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PROPER MANAGEMENT OF HAZARDOUS WASTE—A TIMELY CONSIDERATION FOR

INDUSTRIALIZING NATIONS

Lyse Duhamel-Helsing and Thomas T. Shen

Columbia University
60 Haven Avenue
New York, NY 10032 ,

This paper examines problems associated with improper manage-
ment of hazardous w;istes and suggests approaches to help promote
adequate management of these wastes in industrializing countries.
Environmental, health, and economic costs related to contaminated
hazardous waste sites in the U.S. are illustrated, as are some of the
related environmental and health problems already apparent in many
Industrializing countries. Cost/benefit methods are discussed and the
need pointed out for models bused on a broader concept of 'cost' for
use in environmental pollution assessment, especially in developing
countries. An integrated approach to hazardous waste management,
combining administrative policy, régulât ions, and appropr I ate tech-
nologies also is presented as an il lustrât (on of existing and tested
solutions that can help minimize or reverse environmental deteriora-
tion due to hazardous waste pollution.

Responsible hazardous management undertaken concurrently with
development of industry and commerce is of crucial importance in in-
dustrial .iüinn nations. The challenge of choosing appropriate manage-
ment and disposal approaches within the context of regional conditions
and economÍc. needs Is enormous. Many decisions related to environmen-
tal, health, and economic costs and benefits of controlling pollution
from hazardous waste and other sources must be made in the face of
significant scientific and economic uncertainties.

Most developed countries with a long history of industrialization
have a heritage of contaminated sites where hazardous wastes have been
improperly disposed of for several decades. The full economic, envi-
ronmental, and health impact of past practices is not fully known. In
response to hazardous waste pollution problems, environmental polities
have been adopted in many developed countries fn the last 10-15 years:



environmental statutes have been put In place; regulations have been
promulgated; and treatment and disposal technologies have been
standardized, refined, and new ones developed. As a consequence,
there is at present considerable knowledge and expérience of the short-
term and .some of the long-term economic, health, and environmental
costs from Inadequate management of hazardous! wastes In these countries.

For most developing countries, however, the seriousness and po-
tential impact of the problem are unknown. Many developing countries
have more recent and less expanded industrial sectors and present
different histories and patterns of industrialization. Certain
developing countries, such as India and Egypt, have experienced some
three decadfes of industrialization. Others, such as Brazil, Mexico,
Venezuela, Spain, Greece, Ireland, Hong Kong, Singapore, Taiwan, and
South Korea, have shorter histories of industrialization, but very
rapid development when compared to the more classical pattern of
gradual industrialisation of the developed countries. Frequently,
rapid development has been concentrated and concurrent with rapid
urbanization, creating social, and environmental pollution problems
of different kinds and magnitude,!

Most developing countries have only recently become aware of the
environmental, health, and direct and indirect costs that result from
improper management of hazardous industrial waste. Important lessons
can still be learned by industrializing nations to correct or still
avoid similar harm to public health and the environment as chemicals
and allied products, petroleum, ferrous and non-ferrous, textiles, and
other industries are developed and expanded. Additionally, developing
countries can benefit from the experience and from the different ad-
ministrative policies, hazardous waste regulations, and various tech-
nologies adopted and tested in developed countries when selecting
approaches most suitable to national and/or regional hazardous waste
management problems within the context of specific economic conditions.

HAZARDOUS WASTE GENERATION

There is currently no internationally accepted definition of
hazardous waste; legal definitions in use are generally based on
technical, criteria addressing short-term acute hazards and long-term
environmental hazards, i.e. criteria such as toxicity, flammability,
corrosivity, ignitability, and reactivity. Although radioactive and
pathological wastes may present hazards to lion 1 th and the environment,
they customarily have been excluded from definitions of hazardous waste.

Worldwide, various industries geneV.iti' enormous amounts of Indus-
trial waste each war, Table_l lists frerun-in 1 v encountered substances
which based on tin ¡' toxicity and hazard characteristics, must be given
attentive treatm.:; I:!,!'.T disposal consideration.



Table 1 List of toxic or dangerous substances and materials
selected as requiring priority consideration

\, Arsenic and compounds
2 Mitrcury ond compounds

3. Cadmium and compound!

4. Thallium and compounds

5. Beryllium and compounds

6. Chromium (VI) compounds

7 lead and compounds

8 Antimony and compounds

9, Phenolic compounds

10 Cyanide compounds

1 1 Isocyiinaifls

12 Qrganohalogenated compounds, excluding inert polymeric materials
and other subsiances referred 10 m this list or cover od by other directives
concerning the disposal of toxic or dangorous waste

13. Chlorm¿uecJ solvents

14 Orgjnic solvenis

1 5. Bioades and phytopharmaceudcal substances

1 6 Tarry materials from refining and tar residues from distilling

1 7. Phaimitceulical compounds

1 B. Pero>.Klü5. chlorates, perchlorates and azides

1 9. Ethers

20 Chemical laboratory materials, not identifiable and/Or new. with un-
known effects on the environment

2 1 Asbestos

22. SfHoinium and compounds

23 Tftllunum and compounds

24 Polycychc aromatic hydrocarbons (carcinogenic)

2ii Metdl CiM \VM-\\\

¿6 ^yliiiflt1 LOO MUÍ compounds

2 7. Acids and/or baste subsunces used in the surf acs treatment and Imtsh'
ing of rïitiïJlS

Source: World Health Or^nnlzation, Hnnagement of
M.i/.^rdtHis^.istj.', Kurtipean Sur iuu , Nu, 1 4 :

Hazardous Wastes frotri the Chemicals and AlliedL Produces.Industries

Approximately 20,000-30,000 chemicals are currently manufac-
tured worldwide in quantities exceedinR one ton per year.2 A few
examples of manufacturing processes will illustrate Che large
oluine and variety of hazardous wastes chat result.
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Primary organic chemicals are produced from oil, natural gas, an.'
..:oal in large-scale continuous-process plants. They are in turn convert-
ed into secondary or Intermediate materials either for in-house process-
ing, sale to chemical processors, or for various Industrial implications.
Intermediate materials are processed into a wide variety of final
products, e.g. fine chemicals, pharmaceutica Is, pesticides, plastics,
resins, dyestuffs, synthetic detergents, synthetic fibers, elastomers,
and many others. The production processes are based on specified feed-
stock and standard plant conditions, thus generating residues of fairlv
constant composition and properties. Residues also may be extremely .
complex materials, however, with the detailed composition not always
known. Residues may be liquids, sludges, or solid tarry wastes.

Processing of organic chemicals into end-products involves both
batch and continuous processes. In batch processing, resigues often
are complex mixtures which may contain unreacted feedstin ,, filter-
cakes, precipitated materials, tars, solvents, acids, or alkalies used
in the washing process, as well as off-specifi cat i mi products, spent
catalysts, contaminated filter aids, and contaminated containers.
Residues may be liquids, sludges, and solids of varying, physical or
chemical complexity. The substances present may be soluble or insol-
uble, Inert, corrosive, flammable, chemically reactive, or toxic,
and may contain human carcinogens.3

Inorganic chemical products, including sulfuric, phosphoric and
nitric acids, chlorine, sodium hydroxide, lime, ammonia, and many
others, account for 9 out of 10 major products of the chemical indus-
try worldwide.14 Manufacture of many of these inorganic products
generate large volumes of hazardous waste. For example, more than 100
million tons of phosphate rock are mined worldwide annually for produc-
tion of phosphorus, phosphoric acid, and phosphates. Up to 13 tons of
by-products result from each ton of phosphorus produced; these include
calcium silicate slag, which may be used as a concrete aggregate or
hard core; f errophosphorus, which may be used as an additive, to steel;
phosphorus mud, which may be recycled; precipitator duHt ; and ,
condenser gas. Environmentally, the most serious problem is posed by
the so-called "phossy water" which is produced from condensing the
furnace gases with water sprays. This water contains dtssolvcd and
suspended elemental phosphorus, phosphorus oxyacids, hexaf. luosilicic
acid, ammonia and silica. Treatment of the "phossy water" usually is
through settlement, neutralization with lime or ammonia, resettlement,
and final treatment with chlorine to destroy residual phosphorus.5'6

Fluorine chemicals production has greatly increased in the last
40-50 years. For example, anhydrous hydrofluoric acid world produc-
tion was estimated to be about one million tons in 1975. Tor each
ton of anhydrous hydrofluoric acid produced, an i-'stimnU'd thri'i- tons
of calcium sulfate by-product and a solution of about 30IÏ fluoro-
siMcic acid are formed.



Table 2. The use of organic solvents in various industi"fis

Use Organic solvent

Formulation of adhesive»

Formulation of cleaning materials
and polishes

Formulation of pesticides

Degreasing of fatty skins in tan-
ning

Extractive industries, eg. essential
oils

Manufacture of food flavourings.
essences and toiletries

Photographic industry

Reaction media m the pharmaceu-
tical industry

Ketones. aliphatic and aromatic
hydrocarbons

Aliphatic hydrocarbons

Aliphanc hydrocarbons

Aliphatic hydrocarbons

Alcohols and aliphatic hydrocar-
bons

Glycols. alcohols and glycol esters

Alcohols, ketones and glycol esters

Hydrocarbons, alcohols, esters,
haiogenated solvents and others

Source: World Health Organization, Management of Hazardous
Waste, European Series, No. 14:21 (1983) "

Halogenated and non-halogenated organic solvents are used in
many Industries with a large volume of dirty solvents discarded as
waste. Table 2 lists several vises of organic solvents by different
industries. The engineering industries, for example, uses various
organic solvents to decrease metal components either hy cold or hot
dipping In a solvent b.ith, or by contact with solvent vapor. A sump
residue is formed containing cutting oils, lubricants, fine metal
particles and general dirt. The residue either is left to build up
until the dirty solvent must be removed for disposal or recovery, or
it may be continuously removed and recycled through an on-line
purification plant. An oily sludge waste is left for disposal which
contains solvent of varying concentrations depending on whether
solvent recovery units are used or not.

Organic hydrocarbon solvents sometimes also are used for de-
greasing, cleaning, and general maintenance of transport fleets.
The spent hydrocarbon solvent usually contains high concentrations f
•"•ili gr.e.ise, dirt, and frequently phenolic compounds used as indus
"inl dfi rvnsants.
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The dry-cleaning industry also uses a solvent, mixed with a small
quantity of divergent and water. In large factory-type installations,
the solvent is continuously filtered and redistilled. In small opera-
tions, filtration without distillation is common in the plant with
dirty solvent replaced and recovered by distillation off-site. The
residue usually contains soluble fats, oils, filter powder, dirt, and
solvent in concentrations reaching up to 60%. The residue for disposal
may be a dry, crumbly solid, or an oily liquid.

A wide range of organic solvents also are used in the manufacture
of paints that are not water-based in order to Rive products the
needed viscosity. Solvent may be hydrocarbons, alcohols, ketones,
glycols, glycol ethers, or glycol. ether esters and is added to paint
mixture composed of organic, and/or inorganic pigments, resins, ;ind
various additives. Reject batches of paints with dtrty solvents are
discarded as wastes. Wash-down solvents generally are reused and then
either recovered or disposed. Solvent wash-down wastes contain various
concentrations of heavy metals used in paints as pigments, fungicides,
flame retardants or anti-corrosion additives. Toxic heavy metals in
paint may include antimony, barium, cadmium, chromium, copper, lead,
manganese, mercury, tin, and zinc. °>"

PROBLEMS ASSOCIATED WITH IMPROPER MANAGEMENT OF HAZARDOUS WASTES

Developed Countries

For many years hazardous substances and wastes were virtually un-
regulated and uncontrolled in many developed countries. In the U.S.,
for example, the impact of releases of hazardous substances into the
air, land, or surface and ground water was not realized until the mid-
late 1970s, and the full environmental, health, and economic impact of
past practices is not yet known. To help remedy environmental and
health problems associated with Inactive contaminated hazardous waste
disposal sites, and to provide an emergency response for hazardous
substances released into the environment, the U.S. Congress in 1980
passed the Comprehensive Environmental Response, Compensation, and
Liability Act (CKRCLA), commonly referred to as the "Superfund Act."
CERCLA establishes a Hazardous Substance Response Trust Fund to
finance cleanup activities which is expected to reach about $1.6
billion by December 1985. As of April 1984, 546 sites had been placed
on a U.S. Environmental Protection Agency (EFA) National Priority List
(NPL) for remedial, action under Superfund. EPA estimates this list may
eventually reach 2,200 sites. CERCLA's National Contingency 1'lan (NCP)
prescribes steps which the government will take in response to
accidental release of oil and hazardous substances.

Environmental and health impact of abandoned sites. As of early
1984, approximately 881 sites had been evaluated and scored using a
"Hazard Ranking System" (HRS) designed by EVA to determine priority



remedial and removal actions. According to these data, 15%, or 133
sites, may have had an adverse impact on the air, potentially exposing
an estimated 1.2 million people within a 4 mile r/nilus; 51Z, or 450
sites, tnay have adversely affected surface water, with an estimated
6.5 million people potentially exposed; and 60%, or 526 sites, may
have an adverse effect on the ground water, potentially exposing an
estimated 8.2 million people.1"

Analyses of hazardous substances at the 881 sites identified 444
toxic pollutants. Virtually all of the most commonly encountered pollu-
tants are known to exhibit chronic toxicity, and therefore may lead to
health injuries iifter months or years of extremely low le-veLs of
exposure.*' The most likely pathway for such low-level exposure is
contaminated drinking water.

The abandoned sites typically contained myriad substances in
varying concentrations. ¡The precise health effects from exposure to
many of the individual substances are only partially known, and those
from exposure to combinations of substances are almost unknown. In
tact, very few data are currently available on either the short- or the
long-term health and environmental effects of exposure to actual
hazardous wastes. The scientific data that do exist, though usoful, are
based on extrapolations from animal to human health effects, from high
to low concentrât ion of hazardous constituents, and from exposure to
pure chemicals to exposure to complex mixtures.

Nevertheless, there is little doubt that health damage to people
who are exposed to toxic chemicals over long periods of time is a
serious problem which may become even more dramatic in the next twenty
years. The recently released Woburn_Jjj5aJL_tJĥ _SjAidŷ  by Harvard School of
Public Health, 12 directly links the incidence of neighborhood child-
hood leukemia and reproductive and childhood disorders to contaminated
wells in Woburn, Massachusetts, the source of local drinking water. The
wells, ranked as one of the nation's ten most hazardous waste sites,
are known to be contaminated by hazardous substances, e.g. chlorinated
organic compounds, including trichloroethylene, a known carcinogen.

Economic impact. As of April 1984, EPA had approved 310 removal
actions under Superfund authorities, 217 of which had been completed
at a total cost of $61.5 million. EPA also has allocated $170.9 million
for long-term remedial work at 178 NPL sites, with remedial work com-
pleted at six sites. If the current level of operation continues, EPA
predicts the Superfund will be exhausted early in 1986. Federal cleanup
at all 1400-2200 NPL sites will cost between $8.4 and $16 billion (83
constant dollars) and will take well into the 1990s to complete.13

Developing Countries

Environemntal and health problems related to indiscriminate <''s-
osai of hazardous waste on land and into bodies of water already .re

HELSING



apparent in many developing countries. The full impact of these
practices is unknown. A growing awareness of the short- and long-
term health and environmental effects as well as economic costs from
industrial pollution on locaJ fishing, farming, cattle, and other in-
dustries, has led many governments to institute measures to improve
pollution control especially wattir pollution. Design and control
standards for treatment and/or disposal of hazardous wastes, however,
generally have not been addressed, and existing air and water pollu-
tion control standards frequently are not enforced.^

For example, following three decades of industrialization India
has a fairly well-developed industrial sector that includes produc-
tion of pesticides, dyes and pigments, Pharmaceuticals, organic
chemicals, fertilizers, non-ferrous metals such as copper, lead, and
zinc, and other industrial products. Large scale production of these
and other chemicals has resulted in substantial discharges of hazard-
ous wastes on land and into surface waters; toxic compounds are In-
creasingly detected in water supplies. Fish kills in estuaries,
rivers, and other water bodies contaminated with arsenic, heavy
metals, ¡ind acids frequently have been reported as have many cattle
deaths. l j

The government of Tndia enacted Water and Air Pollution Control
Acts in 1974 and 1981 respectively to regulate conventional pollu-
tants. These acts do not contain provisions for rjinlriil I Ins treat-
ment and disposal of hazardous wastes. Most industries to date have
discharged these wastes into wastewater drains.16

The use of pesticides is on the increase in India's agricul-
tural sector. Pesticide consumption in 1982 and 1983 reached close
to 14,000 Ions/year each for DDT, malathion, and parathion; 5,000
tons for carbaryl; and 40,000 tons for BHC (hexachlorocyclohexane),
The pesticide industry generally collects all toxic wastes in con-
tainers, which are stored for later disposal into specially con-
structed pits within factory premises. No information is available
on the final method of disposal.

Pesticides and related wastes if mishandled, can cause serious
environ' <ntn • and health problems. For instance, organochlori.ne in-
sec.tici. ••: si. '•' as DDT, BHC, lindane, and others are very persistent
in the i'1 lri:i ent and tend to accumulate in biologic and nonbiologic
media. A hou¡ : onsidered less acutely toxic than organopho.sphate and
carbamati lesti. ides, they have a greater potential for chronic toxi-
city, am: 1 so r.m be classed as neuropoison. DDT and metabolites
accumulât, in natural food chains through a process of biologic con-
centration in ecosystems. Studies have shown that various species of
wild birds .ire adversely affected by exposure to DDT or its metabo-
lites, and that fish and some lower aquatic organisms are extremely
sensitive to the acute toxicity of DDT.18



Organophosphorus insecticides, on the other hand, most frequent
ly have been the offensive agents in human poisoning from insecticides.
Parathion, for instance Is the pesticide most frequently involved in
fatal poisoning. " Carbamate insecticides, contrary to the organo-
phosphorus insecticides, have low dermal toxielties even though
ill.dicarb (Tenrik) has extreme toxicity by both the oral and dermal
route. One of the least acutely toxic carbamate Insecticides, carbaryl,
has reportedly produced teratogenic effectE in experimental animals.20

Egypt also has been industrializing for approximately three de-
Cades, shifting in the early 1950s from a traditional agrarian basi1

to heavy industry, including production of steel and machinery and
manufacture of organic and inorginic chemicals. This new industrial
development is concentrated in the metropolitan areas of Cairo, the
Delta, and Alexandria. Degradation of water resources due to the in-
dustrial pollution that resulted has become evident in the decreased
fish catch from the Nile, from lakes and from the Mediterranean and
Red Sea; in deterioration of valuable recreational areas; in severe
operational problems in sewage netwurks and treatment stations; and
in serious effects on public health. ^

There is no central agency responsible for the management of
wastes in Egypt. Liquid and solid emissions from industrial sources
are presumed to be handled on-site and pre-treatmcnt systems before
discharge to public systems. Intensive industrialization in the
Alexandria metropolitan area where 1243 industrial, plants and pro-
duction units are located, has resulted in an 80Z decline in fish
production in Lake Mayrut in the last decide, Organochlorine pest-
icides detected in Lake Mayrut Include DDE and DDT. Accumulations in
the lake fish Tilapla have been measured in concentrations far higher
than those in the lake water. 22,23

Early results of a study assessing the effect of mercury on fish
in the discharge zone of a caustic plant in Alexandria indicate con-
siderable accumulation of mercury in aquatic organisms. This filant is
currently Implementing a major project to recover the mercury and
limit Its discharge into the sea. *

Various episodes of environmental contamination from organic
forms of mercury, principally methyl mercury amply illustrate the de-
vastating environmental and health effects from exposure to this com-
pound. Perhaps the most widely known episode of mercury poisoning
occured in Minamata Bay, Japan, from 1953 to the early 1960s, followed
by a similar episode in Niigar.a, Japan. In Both cases, consumption of
fish contaminated with mercury from industrial waste resulted In 1200
reported cases of poisoning. Mmhylation of mercurv occured from the
action of aquatic, organisms, leading to transfer and bioconcentration
up the food chain to the large carnivorous fish. '

The potential adverse effect of industrial n i.-.mlnus waste is •
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also already apparent in other developing countries which In-. • i;-i<i
industri.il iz.if ion more recently. For example, in Thailand, '1;II.> . nul
South Korea, high concentrations of toxic metals, especially mi_-i. . • .
have been measured in waterways and in tissues of fish, animals ,imi
humans. In the greater Sao Paulo area, 40,000 industries each d,i .
discharge an estimated total of 36 tons of chemical pollutants Into
the city's rivers. ^7 Some 14 tons of hazardous waste also are dumped
daily into Rio de Janeiro's Guanabara Bay; satellite reconnaissance
photos show pollution plumes extending some 90 miles long, 12 miles
wide, and 15 feet deep which are carried out to sea from the bay."
The impact of these practices on the environment and people's health
undoubtedly is far more serious than is presently known or expected.

COST/BENEFIT ASSESSMENT

Assessing the short-term and especially the long-term costs and
benefits of pollution control technology ' r reduction, treatment,
and/or disposal of hazardous waste is extremely difficult. At present,
there are no theoritical models that can e readily used to weigh the
short- and long-term costs of using such technology in industrial
projects against short- and long-term benefits the technology may
bring to the environment and people's health.

Existing models for evaluating development projects are not use-
ful in this instance. One approach, based on a "discounting back to
the present" concept, allows comparison of income and expenditures
during each year of a project's lifetime to determine profits it
would yield. All investment becomes an exchange between future Income
and present or forthcoming expenditure. Another approach, based
on the "cost-Effective Evaluation of Energy- and Resource-Saving
Technologies" method, considers a technology efficient if it makes a
minimal demand on n.. ,ur;\l systems, i.e. on all physical resources in
the natural environment. Efficiency is expressed in terms of cost-
effectiveness where the concept of 'cost' may be construed in a broad
sense because some environmental services are not associated with
cash flow and hence appear to have no price.30

Neither of these not similar models are suited to assessing the
costs versus the benefits of pollution reduction since the impact of
pollution on the environment and people's health must necessarily be
expressed in terms of judgmentally assigned weighs based on factors
that include several unknowns.

INTEGRATED APPROACH FOR HAZARDOUS WASTE MANAGEMENT

An integrated approach combining administrative policy, hazardous
waste legislation and regulations, and appropriate technologies offers
a means of helping minimize or reverse deterioration due to hazardous
waste pollution.
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'nyernment Policy

Nacional solutions to the problems of hazardous waste management
vary according to each country's legal and legislative systems and its
cultural background. They also reflect the level of industrialization,
economic system, population density, and geological, climatological,
and other conditions. However, regardless of national differences, any
comprehensive approach to management of hazardous waste first must
have at its center a national policy that promotes proper transport,
storage, treatment and/or disposal of these wastes and include a
workable enforcement mechanism.

Legislation and Regulations

Hazardous waste legislation can take many forms, depending on the
legal system and other factors in the country concerned. Legislation
may focus on environmental quality standards, environmental discharge
standards, technical design and operating standards, economic incen-
tives and disincentives, or any combination of these.

The first essential of legislation should be to define hazardous
waste, thereby establishing the scope and framework of the law, which
Ideally also should harmonize with or incorporate legislation on
hazardous substances. This approach has the advantage of regulating the
entire life cycle of chemicals, i.e. production and use of chemical
substances, avoidance of waste generation, and transport, treatment
and/or disposal of hazardous waste.

An essential requirement for implementing an effective system of
hazardous wastft management is establishment of a legal mechan i ̂f-. lor
controlling waste-generating processes, as well as licensing proce-
dures for all activities related to hazardous waste management , in-
cluding transport, storage, treatment, and/or disposal. The control
mechanism should be a "cradle to grave" system of notif lc.il ion to
establish a link between different activities. As a means of tracking
all movements, of waste, many countries also use a manifest system or
a "trip-ticket." This document accompanies the waste from point of
generation, through places of collection and transfer, to the ulti-
mate treatment and/or disposal point.

Economic incentives and disincentives are used by man. , uropeán
countries to foster use of low- and non-waste technology, and recov-
ery and recycling of uoste.31 in the U.S., economic disincentives
take the form of a fee system on waste effluents and emiŝ -í Ü-, based
on "not to be exceeded" limits imposed by various laws. Economic dls-
centives can be viewed as 'permanent Incentives' to induce eftIclent
resource use In industrial production or to reduce generation of by-
products and wastes. Most Importantly, any hazardous waste management:
s; item will be effective only in the context of an enforcement mech-
anism that is rigorously applied at all stages of the process.
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Hazardous. Waste Management Technology

Treatment and disposal technologies are currently available for
nearly every known hazardous waste. No single technology, however, is
a panacea for handling all waste types. The choice of the best prac-
ticable approach for treatment and/or disposal of a given waste de»
pends on many factors, usually including cost, waste type and volume,
availability and suitability of treatment or disposal facilities, and
safety standards.

Table 3. Hazardous Waste Management

I. MINIMIZING INI'LANT WASTK PRODUCTION
A. Process Modification .
B. Recycle and Reuse

II. CONVERTING HAZARDOUS WASTE TO LESS- JR NON-HAZARDOUS MATERIAL
A. Land Treatment
B. Incineration
C. Thermal Treatment
D. Chemical, Physical, and Biological Treatment
E. Oce.in and Atmospheric Assimilation

III. MAKING 1'SE OF PERPETUAL STORAGE
A. Landfill
B. Underground Injection
C. Waste Files
D. Surface Impoundment
E. Salt Format"'M's
F. Arid Region ¡¡serrated Zone '

Adapted from: National Research Council, Management of Hazardous
Wastesj__Research and Development Needs, National
Academy Press ,'"pT 4 (Ï983)

As illustrated in Table 3, three general technological options
have to varying degrees been incorporated into hazardous waste man-
gement approaches of most, countries. The first option is preferable
in terms of economic return as well as short- and long-ten» protec-
tion of the environment and public health. It involves reduction or
elimination of waste material through process modification «r recov-
ery and reuse of waste material. Waste reduction alternatives include:
(1) source segregation or separation, (2) process modification, (3)
end-product substitution, and (4) material recovery and recycling.
Often, these processes may be used simultaneously or sequentially.
End-product substitution offers a long-term solution, but also re-
quires major investments. The other three alternatives may be more
cosily implemented, but offer only short- and medium-term solutions.
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Waste hazard and/or volume are reduced, but some waste still must be
managed.

The second technology option involves conversion of hazardous
waste to a loss-hazardous or non-hazardous material through a var-
iety of chemical and physical techniques, biological treatment pro-
cesses, che assimilative capacity of the land or the ocean, and
thermal methods using heat or open flame. Incineration, for instance,
finds a widespread use in a large variety of installation including
boilers, kilns, furnaces, rotary hearths, and vertical shaft incin-
erators. For many organic materials such as PCBs, chlorinated hydro-
carbons, pesticides, distillation residues, oil waste, and off-spec-
ification chemicals, incineration offers the most romplete moans of
waste management currently available. However, emissions controls u-
sually are required to prevent air pollution; inorganic compounds pre-
sent in waste produce slag and ash that must be disposed of; and toxic
volatile materials must occasionally be collected.

The third technological option involves 'perpetual' storage, at
present the most prevalent waste management technique in most countries*
Landfllling of waste is emphasized in this paper since this is an impor-
tant form of disposal in many countries. The objective of secure land-
fills is to isolate waste physir :lly from the surrounding environment.
The landfill is designed to prov de long-term containment of wastes and
to prevent escape of both leachate and gas from the site. The economics
are perceived as favorable c.wipe ved to other alternatives. Properly de-
signed and operated facilities ¿duce the mobility of waste to ground-
water, minimize the release of wastes to the air, and allow reclama-
tion of valuable materials when technology becomes available. It should
be emphasized, however, that th<¿ design, operation, and monitoring of
contemporary secure landfil-j is essentially a new technology, less
than a decide old, and that much is still unknown about long-term
landfill behavior. Further examination is needed not only of ground-
water protection, but also _rom air emissions from the site.32 The risk
of causing health and environmental problems may be higher with land-
fills than with other options. Additionally, long-term management of
secure landfills Is required. For the Immediate future, secure land-
filling represents a necessary technology for disposal of hazardous
industrial wastes. In the long-term, however, this method r.jy not
remain the preferred alternative for perpetual storage. In the future,
it may be considered only for non-reducible inorganic residues.

