUM ONTO TWO MINERAL SOILS
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Dale A. Carlson College of Engineering, FH-10,
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Sorption of cadmium in low range
concentrations (5-50 ppb in solution)
onto two mineral soils (< 0.5 mm fraction)
has been studied by means of batch experi-
ments. Data on sorption isotherms, the
kinetics, the influence of pH, competitive
effects of calcium, and the reversibility
of the sorption process are presented.

INTRODUCTION

The attentuation of heavy metals in
land treatment systems is of great concern,
in particular where the effluents recharge
aquifers or discharge into surface waters
used for water supply. In this connection,
cadmium is of special interest due to its
relatively high mobility in soil and its
high toxicity. The current average cadmium
intake is approaching the recommended
limits of recommended maximum tolerance
levels with contact through plants as the
major source of cadmium.

The soil is generally an effective
filter for attenuation of Cd (although
typically less effective for Cd than for
several other cationic metals, e.g. Pb).
Several investigations on pilot land
treatment systems and filtration systems
(/6/, /7/, /23/, /29/, /32/) Indicate that
the major portion of Cd applied is re-
tained within the upper 1 m of soil. Except
for industrial waste waters, the efficiency
of the soil filter to attenuate Cd may only
be of concern in the long term. The long
term problems are; (1) possible depletion
of the attenuation capacity of the soil,
which can limit the lifetime of the land
treatment site, (2) possible migration of
previously retained metal due to infil-

trating precipitation after close down of
the site. To evaluate these aspects the
attentuation mechanism per se must be
studied.

Several mechanisms probably are in-
volved in the attenuation of Cd in land
treatment systems. (A recent, general
discussion of possible attenuation me-
chanisms is presented in /10/). Attenuation
by physiochemical sorption processes at
the soil-water interface is considered
most important and hence selected for
research, because of the variable signigi-
cance of some of the mechanisms involved
(e.g. microbial assimilation) and the
complexity of the superimposing mechanisms.
This research approach probably results in
conservative estimates on the attenuation,
but at the present state-of-the-art it is
the most feasible approach for studying
the long term aspects of the attenuation
mechanisms.

Sorption of Cd from solutions contai-
ning high concentrations of Cd (more than
1 ppm Cd, > 10~5 M Cd) onto soil or common
soil constituents has been frequently re-
ported in the literature (/l/,/2/,/3/,/4/,

/21/,/22/,/23/,/24/,/26/,/27/,/28/,/33/,
/34/). The investigations have generally
included determination of sorption iso-
therms and the influence of pH on sorption
capacities. The competitive effect of cal-
cium and other ions (/2/,/3/,/8/,/22/,/26/,
/34/) and the reversibility/irreversibi-
lity of the sorption process (/l/,/3/,/16/,
/19/,/2l/,/27/) have been subject to
research, only in a few cases. The litera-
ture is somewhat confusing, in particular
concerning the desorbability. To some
extent, this may be due to misinterpreta-
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tion of experimental results. These
findings will not be discussed further
because extrapolation of the results to a
concentration range pertinent for land
treatment systems (5-50 ppb Cd;
5-10"8M-5-10~7 M Cd) is probably not ac-
ceptable .

Very few investigations have dealt
with sorption from low range Cd concen-
trations (/ll/,/12/,/13/,/25/,/31/).
Garcia-Miragaya & Page (/ll/,/12/) studied
the influence of Cl-complexation and ionic
strength on the sorption by montmorillonite
in the 15 to 120 ppb Cd range. Gardiner
(/13/) applied partition coefficients to
Cd sorption on river muds, clays, silica,
and humic material and found decreasing
partition coefficients for increasing Cd
concentrations (2-177 ppb Cd). Further-
more, the experiments showed that the
sorption-desorption process was fast and
that the presence of EDTA decreased the
sorption. Levy & Francis (/25/) studied
the influence of salt saturation, Fe/Al-
oxide coatings, and organo-clay complexes
on the sorption by montmorillonite. They
found less sorption when Ca 2 + was present
compared to e.g., Na+, They also found
that organo-clay complexes caused appre-
ciable difference in Cd sorption only when
moritmorillonitewas coated with oxides.
Only the oxide coated clays exhibited
significant irreversibility in the de-
sorption studies.

Sidle & Kardos (/31/) reported on the
kinetic aspects of Cd sorption onto a
forest soil using an empirical rate
equation. Equilibrium conditions were
approached within 10 hours, and at equili-
brium the sorption was expressed in terms
of Freundlich and Langmuir isotherms.

OBJECTIVES

Because insufficient information is
available on the attenuation of Cd in
soils, the objective of the research pre-
sented in this paper is to obtain quanti-
tative information on the soil sorption
mechanism at low range concentrations of
dissolved Cd (5-50 ppb Cd). This involves:
(1) determination of isotherms, (2) compe-
titive effects of Ca 2 +, (3) the kinetics
of the sorption process, (4) the effect
of pH on sorption capacities, and (4)
evaluation of the reversibility/irreversi-
bility of Cd sorption by means of sorpti-
on-desorption studies employing varying

MATERIALS AND METHODS

Soils

Two soils were selected from the
Danish Soil Library: 16C (loamy sand;
C-horizon: 50-100 cm) and 67C (sandy
loam, C-horizon: 65-100 cm), on the basis
of their low organic content, fairly high
content of sand and moderate pH. The soils
selected are considered to be typical for
land treatment infiltration systems. Be-
cause of the need for improved experimen-
tal reproducibility, the coarse fractions
were removed by dry sifting in a 0.5 mm
mesh metal free sieve. The preliminary
characterization of the soils is presented
in Table 1.

Table 1: Charaterization of the soils
employed.

Type: '• 0,b nun fract ion
of c:-hari=:on (0.5-1 m depth)

Texture; of < 0,5 mm frac t ion :

* coarse aand (200-500 U)
i fin* *vnd (20-200 u)
t. S i l t (2-20 u)
t. clay I-"- 2 y)

% organic ma.tt.nr

pH (10"2 M CaCl?)

CEC (meq/100 g)

Mn (Ug/g):

Dithioni te-ci t rate
Hot 1:1 HNO fur S hûura

Fe (|.ig/g) :

Dithionitsi-citrate
Hot J:l. HNO for S hours

Zn (pq/g)•

Hot 1 = 1. HNQ tor 8 hours

Cd (;n/q):

Hot 1:1 HNO for 8 hours

(x-ray analysis of soaiumtsrboiiAte

clay fractions).

16 CS

Loamy
sand

51.7
6.8
b.2

0 . 7

f.,0 •

7.5 '

82
74

2790
5600

IS

0,03

67 CS

Sandy

16.0

12.0
16.0

0 . 5

É . 5

17.6

55
110

SbbO
15100

29

0.035

dominnt-nd by t-hn 14-Ang5trflm~minerals

Both contain some hydrou

16 CSi S7 C&

- son» more mic
amphibole - mor

Str
v«r

3 micas and

hydrous

Inter-
tified
icullte

bracketing conditions with respect to
Ca 2 + and H+.

Salt Matrix

The soils were generally exposed to
a specially cleaned 10 M CaCl2 salt
matrix (Ca^+ ~ 40 ppm). Cd, stored as
acidified 10 and 100 ppm stock solutions
obtained from C d C ^ standards, was added
to the salt matrix by calibrated, fixed
volume micropipettes yielding the initial
Cd concentrations (< 5% of Cd is present
as CdCl+ and higher Ci-complexes, /15/).
The pH was adjusted by addition of micro-
amounts of analytical grade HC1 or
Ca(OH)2- In some experiments, the salt
matrix consisted of 10~2 M CaCl2.
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Experiments

The research was conducted as batch
experiments. The kinetic experiments em-
ployed a mechanically stirred 2000 ml
polyethylene (PE) reactor. The pH
equilibration (pH = 6.00 ± 0.03) of the
soil-salt matrix slurry was accomplished
before the addition of Cd. The pH adjust-
ment was conducted continuously after the
start of the experiment. At varying time
intervals, 5 ml aliquots were sampled, by
a pipette with disposable tips, and trans-
ferred to centrifuge tubes for separation.
All other experiments employed 100 ml PE
reactors (0.5 - 6 grams of soil;
50-100 ml salt matrix) agitated in a
rotating mixer for 20 hours and manually
adjusted three to six times to the proper
pH. The 100 ml PE reactors were specially
fitted into the centrifuge tube holders,
and after completion of the agitation the
slurry was separated by centrifugation
without transferring the sample. All samp-
les were separated at a theoretical par^
tide size of 0.2 pm. The supernatant
was removed by pipetting (less than 1% of
liquid remained in the reactor).

In some of the desorption studies,
the desorbing salt matrix was added in-
stantaneously after separation. In other
desorption studies, the soils were cauti-
ously dried in the reactor under occasio-
nal mixing with a PE rod. The dried soil
was homogenized by means of the rod and
aliquots of the soil transferred to seve-
ral other reactors for desorption. The
desorption experiments were conducted
analogously to the sorption experiments.
All experiments were conducted at room
temperature. The liquid samples were
transferred to PE bottles, acidified
(cone. HNO3) and stored at 1°C.

Cd analysis

The Cd content of the samples was
determined by flameless atomic absorption
spectrophotometry (Perkin-Elmer 300 S
supplied with a HGA-70 graphite furnace
and deuterium background compensator). In
order to obtain a safe and high-quality
Cd-analysis, all samples and standards
were subject to solvent/solvent extrac-
tion: A sample volume was transferred to
a glass test tube, buffered with purified
citrate, and extracted by 0.5% DDDC
(Diethylammonium-Diethyl-Dithio-Carbamate,
C9H22N2S2' M e r c k s N ° - 3408) dissolved in
xylene (Dimethylbenzene, CgH^CI^^, May
& Baker) during agitation in a rotating
mixer for 30 minutes. Three to five ppb
Cd in the xylene phase is optimal. Twenty

yl of the organic phase was injected
twice into the graphite furnace.

Precision and accuracy

Several calibrations with industrial
standards indicate that the analytical
method employed does not cause any syste-
matical deviation from accurate determi-
nation of Cd. Estimates on the precision
of determination of Cd in a liquid sample
are about 6% (standard deviation), and
total precision of the sorption experi-
ment, based upon independently conducted
replicational sorption experiments and Cd
determinations, is within 10%.

Mass balances of the experiments
show that no unaccounted, significant
sources or sinks of Cd were present. Thus
a decrease in dissolved Cd will be consi-
dered balanced by an increase in sorbed
Cd, and vice versa.

RESULTS AND DISCUSSION

Sorption isotherms

The amount of Cd sorbed per unit of
soil (]iq Cd per g of soil) as a function
of salt matrix Cd equilibrium concentra-
tion is presented in Figure 1 and Figure
2 for the respective soils. The salt
matrix is 10~^M CaCl2 and pH is 6.0- Both
soils exhibit slightly nonlinear sorption

Ce
Â

5

A

3

2

1

i in soil
L ppm

-

-

-

SORPTION ISOTHERM, 16CS
(lO"3MCaC!2 , pH = 6.0)

i

10
a Batch exp.
0 „ -—

0

|

20
: 1 g soil
• >1 g soil

|

30

: 50
: 50

1

40

ml
ml

ppb

F
diss. Cd

Figure 1 : Isotherm for sorption of Cd by
a loamy sand (16 CS) from a
10~3 M CaCl saltmatrix at
pH = 6.0.
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Figure 2: Isotherms for sorption of Cd by
a sandy loam (67 Cs) from a
10"3 M CaCl saltmatrix at
pH = 6.0.

isotherms with sorption maxima beyond the
dissolved concentration range considered
pertinent in this study. The sandy loam
(67 CS) has a somewhat higher sorption
capacity than the loamy sand (16 CS). The
data points are obtained from several
experimental series and express the total
scatter around the isotherm. As indicated
on the graphs, not all data points origi-
nate from experiments employing the same
soil-salt matrix ratio. The fact that
these deviating soil-salt matrix ratios
do not cause a deviation from the iso-
therm, implies that the isotherm is not
subject to influence from the experimen-
tal set-up. Naturally, the soil-salt ma-
trix ratio affects the composition of
the liquid with respect to macroions
(which may compete for the sorption sites),
but not significantly.

2+
Competitive effects of Ca

In Figure 3, an isotherm for sorpti-
on by the sandy loam (67 CS) from a
10~2 M CaCl2 salt matrix at pH = 6.0 is
presented. Compared to the 10~3 M CaCl2
sorption isotherm, the 10~2 M CaCl2 iso-
therm shows considerably less sorption.
This is due to increased Cl-complexation,
increased ionic strength and increased
Ca 2 + competition. The Cl-complexation and
the effect of ionic strength reduce
theoretically the Cd activity to 55% of

Cd
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5

t,

3

z

1

I
II
11

in soil
k Ppm

-

-

- /

: 10-3
: 10-2

: 10"2

SORPTION ISOTHERMS ,67CS
(10-2MCaCI2l pH = 6.0)

/

/
/

1

10

MCaClj
M CaCl2
MCaCI2

/ Isotherm I

/
/

^ Isotherm II

^ s Isotherm III

1 , I , I

20 30 40 diss.

; see Figure 2
I activity of Cd adjusted
; observed isotherm

ppb

Cd

Figure 3: Isotherm (III) for sorption of
Cd by a sandy loam (67 CS) from
a 10~2 M CaCl2 saltmatrix at
pH = 6.0. Isotherm I corresponds
to the isotherm in Figure 2
(10~3 M CaCl2). Isotherm II is
calculated from isotherm III and
accounts for reduced sorption
due to Cl-complexation and the
effect of ionic strength.

the activity in the 10 3 M CaCl2 salt
matrix. The dashed isotherm (II) in
Figure 3 accounts for this, and the dif-
ference between isotherm I (the
10 M CaCl2) and isotherm II expresses
the competitive effect of ca 2 +. This
experiment shows that even in low range
concentrations of Cd, the Ca + 2 ion is
apparently a significant competitor for
sorption sites.

Kinetics of sorption

The kinetics of the sorption process
are illustrated in Figure 4, where the
dissolved Cd concentration is plotted
versus time after addition of 60 ppb Cd
to the soil-salt matrix slurry (16 CS).
The graph shows that the sorption process
is very fast: 95% of the sorption takes
place within 10 minutes and equilibrium
is apparently approached within 1 hour.
Analogous experiments with the sandy loam
showed corresponding results. The 20 hours
contact time employed in the batch ecperi-
ments seems sufficient.
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Figure 4: Dissolved Cd (ppb) as a function
of contact time for sorption at
pH =6.0 by a loamy sand (16 CS)
from a 10 M CaCl2 saltmatrix
holding 60 ppb Cd initially.

Influence of pH

The influence of pH on the sorption
capacity is illustrated in Figure 5, where
equilibrium isotherms at varying pH are
presented for Cd sorption by a sandy loam
(67 CS) from a 10"3 M CaCl2 salt matrix.
Acid conditions lower than pH 4.0 were
considered environmentally unimportant and
the upper pH (7.7) was defined by an appa-
rent precipitation, which may result in
removal of Cd from solution by other pro-
cesses than soil sorption. The plot shows
that the sorption capability is extremely
influenced by pH. In particular above
pH = 6, the sorption capacity increases
substantially with increasing pH. This
phenomenon is probably due to less H + com-
petition at alkaline pH and to the forma-
tion of readily sorbed Cd(OH)+ - com-
plexes; the latter argument is by James
and Healy (/18/). Analogous experiments
with the loamy sand (16 CS) showed corres-
ponding results. However, the sandy loam
(67 CS) seems to be more influenced by pH
than the loamy sand (16 CS).

Reversibility of Cd sorption:
16 CS, 10~3 M CaCl2, pH=6.0

The reversibility of sorption by the
loamy sand (16 CS) was studied by desor-
bing previously Cd loaded soil with the
same salt martrix: 10~3 M CaCl2- The re-

Cd in soi I

20

SORPTION ISOTHERMS,67CS

( I O " 3 M C a C I 2 . v a r . p H )

pH = 7.0

40 diss. Cd

Figure 5: Isotherms for sorption of Cd by
a sandy loam (67 CS) from a
10~3 M CaCl2 saltmatrix at vary-
ing pH (4.0-7.7).

suits are presented in Figure 6. The dashed
line governed by a Cd mass balance illu-
strates the Cd-pathway of the sorption-
desorption sequence. At the start of the
sorption experiments all Cd is present in
the salt matrix and at the start of the
desorption experiment all Cd is present in
the soil. The graph shows that the loamy
sand does not exhibit any irreversible
sorption of Cd: The desorption concentra-
tions are randomly scattered around the
sorption isotherm. A few of the data points
are obtained by repeated desorption. Some
of the data points are obtained from de-
sorption of dried and stored soils while
others are obtained from desorption expe-
riments conducted immediately after com-
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Figure 6: Cd concentrations obtained by
desorption of a Cd loaded loamy
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at pH = 6.0.
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Figure 7: Cd concentrations obtained by
desorption of a Cd loaded sandy
loam (67 CS) with 10"3 M CaCl2

at pH = 6.0.

pletion of the sorption experiments. The
experiment indicates that the predominant
part of the Cd sorption by the loamy sand
is an ion exchange process.

Reversibility of Cd sorption:
67 CS, 10"3 M CaCl2, pH=6.0

Corresponding desorption experiments
were conducted employing the sandy loam
(67 CS). These results are presented in
Figure 7. The sandy loam exhibits a
slight irreversible sorption of Cd: The
desorption concentrations are systemati-
cally located above the sorption isotherm.
The amount of Cd irreversibly sorbed at
the actual conditions is of the order of
1 pg Cd per g of soil.

Reversibility of Cd sorption:
67 CS, 10 M CaCl2, pH=6.0

Experiments involvind desorption by
a 10~2 M caCl2 salt matrix of the sandy
loam loaded with Cd available in a 10~2
M CaCl2 salt matrix are presented in Figu-
re 8. The sandy loam does not exhibit any
significant irreversible sorption of Cd in
the experiments employing a 10"^ M CaCl2

salt matrix. This emphasizes that the small,
but significant irreversible sorption ob-

served in the experiments employing a
10~3 M CaCl2 salt matrix is not definite,
but dependent on the composition of the
salt matrix. The fact that only a 10 fold
increase in Ca^+ concentration reduces the
irreversible sorption to a non-observable
level, indicates that the sites irrever-
sibly sorbing Cd from a 10~3 M CaCl2 salt
matrix possess only low energy.

Cd in soil
ppm
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1

DESORPTION ,67CS

( I O - 2 M C a C I 2 , p H = 6 . O )

Sorption isotherm
(10~2MCaCI2 . pH =

I
ppb

40 diss.Cd

Figure 8: Cd concentrations obtained by
desorption of a Cd loaded sandy
loam (67 CS) with 10"2 M CaCl2

at pH = 6.0.
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Reversibility of Cd sorption:
67 CS, 1CT3 M CaCl2, pH=4.0

The irreversibility of Cd sorption
from a 10~3 M CaCl2 salt matrix and
pH = 4.0 was studied by desorption at cor-
responding conditions. The results pre-
sented in Figure 9 show that no significant
irreversibility is present at pH = 4.0.
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Figure 9: Cd concentrations obtained by
desorption of a Cd loaded sandy
loam (67 CS) with 10~3 M CaCl2

at pH = 4.0.

CONCLUSIONS

Sorption of Cd from low range concen-
trations by 2 sandy soils (loamy sand
16 CS, sandy loam: 67 CS) was described by
slightly non-linear sorption isotherms.
Equilibrium was approached within 1 hour
of contact time. The Ca^+ concentration
and, in particular, pH significantly in-
fluenced the sorption capacities of the
soils. Sorption by the loamy sand (16 CS)
was completely reversible indicating that
sorption is due to ion exchange. The sandy
loam exhibited a small, but significant
irreversible sorption of Cd from a 10~3

M CaCl2 salt matrix at pH = 6.0. But a 10~2

M CaCl2 and at pH = 4.0 no irreversibility
was observed, indicating that the irrever-
sibility observed at 10~3 M Cacl2 at
pH = 6.0 is not specific.

The experiments indicate that the
sandy soils will extensively sorb free Cd
ions present in land applied waste waters.
But the sorption capacities of the soils
are significantly influenced by the Ca 2 +

and H+ (and maybe other ions) concentra-
tions of the soil-wastewater system.

The relative small or lacking irreversib-
le sorption of Cd, indicates that Cd may
migrate from the land treatment site af-
ter the close down of the site.

Further experiments are being con-
ducted concerning (1) the effect of Zn
and EDTA on the irreversibility of Cd
sorption, (2) the effect of aging on the
irreversibility of Cd sorption by the
sandy loam, (3) the applicability of the
batch experiment retults to column expe-
riments, and (4) the soil constituents
causing the irreversible sorption of Cd.

ACKNOWLEDGEMENT

This research is supported in part
by the Danish Council for Scientific and
Industrial Research (Grant no. 516-6613.
H-379).

REFERENCES

1 Andersson, A.: Heavy Metals in Swedish
Soils: On their Retention, Distribu-
tion and Amounts. Swedish Journal of
Agricultural Research, Vol. 7,p. 7-20,
(1977).

2 Bittell, J.E.; Miller, R.J.: Lead,
Cadmium, and Calcium Selectivity Coef-
ficients on a Montmorillonite, Illite,
and Kaolinite. Journal of Environmen-
tal Quality, Vol. 3, no. 3 p. 250-253,
(1974).

3 Blom, B.E.: Sorption of Cadmium by
Soils. Cold Regions Research and Engi-
neering Laboratory, Hanover, New Hamp-
shire, USA, 1974.

4 Bunzl, K.; Schmidt, W.; Sansoni, B.:
Kinetics of ion exchange in soil orga-
nic matter. IV. Adsorption and desorp-
tion of Pb 2 +, Cu 2 +, Cd2+, Zn 2 + and
Ca 2 + by peat. Journal of Soil Science,
Vol. 27, p. 32-41, (1976).

5. Bunzl, K.; Wolf, A.; Sansoni, B.:
Kinetics of ion exchange in soil orga-
nic matter. V. Differential ion ex-

2+change reactions of Cu ,
and Ca ions in humic acid.
chrift fur Pflanzenernâhrung und Boden-
kunde, Heft 4, p. 475-485, (1976).

6 Bouwer, H.; Chaney, R.L.: Land Treat-
ment of Wastewater. Advances in Agro-
nomy, Vol. 26, p. 133-176, (1974).

7 Carlson, C.A. et al.: Overland Flow
Treatment of Wastewater. U.S. Army

313



Engineer Waterways Experiment Station,
Vicksburg, Mississipi, U.S.A. Miscel-
laneous paper 4-74-3, Aug. 1974.

8 Farrah, H.; Pickering, W.F.: Influence
of Clay-Solute Interactions on Aqueous
Heavy Metal Ion Levels. Water, Air, and
Soil Pollution, Vol. 8, p. 189-197,
(1977).

9 Frost, R.R.; Griffin, R.A.: Effect of
pH on adsorption of copper, zinc, and
cadmium from landfill leachates by clay
minerals. J. Environ. Sci. Health,
A 12 (4 & 5), 139-156, (1977).

10 Fuller, W.H.: Movement of Selected Me-
tals, Asbestos, and Cyanide in Soil:
Applications to Waste Disposal Problems.
EPA-600/2-77-0202, April 1977.

11 Garcia-Miraqaya, J.; Page, A.L.: Influ-
ence of Ionic Strength and Inorganic
Complex Formation on the Sorption of
Trace Amounts of Cd by Montmorillonite.
Journal of Soil Science Society of
America, Vol. 40, p. 658-663, (1976).

12 Garcla-Miragaya, J.; Page, A.L.: Sorp-
tion of Trace Quantities of Cadmium by
Soils with Different chemical and Mine-
ralogical Composition. Water, Air, and
Soil Pollution, Vol. 9, p. 289-299,
(1978).

13 Gardiner, J.: The Chemistry of Cadmium
in Natural Water, II! The Adsorption
of Cadmium on River Muds and Naturally
Occuring Solids. Water Research, Vol.
8_, p. 157-164, (1974).

14 Griffin, R.A. et al.: Attenuation of
Pollutants in Municipal Landfill
Leachate by Clay Minerals. Environmen-
tal Geology Notes, no. 79, Illinois
State Geological Survey, Urbana, 111.,
April 1977.

15 Hahne, H.C.H.; Kroontje, W.: Signifi-
cance of pH and Chloride Concentrations
on Behavior of Heavy Metal Pollutants:
Mercury (II), Cadmium (II), Zinc (II),
and Lead (II). Journal of Environmental
Quality, Vol. 2, no. 4, p. 444-450,
(1973).

16 Haghiri, F.: Release of Cadmium from
Clays and Plant Uptake of Cadmium from
Soils as Affected by Potassium and
Calcium Amendments, Journal of Environ-
mental Quality, Vol. 5, no. 4, p. 395-
397, (1976).

17 Huang, C.P.; Elliot, H.A.; Ashmead,R.M.
Interfacial reactions and the fate of
heavy metals in soil-water systems.
Journal of the Water Pollution Control
Federation, Vol. 49, p. 745-756, (1977).

18 James, R.O.; Stiglich, P.J.; Healy,
T.W.: Analysis of Models of Adsorption
of Metal Ions at Oxide/Water Interfaces,
Earaday Discussions, No. 59, p. 142-156,
(1975).

19 John, M.K.: Influence of Soil Characte-
ristics on Adsorption and Desorption of
Cadmium. Environmental Letters, Vol. 2,
NO. 3, p. 173-179, (1971).

20 John, M.K.: Cadmium Adsorption Maxima
of Soils as Measured by the Langmuir
Isotherm. Canadian Journal of Soil
Science, Vol. 52, p. 343-350, (1972).

21 Korte, N.E. et al: Trace element migra-
tion in soils: Desorption of attenuated
ions and effects of solution flux. In
Residual Management by Land Disposal,
Proceedings of the Hazardous Waste
Research Symposium, by W.H. Fuller.
U.S. EPA, Cincinnati, Ohio (EPA-600/9-
76-015), July 1976.

22 Lagerwerff, J.V.; Brower, D.L.: Exchange
Adsorption of Trace Quantities of Cad-
mium in Soils Treated with Chlorides of
Aluminium, Calcium and Sodium. Soil
Science Society of America, Proceedings,
Vol. 36, p. 734-737, (1972).

23 Lehman, G.S.; Wilson, L.G.: Trace Ele-
ment Removal from Sewage Effluent by
Soil Filtration. Water Research, Vol. 7,
No. 1, p. 90-99, (1971).

24 Levi-Minzi, R.; Soldatini, G.F.;
Riffaldi, R.: Cadmium Adsorption by
Soils. Journal of Soil Science, Vol. 27,
p. 10-15, (1976).

25 Levy, R.; Francis, C.W.: Adsorption and
Desorption of Cadmium by synthetic and
Natural Organo-Clay Complexes. Geoderma,
Vol. 15, p. 361-370, (1976).

26 Petruzzelli, G.; Guidi, G.; Lubrano, L.:
Organic Matter as an Influencing Factor
on Copper and Cadmium Adsorption by
Soils. Water, Air, and Soil Pollution,
Vol. 9, p. 263-269, (1978).

27 Riffaldi, R.; Levi-Minzi, R.: Adsorption
and desorption of Cd on Humic Acid Frac-
tion of Soils. Water, Air and Soil Pol-
lution, Vol. 5, p. 179-184, (1975).

28 Schindler, P.W. et al: Ligand Properties
of Surface Silanol Groups, I: Surface
Complex Formation with Fe^+, Cu 2 +, Cd2+,
and Pb^+. Journal of Colloid and Inter-
face Science, Vol. 55, No. 2, p. 469-
475, (1976).

29 Schôttler, U.: Eliminierung von Spuren-
metallen durch Langsamsandfilter.
Zeltschrift fur Wasser- und Abwasser-
Forschung, Vol. 9, Nr. 3, p. 88-93,
(1976).



30 Schôttler, U.: Natûrliche Filtrations
Système und Schwermetalle, aufgezeigt
am Beispiel von Quecksilber und Cadmium.
Vom Wasser, Band 49, p. 295-313, (1977).

31 Sidle, R.C.f Kardos, L.T.: Adsorption
of Copper, Zinc, and Cadmium by a Forest
Soil. Journal of Environmental Quality,
Vol. 6, no. 3, p. 313-317, (1977).

32 Sidle, R.C.f Hook. J.E.; Kardos, L.T.:
Accumulation of heavy metals in soils
from extended waste-water irrigation.
Journal of the Water Pollution Control
Federation, Vol. 49, p. 311-318, (1977).

33 Street, J.J.; Lindsay, W.L.; Sabey,
B.R.: Solubility and Plant Uptake of
Cadmium in Soils Amended with Cadmium
and Sewage Sludge. Journal of Environ-
tal Quality, Vol. 6, no. 1, p. 72-77,
(1977).

34 Zasoski, R.J.: Sorption and Sorptive
Interactions of Cd and Zn on Hydrous
Manganese Oxide, Ph.D. dissertation,
University of California, Davis, 1974.

315





MONITORING PROCEDURES

A PROTOTYPE PROGRAM FOR MONITORING
DOMESTIC WASTEWATER LAND TREATMENT
SYSTEMS

John W, Bauer, US Army Environ-
mental Hygiene Agency, Aberdeen
Proving Ground, Maryland

Land treatment of domestic efflu-
ent is currently a limited but growing
practice at Army installations. Under
the authority of the Office of The
Surgeon General, a need to provide guid-
ance on public health aspects of land
treatment systems has been recognized.
This paper presents a comprehensive pro-
totype monitoring program for discharges,
surface waters, and ground waters relat-
ing to land treatment of domestic waste-
water. The program sets forth minimum
surveillance requirements based on iden-
tified water quality monitoring objec-
tives designed to provide sufficient
public health and environmental protec-
tion, meet the requirements of state and
Federal regulatory agencies, assist the
plant manager in controlling effluent
quality, contribute to public confidence
in the acceptability of land application
as a viable and safe treatment technique,
and permit the accumulation of data on
water quality enabling demonstration of
compliance with existing state criteria
for public water supply sources. The
recommended monitoring program specifi-
cally addresses the positioning and
design of the sampling station network;
selection of appropriate parameters and
monitoring frequencies; collection, meas-
urement, and analytical techniques and
materiel requirements. Schedules are de-
veloped for initial sewage effluent char-
acterization, baseline monitoring of
native waters, and operational management
and compliance monitoring. Rationale for
the design criteria are provided to per-
mit adaptability and appropriate adjust-
ments keyed to existing site configura-
tions and unique conditions.

BACKGROUND

There is an obvious requirement to
safely and economically treat or dispose
of increasing quantities of domestic
liquid wastes. The existence of numer-
ous land treatment systems around the
country demonstrates that the land treat-
ment alternative has often been demon-
strated to be both a viable and cost
effective method of achieving adequate
renovation of domestic wastewaters, if
properly designed, operated, and moni-
tored. Land application of domestic
effluent is currently a limited, but
growing practice in the Army. Many in-
stallations are currently utilizing,
designing, or considering land treatment
technology where effluent quality up-
grading Is required to achieve the water
quality objectives established by the
Federal Water Pollution Control Act
Amendments of 1972 and 1977.

From a survey conducted by Morris
and Jewell of Cornell University,1 it
was shown that only 21 out of 50 states
have any regulations or guidelines per-
taining to the monitoring of a land
treatment system. In addition, out of
these 21 states, only a few specify more
than the provision of a monitoring well
in the direction of ground-water flow
away from the treatment site. Therefore,
under the authority of the Office of The
Surgeon General, a need to provide guid-
ance on monitoring and public health
aspects of land treatment systems has
been recognized. Detailed monitoring
guidance to assist military facilities
was developed in 1975 and is contained
in a technical report prepared by the
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US Army Environmental Hygiene Agency,2

which was distributed by the Office of
the Chief of Engineers to major Army
commands,

OBJECTIVES

This paper presents a comprehensive
prototype monitoring program for dis-
charges, surface waters, and ground
waters relating to land treatment of
domestic wastewater. The program sets
forth recommended minimum surveillance
requirements based on the following
identified water quality monitoring
objectives:

-Provide sufficient public health
and environmental protection

-Meet the requirements of state and
Federal regulatory agencies

-Assist the treatment plant manager
in controlling effluent qualitv

-Contribute to public confidence in
the acceptability of land application as
a viable and safe treatment technique.

-Permit the accumulation of water
quality data enabling demonstration of
compliance with existing state criteria
for public water supply sources.

Coals for resultant water quality
should derive directly from established
state surface water and ground-water cri-
teria or from specific water use designa-
tions applied to state water resources.
However, where such criteria have not yet
been defined, it is necessary to make
some basic assumptions concerning exist-
ing and potential ground-water uses and
appropriate water quality criteria re-
lated thereto, in order to select mean-
ingful parameters for the monitoring pro-
gram. In that regard, it is believed
that, after renovated domestic waste-
water enters an aquifer and mixes with
native ground water, the resultant water
quality should approach drinking water
standards. This is considered to be a
reasonable and attainable goal, unless
the native ground water itself is non-
potable.

MONITORING PROGRAM DESIGN

The recommended monitoring program
specifically addresses the positioning
and design of the sampling station net-
work; selection of appropriate parameters
and monitoring frequencies; collection,
measurement and analytical techniques
and materiel requirements. Schedules
are developed for initial sewage efflu-
ent characterization, baseline monitor-
ing of native waters, and operational

and compliance monitoring. Brief ra-
tionale for the design criteria are pro-
vided to permit adaptability and appro-
priate adjustments keyed to existing site
configurations and unique conditions.

The recommendations are considered
conceptually applicable to all major
modes of land treatment. However, modi-
fications may be desired when dealing
with systems other than slow rate irri-
gation. For example, ground-water sur-
veillance may not be necessary in sup-
port of overland flow systems on very
thick impermeable soils, and it may be
advantageous to monitor soil moisture
for operational purposes at rapid infil-
tration sites or for compliance purposes
where the water table is exceedingly
deep.