Economic Considerations

Ideally, all possibilit .es for reduction, recovery or reuse of the
waste should first be exhausted before opting for treatment or ultimate
disposal. However, this is .iot the case in most countries today. Since
economics almost inevitably underlie decision-making in selecting h"::-
/rrdou.s waste management options, it is essential to compare not onl

HELSING
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short-term but also long-term costs of different options. Specifically,
cost comparisons of different technologies roust bë made on an environ-
mentally equivalent basis. For example, comparing land treatment sys-
tems or various detoxification processes to secure landfilling in-
volves comparing only current costs, ignoring the. long-term costs
which for landfills may involve societal care for as long as 500
years until hazardous characteristics have permanently disappeared,33

Such an approach also does not lend itself to comparing waste reduction
options to various treatment or perpetual storage options. In fact, the
three basic options—Vaste reduction, waste detoxification, and perpet-
ual storage—cannot be compared in terms of short- and long-term costs,
since they are not comparable in environmental equivalency. Further,
ignoring the long-term costs of certain technologies helps perpetuate
their use, undoubtedly to the detriment of further research and devel-
opment in waste reduction approaches and detoxification techniques
which environmentally should be the preferable options,

CONCLUSION /PROPOSED ACTIONS

While one cannot accurately quantify the 'short- and the long-term
deleterious effects of improper hazardous waste management, ample evi-
dence already exists of damages to the environment, human health, and
economic resources of both industrialized and industrializing countries.

Several Areas Need Serious Attention:
1. It is important for developing countries to build the Institution-
al and scientific, capacity to utilize available technology to solve
site specific environmental and health problems related to hazardous
waste pollution.
2. There is an urgent need to develop cost/benefit assessment methods
using concepts relevant to development projects In industrializing
countries which can evaluate the impact of hazardous waste management
on the environment, people's health, and the country's economy and
resources both in the short- and in the long-term.
3. Development of an International information network is needed which
addresses all facets of hazardous waste management—economic aspects,
technological development and application, environmental impact,
health effects, societal considerations, and others.
A. Development of an international manifest system would help limit
the number of entry points for hazardous waste Into any given country,
reducing the possibility that these wastes ore unknowingly and/or
illegally dumped in countries ill-equipped to handle them properly.
5. Pesticide guidelines need to be developed for industrializing
countries, including information about various product's potential
health and environmental hazards, in ordir to help reduce their mis-
use and environmentally damaging effects.
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of Environmental Ahu.se ln_Ĵ he_ Third World (In press)
2. WHO, Management: of Hazardous Waste, European Series, No. 14:li

(1983) """

3. .SuRIât fn. 1, pp. 15-16
4. Supra, fn. 1, p. 17
5. G.T. Goodman 4 M-J. Chadwick, ed. Environmental Management of Min-

eral Wastes, Rockville, MD, Sijthoff & Noordhoff (1978)
6. Supra, fn. 1, p. 17
7. Supra, fn. 1, p. 18 , • •
8. Dept. of the Environment, Solvent Wastes, Waste Management Paper

No. 14, London, H.M. Stationery Office (1977)
9. Supra, fn. 1, pp.19-20
10. U.S. EPA, "Superfund Task Force—Phase I," p. 7 (December 8, 1983)
11. Supra, fn. 10, p. 8
12. S.W. Lanakos, U.J, Wessen, M. Zelen, The Woburn Health Study,

Harvard School of Public Health (1984) '

13. Supra, fn. 10, p. (i)
14. Supra, fn. 1
15. B,B. Sundaresan, P.V.R. Subrahmanyatn, & A.D. Bhide, "An Overview of

Toxic and Hazardous Waste in Tndia," Industry and Environment, UNEP
Special Issue, No. 4:70 (1983)

16. Supjjl, fn. 15, pp. 70 i 73
17. Su¿ra, fn. 15, p. 70
18. J. Doull, C D . Klaassen, & M.O. Amdur, eds. Casarett ;ind Üoull's

TOXICOLOGY, The Basic Selene- of Poisons, 2nd éd., Macmillan Pub-
lishing Co. , p." 3*79 (1980) "

19. Sjj£ni, fn. 18, p. 365
20. Supra, fn. 18, pp. 375 & 377
21. A. Haraza, "Management of Industrial Hazardous Wastes in Egypt,"

Industry and Environment, UNEP Special Issue, No. 4:28 (1983)
22. M. Saad, et aï., "Occurence and Distribution of Chemical 1'ollutants

in Lake Mayrut, Egypt," Water, Air and Solid Pollution, 17:245-252
(1982)

.28

.29

.422
16
15
p. 16

29. Development Gentry, OECD, Manual of Industrial Project Ailillys is
In Developing Countries, Vol. I, Paris (1968)

30. U.N. Economic and Social Council, "Elements of a Framework for the
Cost-Effective Evaluation of Energy- and Resource-Saving Technologies,"
ENV/WP.2/R.24 (12 July, 1 ,>83)

31. U.N. Economic, and Social Council, "Economic Disincentives .is a Poll! .
Measure for Promoting Low- and Non-Waste Technology and Rr-l tilizatlon
and Recycling of Wastes," ENV/WP.2/R.25 (12 August, 19S3)

32. L.D. He Is ing & T.T. Shen, "Secure Landfills—Hopes and Fears,"
Environmental Engineering, Proceedings ASCE Conference, pp,67O-'; (198 <>

J3. Mcl. Res. Council, Man.iRament of Hazardous Industrial Wastes, ;i. 6(1"^

DUHAMEL



HIGH OR LOW TECHNOLOGY FOR INDUSTRIAL

WASTEWATER TREATMENT IN DEVELOPING NATIONS

Mogens Henze

Department of Environmental Engineering
Technical University of Denmark, Bldg. 115
DK-28OO Lyngby, Denmark

INTRODUCTION ,

Wastewater represents a severe environmental problem in many
developing countries. The discharge of these wastes to receiving
waters can create problems, which in one way or another ends up as
a ressource depletion (fish death, drinking water deterioration
etc.).

INDUSTRIAL WASTEWATER

Industrial wastewater represents in many cases the ultimate
environmental problem, due to a concentrated discharge of large
amounts of pollutants. Two industries are disoussed below: brewer-
ies and palm oil mills, representing very different types of
wastewater, but both characterized by their content of organic mat-'
ter. The high content of organic matter gives a possibility to
Consider a series of highly different wastewater treatment proc-
esses and a supplementary possibility to recover ressources like
energy and animal fodder. The results reported in this paper are
based upon the work of a study group under the Danish Academy of
Technical Sciences . Table 1 shows the typical composition of two
wastes discussed below.
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In order to study the effect of industrial plant size upon
wastewater treatment costs, two sizes of each industrial plant have
been considered (small production and large production). Table 2
3hows the production size and the wastewater generation.
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WASTEWATER TREATMENT METHODS CONSIDERED

A major objective of the study has been to compare economy and
resource consumption/production of wastewater treatment technolo-
gies of varying technological complexity. The following unit
prr 't̂ sses have been used in various combinations:

- >iCfi im'jntation
flotation '
\ •' : vit.ed sludge

• •. trickling filters
bic filters
ibic contact processes
;c ponds (facultative)

- i vid ponds

- ,• )bic ponds

- T. • it Ion ponds

rules
)ce33e3 have been designed\ using standard design
iw of which are given in Table 3-

The '•îfiuunt from all treatment plants are assumed to be 25-50
ppm 800t ' rre3ponding to disposal to inland waters.



Table 3 Design criteria for various treatment processes.

Activated sludge plants
Organic loading '
Sludge production
Clarifyer, hydraulic load
Overall power consumption

Aerobic filter
Organic loading
Sludge production
Overall power consumption

Anaerobic filter
Organic loading
Gas production
Sludge production

0.2 kg BOD/(kg SSxday)
0.5 kg SS/kg BOD
0.7 irrVCnrxh)
1.2 kWh/kg BOD in influent

0.5-2.6 leg BQD/CnTxday)
0.6-0.9 kg SS/kg COD
0.3 kWh/m3 wastewater

3-6 kg C0D/(m3xd)
0.3 NmJ CHü/kg COD (reduced)
0.2-0.3 kg SS/kg COD (influent)

Anaerobio contact proeeaa
(thermophlllc) (palm oil waste)
Detention time
Gas production
Sludge production

Anaerobic ponds
Organic loading

Facultative ponds
Organic loading

Aerated pond3
Organic loading

Maturation ponds
Detention time

10 days
0.15 NraJ CHjVkg COD
0.9 kg SS/kg COD (influent)

0-1-0.1» icg

max 0.03 kg B0D/(m2xd)

0.01-0.1 kg BOD/(ra3xd)

7,r10 days

COST CALCULATIONS

The cost calculations have been based on capitalized investment
costs (15 year lifetime and 10% interest rate) plus annual opera-
tion costs. All prices are given in USD (US$) and related to a
price .level corresponding to September 1983- Calculations are basad
on unit costs as shown in Table 4. The unit costs for the specific
developing nations quoted in the table have been collected from
several sources of varying reliability, which means that single
figures should be interpreted with care. The overall picture of
costs is believed tc be reliable to a degreee that allows for cal-
culations and comparisons of costs for different processes and
different countries. In cases where the total costs have been
rather unaffected by specific countries, the coats have been quoted
as general coats for developing nations.
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Construction costs have been calculated based on civil works
costs and machinery. Civil works have been estimated from design of
major structures In the various treatment plants. Machinery coats
are based on Danish machinery delivered and installed in the
selected countries.

Operation and maintenance costs have been estimated from calcu-
lated labour costs, chemical costs, electricity- costs, sludge
transport and disposal (15 km), maintenance (2% p.a. for civil
works and 10% p.a. for machinery) and produced resources (electric-
ity, plants for fodder Q$ton and palm oil waste concentrate (also
for fodder) 33$/ton).,

Detailed description of cost calculations are given elsewhere .

TREATMENT COSTS

Wastewater treatment is performed under" economic laws, that
assemble those of other industries, which means that big treatment
plants have unit costs considerably lower than small treatment
plants. This is shown in Figure 1, which also shows the effect of
wastewater BOD concentration upon treatment costs per m of waste-
water. In general ponds are the cheapest treatment method, when
land costs is not included.

Total treatment
costs , excl. land

50-

small
production

Raw wastewater
Kg BOD/ m3

1.0-

Figure 1. Variation in total treatment costs between
small and 1 argtj industrial production.
Effluent BOIÏÏ 50 ppm.
Developing countries 1983.



The distribution of costa for civil worka, machinery and run-
ning costs ia shown on Figure 2 and Figure 3 for Kenya and Mexico
respectively. It is seen that local variations in cost may change
overall economy of the various processes considerably. High con-
struction costs makes ponds uneconomical in Mexico. The general
tendency is however, that the various treatment processes have
costs that are comparable. This ia especially pronounced for con-
centrated wastes, as shown in Figure 1 for palm oil wastewater,

A factor whioh influences the overall treatment cost3 ia

A . Total annual ' treatment
I costs, excl.land

$ / year
70.000 ••

60.000--

50 000-•

40.000

30.000--

20.000

10.000-

0 -

ffi!
Ï

iílüiiü
üiüiíü ill

II

running costs

machinery

civil works

Ponds Activ.
sludge

Anaerobic

Figure 2. Wastewater treatment costs. Small breweries.
Effluent BOD: 25 pptn. Kenya 1983.
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40.000-

30.000
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10.000-
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k Total annual
costs ,excl.
$ / year

treatment
and

'onds

running costs

machinery

civil works

Activ. Anaerobic
sludge

Figure 3. wastewater treatment costs. Small breweries.
EfiluentBOD: 25 ppm. Mexico 1983.
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Total annual costs, excl.land
Í I year

1

Hi

: ' • ; -

¡il

Si

running costs

machinery

civil works

Ponds Anaerobic + Flotation *
ponds activated sludge

Figure 4. Wastewater treatment costs. Small palm oil
mills. Effluent BOD: 25 ppm. Nigeria 1983.



the coat of land. Often this is not taken into account in
wastewater tratment coat calculations.

The land space requirements are highly varying from one treat-
ment method to another, as seen in Ta'ble 5. The effect of this is
shown m Figure 5 for brewery waste treatment and in Figure 6 for
palm oil waste treatment. Figure 5 sh- JS that oxidation gpnás turns
uneconomic when land co3t exceeds approximately 5$/mt, whereas
anaerobic processes are most economic when land costs exceed
10Q*/m .

100.000-

.75.000-

50000 -

25.000

Total annual costs
incl. land cost
$ I year

Ponds

Land cost

0.1
—i—

10 100 1000 $lm2

Figure 5. Total annual cost» Incl. land coat. Brewery
wastewator, various treatment methods.
Effluent BOD: 25 pi"'1- Developing countries
1983.
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150000

100.000-

50.000-

Total annual costs
incl, land cost
$ I year

Ponds

Land cost

0.1 10 100 1000

Figure 6. Total annual costs incl, land costs. Palm
oil wastewater. Various treatment methods.
Effluent BOD; 25 ppm. Developing countries
1983.



DISCUSSION

The results shown in Figures 5 and 6 illustrates one of the
major factors involved in selection of a favourable wastewater
treatment method. The economy is an important factor but may be
outweighed by non-economic factors like resource availability and
stability and socio-economic considerations. If, for example, elec-
tricity supply is unreliable, then activated sludge treatment can
be taken out of consideration, if chemicals are not available then
flotation can be excluded and if land space is limited then pond
treatment can be omitted (even in case3 where land costs are
small).

Several non-economical factors are of course basicly economi-
cal of nature (a reliable power supply is solely (!) a matter of
money, but the costs involved in that is of another magnitude than
the costs discussed here).

It has been shown that wastewater treatment costs may vary due
to local factors, but that the general magnitude is the same for
different developing nations and in fact for developed nations as
well . The variation in costs between high and low technology proc-
esses are not very marked, but in general the low technology
processes tend to be cheapest when land cost is not included in the
overall calculations.

It might be argued that it is not advisable or possible to
use high technology industrial wastewater treatment processes in
developing countries. One must however realize that this investiga- •
tion deals with wastewater from industries using a far more complex
technology in the industrial plant itself, than the one which has
to be used even in so-called high technology wastewater treatment.
Or as stated elsewhere : 'If one can can pineapples one can treat
pineapple wastewater, using a high technology process, as well'. •

CONCLUSIONS

Industrial wastewater treatment possibilities in developing
countries, does not deviate significantly from industrial wastewa-
ter treatment in developed countries. This holds for the multitude
of processes available as well as for the economy involved.

The selection between various watewater treatment processes
will often be based on non-economical factors, as the cost of proc-
esses of varying technological complexity tends to be rather equal.

It is possible to use high technology wastewater treatment
processes in developing countries.

High or even moderate land costs favours high technology proc-
esses considerably. Land costs should always be included in the
overall treatment coat calculations,

HENZE



10

LITERATURE

1. Industrial wastewater treatment in developing countries. Danish
Academy of Technical Sciences, 198H.

2. Design Manual. M^içjjjal^ Wastewater Stabilization Ponds EPA,
Washington DC, USA, October 1983.

3. Mara, D.: ^ewag_e Treatment in Hot Cllmate3 John Wiley t Sons,
London 1976.

4. Al-Layla, M.A. et al.: Handbook of Wastewater Collection and
Treatment Garland STPM Press, New York 1980.

5. Wastewater Engineering. Metcalf & Eddy, Inc. McGraw-Hill Book
Comp., New York 1972.



„DETERMINATION OF SULPHUR DIOXIDE (GOg) LÍ3VET, IN

DTFFEKÏÏNT SITES NEAR PRISTINA"

E. Jonuzi, A. Djeli

Institute of Recearch and Development "IKK03"

38000 Pristina, Yugoslavia.

The problem of SO-, emission in Pristina is significant.

This problem occurs because of the sulphur content in

Kosovo lif-nite, which is promarely used for energetic

needs. Reserves of lignite coal in the I'osovo basin is

estimated at about 10 billion tones, which has and will

hav'fi significant contribution in satisfying: Yugoslav

enerretic needs.

The power plants of "Kosovo" are located near the town

of FriStina, and they are the major contributors of air

pollution. The problem becomes more serious because

the area is. one of the mont popullatcd in Europe. The

source of multiplied air pollutants are the power

plants Kosovo A, Kosovo B, Coal gasificatio plant,

Tawn heating plant, and also private heatinf systems,

which are less significant.

The quality of air in a city is'impossible to estimate

just on the basis of data of sulphur dioxide measurem-

ent but since main contamination of PriStina becomes



I'rcvn the1'Chimneys of the Power Plants of "Kosovo"

ollaineii resusts can still1 represent the dep;ree of air

pollution.

Emission of sulphur dioxide ina.y he determined calcul a-

tively on the basis of statistic data for coal consup-

lion and sulphur content in coal, however air pollution

is "liable to weather and spatial fluctuations even in

cases of constant emission of pollutants. Therefore

eontslanfc measurements of air quality above certain

areas is necessary.

Accordinp: to the model for dispersion of pollutants

preatent concentrations can be expected to be more than

10 kilometres away.

Emission of S0 o From Technological Process Prom EFK

( T'.'kektro iioonomy Kosovo) .

The calculation of SOp emission on the "basis of coal

consumption by power plants makes it possible to esti-

mate the amount of sulphur oxides in smoke, which

fiven the opportunity to accord defelopment plans with

air quality control- Emission is calculated, on the bnsis

of three values: fuel mass, sulphur content in fuel and

emission p.rade of sulphur. By analysis of coal the total

sulphur oontent determined was 1-2-5$ (calculated on

dry substance), ignited sulphur 0.13-0.20$ while the

rest of the sulphur remains in the ash. Of course this

is very favourable ration because sulphur in the ash

remain bounded with ash therefor it dasn't present any

preat problem to air pollution and coros ion.

Table 1. shows quantities of sulphur dioxide emitted

from technological process EPK.



TfiM fi 1 . ' ' '

Plant Power Quantity of G0o t /day

Therrnopwer plant
"Kosovo" A . 790 MW 37./1-
Thermopower plant
"Kosovo" "R 2 x 350 MW 73
Gasification plant 1 x 106 NmVday 29.7 '

Heating plant 3000 t steam/day 4.6

The degree of sulphur oxide emission depends consider-

ably on the moral ratio S/Ca in coal as well as combu-

stion point. Hence sulphur dioxide may be established

only by measuring.

Results of SO^Measurements

Determination of sulphur dioxide concentration was
o

done by Standard British Method . Certain air volume

Cl.5~2.0m") passes through a diluted solution of peroxide

during 24- hrs. and from the obtained quantities of sulp-

huric acid SOp was determined by use of p;aB eqvation.

Samples were taken from thise sites: Qbilic., Prirtina

(servis BoSko Cakic) and Urosevac (Hospital).

Obtained results for daily sulphur dioxide concentrati-

ons in the above mentioned sites are shown in FIRS 1,

2, 3 and "Fig 4-, shows frequency distribution of ambient

SOp concentrations. Fig 1. shows daily G0 ? concentrati-

ons at the Obilic site, Fig; 2, shows daily SOp concent-

rations at the Pristina site, Fig 3, shows daily SO,,

concentrations at the ttror-evac site and the frequency

OONUZI
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: iutr i I:u i. ion of tiie results obtained so far ir. presented

in rip; '+.

"oñevac is considered as zero state because in its

•'jrroundinr.s there is no industry which emita S0 o in

he air.

lUindíU-d for emission of sulphur dioxide in ̂ VK T U P O S lav i ;

"or extreme values of permitted concentrât i .oün in a.q

ollows:

C.1r. T.f. G0o/>¡ivJ - avaras'O daily val UP,
O.ri irip 3Cn/m - short-tern value

"MVIH ?, sjiov;f! average monat'nly concentr/itions of 30.-,
: H U(-/m-î in!,above mentioned s i t e s .

!" O N A T I!
:-;.to T i l IV V • VI VIT VTTT

( n i l i,' 148 66 9 4B fi o

T r i r t i n a ?46,0 25 21 5o 10°
? ,3 23,7 ^ 1? 25 ir-,4

;vf\ Siscussion

ft sul î; s tl'.at were obtained duriir: six monathc of research

¡on tliat the highest concentrâtiors of sulptmr dioxide

••'.) (iririnp March, and that hiph su3.phur dioxide ooncentr-

' Ions are to be expected in winter. Common currents in

•-.'. atjr,o.ràpl;iere are more expressed in summer, this influe-

0v.'S faster and easier dispersion of pollutants, while

, winter v/ery often occurs the phenomenon of certain

"ocifio WOM1 lior situations favorable for accumulation



of pollutants in lower atmosphère layers, and are not

adequately diluted minly because of the cumulative

offect1 of GC^ and smoke'. As a result of varying omission

and meteopoloçical conditions sulphur dioxide air pollu-

tion levels differ significantly beetween diferent sites

in the PriKtina region. For right interpretation of

results it is necessary to obtain meteorological data.

Compounds that influece result accuracy during determin-

ation of sulphur dioxide concentration such as nitrogen

oxides and amoniura are significantly present in this

region and orp;inate from the Fertilizer Plant. Even thouph

there are a number of methods for deternination of SOp

concentrations it is difficult to find some method which

is unsensitive to the interference of acidic and basic

coríipounds. üome comparative analysis of British Standard

Method and titrate method, by Thoron did not p;ive any

sif-nifcant difference in results.

The aiiii of this preliminary study was application of meth-

odology for the determination of SOp before startinp; to

work on the study "Inventory of pollutants released from

thfi power plants of "Kosovo" and we intended to ^ain

limited information on the spatial and temporal distribu-

tion of .''Ü-, air pollutant. Even though ftrit ish Standard

Method dont offer stable resusts for determination of

iX0 condentration it is still used because of its simpl-

icity and economy.

Conclusions

The major conclusions of this study was that the main

sources of pollution by powerplant of "Kosovo" A, "Kosovo'

? fi.'s well as the Gasification plant.

JONUZI
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CONTAMINATION OF DRINKING WATER NETWORKS BY PERCOLATING PITS : AN

EXAMPLE OF A DISRUPTED ECOLOGICAL BALANCE

Dr. H. Kanaaneh and Engineer F. Farah

The Galilee society for Health Research and Services

P.O. Box 92, Rama, Israel

INTRODUCTION

More and more countries in the Third World currently take action
in line with the International Drinking Water and Sanitation Decade,
which sets the target of safe drinking water and sanitation for all
by 1990 (WHO, 1980). It is instructive to review the experience and
point out some problems with such action that preceded the
announcement by the WHO of this target and which had been carried
out in communities in Israel that share many characteristics with
developing communities. In particular we wish to point out from our
experience the danger of taking hasty action to bring water supply,
with the sewage disposal not being given adequate and thorough
consideration at the same time.

BACKGROUND

In the Galilee there are 64 non-Jewish villages and 18 partially
settled Beduin groupings with a total population of about a quarter
of a million inhabitants by the end of 1980 (Central Bureau of
Statistics, 19Ü2). Eighteen of these communities aro considered to be
urban localities with a population of 5 to 16 thousand each. Despite
their size, all these communities have several distinctive rural
socio-economic attributes. In these aspects, as well as in their
demographic and environmental health characteristics, they are similar
to developing communities in other parts of the world. For example,
the natural growth rate is quite high, resulting in an average
population doubling time of less than 20 years.

Over a period of 15 years, from the late 50s to the early 70s,
these communities passed spontaneously through a stage of development
which fits into the overall goal and strategy of the current WHO



Drinking Water and Sanitation Decade, though not designed intentionally

to be so.

Prior to this development and to the socio-economic changes that
preceded it immediately, these communities were typical Middle Eastern
farm villages that depended mainly on subsistence farming. As such
they had existed in a balanced ecological relationship with their
environment. In terms of water supply and waste water disposal, this
balance was maintained at very low levels, typical of slid: farming
communities throughout the Third World (WHO, 1972). Water was carried
bodily from the village's small spring or, eventually, as the demand
for water increased beyond this limited supply, from private cisterns
in which rainwater was collected during the short rainy season. Such
cisterns were dug in the yards of most homes to depths'of 4-f> meters.
They were well sealed to prevent water loss by seepage into the ground.
The quantities of water available for consumption were therefore quite
low. Sewage effluent did not present any serious or visible health
hazard. The main detrimental effect to the population was rather due
to the shortage of water and to its poor quality.

In the late fifties, Israel suffered from a drought period lasting
several years in succession. The near total dependence of these
communities on rain water made them particularly vulnerable to this
drouqht. Convoys of tanker vehicles carrying water to seriously hit
areas were employed. This greatly heightened the awareness at local
levels as well as in official circles of the need for a modern piped
water supply network. In response to the insistent demands of the
population in the face of this near emergency situation, water supply
systems were hastily designed and constructed, without the needed
detailed studies fpr long range planning, and employing low standards
of execution. Thus during the period from 19 58 to 1965, through an
intensive campaign, pipe networks and distribution systems were
constructed and connected to existing water projects or to especially
built ones. Throughout this entire process, no specific action was
taken at the community level regarding sewage disposal,

THE PROBLEM

As pointed out above, these communities have been growing in
terms of their number of population. Likewise, the number of houses
grew in Lhe absence of prior planning. The limited land area
available for building purposes resulted in overcrowding. New
buildings were added on top and alongside existing ones. Thus,
presently the typical village is made up of a very densely populated
old section with almost no open spaces and narrow winding steep alleys.
In addition, there is the newer section added within a belt surrounding
the older one with no particular pattern or plan, the houses having
been individually built and public housing schemes virtually non-
existent.

In considering the second half of the ecological equation of



drinking water supply and waste water disposal, two additional
aspects concerning these villages are particularly relevant. The
first is their particular geological and topographical setting
(Farah, 1974), Most of these villages are traditionally built on
rocky mountains and hill slopes. Their terrain is predominantly
Steep, reaching up to 1:5 or even more in special cases. The sub-
stratum is usually soft to medium-hard limestone with shallow if any
topsoil overlaying the rock.

The second aspect relates to the distinction we must make between
a community's health needs as judged objectively by health professionals
and its health wants as expressed subjectively by its members, which
depends on the degree of their awareness of a certain health problem
and hence their willingness to prevent it* Safe drinking water supply
is an acknowledged health need throughout the world. In the present
case it happened to be an urgent health want of these communities as
well. In contra-distinction, the awareness of the benefits of a well
maintained system of waste water disposal is almost completely lacking.
Thus, the gap between this health need and the community's health wants
is very difficult to bridge on the motivational health level. Add to
this the technical difficulty of grafting a modern sewage disposal
system to an already existing crowded, unplanned community.

With the introduction of piped water and sanitary installations
(baths, washing machines, kitchen sinks, etc.) into the houses, water
consumption increased drastically from that in line with the limited
supplies of stored rainwater {10-15 1/capita/day) to levels of about
100-150 1/capita/day {Farah, 1974). Over the ten-year period of 1970-
1980 alone, the overall increase in domestic water demand in these
communities rose by 215% as against a net population gain of 45% for
the same period.

As expected, the villagers with little technical sophistication
adopted the simplest and most convenient form of sewage disposal which
seemed even to professionals to be an appropriate technological
solution for a rural setting. Thus with no means of sewage collection
or treatment, they either turned their cisterns into sewage pits or
dug new cesspits for that purpose. This was supposed to act as a
percolator pit where sewage water seeps through the shallow topsoil
and fissures in the rock. Actually, however, it soon clogged and
eventually acted as a collecting and storage tank. Great effort and a
continuous costly process of emptying filled cesspits is needed, the
raw sewage being pumped out by tanker vehicles and dumped not far from
the village area. Because of its tremendous cost and inefficiency,
many cesspits are not emptied regularly, resulting in serious health
hazards on account of the cesspits overflowing right in the heart of
the overcrowded built-up area. The vast number of these cesspits in a
typical village and the difficulty in emptying and transporting their
contents makes sanitary control a very difficult, perhaps an impossible
task. Continuous increase in water consumption further aggravates the
problem.