SURVEILLANCE STATIONS

Pretreated Effluent Monitoring. A
requirement is stipulated to monitor the
flow and quality of the liquid waste
after pretreatment but before land appli-
cation. Data obtained from this monitor-
ing station would allow: demonstration of
compliance with applicable pretreatment
and disinfection criteria, effluent qual-
ity control by maintenance of proper pre-
treatment conditions, and determination
of hydraulic and parameter loadings.

Surface Water Monitoring. A require-
ment is stipulated to monitor the quality
of "down-gradient" surface waters, both
natural and artificial water bodies,
which may consist, in whole or in part,
of renovated wastewater derived from land
treatment. The positions of several re-
presentative surface water sampling sta-
tions are depicted on Figure 1: their
locations and rationale are discussed
below.

Springs and Landlocked Ponds - All
springs and landlocked surface water bod-
ies, either perennial or intermittent,
which occur between the land treatment
site and the installation boundary (or a
major flov;ing surface water body, which-
ever is closer), in the direction of de-
clining water table elevation, should be
monitored. Such monitoring would allow
determination of the concentration levels
and trends of any contaminants, derived
from the applied liquid waste, which may
be present in the ground water which Is
"discharged" to the surface at that point.
Although landlocked ponds will not convey
any contamination via direct discharge to
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surface streams, as in the case of
springs, all such surface water bodies,
which are fed primarily by ground-water
seepage, should be monitored to ascertain
the absence of contamination levels which
could adversely affect the local bio-
ecosystem or the existing or potential
use of that water.

The lateral limits of surveillance
coverage may be approximated by trian-
gular side areas, each defined bv a 45
degree angle to the direction of regional
ground-water flow, as shown on Figure 1.
Because the direction of groundwater
flow is often not linear and not static
(being constantly modified by changes in
aquifer recharge and discharge), and con-
sidering the effect of lateral dispersion,
the side angle coverage provides a fac-
tor of safety to assure the detection of
potential contaminants.

Renovated Wastewater Collection
Points - Where "renovated" wastewater
must be intercepted by ditches along the
site perimeter, or where shallow subsur-
face water must be artificially collect-
ed via drains or discharge wells follow-
ing the land treatment phase, this col-
lected liquid should be routinely moni-
tored prior to final discharge to a sur-
face water body. Such data are required
to allow demonstration of compliance with
National Pollutant Discharge Elimination
System (NPDES) permit requirements.

Ground-water Monitoring. Ground
water under and around land treatment
sites should be monitored to document the
maintenance of a water supply source of
adequate quality with respect to public
health and environmental protection
standards. Figure 1 depicts representa-
tive locations of shallow ground-water
observation wells for a single contiguous
land treatment site.

Onsite Wells - One centrally posi-
tioned surveillance well should be con-
structed within the land treatment site
to monitor the height of the ground-water
mound generated beneath the area of appli-
cation as well as the quality of the ren-
ovated wastewater upon entering the zone
of saturation. Such a well could provide
early detection of potential pollution
breakthrough should such a situation
develop.

When "significantly" nonuniform con-
ditions of soil permeability, wastewater
quality, application mode, or hydraulic
loading are instituted in the land treat-
ment system, additional onsite wells

should be included in the monitoring pro-
gram to document anticipated variations
in renovated wastewater composition from
one part of the site to another. Exam-
ples of "significant" differences, neces-
sitating the utilization of additional
onsite wells, include: year-round appli-
cation of wastewater to one area of the
site and short periodic application to
the rest of the site, the use of two or
more major modes of treatment (based on
soil variations), or segregated applica-
tions of wastewaters from very different
sources.

Baseline Well - One surveillance
well should be positioned outside the
treatment site and in the up-gradient
direction of general ground-water flow.
It should be situated far enough away
from the site perimeter to be beyond the
influence of the ground-water mound cre-
ated by wastewater recharge in order to
continually monitor the quality of native
ground water. This well will serve to
document any inflowing ground-water con-
tamination resulting from some activity
other than the land treatment operation.

Perimeter Wells - Surveillance wells
should also be distributed along the dis-
posal site perimeter in all directions
which normally experience ground-water
flow away from the site. These perime-
ter wells would enable monitoring of the
resultant ground-water quality after sub-
stantial mixing with the treated waste-
water had occurred and would serve to
demonstrate compliance with regulatory
ground-water quality criteria. It is
suggested that an "appropriate" number of
these perimeter wells should be a func-
tion of the length (in meters) of the
projection (P) of the egress perimeter
onto a line perpendicular to the ground-
water gradient. The following formula is
suggested, where PW is the number of pe-
rimeter wells, rounded off to the nearest
whole number: PU = (P/500)+l.

PARAMETER SELECTION

Wastewater Characterization. In
order to set forth a meaningful list of
parameters for routine effluent surveil-
lance, the wastex^ater must initially be
characterized p_rior to land treatment
implementation^ Characterization may be
accomplished by a one-time sampling and
analytical effort. In addition to de-
fining the concentration levels of con-
ventional indicator and health-signifi-
cant parameters, waste characterization
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will influence system design by demon-
strating the degree of pretreatment re-
quired to prevent obvious environmental
pollution or system failure. Table 1
presents the list of parameters recom-
mended for initial effluent characteri-
zation, based on the following brief
rationale.

The 10 constituents termed "health-
significant" are included to provide
quantification of those substances which
bear adversely on public health and which
typically are presented in municipal or
domestic effluent (although normally at
low levels). The indicator parameters:
biochemical oxygen demand, chemical oxy-
gen demand, fecal coliform, pH, and dis-
solved solids serve to characterize the
general quality of the wastewater in
terms of oxygen demand, dissolved organ-
ic content, indicator organisms, hydro-
gen ion activity, and dissolved ion con-
centration. High dissolved solids can
be potentially deleterious to vegetation,
recreational water bodies, and ground-
water supplies. The various forms of
nitrogen and phosphorus will define the
anticipated major nutrient loadings.
Nitrogen loading is particularly impor-
tant from a health viewpoint in that all
forms of applied nitrogen have the poten-
tial for being transformed within the
soil environment to nitrate, a potential
source of ground-water pollution. Very
high concentrations of oil and grease or
suspended solids could potentially lead
to a loss of soil infiltration capacity.
Sodium, calcium, and magnesium are ana-
lyzed in order to calculate the Sodium
Adsorption Ratio which, in turn, is an
estimate of soil permeability reduction
potential. Specific conductance, boron,
and copper concentrations are compared to
the threshold toxicity levels for vege-
tation. Many other metals of concern in
water used for irrigation purposes do not
normally exist in domestic effluent in
ionic concentrations at or above plant
toxicity threshold levels. Therefore,
unless the presence of those substances
is suspected (due to geographical preva-
lence or industrial input), they need not
be considered for analysis.

Operational and Compliance Monitor-
ing Program. The routine surveillance
program recommended herein is designed to
provide the minimum data required for
maintenance of satisfactory system per-
formance (including pretreatment), for
protection of public health and environ-
mental quality, and for compliance demon-

stration with any existing state regula-
tory criteria for discharges, surface
waters, and ground waters. The following
brief rationale apply to the specific
parameters recommended in Table 2.

Biochemical oxygen demand and sus-
pended solids determinations aid in the
definition of pretreatment efficiency;
pH is a general indicator of water qual-
ity. Chemical oxygen demand is an indi-
cator of organic content and serves to
document the system's continuing ability
to remove oxygen-demanding substances.
Fecal coliforms are an indicator of
pathogenic microorganisms of intestinal
origin. Wherever chlorination is pro-
vided, chlorine residual determinations
should be performed to document the ade-
quacy of disinfection. Flow measurements
enable proper management of the hydraulic
load and interpolation of constituent
loadings. Nitrate/nitrite-nitrogen is a
particularly important parameter to fol-
low throughout the course of domestic
wastewater land treatment because of its
health implications. Total phosphate
analyses will define the potential devel-
opment of conditions favoring eutrophica-
tion in receiving surface waters.
Phosphorus analyses are therefore only
required where native surface water
bodies are In close proximity to the
treatment site. Measurement of the
fluctuations of the static water level
in each monitoring well will permit con-
tinual evaluation of ground-water mound-
ing effects, flow patterns, and trends.

In addition to the parameters given
in Table 2, any health-significant con-
stituent demonstrated (by initial waste-
water characterization) to be in excess
of the permissible limit recommended for
drinking water should be included in the
routine monitoring program. Still other
parameters could be designated for man-
datory surveillance at any of the sam-
pling stations by responsible state
regulatory authorities.

FREQUENCY SELECTION

Initial Surveillance. Initial
wastewater characterization should be
performed prior to design of a land
treatment system. Three to seven days of
continuous 24-hour flow-composited sam-
ples, supplemented by analyses of dis-
crete samples as required because of
preservation reauirements and outlying
values, should suffice for waste char-
acterization. Also prior to land treat-
ment implementation, all specified
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native surface water and ground-water
surveillance stations should be grab sam-
pled on a quarterly basis at least four
times to provide baseline data on the
native water quality. All parameters to
be included in the operational and com-
pliance monitoring program should be ana-
lyzed/measured in these baseline samples.

Operational and Compliance Monitor-
ing. In lieu of more stringent NPDES
permit or other state requirements, one
measurement or sample and analysis per
month, for all specified parameters,
should be the minimum frequency needed to
meet the stated surveillance objectives
of all sampling stations. One exception
is that continuous measurement of the
pretreated effluent flow is encouraged.
Routine surveillance should be continued
year-round at all appropriate stations,
even if waste application is seasonal or
otherwise periodic, to monitor time-lag
quality effects upon all water resources.
Periodic review of the data generated may
indicate areas for adjustments to the
monitoring program and will insure that
the program remains responsive to the
needs of the facility.

PROJECTED PROCEDURAL AND MATERIEL RE-
QUIREMENTS

Sample Collection and Measurement
Effort. It is recommended that all sam-
ples obtained for analysis be grab sam-
ples, rather than composite samples,
with the exception of the initial waste-
water characterization phase. The use of
composite sampling techniques is inappro-
priate at many sampling points because
of station remoteness, power and manpower
considerations, and the damping (equal-
izing) effect of land treatment on con-
stituent concentrations. All samples
should be collected in clean, clearly
labeled, plastic containers and glass
bottles. The use of a truck or trailer-
mounted, submersible, low capacity pump,
designed to swing off the side of the
mount, could be used to obtain samples
from all wells.

Three of the recommended parameters
lend themselves to field measurement
rather than laboratory analysis. Con-
tinuous flow records at the pretreatment
facility may be obtained directly by
utilizing a combination level reading
and recording device. Elsewhere, a
Parshall flume or similar device may be
employed to permit relatively accurate
mass flow calculations. pH may be meas-
ured onsite using a portable, direct-

reading pH meter with internal compensa-
tion for temperature variations. The
static water level In each well should
be routinely measured using a portable,
transistorized water level indicator.

Analytical Effort. Immediately
following sample collection (and filtra-
tion, if appropriate) each sample should
be appropriately preserved to retard the
chemical and biological changes that
inevitably ensue after the sample is
removed from the parent source. Further
steps in proper sample preparation may
involve procedures such as dilution, in-
cubation, addition of chemicals, indica-
tor solutions, etc., to permit relative-
ly accurate, precise, and consistent
subsequent analytical determinations.
The recommended methodology for the
actual performance of analyses is con-
tained in Standard Methods, 14th ed.3

The analytical skill requirements will
vary from parameter to parameter and
among sample preparation, actual sample
analysis, and analytical evaluation
tasks. Duplicate samples and standard-
ized solutions should be processed alon^
with the principal workload to verify
the precision and accuracy of the ana-
lytical techniques employed. This qual-
ity assurance workload generally amounts
to about 20 percent of the basic workload.
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Table 1. Guide to Parameter Selection for Initial Effluent Characterization

Health-Significant^ Parameters :

Arsenic* Lead*
Barium* Mercury*
Cadmium* Nitrogen, Nitrate/Nitrite
Chromium* Selenium*
Fluoride* Silver*

Indicator and Operational Management Parameters:

Biochemical Oxygen Demand Nitropen, Total Kjeldahl
Boron* Oil and Grease
Calcium* pH
Chemical Oxygen Demand Phosphorus, Total Phosphate
Coliform, Fecal Sodium*
Copper* Solids, Dissolved
Magnesium* Solids, Suspended
Nitrogen, Ammonia Specific Conductance

* Analyzed from sample which has been passed through 0.45 micron filter.

Table 2. Guide to Parameter Selection for the Operational and Compliance
Monitoring Program

Pretreated Surface Hater Ground-water
Parameters Effluent Sampling Stations* JLail3>JLinJL StatJLons

X X

X X
X
X X
X X
X X

Biochemical Oxygen Demand
Chemical Oxygen Demand
Chlorine Residual
Coliform, Fecal
Flow
Nitrogen, Nitrate/Nitrite
pH
Phosphorus, Total Phosphate
Solids, Suspended
Static Water Level

X
X
X
X
X
X
X
X
X

* If collected renovated effluent is discharged directly to a surface water body,
the specific parameters for routine surveillance will be stated in the NPDER permit.
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EXPLANATION '•
PE-Sampling station for pretreated effluent

CRW- Sampling station for collected renovated wostewater
BW- Baseline well

0 W - Onsite well
PW- Perimeter well

GROUND-WATER
FLOW DIRECTION

PRETREATMENT

Figure I. Representative Sampling Stations

323





MONITORING PROCEDURES

SEPTIC LEACHATE DETECTION - A
TECHNOLOGICAL BREAKTHROUGH FOR

SHORELINE ON-LOT SYSTEM
PERFORMANCE EVALUATION

William B. Kerfoot
E. C. Brainard II
Environmental Devices Corporation
Marion, Massachusetts

ABSTRACT

A comparator fluorometer has been
designed to fingerprint wastewater
effluent discharges and to monitor
concentrations along shoreline areas.
Using a stable ratio between fluores-
cent organics commonly found in efflu-
ent and inorganics as conductivity,
the instrument is calibrated against a
standard effluent. Mounted in a boat,
the system draws water from the near-
shore lake bottom through the instru-
ment which detects and profiles any
plumes of effluent-like substances
emerging from lake sediments. With
the ENDECOR Type 2100 Septic Leachate
Detector, the SEPTIC SNOOPER™ System,
the operator is now able to continuous-
ly scan an extensive shoreline at
walking pace and spacially locate
areas of concern. Discrete laboratory
samples can be taken on location for
bacterial and nutrient analysis.
Expensive laboratory time for normal
random taking of samples is substan-
tially reduced and redirected towards
identified problem areas.

The movement of nutrients from
lake sediments into overlying waters
is often viewed as a passive process
rather than an active emergence of
groundwater plumes from on site dis-
posal units (Welch et.al. 1977). Huff
et.al. (1977) found that 65 percent of
the dissolved mineral nitrogen entering
Lake Wingra came from subsurface
springs and groundwater seepage. The
contribution of nutrients from subsur-

face discharges of shoreline septic
units has been estimated at 30 to 60
percent of the total nutrient load in
certain New Hampshire lakes (LRPC,
1977).

The lake shoreline is a particu-
larly sensitive area since: 1) the
groundwater depth is shallow, encour-
aging soil water saturation and
anaerobic conditions; 2) septic units
and leaching fields are frequently
located close to the waters edge,
allowing only a short distance for
bacterial degradation and soil adsorp-
tion of potential contaminants; and
3) the recreation attractiveness of the
lakeshore often causes temporary
overcrowding of homes leading to
hydraulically overloaded septic systems.
Groundwater inflows frequently convey
wastewaters from nearshore units
through bottom sediments and into lake
waters, resulting in macrophyte growth
and algal blooms, particularly in
porous soils found on glacial outwash
plains (Figure 1).

The ENDECO Type 2100 Septic
Leachate Detector, combined with static
leachate collectors, can form effective
tools with which regulatory agencies
can monitor the condition of shoreline
septic systems. Profiling of the
shoreline with the SEPTIC SNOOPER
System indicates the position of
malfunctioning septic systems (Figure
2). Installation of static leachate
collectors can quantify the rate of
concentration of effluent flowing out
through located subsurface plumes.
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Ç-QROUNDWATER |" i

SEPTIC LEACHATE-^

Figure 1. Excessive Loading of Septic System on Porous Soils Causes
Plumes of Poorly-treated Effluent Which Move with Ground-
water Flow and may Discharge into Nearby Lakes.

Septic Leachate Detector Theory of
Operation and System Design

Investigations of wastewater
effluent deposited on sand filter
beds at Otis Air Force Base, Cape
Cod, Massachusetts showed persistent
fluorescent organics at distances
greater than 100 meters from disposal
areas (Kerfoot et.al. 1975). Waste-
water effluent contains a mixture of
near UV fluorescent organics derived
from whiteners, surfactants and
natural degradation products which
are persistent under the combined
conditions of low oxygen and darkness.
Figure 3 shows two samples of sand-
filtered effluent from the Otis Air
Force Base Sewage Treatment Plant.
One was analyzed immediately and the
other after having sat in a darkened
bottle for six months at 20°C. Note
that no decrease in fluorescence was
apparent, although during the aging
process some narrowing of the fluores-
cent region did occur.

Aged effluent percolating through

sandy loam soil under anaerobic con-
ditions reaches a stable ratio between
the organic content and chlorides
which are highly mobile anions. The
stable ratio (cojoint signal) between
fluorescence and conductivity allows
ready detection of leachate plumes by
their conservative tracers as an early
warning of potential nutrient break-
throughs or public health problems.

The Septic Leachate Detector
consists of the subsurface probe, the
water Intake system, the analyzer
control unit, and the graphic recorder
(Figure 2). Initially the unit is
calibrated against stepwise increases
of a wastewater effluent, of the type
to be detected, added to the background
lake water. The probe of the unit is
then placed in the lake water along
the shoreline. Groundwater seeping
through the shoreline bottom is drawn
into the subsurface intake of the
probe and travels upwards to the
analyzer unit. As it passes through
the analyzer, separate conductivity
and specific fluorescence signals are
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DISCHARGE

INTAKE

I PUMP

DUAL CHANNEL
STRIP CHART

RECORDER

SAMPLE
BOTTLE

CONDUCTIVITY
METER T\

EFFLUENT
INDEX

METER

ENDECO* SEPTIC LEACHATE DETECTOR (SEPTIC SNOOPER'") SYSTEM DIAGRAM

Figure 2. The ENDECO Type 2100 SEPTIC SNOOPER Consists of Combined
Fluorometer/Conductivity Units Whose Signals are Adjusted
to "Fingerprint" Effluent. The Unit is Mounted in a Boat
and Piloted Along the Shoreline. Here the Probe is Shown
in the Water with a Sample Being Taken at the Discharge of
the Unit for Later Detailed Analysis.
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generated and sent to the analog
computer circuit which compares the
signal against the standard to which
the unit was calibrated. The resul-
tant signal, as a percentage of the
standard, is continuously documented
on a stip chart recorder as the boat
moves forward. The analyzed water is
continuously discharged from the unit
back into the receiving water.
Wherever discharges of wastewater
plumes are located, water samples are
taken at the peak and analyzed by EPA
Standard Methods for chemical content
of the plume. The unit is powered by
a 12 volt automobile battery or a
portable generator.

FIELD CAPABILITIES OF SYSTEM

The ENDECO Type 2100 Septic
Leachate Detector has three important
uses: a) performing rapid sanitary
surveys, b) identifying precise
sources of nutrients and c) quantifying
subsurface nutrient inflows for lake
management. The following examples
illustrate how the Leachate Detector
has provided insight into septic
system impact on shorelines, informa-
tion which would not have been possible
with traditional discrete water
samplings used alone.

Sanitary Surveys

Some shoreline situations may be
marginally suitable for septic
systems (Holzer, 1975). The soils
may be too shallow, have too high a
water table, have coarse gravel,
fissure cracks, or an impermeable
layer (called "fragipan"). Erosion
along beach areas may actually break
into boundaries of older drainage
fields. The types of malfunctions
fall into several categories: 1)
subsurface hydraulic overloads in
porous soils, resulting in a plume of
partially treated wastewater emerging
from the bottom sediments into the
lake; 2) conduiting - where effluent
"short-circuits" through subsurface
cracks or highly permeable gravel
layers and enters the lake either
above or below the water surface;
and 3) overflow of septic systems
yielding surface runoff of wastewater
into tributaries feeding a lake or
directly into lake perimeters.

For example, Figure 4 depicts the
approximate size of discharges observed
by the SEPTIC SNOOPER System along the

shoreline of a cove in a New Hampshire
lake. The lower two lines present the
bacterial and nutrient concentrations
observed in water quality samples
taken for background locations and at
the centers of maximum observed dis-
charges. The concentrations of toal
coliform (dark) and fecal streptococcus
bacterial (light) are indicated by the
height of the histograms. The horizon-
tal dotted line represents a concentra-
tion of 1000 counts/100 mL, the present
public health safety criteria for
recreational-use waters. The discharges
of Stations 5, 6, 7 and 8B of Piper
Cove exceeded the recreational level.
All observed discharges of septic
leachate that were sampled, as shown
in the lowest line, revealed nitrogen
contents significantly above background
levels. The total nitrogen and total
phosphorus contents of water samples
are also plotted as histograms. Total
phosphorus values were noticeably
elevated at Stations 5 and 7 of Piper
Cove.

Sources of Nutrients

Spinnaker Cove is a closed loop
canal dredged out of marshlands in
sandy soil in the Town of Mashpee,
Massachusetts. In 1977, Environmental
Devices Corporation conducted a survey
to establish that elevated nutrient
contents observed in the canal resulted
from septic leachate and not drainage
from the central peat marsh (EMI,
1975).

A shallow topsoil, consisting of
an overburden of mixed medium sand and
peat, rested atop a strata of peat,
varying from .6 to 2 meters below the
surface, which was followed by light
medium to fine sand. From accumu-
lation of groundwater in the canal at
steady state, the flushing time of the
canal was estimated to range between
8.6 and 12.4 tidal cycles, indicating
a groundwater infiltration rate of
about 3.68 cubic meters per 30.3
meters distance per tidal cycle.

Surveys of the shoreline indicated
a series of discharges from individual
lots, with the largest plumes observed
in the region of least flushing (Figure
5). The elevations of ammonia-nitrogen
(NH4-N) levels corresponded to the
location of the effluent discharges,
clearly identifying the nitrogen as
originating from septic system leachate
and not decaying organic matter from
the centrally-located marsh. A highly

329



SEPTIC LEACHATE TRACING

PIPER C SQUAM LAKE

7 STATION LOCATION

FECAL
EPTOCOCCUS

NITROGEN
/ (TOTAL)

/ PHOSPHORUS
/ / (TOTAL)

TRANSECT AND SAMPLING LOCATIONS
ON SQUAM LAKE,JUNE 22,1977

Figure 4. A Typical Survey Shows Results of Bacterial and Nutrient Analyses Taken at Observed Peak Concentrations.



significant correlation (r2 = +.94)
existed between the fluorescent signal
from the SEPTIC SNOOPER System and the
NH4-N content from water samples taken
at peak concentration (Figure 5).

Quantifying Subsurface
Nutrient Inflows

To evaluate the extent of nutrient
loading under different soil conditions,
SEPTIC SNOOPER surveys were conducted
along different shorelines of Lake
Winnipesaukee for the Lakes Region
Planning Commission in New Hampshire.
The data was utilized in the Lakes
Region Area-wide Waste Water Management
Program (208 Program) for the purpose
of analyzing septic system nutrient
retention and effective life of the

units. Nitrogen and phosphorus ,1
penetration of the soil and lake bottom
were measured directly at locations of
observed plumes of substantial size and
from leachate collected in static
seepage collection meters.

The Leachate Detector was used to
scan shoreline beaches on Lake Winona.
When a small plume was detected, after
a water sample was obtained for later
analysis, a static seepage collection
meter was placed at the peak of the
observed plume (Figure 6).

The seepage meter design was based
on a sampling device designed by
David R. Lee of Waterloo University
which consists essentially of a meter
drum seepage cylinder sunk into the
sediment near the shoreline and vented
to a 4 liter plastic bag. The drum
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Figure 5. Septic Leachate Plumes and their Correlation with Amonia-Nitrogen

Contents of Water Samples Taken at Peak Concentration.
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Figure 6. The Static Septic Leachate Collector and
the Observed Increase in Ammonia-Nitrogen
and Conductivity in the Isolated Discharge
of a Small Plume at Winona Lake.

restricts the normal mixing of lake
water with recharged groundwater,
eventually filling completely with the
recharged water. Groundwater flowing
in through the bottom slowly replaces

the original water in the drum until
the internal concentration of con-
stituents mirrors that of the recharg-
ing groundwater (Table 1).
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Table 1. Increase in Constituents in Groundwater
Static Seepage Collector Installed at
Winona Lake on Small Shoreline Plume

Constituent
(mq/L-ppm)

Ortho-P

Total-P

Nitrate-N

Ammonia-N

Conductivity*

June 22nd

.0003

.0155

.0020

.0020

44.1

August 4th

.0016

.0189

.0246

.3822

47.2

August 25th

.0050

.0124

.0170

.5128

49.7

^Conductivity in^imhos/cm2

The nutrient concentration was
monitored at three-week intervals to
show the rate of replacement and com-
position. Typical effluent exhibits a
rough conductivity:total phosphorus:
total nitrogen ratio of 200:8:20.
Considering this basic ratio, one would
expect to find a total nitrogen (N)
content of .560 ppm in seepage contain-
ing a conductance increase of ô . ô h
above background. Based upon the
observed increase in conductance, an
effluent concentration of 2.8 percent
should have been present. To compare
with this, a portion of the seepage was
removed from the meter then diluted and
circulated through the SEPTIC SNOOPER.
The sample showed an effluent concen-
tration from 1,0-2.4 percent equiva-
lence to a standard Otis effluent which
was close to the anticipated value.

CONCLUSION

The ENDECO Type 2100 Septic
Leachate Detector, the SEPTIC SNOOPER
System, combined with static leachate
collectors form effective tools with
which regulatory agencies can monitor
the condition of shoreline septic
units. By moving at a near constant
speed along shorelines, the device
can map the position and approximate
magnitude of underground plumes
emerging into the lake waters from
hydraulically overloaded or "short
circuited" systems. Discrete water
samples can then be taken efficiently
and economically for nutrient and
bacterial analyses.
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ABSTRACT

During 1972 a manual for the design
of wastewater treatment facilities was
developed by the U.S. Army Engineer
Waterways Experiment Station. To com-
plement the design manual and assist the
field design engineer, the computer
model CAPDET (Computer Assisted Pro-
cedure for the Design and Evaluation of
Wastewater Treatment Systems) was de-
veloped. In response to field users'
requests for design information on land
treatment, a land treatment module was
developed and implemented into CAPDET.
The CAPDET program provides planning
level design and cost evaluations for
any wastewater treatment system.

There are five basic land treatment
system alternatives available for use in
the land treatment module of CAPDET:
rapid infiltration, overland flow, spray
irrigation, ditch irrigation and flood
irrigation. Unit process design data
must be included with each land treat-
ment system. These data include:
application rate, width of buffer zone,
field application period, wastewater
generation period, cost of land, period
of storage, site preparation, distribu-
tion pumping and recovery system. Other
design features (i.e., lining for
storage reservoirs) can be included, if
needed. Also, wastewater characteris-
tics (B0D5, BODb soluble, COD, COD
soluble, maximum flow, average flow,
minimum flow, TKN, N0 3, NH3,

cations, anions, settleable solids,
suspended solids, volatile solids, oil
and grease, pH and temperature) and the
cost analysis data (interest rate, plant
life, construction cost index, supply
cost index, wage rate and inflation
index) are necessary input parameters.

The land treatment module of CAPDET
is designed to generate three major
types of output: total land require-
ments, the percolate water quality
summary and costs (capital, average
annual, and operation and maintenance).
The Stage II cost estimating routines
from the 1975 Environmental Protection
Agency reference entitled "Costs of
Wastewater Treatment by Land Application"
served as the principal data source for
the model [l].

A land treatment system design
would be upgraded to the level that
construction details are well enough
defined so that an adequate estimate of
quantity of construction materials, man-
hours of labor, etc., which are neces-
sary to build and operate a land treat-
ment system, can be made. These var-
iables are called cost elements.
Realizing the enormous number of cost
elements utilized in plant construction,
a "modified" cost element approach is
being developed. Other major emphases
in updating the land treatment module of
CAPDET are on the computation of the
required land treatment application area
based on nitrogen requirements, crop
uptake and revenue option, and the
percolate water quality predictions.
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CAPDET can be used as a planning
tool to estimate the costs and designs
of land treatment systems and as a
screening tool to compare a wide range
of alternative land treatment designs
quickly -with a common economic design
base, each capable of meeting specified
percolate water quality criteria. The
model can simultaneously rank alterna-
tives on the basis of cost-effectiveness.
In addition, schemes for alternative
conventional treatments can be input and
ranked against land treatment to compare
costs and treatment efficiency.

BACKGROUND:
PROGRAM

CORPS WASTEWATER MANAGEMENT

The passage of the Federal Water
Pollution Control Act in 1972 (Public
Law 92-500) gave the U.S. Army Corps of
Engineers new direction in their water
resource planning missions. The Corps
became involved in the effort to define
and solve water pollution problems early
in 1972. At this time the Corps under-
took the study of five large metropolitan
areas in an effort to develop a set of
long-range alternatives for treating
wastewater in these cities. These
studies eventually led to the "Urban
Studies Program," a program to develop
long-range plans for administering and
managing the total water resources of a
major area. Wastewater management
continues to be a major study item
within the Urban Studies Program. At
the same time, the Corps realized its
own recreation sanitary facilities and
military installations required waste-
water treatment upgrades. The Office,
Chief of Engineers (OCE) was then re-
quired to provide the sanitary engineers
in field offices guidance for planning
and design of treatment systems within
the domains of military installations,
recreation areas and Urban Studies.

CORPS WASTEWATER MANAGEMENT GUIDANCE:
THE CAPDET MODEL

During 1972, in response to Public
Law 92-500, a series of manuals to
provide guidance to the field offices
for wastewater treatment facility
design and cost estimating were de-
veloped [2]. To complement the design
manuals and to assist the field engi-
neer, the computer model CAPDET (Com-
puter Assisted Procedure for the Design

and Evaluation of Wastewater Treatment
Systems) was developed and placed in use
in 19lh. The objective of the CAPDET
program is to provide a screening tool
capable of designing and evaluating a
large number of alternative wastewater
treatment systems, each capable of
meeting the specified effluent criteria,
and simultaneously ranking these altern-
atives on the basis of their cost effec-
tiveness. The program has since had
wide application, not only within the
Corps, but also in other Federal and
state agencies, universities, and pri-
vate consulting firms.

THE CAPDET SYSTEM

The computer format of the CAPDET
model follows a plan formulation similar
to that used by sanitary engineers when
considering alternative treatment
schemes. CAPDET is coded in the English
language to the greatest extent possible,
to increase the usability of the program.
The program can be run by planners and
engineers with a minimum of instruction.
The vastewater is described by the user
specifying the concentration or magni-
tude of any or all 20 wastewater charac-
teristics: BOD5, soluble BOD5, COD,
soluble COD, settleable solids, sus-
pended solids, volatile solids, TKN,
N0 2, N0 3, NH3, PO4, maximum flow, min-
imum flow, average flow, cations, anions,
pH, temperature, and oil and grease.
The alternative treatment methods are
input by the planner using engineering
judgement to select among the 50 unit
processes available in CAPDET. The
wastewater treatment design schemes may
be physical, chemical, biological, land
treatment or a combination of these, and
can be arranged to meet primary, secon-
.dary or tertiary treatment levels. The
user may also set effluent quality
limits on any of the 20 waste descript-
ors, thereby screening out plants that
do not satisfy treatment criteria. The
50 unit processes have been programmed
using standard sanitary engineering
design formulations and by using average
values for the design parameters in a
"default" data deck. The "default" data
are easily accessible to the user, thus
placing the user in control of the final
designs. Cost data must also be sup-
plied by the user to update the cost
curves contained in the computer pro-
gram. The cost analysis parameters
include the interest rate, life of the
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treatment plant, construction cost
index, supply cost index, wage rate and
the inflation index.

The CAPDET computer program forms
all the possible treatment schemes from
the alternatives the user supplies. The
computer program processes the alterna-
tives and performs a cost analysis on
each unit process. The output results
in a ranking of the 100 most cost-
effective schemes which meet the stated
water quality criteria. Cost informa-
tion (capita], operation and maintenance,
and average annual) for eaoh plant and
each unit process within each plant, the
preliminary designs and the water
quality predictions for each process,
are given. Figure 1 shows a schematic
of inputs, CAPDET program elements and
output. The program is designed to "be
run numerous times with a logical se-
quence of review and fine-tuning of
promising designs.

WASTE

CHARACTERISTICS

CAPDET

POSSIBLE TREATMENT
SCHEMES

PROGRAM

PLANNING LEVEL
COST ESTIMATES

PRELIMINARY

DESIGNS

Figure 1. CAPDET program schematic.

CORPS LAND TREATMENT RESPONSIBILITIES

The Federal Water Pollution Control
Act Amendment of 1972 (Public Law 92-
500) has required consideration of
wastewater reclamation and recycling
by land treatment as an alternative to
conventional unit processes for the
treatment of municipal wastewater.
This applied to all Environmental Pro-
tection Agency (EPA) 208 Area-wide
Studies and 201 Facility Planning Pro-
grams, the Corps of Engineers Urban
Studies Program, Corps recreational
facilities, and the planning and design
of Corps-constructed facilities. By
Federal regulation, all military bases

must consider land treatment as an
alternative to conventional waste treat-
ment. As the construction agent of the
Army, the Corps of Engineers has the
task of meeting the requirements of
Public Law 92-500 and conducting re-
search where needed.

THE LAND TREATMENT MODULE OF CAPDET

During 1975, in response to field
users' requests, a cooperative effort
between the U.S. Army Cold Regions Re-
search and Engineering Laboratory (CRREL)
and the Environmental Laboratory (EL)
of the U.S. Army Engineer Waterways
Experiment Station (WES) was initiated
to include a land treatment module in
the CAPDET system. The land treatment
module was developed and implemented
into the CAPDET system by the time of
the first Corps land treatment training
course in December 1975. There are five
basic land treatment system alternatives
in the land treatment module of CAPDET:
rapid infiltration, overland flow, spray
irrigation, ditch irrigation and flood
irrigation. These various modes of land
application of wastewater can be uti-
lized with any conventional treatment
scheme. Often land treatment is used to
upgrade the treatment level at an exist-
ing system. An example of a land treat-
ment scheme is shown in Figure 2 as the
conventional sanitary engineering block
diagram, and is translated in Figure 3
to CAPDET format.

This example input, if processed
through the CAPDET system, would provide
designs, costs and effluent quality pre-
dictions for 15 different treatment
plants. The scheme describes prelimi-
nary treatment (bar screening, grit
chamber, comminution), followed by one
of three types of lagoons (aerated,
facultative aerated, stabilization
pond), followed "by chlorination, trans-
mission lines to the field, and then one
of the five modes of land application.
These 15 plants would be ranked accord-
ing to average annual cost. Schemes
with conventional "biological, chemical
and physical unit processes can also be
input and ranked against land treatment
schemes to compare costs and treatment
efficiency.

The land treatment module is proc-
essed through CAPDET in the same manner
as the conventional treatment processes.
However, there are several basic differ-
ences in the requirements for inputs to

337
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Figure 2. Block diagram.

TITLE LAND TREATMENT SCHEME
LIQUID LINE
BLOCK PRELIM
BLOCK AERATE FACULT LAGOON
BLOCK CHLORI
BLOCK TRANSM
BLOCK SPRAY FLOOD DITCH OVERLA RAPID

Figure 3. CAPDET format.

the land treatment module. Land treat-
ment systems are extremely site-specific.
There are many factors in the planning
stage which must be taken into account,
"but are not quantifiable or easily
adapted to computer procedures. The
designer must make a number of decisions
prior to utilizing the land treatment
module of CAPDET for cost estimates and
treatment performance comparisons. A
major input to the land treatment module
is the application rate. Therefore, the
designer must have the site selected and
be familiar with the soils, geology,
climate and land use characteristics so
that an application rate can be determ-
ined. Other data inputs required by the
land treatment module of CAPDET which
need to be determined from the site-
specific information are field applica-
tion period, width of buffer zones,
wastewater generation period, period of
storage, site preparation needs, cost of
land, distribution pumping and the re-
covery system for renovated water.
Other design features (i.e., lining for
storage reservoirs) may be specified, if
needed, as design options for cost
adjustments.

The land treatment module is de-
signed to generate three major types of
output: total land requirements, the
percolate water quality summary and
costs (capital, average annual, and
operation and maintenance). The input
data described above are processed
through CAPDET as shown in Figure h.
Cost components of land treatment sys-
tems include: application systems,

SPRAY IRRIGATION
RAPID INFILTRATION

DITCH IRRIGATION
OVERLAND FLOW

FLOOO IRRIGATION

DETERMINE COST
FOR EACH

COMPONENT

READ INPUT DATA

SELECT PROCESS TRAIN
WITH LAND TREATMENT

INPUT DESIGN OPTIONS

STORAGE

PUMPING

j RECOVERY SYSTEM

FENCING

SERVICE ROADS

MONITORING WELLS

* REDUCTION OF
WASTE PARAMETERS

COST AND
EFFLUENT QUALITY

SUMMARY

Figure k. Land treatment process module.

renovated water recovery systems, distri-
bution systems, storage areas, field
preparation, monitoring systems, admin-
istration and laboratory facilities,
service roads and fencing. Each com-
ponent can represent a significant
capital expenditure or yearly operating
expense in a land treatment system. The
CAPDET program generates costs for each
component. The principal data source
for the cost data base in the land
treatment module is taken from the Stage
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II cost estimating routines in the 1975
EPA reference entitled "Costs of Waste-
water Treatment by Land Application" [l].
Treated water quality predictions are
taken from the 1975 EPA reference enti-
tled "Evaluation of Land Application
Systems" [3].

FUTURE CAPDET DEVELOPMENTS

OCE and EPA are sponsoring, through
an interagency agreement, the develop-
ment of a new cost estimating procedure
for the CAPDET program. The criteria
for development of the new cost system
were:

- must "be well defined
- must "be consistent
- must "be updatable
- must "be sensitive to local

conditions

A decision was made to follow a
"cost element" approach to estimate
wastewater treatment costs. In this
approach, the sanitary engineering
designs would be upgraded to the
level that construction details would be
well enough defined to adequately esti-
mate quantities of materials, man-hours
of labor, etc. necessary to build and
operate the plant. These quantities are
the cost elements. Realizing the enor-
mous number of cost elements utilized in
plant construction, a "modified" cost
element approach was chosen in which
only elements contributing a major input
to the total cost would be used. It was
felt that a breakdown of unit processes
into cost elements on which actual
construction is based, with application
of their attendant unit prices, would
provide sensitivity to field conditions
and a consistency between unit processes,
and eliminate the need for cost indices.

The cost elements are determined by
the construction details, i.e., design
features, that describe the unit process.
As an example, a capital cost basin
design element is reinforced concrete:

Cost Element

amount of concrete = f \

Design Feature

diameter
depth
wall thickness

Cost elements are identified for each
unit process such that the majority of
plant costs, both capital and operating,
are defined by this method. The magni-
tude of each cost element is summed for
the total plant and unit prices input to
determine the system costs.

The development of this new cost
estimating system also includes bringing
all treatment process designs up to the
state-of-the-art of research. Five of
the processes which are encompassed by
the new work unit are the land treatment
modes. The land treatment module is
given high priority in light of recent
EPA and Corps needs. A cooperative
effort between CRREL and the EL in FY78
includes refinements to the land treat-
ment subroutines in CAPDET.

A subroutine to address the nutrient
uptake by crops will be added to the
land treatment module of CAPDET. Nutri-
ent uptake values for various crops will
be taken from the Process Design Manual
for Land Treatment of Municipal Waste-
water [k]- The cost analysis for a land
treatment system will include the econ-
omic return from a cash crop.

Since nitrogen is one of the limit-
ing factors in land treatment, a nitro-
gen balance subroutine will be added for
prediction of the nitrogen in the per-
colating water from a land treatment
system. The equations used in the
nitrogen balance are similar to those
described in the Manual [h]. The nitro-
gen balance equation will also be used
as an option to determine the required
land application area based on nitrogen
requirements. The water balance equa-
tion stated in the Manual will be used
to determine the wastewater hydraulic
loading rate [h]. The water balance
equations would be developed separately
for the slow infiltration, rapid infil-
tration and overland flow processes.

The equations for prediction of the
percolate water quality from the three
types of application systems (slow
infiltration, rapid infiltration and
overland flow) are to be improved using
data from current research findings.
The main parameters which will be empha-
sized are NO3 and POi| for infiltration
systems and BOD, suspended solids, TKN,
NH3, N0 3 and POi+ in overland flow
systems.

The development of the "modified
cost estimating" system is approximately
one-half complete. When finished, the
CAPDET system will contain 60 unit proc-
esses including conventional chemical,
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physical and 'biological processes, land
treatment processes and processes suit-
able for flows under Q.k m3/s (0.5
million gallons per day). It will be
the most comprehensive cost data base
available to engineers nationwide. A
verification of the cost estimating
system is being performed by EPA utiliz-
ing data collected in a recent nation-
wide survey of wastewater treatment
plant costs.
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COST ESTIMATION

COMPUTER TECHNIQUES FOR THE
ANALYSIS OF LAND TREATMENT SYSTEMS

Ronald L. Ewing & Nick Ferrari
Boyle Engineering Corporation

Phoenix, Arizona

ABSTRACT

The paper will describe a computer
software package that has been prepared
to analyze potential land treatment
sites, evaluate their suitability for
various types of application, calculate
land areas and storage requirements for
each suitable type, and summarize the
analysis. Data analysis and procedures
have been adopted from the U.S. Environ-
mental Protection Agency's Evaluation of
Land Application Systems Technical Bulle-
tin.

After reviewing the analysis infor-
mation, the engineer can then evaluate
site characteristics and the surrounding
area in regard to the final land treat-
ment system configuration, including
storage sites, transmission alignments,
as well as application and recovery
methods. The information can then be
input to a separate cost analysis pro-
gram. The cost analysis procedures were
adopted from the U.S. Environmental Pro-
tection Agency's Costs of Wastewater
Treatment by Land Application Technical
Bulletin and the U.S. Army Corps of
Engineers Computer Assisted Procedure
for the Design and Evaluation of Waste-
water Treatment Systems (CAPDET) Program.

The cost program utilizes cost
curves, based on various design para-
meters calculated in the analysis pro-
gram. Adjustment factors are available
to index labor, material, and construc-
tion costs to different areas, as well
as having the capability of analyzing
the effect of revenues on the project.
These revenues may result from crop
sales, reclaimed wastewater sales, or
land leasebacks.

The program package allows the

engineer the opportunity of a detailed
preliminary investigation including
sensitivity to variables with the econ-
omy of computer assisted design.

INTRODUCTION

The study of land treatment sys-
tems as viable alternatives to conven-
tional systems was given new life by the
passage of Public Law 92-500 in 1972.
Section 208 of the law provides for
large scale areawide planning and Sec-
tion 201 provides for specific community
or facility plans. The law mandates
the evaluation of land treatment sys-
tems in all "208" and "201" programs;
and the federal government in fact en-
courages the implementation of land
treatment. This encouragement is evi-
denced in the federal funding policy
passed in 1977 (Clean Water Act of 1977).
Under this policy, "innovative" treat-
ment systems, which include land treat-
ment, are given 85 percent funding for
design and construction as opposed to
75 percent funding for conventional
systems. In addition, the law provides
that, if the land treatment system fails
to perform satisfactorily, the federal
government will provide 100 percent
funding for the design and construction
of a replacement system. A further ad-
vantage is given land treatment systems
in that they are allowed a 15% advan-
tage in the cost effective analysis.

Our recent involvement with land
treatment systems began in 1976 when
Boyle Engineering Corporation was con-
tracted by the U.S. Army Corps of
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Engineers to develop Land Treatment Al-
ternatives for the Phoenix Urban Study.
The Phoenix Urban Study was undertaken
to satisfy Section 208 of Public Law 92-
500. The study area is centered around
the City of Phoenix and includes an area
of approximately 5960 square kilometers,
(2300 square miles) with an estimated
population of around 1.2 million persons.
See Plate 1.

In December 1977, à "201" study was
initiated which included a sizeable por-
tion of the original Phoenix Urban Study
area. This "201" study was initiated
largely for administrative reasons; how-
ever, it will not effect the final re-
sults of the overall study, which will
be a coordinated areawide wastewater
management plan.

METHODOLOGY

The process of evaluating the
land treatment alternatives was a multi-
step process which began by identifying
broad-general areas suitable for land
treatment; and ended with a small, re-
fined group of site specific alterna-
tives having staged construction sched-
ules and detailed cost estimates.

The first step in any analysis is
to define alternatives. In the case of
land treatment, the study area must first
be assessed for the location of suitable
areas for potential sites. A prelim-
inary evaluation must then be performed
to establish the feasibility of using
the various land treatment methods at
each of the identified sites. Unfeas-
ible sites and alternatives can then be
eliminated and a more detailed investi-
gation made of the remaining sites to
determine cost effectiveness. The final
step is to perform a detailed design
with a staged implementation schedule to
form a basis of comparison for all the
feasible alternatives. The following
procedure has been found to be most
effective In accomplishing the above
described goal.

Preliminary Assessment

The first step in generating the
land treatment alternatives was to lo-
cate, within the study area, those gen-
eral regions suitable for the location
of land treatment sites.

Each of the land treatment methods-
irrigation, infiltration, and overland
flow-have specific requirements regard-
ing physical site characteristics. All

sites must also reflect considerations
of environmental and population settings.

The first general consideration for
site location was existing and projected
land use patterns and general location
in respect to existing or potential
wastewater collection points. In the
Phoenix Urban Area it was attempted to
locate land treatment facilities as far
as practical from urban or commercial
centers. This was done primarily for
aesthetic and public health reasons,
such as odor, aerosol drifts, and In-
sect breeding. Projected land use pat-
terns were obtained from the Land Use
Plan for Maricopa County, Arizona (pre-
pared by the Maricopa Association of
Governments). Fortunately, in the
Phoenix area, there are many thousands
of acres of agricultural or other open
land which lends itself ideally for the
location of land treatment sites.

With respect to existing or poten-
tial wastewater collection points it was
attempted to locate facilities at the
downstream end of natural drainage ba-
sins, assuming that wastewater collec-
tion facilities would generally follow
natural drainage patterns. Every at-
tempt was made to locate the land treat-
ment facilities where they could serve
as large an area as possible by gravity.

Topography and soils were of great
importance in the selection of areas
suitable for land treatment sites. The
three basic land treatment methods have
differing topographic requirements for
their selected sites. Irrigation, the
most common land treatment method, works
most efficiently on level or gradually
sloping ground, which allows a maximum
amount of water to enter the soil to be
utilized by the plants. However, this
method can also tolerate steeper slopes
of up to 15% provided controls are exer-
cised for runoff and erosion.

The overland flow method by its
nature requires a sloping terrain.
Slope distance Is a function of the
spray diameter, loading rate, and de-
gree of renovation desired. For over-
land flow, the primary requirement is
that the existing topography be such
that terrace slopes of 2 to 8% can be
formed economically. The cost and im-
pact of the earthwork required are the
major constraints.

The infiltration-percolation me-
thod requires a relatively level site.
Most infiltration sites require con-
siderable earthwork to create holding
basins and ponds, and often several of
these are required to allow periodic
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draining and cleaning to renovate the
site to improve infiltration-percolation
rates.

Maricopa County and the Phoenix Ur-
ban Study Area contain 14 different soil
associations which range from very hot,
very dry soils from recent alluvium such
as the Gilman-Estrella-Avondale associa-
tion, to warm, sub-humid soils of the
mountain and low hills typified by the
Barkerville-Cabezan-Rock Outcrop associa-
tion. Each of the 14 associations has
different technical characteristics and
properties such as pH, permeability and
corrosivity. The location of these asso-
ciations, and a tabulation of their var-
ious properties was obtained from the
General Soil Map of Maricopa County, pub-
lished by the U.S. Department of Agri-
culture Soil Conservation Service.

The most important soil property
considered was the permeability, which
is given by the Soil Conservation Serv-
ices in ranges for a particular soil.
(<0.15 cm/hr) (<.O6 in/hr) very slow
(0.15 - 0.5 cm/hr) (.06 - 0.2 in/hr)slow
(e.5 - 1.5 cm/hr) (0.2 - 0.6 in/hr)

moderately slow
(1.5 - 5.0 cm/hr) (0.6 - 2.0 in/hr)

moderate
(5.0 - 15.2 cm/hr) (2.0 - 6.0 in/hr)

moderately rapid
(15.2 - 50.8 cm/hr) (6.0 - 20 in/hr)

rapid
(50.8 + cm/hr) (20 + in/hr)

very rapid
The land treatment of municipal

wastes can have a significant effect on
both groundwater quality and quantity.
It can either be a pollutant or a means
of improving groundwater quality, de-
pending on the quality of the natural
groundwater. In areas of extremely high
total dissolved solids content, waste-
water can improve this factor enough to
make the groundwater suitable for irri-
gation and other purposes. Conversely,
the suitability of high quality ground-
water presently pumped in some areas and
used for domestic purposes could be les-
sened by wastewater application, partic-
ularly in areas of shallow groundwater.

After reviewing the various physi-
cal, environmental, and other criteria,
thirteen potential site areas were iden-
tified. These areas were used in the
next phase of the program to locate
specific sites.

Large Array

After general areas suitable for
land treatment had been located, specif-

ic sites had to be identified. Field
investigations and aerial photographs
were used extensively in this process.
Once specific sites had been found,
and wastewater flows established, each
site had to be analyzed for type of
treatment, size of site, recovery meth-
ods and reuse options, as well as cost.
Also, at this time, numerous design
criteria and assumptions had to be es-
tablished. Since very little research
had been done on land treatment systems
in arid environments, and also owing to
the site-specific nature of such systems,
much of the criteria on loading rates,
treatment efficiencies and area re-
quirements had to be extrapolated from
several sources.

Cost data was found to be more
readily available. The June, 1975
EPA document, "Costs of Wastewater
Treatment by Land Application," was used
as the basic cost tool in the analysis.

At this point in the study, it was
found that approximately 30 to 40 indi-
vidual sites were technically feasible
and would require the above-mentioned
engineering and cost analyses. (See
Plate 2).

It was at this point decided that
the most accurate and efficient methods
of analyzing this many sites was by
means of Boyle's in-house computer facil-
ities. The system is comprised of a
Computer Hardware Incorporated (CHI)
2130 central processing unit with 32 k
bytes of core storage, a cathode ray
tube (CRT) monitor and data input key-
board. Peripheral units consist of a
CHI 1114 Disk Controller with two
Memorex 660 Disk Drives providing à to-
tal of 40.96K bytes of on-line storage;
a CHI 1103 Drum Printer rated at
600 lines per minute, 132 print posi-
tions and 64 character set; an IBM
1442 Model 6 Card Reader/Punch with
an 80 card column, rated at 300 cards
per minute; and a UCC 2000 30-inch drum
plotter capable of multicolor plots.

The computer programs used will be
discussed in detail in a subsequent
section of this paper.

Small Array

A complex process of evaulation
followed the analysis of the large ar-
ray resulting in the elimination of
about 20 sites from further considera-
tion. It was decided at this point that
recovery of treated effluent would be a
prerequisite for land treatment systems
to distinguish it from reuse.
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This effectively eliminated all irriga-
tion systems from further consideration
since if recovery were required, these
systems could not compete economically
with infiltration-percolation systems.
Overland flow systems were also elimin-
ated due to a lack of suitable terrain
in the study area.

Two distinct types of infiltration-
percolation systems were identified at
this point. The difference between the
systems was in the method of recovery
of the renovated water. One system used
in areas of shallow groundwater, relied
on the use of recovery wells to pump the
renovated water from the system. In
areas where the groundwater was deeper
than 38 meters (125 feet), it was found
that the use of this method of recovery
was not practical. In these areas, it
was decided to study a system in which
the entire treatment area would be exca-
vated to a depth of IS feet at which
point an impermeable lining would be in-
stalled. Renovated water would be col-
lected by means of an underdrain system
installed above the lining.

At this point in the study, it was
also decided to investigate the appli-
cation of either primary or secondary
effluent at the land treatment sites.
In addition, the concept of series oper-
ation was introduced at this time.
Series operation would include the appli-
cation of wastewater to an infiltration-
percolation basin, recovering the treat-
ed effluent and reapplying the effluent
to a second basin to enhance treatment
efficiency and pollutant removal.

Series operation was investigated
for those sites where the primary re-
use option was recreation. The State
of Arizona requires that all discharges
to a water course used for recreation
(bodily contact) contain less than 0.2
mg/1 of phosphorus. It was not felt that
these levels could be guaranteed with a
single pass land treatment system. As
phosphorus removal is primarily a func-
tion of travel distance through the soil,
an investigation of using infiltration
of basins in series was considered.

It can be seen that although the
number of specific sites had been re-
duced from the large array, we were now
studying between 50 and 75 alternatives.
In addition to options for the treatment
of primary or secondary effluent, as well
as series operation, there were numerous
flow variations to be studied for sev-
eral regional and sub-regional concepts.

Staged Construction

After the small array of alterna-
tives had been analyzed, another com-
plex process of review and evaluation
took place. The result of this evalu-
ation was the selection of a small num-
ber of sites for the final detailed
analysis. Involved in this analysis was
the development of a staged construc-
tion schedule at five year increments
for each site and flow alternative.
Once again, the number of Individual
analyses was increased despite a
decrease in the number of actual sites
studied.

Added to the cost analysis in this
phase of the project were estimates of
flood protection costs, as well as capi-
tal and operation and maintenance costs
for pilot land treatment studies. Due
to the site specific nature of land
treatment systems and variations in
soil conditions, it was felt prudent
that pilot systems be established at
each proposed land treatment site
prior to actual construction.

MODELING TECHNIQUES

At the outset of this project it
was recognized that, due to the size of
the study area, many different sites
each with several alternatives would
have to be evaluated. As the Prelim-
inary Assessment was being completed,
it was apparent that the ultimate total
of alternatives, including variations in
flow, would result in literally hundreds
of alternatives to be analyzed. At this
point, a systems approach was confirmed
and existing computer software packages
were reviewed. It was quickly made evi-
dent that the only computer program
available was one developed by the U.S.
Army Corps of Engineers entitled,
"Computer Assisted Procedure for the
Design and Evaluation of Wastewater
Treatment Systems" (CAPDET). This
program primarily evaluated cost for
conventional as well as land treatment
systems. The approach was modelled
after procedures as outlined in the U.S.
Environmental Protection Agency's
Cost of Wastewater Treatment by Land
Application Bulletin, originally
published In 1975. Although the pro-
gram was extremely useful, the land
application portion was still In its
Infancy of development. In addition,
the problem of engineering analysis
still remained.
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Boyle Engineering Corporation pro-
ceeded to develop a complete computer
software package that would meet the
following criteria:

1. Analyze each site as to its suit-
ability for the various types of land
treatment.

2. Input had to be site specific
and factual; soil permeability, top-
ography, evaporation, etc.

3. Analysis had to be quick and
economical.

4. Output should be hardcopy to
provide engineering documentation for
inclusion in project reports and design
appendices.

5. Engineering analysis output
should provide convenient input to cost
program.

6. Cost program should be flexible
to allow for variation in numerous
financial indexes.

7. Should provide capability of
various implementation options, lease-
purchase, effluent revenue, staged con-
struction, etc.

8. Cost output should be concise
and yet easy to read.

9. Summary tables should present
numerous sites for easy comparison.

Utilizing the latest land treat-
ment technology, a comprehensive com-
puter software package was developed.
The resulting package consists of three
distinct main programs with ten primary
subroutines and numerous other smaller
programs. The first main program
(LAPPL) provides the engineering analy-
sis, the second program (LAP 3) is a
modification of the CAPDET cost program,
and the last main program (LAP 4) pro-
vides summaries of the various numerical
factors of each site. A flow diagram
is illustrated on Plate 3 that depicts
the processing scheme.

The cost analysis program (LAP 3)
was initiated by computing preliminary
values of pumping head and capital costs
for pumping stations. This is accom-
plished by a subroutine - PLIM. Costs
of facilities for transmission are then
calculated and output by means of sub-
routines - TRANEX and -TRANOT, respect-

ively. By means of previously calcu-
lated information the program then pro-
ceeds to calculate capital and annual
costs for each of the various feasible
methods at that site. These calcula-
tions and output subroutines are list-
ed below:

SFRAEX & SPRAOT
OVEREX & OVEROT
RAP1EX & RAPIOT
DITCEX & DITCOT

spray irrigation
overland flow
rapid infiltration
ditch irrigation

Output from both the engineering
analysis program (LAPPL) and the cost
program (LAP 3) is then summarized in
matrix form by a third program,(LAP 4.)

Engineering Analysis (LAPPL)

Once favorable site areas were
identified by the Preliminary Site
Assessment, specific sites could be
located. Computer input forms were
then completed for each site that enum-
erated such information as site number,
title, available land area, slope, soil
permeability, depth to groundwater,
groundwater quality, evaporation, con-
tributing wastewater planning areas or
flows, and effluent characteristics.
(See Plate 4.) With this information
the computer program analyzed each site.
Plate 5 illustrates an example of the
analyses output.

The analysis was initiated by de-
termining if the site was suitable for
each of the land treatment methods.
This was accomplished by comparing
site slope, depth to groundwater and
soil permeability to limiting para-
meters of each specific method as
presented in the latest EPA land treat-
ment guidelines. For those methods
surviving the initial comparison hy-
draulic, organic, nitrogen and phos-
phorous loading rates were calculated
to determine the governing rate for
each method. Land area require-
ments were then calculated, including
allowances for buffer zone, storage
and access roads. Once this sequence
had been completed, the program then
summarized the input and calculations
and output to a high speed printer that
provided hardcopy for engineering re-
view. A summary of pertinent data was
then stored on magnetic disc in
matrix form for later use in the cost
analysis program (LAP 3).



COST & REVENUE
DATA

ENGINEERING
ANALYSIS
PROGRAM
(LAPPL)

COST
ANALYSIS
PROGRAM

(LAP3)

DATA
ON

DISK
STORAGE

SUMMARY
PROGRAM

(LAP4)

PLATE 3

LAND APPLICATION

COMPUTER SOFTWARE PACKAGE
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PHOENIX URBAN STUDY - SMALL ARRAY DATA PHOENIX URBAN STUDY - SMALL ARRAY DATA

Sheet 1 of 3

J-C01-10Ç-54

Sheet ! of 3

SITE IDENTIFICATION

| J SITE NUMBER (1 to 40)

APPLICATION ALTERNATIVES

5PRAY IRRIGATION - SOLID SET • I

SPRAY IRRIGATION - CENTER PIVOT = 2

[ 1 OVERLAND FLOW - 3

RAPID INFILTRATION = 4

DtTCH IRRIGATION = 5

TRANSMISSION

ENTER METHOD OF CONVEYANCE

i • OPEN CHAN, I • FORCE MAIN. 3 - GRAVITY PIPE

PAVEMENT REPLACEMENT 1 . REPLACE, 2 =N0 REPLACE

| I LENGTH OF CHANNEL OR PIPE - FEET

| | PIPE DIAMETER - INCHES OR CHANNEL PERIMETER - FEET
II id
I I DEPTH OF COVER OVER PIPE - FEET
I ~1 PUMPING HEAD - FEET
Z6 IS

STORAGE

INCLUDE EMBANKMENT COST (ENTER 1)

INCLUDE LINING COST (ENTER 1)

SITE PREPARATION

1 I SITE CLEARING (ENTER 1)

I I GROUND COVER 1 = HEAVILY WOODED, 2 = BRUSH t

GRASS. 3 • GRASS

I I TERRACE CONSTRUCTION - CY OF CUT PER ACRE (OVERLAND FLOU

SYSTEMS ONLY)

I ' ] LAND LEVELING - ENTER CY OF CUT PER ACRE (ALL BUT OVERLAND FLOW)

I I LINING (ENTER ) ) (RAPID - INFILTRATION ONLY)

I I LINING COST $/SF

DISTRIBUTION PUMPING

[~ 1 DISTRIBUTION PUMPING - ENTER TOTAL PUMPING HEAD - FEET

RECOVERY SYSTEM

F ~~\ ENTER METHOD 1 " UNDERDRAWS (IRRIGATION SYSTEMS ONLY)
2 • TAILWATER RETURN (ALL EXCEPT RAPID

INFILTRATION)
3 = RUNOFF COLLECTION (ALL EXCEPT RAPID

INFILTRATION)
4 » WELLS (ALL EXCEPT OVERLAND FLOW)
5 = UNDERDRAWS WITH RECOVERY WELLS
6 = NO RECOVERY

NO. OF RECOVERY WELLS

RECOVERY WELLS - DEPTH IN FEET (ALL EXCEPT OVERLAND FLOW)

UNDERDRAIN SPACING - 100 or 400 FEET

RUNOFF COLL. (ALL EXCEPT RAPID INFL.) 1 - GRAVITY PIPE,
2 - OPEN DITCH

PHOENIX URBAN STUDY - SMALL ARRAY DATA

PRQGRflM LflPPL
/ / JOB OEOï 0 E U ENGINEERING ANALYSIS
/ / LON
LfiPPL. I
/ / XEQ LflPPL
SITE NUtlBER RHP TITLE
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u_
.BUBBLE SITE 3LBPF.8 BMn FFFI 1IENT SRRILE SITi

HT1W I

MONITORING WELLS

I I NUMBER OF WELLS

WELL DEPTH - FEET

MISCELLANEOUS

SERVICE ROADS - ENTER 1

FENCING - ENTER 1

AQUISITION METHOD 0 = PURCHASE
1 = LEASE
I ' NONE

EXISTING DISTRIBTUION SYSTEM - ENTER 1

LEASE BACK - ENTER 1

I ' I CROP REVENUE - ENTER 1

EFFLUENT REVENUE - ENTER 1

NO STORAGE - ENTER 1

BEC
RR/slw
2/13/78

MpxirtUM HYnRHiii tr* i pflnrufi RRTF S. FT/YR
«nun nw

3CIL OESCRIPTIBN
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SITE 1 NORTH SCOTTSDALE-PRIflARY EFFLUENT-FIRST PftSS-5.5
FEASIBLE TREATMENT METHODS AS SPECIFIED IN INPUT--

INFTLTRATION/PERCOLATION

SOIL D

MAXIMU

ALLOWABLE SLOPES
S=O.OtO FOR INFILTRATION/PERCOLATION SYSTEMS
5=0". 1WTTJR IRRIGATION SYSTEFIS
S=0.06O FOR OVERLAND FLOW SYSTEMS

ALLOWABLE HYDRAULIC LOADING RATES
= H. FEET/ACRE/YEAR FOR LOW-RATE _.. _
= Iff. FEET/ACRE/YCAR FOR HIGH-RATE IRRIGATION ..
= 240. FEET/ACRE/YEAR FOR INFILTRATION/PERCOLATION
a 40, FEET/ACRE/YEAR FOR OVERLAND FLOW

ALLOWABLE SAR FOR THIS SITE = 9.
-RIPTION —

OAM-PA'

IRRIGATION SYSTEMS
" " SYST

SYSTEMS

MS
YSTEMS

SVEEN LOAM-PALE BROWN-MODERATELY ALKALINE K= .6 TO 2,0
» SITE PERCOLATION RATE = 950. FT/YR
UPON SLOPE, THE FEASIBLE TREATMENT METHODS FOR ThIS SITE ARt

INFILTRATION/PERCOLATION... __ _. v
LOU-RflTF IRRT

BASED UPON PERCOLATION

pi
TE, THE

vn
o

L"0W-RATr IRRIGATION
HIGH-RATE IRRIG
INFILTRATIONPE

FEASIBLE TREATMENT METHODS ARE

IGHRATE IRRIG
NFILTRATION/PE

ATION
RCOLATION

TNING FEASIBLE TREATMENT METHODS 5P
FOLLOWING TREATMENT METHODS WILL BE

INFILTRATION/PERCOLATION

METHODS SPECIFIED IN INPUT, SITE SLOPE, SOIL PERCOLATION

T:VftP0RATION RATES
LOW-RATE IRRIGATION
HIGH-Rfitr IRRIGATION

0.00 IN/YR
0,00 IN/YR

SO.00 IN/YR
0.00 IN/YR

MINIMUM ALLOWABLE DEPTHS TO GROUNDHATER
LOW-RATE IRRIGATION
HIGH-RATE IRRIGATION
INFItTRATION/PERCOLATION

ERhê?8Sfe CONSIDERATION

5. FT.
S. FT.

15. FT.
15. FT.

100. FT.

COMMENTS

SÎTE GROUNOUATER OUALITY DATA SUPPLIED BY KEN SCHMIDT, FE8 (F, 1976



SITE 1 NORTH SCOTTSDALE-PRIHARY EFFLUENT-FIRST PflSS-5.5 HGD
AVAILABLE AREA AT SITE = 5000. ACRES

INFILTRAT ION/PERCOLATI(SN

THE WASTEUftTER PLANNING AREAS CONTRIBUTING TO THIS SITE ARE—

POPULATION
ESUIVALENT

I O I S É T F L Ô Û

TOTAL

55000.

"isÔÔÔT

AVS, FLOW—HGD

sTiô
TOTAL "iTiÔ

HYcRAULIc LOApING

FLOWs 6165.4
5.5
8.5

AF/TR

mo
CFS

13

5
M

to

H

MASTEWATER CHARACTERISTICS

P g 10.0 «6/L

6165. AF/tEAR

LOADING RftTE
= 240. FT/YR/AC

ACTUAL LOADING RATE
= 65. FT/YR/AC

LAND REQUIREMENTS
- 25,6 ACRES

PERCOLATION
= 950.

ORGANIC LOADING NITROGEN LOADING PHOSPHORUS

ROo5 APPLICATION RATE
*2 LB/DAy

IfUfl L O A O I N G RATE
=25000. LB/YR/BC

ACTUAL LOADING ..„._
=249827 LB/YR/AC

LAND REQUIREMENTS
= 93,8 ACRES

REMOVAL EFFICIENCY
= 99 PERCENT MAX

THE GOVERNING CONSTITUENT FOR DETERMINING MAXIMUM LAND
THE REQUIRES LAND AREA INCLUDING A BUFFER ZONE OF 2PN

TOTAL AREA REQUIRED, INCLUDING R O A D S AND FENCING,

APPLICATION RATE

= l53̂ . LB/DA
I U LOADING RflTE
=22000. LB/YR/AC

ACTUftL LOADING RATE
= 7137. LS/YR/AC

LAND REQUIREMENTS
= 30.4 ACRES

A EFFICIENCY
= 40 PERCENT MAX,
= 20 PERCENT MIN.= 90 PERCENT HIN,

REMOVAL RATES
= 6357, LB/DAY MAX,
= 5779^ LB/DAY MIN,

É
RtA REQUIREMENTS IS ORGANIC
ET ON THREE SIDES AND 500 F

IS 170. ACRES

= "733. LB/OAY MAX.
= 3661 LB/DAY fllNl

P APPLICATION RATE
= 458. LB/DAy

I LftDlG RflTE
=10000, LB/YP/AC

ACTUAL LOADING RflE
= 1 7 8 4 . LB/YR/AC

LAND REQUIREMENTS
s 16.7 ACRES

REMOVAL EFFICIENCY
= 99 PERCENT MAX.
= 70 PERCENT MINI

RATES
5H, LB/DAY MAX.
2ll LB/OAY MIN;

ONE SIDE IS 151. ACRES

WARNING--EFFLUENT SAR OF 26. EXCEEDS RECOMMENDED OF 9.