KANAANEH



The most serious problem, however, is the contamination of the
public water system as a result of the above-mentioned situation.
Accidental cross connection between sewage lines and drinking water
networks is not a rare occurrence, and usually leads to sizable
outbreaks of disease. In this situation, however, there is ample
occasion for cross-contamination. The main water supply pipes lie
close to cesspits buried within soil which is deeply saturated and
contaminated with sewage effluent that percolates from the cesspits
or flows freely above the ground. Effluent sewage containing usually
highly corrosive by-products can cause extensive damage to the
galvanized steel pipes used as water mains. Pieces of such pipe
material extracted from the ground for repairs are often shot with
holes after no more than 10-15 years after installation. The steel
simply corrodes, allowing leakays at several points, which accounts
for the high water losses, reaching up to one third of the tot.al water
supply to the village. In a survey which we conducted on 4b Galilee
rural Arab communities, this loss of water, calculated on the basis of
the difference between overall water supply to the community and total
actual consumption figures, was found to be higher than the maximum!
accepted water loss of 10% on a nationwide.basis (State Comptroller,
1980) in 75% of the cases. In 35% of these communities, the loss was
more than twice the maximum level. The leakage especially occurs at
joints, washers, couplings and other fittings on the water supply
mains. As long as positive pressure is maintained in the water network,
the loss to the village is only economic. However, when water stoppage
occurs intermittently, whether because of being shut off at the source,
or in parts of the network for repairs, negative pressure is created,
causing contaminated earth or raw sewage to be sucked into the water
network. This situation is potentially disastrous. Such was found to
be the source of a typhoid outbreak in Arraha village in 1978-79
(Kanaaneh, 1980), affecting some 40 known hospitalized cases. Likewise;
this was the source of water contamination in 5 communities in 1981-82
and we expect that it is happening in most of the rest quite frequently.
It is more likely to occur as time goes on, making it difficult to
remedy the situation at all. The only alternative so far has been to
bring drinking water from neighboring villages by tankers, or boil the
water in line with the instructions issued in these cases by the
Ministry of Health. The small local sources of water including even
some deep wells usually located within the village's limits which had
for ages served the village's population before piped water was
introduced have long been contaminated and rendered unusable for
drinking purposes. A fact that should always be borne in mind is that
the geology of the region (limestone reck with many cavities and
underground fissures caused by the dissolving action of water)
facilitates the flow of waste water and sewage with minimum exposure
to the filtering effect of the soil, such as is the case in sandy and
loamy soils predominant in other regions of the country.

This easy access that liquid waste matter has to the drinking



water network is most likely the cause of the high incidence of .
gastrointestinal disease, particularly among the young, creating a
hyper-endemic situation, where it constitutes the first cause of
childhood hospitalization and, until recently, the first cause of
infant mortality in these communititis (Rogov, 1976) .

CONCLUSION

We see here an example of a major, beneficial step taken on the
road to health improvement of developing communities leading to a
potentially grave environmental problem. This, because it was not
coupled with all the appropriate precautions and long-term planning,
because of the lack of full appreciation of these communities'
particular demographic, topographic and motivational characteristics.
The lesson to be learned is obvious! we must balance both sides of
the ecological equation of the water supply and waste water disposal
in a studied ^nd planned manner.
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INTRODUCTION

Large quantiM.es of wastewater are generated during the produc-
tion o£ beer. The final composite uastewater o£ any brewery is the
combination of wastes coming from various batch type operations and
its strength varies considerably. Unless adequate treatment is pro-
vided, oxygen depletion and sedimentation will occur in the receiving
- it ITS .
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The fact that brewery industry wastewater contains large
amounts of organic matter in solution but relatively small amounts
of suspended solids suggests treatment by anaerobic filtration.
This process basically involves passing the waste upwards through
a bed of solid packing material. The biological solids responsible
for treatment are attached to the surface of packing material and,
therefore, are not carried out with the effluent stream. Me Carty
[12] compared the anaerobic filter with other existing biological
processes and pointed out a number of distinct advantages in using
the former:

1. The anaerobic filter is ideally suited for the -treatment
of soluble wastes.

2. No effluent or solids recycle is required with thi> anat'i '-
bic filter. The biological solids remain in the filter
and are not lost with the effluent.

3. The treatment of dilute wastes (up to 6.000 mg/L COD) is
possible even at low temperatures.

4. Very low volumes of sludge are produced by the anaerobic
filter. The effluent is essentially free of suspended
solids, and sludge wasting in some cases is almost non-
existent.

5. The anaerobic filter suggests the possibility of a tre;iL-
Tncnt plant with low maintenance requirements, and one in
which sludge handling and disposal problems are minimizei!
Furthermore, lhe resulting sludge is stable and inoffens. ••,
hence suitable for direct use as a fertilizer or soil Ci> -
ditioner.

6. Methane gas will be produced as a by-product of treatment
with anaerobic filters. According to Kormi and Keenan I" ' i
considerable potential of energy recovery by methane ge-
neration exists in brewery industry.

The main disadvantage of anaerobic filtration is a slow reai : ion
rate at ambient temperatures. For this reason,Me Carty [11] sug>;< sts
that the mesophilic range ('15° ± 2°C) is the optimum temperature
range to obtain a suitable efficiency and p,as production rate wit1

anaerobic filters. However, according to Drohobyczer [A], ai";-
ficial brewery wastewater wit.h a COD of about 900 mg/L can he ti' ¡ted
by anaerobic, filtration at ambient conditions with a COD removal
efficiency of 60% when detention time is 1 day.



PREVIOUS WORK

Anaerobic filtration has been the subject of numerous investi-
gations during the recent years following Young and Me Carty's ori-
ginal work in 1967 Cl8], In their study, which demonstrated the
technical feasibility of anaerobic filters in treating soluble wastes,
COD removal efficiencies ranging from fO to 90 per cent at different
organic loads and hydraulic detention times were observed. Further»
more, solid production rates were extremely low which enabled opera-
tion for long periods of time without sludge wasting.

Subsequent investigation by He Carty [12] using an artificial
waste led to similar results. COD remo *al rates of 74 to 88 per
cent were achieved and the produced gas; had a high methane content.
Again, sludge removal was not found iacsssary during the entire
period of operation.

On the basis of these results ,hich demonstrated several advan-
tages of anaerobic filtration over othv.; methods in treating soluble
wastes with moderate to high organic s;:ength, the process has been
applied to a variety of such wastes, "."he treatability of brewery
press liquors [6], artificial brewery wastes [4], starch plant wastes
[17], flour processing industry wastes [13], pharmaceutical wastes
[7.1, distillery waste.'! [14] and potato processing industry wastes
[lOJ by anaerobic filtration have all been under investigation. In
each case, satisfactory results have been obtained despite signifi-
cant variations in influent COD concentrations (2500 - 2AÜ00mg/L),
hydraulic detention times (5 hrs - 24 days) and operating tempera-
tures (10° - 3 5°C). Besides satisfactory COD removal rates with
little or no sludge removal, the produced gases were observed to have
a rich methane content.

The anaerobi {{.Iter has also been applied successfully for
treatment purposes other than organic matter removal. Removal of
heavy metals [3] and denitrification of subsurface drainage [16] are
among those applications.

With the growing interest in anaerobic filtration, different
system designs were also considered. El-Shafie and Bloodgood [ 5]
investigated performance o£ several filters in series while Chian
and DeWalle [2] studied a completely mixed anaerobic filter and
Landine flO] studied a horizontal filter. Again, satisfactory re-
moval efficiencies were obtained under different operating conditions.

The brief summary of the current research presented here indi-
cates that anaerobic filtration has a high potential as a waste treat-
ment process and further developments in system design should be ex-
pected. Proper utilization of anaerobic filters in conjunction with
modifications and/or improvements in system design is likely to offer
the best solution in a wide variety of waste treatment applications.



PURPOSE AND SCOPE

It is estimated that the Turkish brewery industry discharges
10 million gallons (3,785,UOO L) of waste annually, or more than
80,000 lbs (36,287 kg) of BOD^ per day Cl]. Although large quanti-
ties of wastewater are generated during the production of beer, the
present wastewater treatment facilities of the breweries in Turkey
are practically nonexistent. Hence, determination of the technical
feasibility of treating brewery wastewater with anaerobic filters
should be a contributing factor in planning such treatment facili-
ties in this country.

The purpose of this study was to determine the technical fea-
sibility of treating brewery wastewaters with anaerobic filters.
To this end, the performance of a laboratory scale anaerobic filter
wag investigated utilizing diluted beer aj, artificial waste.

The experiments were carried out at different detention times
ranging between 0,5 and 2.0 days. Furthermore, the effect of inlet
concentration was also studied using three different influent sub-
strate concentrations between 44',' and 4050 mg/L COD. The filter was
operated at the mesophilic tempe?ature (35 ± 2°C) to obtain optimum
treatability and gas production. However, special experiments were
also conducted at 25 í 2°C tij observe the effect of temperature on
filter performance.

Finally, the effects of nurrient addition and intermittent ope-
ration on filter performance we^e also investigated.

EXPERIMENTAL SET-UP

The anaerobic filter system used in this study consists of a
feed tank, a flow regulation system, three anaerobic filter columns,
a temperature control system, gas flowmeter-collection chambers pie-
zometric tables (Figure 1),

Feed Tank

The feed tank was a rectangular steel reservoir 100 cm (39,37 in.)
long, 50 cm (19.68 in.) wide and 50 cm (19.68 in.) high. It was
painted with an anticorrosiva paint to prevent the formation of acid
bacteria. The substrate level was controlled by submerging a special
ruler into the tank, A 3 mm (0.12 in.) ID plastic tube connects the
flow regulation system and the tank outlet which is 3 cm (1.18 in.)
higher than the bottom of the reservoir. This system was used only
for Filter III.



Pteiometric
Table

•¿5It *ifeas Flowmeter
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F.ig. 1. Schematic diagram of experimental set-up.

Flow Regulation System

The pumping unit used to feed the filters was a Masterflex ten
channel driver and (W015-20 pump head with suitable silicon tubes.
The speed i;f driver varied between 5 and 100 rpm.

Filter Columns .

The filter columns, which were essentially cylindrical PVC pipes
were constructed by Drohobyczer [<0 . The details of construction
can be found in his thesis. The characteristics of the three filters
used in this study are summarized in Table 1. Experiments were car-
ried out with Filter III only, the others were kept ready as back-up.

Plastic funnels were attached firmly to the filter base plates.
Each filter base had eight uniformly located 8 mm (0.315 in.) dia-
meter holes so that the substrate would be dispersed uniformly.

Sample ports were placed on the side walls of the columns at
vertical invervals of 30 cm (11.81 in.) with an additional first
port 5 cm (2 in.) from the bottom. There were also piezomiitric
ports located at the levels of sampling ports (except the first one).
An extra one was placed at the base, plate level. Sample and piezo-
metric ports were made of 3 mm (0.118 in.) ID glass tubes. Each
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Table 1. Filter Characteristics.

Filter No. I I x m

Gravel diameter, 2.54-3.31 2.54-3.81 2.54-3.*:
cm/incha 1.0 - 1.5 1.0 - 1.5 1.0 - l.J

Height of media bed, 154.4/60.79 154.6/60.87 154.8/60.9
cm/inch3

Filtor ID, cm/inclia 15.3/6.0 15.3/6.0 15.3/6.0

Empty filter volume, 28.38/3.64 28.42/3.64 28.46/3.65

Funnel volume, L/gala 1.3/0.17 1.3/0.17 1.3/0.L7

Total empty filler
volume, L/gal 29.68/3.81 29.72/3.81 29.76/3.b

Liquid volume (with
funnel), l./gal 12.49/1.60 13.10/1.68 12.01/1.54

Porosity 0.42i 0.441 0.404

Data taken from Drohobyczer [4J.

sample port was equipped with plastic tubing connected to a plastic
valve to control the flow rate during sampling.

The piezometric and the sample ports were sealed into the wall
of column with rubber grommets to make them watertight [41. The
columns were filled with smioth quartzitic stones of 2.54 to 3.81 cm
(1 to 1.5 in.) diameter. Plastic dispersion rings of 15.1 cm (5.95
in.) OD and 11.1 cm (4.37 in.) ID were placed at 30 cm (11.81 in.)
intervals to prevent channelling of the substrate between the filter
media and the filter wall.

The top of the filter column was closed 4iith a glass cap to make
it airtight. An inverted siphon system separates the gas produced
from the liquid effluent of the filter by passing through it. The
details of the filter coluno;; are explained by Drohobyc/.er [4].,

Gas Flowmeter - Collection Chambers

The gas produced by the filters was measured and collected in
specially designed gas flowtneter collection chambers which were
made of 40 c:n (15.75 in.) high copper cylinders with 25 cm (9.84 in.)



ID. The working principle vas the displacement of the confining
solution in which carbon dioxide and methane gases are not soluble.
The composition of the confining solution was 20% (by wt) Na2SO4 and
5Ü (by volume) H2SO4. The pressure of the gas holder was maintained
at atmospheric value by making use of a manometer and manually level-
ing the discharge siphon of the gas flowrneter-collection chamber. 'A
5 liter (t.32 gal) beaker was used to collect and measure the volume
of the confining solution which was equal to the volume of the gas
entering the gas meter. The gas was burned or analysed during re-
filling of the gas flowmeter-collection chamber.

Temperature Control System

Two layers of nylon were wrapped around the filter assembly and
glass wool was filled between the two layers as the insulating mate-
rial. Three heating mantles (Glas-Col, 380 W, 115 V) and a fan were
placed inside this enclosure. Temperature was maintained at 35 + 2°C
by means of an on-off control thermoswitch (Fenwal Corporation, Cat.
No. 17502-0) which controls the m.-.'n£ler» aid the fan at the aaihe time.
After a certain time, the fan was switched off since it: was deter-
mined that the air circulation in the enclosure by natural convection
was sufficient. Temperature was checked by the thermometers placed
at four different points in Che enclosure (Figure 1).

EXPERIMENTAL PROCEDURES

Substrate Description

À waste simulating the brewery wastewater was used as substrate
in this study. The artificial waste was prepared by diluting Efes
Pilsén beer with tap water. In order to observe the performance of
the filter, three different concentrations of substrate were tested
by diluting 1.5, 4.5 and 9 liters of beer with 220 liters of tap
water, respectively. Sodium bicarbonate (1000 mg/L) was added to
the first two diluted concentrations of substrate, in order to raise
the pH tc the optimum condition for anaerobic treatment. In the most
concentrated substrate the. bicarbonate dose was doubled to achieve
the desired pH level.

The representative characteristics of the substrate used in
this study are shown in Table 2.

Table 2. Characteristics of Substrate (4.5/220 dilution)

COD,
mg/L

1742

pH

7.10

Suspended
Solid, mg/L

25

Total Solid
mg/L

1650

COD: N.P

100:1.24 :0.3
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Preliminary Preparations :

The filters were washed by passing water through the columns
for a period of five days with a detention time of 0.5 days. The
porosity of the filter media was determined by filling the filter
to the top of the packed material with water and then measuring the
volume of this water. Inner walls of the feed tank were painted
carefully with an anticorrosive paint.

The seed for the anaerobic filtration was prepared from the
sieved fresh cow dung, placed in a 10 liter (2.64 gal) plastic bottle
and kept for 15 days under anaerobic conditions in an incubator at a
temperature of 35°C until biogas was produced. During this period,
some sugar was added to the sludge as nutrient and beer was also
added for acclimatization. pH of the seed was adjusted to 7 by adding
sufficient sodium bicarbonate, (NaHCC^). The sludge was later di-
luted with water to prevent clogging problems in the filter and
sample ports.

Start-up Period

When the system was ready to operate, the filters were seeded
with 3 ̂ liters (0.8 gal) of prepared seed by injection tlu'iiugh-t-he"-
sample ports 30 cm (11.81 in) above the base plates. Meanwhile,
1.5 liters (0.4 gal) of beer was diluted with 220 liters (58.12 gal)
of tap water and fed to the filters with a detention time of approx-
imately 2 days.

After 25 days, gas production was observed at ambient tempera-
ture. Subsequently, the system was insulated and the temperature
was maintained at 35 ± 2°C, The system was now ready for regular
experimental runs* Data were collected using only Filter III which
was the first one to produce gas. The other two filters, which were
kept ready as back-up, were occasionally fed to maintain gas produc-
tion.

Gas Production Period

In ordtór to observe the performance of the anaerobic filter
under different conditions, data were collected with different deten-
tion times and inlet substrate concentrations. Gas production data
and the COD concentration profiles were obtained daily, while gas
composition, suspended solids, COD removal and pH change data were
collected for each run.

In the first parL of the experiments, 12 runs were carried out
with detention times of approximately 0.5, 0.75, 1.0 and 2.0 days at
the three different substrate concentrations of 1.5, 4.5 and 9.0
liters of beer diluted with 220 liters of tap water.



In the next phase of the experimentation, temperature effects
were observed by switching of£ the temperature control system. The
most concentrated substrate vas used in this run with a detention
time of 2 days.

In the third part of the experimentation, nutrient deficiency
was compensated by adding nitrogen and phosphorus to the most con-
centrated substrate as it was prepared. For this purpose diammonium
biphosphate ((NH/4)2HPO^) and potassium nitrate (KNOj) were added so
that the COD:N:F ratios were 100:2.68:0.5, which were the minimum
values reported in the literature [2], Detention time waü 0.5 days
in this run.

Finally, the influent flow and temperature control were stopped
for a two week period. When substrate feeding was restarted at
35 ± 2"C, the same performance was achieved in spite of the two week
pause in the operation.

The sequence of the runs carried throughout the whole experi-
mentation period is outlined in Table 3.

Table

Runs

1
2
3
4
5
6
7
8
9
10
11
123

n
l4b
15e

3. Summary

Days" "õT"
Opérât ion

1 - 7
7 - 1 1

11 - 18
18 - 24
24 - 33
33 - 36
36 - 40
40 - 43
43 - 50
50 - 54
54 - 59
59 - 64
64 - 71
71 - 77
91 - 95

of Experimental Program

:--"Substrate Concentration
(L/beer/220 L tap water). _

1.5
1.5
1.5
1.5
4.5
4.5
4.5
4.5
9.0
9.0
9.0
9.0
9.0
9.0
4.5

Detention Time

• - (day)

2
1
0.5
0.75
0.75
0.5
2
1
0.75
1
0.5
0.5
2
2
2

aNutrient Effect

Temperature Effect

Intermittent Operation

Throughout the experimental work, sludge disposal from the fil-
ters was not found to be necessary.
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Methods of Analysis

Analyses on influent, effluent and samples from the various
"levels included COD, pH, suspended solids, total solids, tuL;i1. nit-
rogen and phosphorus déterminâtions. The composition of Che gas
produced was determined by means of a modified Orsat Gas Analyser,
where the carbon dioxide content of the gas is determined by absorp-
tion in strony caustic potash solution.

The remaining analyses were made by following the procedures
outlined in Standard Methods for the Examination of Water and Waste-
water, 1975 [I?].

RESULTS AND DISCUSSION

Approach to Steady State

Since the microorganisms in a biological system continuously
change in population using the substrate for both synthesis and
energy liberating reactions, it is very difficult to achieve steady
state conditions. it* this study, the stabilization of effluent COD
removal rates were assumed to be indicative of steady state conditions.

During the regular experimental runs, it was assumed that three
days were sufficient to achieve steady state conditions and the obser-
vations indicate that this was indeed the case for all practical pur-
poses. Consequently data were collected only during the first four
days of each experimental run. As a general rule, it should be un-
derstood that the tables and figures presented in this chapter arc .
based on data collection under steady sta'-.e conditions, i.e., during
either the third or fourth day of each experimental run, unless
otherwise specified,

pH Variations

During the start-up period, a decrease of pH was observed in
the filter columns. After the first seven days of operation with
2 day detention time, the pH values of effluent, influent and seed
of Filter III were 6.85, 7.6.5 and 6.60, respectively. The pH of
the filter effluent was about 6.4 for the other two filters in this
period. It was observed that pH dropi sharply near the bottom of
the filter and then remains practically constant after a height of
60 cm (2 ft) from the bottom is reached.

pH profiles during steady state operation were also investiga-
ted. Again a sharp decrease of 1 •'•: at the lowef part of the column
is observed (Figure 2) for an ii. Iff. COD of 536 mg/L. Similar re-
sults were obtained for other inltu concentrations [8],
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Fig. 2. Variation of pH with filter height.

This phenomenon may be attributed to the fact that the rate of
acid formation is greater than the rate of acid conversion to met-
hane in this part of the filter. The methane forming bacteria may
not use the acid intermediates as rapidly as they appear, hence
conversion may continue up to the top of the filter. Consequently,
pH increases continuously after the sharp drop near the bottom of
the filter.

Deviation from linearity of pH values above the 30 cm (1 ft)
level of the filter in Figure 2 should bu attributed to experimental
errors.

Gas Production and Composition

Responses of the filter to different infulent concentrations
and detention times are best illustrated by the gas production
rates. Figure 3 shows the variation of the gas production through-
out the experimental study. In order to observe the effect of hyd-
raulic detention time and influent substrate concentration on the
volume of the gas produced, Figure 4 is drawn. The data plotted
shows that the volume of the gas produced is directly proportional
to substrate concentration and inversely proportional with hydraulic
detention time. These results arc in qualitative agreement with
the observations of Drohobyczer [4] who reported gas production
rates of 2.7, 2.6 and 1.48 I,/day with deten! m times of 0.5 and 1
day, respectively. As previously mentioned, his COD concentration
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10 20 30 40 SO
TIME I Days)

Figt 3. Variation of gas production and COD removal with time.

of diluted beer was 900 mg/L. Unfortunately, it is very difficult
to make a quantitative comparison with Drohobyczer's findings, since
Operation temperature and influent substrate concentrations in this
study were different from his. In this study, average gas produc-
tion rates of 4.5 and 2.5 L/day were observed with 0.5 and 1.0 day
detention times, respectively (mean influent COD was 536.5 mg/L),
This difference in gas production rates may be attributed to the
difference in operating temperatures.

Variation of the gas production with detention time and sub-
strate eonctmLration was considered in Russo's [14] study also. It
was reported that total gas production decreases with detention
time, increases with substrate concentration which is in agreement
with the results obtained in this study.

The variation of gas production rate (mL/day) and COD removal
•rate (g/day) with different inlet substrate concentration and hydrau-
lic detention times are compared in Figure 3. As can be observed
from this figure, the correlation between the two curves (COD re-
moved and gas production) are quite high and exhibit almost the same
qualitative behaviour with a few exceptions.

Daily methane production (mL/day) is also illustrated in Figure
3. It is observed that methane production decreases with increasing
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Fig. 4, Variation of gas production with inlet substrate
concentration and detention time.

detention time and vice versa. This is also in agreement with Russo's
results *

The effect of detention time and inlet substrate concentration
on the methane production per gram COD removed (mJ./g COD removed)
and the gas composition (%CH¿,) are illustrated in Figure 5. It is
reserved that methane percentage increases with decreasing inlet
substrate concentration, which is in agreement with Russo's findings.
On the other hand, the fact that methane percentage increases with
increasing detention time is contradictory to Russo's results. How-
ever, change in methane percentage with detention time is very small
in Russo's work. Furthermore, an observation similar to the one
made in this study was also reported by Keenan and Kormi [9] whose
methane to carbon dioxide ratios were 1.67 - 1.68 and 2,13 - 2.17 for
detention times of 8 and 15 days, respectively, at the same substrate
concentration.

The ratio of mL CH^/g COD removed increases with increasing in-
fluent substrate concentration and decreases with increasing deten-
tion time. The effect of detention time can be explained as follows:
At high detention times, the conversion of COD to methane is more
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Fig. 5. Variation of methane composition and volume per gram of
removed COD with detention time.

complete, however a certain amount of COD is converted to new cell
growth. At lower detention times, the organic loading increases,
but the percentage of COD converted into new cells may not increase
at the same rate. This leads to an increase in CIfy produced per
gram of COD removed, despite the fact that methane percentage in the
produced gas decreases.

As for the effect of inlet substrate concentration on the ratio
of mL CH^/g COD removed, similar results were obtained by Russo [14]
who observed that the ratio ml. Cl^/mg COD removed increased from
0.52 to 0.55 as the influent COD increased from 6250 mg/L to 15750
mg/L. However, he found that the ratio of mL CH^/f, COD removed
decreased with increasing organic load whenever the organic. Load
exceeded 1 kg/mVday (0.9624 lb/ft'Vday). This result had not come
out as he h¿id expected and explained it as a consequence of excess
volatile acid concentration.

In this study, methane production (mean) was 467 mL per gram
of removed COD which was greater than the theoretical value of 380
mL [111. However, Russo had also reported a mean value of 470 for
distillery wastewater which also exceeds the theoretical value.



Suspended Solids Removal

During the first run of the experiments, suspended solids in
the substrate and the samples taken from different heights of the
filter were determined. The results indicate that the,biological
solids are flocculated densely and they are not dragged easily by
the rising substrate and gas bubbles.

As shown in Figure 6, SS removal increases with detention time.
Explanation of this expected result may be the following: more SS
were accumulated in the filter (at the bottom and in the filter me-
dia) during the rise of substrate at higher detention time. On the
other hand, a larger amount of the accumulated material was flushed
out due to the increase in velocity at lower detention times, thus
concentration of SS in the effluent increases with increasing efflu-
ent velocity. The same result was obtained by Drohobyczer [4].

In this stjdy, it was observed that the influent suspended
solids concentration was always gr&ater than the effluent suspended
solids concentration. However, there is no definite relationship
between influent concentration and the SS removed (Figure 6). Jennet
and Dennis [7] support this result saying that the major factor that
affects solids loss seems to be hydraulic loading, because the major
fluctuai ions occur after decrease in detention times, rather than
after changes in effluent concentration.

MEAN INLET COD.lmg/l)
O3316.6
A 1 8365

0 5 0 7 5 t
DETENTION TIME (Days)

Fig. 6v Effect of detention time on suspended solids removal.
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COD Removal

The effluent COD concentration and COD removal efficiency are
both affected by influent COD concentration, detention time and
temperature. Figure 7 shows the daily variation of Effluent COD
and efficiencies with respect to these parameters during steady
state operation. As can be observed from this figure, COD removal
efficiency is directly proportional with hydraulic detention time
and inversely proportional with influent COD concentration. During
the period of steady state operation with different substrate con-
centrations and detention times, samples were withdrawn from the
filter at various heights and analyzed. The resulting curves for
efficiency are shown in Figure 8 for a constant hydraulic detention
time at three different substrate concentrations. A very high race
of COD removal in the lower part of the filter (especially up to
5 cm (2 in) above the base plate) and a stability in efficiency is
observed higher than 30 cm (11.8 in) above the base plate of the
filter. Similar results were obtained for other hydraulic deten-
tion times [8j.

As a general trend, at the higher detention times and lower
influent COD concentrations, the rate of COD removal was much higher
in the lower part of the filter. This means that at lower loading
rates, acids «ere converted to methane gas almost as rapidly as
they were formed. pH profiles discussed at the previous subsection,
support this explanation. Parallel results were obtained by Young
and Me Carty Ü18], Foree and Lovan [6], Jennet and Dennis [7] and
Russo 1.14].

• 3b to 50 S) 70
TIME (Days)

Fig. 7. Variation of influent, effluent COD concentrations and
COD removal efficiency with time.
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Fig. 8. Variation of COD removal efficiency with filter height
for different influent concentrations.

To further study the effect of detention time on COD removal,
the data were statistically analyzed. It wag found possible to
define three different inlet concentrations, low (536.5 mg/L COD),
medium (1,836.5 mg/L COD) and high (3,316,6 mg/I, COD), by simply
averaging over the different inlet concentration values correspon-
ding to the three different dilutions of the. feed. Then data points
corresponding to inlet concentrations which deviate significantly
(more than twice the standard deviation) from these averages were
discarded. Figure 9, where the selected values of percent COD re-
moval based mi measured inlet and outlet COD values are plotted
versus detention time for the highest inlet concentration, clearly
shows the effect of detention time on COD removal when inlet con-
centration is constant.