EFFLUENT CHARACTERISTICS

t.O H6/L
>.O MG/L
5.0 MG/L

8
N
P

i « 0
= 24.0 TO
= 0.1 TO

SITE GROUNOWATER

B ~

CHARACTERISTICS
250.^1 TDS

O.HG/L FL =
2.MG/L CA =

50C.HG/L
WG/L

N =
NA
MN

24.MG/L
174.HG/L

0.WG/L



Cost Analysis (LAP 3)

After having reviewed the output
from the engineering analysis (LAPPL)
program decisions were made regarding
specific configurations that would
affect the costs of the systems. Each
site was evaluated as to whether to
lease or purchase the land. Trans-
mission was then considered from was.te-
water source to the land treatment site.
An alignment was selected, pump station
requirements and transmission line cri-
teria such as size, trenching conditions,
pavement replacement, pumping head, and
other pertinent requirements were estab-
lished. Site conditions and desirable
configurations were then finalized.
These included site cleaning, distribu-
tion methods, earthwork requirements,
recovery methods and post treatment cri-
teria. Once these basic decision points
had been made, effluent disposition then
had to be decided. If the reclaimed
water was to be reused in some form then
effluent revenue values had to be es-
tablished. If the land treatment sys-
tem utilized crop irrigation, crop rev-
enue values also had to be determined.
After wastewater conveyance, treatment,
and revenue values had been established
the computer input was complete and the
analysis run.

Computer Output

The resultant output from the cost
analysis (LAP 3) Is further summarized
In comparative form by a third program
(LAP 4). The hardcopy provides a num-
ber of breakdowns by parameters. Each
cost parameter is broken down into capi-
tal cost, amortized cost, labor, materi-
al, power, total annual operation and
maintenance as well as total annual cost.
Each of these are also individually to-
talled. The summary program simply takes
these totals and in matrix form provides
a ready comparison of totals by site.
Unit cost of treatment is also output.
(See Plate 6)

SUMMARY

As the Phoenix Urban Study is near-
ing its completion, it appears that land
treatment of wastewater will be a viable
alternative to conventional treatment for
at least one or two of the selected sub-
regional systems. The depth and accu-
racy of analysis necessary for land
treatment to have reached this point
would have been extremely difficult un-

der current funding levels without the
use of the computer software package
previously described. For a study area
as large as the Phoenix area, literally
hundreds of alternatives had to be eval-
uated. The cost to accomplish this by
hand methods would have been prohibitive.
The computer program proved to be an in-
valuable tool allowing the engineering
team to maximize the level of analysis
without exceeding reasonable costs. This
level of detail was essential to the
various advisory groups and other par-
ties involved in the decision making
process.
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COST ESTIMATION

THE CLAW MODEL FOR ESTIMATING THE COSTS
OF LAND APPLICATION OF WASTEWATER

C. Edwin Young Economics, Statis-
tics and Cooperatives
Service, U.S.
Department of
Agriculture

The cost of land application of
wastewater (CLAW) model and its uses are
described. The CLAW model consists of
five basic steps: pre-application
treatment, transmission, effluent
storage, application system, and recovery
of renovated water. Cost estimates can
be generated for alternative land
application techniques using a variety
of design assumptions and unit costs.

Cost estimates are generated for
six land application of wastewater
techniques: solid-set Irrigation,
center pivot irrigation, border strip
irrigation, ridge and furrow irrigation,
overland flow, and infiltration basins.
The cost estimates are for facility
designs ranging from 10 to 1000 liters
per second (1/sec) for each type of
application system. The least cost
alternative is an infiltration basin;
while overland flow is the second least
cost alternative. Center pivot
irrigation is the least cost
irrigation alternative.

Cost estimate sensitivity to
variations in design costs is evaluated
for center pivot irrigation systems with
two different design capacities 50 and
500 1/sec. Design parameters analyzed
include: Federal construction
subsidies, input costs, the application
rate, the length of the irrigation
season, and crop selection. Receipt of
a 75 percent construction subsidy
significantly reduces treatment costs
(by 55 percent) to the local community.
The most important design parameter for
irrigation systems is crop selection
with its associated limits on the
application rate and irrigation season.

For example, irrigation of a forest 30
weeks per year is twice as costly as
year round Irrigation of reed canary-
grass.

INTRODUCTION

Evaluation of land application as
an alternative for advanced wastewater
treatment requires determination of its
relative cost effectiveness. Ideally,
such a cost analysis should compare and
evaluate alternative land application
technologies with other advanced waste-
water treatment options.

This analysis focuses on the
relative cost effectiveness of six
alternative land application techniques.
A computerized cost model for evaluating
land application of wastewater is
presented. This model is used to make
cost estimates for the six land applica-
tion techniques. The analysis concludes
with a discussion of the effects of
relaxing the assumptions used to generate
the cost estimates.

COST OF LAND APPLICATION OF WASTEWATER
MODEL

The cost of land application of
wastewater (CLAW) model was developed
for economic analyses of land applica-
tion of wastewater. The model, as
described by Young (1976), is based on
Pound, Crites, and Griffes1 (1975) stage
II detailed planning cost methodology
for land application. This model can be
used to evaluate land application under
a variety of scenarios. Effluent
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quality parameters are not included in
the model. Thus, the user must provide
design information capable of meeting
desired effluent limitations.

The CLAW model consists of five
basic steps: preapplication treatment,
transmission, effluent storage, appli-
cation system and recovery of renovated
water. 1) Preapplication treatment
is assumed to be aerated lagoon treat-
ment although other methods of pre-
treatment can be included. 2) Effluent
can be transmitted to the application
site using forced main or gravity
main transmission systems. The model
is capable of varying the distance
that the wastewater is transmitted and
can account for some variations in
topography. 3) The storage function is
separated into three parts. First,
there is the storage of wastewater which
is normally assumed not to be applied to
the ground for some portion of the year.
This value can be varied at the user's
discretion. Second, supplemental
storage capacity can be built into the
cost estimates as a safety factor.
Third, the model permits stream
discharge of wastewater for some portion
of the year when it is not being applied
to the land. 4) Application systems in
the CLAW model include: solid set crop
irrigation, center pivot crop irriga-
tion, surface irrigation of crops, solid
set irrigation of woodland, overland
flow, and infiltration basins.
5) Finally the model includes recovery
of the renovated wastewater if needed.
This option includes recovery wells,
underdrains, and the option of not
recovering the effluent.

Total and average cost estimates
can be generated using the CLAW model
by specifying a set of 37 price and
treatment option parameters (Young,
1976). For example, the user of the
model can specify physical relation-
ships such as facility size and the

^Aerated lagoon pretreatment is assumed
since it is generally the least cost
method to obtain an adequate level of
treatment prior to land application.
Land application does not require high
levels of pretreatment of the effluent.
Alternative secondary treatment tech-
niques are likely to be used prior to
land application when the treatment
authority has an existing facility in
place or when additional treatment is
deemed necessary for public health
reasons,

type of land application technology to
be used. The use of options such as
chlorination of the effluent prior to
applying it to land can be controlled by
the user to reflect alternative regula-
tory constraints. The crop to be grown
on the irrigation site can also be
varied.

In addition to the physical
variables which are necessary for the
use of CLAW, different input prices can
be used. For example, different wage
rates and electricity rates can be
used. Different values for the EPA
sewer construction cost index can be
specified to examine capital costs.
Since a land treatment site can be used
for several years, two important
variables are the local bond rate or
discount rate and the discount period.

COST ESTIMATES FOR LAND APPLICATION OF
WASTEWATER

The CLAW model as described, can be
used to estimate the costs of land
application of wastewater under a wide
variety of assumptions. The remainder
of this analysis addresses cost esti-
mates for land application of wastewater.
First, a 50 liter per sec (1/sec) center
pivot irrigation system is examined to
provide an example of the capabilities
of the CLAW model. Second, costs are
estimated for the six alternative
methods of land application in the CLAW
model. Third, the sensitivity of the
cost estimates to changes in the design
assumptions is discussed.

Example - Center Pivot Irrigation

One use that can be made of the CLAW
model is for preliminary design of land
application systems. A design example
for a 50 liter per second (1/sec) center
pivot land application system is
illustrated in Table 1. The type of
information provided by the CLAW model
includes the assumptions underlying the
cost estimates and a breakdown of the
cost estimates.

The assumptions underlying the cost
estimates are important since variations
in these values can cause changes in the
estimated costs. In this example,, it is
assumed that reed canarygrass is
irrigated at a rate of 5 cm per week for
40 weeks a year. The value of reed
canarygrass is assumed to be $16.50 per
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metric ton.2 The number of hectares
irrigated is dependent upon the average
flow of wastewater, the irrigation
season, and the application rate. In
this example, there are slightly more
than 77 hectares irrigated, at a cost
of $3,700 per hectare. Prior to land
application, the wastewater receives
aerated lagoon treatment followed by
chlorination. The sensitivity of the
cost estimates to these underlying
assumptions is addressed in the final
section of this paper.

Examination of the cost -components
(Table 1) indicates that land applica-
tion is an expensive undertaking.
Construction of the 50 liter per second
center pivot system initially costs
over $2 million, with an additional
$400,000 needed for land purchase.
Using the assumptions of a 20 year
design life and a 6 percent interest
rate, these values translate into
$189,000 per year for construction
costs and $26,000 per year for land
costs. Annual operation costs are
$83,000. These costs are partially
offset by $16,400 of net crop revenue.3

The annual total cost of operating this
center pivot land application system is
$281,000. Construction and land costs
combine to be the largest component of
total cost — $215,000 per year.

Alternative Land Application Systems

The CLAW model can also be used to
estimate land application costs using
solid set, border strip, and ridge and
furrow irrigation, overland flow, and
infiltration basins in addition to
center pivot irrigation. Cost estimates
for the six land application techniques
for facility sizes ranging from 10 to
1000 1/sec are illustrated in Table 2
using assumptions similar to those
specified in Table 1. The application
rates for overland flow and infiltration
basins are assumed to be 15 and 45 cm
per week, respectively.

Infiltration basins are the least
expensive method for land application

presented in Table 2.1* Overland flow is

the second least costly method for land
application, followed by center pivot
irrigation. The two surface irrigation
techniques are generally slightly less
expensive than solid set irrigation,
except at very small facility sizes.

The average total cost estimates
are broken into three major components:
capital costs, operating costs, and net
crop revenue. Of the components,
capital costs are the largest in all
instances. Capital costs are roughly
three times the magnitude of operating
costs. Net crop revenue is considerably
smaller than either capital or operating
costs.

Net crop revenue which varies
between application techniques and
facility sizes, can significantly
reduce the costs of the land application
systems. Crop revenues range from 3 to
10 percent of annual total costs for the
irrigation alternatives, depending upon
facility size. Crop revenue reduces
costs more for larger facilities than
for smaller ones. This is due to the
economies of size in land application of
wastewater, and the CLAW model's assump-
tion that there are no economies of size
in cropping. Net crop revenue per acre
does not change as facility size
increases, but capital and operating
costs per acre decreases, making net
crop revenue more important for larger
facilities. Net crop revenues are

2This value is based on research by
Bradley (1978).

3The net crop revenue estimate includes
all costs for cultivation, harvesting,
and crop management less revenue from
crop sales to yield the net revenue
from the farming operation.

One needs to be careful in comparing
the alternative methods for land appli-
cation. The various methods such as
infiltration basins, overland flow, and
irrigation may not provide equivalent
levels of wastewater treatment. Avail-
able sites for land application may
limit the type of land application
method which is available for a partic-
ular community. Infiltration basins or
overland flow may not be practical due
to soil permeability conditions at the
particular site selected. Infiltration
basins require a highly permeable soil
and overland flow requires an imper-
vious soil. Alternatively, the various
irrigation techniques may also be
limited by site characteristics. Cen-
ter pivot, border strip and ridge and
furrow irrigation techniques require
relatively flat terrains, whereas solid
set irrigation can be used in areas
with greater slopes and In woodland
areas.
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Table 1. Estimated costs for a 50 liter per sec center pivot irrigation facility

_ _ _ _ _ _ _ _ _ _ Assumptions

Average flow = 50 I/sec

Crop = Reed canarygrass silage

Effluent transmission = 3.2 km

Storage capacity » 14 weeks

Price of land = $3,700/ha

Sewer construction cost index = 248.7

Interest rate = 6%

Wage rate = $6.00/hr

Price of electricity = $0.03/kwh

Federal share of construction cost
0.00

Lagoon pretreatment

Pre-application chlorination

Site clearing - brush and trees

3 monitoring wells 9 meters deep

Irrigation season = 40 weeks

Price of crop • $16.50/MT

Pumping head effluent distribution -
45 m

Application rate = 5 cm/wk

Hectares irrigated = 77.3

Sewage treatment plant cost index =
232.5

Facility life = 20 yrs

Wholesale price index = 140

Price of chlorine = 2.7c kg

Cost Components

Initial construction costs =
$2,163,900

Initial land costs = $391,200

Annual labor costs * $43,600

Annual electric costs = $26,000

Annual farming costs = $23,000

Annual net crop revenue = $16,400

Annual capital costs = $215,000

Annual construction costs =
$188,700

Annual land costs = $26,300

Annual materials costs = $12,200

Annual chlorine costs = $1,000

Annual crop revenue = $39,400

Annual operating costs = $82,800

Annual total costs = $281,400

considerably lower for overland flow
since fewer acres are irrigated at a
higher application rate. It should be
noted that there was no increase or
decrease in assumed reed canarygrass
yield associated with the higher
application rate.5 With infiltration

5The cropping submodel of CLAW is based
on limited data. While it Is recog-
nized that crop yield may vary with
changes in the application rate,
adjustments in reed canarygrass yields
would be conjecture. Therefore, yields
are assumed to be constant. Addition-
ally, the cost estimates are not
sensitive to marginal changes in net
crop revenue.

basins, it is assumed that there is no
net crop revenue since It is assumed
that no crop will be grown in conjunc-
tion with the Infiltration system.5

Sensitivity Analysis

The cost estimates in Tables 1 and
2 are based on a set of design assump-
tions. Variations in these underlying
assumptions will result in changes in

^Revenue estimates from sale of renova-
ted groundwater from infiltration
systems could possibly be used to adjust
the cost estimates presented in Table 2.
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Table 2. Annual total cost estimates by type of land application system.

Facility Center Border Ridge and
size Solid-set pivot strip furrow Overland Infiltration
(1/sec) Irrigation irrigation irrigation irrigation flow basins

10
25
50
100
500

1,000

10
25
50
100
500

1,000

10
25
50
100
500

1,000

10
25
50
100
500

1,000

95,800
154,200
246,100
421,300

1,759,800
3,391,000

28,600
49,200
78,400

131,200
513,000
959,200

3,300
8,200
16,400
32,800

163,900
328,000

121,000
195,200
308,100
519,700

2,108,900
4,022,100

89,500
138,000
214,900
356,500

1,426,600
2,716,500

30,700
52,000
82,800

139,400
535,800
992,600

Capital Costs

91,700
140,900
217,800
358,700

1,399,600
2,637,300

91,600
141,000
218,100
359,300

1,402,700
2,643,600

Operating Costs

36,000
59,200
95,100

158,200
625,800

1,193,000

37,000
63,600

100,200
169,800
654,600

1,207,900

Net Crop Revenue

3,300
8,200

16,400
32,800
163,900
328,000

117,000
181,900
281,400
463,000

1,798,200
3,381,100

3,300
8,200

16,400
32,800

163,900
328,000

Total Costs

124,500
191,900
296,500
484,100

1,861,500
3,502,300

3,300
8,200

16,400
32,800

163,900
328,000

125,300
196,500
301,900
496,300

1,893,400
3,523,600

88,600
135,200
205,400
334,900

1,302,300
2,464,300

27,500
45,900
71,000

115,700
429,200
792,200

1,100
2,700
5,500
10,900
54,600

109,300

115,000
178,400
271,000
439,700

1,676,800
3,147,100

79,800
117,400
174,700
277,300

1,033,900
1,922,700

24,200
40,000
61,300
98,100

348,700
632,600

0
0
0
0
0
0

104,000
157,400
236,000
375,400

1,382,500
2,555,300

the estimated costs. To indicate the
magnitude of these variations, a
sensitivity analysis was performed for
two sizes of center pivot irrigation
systems: 50 and 500 1/sec. The
sensitivity of the cost estimates to the
availability of federal construction
subsidies, changes in input costs,
variations in the application rate,
changes In the length of the Irrigation
season or amount of storage required,
and variations in the crop irrigated are
illustrated in Table 3.

Under U.S. public laws 92-500 and
95-217, communities constructing waste-
water treatment facilities can receive

grants from the federal government to
pay for a portion of the construction
costs. Normally these grants will be
for 75 percent of the construction
costs, although for Innovative systems
such as land application, the construc-
tion subsidy can be as high as 85
percent of construction costs. Eligible
costs for a subsidy include construc-
tion costs and land costs for the
irrigation site and lagoon storage
facilities.

Receipt of a 75 percent construc-
tion subsidy for a center pivot irriga-
tion system will reduce costs by about
55 percent to the local community (Table
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Table 3. Cost sensitivity of center pivot irrigation to changes in the design assumption

50

Average Total
Costs

$281,400

126,900

300,300

282,600

285,700

284,000

292,800

272,000

277,400

288,500

271,500

297,900

275,200

286,100

290,100

277,300

340,100

207,300

345,600

259,800

348,900

436,200

Facility

1/sec
Percent

Change in
Average Total

Costs

0

-54.9

6.7

0.4

1.5

0.9

4.1

-3.3

-1.4

2.5

-3.5

5.9

-2.2

1.7

3.1

-1.5

20.9

-26.3

22.8

-7.7

24.0

55.0

Size

500

Average Total
Costs

$1,798,200

783,100

1,916,400

1,804,700

1,818,400

1,824,100

1,877,200

1,738,700

1,758,800

1,864,500

1,705,400

1,951,500

1,739,300

1,844,600

1,816,000

1,757,000

2,375,200

1,117,200

2,430,110

1,667,700

2,518,800

3,397,700

1/sec
Percent
Change in

Average Total
Costs

0

-56.5

6.6

0.4

1.1

1.4

4.4

-3.3

-2.2

3.7

-5.2

8.5

-3.3

2.6

1.0

-2.3

32.1

-37.9

35.1

-7.3

40.1

88.9

Average total costs from Table 2

75% construction subsidy

10% increase in initial construction costs
(SCCI = 273.6, STPCS = 255.7)

10% increase in materials costs (WPI " 154)

10% increase in the wage rate (wage = $6.60/hr)

10% increase in the electric rate (electric
rate = $0.033/kwh)

10% increase in the interest rate (6.6Ï)

10% increase in facility design life
(22 years)

10% increase in crop price ($18.15/MT)

$l,000/ha increase in land costs ($4,700)

6.25 cm/wk application rate

3.75 cm/wk application rate

41 week irrigation season

1 week of supplemental storage

1 km increase transmission distance

Irrigation of corn silage for 40 weeks

Irrigation of corn silage for 30 weeks

Irrigation of reed canarygrass for 52 weeks

Irrigation of reed canarygrass for 30 weeks

Solid-set irrigation of forest for 52 weeks

Solid-set irrigation of forest for 40 weeks

Solid-set irrigation of forest for 30 weeks



3). For a 50 1/sec system, costs fall
from $281,000 per year to $127,000 per
year; while for a 500 1/sec facility,
costs fall from $1,798,000 to $783,000
per year. Thus, receipt of a construc-
tion subsidy can significantly reduce
waste treatment costs for land applica-
tion systems. Young (1978) has shown
that receipt of a subsidy for land
application results in a larger percen-
tage decrease in total costs than a
similar percentage subsidy for conven-
tional wastewater treatment systems.

Small changes (10 percent increase)
in the cost parameters used to generate
the cost estimates are analyzed. Para-
meters analyzed include construction,
materials, labor, and electricity
costs, Also analyzed are the interest
rate, facility life, and crop price. A
10 percent increase in any of these
variables does not result in large cost
increases. The largest cost increase
is for a 10 percent increase in construc-
tion costs which results in an average

total cost increase of about 6.6 percent.
A 10 percent increase in the interest
rate results in slightly more than a 4
percent increase in average total costs.
A 10 percent increase in the crop price
reduces costs by about 1.4 to 2.2
percent. A similar variation in reed
canarygrass yields would also produce
small percentages changes in total
costs (1.4 to 2.2 percent).

Land cost might be anticipated to
play a significant role in the cost of
land application systems. From Table 3
it can be noted that a $1,000 per
hectare increase in land cost, i.e.,
more than a 25 percent increase in land
costs, results in a 2.5 percent increase
in average total cost for the 50 1/sec
facility, and a 3.7 percent increase for
the 500 1/sec center pivot system. Thus
it can be concluded that land costs do
not exert significantly larger impacts
on treatment costs than many of the
other design parameters, especially when
compared to increases in construction
costs or changes in the interest rate.

Variations in design parameters,
such as the application rate and storage
requirements, have larger impacts on
average treatment costs than the changes
in the variables already discussed. A
1.25 cm per week reduction in the appli-
cation rate results in a 6 percent
increase in costs for the 50 1/sec
facility, and an 8.5 percent increase
for the 500 1/sec facility. A similar
increase in the application rate
results in proportionately smaller

decreases in average total costs. In
other words, decreases in the applica-
tion rate from the assumed 5 cm per week
will affect costs more than a similar
increase in the application rate.
Lengthening the irrigation season by one
week will reduce costs from 2 to 3
percent, depending upon facility size.
It should be noted that a one week
increase in the irrigation season
Implies one week's less storage and an
associated decrease in the size of the
irrigation site since that one week's
wastewater will not have to be applied
during the remainder of the year.

Probably the most important
decision to be made regarding design of
a land application system is selection
of the particular crop to be irrigated
with the municipal wastewater.
Selection of a particular crop may
carry with it limits on the length of
the Irrigation season and on the appli-
cation rate.

The impact of changing crops and
the associated changes in the length of
the irrigation season are also illus-
trated in Table 3. Substitution of corn
silage while retaining a 40 week per
year irrigation season results in a 1.5
to 2 percent decrease in average total
costs since the corn is a more valuable
crop than the reed canarygrass. But
corn may not be able to be Irrigated
for 40 weeks a year. If the irrigation
season for corn is limited to 30 weeks
per year, average total costs will
increase by 20 to 30 percent depending
upon facility size. A similar reduction
in the irrigation season for reed
canarygrass will result in a 23 to 35
percent Increase In annual total costs.
If reed canarygrass can be Irrigated
year round, substantial cost reductions
result. Costs fall to $207,000 per year
for the 50 1/sec facility (a 26 percent
decrease), and $1,117,000 for the 500
1/sec facility (a 38 percent decrease in
average total cost).

If it is assumed that forest land
will be irrigated,-rather than crop
land, costs will be considerably
higher. Irrigation of forest land
requires the use of solid set irrigation
with a more costly spacing of irrigation
risers. Substitution of forest for reed
canarygrass with a 40 week per year
irrigation season raises costs by 24
percent for the 50 1/sec facility and
by 40 percent for the larger 500 1/sec
facility (Table 3). If forest land can
be irrigated year round while reed
canarygrass cannot, costs will be about
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7 percent lower for forest irrigation.
If, on the other hand, forest land can
only be irrigated for 30 weeks per year
and still retain its renovative capacity
for wastewater, costs will increase by
55 percent for the 50 1/sec facility and
by 89 percent for the 500 1/sec facility.
If it is assumed that application rates
change with selection of particular
crops, the cost changes will be
magnified.

SUMMARY

The cost of land application of
wastewater (CLAW) model is capable of
estimating the costs of alternative
land application techniques using a wide
variety of assumptions. Cost estimates
for six alternative techniques were
presented in this analysis. Comparison
of these techniques indicates that
infiltration basins followed by overland
flow are the least expensive methods for
land application. Of the irrigation
alternatives examined, center pivot
irrigation is generally the least expen-
sive while solid set irrigation is the
most expensive alternative.

The sensitivity of the cost esti-
mates to changes in the design para1-
meters was analyzed. Results indicate
that availability of a subsidy for
construction of the wastewater treatment
facility can result in large cost
decreases to the local treatment
authority. The most important cost
parameter for designing a land applica-
tion system is crop selection. In
addition to providing a revenue which
can be used to offset the cost of the
land application system, crop selection
carries with it limits on the length of
the irrigation season and on the appli-
cation rate. The least expensive irri-
gation alternative examined is year
round irrigation of reed canarygrass,
while the most expensive alternative
identified is solid set irrigation of
forest land for 30 weeks per year.
Irrigation of forests for 30 weeks per
year is over twice as expensive as year
round irrigation of reed canarygrass.

Christensen of the Economics, Statis-
tics and Cooperatives Service, Dr.
Donald Epp of The Pennsylvania State
University, and the personnel of the
Institute for Research on Land and Water
Resources, The Pennsylvania State
University for their assistance.

REFERENCES

Bradley, Edward B. 1978. Optimal
utilization of land in municipal
wastewater land treatment systems:
an economic analysis. Ph.D.
Dissertation, The Pennsylvania State
University.

Pound, Charles E., Ronald W. Crites, and
Douglas A. Griffes. 1975. Costs of
wastewater treatment by land applica-
tion. Tech. Rep. EPA-430/9-97-003.
Prepared for Environmental Protection
Agency, Office of Water Program Oper-
ations, Washington, D.C. 20460.

Young, C. Edwin. 1976. The cost of
land application of wastewater: a
simulation analysis. Tech. Bull. No.
1555. Economic Research Service,
U.S. Dept. of Agr., Washington, D.C.
20250

Young, C. Edwin. 1978. A cost analysis
of land application of wastewater.
Economics, Statistics, and Coopera-
tives Service, U.S. Dept. of Agr.,
Washington, D.C. 20250

ACKNOWLEDGMENTS

This research was supported by the
Economics, Statistics, and Cooperatives
Service, U.S. Department of Agriculture.
The author wishes to thank Dr. Lee

362



COST ESTIMATION

CASE STUDY COMPARISONS OF OPERATION AND CAPITAL EXPENDITURES OF LAND AND
CONVENTIONAL WASTEWATER TREATMENT SYSTEMS OF SMALL MUNICIPALITIES

J. R. Williams, Research Assistant
L. J. Connor, Professor

L. W. Libby, Associate Professor
Department of Agricultural Economics

Michigan State University

Land treatment as an alternative
form of wastewater treatment has become
increasingly important in recent years.
With the inception of Public Law 92-500,
the Federal Water Pollution Control Act
amendments of 1972 established guidelines
for greater improvement in the quality of
wastewater treatment. The amendments
state that land treatment must be con-
sidered in the initial planning stages
for wastewater treatment projects, before
a community can qualify for federal grant
money. Land treatment is being consid-
ered as a viable means of treating waste-
water, because traditional treatment
processes cannot handle the increasingly
complex waste load. Other forms of ad-
vanced wastewater treatment systems can
be expensive to build and operate, par-
ticularly for a small community which
historically treated its wastes with
privately owned septic tanks.

This study addressed several ques-
tions concerning the land treatment
method for small municipalities. The
institutional, physical, financial and
agricultural characteristics of various
types of land treatment systems were
documented. Operation and construction
costs were determined for six land treat-
ment systems in Michigan. This informa-
tion was compared with operation and con-
struction costs of several conventional
treatment systems for small municipali-
ties. Data on the economic and institu-
tional characteristics of each facility
were collected from state and local
officials. Operation and construction
cost information were collected chiefly
from local community audit reports.

A comparative cost analysis of the

operation expenses of the two general
categories of treatment, land and conven-
tional, showed that the land treatment
systems were generally less expensive to
operate than conventional systems. Com-
parisons of individual cost categories
were made along with statistical analy-
sis. Salary and wage expense for con-
ventional-type treatment systems was
higher than the expense incurred in the
same category for the land treatment
systems. The conventional systems were
also more expensive in terms of operation
and maintenance, and overall total costs.
Land treatment systems were generally
more expensive in terms of their admin-
istrative expenses. The comparison of
construction costs has shown that for the
systems included in this study, land
treatment systems required a smaller
capital expenditure than conventional
treatment systems.

INTRODUCTION

Many small communities in Michigan
are located around lakes or along streams
that have a limited capacity to assimi-
late biochemical oxygen demand (BOD) and
nutritient loads from wastewater. These
municipalities are faced with a choice
between conventional tertiary treatment
(basically phosphorus removal) and a
form of land treatment for final dis-
charge of their domestic wastewater
[Malhotra, 1975].

Small rural communities are somewhat
of a special problem, because they seldom
have enough funds to finance a sewage
treatment system to meet new water
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quality requirements. Grant money is
available from state and federal sources,
but in many instances, communities still
bear a heavy burden for raising the local
share of funding for a system. Because
of this and other unique difficulties
facing small communities, land treatment
for advanced wastewater treatment is a
viable alternative.

There are currently 60 wastewater
treatment systems operating and 6 others
under construction which incorporate some
form of land treatment into their design
(systems which use the soil in the treat-
ment process). This is 17.8 percent of
the 369 municipal wastewater treatment
systems in Michigan (Table 1). Four sys-
tems contain two methods of application.
Of the 66 municipalities operating land
treatment systems, approximately 50 have
received grant money from state and fed-
eral sources.

The total number of persons served
by land treatment systems in Michigan is
approximately 171,871. This is 2.74 per-
cent of the population of approximately
6,272,594 being served by municipal
sewage treatment systems. Facilities
such as mobile home parks, apartment
houses, industries, schools, campgrounds,
commercial establishments, hospitals,
restaurants, and federal, state and local
institutions may have their own sewage
treatment units.

Objectives of Study

This report presents the results of
a study of the institutional, physical,
financial, and agricultural characteris-
tics of various types of land treatment
systems of wastewater by small Michigan
communities. Operating and construction
costs are presented for six land treat-
ment systems. The various land treatment
methods include spray irrigation, flood
irrigation, ridge and furrow irrigation,
and seepage lagoons. This information
was compared with the costs of conven-
tional treatment methods for four com-
munities.

Specifically, the study objectives
were to:

1. Identify the institutional,
physical, agricultural, and financial
characteristics of selected case study
systems.

2. Present data on the construc-
tion, operating and maintenance costs for
selected land and conventional treatment
systems currently operating in Michigan.

3. Compare and analyze categories
of cost information of land treatment

Table 1. Distribution of Land Treatment
Systems in Michigan

1. Distribution by Land Application Type:

Type Number % of Total

Flood Irrigation 16
Ridge and Furrow 4
Seepage Lagoons 26
Spray Irrigation 17
Subsurface Appli-

cation __5_

Total1 68

Percent of Total
Wastewater
Treatment Sys-
tems in Mich.

23.5
5.8

38.2
25.0

7.3

100.0

17.8

2. Distr ibut ion by Population Served:

Population Served Number of Systems

0
501

1,001
1,501
2,001
3,001
4,001
5,001
6,001
9,001

- 500
- 1,000
- 1,500
- 2,000
- 3,000
- 4,000
- 5,000
- 6,000
- 9,000
or above

2Total
Percent of Persons

Served by Land
Treatment Systems
in Michigan

12
17
10
12
4
3
1
1
3
1

64

2.7%

There are 66 systems, but two use
two application types. Six systems are
still under construction. These figures
only include municipal systems.

2
Population served in two of the

systems is unknown.

Source: "The Superlist," 1976 Wastewater
Engineering Section, Department
of Natural Resources, State of
Michigan.

systems with conventional systems.

Comparative Cost Analysis

Information collected on the capital
investments and operation costs of the
case study treatment systems was combined
into several accounts. Calculations
based on these expense accounts were used
to determine the operation costs of these
systems on the basis of dollars per



thousand l i te rs treated. This calcula-
tion was based on a 365-day year and the
average daily flow rates for each respec-
tive system. Categories of operation
costs for the land treatment and conven-
tional treatment systems were plotted for
comparative cost analysis purposes. Lin-
ear regression equations were also plotted
for these operation cost categories.
Statist ical tests were conducted to
determine i f the slopes and intercepts of
the linear regression equations were
signif icantly different from one another.
Capital or construction costs analysis
was also used to evaluate alternative
methods of wastewater treatment.

SAMPLE COMMUNITIES

A summary of the characteristics of
the land treatment systems for the sample
communities is shown in Table 2. Several
considerations were involved in the se-
lection of these communities. These are
systems treating mainly domestic and a
small percentage of light industrial
wastewater. Operation and maintenance
of the system had to be acceptable in
the sense that the effluent quality was
meeting approval of regulatory agencies.
Detailed financial information must have
been available.

Comparative Cost Analysis Accounts

Information on capital investments
and operation costs of the system were
collected from local community officials
and local government unit's audit reports.
The information on operation costs was
combined into four major expense accounts:
(1) salaries and wages; (2) utilities;
(3) operations and maintenance which
included supplies, maintenance, equipment
rental, professional services and miscel-
laneous; and, (4) general administrative
which included office, insurance and
transportation expenses.

Comparative Cost Analysis of
Operation Expenses

Total operating costs of all cate-
gories are shown in Figure 1. The Hart
land treatment system consistently has
the lowest total operation cost of all
the systems in the study. This is be-
cause it has, in general, the lowest cost
per 1,000 liters treated in all operating
cost categories, except utilities.