Finally, the COD removal efficiency was plotted versus organic
load (Figure 10). It is observed from this figure that there is
considerable scatter in these data, especially at organic loads
corresponding to lower detention times for each inlet concentration.
Hence, it was decided that representation of these data by means
of a single curve is highly inappropriate. The explanation is as
follows: Both inlet concentration and detention time affect the
removal efficiency, but not at the same rate. for example, doubling
the inlet concentration and the flow rate by halt7 leave
the organic load unchanged, but a considerable change in removal
rate may occur unless the overall reaction is independent of sub**
strate concentration. However, this will require a zero order
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Fig. 10. Effect of organic load on COD removal efficiency.
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reaction mechanism with respect to substrate concentration which is
not in accordance with previous investigations. The effect of inlet
concentration on COD removal will be more pronounced at lower deten-
tion times where the entire filter appears to be reactive (Figure 10).

Temperature Effects

In order to observe the effect of temperature on the performance
of the filter, a specific run was carried out 25 ± 2°C, trying to
keep the detention time (2 days roughly) and the influent concentra'
tion (3,200 rag/L COD) unchanged with respect to the previous run.
However, the inlet concentration decreased gradually down to 2,200
mg/L COD although the detention time remained constant. The devia-
tion in the influent concentration from a constant value, was com-
pensated by using percent removal efficiency as a parameter during
the evaluation of the data.

The temperature control system was switched off and data were
collected till steady state was reached at the ambient temperature
(25 ± 2°C). The effect of temperature on substrate removal effi-
ciency along the filter height can be observed in Figure 11, With
the decrease of temperature from 35 ± 2°C to 25 + 2°C, the COD re-
moval efficiency showed an obvious decrease from 90% to 79.5%. But,
it should be noted that the loading rate decreased from 21.88 to
15.35 gm COD/day also and since it was observed that efficiency in-
creased as loading rate decreases, at the same loading rate, the
difference between these two efficiencies should be greater. While
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Fig. 11. Effect of temperature on COD removal efficiency..
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the total gas production decreased from 12 L/day to 9 L/day, the
methane percent decreased from 75% to 65% and related to it, the
CH4 mL/g COD removed ratio showed a decrease from 488 to 482.

The general trend of the. pH changes remained the same during
the run.

The results obtained in this run agrees with Young and Me Carty'a
comments [18] about the effect of temperature on the anaerobic de-
composition. The rate of reaction in the mesophilic range increases
with temperature. Though the optimum temperature is 37°C, it is
still possible to attain anaerobic filtration with an appreciable
performance at ambient temperatures.

Effect of Nutrient Addition

On the 59 t h day of the experimental study, the COD:N:P ratios
of the substrate were increased from 100:1.24:0.3 to 100:2.68:0.5
by adding diammonium phosphate ((NH4)2HPO^) and potassium nitrate.
A new substrate satisfying the new condition was used keeping the
influent concentration (3,500 mg/L COD) and the detention time
(0.5 days) constant with respect to the previous run. Data were
collected for five days until steady state was reached.

Figure 12 shows a negligible increase of about 5% in the COD
removal efficiency and again it is observed from Figures 3 and 7
that there is no significant increase in the performance of the
filter with the increased nutrient ratio.

DETENTION TIME: 0 50 Days
oiNFLUENT COD • 3403 mg/l
C0D:N:P 100:124:03

DETENTION TIME: 050 Days
«.INFLUENT COD 3502 mg/l

COD:N:P : 100:2.68:0.5

FILTER HEIGHT (cm)
Fig. 12. Effect of nutrient addition on COD removal efficiency.



While the total gas production increased from 41 L/day to 50
L/day, Che methane percentage decreased from 70Z to 65Z after the
addition of nutrients. In the ratio of CH¿, mL/g COD removed, a
slight increase from 588 to 602, was observoîd.

According no the results obtained in this run, slight changes
in the parameters determining the total performance o£ the filter
are recorded. However, a significant increase is observed in the
total gas production which can be explained as an expiirimental error.

Intermittent Operation

After 77*" day of the experiments, operation was stopped for
14 days. At the end of this period, the filter «as started with
2,000 mg/L COD substrate concentration and 2 day detention tine at
35 í 2°C. Data were collected after the attainment of steady state.
96.0% COD removal efficiency, 5,970 ml./day gas production and 80%
methane were reached after 7 days from the beginning of this run.
Also, CH4 mL/g COD removed ratio was calculated as 46 7.

Before the pause in the operation, 96.96% COD removal efficiency,
5,240 mL/day gas production, 8.5% methane and 460 mL CH^/g COD re-
moved had been obtained at the same detention time and influent COD
concentrât ion.

According to the above data the 14 day pause in the operation
did not affect the Filter performance.

Effluent Quality

The effluent from the filter was clear and colorless and con-
tained a very low concentration of suspended solids, even at the
higher hydraulic and/or organic loading rates. pH of the effluent
varied from 5,5 to 7.5 during the study.

However, it had an objectionable odor which can be attributed
to sulfides (primarily H2S) and other obnoxious gases.

CONCLUSIONS

The conclusions which can be drawn from the experimental fin-
dings of this study can be summarized as follows:

I. For brewery wastes with COD values in the range of 440 -
4050 mg/L the anaerobic filter appears to be an efficient
means of treatment at mesophilic temperatures with deten-
tion times as low as 12 hours.
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2. COD removal efficiency decreases vith decreasing tempera-
ture, however with higher detention times (2 days), appre-
ciable COD removal rates (80Z) are still possible at ambi-
ent temperatures around 25°C.

3. The maintenance requirements of the anaerobic filter is
minimal since the solid production is very low avid sludge
disposal is not necessary for long periods of continuous
opt rut ion.

4. The operation of the filter is also quite easy, since addi-
tion of nutrients is not necessary, and operation can be
continuei! without noticeable change in efficiency after
pauses which may take as long as two weeks. Furthermore,
the hydraulic head loss through the filter is also negli-
gible, indicating that the accompanying energy requirements
are very low,

5. The liquid effluent is practically free of suspended solids;
however, it has objectionable odor which may arise from
sul fides and other obnoxious gases. This may require addi-
tional treatment, hence constitutes a 'disadvantage.

6. The production of methane gas, which can be used as a
source of energy is an additional advantage. Total gas
production and methane production increase with increasing
organic load. The ratio of methane produced (mL) to the
removed organic load (g) is found to be 467. The percen-
tage of methane in the produced gas increases with decreas-
ing substrate concentration and increases with increasing
detention time.
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"ASSIMILATIVE CAPACITY OF THE KALAMAS RIVER

AND THE LAKE PAMVOTIS"
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1. INTRODUCTION

The city on Ioannina, an old and historical city of •
Greece, is the cultural, commercial and industrial center
of Epirus the northwestern part of Greece. The current
population of Ioannina is 65,000 people with some addi-
tional 40,000 leaving in the surrounding villages and
small-towns.

In the process of decentralization, the Greek Govern-
ment has given incentives for the development of the
greater Ioannina area and therefore more intensive acti-
vities both civic and industrial are anticipated for the
near future. Potential sectors of development exist in
agriculture, animal raising, fisheries, hand-crafts and
tourism. As a basic infra-structure works, the sewarage
of the city of Ioannina is almost completed.

The area includes two important and scenic surface
water bodies the lake Painvotis and the river Kalamas
which support a wide variety of plant and animal life
and whose conservation is of parament important. It is
well recognized that very often unprogrammed and quick
development can cause serious and sometimes irreversible
damage to the quality of the environment. The quality
of the surface waters becomes therefore a critical para-
meter in the process of development of the area and which
will enable the decision maker to establish priorities
and fields of action.

This paper which is intended to be of informative
rather than of a highly technical nature identifies the
problems and out-linos the methodology of establishing
water quality criteria and controlling wastewater effluent
in an integrated matter.



It presents the preliminary results of a research
programme currently carried out by the Départirent of
Water Resources of the National Technical"University of
Athens on behalf of • the Ministry of the Environment.

Fig. 1 The study area.



2. PHYSICAL AND TECHNICAL BACKGROUND

The study area comprises two major catchments-the
cathment of the Lake "Pamvotis" and the catchment of the
Kalamas river (Figure 1).

Th«# lake Pamvotis or lake loannina is the largest
lake of the Epirus area having a surface area of 22 km
and a maximum length and width of 8.5 and 3.5 km respe-
ctively. The total capacity of the lake is estimated
around 95X106m3. The lake lies at the lowest point of a
closed drainage baain of 475 km2 in a region of. predomi-
nantly limestone geology with strong carstic character.
Thus a big amount of the water falling in this area is
lost to neighbor basins i.e. to the Kalamas and Arachthos
basins.

The lake originally extended mostly to the northwest
and also to the south-east forming shallow marshy areas
of some 45 km2. In the 1950's a series of major works
were built in order to drain the area and reclaim it for
agriculture., These works comprised the Lapsista canal
which extends 42 km to the north-east of the lake and
drains the Lapsista area to the Kalamas river. The canal
is connected by a gravity flow tunnel to the "Veltistikos"
a tributary that joins the Kalamas near the village "Sou-
lopoulo". The outflow from the lake to the canal is con-
trolled by headworks. Water is drawn directly from the
lake for irrigation of the south-east area, appr. 1000
ha in 1983 and also to supplement. Water needed for the
irrigation of Lapsista area and which is taken mainly by
springs. (2.100 ha).

The Kalamas river is classified among the most im-
portant rivers of Greece with an average flow of 57 m3/sec
near its mouth to the sea. The river flows through a na-
tural eathment area of 1722 km^, which lies almost enti-
vely within the Greek territory. The annual precipita- -
tion of the basin is 1360 mm and the surface run-off
coefficient was estimated at 0.76. The total length of
the river is 120 km, with 80 km downstream the Soulopoulo
confluence. It is a swift flov/ing river with velocities
ranging from 2.0m/sec near its spring to 0.5 m/sec.
The time of flow below Soulopoulo is estimated at 1 day.

Water is drawn from the Kalamas river to irrigate an
area of 2,000 ha at the Kioteki plain . Small amounts
of water are also drawn for water supply and fisheries.

3. HYDROLOGICAL BALANCE OP THE LAKE PAMVOTIS-TIME OF
RESIDENCE

Very little is known about the flow into and out of
the lake due to the large amount of subterranean flows.
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However in the basis of available flow records, irriga-
tion practices etc. an atterr.p was made to estimate the
average time of residence in the lake.

The equation for the water balance sheet for the
lake can be written in the following way.

P + Q + G i = E + Y + A + G o where

i n l e t Outlet

P = annual precipitation on the lake
surface

Q » surface runoff
Gi = ground-water inflows
E = evaporation
Y = overflow to the Lapsista canal
A = irrigation
Go ™ sub-terranean losses

Each one of these terms was assessed sP^^
based on long rainfall records and evapotranspi-ratiori ana-
lysis. Thus the average annual inflow to the lake was
estimated around 140X106 tn̂ . The average renewal time
for the lake is therefore 0.79 years or 1.27 times/year.
For dry and wet conditions respectively with a return
period of 5 years the residence time is estimated as
1.14 and 0.60 years.

4. MINIMUM FLOWS OF THE KALAMAS RIVER

Data from three flow-gauging stations in the Kalamas
river for which records exist for period longer than 10
years were analysed and processed statistically in order
to draw the flow-duration curves. Ten-day average values
were used in the calculations as these are known to re-
present pollution transport phenomena better Min values
for 6 characteristic sites of the Kalamas (including the
exit of Lapsista tunnel) are shown in table 1.

Table 1. Min flows (10-day average)

Return period-years

Site 2 5 10 20 • 50

Lapsista 0.02 0 0 0 0
Soulopoulo 8.22 7.02 6.32 5.72 5.02
Vrossina 11.45 10.16 9.42 8.78 S.03
Minina 14.13 12.78 12.00 11.33 10.53
Irrigation dam 15.29 13.91 13.11 12.42 11.61
Nearoutfall 17.34 15.94 15.11 14.39 13.55



5. BENEFICIAL USES

The present uses of the lake are fishing for carp
and crayfish, eel culture in cages, the supply of irri- ;
gation water and recreational boating. Swimming in the '
lake is also observed occasionaly.

The Lapsista canal serves primarily as a drainage
canal for irrigated areas but it also receives the ef-
fluent from a number of industries and farms.

Finally the Kalamas river offers to the people of
the area a number of beneficial uses which include
fisheries of trout and carp, irrigation, water supply
and recreational fishing and swiming. It must be noted
here that abstraction for water supply is carried out in
the summer months, not directly from the river but from
wells lying close to the river bed. A total number of
3.000 inhabitants are served in this way. Finally the
esthetic and cultural value of the river can not be over-
emphasized.

6. CURRENT WATER QUALITY ASSESSMENT

Existing data on the quality of the surface waters
were scarce and sporadic. For the purposes of this study
a systematic sampling program has been organized. The
program will be completed at the end of July 1384.

Lake_Patwgtis. The sampling program for the lake includes
sampling from 7 characteristic points in the lake and 3
points in the Lapsista canal. Parameters measured in-
clude BOD, COD, SS, temperature mineral nitrogen, phos-
phates, dissolved oxygen, transparency and chlorophyl.

Table 2 shows the evolution of some characteristics
parameters in the lake from measurements taken in the
period 1976-1983 by various organizations.

Table 2, Quality of lake Pamvotis (1)

Parameter

D.O

8,4-10.8

9.0-10.2
10.2-10.8

30D
p.p.re

5-7.0

3.05

3-6
0.50

p. p. b

14-40

12-56
<i00

ro4-p
p.p.b

16-40

30-80
60-150

Date - source

77-7 5 PERPA
77-79 IOKAE
June 1981-University

of Ioannina
Nov. 1982-PERPA (3)
Nov. 1983-This study



Although some localized pollution occurs seasonally
at the Lake margin, the lake as a whole is still basical-
ly free of pollution. Its water is clear with a greenish
ti^t due to a light plankton growth. The major ecologi-
cal Ksturbance which causes considerable concern to the
people of loannina is a substantial reduction in total
fishery catch in the last two decades, a serious reduc-
tion in the proportion of carp and a total disappearance
of the eels from the lake. It is almost sure however (2)
that the reduction in carp production is a result of the
physical changes brought about to the lake by the recla-
mation works which have reduced the shallow margins of
the lake (suitable breeding grounds for carp) and have
cut off the natural communication between the lake and
the river Kslamas.

5§lãâE_^iYf;E_§G^_íiãL€.i§tâ_S§2âi quality mo-
nitoring program for the Kaïamai river was carried out
between July and December 1984. Samples were taken from
4 points in the river and at the outlet of the Lapsista
tunnel at 3-hourly intervals. Water quality parameters
recorded on 9.8.83 were slightly higher than on other
occasion and are shown in table 3.

Four samples taken from the canal in June 1978 by
P.E.R.P.A (1) gave BOD values from 5-7 mg/1 COD,15-33
mg/1 and E.coli counts from 2400-240000/100 ml. Also two
samples from the Kalamas river taken at Soulopoulo and
Vrossina gave BOD of 5 mg/1,COD of 17 and 22 mg/1 and
E.coli counts of 1100 and 2400/100 ml.

6. WASTEWATER LOADS

Waste loads applied to the surface waters originate
from two sources: point or discrete sources like sewer
outfalls, industrial discharges etc., and non~point or
diffuse sources such as urban storm water run-off, preci-
pitation and run-off from agricultural land. Precipita-
tion run-off from undeveloped lartds will have certain

Table 3. Average water quality parameters on 9.8.83

Sampling location

Parameter

PH
temp. 0c

Conductivity
D.O
BOD
COD

NH4-N

p.p.m.
p.p.m.
p.p.m.

I p.p.b.
p.p.m.

Lapsista

7.3
20.0
364
85%
- •

24.0
56
i.r

Soulopoulo

7.3
16.5
703
100%
0.50
7.0
2

0.1

Kioteki

8.1
19.0
483
112%

0.60
14.2
3.0
0.5



Table 4. Pollution loads from domestic sources

Year

1905
2011

Popul.
ecuiv.

63,000
81,000

Waste
flow

nT3/d

13,000
20,000

BOD

kg/d

4095
6480

SS

kg/d

4410
6885

Total-*

kg/d

756
1215

Total-P

kg/d

190
324

physical, chemical and biological characteristics which
will affect water quality in the river and lake,yet this
natural load cannot considered as a waste.

6.1 Point sources

Domestic_wastewaters: Present and future domestic
wastewater flows and pollution loads are shown in table
4.

In the calculation of these figures, the past
records of increase in water consumption, in the last
20 years were considered. Population projections were
made on the basis of the anticipated development of the
area.

Industrial^effluents. The main industrial effluent
point-sources are localod on the north side of the lake
and along the Lapsista canal. They represent effluents
mainly from food-processing industries and slaughter
houses. Effluents from fish farms were also included in
the survey as sometimes they can affect the quality of
the receiving waters mainly due to unused food, fish
wastes and disease infection. There is evidence (4) that
effluent quality vary considerably throughout the year
depending on the river flow and temperature.

For the assessment of pollution loads from industrial
sources, 24-h composite samples were taken and analysed.
These results were verified with data taken from the li-
terature.

Table 5 shows the total amount of pollution contribu-
ted by industry. Future projection assuive a 30% increase
in all loads.
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Table 5. Pollution loads - Industrial sources

Year

1985
1985 (fish-

farms)

Flow

m3 /d

1.44 0
110J300

BOD

580
77

243
330

Tota l -N

kg/nu

470
44

Total-P

4 . 4

6.2 Non-point sources

Non-point sources of organic pollution and nutrients
are a result of agricultural activities (irrigation, ani-
mal raising)^ natura! activities 'atmospheric precipitati-
on) , run-off from paved areas, subsurface disposal of
wastewaters etc.

Whereua phosphates are retained to a great extent by
adsorption and precipitation in the ground, nitrates are
very mobile and can easily be transferred through ground
water to the lakes and rivers.

Annual areal contributions of nitrogen and P to the
surface waters are shown in table 6.

Table 6. .;;,?;.;:.: -int loads - Non-point sources

Source

Urban run-off
I r r iga t ion

M

M

Uncaltivaled

Precipitation

Drainage
area
km2

3 . 5
10,0
21 ,0
15,0
345
100

1700
22

Unit
rate
gr/m2/y
(6)(7)

0 . 1
0.05
0.05
0.05
0.01
0.01
0.01
0.025

P

tn/year

0.35
0.50
1 .05
0.75
3.50
1 .00

17.00
0.05

Unit
rate

Tr/m2/y
(6) (7)

0 . 5 0
0 . 5 0
0 . 5 0
0 . 5 0
0 . 3 0
0 . 3 0
0 . 3 0
2 . 0

N

tn/year

1 .75
5.00

10.50
7.50

103.50
30.00

510.00
44.0

Water
body

Lake
lake
Laps. ..
Kalamas
lake
Laps .
Kalamas
lake
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study area there exists a great nuir.oer of pig-farms.
For the purposes of this study the Tiiost important, from
a point of view of size and potential pollution, were
singled out and investigated. With the exception of
two farms lying near the Lapsista tunnel which treat
their effluent in anaerobic laggons prior to land dis-
posal, all other units spread their wastes directly
on farm land. Because of this fact the pollution caused
by piggery wastes is considered as a diffuse source.
In order to be able to estimate the amount, of pollutants
leached out to the lake the criteria for land disposal
of wastewaters and sludges put forward by EPA (9) were
used. Data for the amount of wasteflows produced were
obtained from the farmers from a national survey carried
out by the Ministry of Hygiene and were correlated with
published information(10). Pollution loads were estima-
ted using data aquired in our laboratory from analyses
of similar wastas as well as literature sources. Two
different soil types were recognized: soils with very
slow infiltration rates in low areas lying very close
to the lake, with max annual application rates of 0,25
in/year and soils which can support application rates of
the order of 1.0 m/year.

Given that the max. BOD rate which can be supported
by a fallow soil rich in organies cannot exceed 30 t/ha
(9) it is obvious that leaching of BOD to the drainage
water will occur. Assuming an average drainage run-off
coefficient over this part of the area of 0.30, the loss
of BOD to the surface waters is estimated as 20% of the
total. This result is in excellent agreement with work
done in Ireland (11). For N and P the recommended values
for crop production should not exeed 500 kg N/ha and
26 kg P/ha (11), Based on experiments done in Ireland
and an extensive survey of the literature done by Kolen-
brander the corresponding losses of N and :.J to the sur-
face waters is estimated at 40% and 20% re;spectively.
The later will be almost entirely in the mineral from
(11). Pollution loads from piggery wastes are shown
in table 7.

Table 7. Piggery wastes - Pollution loads to
surface water

Sows

1250

475

Flow

m3/y

33200

11170

BOD

t/y

130.n

Total-N

t/year

60,0

40, 0

Total-P

t/year

7.0

2.4

Water body

lake

Lapsista
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Calculation oí effluent_standards_by_inass-balance. Ef-
fîuënt~c!Îscnarge ïoads~can easily be calculated using
simple mathematic.il models. For the Kalamas river a
mathematical model based on the Streeter-Phelps equa-
tion and prepared by SOGREAH for the Pinios river is
being used (Prcqramme CARIMA). In addition the model
makes use of the Saint-Venant equations of the unstrea-
dy flow. The adjustment of the model for the Kalamas
rivtjr and its solution for a series of typical situa-
tions is outside the scope of this paper.

For the lake, a eutrophication model proposed by
Jones (8) is being used. To model is used to predict
the long-term concentration of phosphates in the lake,
since PO.-P is known to be the limiting factor.

8. CONCLUSIONS .

Ti'i ' s paper has outlined a comprehensive approach
to the problem of controlling water pollution in an im-
portant cattnment. This method is currently being used
by a number ci water authorities in Europe and the U.S.
Despite the high amount of time and effort required it
offers the opportunity to tackle water pollution problems
in a rational way and to promote, co-operation within
a given catchment especially in cases such as this where
administrative jurisdiction over the waters is exercised
by different authorities. It also offers a unique way
to establish priorities and make cost-benefit assess-
ments, i

Finally it is a means for the public to be involved
in the problem of preserving the environmental quality.
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INTRODUCTION

Al l developed countries, being aware that natural resources are
l im i ted , have started to get concerned about recycling the i r
wastes since 1970. This was a resul t both of the energy c r i s i s
and the for the environmental i m ^ c t of r i s ing l i v i n g standards.
For example, although for a very long time the problem of so l id
wastes was considered only from the point of view of e l iminat ing
po l l u t i on , on 15 July 1975 European Economic Community (EEC) has
adopted general direct ives on waste flu nagement in which "recycl ing"
was accepted as mandatory. Furthermore, the Gomiriunity Waste Man-
agement Comm'ttee which was establ isht4, in 1976, started to work
on " . . .s tudy ing ways of reducing waste et the moment of production
and consumption, increasing the l i f e of goods and modifying the
design and recycl ing, encouraging manufacturers to use recuperable
material as much as possible...promoting selective waste co l lect ion
systems to f a c i l i t a t e reprocessing and reuse of wastes " (Com-
mission of the European Communities, 197ü). However, since recyc-
l i ng usually rec¡L; >es less energy than proiiocing from raw materi-
a l s , minimization of the use of energy emerges as a second impor-
tant object ive. Furthermore, recycl ing reduces the amount of wastes
to be disposed.

Although developing countries are in t igh ter constraints fo r pro-
ducing the materials r tquired for í í ieir tie ve 1 opinent, they usually
waste iTOjt of the recycltable material due to improper management.
In the present paper, the practice of recycling in the c i t y of
Istanbul is summarized.



SOLID WASTES RECOVERY IN THE CITY OF ISTANBUL

Istanbul is a city where recycling has started to be practiced a
long time ago. The "eskici" is a well-known figure in Istanbul
who is s t i l l going around in the streets of the c i ty , buying a l l
the recycleable items, usually at a very low price. However,
although recycling has started since very old times, i t is d i f f i -
cult to say that i t has managed to reach any technological level.

Recovery of Domestic Wastes

Different methods are used for the recovery of domestic wastes.
The most common of these can be classif ied as follows:

a) Separation and Recovery of Materials at Source

Materials such as newspapers, bottles and metals are sometimes
not disposed into the refuse can, but instead they are separa-
tely collected and sold to small merchants who operate collecting
depots, or wander in the streets. This method, however, is most
common in the low income areas - where of course recoverable
materials are very 1 invited - and because of that i t is hard to
say that i t has any signif icant share in the overall amount
recycled.

b) Sorting and Recycling by the Building Janitors

Buildings located in medium and high income areas usually have
a janitor acting as a door-keeper and superintendent who among
other duties collects the garbage from individual apartments
and disposes them through the waste collection truck. These peo-
ple usually sort out materials such as paper, glass, etc. before
disposing off the wastes and they sell them to collectors.

c ) Collection from the Refuse Receptacles

Special collectors examine early in the morning or late at night
the contents of the refuse receptacles and collect items which
they sell either after processing (cleaning, washing, drying,
etc.) or directly as they are.

d) Collection from the Disposal Sites .

Special scavangers sort and collect the solid wastes as soon as
the collection trucks empty their loads at the disposal sites.

"eskici means "old art ic le collector" in Turkish.



These collectors sell the material which they recover to the
"aga - lord" of the waste disposal site every day. The "aga"
resells these to the factories which reprocess them.

Recovery of Industrial Solid Wastes

The solid wastes produced by different industrial activit ies are
not collected by the solid waste collection trucks of the munici-
pality. Usually these materials are sorted and stored within the
factory premises. The recycleable part of these is either used
within the factory or sold to interested parties. The remaining
parts are disposed to the solid waste disposal site of the munici-
pality.

EFFICIENCY OF SOLIO WASTE RECYCLING

The ef f ic ienc ies obtained with the pr imi t ive methods of recycl ing
explained above are not very high. The composition o f the so l id
wastes of Istanbul as they are delivered by the refuse co l lec t ion
truck to the so l id disposal s i te is given in Table 1. Curi and
Esen (1984) have t r i ed to determine the amount of so l id wastes
recycled by the scavangers in the disposal s i t e . After sor t ing the
load of a t ruck, the scavangers were allowed to take whatever they
considered usefu l , and the amount which remained was determined.
From these values, the recycl ing ef f ic iency which is defined as
the ra t io of the amount taken by the scavangers divided by the tota l
amount ex is t ing i n i t i a l l y was determined. The data obtained are
summarized in table 2.

Table 1 . Composition of the so l i d wastes o f Istanbul
as delivered to the so l id disposal s i t e

Component Composition, %

Food Remains 42.2 - 61.4

Paper and Cardboard 12.3 - 25.3

Plast ics 2.8 - 8.2

Glass 0.2 - 0.9

Texti les 0.0 - 6.1

Metals 5.4 - 8.2

Ash 5.2 - 23.5

Miscellaneous 0.0 - 9.2
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Table 2. Recycling of Solid Wastes

Component

Food Remains

Pa per-Cardboard

Plastics

Glass

Texti le

Metals

Ash

Miscellaneous

Composition
as delivered

(*)

58.2
14.0.
2.8

,0.9

1.2
5.4
9.3

8.2

Composition
after scavangers
picked up useful

material
(X)

71

9

3

1
6

3

5 ' •

2

Amount of
not recycled

material

(«)

100

66

48

27

83

30

90

100

As can be seen in Table 2, the recycling eff ic iency is rather low.
In r ea l i t y , the actual e f f ic inc ies w i l l be even lower, since the sca-
vangers w i l l not be able to work that careful ly in actual. On the
other hand, Patrick (1981) estimated that the amount of domestic so-
l i d wastes recovered would be in the order of 50.000 tons per year.
This constitutes only 15% of the potent ial ly recoverable material
which amounts to 330.000 tons per year.

The composition of the remaining recoverable material is estimated
as 93.360 tons paper, 28.050 tons p last ics , 5.980 tons glass, 29.620
tons tex t i l e and 13.150 tons metals (Patrick 1981). On the other hand,
according to a survey conducted by the s ta f f of the Project of Solid
Wastes Management in Istanbul Metropolitan Area, out of the tota l
amount of one mi l l ion tons of so l id wastes produced by industr ies,
45% is recycled. Table 3 gives the percentage of sol id wastes re-
cycled in di f ferent industries.