The land treatment systems operated
by Middleville and Harbor Springs and the
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Fig. 1 . Total Operating Costs

conventional treatment system at Imlay
City are the next most consistently in-
expensive systems to operate. Several
points need to be clarified in terms of
these systems to explain their operation
costs. The Imlay City treatment plant
does not use any process for phosphorus
removal. If chemical coagulation or any
other process were instituted, the opera-
tion costs would be higher. The peak in
the Middleville system's cost curve is
due to an expensive engineering study
conducted during the 1974 fiscal year.
The Middleville system has the second
least expense of the systems in terms of
salaries and wages. This is because
much of the system is automated.

Harbor Springs has the next to least
expensive cost for the general operation
and maintenance category. In the general
administrative expense category, it is
generally the most expensive. This is
understandable in that the system is an
authority which serves several units of
government. Also, "double billing" and
bookkeeping expenses take place. The

authority must bill each individual local
unit of government for its use of the
system, and in turn, each unit of govern-
ment bills its local user for the use of
the system. Additionally, the authority
keeps books for its separate part of the
system.

The Imlay City system has the lowest
utility expense per 1,000 liters treated.
In addition, this system has had the low-
est expense for salaries and wages for
all of the conventional treatment systems.

For the Hart, Harbor Springs and
Imlay City systems, it may be possible
that the economies of scale are occurring
for the total operation expense on a
dollars per 1,000 liters treated basis.
These three systems had the highest aver-
age daily flows of the systems in the
study.

The curve displaying the Farwell
system's costs shows that they are in-
creasing fairly rapidly. This is because
the amount spent on salaries and wages,
general operation and maintenance and
general administrative expenses increased
rapidly. However, the utility expense
category maintained a fairly constant
level. There is no immediate explanation
for the increases in the other categories.

Total operation costs in dollars per
1,000 liters for the Constantine system
are increasing dramatically. These sub-
stantial increases in costs can be partly
explained in that flows in this system
were less in the last two fiscal years
because of a strike and consequent stop-
page of production and output of waste-
water by a large industrial user in the
community. The actual dollars spent for
total operation of the system increased
even as flows decreased. However, if
flows to the system had remained fairly
stable, the increase in costs per 1,000
liters may not have been as dramatic.

The Wayland system appears to be
consistently the most expensive land
treatment system (excluding Dimondale
which uses conventional primary and sec-
ondary treatment processes). It's
utility expense, general operation and
maintenance expense and general adminis-
trative expenses are consistently higher
than the other land treatment systems.
The amount spent for professional serv-
ices is generally higher than any other
land treatment system in the study.

The next most expensive system
appears to be the Jonesville system.
This conventional system has the highest
costs in the general operation and
maintenance category of the conventional
systems, excluding Dimondale. However,
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this system is fairly inexpensive in
terms of utility expense and general
administrative expenses.

Luna Pier and Dimondale1s treatment
systems are the most expensive treatment
systems included in the study. Dimon-
dale's system, which incorporates con-
ventional primary and secondary treatment
units in its process along with seepage
lagoons for tertiary treatment, has
either the highest or second highest
expenses on the basis of dollars per
1,000 liters treated of all the cost
categories except general administrative
expenses.

The Luna Pier system has the highest
costs per 1,000 liters treated in the
salary and wage category of all the sys-
tems. It also has the highest expenses
on the same basis for the utility cate-
gory (excluding Dimondale). In the gen-
eral administrative expense category, it
ranks highest among the conventional
treatment systems.

Linear Regression Analysis of Operation
Expense

A two variable linear regression
technique was used on three general
groups of data. The cost of operating
the system is the dependent variable and
time is the independent variable. The
general groups were all land treatment
systems, excluding Dimondale; all con-
ventional treatment systems, excluding
Dimondale; and all conventional treat-
ment systems, including Dimondale. Fig-
ure 2 shows the regression lines for the
total operating costs.

Statistical tests were conducted to
determine if the slopes and intercepts of
the regression lines were significantly
different from one another. The regres-
sion lines were pooled and the t statis-
tic and significance level calculated for
the beta coefficients in the pooled mul-
tiple regression equation. The tests
revealed that only the slopes for salar-
ies and wage expense regressions between
land treatment and conventional systems
(including and excluding Dimondale) were
singificantly different at approximately
the 95 percent level of significance.
A broad range of significance levels were
found in the other comparisons. Further
details of the statistical procedure and
results can be found in Williams, Connor
and Libby [1977].

It was found that the salary and
wage expense for conventional type treat-
ment systems is substantially higher than
for land treatment systems. For the
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fiscal year ending June 30, 1976, the
salary and wage expense for the conven-
tional systems was approximately $.108
higher per 1,000 liters treated than the
land treatment systems. This is under-
standable because many of the conventional
treatment systems require more manhours of
labor to permit normal operation than land
treatment systems. Conventional systems
may require at least one or more full time
employees at the treatment plant at all
times. Alternatively, a land treatment
system can be run in some instances by a
person who works for several departments
at the local unit of government. In other
words, operation labor is much less than
that required at similarly sized, secon-
dary treatment plants using the activated
sludge process or trickling filter.
Lagoon and irrigation systems do not re-
quire two or three-shift operator atten-
tion. Operator attention in Michigan is
primarily devoted to dike maintenance
around ponds in spring and summer and to
effluent distribution and crop management
during the irrigation season [Malhotra].
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These costs may also be higher because it
is possible that employees on a conven-
tional system are relatively more skilled
or specialized and receive a higher wage
rate.

Expenses in this category are in-
creasing at a faster rate for convention-
al systems than land treatment systems.
A partial explanation of this increase is
the elasticity of labor supply. Assuming
that the supply for skilled labor is more
inelastic relative to the unskilled labor
supply for these wastewater treatment
systems, it is possible that the price
for skilled labor for conventional treat-
ment systems will increase faster than
the price for unskilled labor for land
treatment systems.

The regression analysis results for
the utility expense category were not as
clear. By including, or not including,
the Dimondale system in the conventional
treatment group, the regression line
changed position substantially. It is
quite possible that the difference in
the conventional utility expenses and
land treatment utility expenses is due
mainly to the variance of the cost of
electricity in each area.

General operation and maintenance
expenses were higher for conventional
treatment than land treatment. The ex-
pense of general operation and mainte-
nance of the conventional systems for
the fiscal year ending June 30, 1976 is
approximately $.092 per 1,000 liters
treated greater than the land treatment
systems.

If Dimondale is included as a con-
ventional treatment system, the regres-
sion results showed that the expense of
operation and maintenance has increased
approximately the same rate in both
types of systems.

The total of the first three expense
categories revealed that the conventional
systems are substantially more expensive
to operate, and operating expenses are
increasing faster for conventional sys-
tems than land treatment systems. For
the fiscal year ending June 30, 1976, the
conventional systems are approximately
$.121 per 1,000 liters treated more ex-
pensive than the land treatment systems.

The regression results for the gen-
eral administrative expenses revealed
that land treatment systems in the study
were generally more expensive on the
basis of dollars per 1,000 liters treated
than the conventional treatment systems.
For the fiscal year ending June 30, 1976
the land treatment systems were approxi-
mately $.042 per 1,000 liters treated

more expensive than the conventional
treatment systems in this expense cate-
gory.

The regression lines for all costs
incurred in the operation of the systems
show that the conventional systems inclu-
ded in the study were more expensive to
operate than the land treatment systems
(Fig. 2). For the fiscal year ending
June 30, 1976, the conventional treatment
systems were approximately $.118 (line B
less line C) per 1,000 liters treated
more expensive than the land treatment
systems in this total operation costs
category. It also shows that costs for
these conventional systems are increasing
approximately twice as fast as the costs
of operation of the land treatment sys-
tems as a whole.

A final note on the comparative cost
analysis of operation costs is needed.
The revenue collected by the Middievilie
and Hart treatment systems for the use of
land and sale of crops from the treatment
site would help offset the operation
costs of the system. If the revenue ob-
tained from the farming enterprise were
subtracted from operation expenses, the
result would be a reduction in the cost
of operation at the Middleville system by
$1,200 in the 1975 fiscal year. This is
a reduction in operation costs from $.073
to $.070. Approximately $1,140 was re-
ceived from the farm operation at the
Hart system for the fiscal year ending
June 30, 1975. This is a reduction in
operation costs from $.050 to $.049 per
1,000 liters treated. The community of
Wayland also hoped to offset part of its
operation costs with an expected $6,000
profit from its farm operation in 1977.
This would be a reduction of $.023 per
1,000 liters treated.

Capital Cost Analysis

Capital, or construction costs, are
also an important factor to be considered
when evaluating alternative methods of
wastewater treatment. In general, the
community will annually incur, along with
operation expenses, the expense of bond
issues used to construct the treatment
system. Construction costs vary depend-
ing upon type of system, its components,
and the overall size. In addition, land
treatment system's capital costs also
vary because of the availability of land,
type of land and type of application sys-
tem used. Various types of application
systems require different amounts of land.

Table 3 presents the capital expen-
ditures in 1976 dollars. The average

368



construction costs of land treatment, in-
cluding and excluding the Dimondale sys-
tem, are presented along with the conven-
tional system average capital costs. A
weighted average construction costs was
calculated by dividing the total flow of
all the land treatment systems into the
total capital cost of all land treatment
systems. The same procedure was done for
the conventional systems.

This comparison shows that for the
systems included in this study, land
treatment systems required a smaller capi-
tal expenditure than conventional treat-
ment systems. However, this result may
be affected somewhat because the cost of
Middlevilie's original collection system
is not included in costs of land treat-
ment systems. On an average daily flow
basis, the capital costs for land treat-
ment were approximately $.328 per liter
less than the conventional systems (exclud-
ing Dimondale). On the design flow basis,
the result was a difference of $.324 per
liter with the land treatment systems
being less expensive than the convention-
al systems (excluding Dimondale). In only
one case studied, the Dimondale system,
were the circumstances better for the con-
struction of conventional primary and
secondary treatment units. However, due
to the relatively high operation cost of
the Dimondale system, it may have been
advisable to construct a land treatment
system at a larger capital investment
and saved on operation costs over the
long run.

Table 3. Construction Cost Comparison of
Treatment Types - 1976 Dollars

Weighted Average
Cost PerSystem Average Cost Average

Flow
Design
Flow

— P e r L i t e r —
Land $2,476,436.13 $2.338 $1.483
Treatment 2,324,376.79* 2.508 1.532

Conven- $2,668,067.12 $2.666 $1.807
tional 2,392,070.37* 2.929 1.845

systems will generally be higher than for
land purchased for a conventional system.
This is basically due to the quantity
needed. However, this land is an asset
that will more than likely increase in
value rather than depreciate like the
equipment incorporated into the system.

It is important to remember that
there is a dual cost structure. In
other words, one should not only be
concerned with the prices of the inputs,
but also the input's salvage value when
the system has exhausted its useful
life. In the case of land treatment
systems, the salvage value of the system
would be positive Because of the value of
the usable land. The land could be sold
by the local unit of government to pay
debt retirement requirements, or to help
finance a new type of system. Land could
possibly be used for agricultural and
forestry production or developed for rec-
reation purposes, wildlife habitats or a
variety of commercial uses. Even the
ponds could be filled with soil and re-
graded to the natural topography. For
conventional systems, however, the salvage
value of the system may be small or even
negative because the majority of the
assets involved in the conventional sys-
tem would likely have no alternative use.

There is also the advantage of pro-
ducing forestry and agricultural products
for sale on certain types of land treat-
ment systems which can help defray opera-
tion and maintenance expenses. However,
operation costs may also increase because
of the complexity of the farm operation.
The farm operation should be run as a
separate enterprise to determine its
profitability. The expected production
and profitability should be closely stud-
ied in an evaluation of alternatives.
These types of opportunities do not exist
with conventional systems. However, they
may be able to sell conditioned sludge
from the treatment process as a fertilizer
and soil conditioner to farmers and home
gardeners. Sludge is not removed and
conditioned from lagoons in the land
treatment systems.

^Calculations include the Dimondale system. CONCLUSIONS

CONCLUDING POINTS FOR COMPARATIVE
COST EVALUATION

Some concluding points should be
considered when evaluating alternative
treatment methods. Total expenditure re-
quired to purchase land for land treatment

The comparative cost analysis of the
operation expenses of the two general
categories of types of treatment, land
and conventional, has in general shown
that the land treatment systems on the
whole seem to be less expensive to oper-
ate than conventional systems. This
finding is even more significant in that
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the land treatment systems may be achiev-
ing a higher level of wastewater treat-
ment than the conventional facilities. As
indicated previously, the quality of
treatment generally achieved by the land
treatment process is of a higher degree
than conventional treatment processes
which incorporate chemical coagulation
for phosphorus removal.

More specifically, the land treat-
ment systems were less expensive to oper-
ate than the conventional systems in two
of the four individual expense categories
documented: Salary and Wage Expense, and
General Operation and Maintenance Expense.
In the Utility Expense category, the oper-
ation costs were approximately the same.
The conventional systems appeared to be
less expensive to operate than the land
treatment systems in the General Adminis-
trative Expense category. The total of
all expense categories shows that the
land treatment systems were experiencing
lower operation costs per 1,000 liters
treated. Additionally, the yearly oper-
ation costs of the conventional treatment
systems were increasing approximately
twice as fast as the land treatment
facilities.

The comparison of the capital in-
vestment required for construction of the
systems showed that land treatment was
somewhat less costly than the conventional
systems. Although the documentation of
the capital costs indicates the general
expense of construction, it is difficult
to make cost comparisons across types of
systems because of the inherent physical
characteristics of each system. Each
type of alternative system for a single
community must be evaluated in terms of
its expected operation costs and capital
expenditure. Determination of these costs
require detailed planning and study taking
into account all cost factors relative to
the respective community situation. Alter-
natively, evaluation of the average occur-
rences of operating characteristics and
costs such as this study has done with
case histories and time series data, re-
gression analysis indicates what can be
expected from the use of ultimate methods
of treatment.

With the results of this study in
hand and the advantages of land treatment,
the question arises as to why land treat-
ment is not more widely used. There are
several reasons which are particularly
apparent. Soils in many areas are not
suitable for the land treatment process.
There may be local opposition to the land
treatment concept for various reasons
including aesthetic reasons, health con-

cerns, and lack of understanding of the
land treatment concept. The amount of
land required may be unavailable or the
cost of purchasing or leasing such land
may be prohibitive. In addition to
these, it may be the case that local con-
sulting firms have a lack of knowledge or
experience with land treatment. It is
clear that although there are distinct
advantages for certain communities which
use the land treatment method for waste-
water treatment, there are also disadvan-
tages in some situations. Therefore,
land treatment should not be considered
a panacea for every community's sewage
problems.
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MATHEMATICAL MODELING

SIMULATION OF THE MOVEMENT OF CONSERVATIVE CHEMICALS IN SOIL SOLUTION

Y. Nakano and I.K. Iskandar, U.S. Army Cold Regions Research and
Engineering Laboratory, Hanover, New Hampshire 03755, USA

A numerical method is introduced
to simulate the movement of conservative
chemicals in soil "by water. The method
is essentially based upon a finite
element approximation to the equation of
continuity, and each element constitutes
a complete mixing cell. The number of
cells represents a degree of mixing.
The theoretical Justification of the
method is presented and the accuracy of
the method is examined using experi-
mental data obtained from a large lysi-
meter. It is found that the method can
simulate the general trend of the move-
ment of chemicals reasonably well, but
fails to simulate the high frequency of
variations that occur near the soil
surface.

INTRODUCTION

In land treatment various substances
in the wastewater take part in the
chemical and biological reactions that
determine the extent of total water
renovation. Since the rates of such
reactions generally depend upon the
concentrations of the reacting sub-
stances, it is important to find these
concentrations in terms of time and
space for accurate determination of the
conversions.

For the case of a solute which does
not react with soils, solute molecules
move in the same way as water molecules.
Determination of the concentrations of
the non-reactive solute in terms of time
and space requires knowledge of net
water movement as described by Darcy's

law, and the degree of mixing or bulk
diffusivity of the solute, accounting
for the effect of molecular diffusion.
In addition to such knowledge, rate
equations are required for the general
case of a solute reacting with soils.
Since the reaction affects the solute,
solute molecules move differently from
water molecules.

Boast (1973) reviewed mathematical
models simulating the movement of
chemicals through soils, which may be
considered a special case of general
porous media. The problem of mixing in
porous media was extensively studied in
chemical engineering, particularly in
the design of packed bed reactors (Uhl
and Gray, 1966). Flow through soils is
mostly in the laminar flow region
defined as Re < 1. Re is the Reynolds
number, given as

Re = du p/y (1)

where

d = particle diameter
u = mean velocity over the cross

section
p = density of liquid
V = viscosity of liquid

And in the laminar flow region mixing is
caused primarily by molecular diffusion
and the relative motions of liquid
particles, and to a lesser extent by
turbulent diffusion. The degree of
mixing is often characterized by the
Peclet number, Pe, given as
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Pe = du/(DX) (2)

where

D = bulk diffusivity
X = void fraction

For uniformly packed porous media with
very little dead space, the Peclet
number remains "between 0.3 and 1.0_for a
wide range of Reynolds numbers (10 to
102) (Uhl and Gray, 1966).

Kunze and Kirkham (1961) tagged
water with deuterium hydroxide (DOH) and
determined the "bulk diffusivity in flow
through Colo clay loam soils and glass
"beads. They found that the bulk dif-
fusivity of both media was of the same
order as the molecular diffusivity of
water. Corey and Horton (1968) deter-
mined bulk diffusivity through saturated
Vaucluse soil, and the value was about
100 times greater than the molecular
diffusivity of water (2xlO~5 cm2/s).

A chloride ion is usually considered
the most nearly ideal tracer for deter-
mining bulk diffusivity through soils.
Smith (1972) determined bulk diffusivity
in 15 widely varying soils using chloride
and found that the values ranged from
1.39x10"'' cm2/s for the Amerillo and
Quincy soils to 1.9^x10" cm2/s for
Houston soil. He also found that
chloride moved through the soils l.OU to
I.67 times faster than it would have if
it had been associated uniformly with
all the soil water. There are two
explanations for the deviation in the
residence time of chloride. One is due
to electrical anion exclusion (Smith,
1972) and the other is due to the dead
pores, which are not accessible to even
the main water flow pathways (Passioura,
1971, Coats and Smith, 196k). The soil
solution in the dead pores comes to
equilibrium with the rest of the soil
solution primarily by means of molecular
diffusion (Philip, 1968).

In this work we evaluate a numerical
method simulating the movement of
chemicals in soil solution. The method
is essentially based upon a finite
element approximation to the equation of
continuity. The theoretical justifica-
tion of the method is presented and the
accuracy of the method is examined using
experimental data obtained from a lysi-
meter "by using chloride as a tracer.

THEORY

The equation of continuity in a
one-dimensional Cartesian coordinate
system is given as

where

C
t
z

f(C)

- f (3)

concentration of a solute
time
space variable; the z-axis
coincides with the direction of
gravity
sink term simulating reactions
and plant uptake, if present.

Equation (3) with proper initial
and boundary conditions can be solved by
the finite difference method. Although
the finite difference method is accurate,
it is not always efficient in solving
field problems. Particularly for a
system in which there are many different
solutes involved in various reactions,
simultaneous solution of many partial
differential equations such as (3) is
needed and numerical analysis becomes
quite elaborate. Therefore we used
another method.

In this method a soil system with
total thickness L is divided into N
complete mixing cells with unit area of
cross section and variable thickness
(Fig. l). A finite element method using
a series of complete mixing cells was
frequently used in simulating a degree
of mixing (Uhl and Gray, 1966). Dutt et
al. (1972) developed a computer model

Figure 1. A series of complete mixing
cells.

Ground Surfoca
Concentration Node

1

i-2
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simulating a bio-physicochemical process
in soils. In their model complete
mixing was assumed in each equally
divided segment. However, the number of
segments was not determined according to
the degree of mixing.

It is well established that a
number of division has a definite
relation with a degree of mixing (Deans
and Lapidus, I960; Uhl and Gray, 1966).
The justification for the use of a
series of complete mixing cells as an
approximation to (3) and the relation
"between a number of division and a
degree of mixing is as follows.

The material-balance equation of
the solute in the cell is given as

dC.

On the other hand a finite differ-
ence approximation to (3) may be written

dCn

(Az. + Az. + 1)- f(C
n) = - £

Equation (5) is also written as

(5)

dCn

If Dn/Azi = u?/2 for any i

(6) reduces to:

n «n n

(6)

(7)

dcn

~ ] (8)

Therefore, a finite difference
approximation to (3) coincides with a
finite element approximation using a
series of complete mixing cells under
condition (7).

For the case where all Az.
(i=l, ...N) are equal, (7) is written as

H = Pe*/2

where

Pe* = Pe* (z,t) = u n

(9)

(lO)

Equations (9) and (10) imply that N is
generally a function of time and space
variables. Suppose we take an average
value of Pe* over time for given soils,
then N is determined by (9) and we can
approximately simulate a degree of
mixing. When the effect of dead pores
is significant, it is possible to take
such an effect into account in the
present method as follows.

Each cell is further divided into
two parts. One part is defined to have
the same function described "before.
Another part is merely a completely
closed dead space, as if the total
accessible space were reduced by this
dead space. Now (h) reduces to:

= £ A z [ f ( C i }

dC.

where

e = correction factor to account
for unaccessible space and l>_e> 0

For practical applications, a soil
system is divided into several soil
horizons. The term soil horizon merely
refers to a zone of soil which is con-
sidered to "be homogeneous in terms of
mixing characteristics. In this case
each soil horizon is characterized by
two parameters, Pe* and e. These para-
meters could be determined by the use of
a tracer. For instance, if the resi-
dence time frequency function Qe(t)
(Uhl and Gray, 1966) is determined
experimentally, the mean residence time
T can be calculated as

00

T = / tQ (t) dt
o

(12)

The theoretical mean residence time T
can be calculated from the volume of
pore space and the flow velocity, and
e is given as
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= Te / Tt
(13)

Also Pe* can "be determined by comparing
theoretical residence time frequency
function Q (t,Pe*) with Q (t). Once Pe*
is known, one can calculate N from (9)-

EXPERIMENT

Experiments were conducted using a
lysimeter 91 cm in diameter and 183 cm
in height (Iskandar and Nakano, 1978).
The lysimeter was made of corrugated
aluminum culvert to minimize possible
water channeling. To avoid contamina-

tion of the soil solution from possible
release of metals from the wall, the
inside of the lysimeter was coated with
an inert material. The lysimeter was
filled with Windsor sandy loam obtained
from local fields in Lebanon, N.H. The
soils were packed carefully to a bulk
density similar to field density. The
soils consisted of three horizon —
1st, 2nd and 3rd as shown in Table 1.
The lysimeter was placed in a green-
house.

Soil solution was obtained by the
use of suction plates. Several 10.2 cm
plates were placed at various depths and
one 25.1+ cm plate was placed near the
bottom of the lysimeter. The vacuum

Table 1.

Horizon

1st

2nd

3rd

Physical Data for

Depth
(cm)

0-25

1+5-150

Average
bulk
density

1.1+1

1.59

1.55

the Windsor

Particle

Clay
( <. 001-.01

mm
CM

 
C

M
 

C
M

Soils.

size analysis of

Silt
) (.01-.075)

mm

11

36

31

soils (percent

Fine sand
(.075--05)

mm

57

1+6

50

fraction)

Medium sand
(.05-2.0)

mm

30

36

17

system was designed to assure that the
vacuum used to collect soil solution
samples did not exceed a certain level
and the vacuum was applied uniformly to
all the suction plates.

Soil temperature at depth was
monitored by thermocouples connected to
a data logger. The lysimeter wall was
insulated with Styrofoam to prevent heat
flux from the wall and the measured
temperature indicated that the variation
of temperature in a horizontal plane was
negligibly small.

Moisture flow was monitored four
ways: (a) by measuring the volumetric
moisture content in the soil at depth
using a neutron probe, (b) by measuring
the soil moisture tension in the soil at
depth using tensiometers, (c) by measur-
ing the rate of water flowing out of the
lysimeter by a tip bucket with a re-
cording device, and (d) by measuring pan
evaporation from a standard Class A pan
situated near the lysimeter.

Since the hydraulic characteristics
of a soil depend on its texture and
structure, the desirability of measuring
the characteristics in situ or in

undisturbed samples has been recognized.
The simultaneous measurement of volum-
etric moisture content and tension
enabled us to determine the retention
curve for each horizon as shown in
Figure 2. Preliminary determination of

Figure 2. Retention curves for the
three horizons of Winsor soils.

0.0

Tension (cm H20)
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hydraulic conductivity was made from
successive measurements of volumetric
water content profiles (Rose et al.,
1965). It was found that the hydraulic
conductivity of all three horizons of
soil may be conveniently expressed in
terms of an exponential function of a
polynomial of the volumetric water
content as

IC^x1) = exp [A^ P 1 (x1) +

where

K = hydraulic conductivity of ith
horizon [cm/day]

x = nondimensional volumetric
water content

6 = volumetric water content of
ith horizon

91 = saturated volumetric water
content of ith horizon

A = constant
n

P (s) = shifted and orthonormal
Legendre polynomials

n

r=0

The final adjustment of conducti-
vity was made "by the trial and error
method, such that the computed water
content profiles best fitted the ex-
perimental water content profiles. It
was found that increasing more than the
first two terms in (lU) did not signi-
ficantly improve the accuracy of com-
putation. The final values of Aj
are given in Table 2.

Table 2. Values

Horizon
1

2

3

of

-6.

-3.

-2.

the

Al

1+923

Constant A .n

A2
-6.7OO

-5.328

-3.579

In the computation a standard
method for an implicit finite difference
approximation to Darcy's flow equation
was used. Although saturated flow
appears for a relatively short period,
the approximate method of an artificial
transitional zone (Nakano, 1978) was
used to treat the boundary value problem
between saturated and unsaturated flow.

At the bottom of the lysimeter a
constant water table was maintained.
Water ,was applied to the soil surface by
flooding. When surface water was
present, the head pressure was accounted
for in the computation. Since almost no
vegetation existed at the time of the
experiment, loss of water was solely due
to evaporation from the surface, and an
amount of water adjusted based on pan
evaporation was taken away from the
first segment of soil. Prior to each
experiment the initial water content
profile was measured with the neutron
probe.

The predicted volumetric water
content profiles generally agree rea-
sonably well with the measured profiles
and the error was found to be within
about 10$. In Figure 3 the measured
profiles after the application of 5.08
cm (2 in.) of water "by flooding is
shown. In Figure h the predicted
accumulative leachate was plotted in
comparison with the measured values.
Agreement between the predicted and
experimental values is quite good.

Having determined the hydraulic
characteristics of the lysimeter, we
proceeded to evaluate a numerical method
simulating the movement of chemicals in
soil solution. A certain amount of
ammonium chloride was resolved in
applied water and after the application
the concentration of chloride and
nitrate in soil solution was measured
with time and at depth in soil.

RESULTS AND DISCUSSION

The main objective of the first
experiment was to determine the number
of division for each horizon that best
simulates the actual mixing character-
istics. 5.08 cm (2 in.) of water was
applied regularly once a week. After
the system became stationary, we applied
5.08 cm (2 in.) of WH^Cl solution
instead of water in one week {lk Jan.
1976). After that the soil solution was
monitored during every application day
for the following 11 weeks while 5.08 cm
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Figure 3. Volumetric water content pro-
files after an application of 5.08 cm
(2 in.) water.
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Figure k. Experimental and predicted
accumulative leachate after an applica-
tion of 5.08 cm (2 in.) water.
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0.0

Time ( day)

(2 in.) of water continued to be applied
regularly once a week.

The results of the experiment are
shown in Figure 5, where the concentra-
tion C/Co (Co is the initial concentra-
tion of applied NH^Cl solution) of CL
and NO3-K is plotted against time at
three depths in the soil. The arrows in
the time axis indicate the time of
application, and after each arrow about

8 hours of measured data were plotted.
It is noted that the time axis is not
continuous.

From the figure it is easy to see
that dispersion of chloride in the 1st
horizon was rather remarkable. Although
the horizon is only 15.2Ï+ cm (6 in.)
deep, it took almost 7 weeks for all
chloride to flow out. After passing
through the 1st horizon, chloride did
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Figure 5. Measured and predicted con-
centrations of chloride and nitrate
nitrogen in soil solution after the ap-
plication of 5.08 cm (2 in.) ammonium
chloride solution. An arrow in the time
axis indicates time of application.
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not seem to disperse noticeably as in
the 1st horizon. Another interesting
feature is that the variation of chlor-
ide concentration with time was the
largest at 6-in depth, hut it gradually
became smaller while chloride passed
through the 2nd and 3rd horizons. When
5.08 cm (2 in.) of chloride solution was
applied "by flooding, all the solution
infiltrated into the soil within about
1-1/2 hours. Despite such a short time
span of application, after passing
through 5U in. of sand soils, chloride
was so well dispersed that even the
location of the peak chloride concen-
tration is not easy to accurately
determine. This feature is considered
to be the combined effect of an unsteady
flow field generated by successive but
intermittent applications of 5.08 cm (2
in.) water and the bulk diffusivity of
the soil.

Although nitrate can be produced
from sources other than applied ammonium
and is not as good a tracer as chloride,
in view of the relatively large amounts
of ammonium application we thought we
might be able to draw some useful but
approximate conclusions from the nitrate
data. Therefore we combined the nitro-
gen model by Dutt et al. (1972) that

includes nitrogen transformation due to
mineralization-immobilization of ammonia
and organic nitrogen, nitrification of
ammonia nitrogen, and immobilization of
nitrate nitrogen and we computed the
nitrate concentration.

As a trial we used the uniform
space increment Az = 7.62 cm (3 in.) for
all the horizons and computed the
concentration of chloride. The results
of computation at 6-in. depth are shown
in Figure 6. The computed values
underestimate a degree of mixing in the
1st horizon and chloride passes through
almost twice as fast as in the experi-
ment. For the next trial we used the
uniform space increment Az= 15.2U cm
(6 in.) for all the horizons. With this
increment the 1st horizon becomes one
complete mixing cell. This increment
was found the best fit for the 1st
horizon, but introduced too much mixing
for the 2nd and 3rd horizons. After
another few trials we found that the
selection of increments of 6, 3 and 3
in. for the 1st, 2nd and 3rd horizons
respectively seemed to fit the experi-
mental data best and the result of these
computations was also plotted in Figure
5.
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Figure 6. Comparison of the predicted
concentration of chloride with the ex-
perimental data at 6-in. depth.

o Expsrimental Data
A ComputBd, ûZ = 7.6cmOin.)
• Computed, AZ "I5.2cm(6in.)

leurs

2nd

Time

It is apparent that the present
method predicts a rather smooth change
of chloride concentration with time and
fails to simulate the seemingly irregu-
lar and high frequency of measured
variation of chloride. This difficulty
is most pronounced in the 1st horizon.
If the measurement was accurate, then
the cause of such a difficulty must be
related to the actual mechanism of
mixing in the soils, particularly in the
1st horizon.

Although we assumed that complete
mixing occurs in the 1st horizon, it is
obvious that the actual mechanism of
mixing is not like mixing with an impel-
ler. One possible mechanism for pro-
ducing a high frequency of measured
variation of chloride would "be mixing by
channeling through macropores. Unfor-
tunately we do not have enough experi-
mental data to substantiate such a
hypothesis.

Despite the difficulty in simulating
the high frequency of variation, the
method appears to simulate the general
trend reasonably well. Particularly at
the 5l+-in. depth where almost all high
frequency variations die out, the
predicted chloride concentration agrees
well with the measured value.

The nitrogen model (Dutt et al.,
1972) generally overestimates the
nitrate concentration at the beginning
and underestimates later. This diffi-
culty appears to be inherent in the
fixed order kinetics that does not
account for such biological processes as
dynamic population growth of nitrifiers.
The experimental data indicate that
production of nitrate is very slow in
the first week after application of the
NHljCl solution. This one week lag
appears to correspond to the delayed
appearance of the peak nitrate concen-
tration a week after the chloride peak
at both l8 and ^k-±n. depth.

The bulk diffusivity of the soil
can be approximately determined.
Assuming that L=lkO [cm], N=15 and
u=2xlO [cm/s], we estimate that the
bulk diffusivity is on the order of 10
[cm2/s] from (9) and (lO). This is
about 100 times greater than the mole-
cular diffusivity of water and agrees
with the value reported by Corey and
Horton (1968).

Having determined the number of
division for each horizon, we conducted
another series of experiments to examine
the present method. In these experiments
the application rate was set at 10.16 cm
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(h in.) a week, tout the water was ap-
plied in three different ways within a
week. In Exp. A, h in- of water was
applied every Monday. In Exp. B, 2 in.
of water was applied every Monday and
Thursday, while in Exp. C 1-1/3 in.
of water was applied every Monday,
Wednesday and Friday.

In all three experiments the same
amount of NH^Cl was used and WHl|Cl
solution was applied only once for each
experiment on the specified Monday. The
initial concentrations of NH^Cl solution
Co were 33-7, 67.h and 101.1 [meg., /liter]
for Exp. A, B and C respectively. After
application of the solution, the soil
solution was monitored every day while h
in. of water continued to "be applied in
the specified way every week. During
this series of experiments the soil pH
decreased and remained at an average of

U.5 due to a large amount of NH^Cl
application. In order to account for
the effect of pH on nitrification of
ammonia we modified the rate constant
according to Alexander (1961).

The results of the experiments and
computations are shown in Figure 7.
From the figure it is clear that the way
of application within a week affects the
movement of chloride in a rather com-
plicated manner, because unsteady flow
fields generated "by three different ways
of application differ significantly from
each other. Although a large discrep-
ancy occurs "between the experiment and
the simulation of the leachate con-
centration in Exp. A due to the effect
of the previous experiment, the present
model can simulate the general trend of
chloride movement reasonably well.