NEED FOR RECYCLED MATERIAL

Turkey,as a developing country, has to recover as much recyclable
material as possible. The need for these materials is so large that
sometimes some such materials are imported. For example, Turkey pre-
sently needs 10" tons of scrap iron annually for the iron and steel
industry. However, only 250.000 to 300.000 tons are obtained loca l l y ,
while the remaining part is imported (Curi and Kocasoy,1982). I f i t
is considered that the total amount of scrap iron available for re-
cycling is in the order of 1.3 - 1.9x10° tons/year, then i t is easy



Table'3. Percent of Solid Wastes Recycled 1n Different
Industries (Patrick 1981)

Type of Industry Percent Recycled

Food

Drink . . .

Tobacco
Textile
Clothing
Furs and Leather
Footwear
Wood and Cork
Wooden Furniture
Paper and paper Products
Publications and Related
Principle Chemical Products
Other Chemical Products
Petroleum and Coal Byproducts
Rubber Products
Other Plastic Products
Pottery
Glass Products

* Extraction
Iron and Steel Productions
Non-ferrous
Metal Goods
Machinery (except electrical)
Electrical Machinery
Vehicle

55.1
65.6
16.9
66.5
55.8

5.7
58.4
66,2
45.6
81.6
79.8
60.6
15.7
57.6
58.1

7.8
84.8
18.8
72.3
14.9
38.3
48.4
55.0
27.3
26.9
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to real ize that the lack of an e f f i c i e n t recycl ing methodology is
causing important f inancia l problems (Kocasoy,1984). Sevinç (1981)
on the other hand, emphasizes the importance of developing the appro-
pr ia te technology for p las t ic recycl ing. Kiran (1979) informs that
only 11% of the paper produced in Turkey is recovered, and only 70%
of that is reused , the remaining is poor qua l i t y paper. In 1980,
only 61.088 tons of waste paper was recycled in Istanbul for the pro-
duction of new paper products (Doijan,1980), whi le the amount required
is much larger. Improvement o f the paper recycl ing techniques w i l l
not only have a f inancia l bene f i t , but at the same time contr ibute
to the protect ion of nature.

CONCLUSION

The need for improving recycl ing of so l i d wastes in the c i t y of Istanbul
is an unquestionable fac t . Some simple measures which can be taken are
the fo l lowing:

a) Encourage "Seperation at Source"

The sor t ing of so l id wastes at the source gives better resu l ts , be-
cause i ) i t is possible to reuse the materials wi th a simple processing,
i i ) the recyclable Materials are prevented from becoming d i r t y by con-
tact ing other wastes, i i i ) the resale of the material becomes easier.

Such practices have given very sat is factory resul ts in other countr ies.
For example, Belgium is carrying out successfully a separate house-
hold co l lect ion of glass in a number o f towns. Among these, the c i t y
of Ghent has managed to recover 85% of glass (Clae5,1980). On the other
hand, the Law on Waste which came into force in the Netherlands in
October 1979 encourages seperation at the source (Troeder,198Q).

b) Improvement of the Recycling Technology

The method presently used for solid waste recycling by scavangers at
the waste disposal site should be abondened. However, this method should
not be replaced by a complicated technique. Simple and eff icient methods
should be adopted. For example, a method which can be recommended is to
dispose the solid wastes on a moving belt, on both sides of which workers
w i l l stand and separate the materials by hand. Such a technique wi l l be
more eff icient than the existing system. Furthermore, i t is simple and
i t does not depend on imported technology. Finally, being man-dependent,
i t won't replace man-power by machine, thus, i t wi l l not contribute to
the unemployment problem presently faced.

c) Development of Technology

Necessary technology and faci l i t ies for processing recycled goods should
be developed. This wi l l contribute to increased recycled materials, and
wi l l motivate improvement of recovering solid wastes.
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INTRODUCTION

Overland flow wastewater treatment appears to be a viable
process with several important advantages for developing coun-
tries. The overland flow process in the United States has evolved
from the British cjrnss filtration process which dates back to the
1960's-' The major difference between a grass filtration process
and overland flow is in operation. A grass filtration system is
operated continuously for up to eight months, while in overland
flow systems wastewater is applied only part of the day but through-
out the year.

This paper will describe the overland flow process in detail
and discuss the potential advantages of an overland flow system as
well aa some of the potential problems. Furthermore this paper will
discuss how to design and operate an overland flow process to maxi-
mize organic material and nitroqen removal. Much of this discussion
will be based on the results of research performed on experimental
facilities at the University of California, Davis (UCD) and at the
United States Cold Reqions Research and Engineering Laboratory in
New Hamsphire (CRREL)..

OVERLAND FLOW PROCESS DESCRIPTION

Overland flow is categorized by the USEPA as one of three
processes for land treatment of wastewater. It differs from the
other two systems, slow rate (SR) and rapid infiltration (RI) in
several aspects including type of soil used, hydraulic loading
rates, hydraulic pathways of the applied wastewater and cover crops
grown.



In overland flow, wastewater is applied at the top of a care-
fully qraried,veqetated slope and flows primarily over the soil sur-
face. The effluent, is collected for further treatment, (e.g. chlo-
rinatinn), reuse or discharge to a receiving water. Although the
overland flnw process may appear simple, the pollutant removal
mechanisms and pathways arc varied and complex. The major p.'it.hwayo '
for organic material and nitrogen remnval in ov/erland flow will be
discussed later in this paper. Physically the system can he divided
into three major components: the distribution system, overland flow
slope and effluent collection system. A process schematic illus-
trating these components and the hydraulic pathways is shown in
Figure 1, The design of the physical components of an overland flow
system will be discussed briefly here. Smith and Schroeder2provide
a more detailed discussion based on experience at the City of Davis
overland flow treatment plant.

With a properly designed and operated distribution system,
wastewater should be applied at a controlled rate uniformly across
the width of the overland flow slope. Non-uniform application will
result in higher loading of part of the slope and decreased treat-
ment efficiency, fluctuations in the application rate can also af-
• feet treatment efficiency but to alenser degree than non-uniform
application. Several distribution systems have been used success-
ful ly for overland flow application including impact sprinklers,
fixed head spray nozzles, rotating hoom üpray, gated pape and slot-
ted troughs. Selection of a distribution system should bo based on
the wa:;tewater and site of the project.

The overland flow slope refers to the physical surface of the
sloped snil and cover crop. Uniform flow of water down the length
of the slope must bo maintained to achieve maximum process effi-
ciency. Therefore slopes must be desiqned, constructed, and main-
tained with that objective in mind. The variables in overland flow
slope design include the lenyth and grade of slope, type of cover
vegetation, and type of soil. These variables affect process per-
formance but. oannnt be easily altered once a system is constructed.

The soil of an overland ,flow proceas serves several function!;.
It is the primary surface on which microbes are attached and qrow;
it provides mechanical support for the cover crop, and it may have
chemical properties important in the treatment process (iie. cat-
ion exchange capacity). Typically, overland flnw systems have been
used at. sites with soils of low permeability. Soils with low per-
meability have been considered prerequisite for qroundwater protec-
tion due to the relatively high loading rate (2 to 4 cm/day) and
limited prêt refitment associated with the process. However, this
precaution may not be necessary since even sandy soils will even-
tually acquire a very low permeability due to biological clogging.
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Figure 1 . Overland Flow Process Schematic



Only one study tins been perfurmed to examine the effect nf
different: soil type» on process performance.' The study uns pre-
dicated on Lhc concept that overland flow systems with sandy ¡ind
loamy soils might perform equal to or better Ihun the typicu.1 clay
soil systems in nitrogen removal despite lower mineral cation ex-
change capacity. The; result was that within three month;; I.he four
different soil» studied produced approximately the same nitrocjen
removal results.

Cover vegetation also has more than one function in an over-
land flow system. Its primary function ÍG to stabilise the soil
from water erosion. In addition cover vegetation takes up nutrients
during growth and may enhance the soil environment for microbial
conversion of pollutants. It is also possible that through evopo-
transpiration the cover crop increases the transport of writer arid
nutrient:; into the ¡¡oil. the beut types of cover vegetation for an
overland flow system are water tolerant grass species. Planting a
mixture of grasses is desirable and if the grass is to be harvested
it may be necessary to maintain a fairly active program for weed
control. However, froin the standpoint of process performance there
may be little difference between various cover crops as long as the
primary function nf soil erosion control is maintained.

The function of the slope grade in an overland flow system is
fairly obvious but its effort on performance is not. The current,
design guideline:; in the USD'A land treatment design manual specify
slopes grades between 2 and 8?í, but slopes grades as low as O.'i%
in Melbourne, Australia and as high as 12?ó on a small experimental
system in Carbondale, 111., USA have tieen used.*'5'6 It has been
demonstrated by Smith' that slope grades between 2 and &% have no
statistically significant effect on process performance in deqrad-
able organic material removal. Researches at CRRFL include slope
grade in their desiqn procedure for overland flow syatems, but this
inclusion is ba»ed primarily nn theoretical considerations and not
un a demonstrated relationship. Unfortunately there i:; very little
data nn the effort of slope grade on process performance. Neverthe-
less, in most cyses the desiqn slope grade will be largely con-
trolled by the topoqraphy of the overland flow site.

The slope length is the most important physical design para-
mater in an overland flow system. The slope length and application
rate (discussed later) are the main parameters postulated by re-
searchers for predicting degrádatele organic material removal. ; ' ̂
USEPA overland flow design guidelines call for slope lengths in the
range of 30 to 45 m for raw and primary municipal wastewater. Mow-
ever, this guideline is based primarily on limited experience. The
slope length should be determined as part of an overall deniqn in
conjunction with application rate using one of the degradable or-
ganic material or nitrogen removal design relationships summarized



in thiri pnpnr. ,

The effluent collection system consists of s network of
ditches or channels in which runoff is transported to additional
treatment facilities or discharge. Channels are sized to accommo-
date both storm runoff and effluent flows. The channels may need
erosion protection in some siteu and should be designed to prevent
degradation in effluent quality.

In the past most designers and researchers have used hydraulic
and/or pollutant loading rates as the main operating parameters in
an overland flow system. Hydraulic loading rate (cm/day or cm/wk)
is obtained by simply dividing the volume of wastewater applied per
day or per week hy the surface area of the overland flow slope. By
itself it supplies only limited information about, the operation of
the system. Pollutant loading rate (kg/ha-day) ±u the musss of any
pollutant, e.g. BOD , TUC, NH -N or PO -P, applied to the slope per
day divided by the area of the slope. It is also often expressed
as a weekly or yearly rate, and is most, commonly used in describing
the organic material loading of the process. Pollutant loading rate
can be usen to compare the overland flow process with the other
land treatment processes but is not useful in predicting or de-
scribing process performance with the possible exception of high
strength industrial wastewaters.

Smith defined and developed three parameters to describe and
analyze organic material removal in the overland flow process: ap-
plication rate, application period, and application frequency. Ap-
plication rate (m /h-m) refers to the flowrate of wastewater ap-
plied per unit width of slope. Application period (hrs on - hrs
off) is used to specify the consecutive hours of application (wet-
ting) and non-applicalion (drying). Similarly the application pe-
riod (days on - days off) is used to describe days of application
followed by days üf non-application. The application period and
application frequency are convenient parameters tn use in describ-
ing the process operatinq schedule when the unit application pe-
riod (on time pluu off time) is 24 hrs, which is the usual case.
However, for different periods the parameters became cumbersome.

Obviously application rate, period and frequency are more de-
scriptive than hydraulic loading rate. The problem with hydraulic
loading rate is that it is too general. For example, different com-
binations of application rate and period can result in the samp
hydraulic loading rate. It is not reasonable to expect the same pro-
cess performance when 2 cm of wastewater is applied in a few hours
versus over a much longer perind.

In overland flow system, the cover vegetation, usually a
water tolerant forage gratis, is usually harvested periodically and
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can be sold as Feed depending on the quality of the crop. Harvest-
ing is necessary if nitrogen removal by plant uptake is to be
achieved. The frequency of harvesting will depend on site climate
but is usually less than three times per year. The slopes must be
dried priur to harvesting to prevent rutting by the harvesting
equipment. However, the drying period should be as short as possi-
ble to minimize the reduction in biological activity on the slopes.
Proper maintenance of the cover crop is important as weed infes-
tations can greatly reduce or destroy the value of the harvest. The
effects of harvesting practice on process performance are not well-
documented, however, there are some indications that harvesting may
not be necessary to achieve optimum treatment.

POTENTIAL ADVANTAGES AND PROBLEMS

The overland flow process appears to he ideally suited for
use in developing countries with moderate and warm climates when
Sufficient inexpensive and suitable land is available. There ore
many advantages of the overland flow process over other treatment
processes, expecially when a new wastewater treatment plant is
needed, but there are also some potential problems which should be
considered.

One advantage of overland flow is that construction methods
are relatively simple. Overland flnw slopes can be built usinq sim-
ple rood construction or farming equipment and techniques. How-
ever, overland flow wastewater distribution and collection systems
Should be designed and constructed to assure ease of operation and
maintenance, and the overland flow slopes should be constructed
such that short circuiting or channeling of the wastewater is min-
imized. %

The day to day operation of an overland flow system appears
to be find is for the most part quite simple. In theory, the process
could be operated without operators usinq automatic timers and
values. The degree of operator control of the system 13 dependent
on several factors (including the degree of treatment, required, the
relative treatment capacity of the system, and the type of appli-
cation and collection systems used. Nevertheless the process re-
quires less operator control than other treatment systems capable
of meeting the same effluent standards.

Overall the cost of construction, operation and maintenance
of an overland flnw proceas should be approximately equal to the
costs for pond systems with the advantage that overland flow can
produce a higher quality effluent. An example of the low cost of
overland flow is that the only major energy requirement is for
wasteiiater pumping. In addition, overland flow systems can be de-
signed to treat raw domestic and some industrial wastewater with-



out primary settling thereby eliminating the need• fnr üluiliji' han-
dling and disposal.

Finally overland flow has the capacity to remove a wide va-
riety of pollutants, including nitrogen, phosphorus, and toxics
down to low levels. In addition, it can handle shock and toxic
loading without upset or a major drop in process performance.
However, like any biological system, process capacity decreases
with decreasing temperature. Overland flow systems have been oper-
ated with air temperatures below freezing but the pollutant re-
moval rates were substantially reduced.'

A potential problem with overland flow systems using surface
application and receiving either raw domestic or industrial waste-
waters with high BODj and/or suspended solids is the smothering of
the cover veqetotion at the top of the slope, The result may be
odor generation and fly breeding. This problem can be avoided by
using spray application methods but these methods also have dis-
advantages. Generally, they cost more and tend to clog more easily
than surface application methods, and uniform application iu some-
times difficult because of wind drift.

Overland flow is not gaininq wide acceptance in the U.S. This
may be due to several reasons but one big factor may be that it is
often difficult to "add on" an overland flow process to an exist-
ing treatment plant. Often there may not he sufficient suitable
land near the existing plant. Another prnblem with adding on an
overland flow process is that overland flow systems are most ef-
ficient, and cost effective with higher strength wastewaters. For
example research at UCD on nitrogen removal found better nitrogen
removal with screened raw waHtewater than with primary effluent,10

However, most operators and city officials are reluctant to aban-
don an existing process even though it may be unnecessary or detri-
mental with an overland flow system.

ORGANIC MATERIAL REMOVAL - DESIGN PROCEDURES, AND OPERATION

the exact mechanisms or pathways of removal of organic mate-
rial, measured as SS, BOD, COD, TOC or TOD, are not known but it
is likely that the larger particles are removed by settling, and
the suspended particles are removed by filtration. Soluble particle
removal is probably dependent on, and the rate controlled by, bio-
logical conversion in the soil, but it is also possible that trans-
port to, and capture on, the soil may be the controlling factor.
Nevertheless, once organic material is removed from the wastewater,
it is used as substrate for microbial growth in ths soil. Sume
fraction is incorporated into cell material and some is oxidized
to mineral compoundu (e.g. CO?, NHÍ , NO3 , S0¿, ) while the non-
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degradable fraction builds up in the soil. Temperatures near
Freezing reduce the removal rate of the procesé particularly for
soluble organic material.

Removal of organic material by overland flow has heen studied
extensively and the effects of design and operating parameters on
removal of organic material are understood more completely than
they arc for other wastewater constituents. Two rational methods
have been developed for the design of overland flow systems to re-
move organic material. One procedure was developed by Smith from
his research at UCD and the other procedure by Martel et. al from
research at CRREt in New Harosphire.7>e>''

Smith proposes that BO.D5 and TOC removal in overland flow be
modeled using a fixed film reactor analysis. He assumed that the
flux of substrate into the slime layer is egual to reaction rate
and that the reaction rate follows Monod kinetics. Aftez- several
simplifying assumptions, the resulting "design" equation is:

where
Co = organic material concentration at a distance z down-

si ope, qm/m-5

Cz = influent organic material concentration, gm/m

K' = overall rate constant, m/h

z = distance down slope, m

q = application rate per unit width of slope, m /h*m

n = fimpirical constant

Although this equation descrihes very well the removal of sol-
uble organic material in a pilot scale system at UCD, there are
problems in applying the equation directly tD a full-scale system
usinq either screened raw or primary effluent wastewaters. One
problem is that domestic wastewater contains a substantial fraction
of non-soluble material which is removed at a different rate in the
overland flow process than soluble material, resultinq in higher
removal rates over the first several metera of downslope distance.
Another problem is that according to the model, effluent organic
material concentrations should apprnach a value of zero with very
long slope lengths. However, typically effluent values approach a
non-zero background level. The end result is that it is simpler
and more accurate to use a family of curves of the general form:



^ - 5 = A exp (~Kz) (eq. 2)

where
c ; background organic material concentration

A = intersection of the second stage regression line with the
vertical axis

K = second stage rate constant which includes the application
rate factor

Table 1 ie a list of such organic material (BOD5 and TDC) re-
moval equations which were generated from results with the UCD
field-scale experimental system. The recommended design procedure
is:

1. Calculate trie required removal ratio from C-c/Co.

2. Select the maximum value of application rate (q) in the
valid ranqe of the model (0.10 - 0.37 m/h*m) and calculate
the required slope length (z) using equation:; from Table 1,
or alternatively, chooue a slope length based on site con-
ditions and calculate the application rate.

3. Select an application period less than 16 hrs/day. It is
recommended to use 8 hrs/day as a general safety factor.

4. Compute q' for the area calculation by dividing the design
application rate by 1.5.

5. Compute the required total area assuming 7 day/wk appli-
cation frequency using:

Area : ffi/'p) , <ecl- 3>
where ^

Q = daily flow, m /day

z - downslope distance, m "

q' - application rate, m /h'm

p = application period, h/d

It should be noted that, theoretically, the land area re-
quired to treat any given volume decreases as the application rate
increases. The upper limit of design application rate with the
current data hase in 0.37 ra'/h-m but the actual upper limit is not
known. One problem with higher application rates is potentially
greater soil erosion. The choice of application period is somewhat
arbitrary. Smith found no decrease in treatment efficiency with an
application period of 16 hrs/day but a substantial reduction with
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Tnble 1. Summary of Regression Equations for BOO Find TOC Remova^
with UCD Fielil-Snnle Experimental Overland flow Slopes

Applied Mea- Application Reqression Equation* Correlation
Wastewater sured Rate, Coefficient,

Para- ttr/bt'm r

meter

Primary

Effluent

0.10

0.16

0.25

0.37

TOC

0.10

0.16

0.25

0.37

BOD,

Screened
Raw
Wnstewater

0.10

0.16

0.25

0.37

TOC

0.10

0.16

0.25

0.37

0.993

0.999

0.966

0.987

0.995

0.994

0.980

0.982

0.989

0.996

0.979

0.987

0.983

0.991

0.986

0.999

* z in meters
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continuous operation. Application periods between 8 and 12 hrs/day
are recommended to allnw for summer cover crop harvesting.

Smith also Found no significant difference in organic material
removal in the temperature ranqe experienced (water temperatures
between 10 and 28°C) at Davis, California. However, it is expected
that temperatures near freezing will result in lower treatment ef-
ficiency.

Martel et. al. propose using a first order kinetic model, with
wastewater detention time on the slope as the major variable, for
modeling the removal of several pollutants including BOD and ammo-
nia. The general form of the resulting equation is:

% Mass Removal = [l - A exp (-kT)j 100 (eq. 4)

where.
A z empirical constant

k = average kinetic rate constant, min"

T i detention time, min

The detention time, T, can be calculated using the following
theoretical equation:

where 3 1

v : kinematic viscosity, m s"

a = resistance coefficient

g z gravitational constant, 9.81 HIS

L = slope length, rn

S a ÜI up 1' gi'.'iilf, inm

q = applicat ion rate, m /h*m

Using chloride tracer results to obtain a relationship between
n and q rind iiüüiiming ;i value for v, Martel et. al. rcduco cq, 5 to:

T.= _ (eq. fi)
3 g

Although it is possible to estimate detention time with given
Values of application rate, slope length, and slope grade, the use
of eq. 6 in desujn is to calculate application rate to attain a
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desired détention time, furthermore it is necessary to have a pre-
dictive relationship between pollutant removal and detention time.
Martel et. al. related BUD, 55, ammonia, and phosphorus removal to
detention based primarily on their research results at CRIiEX. For
the BOD and ammonia removal results they calculated curves of best
fit:

BOD Mass Removal (S) = [l - 0.52 exp(-0.D3 T)] 100 (eq. 7)

Correlation coefficient, r = 0.92

NH*-N Mass Removal (S) = [l - 0.81 exp(-0.03 Î)] 100 (eq. 8)

Correlation coefficient, r r 0.91

The design procedure proposed by Martel et. al. briefly
stated is:

1. Determine the detention time requested to meet a specified
treatment, level usinq equation 7 or 8, Choose the longer
detention time. It. will he necessary to estimate the run-
off fraction (typically 0.6 to 0.9) from local evapotrans-
piration and percolotion rates for a calculation of %
mass removal,

2. Calculate the application rate, q, using eq. 6 and assuming
values uf S and L based on topography of the potential site.
The application rate should be less than 0.2/S^ to pro-
tect against soil erosion.

3. Calculate the land area required based on the application
rate and the volume of wastewater that must be treated each
day. Martel et. al. recommend winter storage in regions
with cold climates. They also recommend application periods
of 8 to 10 hrs/day when raw wastewater or primary effluent
is applied.

Obviously the design procedures proposed by Smith and Martel
et. al. are quite similar. Resides the differences in the pollutant
removal model used, there are only relatively minor differences in
the procedures. Smith recommends using a high application rate when
possible to minimize land aren and bases pollutant removal on con-
centration rather than mass as recommended by Martel et. o]. Both
procedures are empirical and do not deal with operation in cold
.temperatures other than to recommend storage.

NITROGEN REMOVAL - DESIGN PROCEDURE, AND OPERATION

The sequence of reactions responsible for nitrogen removal in
overland flow is not well defined. On the surface, it might appear
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that nitrogen removal mechanisms in the wastewater are much mare
important than those in the soil. However, it is likely that all
the important nitrogen storage and conversion reactions arc oc-
curring in the soil. Nevertheless, the nitrogen must first be
transported from the flowing wastewater to reaction sites in the
soil. A schematic indication possible relationships between the im-
portant nitrogen removal mechanisms in the wastewater and in the
soil is shown in Figured.

It is obvious from Figure 2 that the mechanisms of nitrogen
removal in overland flow are complicated: Research on the UCD ex-
perimental overland flow facilities was conducted in 1981 and 1982
to identify the main nitrogen removal mechanisms and to establish
guidelines for the design and operation of overland flow systems
to achieve nitrogen removal.10 From the result of that study, it
is hypothesized that the removal of nitrogen in the overland flow
process occurs mainly through the following sequence of mechanisms:

1. Suspended and colloidal organic nitrogen is removed from
the wastewater by sedimentation and filtration. Some of
this organic nitrogen is later ammonified or) the slope.

2. Soluble organic nitrogen is also removed by ammonification
but the rate of removal is mass transport limited.

3. Ammonium in the applied wastewater is largely removed by
ammonium exchange occurring at the soil surface.

4. The exchanged ammonium is nitrified, mainly during the dry-
ing phase of the application period, but also possibly dur-
ing the application phase while aerobic conditions prevail
in the soil. Ammonium exchange sites are thereby replen-
ished.

5. The nitrate which is generated in the soil may be partially
denitrified during the drying phase and during the next ap-
plication phase.

6. During the next application phase, the remaining soil so-
lution nitrate is transported off the slope ih the effluent.

In terms of nitrogen removal performance, the research at UCD
demonstrated that organic nitrogen removal was relatively insensi-
tive to most of the design parameters except slope length while
ammonia removal was dependent un many factors including application
rate, length of drying time, air and water temperature and slope
length. Winter and summer ammonia removal results from the UCD
study are summarized in Table 2. The family of curves presented in
Table 2 are similar to the BOD and TOC removal curves from the pre-

KRUZIC
I
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víous UCD research and can be directly inserted into the design
procedure recommended by Smith. However, it should be noted that
ammonia removal is more sensitive ot application period (actually
drying time) and it is recommended to limit the application period
to 8 hrs/day when using this procedure for nitrogen removal. Fur-
thermore, the winter removal curves are only representative for
mild climates (water temperature > 10°C) and reduced ammonia re-
moval should be expected with colder winter conditions.

SUMMARY

The overland flow process has many advantages that moke it
attractive for use in developing countries. In this paper a de-
scription of the process and discussion of the potential advantages
find problems urn provided. Additionally the current. st.nl.R of the
art in tic:; i ( j" <>' overland flow system;; for urc|;imc run! iMi.il and am-
monia removal is briefly described.
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ACCELERATED COMPOSTI.N'G OF WASTES IN DEVELOPING COUNTRIES

Jean Pierre LEVASSEUR

Technical Department

OTV, 11 Avenue Dubonnet - 92407 COl'RBEVOIE

Until recent years, the problem of household refuse disposal
was not considered in developing countries as one requiring an
immediate solución.

Indeed the development of their industries, agricultura
and public works such as dama,roads airports and potable water
plant had bean given Cop priority.

Following Che population explosion and ever-growing
consumption however, these countries are now faced with tht
problem of waste disposal, especially in big cowns. and an
seeking suitable ways of dealing with it.

Among a number of techniques for the treatment of household
refuse, compost production, i.e. converting it into an organic

soil améliorant is not only an inexpensive solution but one thit
turns a negative product into a farming asset.

Moreover, other organic wastes (sewage sludge, farming
waste) can be added, providing an attractive solution that
combines the disposal of several types of waste at the saœe tiaœ
vith the means of obtaining an end product of excellent quality.

3ecause of the agricultural use of these composts the
processing techniques must automatically supply a sanitized
matured and refined product of an appearance likely to appeal
to future buyers.



OTV has been specializing for twenty years now in the
design and development of composting plant and has acquired
worldwide £acie in this particular field.

CHARACTERISTICS OF REFUSE AND THE APPROPRIATE TREATMENT

Before a composting unit can be designed, the following

data must be carefully studied i

- composition and characteristics of refuse,
- social and economic background snd local sanitary

conditions,
- collecting method,

TABLE 1 - Refuse composition ia different countries

Country

City

Refuse
Convposit.

(% in
weight)

Vegetable
putresci-
ble
Paper
Leather/
Textiles
Plastics
Stones
Glass
Metals
Others

Moisture
content

(%)

TURKEY

Istanbul

60,8

10,1
3,2

3,1
-
0,7
1,4

20,7

45/65

EGYPT

Cairo

52,4

9,2
3,9

2
24,7
1,9
3
2,9

30/40

GHANA

Accra

87,1

5,7
1,2

1,3
1,4
0,7
2,6

50/60

r.THIOPIA

AddisAbaba

8,8

2,1
2

0,8
54,4
0,6
0,9
30,4

INDONESIA

Jakarta

60

2
-

9

2
2
25

PAKISTAN

Lahore

51,1

3,8
11,8

2,5
24,5

2,7
0,8
2,8

50/60

In Europe, the composition of household refuse is in fact very
similar from one country to another. As can be seen from table 1.
this is not the case for developing countries.



The production of refuse per capita depends on the standard
living ; e.g. in the U.S.A. we find 1.4 kg/d per capita

compared with only 0.4 in India.

The composition of the refuse is also dependent on living

standards : '

TABLE 2 - Estimated Average Household Waste Composition
for high, middle and low income Neighbourhoods (Cairo)
March-June 1980 - (Ref.l)

Solid waste component

Vegetable/putrescible

Mixed paper

Mixed glass

Textiles and bone

Ferroui metals and tin cans

Mixed plastics

Non ferrous metals

Inerts, rejets and organic
fines

High

75,00

16,00

3,00

2,00

2,10

0,59

0,21

1,10

Percent weight

Middle

72,00

14,43

2,59

4,50

1,40

0,21

0,16

4,80

Low

27,00

10,00

J.00

1,50

0,00

0,00

0,00

60,50

IOASSEUR



Density also varies. In Europe, the density is about 0.25
as against 0.5 in developing countries. This can be explained
by the much higher proportion (40 to 75 %) of ashes and
inorganic fines, especially in the poorer countries.

As a general rule, refuse in developing countries also
appear to have characteristics rendorins them hardly suitable
for disposal by incineration. The extremely high moisture content
and percentage of ashes substantially reduce the LHV making it
necessary to add sotre kind of makeup fuel.

On the other hand, the composting technique is perfectly
adapted to refuse rich in fermentiscible organic matter. Moreover
the process is a relatively simple one to' implement and operate.
These two points are important in our opinion because it is
preferable to use techniques that do not need qualified personnel
or sophisticated machinery Çhur rfc.íi'.iire /pecial maintenance.

A3 V-1S suggested by the World Health Organisation (ref.2),
by observing ïive simple conditions, the problem of composting
household ra'Vïe can be successfully solved :

- suitability of waste
- point, of utilization of finished produced less than 25 km

distant from composting plant
- a reasonable selling price for potential users
- help of agricultural institutions and notably the

Ministry of Agriculture
- net treatment costs within the means of the local

authorities.

The WHO appears to have checked that these conditions are
met in the majority of developing countries.

Another favorable argument is the fact that rubbish damps,
often uncontrolled anJ badly kept create a big tnvlronnencal
problem :

- obnoxious smells
- pollution of the atmosphère
- pollution of Che water by lixiviation.



PRINCIPLE OF COMPOSTING PROCESS

- Aerobic composting can be schematically described by the
following basic reaction :

(reaction 1) Fermentiscible organic «aste +0, — ^ s t a b l e

organic residue + CO^ + HZO + heat

The types of microorganisms chiefly responsible for creating
this heat are the bacterias,fungi and actynomices and the
successful accomplishment of the whole process depends an the
environment of chis microbial life, i.e.,

• Moisture content

In effect, they can only absorb the nomishment they require
in a dissolved form through their se'jii-imper.-neable oucer cell
layer. For this reason, they roust ¿irtd a humid ambient environ
ment during their metabolism. The optimum moisture is usually
between 50 and 65 Z.

. Aeration

As can be seen from reaction 1, the >.;iological activity can take
place if extra oxygen is nupp.'ied.

Aeration allows the excess heat and CO^ to escape.

ratir> (u/N) .. .

This ratio should be between 25 and 40 befora composting.

- Industrial production of compose can be adviewed in two ways :

• by slow ferrcentation : a technique consisting of stacking
the feedstock in windrows after physical treatment, and turning
it ov»r periodically with a trader, in crder to list ar.o\i¿h air
into che mass to enable th; i impost to develop (time CJ.ken :
3 months).

LE VAS SE UR



. Accelerated fermentation : in this case, the feedstock is
placed in fermentation silos (time taken : 8 to 10 days).
Accelerated fermentation offers the advantage of being simpler
to conduct (product more easily controlled, process more conve-
nient to apply) and provides compost of a very reliable quality.
Moreover, the moisture content and aeration can be kept under
control with greater facility.

Room saving is another attractive feature of the accelerated
process, especially for large capacity installations.

Despite its greater sophistication of principle, accelerated
fermentation is technically simple and. straightforward to operate.

The design of the SILODA process is a perfect illustration
of this Criteria.

THE SILODA PROCESS

In order to obtain a good-looking compost, it is vital to
remove all undesirable material before composting begins (glass,
plastic, metal objects, etc), thus recovering all the fermentis-
cible organic Matter.

Several types of machinery may be used for this purpose and
their utilization on the treatment line will depend on the charac-
teristics of the refuse and on the quality of the end product.

As a rule, the machines used are :

- Grinders - Often located at the head of the line. The
initial grinding stage is intended firstly to give a texture to
the refuse that will be conducive to fermentation and secondly to
reduce it to a granuloraetry to make it suitable for agricultural
use,

There are several kinds of grinders. We prefer the vertically-
mounted raodel (see fig.l) specially designed for the treatment of
household refuse. It has the advantage of being able to eject by .
balistic screening those heavy objects found in refuse that are
undesirable in the compost.

Moreover, the number of hammers and their layout can be easily
changed according to the grain-siîe required by the operator.



FIGURE 1

TOLLEMACHE PULVERISER

Rejects Feed

Discharge



Owing to its operating principle, this grinder consumes very little
energy (5 to 7 kwh/mctric ton. trtited. This is most important factor
when one considers tlio grinder's -¡hart- in the energy b.il.mct' of the
plant.

Fastly, in order to wear the hammers on both sides, the operator
simply reverses the rotating direction of the rotor, instead of
having to turn the hammers round by hand, thus saving considerable
time and labour.

- Screens - The aira of the screening stage is to separate
non compostable scraps such as plastic, rag or non-ferrous metal.
A r r o n ! i nj', r>» tin* i w i l u r i ' o f tin* f i v d u t n c k .nul iln> t ri'.il mi'nt . i l r o . u f v

J M - 1 1 * i i i m ' i l I I h ' ^ i i ' r i M ' t i : t w i l l I n 1 > > l t- 'i 1 I it k I* I t i t - v i It I . I I i u p , o r I lii>

rotating type.

- Specific separation devices

. Ferrous-metal scraps can be removed by magnetic separation, then
baled in a special press for recycling when it is profitable to
do so. . . .

. Heavy inert particles (glass, etc) can be treated by simple
ballistic separation (by blowing air into material coming off a
conveyor belt) or by more sophisticated methods (flat-deck
vibrating screen).

The choice of techniques also depends on the use to which the
compost is to be put by the purchaser. In all cases, this will
include a biological phase, the most important part of the treat-
ment since on it depends the quality of the compost as regards
sanitization and agricultural value.

The SILODA COKPOSTI.NG PROCESS is,illustrated in Fig. 2

Fermentation takes--place in silos which are side by side and
divided by walls, all inside a building. The silos are open at each
end to allow the passage of a paddle wheel, which traverses the
full length of each silo on rails which are mounted on the top of
the dividing walls.

The number of silos can vary according to the volume and
quality of product required. The minimum being 8 silos with a
unit capacity equal to one day's production. The product being
treated is retained for 2 days in each silo. Therefore depending
upon the number of silos, the total fermentation time is between
S and 10 days.



FIGURE 2

SILODA COMPOSTING PROCESS
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Every other day, the product is turned over by the paddle
wheel, the blades of which slice the product from bottom to top
and drop it by gravity into an Archimedean screw, which is housed
in the centre of the paddle wheel. This screw flings the product
into the adjacent silo and in so doing aerates the product and
equalises fermentation.

The wheel is transported from one silo to the next on a
crab. To compost certain waste (e.g. very moist household refuse,
a mixture of sludge and garbage), extra air must be injected.
A series of nozzles are therefore provided in the silo floors,
and the blowing air is supplied from a compressor.
After th» v.jmpost has passed through the silos in what is called
the thermophilic stage, it is matured, screened if necessary and
put into store.

All this installation can be fully automated.

Fig.3 illustrates one example of a composting plant
including the physical and biological treatment stages, with a
final refining treatment stage.

COMPOST QUALITY CONTROL

It is the operator's responsability to see that the product
is of good quality, and so the physical and chemical characteris-
tics of the compost have to be checked. The former are discernable
at sight, but determining the right degree of maturation can be
more difficult.

There is not, in fact, any thoroughly reliable and standard
method for determining the absolute degree of maturity for compost
in general, although there are criteria for judging the evolution
og a given compost. One of these consists in applying the C/N ratio
i.e. Organic Carbon/Kjeldahl nitrogen. The drawback in this method
is that it is both long and costly, since it can only be undertaken
by a specialized laboratory. Moreover, a knowledge of the nature
of the carbonaceous elements is also necessary in order to interpret
the results. The measurements obtained on vegetable matter are of
Course fully reliable, but the process really takes too long. Our
objective was to work out a method sufficiently simple to be
applied by a plant operative, but at the same time to be reproducid
ble and produce reliable results.



FIGURE 3

11

•nmlit

ammmm sarau: O T V OK4S11NG



12

It was with Che collaboration of ENSAIA, Nancy (ref.3) and
INRA, Dijon (Ref.4) that we tested two methods, and compared the
results we obtained with the usual criteria (C/N, age, pH, organic*,
tests on vegetable matter).

The two methods are as follows :

1) Colorimetric analysis

ENSAIA, Nancy, designed a test based on the colorimetric analysis
of the alkaline extract of a compost. This technique enables the
maturity of a compost to be determined according to a nombered
scale. It was observed that this alkaline solution went from
yellow to dark brown as the compost ripened.

On-site testing has shown that s product could be considered as
ripe when the alkaline extract had sufficient optical density.

However, to simplify the method, we developed a colour range
representing the compost at different stages of maturity to serve
as reference. In this way, all the operator has to do is to
tompart! liis sample with tlio reference culour chart,

2) Respirometric analysis

INRA, Dijon, found that accidents to crops (inhibition of the
nitrogen, renewal of the fermentation process, etc) were attri-
butable to the presence of carbonaceous products that are
easily biodegradable.

The method consists of measuring the respiration of a compost
sample for 3 days, in a confined area, by partly reducing the
oxygen pressure and trapping the resulting carbon dioxyde with
an alkaline substance.

The pressure measured after 3 days will give the consumption of
oxygen. If this is sufficiently low, the compost is ready for
risk-free agricultural use.

The operator can use these two quite simple and inexpensive
methods to check the quality of the compost product.
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Reference plants equipped with SILODA accelerated fermentation
unit :

We have chosen for one description facilities using all the
equipment previously described,

-The EKVERMEU (France) plant

This plant, designed to treat 80 tonnes per day of household
refuse, comprises mainly :

- One physical treatment unit containing :

. a vertical pulveriser type ToUemache 42 F

. a magnetic separator

. a vibrating screen .

. a glass extraction unit

- One biological treatment comprising the accelerated fermen-
tation SILODA process, followed by maturation in the open
air

- One compost refining unit : it has been installed with a
device to improve the physical quality of the product in
consideration of the exact use to which the compost is to
be put. This unit consists of a secondary grinder and a
6 mm mesh screen with which a very fine compost is obtained
free of all impure matter.

-The MOSUL. (Iraq) plant

The process is particularly well suited to the type of refuse
occuring in the Middle East.

It has been successfully used for several years in Syria, Lebanon
and Saudi Arabia.

The plant commissioned in MOSUL is designed to trsat 300 tonnes/day
of household refuse.

LEVASSEUR



14

The treatment line consists of :

- 2 vertical shaft pulverisers type Tollemache 58 A
- 1 magnetic separator
- 2 perforated plate screens, mesh size 50 mm
- 1 SILODA biological treatment unit
- extra fine screening with a 15 ram mesh size
- a glass removal unit.

After refining, the compost is stored in the curing area.

Following a sustained marketing and information corapaign, notably
on the part of the local utilities department, the compost is nov
a product in great demand.

THE UTILIZATION OF COMPOST IN AGRICULTURE

A - Advantages of compost in agriculture

The organic matter contained in compost affects the soil in
four different ways ; •

, physical properties of soil :

- it increases the degree of permeability and reduces
cohesiveness

- increases water retaining capacity
- improves structural stability. This last factor facili-

tates the work of farm implements because the soil is
made more flexible and is subject to less damage due to
the repeated passage of heavy machinery.

- the soil warms more quickly in Spring.

properties of soil :

compost brings extra mineral substances, that are
conserved by the soil or, in some cases, turned into
solution form (P2°5'

 K?'-)> t r ace elements)
it has a regulating effect on mineral input, particularly
nitrogenous compounds.
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Biological properties of soil :

- it affects Che development of fauna and microflora
- renders plant life less vulnerable to attack by parasites.

Crop yields :

Compost, if adequately cured and used in normal proportions,
has invariably procured higher yields, wherever it has been
tested.

S - Examples of compost applications

In developing countries, compost may be mainly used in large
scale cropping.

Intensive cropping demands a soil with large reserves of
humus and offers a potential market for compost which is
usually lightly turned in during Spring or Autumn.

- Wheat

In a 3 years crop rotation including one year fallow, then
beets or potatoes followed by wheat, the Wagnouville School
of Agriculture compost was ploughed into the soil before
root crops (Ref.5).

The yields obtained following the above test are shown in
the following table.

LEVASSEUR
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Type of treatment

Urban compost 20

Refarence

Manure 20 t/ha +

Manure 20 t/ha

t/ha + P.K.

N.P.K.

Urban compost N.P.K.

Urban compost 20 t/ha + N.P.K.

Wheat yield (15 % water)
Qx /ha

(average of 4 repeated parts)

42,9

44,3

45,2

46,3

46,4

50,3

Differences are quite meaningful.

Maize (Indian corn)

Successful trials were made by P. Husson on two types of soil

Alluvion soil
Kind of
manure

Yields
in Qx/hi

Compost
45 t/ha

76,9

Reference mine-
ral fertilizer

74,7

Acid smdv soil
Compost
40 t/ha

38,8

C'jmpost
20 t/ha

36,2

Reference mine-
ral fertilizer

29



CONCLUSIONS

The aerobic fermentación of household refuse takes place in
the best of conditions providing a minimum of care i$ taken :

- the product must have the optimum moisture content, if necessary
by adding water, or even sewage sludge which is a way of dispo-
sing of the latter while enriching the compost with extra
organic matter and fertilizing substances.

- the whole volume must undergo the thermophilic stage of fermen-
tation in order to make the product sanitary.

This fermentation process is substantially improved by an
efficacious mechanical treatment.

Another essential factor is the appearance of the compost
that may be a condition of sale. Hence the ultimate refining
process is very important.

In order to treat household refuse in such a way as to turn
it into high-grade compost, it is important to use suitably
designed and easily operated equipment. Techniques exist that,
when correctly implemented, give an attractive and chemically
adequate product that sells readily and renders a real service
to agriculture.
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NUTRIENT ACCUMULATION AND RELEASE ON INTERTIDAL

FLATS IN THE VICINITY OF SEWAGE DISCHARGES*

Peter Literathy and Sami Nima Mohammad

Environmental Sciences Department
Kuwait Institute for Scientific Research

P. 0. Box 24885, Safat, Kuwait.

INTRODUCTION

Pollutants (substances that can be directly toxic to humans or
to the biota at a certain level in the environment) and nutrients
(substances that may increase the primary production» i.e.
euthrophicat ion, and those that", can indirectly affect, the wafer
quality, part.icularly by lowering the oxygen content) occur in the
aqueous phase of Che water column and in the interstitial water
as well as in suspended and sedimentary solid phases. The con-
centrations depend on natural processes and anthropogenic effects»
including the geochetnical environment, water and sediment character-
istics and wastewater discharges.

A high proportion of rhe most important pollutants, e.g.,
heavy metals, and nutrients, particularly phosphate, are bound to
the solid phase. This is primarily valid for natural waters,
but the dissolved form of these compounds can reach high concen-
trations in wastewater discharges. After mixing the wastewater
with (lie recipient: water, both physical and chemical processes
affect: the distribution between dissolved and solid components.
Processes include precipitation, dissolution, adsorption and
desorption, A number of different interactions such as erosion,
sedimentation, mixing, take place between water and sediment.
Biological reactions occur in both the sediment and the water.

Although the sediment can be characterized as a "sink" for a
number of pollutants and nutrients in the aquatic ecosystem, it
should be remembered that exchange can occur in both directions at

* Publication No. KISR1381, Kuwait Institute for Scientific Research,
Kuwait.



the sediment.-water interface. This exchange depends on the character
of the sediment and the interstitial and overlying water and is
controlled by the equilibrium, which is dynamic in nature and varies
from one ecosystem to another.

After deposition of the suspended sediments, their chemical
environment, can drastically change, i.e. from an oxidizing to a
reducting environment, which means a possible remobilization of
different compounds. The possible benefical and detrimental impact
of sediments have been studied from different viewpoints, primarily
due to their binding and release mechanisms.

The particulate nutrients, especially phosphorus, can be
partitioned into different, forms likely to exist in the sediments.
In recent years, attention has been given to speciation in various
studies since, depending on the environmental conditions, different,
forms will be altered to release phosphate into solution and make
it available to aquatic organisms.

The most frequent forms of phosphorus in the particulate matter
are the following:

nucleic acids and phospholipids in organic matter;

occluded in iron and manganese oxides, which commonly
occur in the coating of larger particles;

- bound to carbonates;

adsorbed--with electrostatic or specific adsorption—
onto small particles, such as clay minerals and
organic colloids in the form of H^PO,;

in specific minerals such as calcium phosphate (apatite).

Determination of the bioavailable fraction of the various
phosphorus forms has been the challenging objectives of several
studies.

In this study, we used the results of the early stages of multi-
stage carbon dioxide leaching experiments for characterization of
phosphate release from marine sediments. It has been found that
this technique closely simulates natural conditions of phosphate
release from the inorganic solid phase as a result, of carbon
dioxide production during bacterial decomposition of the organic
matter.

RATIONALE

Phosphorus is naturally present, (mainly in the solid phase) in
the aquatic environment, but both solid and dissolved forms can



originate from anthropogenic sources. Aston and Hewitt (1977)
studied the dispersion of dissolved and particulate phosphorus from
sewage discharge into a tidalbny, with particular reteruiu-e to
phosphorus distribution in intertidal sediments» The effluent outfalls
were important sources of particulate phosphorus.

Particulate phosphorus can settle directly, but the dissolved
form is either adsorbed onto fine particulates or precipitates-
coprecipitates with iron and manganese hydroxide or with calcium
carbonate. Nevertheless, it finally also accumulates in the bottom
sediment.

The part of the bottom sediment with the most influence on water
quality is that which is reactive. This includes the particulate
organic matter from natural and anthropogenic origins, carbonates
such as calcium-carbonate, which is present naturally but can also
precipitate (Wiedemann, 1969) as a result of evaporation in the tidal
flats and or of photosynthesis (biogenic lime precipitation), and
others. The identification and characterization of these materials
is very difficult. The effect of various environmental changes on
the different phosphorus forms is summarized in Table 1.

A major source of phosphates in the water is organic matter
during biodégradation. Under aerobic conditions oxygen is provided
by the dissolved oxygen; while under anaerobic conditions by nitrate
and sulfate. During the decomposition of organic matter, carbon
dioxide, which will lower the pH and may dissolve metal hydroxides
and carbonates (Andersen, 1975), is produced. •

Bacterial mineralisation of the organic matter in the sediment
is much more intensive than in the water (Vosjan and Olanczuk-
Neyman, 1977). During this process, organic matter is transformed
into inorganic compound, e.g. the organic carbon is transformed into
carbon dioxide.

Sediment shows a high rate of phosphorus release when the ferric
hydroxide coating binding the sediment particles together is reduced
and dissolved to ferrous ion (Mortimer, 1941; Banoub, 1977), This
reduction can only occur when the amount of oxygen and nitrate (as
source of oxygen) is less than required for decomposition of the
organic matter. Anaerobic versus aerobic conditions paly an
important role in the phosphate release and uptake processes (Lee
et al., 1977).

Several experimental procedures have been proposed Lo determine
chemical speciation of phosphorus in the solid phase. Most can be
considered as sample pretreatment used to extract or to solubilize
the fraction of phosphorus corresponding to one speciation.

LiTERATHY



Table 1. Fate of Phosphorus in Different Participate Phases
When Submitted to Environmental Changes.

Environ- Particu- Fe & Mn Carbon- Electro- Specific
mental late Oxides ate static Minerals
Changes Organic Specific

Matter Adsorption

Bacterial
dégradât, i on

Oxidizing
conditions

Reducing
conditions

pH variation

Transfer to
saline water

Intestinal
tract of
organisms
after
ingestion

+/-•

0

0 = no marked change; - = release from solid to dissolved
phase; + = gain from dissolved to solid phase.

Golterman (1977) suggested that nitrilotriaceticacid (NTA)
extract <"ib 1 c-P for characterizing bioavailable phosphorus, be used.

Phosphate can be selectively fractionated using ammonium chloride,
sodium hydroxide and hydrochloric acid for the extraction of loosely
bound and calcium carbonate adsorbed phosphates, iron ;>nd aluminium



bound phosphates,1 and calcium bound phosphates, respectively
(Hieltjes and Lijklema, 1980).

The phosphate "buffering" by sediment adsorption/desorption
may be an important control in different waters. It has been
demonstrated (Pomeroy et al., 1965; Butler and Tibbitts, 1972) that
an equilibrium concentration of phsophate in estuarine waters was
in the range of 22-46 üg P.I during experiments to measure the
release of phosphate from sediments, Oloya and Logan (1980) also
showed that phosphate adsorbed onto particulate matter will be
released when mixed with water, providing the available phosphorus
for algae from the adsorbed form.

Phosphate adsorption on particulate matter (Burns and Salomon,
1969) increases with increasing temperature and decreases with
increasing pH. At a fixed temperature and pH, the adsorption was
found to be depressed by increasing salinity. Adsorption is
favoured by the presence of H»PO rather than HPO. ions, which
dominate the phosphate dissociation at higher pH CKester and
Pytkowicz, 1967).

McCallister and Logan (1980) demonstrated that the results of
laboratory experiments on adsorption-desorption studies should be
critically evaluated because, depending on local conditions,
Chemical extraction methods with chemicals that are unexpected under
natural conditions, e.g. HC1, may extract more phosphorus and probably
other forms than those available or potentially available for photo-
synthesis under environmental changes.

In recent years, a broad range of research has dealt with the
identification of bioavailable phosphorus forms (Lee et al., 1980).
It has been demonstrated that an immediately available form is
dissolved inorganic-]', and partially, dissolved organir.-P; all
labile forms (e.g., adsorbed, exchangeable, easily dissolved and
hydrolized) are potentially available in particulate matter, but
unknown percentage of relatively stable primary and secondary minerals
with iron, caLcium, aluminium inorganic-P, as well as of the relatively
stable humus compounds such as inositols are potentially available.

The results of this study demonstrated the importance of calicum
carbonate hounded phosphorus and the characterization of that fraction
with carbon dioxide extraction.

MATERIALS AND METHODS

Study Area and Sampling

Off-shore and intertidal areas in the territorial waters of Kuwait

L1TERATHY



have been studied; the results of three case studies are presented in
this paper. The sampling sites are shown in Fig. 1.

During these case studies, seawater, tidal creek, interstitial
water and sediment samples were taken by the following techniques:

Seawater and tidal creek samples were taken directly into
amber glass bottles and stored in an ice box until analysis.

Interstitial water samples were taken with a probe
• lowered to the desired sadiment depth (10 cm).

The interstitial water was drawn through the glass
fibre filter covered sampling port by a vacuum
generated in the sampler, which also included the sample
bottle. The whole system had been flushed with nitrogen
before sampling to prevent changes in composition of those
dissolved species .present in anaerobic solution and
sensitive to oxygen, e.g., ferrous ion.

Sediment samples were taken either by a Van Veen grab at
the off-shore stations or by a plexiglass gravity corer
at the intertidal flat stations. The top 0-2 cm sediment
layer was subsampled from the grab sampler. Intervals of
5 cm were extruded from the core sampler.

Sample Preparation

Water samples were analyzed either immediately after sampling,
e.g., phosphate, or within six hours in the laboratory without
special preparation, but stored in an ice box or refrigerator.

Off-shore sediment samples were wet sieved through a 230 mesh
(63 \im) nylon sieve to obtain the clay-silt fraction. The intertidal
sediments were used in total because the percentage of the clay-silt
fraction (1-5%) was very low. Each sediment sample was quickly rinsed
with a small volume of distilled water adjusted to pH 8.3 for flushing
out the traces of pore water.

All sediment samples were freeze dried in a Virtis Co. freeze-
mobile II, Model 10-MR-Tr hypholizer and were carefully homogenized
without breaking the original particles into smaller ones.

Sediment Treatment with Carbon Dioxide

An all-glass Millipore membrane filtration apparatus with a
250 ml funnel was connected to a Multiplex peristaltic pump. This
pump provided pressure in forward and vacuum • '-ackward operation in
the filtration flask. The pump's tubing was ¿r ^cd to a reaction
flask used to introduce carbon dioxide (evolve lotassium bic¿ir-
bonate with sulfuric acid) into the air flow, v, ¡ssed through
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Fig. 1. Study area and sampling sites (A-C and 1-4).



the filtración apparatus during thé forward operation of the pump.

A total of 200 ml of aeawater with the pH adjusted to 8.3 that
was filtered through a membrane was poured into the Millipore funnel.
Continuous aeration was maintained with the pump. Then 2 g of the
sediment sample was suspended in the seawater and aerated without
carbon dioxide feeding. After 15 minutes, the pump was switched to
backward operation, so the seawater filtered intti the flask and was
later analyzed for selected characteristics. A new 200 ml portion
of seawater was added to the funnel, and the sediment was resuspended
and aerated for another 15 minutes. The. same procedure was repeated
until the orthophosphate concentration of the filtrate reached a
low value at most 1/10 of the first fraction. The amount of
orthophosphate released during this treatment was considered the
labile phosphorus, mainly the adsorbed phosphates. Usually, the
second 200 ml of seawater removed all i:he labile P from the sediment.

The treatment of the sediment with 200 ml seawater portions
was repeated several times. During these treatments, carbon dioxide
(approximately 1. mg CO^-C per minute was continuously introduced
into the air flow. The filtrate fractions were analyzed separately.
After collection of 4-6 fractiun, the sediment was washed with 200
ml of 0.1N HCl and the filtrate was analyzed for total carbonates
and related compounds.

Details of the apparatus and the treatment procedure are given
in Literathy and Mohammad, (1984).

Chemical Analysis

Orthosphosphate ions in the original and treated seawater samples
were determined by the standard reduced molybdate complex method.
Ammonia was determined by the indophenole-blue method, and the
nitrite and nitrate after reduction to nitrite on the cadmium column
was determined by the sul fan¡lie acid-naphtilamine technique.
Sulfide was analyzed colorimctrically in the form of roethylene-blue.

Total alkalinity was determined by titration with 0.02 N
hydrochloric acid to the equivalence pH of 4.5 for carbonic acid.
The hydrocarbonate equivalent was calculated from the alkalinity.
The calcium and magnesium were determined by titration with IÍDTA
using Murexide and Eriochrome-Black-T end point indicators. The
total carbonate content of the sediment was measured by dissolution
in excess 0.1N HCl and back titration in sodium hydroxide.

The total organic carbon (TOC) in the sediment was determined
by wet oxidation with dichromate and by absorption of the carbon
dioxide uxidation product in barium hydroxide (Literathy and Al-
Ghadban, 1982).



RESULTS AND DISCUSSION

Case Study 1

The migration of the interstitial (pore) water influences
development of the anaerobic zone in the sediment. The importance
of bolh the upward and downward migration of the interstitial water
on the kinetics of phosphorus release from the scdiment-s has been
shown by Kamp-Nielsen (1974), The effect on biochemical and
chemical reactions between sediment and interstitial water should
be emphasized. This is especially important in intertid.il flats,
where pore water migration is controlled by tidal flashing (see
Fig. 2). Depending on the slope of infiltration of the fresh,

HIGH WATER

^ 11 " -
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"'a

C

—ar-—

ZONE

ZONE

LOW WATER

^Z .
— ' ' ' •*-* •*• ' ' i • i i • ,

A

— _

B

Fig. 2. Migration of the water during high tide, seawater
infiltration into the sediment pores (A), and during
low tide, pore water seepage into the seawater (B).
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Fig. 3, Nuttients in seawater, interstitial water and tidal
creeks during falling tide.

aerobic seawater and of seepage of the pore water will be different.
The higher the slope the higher the level of seawater-pore water
migration and deeper the position of the anaerobic zone.