Figure 7- Comparison of the predicted
concentrations of chloride and nitrate
nitrogen with the experimental data at
6-in. depth, 18-in. depth, and in
leachate. An arrow indicates time of
application and length of the arrow is
proportional to the amount of water
applied.

1.0JL 1 1 1 1111II U 1.1

Exp. Th.
CL 0 •
NO3-N a •
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U J L A J L U U J L A J U L
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CONCLUSION

The present model can simulate the
general trend of chloride movement
reasonably well, but fails to simulate
high frequency of variations, particu-
larly at 6-in. depth. The nitrogen
model (Dutt et al., 1972) tends to
overestimate the nitrate concentration
at the beginning and underestimate
later. For the case where a solution
containing nitrogen is applied inter-
mittently, such as a few inches a day
once a week, modification based upon
dynamic microbial growth may improve the
accuracy of the prediction.
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MATHEMATICAL MODELING

AN ADSORPTION MODEL FOR PREDICTION
OF VIRUS BREAKTHROUGH FROM FIXED BEDS

Vincent L. Vilker
Chemical, Nuclear and Thermal Engineering Department

University of California, Los Angeles
Los Angeles, California 90024

Groundwater comprises 95% of the
U.S. fresh water supply. The potential
for biological and chemical contamina-
tion of this supply by percolation from
such sources as surface spreading of un-
treated and treated wastewater, sludge
land-spreading, septic tanks and land-
fill leachates is very high. Previous
laboratory and field studies give equiv-
ocal results regarding the magnitude of
the threat of virus contamination of
groundwater supplies which is posed by
these waste disposal practices. Initial
experimental and mathematical modeling
efforts are described for the prediction
of breakthrough of low levels of virus
from percolating columns under condi-
tions of both adsorption (application of
wastewater to uncontaminated beds) and
elution (application of clean water to
contaminated beds). This breakthrough is
described by the ion exchange/adsorption
equations with the effects of external
mass transfer and nonlinear adsorption
isotherms included. Predictions are in
qualitative agreement with reported
observations from experiments which
measured virus uptake by columns packed
with activated carbon or a silty soil.

INTRODUCTION

In the United States, municipal
raw sewage typically contains 7000
enteric virus particles per liter (1).
The virus concentration of treated
wastewater which is applied to land
depends primarily on the degree of
treatment of the municipal raw sewage.
The first significant reduction occurs
in the biotreating unit, about 90% for

activated sludge treatment. Viruses are
sequestered by the activated sludge bio-
mass and most of those removed from the
wastewater appear in the sludge phase.
It is believed that little virus deacti-
vation occurs in the activated sludge
process; probably about 90% of the virus-
es sequestered by the biomass leave the
unit as viable viruses. The primary de-
fense against the release of virus in
wastewater to the environment is disin-
fection, usually by chlorine addition.
However, even the final effluent from
this process which is the final product
of most treatment facilities today, con-
tains on the order of 0.1 to 1.0 virus
per liter.

Therefore, the transmission and
survival of enteric viruses in percolat-
ing soil beds are essential public health
concerns in land waste disposal-ground-
water supply cycles. Groundwater quality
with respect to this type of contamina-
tion depends on virus concentration and
state of suspension at the point of appli-
cation, the chemical composition of the
water, the physical and chemical charac-
teristics and depth of soil bed and aqui-
fer volume. The focus of this study is
the development of a model to describe
the movement of single virus macromole-
cules through soil beds where the initial
conditions may correspond either to a pro-
cess of adsorption, that is the applica-
tion of virus-laden solution to an uncon-
taminated bed, or to a process of elution,
that is the application of virus-free
solution to a contaminated bed.
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Table 1. Virus Transport Through Percolating Laboratory Columns

Adsorbent
(Depth)

Virus Solution Flow Rate Virus Removal
(Influent Loading) cm/min Capacity

Réf.

Activated Carbon
(4-25 cm)

Activated Carbon
(45 cm)

Sterile Sand
(20 cm)

Sandy Forest Soil
(20 cm)

Sterilized Oahu
Soils
low humic
(4-15 cm)
volcanic cinder
(15-38 cm)

9 Soils
(45-50)

T4 phage
(10e - 108 PFU/ml) water and

dissolved
salts

Distilled 0.5-130

Type I polio
(8.8x10* PFU/ml)

Filtered
secondary
effluent

4-8

0.08-0.16f2 phage and Distilled
Type I polio water and
(107 - 109 PFU/ml) dissolved

salts

T7 phage & Type I Deionized Continuous
polio (3-6.5xlO6 water and inter-
PFU, single appli- mittent
cation) Avg - 0.005

Type II polio Clear Intermittent
(l,5xlO5 PFU/ml) water Avg - 0.01

Tj_, T2 and f2 Distilled 0.008-0.03
phages water and
(2xl07-108 PFU/ml) dissolved

salts

Low removal, rapid (2)
breakthrough at low-
est flow, instant
breakthrough at
highest flow

Low removal, instant (3)
breakthrough, pH ef-
fect studied

Low removal in NaCl (4)
soins., high removal
in CaCl2, MgCl2, 30-
60 min. breakthrough

High removal, T7 and (5)
polio differ under
intermittent flow,
60 min. breakthrough

Humic soil , high re- (6)
moval (99+%) and fast
breakthrough. Cinder
low removal (<40%)
and instant break-
through

99+% removal, no (7)
breakthrough data

Table 2. Virus Transport through Percolating Field Soil Beds

Adsorbent
(Depth)

Sewage Infiltra-
tion site soils
(5-28 meters)

Sandy Soil
(2-7 meters)

Sandy Gravel
(60 meters)

Sandy Soil
(3-9 meters)

Virus
(Influent Loading)

f2 phage, Type I
polio, encephalo-
myocarditis
(10s PFU/ml)

Enteric viruses
(0.04 PFU/ml)

Type III polio
virus

Enteric viruses
(.002-.075 PFU/ml)

Solution

Settled
sewage

Secondary
effluent

Flow Rate
cm/min

0.06-0.6

0.005, higher
w/rain

spray irri-
gation, rain-
fall

Secondary
effluent

Secondary
effluent

_

0.02

Virus Removal
Capacity

48 hours to f2 break-
through in 28 meter
well, enteric virus
breakthrough in 72 hre.

1% influent concen-
tration found in 7
meter well after
rainfall

No virus breakthrough

No virus breakthrough

Ref.

(8)

(9)

(11)

(12)

PREVIOUS STUDIES

Numerous laboratory and f ield stud-
ies have been conducted to determine
removal capacit ies and ra te of transport
of viruses in percolating beds of various
sol ids . Six recent laboratory invest iga-
tions l i s t ed in Table 1 examined removal
in shallow beds of activated carbon,

sand and various s o i l s . The viruses
studied included a var iety of bacter io-
phages and attenuated poliovirus s t r a i n s .
The poliovirus i s usually regarded as a
good model for studying enter ic virus
transport in wastewater treatment systems.
Influent concentrations are elevated
several orders of magnitude above typi -
cal levels for treated or untreated
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sewage. The first three studies listed
were also conducted at relatively high
flow rates compared to usual field per-
colation rates of about 0.01 cm/min, and
only one study was done with a represen-
tative treatment plant effluent.

Activated carbon, Hawaiian volcan-
ic cinder soil and sterile sand (when
only NaCl is present in the virus solu-
tion) displayed low virus removal capac-
ities. Columns packed with soils gener-
ally showed higher capacities for virus
removal, Drewry and Eliassen (7) con-
cluded from their results with three
bacteriophages that percolation through
only a few meters of the types of soils
which they studied (five from San Mateo
County, California, and four from Wash-
ington County, Arkansas) would be suffi-
cient for protection from virus contam-
ination.

Table 2 summarizes the results of
four field studies in which the water
from wells beneath sewage spreading
grounds was sampled for virus contam-
ination. The first study listed indi-
cates virus penetration at 28 meters
when primary treated effluent was seed-
ed with the viruses listed and applied
to land at a sewage infiltration site
in Massachusetts (8). In a study of
virus transport at the St. Petersburg,
Florida, wastewater renovation project,
Wellings, Lewis and Mountain (9) found
that endogeneous enteric virus from a
chlorinated secondary effluent had pene-
trated a 7 meter well. The largest virus
plumes consistently appeared in the test
wells following a rainfall at the test
site. This observation supports the hy-
pothesis that virus adsorption to soil
is reversible and dependent upon the
ionic character of the percolating water.
In addition to these examples of virus
isolation in the field, Mack, Lu and
Coohon (10) have reported isolation of
poliovirus type 2 from a 30-meter well
located more than 100 meters from the
edge of a wastewater drainfield in Michi-
gan.

No viruses were found by Merrel
and Ward (11) after 60 meters of perco-
lation in the well-known Santee Project
(San Diego) although the PFU assay pro-
cedure was not used in this study. Re-
cently, complete virus removal by perco-
lation through 3-9 meters of soil has
been described at the Flushing Meadows
(Phoenix, Arizona) wastewater renovation
project (12). This study also involved
the use of unseeded influents to the
percolation bed.

This review shows that virus trans-

port through packed beds is a complex
function of several variables: permeate
composition and rate of application,
virus concentration as well as soil or
packing type and depth. From these re-
sults, few additional quantitative, or
even qualitative conclusions can be
reached regarding effluent quality or
groundwater protection.

VIRUS ASSOCIATION WITH WASTEWATER SOLIDS

Wastewater microbiological contam-
inates may be removed in a packed bed by
filtration and/or adsorption. The perco-
lation/adsorption model described below
for virus removal is based on the prem-
ise that the movement of single virus
particles is the principal determinant
of bed effluent quality, and therefore
the principal threat to groundwater qual-
ity. The initial experimental studies
of this research involved the determina-
tion of the distribution of viruses in
solutions containing suspended solids
normally present In wastewater effluent
from secondary treatment.

The fraction of viruses which asso-
ciate with small particles was studied
by performing batch adsorption experi-
ments of Type 1 poliovirus to samples
of suspended solids from the activated
sludge unit of a local Los Angeles waste-
water treatment facility. Solids concen-
tration was varied from 0.02 mg/ml to
4.8 mg/ml. Virus concentration was
varied from 102 to 105 infectious parti-
cles per milllliter as determined by the
plaque-forming unit (PFU) assay (13).

Results of previous studies (14,15)
of virus adsorption capacity of biologi-
cal solids have been described by the
empirical Freundlich isotherm q = mCn

where q is the number of viruses adsorb-
ed per unit mass of solids in equilibrium
with a solution virus concentration C and
m and n are empirical constants. These
results show that for experiments in
which C is varied at high solids concen-
tration, W > 1 mg/ml, n is close to uni-
ty and m is approximately constant. How-
ever, there has been no correlation of
these results with the measurements of
adsorption in which solids concentration
is varied at constant C and different
values of m and n are obtained. Our re-
sults, which indicated a significant
effect of solids concentration on adsorp-
tion capacity, were correlated by a modi-
fied isotherm in which n was again close
to unity but m was a decreasing function
of solids concentration,
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-(0.81±.03)
m = (0.63±.08)W

This increasing capacity with decreasing
solids concentration is probably caused
by an increase in solids surface area
due to solid aggregate dispersal.

The isotherm equation can be re-
arranged to form an expression for the
ratio of free, unassociated virus to
total virus in the wastewater as a func-
tion of solids concentration

|- - 1/(1 + mW)

Figure 1 compares this ratio computed
from our experimental determination of
the coefficients m and n with the ratio
computed using the isotherms determined
by Sobsey, et al (1A) and Clarke, et al
(15).

1

Fig. 1. Fraction of Unassociated Virus-
es in Equilibrium with Waste-
water Solids

Our results indicate that at the
low solids concentration level of a
wastewater treatment effluent (about 10
mg/Jt), 80% of the total virus concentra-
tion would be unassociated compared to
about 98% calculated from the previous
studies. At the high solids concentra-
tion typical for an activated sludge
mixed liquor our results give an esti-
mate of 57% unassociated compared with
30% from previous studies. These data
are in qualitative agreement with the
observations of Wellings, et al (16)
which show that while the absolute num-
ber of viruses decreases as the degree
of wastewater treatment increases, the
ratio of free virus to solids-associated
virus Is increased.

PERCOLATION/ADSORPTION MODEL OF VIRUS
TRANSPORT

The percolation/adsorption model
consists of a virus mass balance, an
adsorption rate, and an equilibrium iso-
therm relationship. Thèse are shown in
Figure 2 along with the simplifying
assumptions and boundary conditions.

F • <Au • llttr/min

C." «TJ/ml.
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Fig. 2 Percolation/Adsorption Model

The unsteady-state virus mass bal-
ance for an infinitesimal volume element
of the bed is the sum of a liquid-phase
depletion term where C is virus concen-
tration in the liquid, a convection term
where u is liquid velocity, or percola-
tion rate, through the bed, and a solid-
phase accumulation term where q is virus
concentration in the solid. The rate of
virus adsorption is controlled by exter-
nal mass transfer where kf is the mass
transfer coefficient and (C-C*) the con-
centration driving force. Although in-
formation on the equilibrium distribu-
tion of viruses between solution and
solid phases is sparse, the equilibrium
concentration C* has often been fit to a
Langmuir isotherm where K and Z are the
Langmuir constants.

The solution of these three equa-
tions constitute a model which permits
calculation of the concentration history,
or breakthrough curve, of virus in the
bed effluent, C(t). Two simple types of
boundary conditions are considered. The
simplest adio^ption boundary condition



corresponds to a solid phase which Ini-
tially has no adsorbed virus and a bed
influent at constant virus concentration.
The simplest ££u£ton boundary condition
corresponds to a solid phase which ini-
tially contains an amount of adsorbed
virus qo which would be the solid phase
equilibrium concentration with a liquid
phase at concentration Co, and a bed in-
fluent containing no virus.

Analytical solutions of the adsorp-
tion model for several specialized cases
are available in the literature (17,18).
The specialized result which applies de-
pends on the controlling mechanism, in
this case external mass transfer, and
on the nature of the equilibrium. This
equilibrium behavior is characterized
by the separation factor, r, defined as

r = 1/(1 + KCo)

where K is the Langmulr isotherm con-
stant and Co Is the influent virus con-
centration. Two limiting cases of ad-
sorption column behavior called constant
pattern and proportional pattern are
shown in Figure 3.

Constant Patttrn

( T «\)

F

C'C. C-0

Proportional

I)

O C .

Patttrn

C«0

Fig. 3 Adsorption Column Behavior

For constant pattern, which occurs
when r « 1, the liquid-phase virus con-
centration is shown, at early time tj,
to decrease as a sigmoidal function of
bed depth from Co near the inlet where
the solid phase is saturated. Once form-
ed, this total concentration profile
moves down the bed without distortion as
more of the solid-phase becomes saturat-
ed. Finally, at some later time tj, the

first virus begins to appear In the bed
effluent. The objective here is to pre-
dict the time at which this low-level
breakthrough occurs. When the separa-
tion factor is much larger than unity,
the concentration profile changes shape
as the run time of the adsorption opera-
tion increases. This proportional pat-
tern behavior derives its name from the
fact that bed effluent concentration is
proportional to bed depth.

For elution from a saturated bed
the separation factor, indicated by r+,
is the reciprocal of the factor for ad-
sorption, r+ - 1/r. That is, If constant
pattern behavior is found to apply during
adsorption, then proportional pattern
will apply during elution.

Analytical solutions for these limit-
ing cases are not too complicated and
are available in the above cited litera-
ture. When equilibrium data was avail-
able, it was found that for the virus
separations listed In the earlier tables,
separation factors were usually In the
range 0.5<r<2.0. To calculate break-
through curves for these cases requires
a more general solution.

This general analytical solution to
the percolation/adsorption model shown
In Figure 2 is derived by redefining the
virus adsorption rate as a reaction ki-
netic expression as suggested by Thomas
(cf., Vermeulen (18));

B St -%-ï
The concentration driving force term in
brackets includes the Langmuir isotherm
and K, called the reaction kinetic co-
efficient, is related to the external
mass transfer coefficient by

k£ap/[l-+ (r-l

where ap is the effective mass-transfer
area between the fluid and solid phases.
As a consequence of assigning a constant
value to the concentration dependent co-
efficient K an error is introduced into
the solution. Vermeulen (18) has shown
that good results can be obtained when
the solid-phase concentration ratio,
q/q*, Is assumed to be one-half over the
entire bed depth If the value of the ad-
sorption separation factor r, is less
than unity.

The solution for the separate cases
of adsorption and elution are:
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solution for adsorption

C _ J(rS,T)
C J(rS,T)+a-J(S,rT))exp[(r-l)(T-S)]
o

solution for elution

l-J(rS.T)
C l-J(rS,T)+J(S,rT)exp[(r-l)(T-S)]

y* 01

.1-e"* J e"ÇI

o

where

J(a,|

BZ)(r/K)(V-ve)/F

The dimensionless parameters S and T are
known as the column-capacity parameter
and throughput parameter respectively.
Vermeulen (18) gives tabulations and
limiting values of the function J of two
variables o and g where Io is a modified
Bessel function of the first kind.

VIRUS BREAKTHROUGH CALCULATIONS

The general solution of the perco-
lation/adsorption model is now compared
with Cookson's (2) measurements of T4-
phage virus adsorption from electrolyte
solutions to activated carbon. The
Langmuir isotherm parameters are obtain-
ed from Cookson's batch equilibrium mea-
surements shown in Figure A.

These data were obtained by measur-
ing the equilibrium uptake of T^-phage
from electrolyte solutions of known ini-
tial virus concentrations by known mass-
es of activated carbon. At equilibrium,
the number of viruses remaining in solu-
tion is C and the number of viruses ad-
sorbed per milligram carbon is q. The
data agrees well with the Langmuir iso-
therm model and readily permits evalua-
tion of the adsorption constants with
good precision. From a least squares
evaluation, Z = 1.6xlO9 virus adsorption
sites per mg carbon and K « AxlO"7 ml
per virus. These equilibrium constants
permit evaluation of the adsorption sep-
aration factor and the breakthrough
curves for the fixed bed experiments
performed by Cookson.

The computed breakthrough curves
for the experimental conditions at which
the highest and lowest efficiency in
virus removal were observed in the fixed
bed adsorption columns are shown in Fig-
ure 5, In both fixed-bed experiments
the columns were packed with the same
activated carbon on which the equili-

brium measurements were made. The in-
fluent T^-phage concentration was about
one million viruses per milliliter. The
separation factor at this concentration
is 0.7.

The high efficiency experiment
was performed in a short bed, L = 7.5
cm, at a low influent flow rate, u =
0.0633 cm/s with small-grain activated
carbon packing. A single measurement of
virus concentration in bed effluent was
reported, but the time or amount of solu-
tion passed through the bed when the mea-
surement was made were not given. This
observed concentration was less than
2000 viruses per ml (C(t)/Co less than
0.002), which was the lower limit of the
assay technique used. The calculated
breakthrough curve indicates that after
enough virus solution has passed through
the bed to displace one bed volume, the
effluent virus concentration should be
about 10,000 PFU/ml, (C(t)/C ^ 0.01 on
the figure). The remainder of the break-
through curve with increasing percola-
tion time is as shown to an effluent con-
centration of 10s PFU/ml after about 75
hours.

Fig. 4 Langmuir Adsorption of T4~phage
to Activated Carbon

The low efficiency experiment was
performed in a longer bed at a higher
influent flow rate with large-grain car-
bon packing. Both the calculated curve
and the single experimentally-determined
effluent concentration indicate rapid
breakthrough of virus from the bed, al-
though the calculated curve is again
higher than the observed value.
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Fig. 5 T4~Phage Breakthrough Prediction
from Activated Carbon Beds.
Co -= 10

6 PFU/ml, r - 0.7

Equilibrium adsorption data of vi-
rus to soils is scarce. Drewry and
Eliasson (7) studied the adsorption of
f2~phage to an Arkansas soil and as in-
dicated in the above summary table, they
concluded that this silty soil offered
high resistance to virus penetration.
The equilibrium data for this study were
not very good, and statistically the
choice of a mathematical function to
describe the isotherm was quite arbi-
trary. The fit of the data to a Lang-
muir isotherm is shown on Figure 6. The
two-sigma confidence limits on the iso-
therm coefficients, K and Z, are very
large. This equilibrium data was used
to calculate the breakthrough curves
from a fixed-bed of this same soil as
shown on Figure 7.

The result of the adsorption break-
through calculation for a shallow depth
of this Arkansas soil at a high percola-
tion rate shows that the bed can be run
for almost one year before large quan-
tities of virus begin to appear in the
bed effluent. This high adsorptive ca-
pacity is consistent with the experimen-
tal observation of a high resistance to
virus transport through laboratory col-
umns of these soils.

The elution breakthrough calcula-
tion shown at the bottom of Figure 7
has not been observed experimentally
but shows an interesting result. The
elution breakthrough calculation assumes
that initially the soil bed is saturated
with virus in equilibrium with a solution
at virus concentration Co and that the
influent composition and percolation
rate are exactly the same as duttng the
adsorption cycle except that it does not
contain virus. The breakthrough curve
shows that for these conditions, a long

Z - (2t8)«IÛ*

K« (S19O)ilÔ4ml/vini<

C i 10 , VIRUS/nd

Fig. 6 Langmuir Adsorption of f_-Phage
to Arkansas Soil

time of about 5000 hours will be requir-
ed before soil bed eluate concentration
begins to decrease. Practically, this
long purge time may not be too important
since virus deactivation mechanisms would
probably be significant contributions to
the decrease of the number of infective
particles in the bed eluate.

ADSORPTION ( C.» 1000 PFU/ml, T- 0.67)

ELUTION ( c* - o , r* • Mr • ifl )

3 4 S
t x 10*? Hour»

Fig. 7 f2-Phage Breakthrough Prediction
for Elution/Adsorption with
Arkansas Soil.
L - 2.3 cm, u • 0.05 cm/s
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CONCLUDING REMARKS (8)

Economic and operational optimiza-
tion of sewage treatment facilities can
best be achieved when the effect of nat-
ural processes on their effluents is
known. Where landspreading of wastes is (9)
the disposal method, it has been shown
that previous studies give equivocal re-
sults regarding the protection of water
supplies from virus contamination. This (10)
paper is a first attempt to evaluate the
concentration levels at which viruses In
these effluents may be introduced safely (11)
to the environment. The percolation/ad-
sorption model indicates that some solids
such as activated carbon would be far (12)
less efficient for virus removal than
some soil systems. This conclusion is
in qualitative agreement with experimen-
tal observations reported in the litera- (13)
ture.
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USA-USSR WORKING AGREE-
MENT ON UTILIZATION OF
WASTE WATER ON LAND

The International Symposium is a result, in part, of a cooperative program on Pro-
ject 1-1, "Planning and Preparation of Measures for Rational Utilization of Water
Resources" and Section 1-1.3, "Uses of Industrial, Agricultural and Domestic
Wastewatar for Irrigation Purposes," between the USA and USSR.

In June 1977 Dr. Harlan McKim, Program Manager for the Wastewater Manage-
ment Program, USACRREL, and A.F. Ponomarev, Head of Soviet Specialists, signed
a protocol at CRREL agreeing that an international symposium on land treatment of
wastewater would be hald which would compile the state of knowledge on this sub-
ject. At this meeting the Soviet delegation presented the American delegation with
36 article». The following nine Soviet articles have been translated for Inclusion in
this Symposium.

TREATMENT OF PIG OUTFLOW BY ALGOLIZATION FOR IRRIGATION USE

PODGOTOVKA SVTNOSTOKOV PUTEM IKH AL'GOLIZATSII S TSELBYU
ISPOL'ZOVANIYA NA OROSHENIYE

L.B. Dolivo-Dobrovol'skiy, Ye.I. Zhirkov, and A.N. Tereshina

Kupavna, Ministry of Amelioration and Water Utilization, All Union Scientific
Research Institute for Utilization of Waste Water in Agriculture, 1975-

Translated by Office of the Assistant Chief of Staff for
Intelligence for the Office, Chief of Engineers, 19T8.

Under the conditions of the expan- taminated prior to its utilization on
ded conversion to industrial methods in irrigation fields.
the production of animal husbandry goods, In our view the decontamination of
animal care technology and the nature of the liquid phase of animal husbandry
manure accumulation and utilization outflow would be very effective in
change substantially. As a result of natural ponds and, particularly, in
the high concentration of bedless cattle biological oxidation contact stabiliza-
raised in stalls the animal husbandry tion (BOCS) ponds which offer unques-
complexes accumulate large quantities of tionable advantages in terms of effect
manure outflow which must "be treated, of decontamination, economy, simplicity
decontaminated, and used. Animal hus- of construction, and operational relia-
bandry outflow contains the agents of bility, compared with other purification
salmonellosis, tuberculosis, and some methods currently used [3, 6].
leptospiroses [7]. Penetrating into the The microalgae play the basic de-
soil, most of them retain their via- contamination function in BOCS ponds,
bility from several months to 1 year. According to the Provisional Reeommenda-
They may migrate in the water and pene- tions [2], formulated and issued in
trate into plants and animal organisms 1971, they are set in the ponds before
and, through the milk and meat (in the the latter become operative. Thanks to
absence of heat processing), in the hu- this we note in the ponds a total eli-
man body. Consequently, the sanitary- mination of the group E.Coli bacteria
epidemiological danger of animal hus- and of the tuberculosis agents. Ex-
bandry outflow is entirely obvious. tensive studies of the effectiveness of
Therefore, such outflow must be decon- the biological decontamination of
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industrial-residential waste water in
BOGS ponds have indicated that the
microalgae used in the inoculation of
the waste water are greatly adaptable
to changes in nutrition conditions and
are extremely undemanding concerning
nitrogen and carbon sources. It may be
assumed, therefore, that cultivated in
animal husbandry outflow as well they
would be supplied with their basic nu-
tritional elements to an adequate extent.
However, since animal husbandry outflow
contains a number of components which
oxidize with difficulty, as well as
specific compounds which are the meta-
bolic products of the animal organism,
the growth and development of the micro-
algae may be inhibited.

For this reason the purpose of this
study was the development of the type of
technology for the treatment of animal
husbandry outflow which would guarantee
its decontamination in BOCS ponds. This
involved the use of a number of techno-
logical methods which are currently
extensively used in treatment systems:
outflow precipitation, aeration, or
dilution. Hog outflow was precipitated
in the course of 1 month at a tempera-
ture of l8-20°C with subsequently hourly
aeration; the dilution involved the used
of industrial-fecal waste water in a
ratio of 1:1 and 1:3. The hog outflow
thus treated was poured into algologic
reactors and inoculated with an aerobic
culture of microalgae. The experiments
took place under 2l+-hour fluorescent
light and a 20°C temperature and lasted
15 days.

The following was determined in the
course of the experiments: amount of
microalgae productivity, effectiveness
of biological decontamination (elimina-
tion of group Ej_ Coli microbes in the
outflow), and concentration of organic
pollution (five of biochemical and
chlorine oxygen requirements, nitrogen,
ammonium salts, pH, and transparency).

The result of the experiments of
cultivating the aerobic suspension of
phytoplankton in hog outflow subjected
to additional preliminary treatment
indicated that a very effective growth
of microalgae is possible (Table l).

With an unquestionable increase
in the productivity of microalgae a
considerable reduction of bacterial
pollution could be expected as well
(Table 2).

The hydrochemical indicators (Table
3) correlated entirely with the results
of hydrobiological and bacteriological
studies.

Table 1. Growth of the Biomass of Micro-
algae Cultivated in Hog Outflow.

Exposure, Raw weight,
Variant days , , , mg/liter

Hog outflow subjec-
ted to mechanical
sedimentation and
aeration

Hog outflow diluted
with industrial-
fecal waste water
in a 1:1 ratio

Hog outflow diluted
in a 1:3 ratio

0
7
10

0
3

15

0
3
15

100

185

100
115
200

100
120
235

Table 2. Effectiveness
of E. Coli.

of Elimination

Variant

Percentage of
Exposure, disappearance
days of E. Coli.II

Hog outflow sub-
jected to mech-
anical sedimen-
tation and aeration

Hog outflow diluted
with industrial-
fecal waste water
in a 1:1 ratio

Hog outflow diluted
in a 1:3 ratio

0
7
15

0
12
15

0
12
15

0
72
98

0
77
100

0
98
100

Assessing the methods used as
technological means for treating hog
outflow for the cultivation of aerobic
suspensions of microalgae, let us note
that both could be used. Clearly, both
the method of mechanical precipitation
of outflow with subsequent aeration, as
well as dilution with industrial-fecal
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Table 3. Hydroehemical Indicators of Self-Purification Processes

Variant

Hog outflow subjec-

ted to mechanical

sedimentation and

aeration

Hog outflow diluted

with industrial-

fecal waste water

in a 1:1 ratio

Hog outflow diluted

in a 1:3 ratio

Exposure,

days

0
7
15

0
12
15

0
12
15

pH

7.3
8.1+

8.9

7.6
8.6
9.0

7.9
8.9
9.2

Trans-

parency ,

cm
5
7
10

5
8
11

9
9
12

Indicators

Biochem 0g

requirements

ms/liter

3U5
155
75

212
93
20

200
60
15

Chlorine

, requirements,

mg/liter 1
U80 "
309
202

552
322
l80

620
22U
118

ng/liti

69
31
18

1+3
15
5

1+0
12
3

waste water lower the concentration of
matter difficult to decompose in hog
outflow as well as the specific results
of the metabolic activities of thé
animal organism, inhibiting the growth
and development of the phytoplankton.

A comparison of results shows the
higher productivity of microalgae in
hog outflow diluted with industrial-
fecal waste water. Bacteriological self-
purification processes developed more
intensively in accordance with the rates
of growth of the phytoplankton mass in
the diluted outflow.

This is obviously due to the speci-
fic nature of industrial-residential
waste water which, as studies have
indicated [1, h, 5], contains a practi-
cally complete set of micro- and macro-
elements insuring the normal life of
microalgae. Obviously, this affected
subsequent self-purification processes
of hog outflow in concentrated algo-
lization and was accompanied by the
formation of physiologically active sub-
stances stimulating the growth and devel-
opment of autotrophic microorganisms.

Obviously, on the basis of the ac-
quired practical experience in building
animal husbandry complexes around big
cities and settlements [6], the techno-
logy of decontamination of hog outflow
through biological methods should stipu-
late, above all, its preliminary dilution
with industrial-fecal waste water.

/1HTEPATYPA

BMHdepr r . l ~ . , O c i a n e H n n . B . ,
CMBHO T . H . , /leBMHa P . M . ,
Bno/ iorMwecKHe npy/ibi B
He OHKCTKM CTOHHblX BOfl,
B e / i o p y c b , 1 9 6 6 .
BnefieHHbie peHOMeHflai4HM no
yCTpOHCTBy ÔMO/lOrMHBCHMX
OKCMflaL(M OH HblX KOHTaKTHblX
CTa6M^M3ai4HOHHblX / bOHC/
npyflOB B TaflMKCKO CCP fl/in
HBÔO/lbUJMX HaCe/ieHHblX nyHKTOB .

1971 .

OnkicTHbiB co-opyBHkin Ma^ow
npOHXBOflHTe^bHOCTM. " B HH.i

B o n p o c u Ma/iOM HaHaflM3aL4MH .
M . , 1 9 6 8 .

- flofipOBOJlbCKMM / l . b . ,

] . , XMMMH M MMKpofiMO/IOrMR

kl3f l . "Bwina i i iKo/ ia" K M E B ,
1971 .

T . B . 3KOfloro~
aHajiw3 npoTo-

KOKHOBblX BOflOpOC/ieM CTOHHblX
BOfl. - "I"
1973, 2 . "CnocoGbi npeflOTBpa-

CTOHHblMH BOflankl MBOTHOBOfl"
HECHMX Horin/ieKcoB " , M., 1 9 7 4 .
Liebmann H. HandBuch der F r i s c h -
wasser - und ABwasser-Biologie
Band 2. Lieferung, i960 , 2 .
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USA-USSR WORKING AGREEMENT
ON UTILIZATION OF WASTEWATER ON LAND

USE OF LIQUID FRACTION OF BEDDINGLESS MANURE AT
THE VORONOVO ANIMAL HUSBANDRY COMPLEX

ISPOL'ZOVANIYE NA OROSHENIYE ZHIDKOY FRAKTSII BESFODSTILOCHÏTOGO
NAVOZA ZHIVOTNOVODCHESKOGO KOMPLEKSA "VORONOVO"

V.I. Dmitriyeva and N.A. Lapshina

Kupavna, Ministry of Amelioration and Water Utilization, All Union Scientific
Research Institute for Utilization of Waste Water in Agriculture, 1975.

Translated by Office of the Assistant Chief of Staff for
Intelligence for the Office, Chief of Engineers, 1978.

The successful conversion of animal
husbandry to an industrial base requires
the operative solution of the problems
of removal, processing and utilization
of considerable quantities of animal
husbandry outflow. A complex raising
70,000 hogs simultaneously produces
about 3,000 cubic meters of outflow per
day. Frequently big livestock farms
become sources of pollution of the sur-
rounding territory, rivers and water
bodies.

One of the efficient means for the
utilization of liquid manure is its use
as crop fertilizer. In turn, this would
contribute to the creation of its solid
fodder base and to upgrading the effec-
tiveness of the complexes. According to
domestic and foreign researchers in terms
of fertilizing qualities liquid manure
is as good as conventional bedding manure
and, in many cases, superior [l-10].
The effectiveness of liquid manure is
determined, above all, by its high nitro-
gen content in its ammoniacal form,
easily accessible to the plants.

Extensive experience in the use of
liquid manure has "been acquired in
Switzerland, Austria and the GDR. Here
application doses are based on deter-
mining the extent of removal of nutritive
elements by the plants from the soil and
the amounts of nutritive substances con-
tained in animal droppings. Experiments
conducted in the GDR on the study of
the effectiveness of maximum liquid
manure norms (1+00 kg per hectare of
nitrogen) on the sizes of various farm
crops showed [8] that it could be used
productively. For example, with such a

dose of nitrogen potato yields reached
300 quintals per hectare.

It was established (GDR) that it
would be more expedient to apply bed-
dingles s manure to corn and feed cab-
bage, undiluted with water, in doses of
20-30 cubic meters per hectare; to beets
and potatoes, 10-20; and to perennial
grasses, up to 30 cubic meters per
hectare. The extent of liquid manure
water dilution depends on the season.
In spring it is recommended to dilute
it (depending on the crop) in a 1:3-
1:5 ratio; in the summer — 1:8-1:20.
Here we must take into consideration
the ratio among nutritive substances in
liquid manure. The addition of the
deficient component through chemical
fertilizers considerably upgrades its
effectiveness. Consequently, bedding-
less manure is an addition to organic
fertilizer and its utilization will
enable us to increase farm crop yields
and systematically keep the soil at a
certain soil fertility level.

However, beddingless manure is
scarcely used as fertilizer because
of the inadequate development of
technological methods for its prepara-
tion and utilization as organic fertili-
zer. Furthermore, under the existing
methods for the removal of livestock
excrements from the premises through
washing the manure's moisture rises to
the 98% level. This considerably in-
creases the amount of manure outflow
and calls for its separation and utili-
zation on a year-round basis.
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Ta"ble 1. Changes in Outflow Structure at Time of Irrigation,
mg/liter.

Outflow
type

Outflow from
hydrant

Outflow after
sprinkling

PH

6.85

7.25

HCO

U800

U500

General Ammoniacal
nitrogen nitrogen BOD

989

665

602

7830

6550

One of the promising methods for
the utilization of manure outflow is for
the irrigation of farm crops. However,
so far this problem has been insuffi-
ciently studied. The purpose of our
studies was the following: to determine
the suitability of the liquid fraction
of cattle manure outflow for the irri-
gation of farm crops based on land re-
clamation indicators, and to study
irrigation influence on farm crops and
soil fertility. The experiments were
conducted at the Voronovo Sovkhoz in
Podol'skiy Rayon, Moscow Oblast. The
soil of the plots was soddy-podzolic and
heavy loam. The agrochemical charact-
eristics of the soil are shown in Table
1.

Due to the fact that the irriga-
tion network and field manure containers
were in the construction stage, experi-
mental-industrial irrigation with ani-
mal husbandry outflow was accomplished
with the help of a temporary irrigation
network consisting of the RT-I80 model
type. Irrigation was used on perennial
first-year grasses. The outflow was
fed from the first container of the
horizontal sedimentation collector with
the help of the mobile SHP-50/80
pumping station. The distribution of
the waste water on the area was accom-
plished with a DDN-U5. The hydrants
for the collection of the liquid were
placed in such a way that no liquid
could fall on the adjacent irrigated
section. Before irrigation sample soils
were taken to determine the agrochemical
characteristics of the soil. The animal
husbandry outflow application norms were
based on the content of basic nutritive
elements in the outflow and their re-
moval with the planned perennial grass
crops.

The composition of the outflow
was determined on the basis of all re-
clamation indicators: color, pH, sus-
pended sedimentation content, thick and
hardened residue, HCO3, SO^, Cl, Ca,

Mg, Ma, K, P2°5 5 general and ammoniacal
nitrogen, and BOD. The computations
were based on Yu. Yu. Lur'ye's method,
as modified by the water and soil
chemistry laboratory of the VNIIBBV.
Changes in the composition of the out-
flow and the time of irrigation were
determined with their applications with
a sprinkling system.

The animal husbandry outflow of the
Veronovo Sovkhoz contains great quan-
tities of suspended sediment — up to
lU,000 mg per liter; organic substances
(bichromatic oxidizing) reach 19,000 mg
per liter. Characteristic of such waste
water is a low alkaline reaction, close
to neutral, a high concentration of
soluble matter (thick residue) 8300 mg
per liter, half of which consists of
organic matter (as confirmed by the
relatively low content of solidified
residue of 3500 mg per liter), and a
clearly expressed bicarbonate structure.
The bicarbonates are represented mainly
by nitrogen, potassium, and calcium
salts. Chlorides and sulfates are pre-
set in significant quantities. The
animal husbandry outflow has high fer-
tilizing value (the nitrogen content
reaches 1500 mg per liter; the potassium
content reaches 9U0, and the phosphorus
content 620 mg per liter), and could be
successfully used for fertilizer irriga-
tion of farm crops.

The studies indicated that in the
course of the year the composition of
the outflow changes substantially.
Particularly great fluctuations were
noted in the content of the suspended
sediment, the organic matter, and the
nitrogen, potassium, and phosphorus.

The changes in the outflow struc- -
ture at the time of irrigation are
determined by the presence of a large
quantity of nutritive substances in a
very mobile form. Thus, the content of
ammoniacal nitrogen reaches 700 mg per
liter and it is volatilized essentially
as ammonia. Table 1 shows the changes
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Table 2. Changes in Soil Agrochemical Characteristics in Irrigation
with Animal Husbandry Complex Outflow (Spring Irrigation).

Initial soil condition

Organic mg equivalent per 100 grams soil Level of mg per 100 grams soil
Genetic
l e v e l , cm

An
An
AiA;
A2

A2B

An
An
AiA;
A2

A2B

0-10
10-20

)20-30
30-UO
1+0-50

matter,
% - PH
(KC1)

2 . 8
2.8
0.63
0.1+1+

0.59

After :

0-10
10-20

>20-30
30-1+0
1+0-50

3.21
3.16
1.73
1.16
0.69

6.U
6.2
I+.05
3.65
3.25

Hydraulic
acidity

0 . 9
I.96
3.7U
5.01+
6.65

Irrigation with

6.6
6.0
5.7
1+.35
3.85

0.87
2 . 1
2 . 1
2.8
2.65

Total
absorbed
alkali

31.0
21.5
l.h
8.6

13.0

300 cubic

31.2
26.1+
15.8
12.1+
13.0

Absorption
capacity

31.9
23.1+6
1 1 . 1 1
13.61+
19.65

meters per

32.07
28.5
17.9
15.2
15.65

alkaline
satura-
tion

97.0
91.5
66.5
61+.0
66.1

hectare on

97.2
92.5
88.3
81.5
83.0

Hydrolytic
nitrogen

5.1+
h'.kk
2 . 8
2 . 5
3.k

P2°5

100.0
79-2

9 . 0
3 .0
7-0

18 May 1973

_
-
-
-
-

150.0
110.0
90.0
12.0
11-5

K£0

27-9
2 7 . 1
11+.2
1 1 . 1

7.1+1+

27.6
27.0
16.3

9.81+
7.OO

in the composition of the outflow at the
time of irrigation.

Table 1 shows that the structure of
the outflow changes substantially at the
moment of irrigation: the content of
general and ammoniacal nitrogen and
hydrocarbonates declines and the reaction
of the medium becomes alkaline. Thus,
the loss of ammoniacal nitrogen from
sprinkled outflow equals 63 m per liter
or 105? of the initial composition; the
content of hydrocarbonates declined by
1% while BOD declined by 16%,

Irrigation with animal husbandry
outflow has a positive influence on
soil fertility (Table 2). As a rule,
following waste water irrigation, the
content of organic matter rises; ab-
sorption capacity and level of alkaline
saturation rise while acidity declines
somewhat. The nutritive system improves
with wastewater irrigation: the content
of nitrogen, phosphorus and potassium
accessible to the plants rises. Parti-
cularly clear differences in the content
of the individual elements were mani-
fested in the upper strata.

Compared with the control group
irrigation of perennial grasses with
outflow increases their yields. Yields
are not increased only with full norm
wintertime irrigation (300 cubic meters
per hectare). This is explained by the
partial perishing of the plants caused
by the ice cover. In the variants ir-
rigated in winter at the rate of 150
cubic meters per hectare grass surviva-

bility was higher compared with the
application of the full norm since no
ice covering was formed.

Following the first mowing of
perennial grasses the field was replowed
"because of the thinning of the grasses
and seasonal grasses were planted (mixed
peas and oats). The seasonal grasses
were not irrigated but the aftereffect
of animal husbandry outflow was deter-
mined.

The fertilizing effect of animal
husbandry outflow was manifested on the
second crop as well (vetch-oat mix). A
higher aftereffect of the spring irriga-
tion was achieved, since in the short
period between the application of the
waste water and the harvesting of the
perennial grasses, naturally, the
nutritive substances contained in the
outflow were not fully used which in-
fluenced the following crop yield.

Throughout the vegetation period,
thanks to the irrigation with animal
husbandry outflow (Table 3) additional
crops were grown "by the sovkhoz
averaging 1570 fodder units per hectare.
These data confirm the high fertilizing
value of the clarified fraction of
cattle outflow of the Voronovo complex
used for irrigation. Irrigation with
waste water has a positive influence on
the fertility of soddy-podzolic soils
and on crop yields.
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Ta"ble 3. Influence of Animal Husbandry Outflow Irrigation on Crop Yields.

Variant
Control without irri-

gation
Winter outflow irri-

gation, 300 m /ha
Winter outflow irriga-

tion, 150 m /ha
Spring outflow irriga-

tion, 300 m /ha
Average

Green mass yield,
quintals/ha

Perennial
grasses

139

137

202

187

Pea-oat
mix

222

272

252

300

Total
fodder
units

6330

7090

8070

85^0

Addition to
control
figure,
fodder units

-

760

17^0

2210
1570

The use of animal husbandry outflow 6. MoxaML(eB H.n. Hcno/ibSoaaHMG
for irrigation contributes not only to
higher fodder crops but to the protection
of water sources from pollution. 7 .

ne
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USA-USSR WORKING AGREEMENT
ON UTILIZATION OF WASTE WATER ON LAND

NEUTRALIZATION OF ORGANIC SUBSTANCES IN WASTE WATER BY PLANTS

OBEZVREZHIVANIYE ORGANICHESKIKH VESHCHESTV STOCHNYKH VOD V RASTENIYAKH

Kupavna, Ministry of Amelioration and Water Utilization, All Union Scientific
Research Institute for Utilization of Waste Water in Agriculture, 1975-

Translated by Office of the Assistant Chief of Staff for Intelligence for
the Office, Chief of Engineers, 1978.

The question of the purification of
•waste water is becoming ever more impor-
tant in connection with the fast develop-
ment of the chemical industry. Artifi-
cial biological irrigation with the help
of water microorganisms is the most wide-
spread method for the purification of
waste water contaminated by organic
matter. Thanks to the existence of a
great variety of microorangisms in the
soil, irrigation fields could also be
used as a natural method for the "biolog-
ical purification of waste water. Here,
along with the protection of water
reservoirs from pollution, we resolve
the problem of obtaining high crop
yields. The danger arises, however,
that the organic matter coming from the
waste water may accumulate in the plants.

The works of Yu. V. Rakitin at the
Institute of Plant Physiology of the
USSR Academy of Sciences, as well as a
number of other works published domesti-
cally and abroad, have proved that,
penetrating the plants, herbicides and
other phytotoxic substances may disturb
one or another metabolic process in the
course of which, however, they them-
selves become detoxified. Only in rare
cases do compounds of higher toxicity
develop as a result of the toxic sub-
stances introduced into the plants
through biochemical processes. However,
should the plant survive, the existence
of new toxic substances is only tempor-
ary, for, involved in the metabolic
processes, they inevitably lose their
toxicity.

The VNIISSV (L. Ye. Kutepov and
S.I. Khramova) has studied the neutrali-

zation of organic matter in the plant
using the highly sensitive method of gas
chromatography with a flame-ionizing
detector.

It was determined that plants play
an important role in the biological
neutralization of organic matter in the
utilization of waste water on irrigated
fields. The organic substances intro-
duced with the irrigation water were
neutralized in the plants, depending on
their chemical structure, over different
time periods ranging from 1 to l6 days
(Table l). As a rule, the neutralization
process in root and tuber crops developed
somewhat more slowly than in the above-
ground part of the plants. That is why
it would be desirable to restrict the
use of waste water for irrigation to
root and tuber crops,

Aniline, acetone, benzaldehyde,
dimethylamine, diethylamine, crotonalde-
hyde, furfural, cyclohexanol and cyclo-
hexanone were totally neutralized in the
plants within a 5-day period; acetalde-
hyde, benzene, butanol, p-xylene,
methanol, n-propanol, toluene, and
ethanol were neutralized in 5 to 10
days; caprolactam, dichlorethane, and
carbon tetrachloride were neutralized
in 10 to 16 days.

In the presence of such organic
substances in waste water used for
irrigation we must observe the quaran-
tine period between the last watering
and the harvest ranging from 2 to h
weeks depending on the nature of waste
water pollution.

39T



Name of sub-
stance and
chemical
formula

MPC
b.p.s.*
mg/liter

Concentra-
tion in
irrigation
water, mg/ft

Irri-
gation
norm_ _

Period of
total decomp-

Plant osition in
type plant, days

Aniline 0.5 300 50 Corn
Grasses

Acetaldehyde

Acetone
CH COCH

1000

800

100

300

100

50

Corn
Grasses
Potatoes
(tubers)

Potatoes
(plants)

Corn
Grasses
Leguminous
grasses

8
8
3

2
2
2

Benzaldehyde
C.H.-CHO
o 5

100 100 Corn
Grasses
Potatoes
(tubers)

3
3
6

Benzene
C6H6

Butanol

100

1*20

100

100

70 Corn 5
Grasses k
Carrots (root 6
crop)

70 Corn 6
Grasses 3
Celery (plant) 7
Celery (root) 8

Dimethylamine 0.7

Dimethyldioxane

Diethylamine

Caprolactam

p-Xylene

Methanol
CH OH

10

100

Crotonaldehyde 250
CH CH=CHCHO

1.0

200

300

500

300

500

100

100

100

70

200

70

200

100

100

70

Corn
Grasses

Corn

Corn
Grasses

Corn

Corn
Grasses
Potatoes
(tubers)

Corn
Grasses
Carrots (root
crop)

Corn
Celery (root)
Celery (plant)

1
1

1+

1
1

16

2
2
5

5
k
7

2
7
3

398



n-Propanol

Toluene

C6 H5 C H3

Furfural
CHO

Cyclohexanol

C6 Hll 0 H

62

200

1.0

1.0

Cyclohexanone 50
C6H11°

Dichlorethane 200

Carbon Tetra- 50
chloride

100

100

Uoo

300

300

Ethanol

*Remark: MPC b.p.s. stands for
artificial biological

TO

70

50

50

50

Corn h
Grasses 3
Celery (root) 10
Celery (plant) 9

Corn 5
Grasses 3
Carrots (root) 6

Corn
Grasses

Corn
Grasses
Leguminous
grasses

Corn
Grasses
Leguminous
grasses

2
2

h
3
3

5
2
1+

100 50 Grasses 13
Celery (plant) 8
Celery (root) 12

100 50 Grasses 13
Celery (plant) 16
Celery (root) l6

100 70 Corn 5
Grasses h
Celery (plant) 5
Celery (root) 10

maximum admissible concentration of matter in
purification systems.
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USA-USSR WORKING AGREEMENT
ON UTILIZATION OF WASTEWATER ON LAND

EFFECTIVENESS OF APPLICATION OF ORGANIC AND MINERAL FERTILIZERS DURING WASTE
WATER IRRIGATION

EFFEKTIVNOST'VNESENIYA ORGANICHESKIKH I MINERAL'NYKH UDOBRENIY PRI OROSHENII
STOCHNYMI VODAMI

V.V. Ignatova

Kupavna, Ministry of Amelioration and Water Utilization, All Union Scientific
Research Institute for Utilization of Waste Water in Agriculture, 1976

Translated by Office of the Assistant Chief of Staff for Intelligence for
the Office, Chief of Engineers, 1978.

The waste waters used for irriga-
tion may contain different quantities of
nutritive substances. I,P. Kanardov [l]
writes that the NPK ratio in waste water
is usually 5=1:2, whereas the optimal
ratio of such nutritive substances for
plants averages 2.5:1:2.3 according to
D.N. Pryanishnikov. Consequently, soil
irrigated with waste water "becomes en-
riched, first of all, vith nitrogen. It
would "be expedient to compensate for
phosphorus and potassium shortages
through the additional application of
fertilizers. The nutritive substances
which enter the soil with waste water
are used most fully in the course of the
seasonal irrigation of soils possessing
good absorption capacity. Soils with a
low absorption capacity such as sandy
and large grained soils with small
quantities of organic substances have a
low coefficient of utilization of
nutritive subtances. On such soils ex-
tensive sprinkling and irrigation norms
are frequently paralleled by losses of
nutritive substances. Peat, compost,
manure and others applied to the soil
raise the utilization coefficient of
nutritive substances entering the soil
with the waste water. A great variety
of conflicting data exist on the utiliza-
tion coefficient of nutritive substances
in irrigated fields. For example, at
communal irrigated fields with an annual
utilization of waste water per unit area
ranging from 10,000 to 25,000 cubic
meters per hectare, and a considerable
denitrification and extensive seepage of
irrigation water in the ground water,
the plants' utilization coefficient is

0.5 for nitrogen, 0.95 for phosphorus,
and 0.7 for potassium [2].

Losses of nutritive substances occur
also in irrigated fields using higher
sprinkling and irrigation norms or where
waste water is unevenly distributed.
Where such water accumulates, a consider-
able percentage of the nutritive sub-
stances, nitrogen above all, seeps into
the ground waters. Such losses of
nutritive substances could be reduced
through the proper organization of
irrigation and water distribution. In
terms of nutritive content, waste water
is fertilizing. However, the additional
application of organic and chemical
fertilizers upgrades the effectiveness
of its utilization. This problem was
studied at the Noginskiy Sovkhoz, Moscow
Oblast, and at the experimental farm of
the VNIISSV.

The residential waste water of the
neighboring settlement was used for irri-
gation. One liter of waste water con-
tained the following: from 59 to 156
milligrams general nitrogen; 13-6-^7
milligrams P2Cv; 16.2-38.5 milligrams
KJO; 83.5-I55.O milligrams Ca+Mg; the
pH was 6.5-7.1. The amount of water per
sector was determined through control
measurements of debits and length of
water supply.

The study of waste water indicated
a relative shortage of nutritive sub-
stances. The need arose, therefore, for
field experiments to determine the effec-
tiveness of organic and chemical fertil-
izers in a waste water irrigation system.

The soils of the experimental sector
of Noginskiy Sovkhoz — consisting of
light soddy-underpodzolic sand — have a



Table 1. Agrochemical Characteristics of the Soil of the
Experimental Section (Noginskiy Sovkhoz)

Depth of
soil
sample, cm

0-20
30-1+0
it 0-50
50-75

pH of
salt
extract

5.7
6.1
U.9
li.2

Humus
accord-
ing to
Tyurin,

%

2.53
0.56
0.63
0.17

Total
absorbed,
foundation,
mg equiv to
100 g soil

20.0
6.U
5.6

Hydrolytlc
acidity,
mg equiv
to 100 g
soil

2.7

Mobile
per 100
soil

K20

9.2
7.7
7.0

forms,
g of

P

7
7
5
5

mg

2°5

0
0

0
0

bulk density of 1.5-1.72, and a density
of 2.5-2.67 grams per cubic centimeter.
The filtration coefficient of these soils
is 10 meters per 2l+ hours. The sector is
well drained and has a discharge of
ground waters located at a depth of 9.33
meters (square No. 269). The chemical
analysis of the soils of the irrigated
section is given in Table 1.

Despite the low effective and po-
tential fertility, sandy soils have
favorable thermal characteristics and
good aeration, and yield to cultivation
quite rapidly. The need for additional
application of organic and chemical
fertilizers in year-round irrigation
with waste water was studied in accord-
ance with the following system:

Control without irrigation and
fertilizing;

Control — irrigation with indus-
trial and residential waste water;

Manure 1+0 tons per hectare + irri-
gation with industrial-residential waste
water;

Peat U0 tons per hectare + irriga-
tion with industrial-residential waste
water;

WonP K n n + irrigation with
industrial ana residential waste water;

K p + irrigation with residen-
tial waste water;

H- + irrigation with industrial
and residential waste water;

P + irrigation with industrial-
residential waste water;

K + irrigation with industrial
and residential waste water.

The irrigation was made with a 60%
maximum soil moisture capacity. The
crop was the Krasnodarskiy 1/1+9 corn
strain. Chemical fertilizers were
applied during the spring plowing. The
amount of fertilizer to be applied per
lot was computed by the formula:

d.S-lÔÔ
y = _

in which d is the dose of fertilizer in
active matter per hectare, in kg; S is
the lot size in square meters; and P is
the content of active substance in the
fertilizer, in percent.

The experiment was repeated three
times on 300-312 square meter lots. The
crop was estimated on the basis of the
continuous method.

At the same time organic fertilizer
(manure and peat) was applied with
manure spreaders mounted on a Belarus'
tractor.

The autumn plowing of the section
was 22-23 centimeters deep; the early
autumn plowed field was harrowed in
early spring, followed by a replowing at
a 20-22 centimeter depth with the appli-
cation of fertilizers based on the exper-
imental system with presowing leveling
of the soil with a cultivator. The corn
was planted with a SKPN-8 drill with a
density of 30 kg per hectare. In the
vegetation period irrigation and a single
application of herbicides was followed
by inter-row cultivation. The resulting
data indicated that the additionally
applied organic and chemical fertilizers
were highly effective with waste water
irrigation (Table 2 ) .

Similar studies were made at the
experimental sector of the VNIISSV with
the irrigation of potatoes with the
waste water of a fine woolen cloth
factory. The following alternatives
were studied:

Control without irrigation;
Control with water supply irrigation

averaging 3,000 cubic meters per hectare;
Control with vegetational irrigation

of 600 cubic meters per hectare;
Application of peat, 50 tons per

hectare, with water supply irrigation of
3,000 cubic meters per hectare;

Application of 50 tons per hectare
of peat + N P, K + water supply irri-
gation of 3,000 cubic meters per hectare.
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Table 2. Influence of Organic and Chemical Fertilizers in Waste Water
Corn Crop Irrigation

(2-year average)

Yield,
quintals
per hec-
tare

Additional yield and control
•with waste water irrigation
with 60% maximum soil moisture

Variants
quintals

per hectare

Control vithout irrigation and
fertilizing

Control, irrigation -with 6(3% of
maximum soil moisture

Manure ho tons + irrigation with
60% of maximum soil moisture

Peat iiO tons + irrigation with 60%
maximum soil moisture

N80P100K100
MSM

waopioo

i : r r i ë a t l o n a t o f

MSM

Ng0 + irrigation with 60% MSM

K + irrigation with 60% MSM

Experiment accuracy, %

Least essential disparity (LED

15U.I

27U.6

H32.1

357.8

295.5

282.9

208.1

157.5

101.2

70.8

21.0

8.3

50.0

2.67

19.836

36

25

7

3

13.6

The experimental lots averaged 250
square meters and the experiment was
repeated three times.

The studies indicated that the
additionally applied fertilizers in-
creased potato yields. Thus, the yield
averaged 1U3.6 quintals per hectare with
irrigation with waste water and applica-
tion of 50 tons per hectare of peat +
WgnP, K . At the control plot irrigated

with the same amount of waste water
(76.6 quintals per hectare), with the
application of total chemical fertilizer

of Wgo
pl;QKQO t h e P o t a t o cr°P averaged

I37.T quintals per hectare, or was 6l.6
quintals above the control figure.

The additionally applied organic
and chemical fertilizers, with waste
water irrigation, would be economically
Justified: production cost per quintal
of grain mass of corn without irrigation
equalled 1.22 kopek; with irrigation
without fertilizer, 0.83; and with addi-
tional application of Uo tons per hectare
of manure, 0.86 kopek; of peat, O.87
kopek; and N R oP n n nK n n n — 0.70 kopek.

The high effectiveness of the
additional application of organic and
chemical fertilizers in irrigation with
waste water is "based not only on the
content of their nutritive substances
"but their favorable impact on the soil
structure. Furthermore, the application
of manure and peat improves the aeration
system of the soil which is very im-
portant for the decomposition of the
organic matter which penetrates with the
waste water.
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USA-USSR WORKING AGREEMENT
ON UTILIZATION OF WASTEWATER ON LAND

NUTRITION VALUE AND FODDER HARMLESSNESS OF PLANT OUTPUT GROWN WITH TEXTILE
INDUSTRY WASTE WATER IRRIGATION

PITATEL'NAYA TSEMOST' I KORMOVAYA BEZVREDNOST1 RASTENIYEVOLCHESKOY PRODUKTSII,
VYRASHCHENNOY PRI OROSHENII STOCHNYMI VODAMI TEKSTIL'NOGO PROIZVODSTVA

V.P. Sayapin

Kupavna, Ministry of Amelioration and Water Utilization, All Union Scientific
Research Institute for Utilization of Waste Water in Agriculture, 1976.

Translated by Office of the Assistant Chief of Staff for Intelligence for
the Office, Chief of Engineers, 1978.

The intensive development of Soviet
industry, the chemization of all
economic sectors, urbanization, and the
construction of "big livestock complexes
on an industrial basis have led to the
formation of huge quantities of waste
"water which are a serious source of
pollution of open reservoirs. Irriga-
tion farming fields (IFF) play an impor-
tant role among the existing methods for
the soil purification of waste water.
The use of waste water for farm crop
irrigation enables us to resolve
simultaneously a number of most impor-
tant national economic problems related
to the purification and additional puri-
fication of waste water, and the protec-
tion of water sources from pollution.
It offers extensive opportunities for
raising high and stable harvests. Par-
ticularly great possibilities develop
with the waste water irrigation of
fodder and pasture farmland. The long
experience gained by Moscow Oblast
sovkhozes (Noginskiy, Znamya Oktyabrya,
Zarya Kommunizma, and Im. Timiryazev)
proves that with waste water irrigation
pasture land productivity increases
3-1* times, which makes possible the
production of 7,000 to 10,000 fodder
units per hectare.

It is believed that feed production
on IFF will play a considerable role in
the future overall animal husbandry
feed balance.

The toxicological-sanitation studies
aimed at preventing any possible harmful
influence of IFF output on the organisms
of warm-blooded animals become particu-

larly topical in this connection, since
a variety of harmful and toxic substances
of no nutritional or food value may find
their way from waste water to farm crops
(detergents, chromium, organic dyes, and
others).

Studies were made by the VNIISSV
(V.P. Sayapin, L.H. Tsvetnova, I.A.
Kas'yanov, T.L. Kosareva, N.I. Matulya-
vichene, and Yu. I. Tararin) on the in-
fluence of long-term feeding with
perennial grasses and hay grown in
sectors irrigated with "waste water from
the Kupavna fine woolen fabric factory,
and of the basic physiological and bio-
chemical indicators of the livestock,
their productivity, reproductive func-
tions, and nutritive value of animal
husbandry output (meat and milk). The
experiments were conducted at the labor-
atory for veterinary hygiene research
and the Noginskiy Sovkhoz, Moscow Oblast.
A complex set of biological indicators
was studied in the course of chronic
experimentation with rabbits, calves and
cows, making possible the objective
determination of the physiological
condition of the organism.

Preliminary organoleptic studies of
feeds indicated that perennial grasses
and hay grown on IFF were not distinct
from control feeds in terms of color and
odor. In terms of their chemical com-
position, the tested feeds were charact-
erized by a considerably higher content
of raw protein and fat, and a lower
amount of cellulose. This proved their
relatively good nutritive value. The
degree of eatability of the studied hay,
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Table 1. Some Morphological and Biochemical Indicators in Experimental Rabbits.

Animal
Group

Control

Experi-
mental

Erthro-
cytes
(million
/miO

6.8+0.6

6.7+0.3

Leuko-
cytes
(thousand
/mm3)

7.U+0.6

7.9±0.8

Studied

Hemo-
globin
(Sal
units)

71.7+1.6

75.8+2.6

Indicators

General
Portein
(grams
%)

7.0+0.2

7.2+0.1

ALT
(units
/mg)

1*7.8+2.5

1+1.8+0.8

Bili-
rubin
(mg %)

0.12+0.

0.1+0.

01

01

General
Glutathione
(mg %)

Ul.75±l.

Ul.05+1•

.81

.07

Table 2. Cow Milk Chemical Composition

Animal
Group

Control

Experi-
mental

Acidity
(°T)

18.U+0.2

16.6+0.8

Studied Indicators

Density

1.03+0.001

1.03+0.001

General
Nitrogen

3.2+0.1

3.9+.0.03

(grams

3

3

%)

Fat

.0+0

.5±0

.2

.2

Sugar

U.3+0.2

U.7+0.1

compared with the control, averaged °U.3$
(P>0.05). Adding to the ration of
rabbits' hay from IFF resulted in the
following digestibility coefficient of
the nutritive substances in the feed
mix: protein, 75-9%, compared with 68.1$
in the control; fat, respectively, 95.3
and 9U.9$; and cellulose, 6l.9 and 56.7$.

Throughout the experimental period
(2.5 years) the general condition of the
experimental animals remained within the
range of the physiological norm. All
animals adequately reacted to their
environment, retained their appetite,
and added weight. In the course of the
experiment no substantial deviations were
noted in the experimental animals in the
temperature reaction of the body, and
frequently of the pulse beat and
respiration.

No changes were noted in the quanti-
tative content of erythrocytes and
leukocytes or in the percentile ratio
among the individual types of leukocytes
and the erythrocyte sedimentation rate
between the experimental and control
animals.

The experimental data show that
adding IFF grown fodder to animal rations
has no adverse effect on the protein,
carbohydrate, mineral and pigment meta-
bolisms, the level of oxidation-reduc-
tion processes in the body, or the

activeness of the most important blood
ferment systems (Table l).

The use of experimental rations had
no harmful effect on the genetic appara-
tus of- the animals and the immunological
reactiveness (complementary, bacterio-
cide, lysozymic activeness of the "blood
serum and the manufacturing of specific
agglutinins). Morphological studies
showed no changes in the macro- and
micro-morphological structure of the
internal organs of the experimental
animals.

The study of cow milk productivity
indicated that the average milking per
forage cow over 300 days of lactation in
the experimental group was 3,230 kilo-
grams of milk, compared with only 3056
kilograms in the control group. The
organoleptic study of the milk of the
experimental cows was totally identical
to the milk of the control cows in terms
of color, taste, and odor. Throughout
the experimental period (2.5 years) no
negative changes were noted in the
chemical composition of the milk of the
experimental covs (Table 2).

In terms of chemical composition
the meat of the experimental rabbits as
well showed no major differences com-
pared with the control group (Table 3).
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Animal
Group

Table 3.

Studied Indicators (grams % of dry matter)

Protein
Nitrogen Fat Ash Na K Ca

Control 11.71+0.20 5.78+O.38 k. 17+0.07 O.lH+0.01 1.20+_ O.65+_ 0.1+7+0.05
0.10 0.07

Experi- 11.89+0.30 6.69+O.96 h.3k+p.21 O.19+O.O5 1.1U+. 0.73+. 0.50+O.OU
mental O.oU 0.09

Therefore, the conducted studies
prove that the extensive use of peren-
nial grasses and hay grown on sectors
irrigated with the waste water of the
Kupavna fine woolen fabrics factory in
feeding a variety of animals had no

adverse effect on the health conditions
of the animals, their productivity,
nutritive value of animal husbandry
output, animal reproductive function,
and quality of offspring.





USA-USSR WORKING AGREEMENT
ON UTILIZATION OF WASTEWATER ON LAND

IRRIGATION USE OF FOOD INDUSTRY WASTE WATER

ISPOL1 ZOVANIYE NA OROSHENIYE STOCHNYKH VOD PREDPRIYATIY PISHCHEVOY
PROMYSHLENNOSTI

V.T. Dodolina

Kupavna, Ministry of Amelioration and Water Utilization, All Union Scientific
Research Institute for Utilization of Waste Water in Agriculture, 1976.

Translated by Office of the Assistant Chief of Staff for Intelligence for
the Office, Chief of Engineers, 1978.

Our country has a number of food
industry enterprises. The principal
among them are sugar, starch, and
hydrolysis plants. Most of them release
large amounts of waste water in filtra-
tion fields or surface waters (rivers,
ponds and others). In the first case a
large area of fertile soil is removed
from farm use; in the second, surface
water sources "become polluted.

Studies conducted "by the Ail-Union
Scientific Research Institute for the
Agricultural Utilization of Waste Water
[VNIISSV] have established that the
vaste water of starch plants and sugar
refineries could "be used for irrigation.
Such waste water is of considerable and,
frequently, high fertilizing value.
After treatment such water is suitable
for the irrigation of meadows, pastures
and fodder, grain, and industrial crops.

The waste water of starch plants is
characterized by a low acid reaction
(pH=5.3-5.6), a relatively low concen-
tration of dissolved substances (2.0
grams per liter), and bicarbonate-sulfate
composition. Frequently salts of uni-
valent cations (K, Na) predominate.
Inherent in such water is a high content
of organic matter. This is indicated by
the level of BOD which ranges from 3 to
5 grains per liter of O2 depending on
production technology and the nature of
the preliminary waste water treatment.
The waste water has a high fertilizing
value. It has a content of 30-150
milligrams per liter nitrogen, 85-180
milligrams per liter potassium, and 20-
kO milligrams per liter phosphorus.
Studies have shown that, compared with
waste water from the production of corn

starch, waste water from the production
of potato starch is better in terms of
structure and fertilizing value. With
an irrigation standard of 3,000 cubic
meters per hectare, considered average
for a number of farm crops, the soil
receives 7 to 12 quintals per hectare of
nitrogen, 6 to 13 quintals per hectare
of potassium, and 3 to 5 quintals per
hectare phosphorus fertilizers converted
in terms of chemical fertilizer. The
high content of nutritive elements in
waste water released by starch-making
plants, used for irrigation, raises the
fertility of the soils and farm crop
yields. Perennial grasses and corn are
particularly responsive to such irriga-
tion. In Ryazanskaya Oblast, corn
yields on gray forest soils irrigated
with waste water of the Zadubrovskiy
Dry Starch Plant were 2-3 times higher
compared with nonirrigated areas and
averaged 1+20 quintals per hectare of
green mass.