For characterization of the seawater, pore water (seepage, tidal
creek) and interstitial water composition for nutrients and sulfide,
samples were taken in the A-B-C transect on an intertidal flat
relatively far from sewage discharges. As shown in Fig. 3, inter-
stitial water samples were collected during high tide and low tide,
and two tidal creek samples during falling tide. One seawater sample
was taken for comparison. The results of analysis (Fig.3) indicate
the following:

the composition of interstitial water near the high water
mark at 10 cm depth is almost identical to chat of the
seawater.



the composition of the tidal creeks in the intertidal
zone indicates the efCcct of pore water migration from
the deeper layer, represented by an increasing concen-
tration of each nutrient under aerobic conditions.

! . .
the interstitial water composition near the low water mark
is very different. It shows high anaerobicity, indicated
by zero nitrite and nitrate, by high ammonia and sulfide,
and by the high release of orLhosphosphate,

Migration of the interstitial water near the low tide zone is
limited to nearly diffusion. The highly exchangeable pore water
layer is located closer to the high tide zone and, because of the
aerobic condition and the relatively lower rate orthophosphate release,
the photosynthesis is phosphorus limited and does not create the same
problem as in the vicinity óf the sewage outfalls.

Case'Study 2. • .

Eliminating the direct impact of phosphorus loads from anthro-
pogenic origins, the immediately bioavailable orthophosphate-P is
liberaLed during the mineralization of the organic matter, the
desorption of the labile-F and as a result of dissolution of
materials (such as calcium carbonate) coprecipitated with phosphate.
In nature, carbon dioxide dissolves calcium carbonate and the
dissolution intensity depends on the amount of carbon dioxide present.

As mentioned, the various chemical extraction techniques are
usually far from natural processes and the carbon dioxide extraction,
especially if it is characterized by a multistage technique, can
more closely simulate natural conditions.

As long as calcium carbonate is present, especially in the
sediment, it acts as a buffer against changes in pH. If carbon dioxide
is produced during the decomposition of the organic matter, it will
begin to dissolve the calcium carbonate. Usually a negative
correlation exists between the calcium carbonate and organic carbon
content of the sediment (Olausson, 1980).

During dissolution of the calcium carbonate, orthophosphate is
also liberated proportionally to the calcium carbonate/orthophiispliate
ratio present in the surface of the calcium carbonate or calcium
carbonate coated particles.

Under natural conditions, the release of orthophosphate has a
nearly linear correlation with the amount of calcium carbonate
dissolved. This is demonstrated in Fig. 4, which shows the multi-
stage carbon dioxide treatment results on off-shore sediment. The

LiTERATHY
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Fig. 4. Relation between phosphate release and calcium carbonate
dissolution during the carbon dioxide treatment tif off-
shore bottom sediments (see Fig. 1).

samples wore collected at the A-B-C transect points in the territorial
waters of Kuwait (see Fig. 1).

The end of the curves represents the total amount uC carbonate-
carbon in the sample and the relevant amount of orthophosphate
bounded to the carbonates.

It can be seen that the release rate of the phosphate is
slightly higher at the very beginning, showing that the surface of
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the calcium carbonate is richer in phosphate Chan the deeper layer.

Taking into account that dissolution and precipitation of the
calcium carbonate is in dynamic equilibrium in nature, the character-
ization of phosphate release from the sediment by an infinite amount
of carbon dioxide is significant for environmental quality assessment.

Case Study 3

The main objective of this study was to characterize the
accumulation and release of phosphorus in intertidal flats in the
vicinity of sewage outfalls.

It is a common phenomenon during February and March each year
that the arta surrounding the emergency sewage discharges become
green. It is also notable that the area to the north or northwest
from the discharge, along Kuwait City's shoreline has more intensive
productivity. The only explanation for this is in the direction of
the tidal current, which is predominantly north-south in the Gulf
and west-east in Kuwait Bay. Rising tide makes a north-west movement
and falling tide? a Kouth~east movement.

The vicinity of the emergency sewage outfall close of Kuwait
Towers was selected for this case study. It is clear from Fig. 1
that the wastewater moves into the intertidal flat, during a rising
tide partly settling there and partly infiltrating into the sediment.
This circumstance is favourable for the accumulation of particulate
organic matter and phosphate in the intertidal sediment. During a
falling tide, when the direction of the water movement is into Lhe
open sea, the wastewater is practically removed from the inttirtid.il
flat and mixed with the seawater.

Sediment core samples were collected at four locations (two
north and two south of the discharge) on the interLidal flat during
early February, when production started. The sampling sites,
Stations I through 4, are shown in Fig. 1.

Samples of the top sediment core taken at 5 cm intervals were
analyzed for several characteristics. Special attention was payed
to the carbonate content and carbonate bounded phosphate. During the
multistage carbon dioxide treatment, analysis of the lcachate showed
that the carbonate is practically 100/Ï calcium carbonate, and its
percentage significantly increases in the sediment with depth (see
Table 2),

Table 2 also demonstrates the amount of carbonate bounded
phosphate as well as the labile-P that can be easily released into
the water. The results assume the higher accumulation rute of
phosphate in the upper layer of the sediment. This is clearly

LITE RATHY
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Table 2. Concentration of Calcium Carbonate, Calcium Carbonate
Bounded Phosphate and Labile Phosphorus in Sediment
Cores (Sampling Sites in Fig. 1).

Depth Station 1

CaCO3

0-5 cm
5-10 cm
10-15 cm

CaCO- Bounded Phosphate (ug P/g)

18.
26.
20.

5
2
9

21.
26.

3
0

18
23

. 2

. 4
-

16.
18.
26 .

2
2
4

0-5 cm
5-10 cm
1:>15 cm

49
45
30

. 0

.6

.0

45
33

.0

.4
-

46
27

. 2

.0
_

39 .
32 .
35 .

8
4
4

Bounded -P (ug) /CaCO^C (mg)

0-5 cm
5-10 cm
10-15 cm

Labile Phosphorus (ujj

0-5 cm
5-10 cm
10-15 cm

2
1
1

.17

.45

.19

1
1

.78

.07
_

2
0

.09

.96
_

2
1
1

.05

.48

. 12

3
5
1

.0

.0

.6

1 .8
0

-

3
1

.1

. 7
-

0.

0.

8
0
6

demonstrated by the ratio between the carbonate bounded-P and the
carbonate-C. Decrease in the labile-P concentration with depth can
also be recognized. The TOC values are randomly distributed between
0.8 and 2.0% in the different samples, showing insignifiiantly higher
values at Stations 1 and 2.

Fig. 5 shows the results of phosphate release during the multi-
stage extration with an infinite amount of carbon dioxide. It is
clearly demonstrated that more phosphate is released in the sediments
from Stations 1 and 2 than from Stations 3 and 4 if only 1-2 mg of
CaC0,-C is dissolved with carbon dioxide.
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Fig. 5. Phosphate release during calcium carbonate dissolution
of the sediraenc core samples collected around the
sewage outfall on the intereidal flat (see Fig. 1).
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CONCLUSIONS . ' • •

The multistage carbon dioxide treatment technique for studying
potentially available phosphate release from sediments was found
to be a good practical approach for bvttom sediments,

Interiidül flats are particularly sensitive areas for nutrient
accumulation and release according to seasonal cycles. During
the planning and construction of wastewater outfalls on intertidal
flats, circumstances such as slope and wideness of the intertidal
flat, direction of the tidal current, .md mixing conditions should
be carefully studied and considered.
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POULTRY WASTEWÁTER TREATMENT IN SUDAN
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BACKGROUND

Poultry processing is drawing more interest in Sudan for
many reasons such as amelioration in living standards, prosperity,
relatively easy profit and revalue from this sort of investment,
increased prices of meat together with relevant .enviromentol,
socioeconomical and cultural factors and local impacts. There-
fore, old poultry processing c entres are expanding and new sectors
are emanating to existance. The net result i¡í an augmentation
in waste generated creatiis problems with their handling, treat™
ment rind final disposal. Vhis aggravated inconveniences such
as occursnee of obnoxious oûours, fly nuisance especially the
coalman fly*, breeding places for mosquitoes, accumulation of &*rge
volumes of wastes annualy :«.<d presence of unwanted, Harmful wild
life in tne vicinity of the poultry farm as for example the case
in the Üudanese-Kwati poulvry farm in Khartoum. In that farm there
is a large number of wild -jirds pecking and feeding on thf
accumulated a.anure and aiiiir. j -.a spreading it in the neighbourhood.
The problem of manure is being aggravated by the absence of farm
animal and usage of more potent fertilizers than poultry wastes

SOURCE OF POULTRY WASTE ANE COMPOSITION

According to Salvato the major source of poultry waste
results from battery and feeding rooms, this is followed by wastes
from killing, scalding and picking operations.



The liquid waste from washing down a poultry house has been
reported by Scott and Sraith3 to be high in nitrogen, phosphate and
potassium, compared with other live stock wastes. They stated
that about 8 hens produce the same BOD per day as one human.
Johnson and Mountney4 indicated that the poultry manure is moist and
contains nutrients and organic matter and higher fatty acids
( butyric, valeric, capronic, and caprylic ) .

The wastewater generated from poultry processing plants is
highly versatile in its composition and characteristics. Mead,
et.alS stated that the BOD and suspended solids <SS) are high during
the processing day, while the BOD, SS, grease and flow rate vary
considerably throughout the nightly wash down period. During
weekends and holidays, wastewater flow may be nill. Furthermore, the
type, kind and quality of bird being killed has a notable substantial
influence on the characteristics of the wastewater produced.

TREATMENT OP POULTRY WASTE

Treatment of poultry wastewater necessitates incorporation of:-
a) holding tanks to cater for peak flow and they may demand
aeration to avoid septic conditions.

b) prs'treatment including screens (depending on the type and
capacity of the plant) and grease or fat traps to prevent
any detrimental effect such materials can supervene on the
operation and performance of the treatment plant.

The treatment and disposal processes may include trickling
filters, activated sludge, extended aeration, waste stabilization
ponds, lagooning, oxidation ditches, DAP, ridge and .furrow, incin-
eration, dehydration, composting, spray irrigation.,«tc. The
choice of appropriate units for a particular poultry farm depends on
the amount and character of waste generated, climotological conditions,
socio-economical factors, enviromental conditions and impact and
technical factors associated with the process.

The activated sludge process needs careful handling, supervision
and precautions against skock loads together with proper
maintenance. Chemical precipitation process is expensive and also
demands intelligent supervision. Composting offers a possible way
for manure stabilization if the material could be handled effici-
ently and kept aerobic for aerobic bacterial growth and activity.

Chemical coagulation and dissolved air flotation (DAF)
treatment were applied to poultry processing wastewater plants.



Orieves, et.al7 stated that DAF foam separation is a promising
technique for the removal and concentration of colloid-size
particles. The method have been shown to be efficacious by
Shannon and Buisson^, and the cost of installing and operating a
DAP unit has been estimated to be similar to that of conventional
sedimentation units of the same capacity^. The tremendously
large surface area presented by the emerging small air bubbles
provides the possibility of extremely efficient collection of
dissolved and suspended solids. However, the flotation process
alone has been shown by Woodard, et.al^ to be Incapable of
producing a satisfactory effluent, SS removals of 40-50 * were
reported by Gray10. Consideration of the characteristics and
nature of solids remaining in the effluent from plain flotation,
i.e. suspended proLeinaceous matter and blood cells, both of
which carry a surface charge, suggested that chemical coagulation
in connection with DAF could produce the required results.
Gray reported SS removals of 90't with chemicals. Also an
optimal removal of excess of 90% of SS in the effluent was
reported by Levy, et.al.H on application of DAF process.
Woodard et. alJ by using this method, obtained BOD removals

in excess of S5%, and SS removals grçater than 98», while the
under flow from the flotation unit was of excellent clarity
with no visible grease or blood and very little turbidity.
However, this does not agree with Gray's findings.

The advantages offered by the DAF method include:-
1. stability of process efficiency even with large
liquid loading rates and influent SS concentration.

2. rather thick sludges are being removed from the
unit12.

This process was being applied at the Sudanese-Kwati
poultry processing centre at Khartoum, but the unit
performance was neither satisfactory nor beneficiai, and
after a short period of operation it stopped completely for
a number of reasons such as :-

1. sophistjcation of the plant.
2. lack of tbe appropriate personnel capable of operating

and maiptaing the unit.
3. lack of needed spare parts.
4. power failure for rather long periods of time.
5. unstability of wastes introduced to it.
6. chemicals needed are not always found, besides the

needed requirements and conditions,e.g. dose, pH,,
etc, are not adhered to,

7. lack of proper supervision and method of know-how.
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3. method òf effluent disposal from the plant is inadequate.

The result is that the unit is now acting simply as a bypass

and wastes are finding their way, somehow, to the depressions

in the near vicinity of the poultry centre.

Waste stabilization ponds (WSP) upon proper maintenance and
regular supervision would prove a useful means for treatment of
poultry waste. The system is a rudimentary and a simple version
of biological wastewater purification. It is a low cost technique,
likewise operation and maintenance costs are low with perhaps
only one person being required to look after a small site.
It stipulates less energy, highly skilled operators are not .
essential and effluent can cope with required standards. Being
of simple construction with no mechanical or electrical equipment
WSP:s are cheap to install, easy to maintain provided land costs
are plausible. Poor design and construction and maintenance
may end up in :-

a. excessive seepage through the bottom which may
contaminate groundwater.

b. eroded embankments.
c. too much water weed growth.
a. breeding places for mosquitos and flies with an

associated potential health hazard.
e. silting and blockage of inlet and other problems.

When deciding to use WSP for treatment of poultry waste primary
treatment is needed. It consists of screens and grease or
fat trap as unemulsifled oils can be a special nuisance since
they spread over pond surface obstructing the passage of solar
radiation and stopping surface adsorption of atmospheric oxygen1J.

Sufficient nuitrients are indispensable to satisfy the high
demand carbonaceous BOD to have proper plant performance and
efficiency and to avoid troubles that may materialize.
Domestic sewage may be added to alleviate the problem or perhaps
commercial ammonia and phosphoric acid may be uKedl4,15 although
the latter one implies more cor.ts.

The high degree of purification that could be attained by
WSP's in warm and sunny climates, such as in Sudan, makes it
possible to use the generated effluents for crop irrigation.

WSP1s may not meet effluent standards for SS because of the
presence of high concentrations of algal blooms, but for BOD and
bacteria reduction Gloynal5 stated that ponds have little



competition. BOD removals of 90* land above are achieved in ponds
While for bacterial reduction they are more efficient than the
conventional treatment plants (99.5% removal is possible).
Viruses also were claimed by Ahmed16 to die off in maturation ponds
along with bacteria because the enviroment is hostile and
unfavourable.

Taiganides1 proposed digestion for poultry wastes to utilize
methane gas as a power source and to have an end product that is
more profitable and desirable than the raw manure as a fertilizer,
followed with a lagoon. Also usable gas production by digestion
has been suggested by Johnson and Mounteny . Merits to be gained
from anaerobic digestion of the poultry waste include:-

1. waste stabilization and reduction of the organic content.
2. less pollutional and contamination problems.
3. usage of the end product as a fertilizer.
4. sludge concentration.
5. commercial usage of gas produced.
6. reduction of rodents, mosquitos and flies problem.

Like any other process, digestion, has limitations such as
high initial capital costs incurred, careful supervision of the
feeding of the digestor desiderated and care needed to avoid
problems such as explosions.

In case of scarcity of water, conservation through renovation
and reuse could provide an economical and logical solution
in a poultry processing plant. Charles^ concluded that waste
material can be safely and profitably recycled by feeding without
hazard to animal or human health, but this may be questionable.
Mead, et.alS found that some microorganisms such as
Pseudoraonas, arc; considerably moro resistant to chlorination
than E.coli and they recommended a dosage of 5-20 mg/1 of
available chioilne in the water used for poultry processing.
Saad, et.aliS fovcid that renovation of reused water by filtration-
chlorination may effectively reduce water consumption needed
for the washing and chiiling process to approximately one-
third of the ordinary leveis without affecting the bacterial
and chemical quantities of the freshly consumed carcasses.
However, they reported that application of chlorination may
accelerate tho rate cf free fatty acid release, as chlorine
may enhance the breakdown of triglycéride into glycerol and
free fa* ty acids.
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RECOMMONDATIONS AND CONCLUSIONS

From the forementioned discussions it could be concluded that
when deciding to use a system for poultry wastewater treatment in
Sudan it roust be:-

a. simple to construct and operate utilizing capabilities of
unskilled personnel.

bn inexpensive to install.
/ c. easy to manage and maintain,
d. capable of operation without creating a nuisance at high

temperature levels»
e. ruggedly robust and reliable and efficient»
f. coping with social aspects and beleifs and impact on

people concerned.

g. docs not necissates usage of chemicals that are not to

be found locally.

According to ,Hamm^ improving techniques and equipments used
for killing, scalding and defeathering should prove beneficial in
reducing pollution from poultry processing plants. Salvato^
advocated the following waste reduction measures:-

a. separate collection and disposal of the blood, feathers
and offal from the killing bench or trough in a proper
way inorder to reduce volume of waste and cost of treatment
and decrease nuisance problem*

b. avoidance of carelessness usage of water in scalding and
chilling operations.

c. separate collection of wastes generated from evisceration

process.

Therefore, one would advocate for the treatment of poultry

wastewater in Sudan a system that includes:-
1. screens for separation of feathers, bones..etc.
2. simple clarifier or sedimentation unit.
3. passing the effluent from the preceeding unit to a natural

biological process for treatment. Examples include:
waste stabilization ponds, oxidation ditches or primary
and secondary lagoons,,

4. effluent generated from the chosen unit could be used for
irrigation purposes or it could be evaporated in a
neighbouring area in a satisfactory sanitary manner.

5. solids gathered from the forementioned units could be:
a. dewatered and the product may be rendered to produce

an animal feed supplement.



b. digested with help of poultry manure and the gas
produced could be engineered for power generation,
while thé end product begetted could be used as a
fertilizer»

SUMMARY

In Sudan there are many poultry processing centres some of
them without any sort of waste treatment, while in others rather
sophisticated, unreliable and unefficient methods were used.
This situaLion resulted in many problems and malfunctions, A
number of treatment options were discussed in this paper and
their merits should be counterpoised against the incurred
expense of the selected units, availabilty of skilled labour and
man power with certain prerequisites, spare parts arduousness,
training facilities for people involved and supply of power and
chemicals.

The treatment plant should be located as far as possible
from the processing centre to avoid contamination, and workers
should be aware and careful about what they should wear, how
should they handle eguipments, products and wastes inorder to
proserve the hygiene of the enviroment both within the plant
and its surrounding.
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Distribution of Phosphate.Nitrate.Ammonia and

Heterotrophic Bacteria Along Stretch of the

Out-flowinfi Water of a Dam-Reservoir,
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INTRODUCTION

Many fresh water management strategies are based

on estimates of phosphate and nitrate in these waters.

Ammonia also is a critical compound in the nitrogen

cycle. Not only is it an important and often the

primary source of nitrogen, for the phytoplankton of

oligotrophic regions (Thomas, 1966 and 1970), it is



also one of the products of demineralization. of the

organic matter of decomposing organisms and excreted

material. Thus it isolnar that ammonia is consequently

of great interest to both biological and chemical

water researchers. The Zarqa-river, with a catchment

area of 3300 KM^ (Fig. 1) enters King Talal dam re-

servoir 35 KM north of Amman. For the first 13 KM of

the river course before it enters the reservoir, it

flows through industrialized and urbanized area brin-

ging many pollutants to the reservoir (Mahasneh,^9A^¿)•

This resulted in some environmental stress on the re-

servoir waters. Although every effort is made to mo-

nitor and control the quality of the incoming water to

the reservoir but still some problems are there. The

aim of the present work was to determine primarily the

concentration of some nutrients and bacteria in the

outflowing water of the reservoir along a stretch of

1.5 KM down stream towards the Jordan Valley.

MATERIAL AND METHODS

Water Samples.

Nutrients! Two weeks interval samples were col-

lected in 500 ml polyethylene bottles which were

stored in an ice-box during transportation to the



laboratory. The estimation of total ammonia, nitrato

and phosphate were according to Strikland and Parsons

Bacterial Samples were collected in pre-steri-

lized glass bottle» (150ml) which were stored in an

ice-box for transport to the laboratory. The standard

plate count on plate count agar (PCA)'Difco was used

for the enumeration of heterotrophic bacteria accor-

ding to APHA standard methods (1965). Total coliforma

were determined as above using membrane filtration

method. • Sterile Millipore filters (o.45^»m ) pore

size over-layed onto a sterile cellulose pads imprig-

nated with Endo-broth were used to gpow coliforms.

Form both determinations plates were incubated for

2/»..i»8h at 30 and 37°C respectively.

Sampling Sites.

Fivs sampling altes (1,11,111,IV,V) were chosen

(lifeu a. 1). The first site (l) is directly behind

the reservoir discharge gate and the rest (XI to V)

are 200,600,800 and 1500 meters down from the dis-

charge gate towards the Jordan Valley.

MAHASNEH



RESULTS AND DISCUSSION

Chemical Analysis.

Phosphate concentration is considered one of the

parameters indicating the self-purification capacity

of the river. This process is definitely influenced

by the loading to the streaming water which inturn is

changing with time. This when linked to the utiliza-

tion of phosphate by algae enhances the release of O

to the water which may encourage the aerobic degrada-

tion of pollutants reaching the river course. This

uderstanding, In our case, may explain the slight

change of phosphate along the 1.5 KM stretch of the

river behind the reservoir discharge gate, where the

mean values for the different sites were of the order

80, 130, 100, 1O0, 1OO ̂ g PO^-P L~' for s¿.tes I,II,III,

IV and V respectively (Fig. 2). The lowest value of

aite I was recorded in October 1982 coinciding with

the late algal blooms. Later on in November,December

of the same year and January 1983 the concentrations

were increased probably due to fresh rainfall.

For nitrogen-nitrate, mean values during the study

period were 50,45,60 and 80 ̂ig N-NO L~' for sites I,

II,III,IV and V respectively (Fig. 3). This observed

increase in nitrate concentration with down stream



may Indicate a good aeration condition in the running

water which inturn enhances the aerobic uicrobial

nitrification (Guter, 1982).

At the same time ammonia concentration decreased down

stream with mean values of 35,5°t^511*0 and lO^Mg

NH N L for sites I to V respectively (Fig, 6). This

is expected since the settlement of organic matter th-

rough inflow to precipitation of dead algal cells will

be minimal in such shallow running waters. In addl-

tien, borne of the ammonia Will be oxidiztid to nitrite

and nitrate in surface water (Soub and Mahasneh,1982).

Nazneen (1980) gave values (25-1250 mg L~ ) which are

higher than our valuea but with more eutrophlc water.

Wetzel ( 1975) gave ammonia concentration mean values

of 70yug NH -N L~ for the lake of Velrwaldstahersee.

Considering the changing concentrations of phosphate,

ni f;ratû and ammonia during this work, it is very clear

that the self-purification ability of the Zarqa river

is not pronounced; probably studying these chemicals

on a longer stretch of the river may indicate other-

wine, hence the continuation of this study is eminent

to give a broader understanding of the water quality

and the ability of the river for self purification.
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Bacteriological Analysis.

Water has always been a medium for the transmi-

ssion of human tnicrobial diseases (Scarpino,1971). As

a result total viable bacterial counts and total viable

coliforms ware sought inorder to assess the water qua-

lity and also to see the effect of running water upon

the viable bacteria. Results in Figures k and 5 show

that actual decrease in both counts was observed as

you travel from site I towards site V with mean values

of 0.5 to 1.5 expressed as logj cells ml~ , the lowest

value being recorded at site V (ï'ig. 5). Waiting and

kimmarson (I9tii) recorded similar observations concer-

ning coliforro counts with down stream river water.

Mahasneh and Soub ( 19̂ 1 ) reported higher viable

counts in water samples from the main body of the re-

servoir during I960, However, looking at the results

of b»th chemicals and bacteriological analyses of the

waters we cannot conclude that thé self purification

ability of the river is sufficient to reduce the pollu-

tants concentrations. This should be coupled with

control measures that help in reducing the incoming

pollutants to the main reservoir.
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Cytological aberrations in p lants serve as an excel lent monitor-
ing system to detect the effects of chemical environmental po l lu t an t s
that may possess genetic hazard. As early as 1925, the effects of
chemical compounds on ce l l nucl ie was studied by Dus t i n (1925). He
was the f i r s t to report tha t ce r t a in chemicals affected the nucleus,
but not the cytoplasm of the t reated p l a n t s .

Several higher plants such as Onion (Allium cepa), barly (Hordeum
vulgar ) , maize (zea maize), pea (Pisum sativum) and broad bean (Vicia
faba) , provide unique and valuable system for de tec t ing and analysing
the effects of chemical mutages (Nilan and Vig 1976). Numerous
studies have demonstrated chat chromosomes of these plant mater ia ls
are sens i t i ve indica tors to environmental po l lu t an t s (Grant 1978).
Mutagenic effects of d i f ferent pes t ic ides and other chemical compounds
have been reported by Anderson (1969); Lignowski and Scott (1972)
working on cotton and wheat, Galal and Abd Alia (1976) and Mousa (1982)
working on onion and broad bean.

Some of the advantages in u t i l i z i n g p lant system for analysing
most genet ic and chromosomal aberra t ions which may be induced by chemi-
cal mutagenes have been reviewed by Niland and Vig (1976), One of
these advantages is the pos i t ive co r re l a t ion which has been observed
between aberrat ions induced by the same chemical in p lant r o o t - t i p
ce l l s and in cultured roaweliari c e l l s . There i s a l so a good co r r e l a -
t ion with respect to the mutagenic a c t i v i t y as shown by Kihlman
(1971). He reported that the type of chromosomal aberra t ion in
r o o t - t i p ce l l s induced by a spec i f ic chemical may not be the same
as in ¿mimal c e l l s , but i f a p a r t i c u l a r chemical w i l l induce chro-
mosome aberra t ions in one group, genera l ly , i t w i l l be so in the



other as well. However, Hall (1962) showed exactly the same morpho-
logic "C-mitotic" picture occurring in plant and animal cells.

Industrial waste effluents are discharged in the raw form par-
tially to sewers and the rest to the surrounding bodies of water.
Alexandria metropolitan area is facing the. problem of decision
regarding the final disposal of its domestic and industrial effluents.
The choice is between discharge to the sea by an outfall or land
irrigation. The mutagenic effects of the different industrial ef-
fluents have to be assessed in order to through more light on the
percussions of land irrigation with this kind of mixed waste.

The present investigation was carried out to test the effects
of some industrial waste effluents on mitotic activity and mitotic
aberrations in the root-tip cells of Vicia faba.

The chosen three effluents were generated from the biggest dye
manufacturing plant in lîgypt (Ismadye) involved in production of aLl
types of dyes. The second effluent was the waste of Moliarram press
in which aLl types of paper printing is a carried out leading to
a waste with moderate biological toxicity when tested on fish and
algae.

Egyptian Copper works is one of the biggest plants for copper,
steel and aluminium processing and refining.

The three effluents in the raw form varied in levels and causes
of toxicity. Treatments were applied to make them meet the standards
specified by the K^yptian law in their characteristics.

Materials and Methods

The different raw and treated industrial waste effluents were
collected and chemically analyzed to see if the treatments applied
were sufficient to make those effluents acceptable.

The chosen treated effluents used to test their mitotic abnormal
activity were those accepted chemically by the standards set by the
Egyptian law.

Chemical characterization of all effluents were carried accord-
ing to the Standards methods of water and wastewater Analysis
(1975).

Treatments used for each plant effluent were as follows:

1. Ismadye effluent was treated by chemical coagulation using Alum
at a dose between 200-400 mg/l, followed by adsorption at d
dose of 250-400 mg/l with powder active carbon.