Currently an irrigated area
covering 600 hectares has been estab-
lished at that site, 200 of which are in
use. Most of the waste water is used to
irrigate fodder and grain crops. As a
result of this untreated waste water is
no longer released into the Yaroslavna
River which flows into the Oka River.
The establishment of an irrigated field
at the site has blocked the pollution
of the basin of the Oka River. Before
it can be used for irrigation, the waste
water of starch plants must undergo
treatment consisting of homogenizing and
settling. Starch plant waters may be
used for the irrigation of farm crops in
all soil and climatic zones: Chernozem,
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gray forest, and soddy-podzolic soils of
various mechanical compositions, or
similar soils.

The waste water of sugar refineries
has a lesser fertilizing value and
higher suspended sediments.

Currently the waste water of sugar
refineries is treated through filtration
systems. Such systems consist of sedi-
mentation ponds and filtration fields
which remove from cultivation huge areas
of fertile Chernozem soil within whose
area the "bulk of sugar refineries is
located.

The studies made by our institute
have shown that the waste water of sugar
refineries is suitable for the irriga-
tion of farm crops and Chernozem soils.

The waste water of sugar refineries
is characterized lay an alkaline reaction
(pH=7. 5-8. 5), a "bicarbonate content,
high content of organic matter, and
average fertilizing value. On an average
it contains 1+5 milligrams per liter
nitrogen, 75 milligrams per liter potas-
sium, and very little phosphorus (2.5
milligrams per liter).

With an irrigation norm of 3,000
cubic meters per hectare the soil
receives k quintals per hectare of
nitrogen, 5.6 quintals per hectare of
potassium, and 0.5 quintal per hectare
of phosphorus fertilizers.

The waste water of sugar refineries
has a high content of suspended sedi-
ment, averaging 50 grams per liter. The
sediment contains lime and soil parti-
cles. Its high content hinders the
utilization of waste water for irriga-
tion. This calls for advanced treatment
which includes averaging and sedimenta-
tion. The sedimentation process takes
place in the sedimentation ponds which
are always found on filtration fields.
The clarified waste water has a better
chemical composition. However, its
fertilizing value is 15 to 20% below
that of unclarified waste water.

The results of the studies made by
the VNIISSV at sugar refineries of
Krasnodarskiy Kray showed that irriga-
tion with clarified waste water has a
positive influence on the fertility of
Chernozem soils and on farm crop yields.
The content of mobile forms of nitrogen,
phosphorus and potassium rises in the
soils. Such irrigation does not cause
soil salinization or solonetzization
processes. Extensive studies conducted
at the Timashevsk Sugar Refinery in
Krasnodarskiy Kray proved the high
effectiveness of the utilization of
waste water in the irrigation of corn,

sudan grass, sugar beet, wheat and
stubble crops. With irrigation, crop
yields rose from 50 to 150% compared
with unirrigated areas. In 1970 yields
of controlled Sudan grass averaged 115
quintals per hectare; irrigated with
clarified waste water at the rate of
2000 cubic meters per hectare, yields
reached 165 quintals per hectare; irri-
gated with unclarified waters in the
same, yields reached 215 quintals per
•hectare. Stubble crop yields (peas with
oats) increased with higher irrigation
norms. Without irrigation they averaged
58 quintals per hectare; they rose to
9k quintals per hectare with an irriga-
tion norm of 1000 cubic meters per hec-
tare, and 1^5 quintals per hectare with
2,000 cubic meters per hectare irriga-
tion.

Practical experience has been
developed in the utilization of the
waste water of sugar refineries by the
Kollektivist Plant in Kurskaya Oblast,
and the Nizhniy Kislyay Sugar Refinery
in Voronezhskaya Oblast. The results
of the studies were tested under
industrial conditions. At these pro-
jects sovkhoz land was used for irriga-
tion with waste water. The irrigated
areas ranged from 20 to 150 hectares.

In 1975 irrigation with clarified
waste water of the Timashevsk Sugar
Refinery was used by the Timashevskiy
Sovkhoz over an area of 500 hectares.
The waste water from the collector was
fed to the existing sovkhoz irrigation
network. In the course of 1975 corn and
alfalfa were irrigated with waste water.

Waste water was simultaneously
treated at the irrigation fields. Water
was promptly received from filtration
fields which enabled the plant to
operate normally and rhythmically in the
new production season. The use of waste
water for irrigation made it possible to
resume crop cultivation on some of the
filtration area.

Calculations showed that the treat-
ment and utilization of waste water from
the Timashevsk Sugar Refinery yielded
tremendous results. Compared with total
biological treatment, now planned for
many sugar refineries, the annual
savings from the utilisation of waste
water for irrigation equalled 833,000
rubles.

Scientific research and practical
experience showed that the use of waste
water from the sugar refinery for irri-
gation is a promising measure which
must be extensively applied in agricul-
tural production practice.
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BY WASTE WATER OF ANIMAL HUSBANDRY COMPLEXES
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The building of big state indus-
trial type animal husbandry complexes
demands the urgent solution of problems
of removal, processing, and rational
utilization of liquid manure whose over-
all production is about 200 million tons
per year.

As a result of the high concentra-
tion of cattle in livestock farms, the
elimination of cattle bedding, and the
total mechanization of the removal of
the manure from the premises a new type
of waste water has developed — the
outflow of animal husbandry complexes
consisting of a mixture of droppings,
and feed and water waste, used for
industrial feeds. In connection with
the reconstruction and building of new
specialized animal raising complexes by
1980 the volume of animal husbandry out-
flow will more than double.

The volume of waste water depends
on the cattle raising method, size of
the herd, animal species and age, dura-
tion of stable period, manure removal
system, type of forage, and other fac-
tors (Table l).

In terms of concentration of organ-
ic matter and mineral salts, the waste
water of livestock complexes exceeds
by several hundred percent household
and industrial waste water, for which
reason livestock farms are far greater
polluters of the environment than
industrial projects (Table 2).

The amount of nutritive elements
contained in the overall amount of live-
stock outflow is the equivalent of 2.2
million tons of nitrogen, 1 million tons
of phosphorus, and 2 million tons of

potassium. This is h times the amount
of fertilizers contained in the waste
water of the food industry and indus-
trial-residential volumes which total
11.8 million cubic meters per year and
is usable for irrigation-

Penetrating water "bodies, animal
husbandry waste water triggers nitrifi-
cation. It drastically worsens the
quality of water, making it unsuitable
for use.

Specialists in different countries
have developed over 20 methods for the
neutralization of liquid manure —
chemical, thermal, "biological and others.
As a rule, all of them are expensive and
do not insure adequate purification.
Thus, in the GDR formaldehyde processing
based on 3 kg per cubic meter of liquid
manure is recommended for its chemical
disinfection. However, bearing in mind
that the discharge of liquid manure by
big animal husbandry complexes exceeds
2000 cubic meters per day, such neu-
tralization would require a great volume
of disinfecting substances, for which
reason the chemical disinfection method
is considered unsuitable.

Collectors (frequently earthen)
may be of considerable size and capable
of containing up to 100,000-500,000
cubic meters. As a result of its stay
in the collector the animal husbandry
waste water is cleaned from the harmful
microflora. However, the concentration
of organic matter remains quite high as
a result of which such outflow cannot
be channeled into water bodies.



Table 1. Volume of Livestock Farm Outflow Based on Collection System.

Animal Waste water outflow from
No. of head excrement the complex (10^ m-Yyr)
raised to- output Gravity Water
gether (10^ m-Vyr) flow flushing

Hogs

Type of complex

for
for
for
for

Young

for
for
for
for

Dairy

for
for

108,000 head
54,000 head
24,000 head
12,000 head

cattle offspring

10,000 head
20,000 head
30,000 head
600 COW3

cattle

800 cows
1200 cows

73000
37000
2U000
12000

9883
20000
30000

600

800
1200

239.0
114.0
70.5
36.0

9U.8
328.0
493.0
12.0

16.0
24.0

321.0
181.0
96.8
52. 4

113.0

14.2

18.9
28.5

940.0
332.5
195-5
101.0

20.8

30.6
46.0

Table 2. Chemical Composition of Waste Water of Livestock Complexes,
Industrial-Residential, and Food Industry Waste Water, mg/liter.

Waste water type

Livestock cattle, 90%
moisture
Hogs

Industrial-residential
Food industry

Dry matter
content

12000
10500
550

1500

General
nitrogen

4000
5000

35
80-100

P2°5

2000
2500

6
10

KgO

4500
2400
20
240

The two-stage biological purifica-
tion of livestock waste water used in
the sovkhoz imeni 50-letiya SSSR (Moscow
Oblast) lowers the concentration of
organic substances for the basic BPK^
[biochemical oxygen requirement] to
170 mg per liter. However, even in the
course of the totally satisfactory re-
duction of the BPKc, biogenic substances
such as nitrogen, phosphorus, and potas-
sium find, their way in the waste water
channeled into water bodies. The nitro-
gen nitrification and phosphorus break-
down processes are accompanied by a high
water bloom. For this reason the live-
stock waste water must be channeled into
irrigation fields even after biological
purification.

The experience of irrigation with
liquid manure used by the farm of the
Belgorodskaya Oblast may be cited as an

example. Until 1970 29 specialized
farms raising and feeding hogs and cattle
stored waste water in earthen containers
over a period of years. Periodically,
with an overflow, particularly in spring
and autumn, the water was channeled into
reservoirs (Druzhba and imeni Frunze
Sovkhozes, Belgorodskiy Rayon, imeni
Zhdanov, Rakityanskiy Rayon, and others).
Furthermore, considerable farming areas
had to be set aside as liquid manure
collectors. In some farms this totaled
40 to 50 hectares. The industrial type
farms make full use of liquid manure on
irrigation fields as crop fertilizer.
This leads to stable yields and con-
siderably strengthens the animal husban-
dry fodder base.
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In the sovkhoz imeni Zhdanov in
Rakityanskiy Rayon, since 1971 a 210-
hectare area has been regularly irrigated
with the waste water of a livestock com-
plex raising 2U,000 hogs. Outflow
clarified in advance in manure sedimen-
tation tanks of the Rosgrprosel'khov-
stroy system and clean pond water are
used for irrigation. The release of
waste water from the collectors was
stopped.

A number of kolkhozes have developed
irrigation fields using animal husbandry
"waste water after purification in manure
collector sedimentation tanks. At the
end of the Ninth Five-Year Plan the
overall area of such irrigated fields in
Belgoro-skaya Oblast will reach 95^00
hectares.

Initially the hog breeding complex
of the sovkhoz imeni 50-letiya SSSR in
Kalininskaya Oblast "built filtration
fields covering 9.7 hectares with five
sedimentation tanks. The liquid manure
clarified in the sedimentation tanks
was released in the 01'khovka stream
and, subsequently, in the Mezhurka and
Volga Rivers. As a result the "bacterial
pollution of Volga water at the Mezhurka
confluent rose 50-70 times. The com-
pletion of a 200-hectare drained irri-
gation field made it possible to reduce
the BPK5 to 3 mg per liter. Such waste
water could be discarded in water
channels.

The studies conducted by the
VNIISSV of the process used for the
purification of animal husbandry outflow
on irrigation fields of sovkhozes in the
Belgorodskaya and Moscow Oblasts in-
dicated that the upper 30-cm-thick soil
stratum absorbs almost entirely the
nitrogen, phosphorus, and potassium con-
tained in the waste water, reduces the
amount of suspended matter 90-99%,
and lowers by 99% the BOD in lysimetric
waters.

• Tables 3 and k show the degree of
purification of cattle manure waste
water of the Voronovo complex and of
the biologically purified outflow of the
hog breeding complex of the sovkhoz
imeni 50-letiya SSSR in Moscow Oblast.

It would "be expedient to plant feed
crops on sectors irrigated with animal
husbandry waste water with a view to the
development of the solid fodder animal
husbandry base. Crops such as perennial
and seasonal grasses can increase yields
greatly and, with the production of grass
vitamin-enriched yield, provide hygieni-
cally impeccable products.

One of the determining prerequisites
in selecting the place for the building
of a livestock complex should be the
availability of land suitable for the
totally effective utilization of liquid
manure on irrigated crop land. In order
to protect ground water from pollution,
the level of the highest subsoil water
should be at a depth of no less than 2
meters.

Roughly, the size of the irrigated
farm land could be based on the ratio
of 1500 kg of live animal weight per
hectare. This value is 6 head of cattle
or 15 hogs per hectare in the United
States, no more than 6 head of cattle
or 30 hogs per hectare in the GDR, and
no more than k conventional (500 kg)
head in the FRG.

The studies conducted by the insti-
tute in Belgorodskaya, Kalininskaya and
Moscow Oblasts indicated that irrigation
with animal husbandry waste water in-
sures high and stable fodder crop yields.
Thus, at the specialized Druzhba farm in
Belgorodskaya Oblast, additional sugar
beet crops as a result of irrigation
with clarified hog farm waste water
ranged from 300 to UOO quintals per
hectare, and of silage corn, 60 to l60
quintals (Table 5). In Moscow Oblast
irrigation with cattle waste water of
perennial grasses and a mixture of peas
and oats on heavy loamy soil increased
yields by 20 quintals per hectare in
terms of fodder units (Table 6).

Irrigation with animal husbandry
waste water is done most frequently with
the help of long spraying DDN-U5 and
DDN-70 sprinklers which make possible
the application of liquids containing
a substantial amount of suspended matter.

In order to increase the winter
application norms and avoid the collec-
tion of outflow the soil must be pre-
pared in the autumn before the irriga-
tion: it must be plowed at a depth of
25-27 cm with a 25-cm ridging, slotting
and moling. Furthermore, the edges of
the most slanted irrigated sectors
should be surrounded by small 30-ii0 cm
high ridges.

Of late the Belgorodskaya Oblast
sovkhozes have used for irrigation
animal husbandry outflow clarified in
precipitation tanks using quite adequate
medium jet Volzhanka sprinklers. Such
systems insure high irrigation quality.
The odor does not spread over wide
areas as when long range sprinklers are
used.



Table 3. Level of Purification of Waste Water at the Voronovo Animal Husbandry Complex,
Soddy-podzolic Soil (irrigation norm 750 m^/hectare), mg/liter

Indicator

Sus-
pended Residue
preci- har-

Color pH pitate dry dened HCO, SO, Cl Ca K

Nitrogen
Ammon-

Na General iaeal P2°5 BOD

H

1+2

Initial waste Green-
water gray 7-7 7^82 5500 2700 6710 200 532 312 2l+0 1230 300 llA3
Lysimetric waters
from the 0-30 cm Light-
stratum yellow 7.6 885 121+5 830 1220 80 130.8 210 162 18.5 95 71
Lysimetric waters
from the 0-50 cm
stratum Ibid 7-5 115 61+0 1+50 152.5 90 52.3 1(0 2k 2.5 1+5 10 7
Lysimetric waters
from the 0-100 cm
stratum Ibid 7.h 100 605 1(55 I1*! 75 ^8 38 22 3.0 50 10 5

% of purification 98.7 89 83.2 97.9 62.5 91 81.8 90.9 99.8 83.3 99-1 99.5

Table k. Degree of Purification of Biologically Purified Waste Water of the Animal
Husbandry Complex imeni 50-letiya SSSR, Soddy-Podsolic Loamy Soil, mg/liter

100 221*00

2.5 320

1.5 200

1.0 180

99 99-2

Indicator pH

7.

7.

7-

6

• 5

• 5

Sus-
pended
preci-
pitate

1+77

liO

38

92

Residue
har-

dry dened

1700

11+72

562

67

728

580

1+28

1+1.2

HCO

1205

322

220

8 1 . 1

SO

81+.3

52.2

1+1. Ht

51.5

Cl

106.

105

82.

2 2 .

It

3

1+

Ca

96

160

11+0

Mg

67.2

55.2

50.1+

25

K

205

10

10

95.1

Na

220

1+0

3k

85.

Hitrogen
Ammon-

General iacal

11+2

12

1

6 99.1+

112.6

0.7

0 . 3

99-7

P2°5

82

-

_

BOD

800

320

300

62.5

Initial condition
of bulk waste water
Lysimetric water,
0-20 cm stratum
Lysimetric water,
0-75 cm stratum
Percentage of
purification



Ta"ble 5. Effect of Irrigation with Waste Water from the Hog Raising
Complex on Crop Yields (Druzhba Kolkhoz, Belgorodskaya O"blast)

Crop

Norm of irriga-
tion with clarified
outflow,

Yield,
quintals/ha

Additional yield,
quintals/ha

Sugar beets
Silage corn
Barley (green mass)

Barlev for grain

1900
1J+00

600+100 kg/ha
P2°5

200+UOO clean water

830
U70

239
36.8

1+55
159

75
6.h

Table 6. Influence of the Irrigation with Cattle Animal Husbandry Outflow
on Crop Yields under Moscow Oblast Conditions (Voronovo Sovkhoz)

Variant

Control — no
irrigation

Waste water winter
irrigation —
300 m3/ha

Waste water winter
irrigation —
150 m3/ha

Spring waste water
irrigation (l8 May)
— 300 nr/ha

Green mass crop,
quintals/ha

Perennial
grasses

139

137

202

187

Pea-oat
mix

222

272

252

300

In terms of
fodder units

6330

7090

8070

85^0

Increase,
fodder
units

760

17^0

2210

The most sanitary irrigation meth-
ods with animal husbandry waste water
are those of gravity flow and intrasoil
systems which are particularly effective
in areas where no deep freezes occur in
the nonvegetation period. The VNIIGIM
and VWIISSV developed a machine for the
intrasoil introduction of liquid manure.
One such machine could haul and apply to
the soil the manure produced by up to
5,000 hogs or 500 cows.

The economic study of agricultural
production on irrigated farm land has

shown that with an increased volume of
additional outlays for irrigation the
cost of output at irrigated sectors is
considerably lower than on non-irrigated
land (Table 7).

Table 7 shows that at the irrigated
section of the kolkhoz imeni Zhdanov
(a complex for 2U,000 hogs) production
cost per quintal of fodder units ranged
from 0 to 55 rubles for irrigated corn
and seasonal grasses and 2-7I+ rubles for
beets compared with unirrigated land.

Table 7.

Crop
Irrigated
area, ha

Yield, quintals/ha
Irri- Nonirri-
gated gated

Cost per unit
of output in

Cost per quintal
fodder units in

rubles & kopeks rubles & kopeks
irri- nonirri- irri- nonirri-
gated gated gated gated

Corn or 52
fresh fodder

Fresh seasonal 86
grasses

Sugar beets 50

261*

17U

355

191

112

207

0-38 0-1+9

0-36 0-50

1-90

2-25

2-U5

3-00

0-82 2-15 15-17 17-91

1*15
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STUDY OF THE CHEMICAL COMPOSITION OF
WASTE WATER

The utilization of waste waters in
irrigated fields requires a knowledge of
the chemical composition. Its study
requires the separate consideration of
its mineral structure and pollution with
organic matter.

In most types of waste water the
"basic mineral salts include sulfates,
chlorides, and the "bicarbonates of
sodium, potassium, calcium, and magne-
sium. These salts are basic in soils
and in natural waters. Data are avail-
able on soil-hydrogeological conditions
and the irrigation system, and the
admissibility of the concentration of
such salts in irrigation waters.

Irrigation water must have a reac-
tion with the environment close to
neutral (pH 6-8). In the irrigation of
acid soils it would be desirable to
change the pH value toward the alkaline
side (pH 7-9); in the case of alkaline
soils the acidity should "be higher (pH
5-7). Obtaining the necessary pH value
for waste water prior to its utilization
for irrigation presents no technical
difficulties. The quantity of nutritive
elements needed by the crops, applied
with the irrigated water, should not
substantially exceed specific plant
requirements.

A number of elements (heavy metals,
arsenic, selenium) may have a toxic
effect on the soil microflora or the
plants, or accumulate in the plants and,
in turn, thus adversely affect animals
and humans. Such waters are either

unsuitable for irrigation or could be
used after preliminary treatment.

Usually, the salt composition of
industrial waters is limited to sulfates,
chlorides, and bicarbonates of calcium,
magnesium, sodium and potassium. The
existence of bicarbonates and carbonates
should be determined only in the case of
alkaline waters. Thus, irrigation water
should have a pH value close to neutral
and carbonates and bicarbonates should
be almost nonexistent.

The simplest analytic system which
would meet the reclamation requirements
would be to determine the overall min-
eralization and cation structure in the
water samples (sodium, potassium, calcium,
magnesium). General mineralization must
equate the sum total of equivalent con-
centration of cations and could be deter-
mined through conductimetry.

The presence of organic matter in
water is determined, above all, on the
basis of overall BOD. Should BOD exceed
200 mg per liter of 0 ? we must determine
the organic substances which pollute the
waste water. According to the type of
production technology the basic organic
pollutants are identified and the sub-
stances whose concentration, based on
production technology, could exceed
average daily samples by 20-30 milligrams
per liter must "be analytically identified.

A considerable biological mass of
microorganisms is found in the effluent
following biological treatment and, in
summer, in storage ponds. Such micro-
organisms are oxidized bichromatically
and substantially exceed the determined
quantity of organic pollutants. The
biomasses in the water could be con-
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sidered only as fertilizers. Therefore,
prior to the analysis of such water
samples, the biomass must "be separated
through centrifugal separation, or fil-
tration using a membrane or Selzer
filter.

IRRIGATION REQUIREMENTS CONCERNING THE
MINERAL COMPOSITION OF THE WATER

The optimal concentration of salts
in soil solutions is -within the range
of U5 to 75 milligrams-equivalent/liters
(3-5 grams per liter). With this con-
centration the amount of salts released
with the crop is considerably lower than
the gross salt content in the soil water
used for transpiration. Therefore, in
irrigation practice water containing no
more than 15 mg-equivalent per liter
salts is considered suitable while water
containing salts in excess of 1+5-105 mg-
equivalent per liter could be used only
on an exceptional basis in the presence
of an ideal draining system and with
irrigation flushing.

In his report presented at the.
UNESCO symposium on the salinization of
soils and water sources, V.A. Kovda drew
attention to the fact that irrigation
with mineralized waters is possible
through flushing, i.e., by maintaining
the outflow of water and the elimination
of accumulating salts from the root
stratum and only with intensively
operating draining systems.

The report stated the following:
An annual extra-vegetational flush-

ing is required in the case of a 2-3
grams per liter mineralization of irriga-
tion waters.

One flushing irrigation after U-5
conventional waterings is required with
a U-5 grams per liter mineralization of
irrigation water.

Each second or third watering
should be a flushing in the case of 7-8
grams per liter mineralization of irri-
gation waters.

Frequent high volume watering,
exceeding the water retaining capacity
of the soil, with an intensively operat-
ing draining system, is necessary with
a 10-12 grams per liter mineralization
of irrigation waters.

However, even soils with good
drainage irrigated with water containing
essentially sodium salts could solonetz-
ize and become impermeable to water.
Circular No. 969 of the U.S. Department
of Agriculture states that water in
which

Na
(1)

presents no soil solonetzization threat.
The cation content in formula (l)

is in milligram-equivalents per liter.
0. Izrael'sen suggests the following

classification of irrigation waters based
on the percentage of sodium content in
the sum total of cations (in milligram-
equivalents per liter): good, less than
65$; satisfactory, 66-75$; poor, over
75%. Using the same principle A.M.
Mozheyko and T.K. Vorotnik suggest a
similar classification of irrigation
waters: good, under 65%; satisfactory,
66-75$; poor, over 75$.

M.F. Budanov recommends for irri-
gating the territory of the southern
part of the Ukrainian SSR the use of
waters with a mineralization not exceed-*-
ing 3 grains per liter providing that the
overall mineralization (in milligram-
equivalents per liter) divided by the
value of the hardness should not exceed
2 for medium and heavy loamy soils, 2.5
for light loamy soils, and 3 for sandy
loam and sandy soils.

I.ÏÏ. Antipov-Karatayev and G.M.
Kader believe that the strictest possible
determination of constants of adsorption
exchange between the soil absorbing com-
plex and soil solution should be computed
on the basis of the following equation:

/x(Ca+Mg) = K/C(Ca+Mg)
X.

(2)
Na

in which X is the content of absorbed
cations, and C is the content of cations
in irrigation water. This equation is
the basis for formula (l) for the irri-
gation rating of the water. Should the
water contain a substantial amount of
potassium salts it is added to the
sodium content in determining the
quality of the irrigation water.

Experience in irrigating with waste
water with a mineralization of up to 3
grams per liter in different soil and
climatic zones in the USSR has shown
that all the above-enumerated methods
could be used in assessing the quality
of irrigation water.



POSSIBILITY FOR THE DECONTAMINATION OF
WASTE WATER POLLUTED WITH ORGANIC MATTKR
ON IRRIGATED FIELDS

The decontamination of "waste water
on irrigated fields and at artificial
biological treatment systems consists of
developing living organisms of organic
matter as a source of carbon nutrition.
This offers a number of advantages com-
pared with artificial treatment systems,
based on the following principal condi-
tions of irrigated fields:

a) Organically polluted waste water
goes through 2-3 biological barriers
(soil microorganisms, plants,.domestic •
animals).

b) With its tremendous surface of
soil particles, colloidal in particular,
the soil has great absorbing capacity as
a result of which standard irrigation
and sprinkling norms exclude the pollu-
tion of ground waters and lower the con-
centration of organic matter in the soil
solution of ground waters and lower the
concentration of organic matter in the
soil solution. This considerably facili-
tates the development of biochemcial
processes.

c ) the existence in the soil of a
tremendous quantity and great variety of
microorganisms under normal water-air
and food systems, required for the cul-
tivation of farm crops, is a guarantee
of the fast mineralization of water
soluble organic matter contained in
waste water.

d) A sufficient period of time of
20 to 30 days is available for biochemi-
cal contamination in the use of waste
water for irrigation, between the
watering and the harvest. Such a period
of quarantine for all farm crops (fodder
and grain), meeting the regulations on
irrigated farmland, has no substantial
influence on crop sizes. Whereas such

a period of time results in the total
self decontamination of waste water
released in water reservoirs, this
applies even more so to irrigated farm-
land.

e) Outlays for the building and
operation of an irrigation network are
compensated by higher yields.

Reaching the soil with the waste
water, the organic pollutants may
greatly harm the soil microflora and
vegetation. It has been biologically
established that the toxicity of sub-
stances is manifested through their
dose or concentration. Therefore, it
would be impossible to draw a line
separating medicinal from toxic sub-

stances, since in insignificant amounts
inhibitors act as stimulators while
stimulators in excess doses have an
inhibiting impact.

Certain chemical elements (arsenic,
heavy metals, and polychlorine-contain-
ing organic matter) can be removed from
a living organism exceptionally slowly,
for which reason they may accumulate
within it. Most organic compounds
entering a living organism leave it
gradually. This occurs either as a
result of their breakdown or deactivation
or as a result of their removal from the
organism, or through a combination of
these and other methods. Such disintoxi-
cation is identically present in animals,
plants, and microorganisms.

Whereas the basic rules governing
metabolism and disintoxication in the
living organism in the soil have been
sufficiently developed, such development
in terms of plants has occurred quite
recently, starting with the application
of toxic chemicals in agriculture. It
turned out that organic phosphorus poi-
sons are more toxic to all biological
species compared with organic chlorine
poisons, The latter, however, have
cumulative properties to one or another
extent, whereas organic phosphorus
toxins detoxify quite rapidly in the
living organism. The mineral theory of
plant nutrition has been universally
recognized. It was the basis for the
theory of plant fertilizing. In recent
years information has been developed not
only on detoxification but on the absorp-
tion by plants of a great variety of
organic compounds. F. Nartey has
reported that various plant species have
effectively absorbed rather large
quantities of cyanides. Marked carbon
cyanide energetically participates in
the metabolic process of substances of
vital importance to plants. S.V. Dur-
mishitdze and D. Sh. Ugrekhelidze have
noted the active absorption by superior
plant species of butane, ethane, propane,
and even a chemically strong compound
such as benzene. The marked carbon in
these organic matters was separated from
the carbon dioxide and linked with
proteins and organic acids.

The studies conducted at the VNIISSV
led to the determination of energetic
processes of decontamination of farm
plants from acetaldehyde, crotonaldehyde,
benzaldehyde, dichloroethane, carbon
tetrachloride, methanol, ethanol, butanol,
propanol, dimethyldioxane, and caprolac-
tam. The concentration of such organic
matter in irrigation water not exceeding



1+00 milligrams per liter has no physiolo-
gical influence on plants.

Nevertheless, a number of diffi-
culties remain such as the multicomponent
nature of pollution in waste water and
the impossibility to establish all pol-
lutants. Therefore, presently the
following system is used in determining
the suitability of waste water for
irrigation:

The activities of soil microflora
must not be suppressed.

Groundwater must not be polluted.
Farm crop yields must be close to

yields of crops irrigated with clean
water.

No pathological changes must
develop in animals fed over long periods
of time goods grown on such irrigated
areas.

The products of animals fed vegeta-
tion grown on irrigated fields must be
of good quality.
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USA-USSR WORKING AGREEMENT
ON UTILIZATION OF WASTEWATER ON LAND

METHOD OF WINTERTIME SPRINKLER DISTRIBUTION OF WASTE WATER

SPOSOB RASPREDELENIYA STOCHNYKH VOD DOZHDEVANIYEM V ZMNYEYE VREMYA

A.S. Shcherbakov, L.V. Mal'kov, A.A. Artem'yev, N.D. Pyshkov, and V.A.
Frolov

Kupavna, Ministry of Amelioration and Water Utilization, All Union Scientific
Research Institute for Utilization of Waste Water in Agriculture, 1976.

Translated "by Office of the Assistant Chief of Staff for Intelligence for
the Office, Chief of Engineers, 1978.

The fertilizing value of "waste water
and its utilization on a year-round basis
on irrigated farmland (IFL) is widely
known.

In the course of the distribution of
waste water on the fields through
sprinkling, at "below freezing air temper-
atures the water freezes and, in the
course of the spring thawing period, the
danger appears that the thawed waste
water will be discharged from the fields
and thus pollute surrounding waters.

The accumulation of waste water and
its distribution in winter through other
methods involves considerable capital
outlays and technical difficulties. The
specific nature of irrigation with waste
water, particularly on the basis of a
year-round system, calls for the creation
of spraying systems with a maximum level
of mechanization and automation of the
irrigation process which could be
achieved presently most completely
through sprinkling.

The laboratory for the automation of
spraying systems with the use of waste
water of the VNIISSV has elaborated a
method for the distribution of waste
water through sprinkling in wintertime
that reduces the outflow of thawed waste
water from the irrigated lot and insures
the even penetration of the thawed water
in the soil along the entire irrigated
sector.

This is achieved by distributing
the sprinkled waste water at below
freezing air temperatures not evenly on
the entire area but only on the area
where shafts of different configuration
have frozen, distributed on the irri-
gated section where border strips have
formed (a.s. No U8O378).

The shape of the frozen shafts
depends on the topography of the area,
the sprinkling equipment used, the
operational sequence and the design of
the sprinklers.

This method for the distribution of
waste water on irrigated fields in the
winter may be implemented both through
the use of DDN-70 sprinklers, as well as
stationary sprinkling systems with single
or group control of the sprinklers.

Unlike the dense irrigation, in the
winter, at below freezing air tempera-
tures, the sprinklers (DA-2 type) of the
stationary sprinkling systems are turned
on in a checkerboard sequence (every
second sprinkler). The use of this
method with stationary sprinkling sys-
tems is possible also through the
utilization of special sprinklers for
year-round irrigation with waste water
and livestock farm effluents.

On the basis of the studies of
serially produced sprinklers and of
'foreign designs the VTJIISSV has developed
a special sprinkler (a.s. No 1+129^3) for
year-round irrigation with waste and
livestock effluents. The rotation of the
machine is accomplished through the
reactive action of the jet. The imple-
mentation of this method with the
sprinkling apparatus (the freezing of
shafts with the formation of closed
basins ) takes place by removing for the
winter period the jet spraying system
(close irrigation system). In other
words, at below freezing air temperatures
no close sprinkling takes place (see
Figures 1-2). The ice coating is done
when wind velocity does not exceed 2.5
meters per second.
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In the spring the shafts of waste
water ice are gradually thawed (thawing
is up to 10 days slower compared with
unirrigated sections ) and the bulk of
the thawed waste water penetrates the
soil through the "basins created "by the
ice.

The use of this method for the
distribution of waste water through
sprinkling in the winter offers the
following advantages :

The distribution of waste water by
sprinkling of below freezing air
temperatures with a reduced thawing loss
becomes possible.

The size of the storing areas for
the accumulated waste water is reduced.

The sprinkling equipment for waste
water is used on a year-round basis.

Conditions for the storing of
moisture and fertilizers in the soil
improve.

The possibility develops for the
use of mechanization and automation in
the year-round distribution of waste
water, which improves environmental
protection conditions and lowers the
cost of utilization of waste water.

Personnel from the Laboratory for
Automation of Sprinkling Systems Using
Waste Water of the VTJIISSV participated
in the development of this method and
experimentation with it over a 2-hectare
lot (experimental stationary system).
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Figure 1. Schematic of the sprinker apparatus during accumulation of
frozen waste water.

a. Summer spraying.

b. Spraying at below-freezing temperatures.
of frozen waste water.

Accumulation
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Figure 2. Frozen Waste Water accumulation due to spraying.
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