2. Moharrem Press: the raw effluent was subject to oil skinning
folLowed by chemical coagulation using ferric chloride at a
dose ranging between 150-250 rog/1 followed by mixed carbon-
sand filtration for residual organic» removals.

3. Kgyptian Copper Works: The raw combined waste was tri-ated by
lime coagulation at a dose range of 50-100 mg/1 for heavy
metal precipitation followed by sand filtration and pH adjust-
ment.

Effluents were tested with respect to their effect on mitotic
activity and mitotic abnormalities in Vicia taba root-tip cells.

Each effluent was used in three different concentrations as
100, 50 and 257. of raw waste, using distilled water for dilution.

The seeds were germinated between two layers of wet fil ter
paper in petri-dishes. A few drops of each dilution were added
daily to the fil ter papers to keep the suitable moisture constant.
After seedling germination, the main roots were exercised to enhance
development of the secondary roots.

When the secondary roots reached about 1.5 cm in length, the
seedling were grown in vials containing the assigned concentrations
of the waste. The roots were exposed to the waste for a period of
24 hrs. Seedlings grown in vials containing distilled water, with
no waste added, were used as untreated control. At the end of
the treatment, the roots were fixed in a solution of alcohol-acetic
acid (3 parts of ethyl alcohol: 1 part active acid). After about
24 hrs of fixation, the material was washed and stored in 70Z ethyl
alcohol and kept in refrigerator.

For cytological examination, temporary smears for the root-tips
were prepared using the acetocarnine technique. Five preparations
were made for each treatment. The percentages of the different
mitotic aberrations were estimated from randomly five selected
fields from each preparation. Percentage of mitotic activity
(mitotic index) was calculated as the ratio of normal dividing cells
to the total cells examined for each treatment. The percentage of
each mitotic aberration was estimated as the ratio of cells con-
taining the aherracion-s to the total number of cells examined (Badr
et al. 1972, Calai and Abd Alla, 197fc and Muusa, 1982).

Results

The main objective of the present investigation was to study
the effects of some industrial effluents on the rate of mitotic
activity and the mitotic aberrations in the root-tip cells of vicia
faba. For this purpose, the roots were exposed to different enn-
centrations of the raw and the treated waste without dilution. In
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each case, percentages of the different mitotic stages and mitotic
aberrations were recorded. The results obtained for each effluent
are presented separately.

1, Ismadye Effluent

Ismadye effluent is characterized by the presence of a wide
Variety of organic chemicals including quinone, benzene, benzedene,
toloune as well as aromatic halides, ketonues and aldehydes. Organic
solvents are also present as a result of dyes intermediates prepa-
ration. The toxicity problem of this effluent is basically created
by the combined effect of not less than 150 chemicals organic and
inorganic, present together in a wide range of variable concentra-
tions.

Although the waste when chemically treated was acceptable from
the chemical point of view with respect to the BOD, COD, Solids,
Colors and trace metals content yet biological effects on living
cells were not completely eliminated.

Table (1) presents the percentages of the different mitotic
stages for the different treatments and also for the untreated
control. The results clearly indicated that the waste was effect-
ive in reducing the rate of mitotic activity recorded for the
control. Different concentrations of the raw waste, showed
general reductions in the percentages of the four mitotic stages,
i .e. prophase, metaphase, anaphase and telophase. However, the
rate of mitotic activity slightly decreased with decreasing the
concentration from 100% to 25% taw waste. The results also indi-
cated that the treated waste was effective in the inhibition of
the mitotic activity. There was no much differences in the effects
between the raw and the treated waste as the mitotic index indi-
cated.

It has been also observed that the waste was effective in pro-
ducing some different mitotic aberrations. These aberrations
were C-metaphase, teraploid cells, lagging chromosomes and binu-
cleate cells. The frequencies of different aberrations are shown
in Table (2). Percentages of these kinds of aberrations were com-
paratively higher at the higher concentration of the raw waste.

The treated waste was effective in producing such aberration
but in low frequencies when compared with the raw waste.

2. Moharrem Press Effluents

This plant effluent is basically characterized by the presence
of heavy metals as well as pigments and organic aromatic solvents
used in the cleaning operations of the printing machines as well as



the preparation of new designs on the metal cylinders using metal
etching techniques.

Table (3) presents the effects of the raw and the treated
waste on the mitotic activity of the root-tip cells. Treatment
with different concentrations of the raw waste caused general reduc-
tion in the percentages of different stages of mitotic division.
Hence the mitotic index at each concentration was reduced. However,
differences in the reduction of mitotic activity between different
concentrations were very small. Exposing the roots to treated
waste reduced the mitotic activity of the cells. There were no
much differences in the reduction of mitotic index induced by the
treated and the raw waste.

Comparisons between Ismadye and Moharrem Press effluents indi-
cated that their raw waste (1001) had same effect on the inhibition
of the mitotic activity as the mitotic index indicated (Tables 1 and
3).

Table (4) shows the percentages of mitotic aberrations caused
by the raw and treated waste. The only kind of mitotic aberrations
was lagging chromosomes, this kind of aberrations was observed in
low frequency in treatment with 100% raw waste because of the
general low solubility of the chemicals present in the waste. The
percentage of abnormalities induced by their waste were lower than
those recorded and Ismadye,

3. Egyptian Copper Works Effluent

The Effluent of this plant is not highly polluted and its
content of organics are relatively very low, yet being involved in
Iron, Steel, Copper and Aluminium processing and refining raise the
probability of heavy metals presence as Zn, Mn, Fe, Cd, Ni and
Pb, As, Cu and Aluminium in the effluent. Lime addition was success-
ful in reducing the total content of all metals to 1 mg/1 dictated
by the law.

Percentages of different mitotic stages induced by different
concentrations of the raw and the treated waste are shown in
Table (5). Percentages of each mitotic stage was greatly reduced
when compared with the corresponding value in the control. The
reduction in mitotic index decreased with decreasing the concentra-
tion of the raw waste. Moreover, differences in the effects between
the raw and the treated waste were very small.

Comparisons between the effects of Egyptian copper works and
Ismadye effluents indicated that the former waste was more effective
in reducing the mitotic activity than the latter one as the mitotic
index indicated (Tables 1 and 5).
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This ffFluent was also effective in producing mitotic abnorma-
l i t i es . The aberrations observed at different treatments «ere
C-metaphase, tetraploid cells and lagging chromosomes. Binucleate
cells were only found at the high concentration of 100% raw waste.
The percentage;; of different abnormalities are presented in Table (6),
The percentages of abnormalities decreased by dilution of the raw
waste.

The treated effluent showed the same types of mitotic abnorma-
l i t ies in the cells of the root t ip , yet at relatively lower fre-
quencies -

Pis cussi on and Conclusion

The present results indicated that the three different effluents
derived from Ismadye, Moharrem Press and Egyptian copper works had
different effects on mitotic divisions in the root-tip cells of
vicia faba. The three effluents were generally, effective in re-
ducing the mitotic activity even at low concentration of 25% raw
waste. Moreover, the treated wastes were also effective in pro-
ducing the same reduction in mitotic index as the raw waste. The
inhibition of mitotic activity caused by the Egyptian Copper Works
waste was greater than that caused by the other two effluents. These
results revealed that the three effLuents were effective antimicotic
agent.

The wastes were also effective in producing some types of
mitotic aberrations such as C-metaphase, tetraploid cells, lagging
chromosomes and binucleate. Hie presence of C-metaphase may indicate
that the waste caused an inhibition to the spindle formation. The
production of tetraploid cells can be explained by the inhibition
of the simpLe formation in the next cell division. '['he possibility
of elimination by lagging chromosomes would affect chromosome number
in the two daughter cells leading to aneuploidy, Binucleate cells
would be due to cessation of cytokinesis. However, the presence of
tetraploid cells with other types of abnormalities would suggest
that the waste caused an inhibition to the spindle formation, but
did not prevent chromosome replication. These aberrations are simi-
lar in character to those induced by wide variety of pesticides and
other chemical compounds in Allium cepa, vicia f aha, Pi sum s at i yiim
and other plant materials (Anderson 1969, Nicõloff et al. 1971,
Bada et al. 1972, Lignowski and Scott 1972, Galai and Ab Alla 1976,
and Mouse 1982).

The frequencies of these aberrations varied according to the
source of the waste and also to the concentration applied. The most
effective effluent was the one derived from Ismadye while the less
effective waste was the one derived from Moharrem Press, The fre-
quencies were generally higher at the raw than the diluted or treated



wastes. Such differences are expected since their chemical contents
are not the same. Vaulina et al. (1978) reported that cadmium
chloride induced disturbances in nuclear division and cessation of
cytokines in Crépis capillaris. They suggested that the disturbances
of mitosis were caused by blocking of SH groups in the contractile
proteins of the spindle. This effect can be extrapolated on other
heavy metals present in combinations of variable quantities in the
raw and treated effluents. The inhibition of mitotie activity would,
seriously, affect the growth rate and the productivity of the plants
exposed to these effluents. On the other hand, the mitotie abnorma-
lities would reflect the possibility of disturbing the mechanism of
cell division leading to individuals with chromosome aberrations
either in number or structure. Such effects would, generally,
reduce the viability of the exposed plants the biological activity
changes in living cells should not be overlooked in the standards
specified by the international laws since the chemical and physico-
chemical parameters will not show the trace deterioration of the
biological life exposed even to the treated effluents. The receiving
bodies of water or land should assure reasonable dilution to the
treated effluents to minimize their biological deteriorating effects.

The present investigation was carried out to test the effects
of some industrial waste effluents on the tnitotic activity and mito-
tic aberrations in the root-tip cells of Vicia faba. Three effluents
from different sources were used in different concentrations. These
concentrations were 100, 50 and 257. oí raw waste. T-!ie effect» of
the effluents after biological treatment have been also tested. The
results revealed that the three effluents acted as antimitotic agents
and they were effective in reducing the mitotie index than the
untreated control. The inhibition of mitotie activity increased with
increasing the concentration of the waste.

The effluents were also effective in inducing different types
of mitotie aberrations such as C-metaphase tetraploid cells, lagging
chromosomes and binucleate cells. The frequencies of these aber-
rations varied according to the source and the concentration of the
waste.

The effect» on mitotie activity and the induced mitotie abnor-
malities were not completely eliminated by the standards treatment
technology,
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Table 1: The Effect of Ismadye Waste Effluent on the Rate of Mitotic Activity

•

Mitotic
stages

Interphase
Prophase
Me tap hase
Anaphase
Telophase
M.I.

Cont

N

1675
130

20
35

140
325

Z

83.8
6.5
1.0
1-7
7.0

16.2

N

2891
22
38
29
32

121

100

X

95.98
0.73
1.26
0.96
1.06
4.02

Waste concentratioQS

N

2495
9

39
31
43

127

50

X

95.16
0.34
1.49
1.18
1.83
4.84

25

N

3169
33
52
48
39

162

%

95.12
0.69
1.56
1.44
1.17
4.86

W.A

N

1677
25
38
31
14

108

. T .

Z

93.95
1.40
2.13
1.74
0.78
6.05

tf.A.T. : Waste after treatment
M.I. Mitotic index
N Number of cells tested



Table 2: Percentages of Different Mitotic Aberrations induced by Ismadye Waste Effluent

Type of aberrations
100

Concentrations %

50 25 W.A.T.

C-metaphase
Tetraploid cells
Lagging chromosomes
Binucleate cells

5 .9
4 . 3
4 . 1
2 . 4

4 . 6
2 . 1
3 . 8
1 .1

2 . 7
0 . 9
2 . 6
1.3

3 .9
2 . 2

-
0 . 6



Table 3: The Effects of Moharrem Press Effluent cm the Percentages of Different Mitotic Stages

Mitotie

•; rages

Interpelase
Prophasa
Me t apfr as e
Anaphase
Telophase
M.I.

W.A.T.
M.I.

Cont

N

1675
130
20
35

140
325

Waste af ter

%'

83.8
6.5
1.0
1.7
7,0

16.2

treatment
Mitot ic Index

100

N

1996
22
33
16

4
75

96
1
1
0
0
3

Waste

X

. 20

.12

.67

. 8 1

.20

.80

Concentrations

50

N

1928
19
35
25
1.0
39

1

95.56
0.94
1.74
1.24
0.50
4.41

25

N

1800
22
34
24
12
92

95
1
1
1
0
4

%

. 1 3

.16

.80

.27

.06

.86

H.

N

1941
21
35
16
10
82

A.T.

X

95.95
1.04
1.73
0.79
0.49
4.05



Table 4: Percentages of the Abnormalities Indurad by Hoharrem Press Effluent

Waste concentrations %
Type of aberrations

100 50 25 W.A.T.

C-metaphase - - - -
Teraploid cells - - - -
Lagging eiiroaiosoEef 2.1 - - -
Binucleste cells - - - -



Table 5: The Effects of Egyptian Copper Works Effluent on Mitotic Activity

Mitotic
stages

Interphase
Prophase
Metaphase
Anaphase
Telophase
Mil.

Conï

K

If 75
130

20
35

140
325

•

%

83,8
6.5
1.0
1.7
7.0

16.2

N

1821
12
5
9
4

30

100

%

98.34
0.65
0,27
0.49
0.22
1.62

Concentrations %

5C

N

1789
2

16
9

17
44

1

%

98.1.4
0,11
Û.87
0.49
0.93
2.40

25

N

1665
18
26
18
8

70

%

95.97
1.04
1.50
1.G4
0.46
4.03

- K.A

N

1764
6

18
8
8

40

.T.

SS

98.00
0.33
1.00
0.44
0.44
2.22

W.A.T.
M.I.

Waste After Treatment
Mitotic Index



Table 6: Percentages ci Different Mitotic Aberrations induced by
the Egyptian Copper Works Effluent

, . . Waste concentrations
Type of aberration

100 50 25 W.A.T.

C-roetaphase ' 3.1 2.0 0.9 2.3
Tetraploit! cells 4.3 1.4 1.1 1.9
Lagging chrornoKoms 3.9 2.1 0.8 2.4
Binucleate cells 1.8 -



LOW ENERGY CONSUMPTION MANAGEMENT

OF AGRICULTURAL RESIDUES

Vincenzo Mennella,Egidio Zavattiero,Olimpia Castagnoli

Universitâ-Istituto Costruzioni Rurali-Perugia-Italy

Istituto Superiore Sanita-Reparto Suolo-Roma-Italy

Istituto Superiore Sanitâ-Lab.Igiene Territorio-Roma

INTRODUCTION •

In most developing countries the agriculture resi-
dues management includes,among other things,control
and use of pig wastes.

There are (in 1981) 779 million pigs (Table 1. )in
the world f57% of those are reared in developing coun-
tries where lives 73* people of the world.

Table 1. Pigs in the world in 1981
( in million of heads )

Asia
south America
north and middle
Africa
Europe
Oceania
a. p. s. s. •

America

Total

370
54
93
10

1 7 4 •

5
73
779

This work has been realised thanks to financial
help from Minis tero Pubblica Istrussi.one.



The average world pig production is 18 heads per 100
inhabitants but this value is different from country to
another with peaks in some countries which are over the
average of their own Continent,For instance,in Brazil
the number-of pigs per 100 inhabitants is 35,in China 31
in Vietnam 18 in the Philippines 16 and in Thailandia 10
whereas in Asia the pigs per inhabitans are 7 per 100.
In Africa the continental average is 2 heads per 100
inhabitans while in some countries this number is grea-
ter like in Lesotho {6,6),Swaziland (4,2) and in Zambia
(3.3).

Many of the problems associated with the disposal of
pig wastes by landspreading arise by the fact that the
excreta is being applied in semi-liquid form.

Heavy doses of liquid manure contribute to the degra
dation of soil structure,might lead to salinisation and
acidification of the soil to have negative influence on
plants and to be a risk for pollution and nutrient en-
richment of surface waters and groundwaters.

In contrast to the problem of liquid manure are the
long known advantages of the use of farmyard manure.

Spreading liquid manure on soil should depend on soil
type,cropping system and climate.

The complete treatment of alurry by biological me-
thods similar to those used for domestic and industrial
sewage,is not economical.Physical and Chemical methods
of treatment and anaerobic treatment for methane pro-
duction are being investigated.

At present in developing countries the making use
of pig liquid manure is as a fertiliser by appling it
to the iicld and in shallow pond in symbiosis or part-

nership with commun bacteria fo*- the culture of algae.
Organic Waste materials constitute the major source of

tht nutrients of algae, that are used for this production

of livestock feeds.



Pig effluents is also used to fertilise fish ponds.
The water from the algae pond is always drained in-

to the fish pond to conserve the large volume of water
with algae washings,which serve as feed for the fish
(carp or tilapia).

There is an increasing interest about the implica-
tion for health of the solid waste management problems
in developed as well as in developing countries.

Optimum utilization of the resources,and wastes are
part of these resources,is the most important goal in
the world,Use of wastes is looked at from two points
of"view.In developed countries there is much concern
for the disposal of massive quantities of wastes which<
accumulate and,if not handled adequately would have ad-
verse environmental impact.In developing contries the-
re is an increasing concern on the utilisation of re-
sources present in wastes.

The urban wastes are not the same in different re-
gion» of the world.The amount and nature of household
refuse varios greatly too frcm cne country to another
and between urban and rural areas depending on living
standard,climate and customs.

Table 2. Composition as a percentage of solid waste
in different regions of the world.

food
paper
rtetal
glass
plastic
others
weight/
man/day

(chilo)
density

t'Kg/m3)

U.S.A.

18
40
20
10
4
8

2.6

ASIA

75
2
0.1
C.2
1

21.7

0.4

570

G.BRITAIN

28
37
9
9
2
15

0.8

132

ITALY

50
18
3
4
4

21

0.8

240

MIDDLE EAST

50
16
5
2
1
26

1.1

211

ME.NNELLA



Cities of developing countries are growing at very
fast rate.The WorldQmkreport referred that,for the year
2000,40 cities of 52 containing more than 5 million inha-
bitants will be found in developing nations,In these
countries more than eighty percent of all collecting
solid wastes is organic putrescible.

This organic fraction forms the great bulk of waste
and is therefore the most significant clement to consi-
der in waste disposal recovery.

In large tow©,the better disposal of wastes in an
economic manner conforming to the pollution abatement
standards is lhat of processing these In composting
plants.

AIM OF THE RESEARCH

The prospect of reducing the pollution level of the
liquids,and at the same time enriching compost with
the elements it lacks,has stimulated research into the
finding of systems that use compost as a filter bed for
the liquids.In this manner one should obtain a reduce
tion of pollution levels in the liquids and an enriching
of compost with nutritive substances for the land.

The various experimental investigations have shown
that a filter made only of compost blocks too rapidly,
thereby loosing itsfunctionality.lt follows that a stu-
dy of systems and devices is necessary in order to ob-
tain the following objectives:
- raise the filtering capacity of the compost in rela
tion to the quantity of liquid treated;

- obtain the greatest possible reduction of the pollu
tion level of the liquids.

We tried to reach these objectives by experimenta-
tion in laboratory using a specially designed and
built apparatus.

It was found from the experiments carried out and
from the elaboration of the data,that the hypothetical



procedural scheme for the treatment of liquids caused -
by swine breeding by filtering through compost can lead
to an adequate reduction of the values which character^
se the pollution load of the liquids.

The efficiency of the various unitary operations of
the process allow the utilization-of both the effluent
and the compost treated with the liquid in agriculture.

In particular the introduction of straw into the ma
ke up of the filters led to a substantial improvement
of the filtering capacity and to a reduction of the po^
lution load.

Usuful indications for the furthering: of field ex-
perience as to the disposition of the straw and compost
for the filter's formation.

MATERIALS AND METHODS

On the basic results obtained we have installed a
pilot plant in a farm near Perugia in Italy with in-
tensive methods of pig rearing.

A tank was built the sides and the bottom of which
was made pressed bales of wheat straw 1.10mx0.55x0.35.

This straw tank was mounted on a corrugated sheet-
iron through whiuh the leaching filtrate is drained
to a container.

The volume of this tank was 845 l.The volume of com-
post which was obtained from the waste recycling plant
of Perugia was 363 i.lt was spread in a 30 cm layer.

The tank was filled at a rate of 2.5 Vsec and in
following times,with 2141 1 of pig liquid manure,via
a supply pipe from a lagoon.

A complete analysis of the liquid manure,of the, com-
post and of the effluent was regularly carried out.

MENNELLA



After 10 days,when the leaching of the liquid manure
was ended,the filtering system was sectioned and various
layers different in composition were identified;dry frac-
tion of manure,straw and compost.Samples of various lay-
ers were taken and analyzed.At last the filtering
system was destroyed and the materials were carefully
mixed.

Analysis of farmyad manure obtained were n\ade from
two different aspects¡one agronomic and the other envi-
ronmental when it will be used,as fertilizer,on the land.

RESULTS

From the analysis of the original liquid manure and
the filtrates obtained we are able to observe that the-
re is a removal of B.O.D. (63%), C.O.D. (85%),suspended
solids (56%),sedimentable matter (100%), N (70%) and
P (88*)and an increased BOD/COD ratio which is an index
of better biodt-gradability.

Table 3 shows the significant resultsfroma agrono
mic point of view,of the material obtained from mixing
the filtering system,compared with those of compost,of
straw and of usual farmyard manure.

One can notice that while the organic matter is al-
most costant there is an increase of N and P in the re-
sulting material compared with compost and a lower C/N
ratio which is like that of farmyard manure.

Analysis of heavy metals like Zn,Cu,Pb,Co,Ni,Mn and
Cd which could be a hazard for health and/or for the
enviroment indicated that the concentrations of heavy
metals are much under the tolerable limits proposed
f r o m E E C . ' •.-:•-• . • . . • • , . : :...
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Pig.1 Results from the analysis carried out with the l i-
quid munure as i t was and the filtered part and
percentage varations.
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Big.2 Comparison of sane significant parameters from
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Table 3. Significant results in %

matter

organic
matter

N
P
K
ash

C/N

filter

58.83

2.53
6.92
0.23
23.48

13.01

compos t

56.36

1 .09
3.04
0.29
38.55

25.72

manure

66.66

2.85
8.58
0.68
16.65

13.35

straw

81.04

0.77
1.16
0.54
12.48

60.54

CONCLUSION

From the results obtained we can conclude that the
experimental system even if it is not able to complete
ly reduce the pollution level of the liquid manure,it
is a good pre-treatment plant for separation of the so
lid fraction with the following advantages:

1. reduction of pollution load to acceptable values to
be treated in conventional aerobic treatment or to •
be used as feed for algae in shallow ponds or tQ
be disposed of by landspreading;

2. no mechanical means are necessary;

.'. rio use of first quality expensive materials able to
resist the corroding action of the liquid manure;

4. no use of electric power;

5. use of straw,cheap and readily available material;

6. enriching compost in nutrients;

7. whole recovery of all used materials when,at the end
of the filtering cycle,the filtering capacity is al-
most null;

3. heavy metals values under the tollerable limits pro-

MENNELLA
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posed to avoid environmental pollution.

• At the end of the filtering cycle,the treated liquid
can be conveyed to another treatment while the new raw
slurry can be carried to another tank when the old
plant is put out of service and dismantled.The resulting
material,thoroughly mixed,can be put in a static pile to
stabilize and then used as fertilizer (£. )The stabilisation
process is made easy in the presence of compost which is
already stabilized before the filtration process.

The experimental plant WJS designed to deal with a slur
ry from 40 pigs for a period of 10 days(f..4)Increasing the
tank size from 2.2m x 2.2m to 4.4m x 4.4m,with the same
height,one can treat a pig liquid manure amount nine ti-
mes greater and can deal with a sloarry from 360 pigs.

The modular system make it suitable to the requirements
of the use.

At last the plant experimented with wheat straw as
support and compost as a filter used both as fer-
tilizer can be replaced by other agricul-
tural wastes such as rice straw,maize stalk,millet
stems,banana cotton and coconut trash and so on,baled
or bound in fagot.

In place of municipal solid waste compost,one can use
other kinds of compost obtained from agricultural wa-
stes such as leaves,husk,bark and so on.

In conclusion the experimental system could be ac-
cepted with good results and with mininum use of energy
for treating heavy polluting liquid manures and,at the
same time,for obtaining a good organic fertilizer.

The system is a clear example of reclamation of wa-
ste material i.e. of recycling of the waste in a useful
form.As the increasing interest for developed as well
for developing countries is the optintim utilisation of
resources,we believe that this experimental work can
contribute to solve some problems in developing coun-
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pig wait* pond

aftar maturation to tha fiald

algao pond fith pond

Pig.3 A recycling system of agricultural production.
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No 20
straw prest bata*

compost Kg. ISO

affluant

No. 40 pigs

;i
pig wast* 2141 liter

during 10 day

1.10

N 6,70 Kg

P 18.30 Kg

K 0 60 Kg

ORGANIC MATTER 15560 Kg

ASH 62.10 Kg

Fig.4 Equivalent quantities of the substances contained
in tho wholo filtering system expressed in Kg



tries because waste and energy usage are minimised and
self sufficiency is maximised.
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PROBLEMS OF ENVIRONMENTAL ASH POLLUTION CAUSED
BY THE CONSUMPTION OF LOW HEAT VALUE COALS IN
YUGOSLAVIA-ANALYSIS AND POSSIBLE SOLUTIONS

DJ. MILOVANOVIC, T, JEVREMOVIC
ENERGOPROJEKT CORPORATION
BUL. LENJINA 12 BEOGRAD, YUGOSLAVIA

1. INTRODUCTION

The greatest part of future energy requirements in
Yugoslavia will be met by use of solid fosll fuels (fi-
rst of all lignite)•These coal deposits are concentrated
in five great basins. For economical reasons (reduction
of fuel transport costs and total investment costs) con-
struction of a larger number of thermal power units on a
certain location appears to be the optimum solution. In
Yugoslavia, several thermal power plants with capacity
over thousand MW have already been constructed on some
locations and the construction plans for the future anti-
cipate expansion of the existing and construction of new
similar power plants. One of basic limiting factors for
selection of the total power plant capacity on a given
location, beside the resource availability, is the soca-
lled ecological capacity of the environment. It is defi-
ned on the basis of assumed sources of all essential po-
llutants and their immissions over considered are;; exi-
sting legal regulations and environmental characteristica

In addition to sulphur-dioxide, which has already
been registered as an international pollution problem,
in Yugoslavia is appearing as a problem the existence of
another pollutant - ash. Considering the characteristics
of the coals used in most thermal power plants, big quan-
tities of ash appear as a by-product of combustion. The
biggest portion of ash is discharged to disposal are^s
but a small portion (up to 2%) is emitted into the atmo-
sphere in the form of fly ash within flue gases. The In-
fluence of ash disposal areas and fly ash to the envi-
ronnant is manifold and is demonstrated by polluting of



air, land, ground and underground waters. The secondary
effects of these pollutions are unfavourable for the eco-
system as a whole.

Particles of fly ash are together with flue gases,
diffused into the atmosphere in the vicinity of a ther-
mal power plant and may produce considerable threat to
human health particularly through synergetic effects
with other pollutants. The particles penetrate human bo-
dy through respiratory system and subject to its size
form sediments in it and cause mechanical damages giving
possibility for appearance of different diseases (bron-
chitis asthma emphysema etc.). Fig . 1 , The influence
of these particles on vegetation is also considerable
Fly ash, being deposited on leaves of pLantü in a smal-
ler or greater extent affects their normal life as the-
ir growth and development are endangered and yield redu-
ced. This particularly concerns some aorta of plants whi-
ch develop a bulb and have broad leaves. Therefore, it
is possible that during the period of plants growth par-
ticles of fly ash form permanent deposits among leaves
or in fruits.There is also the question of polluting
underground and ground waters with chemcal substances
in the form of solution or suspension which are incorpo-
rated in infiltration flow from disposal areas.

Having in mind the above mentioned consequences of
environmental pollution by ash, it is quite clear why
it is necessary to monitor the expansion of this pollu-
tant. Particularly, when the construction of a thermal
power plant is envisaged one should anticipate real ef-
fects of ash dissipation to the environment. This is the
aim of ecological reports which make an Integral part of
any feasibility study for the construction of thermal po-
wer plants in Yugoslavia. This paper shall present the
basic elements of methods for calculation of fly ash de-
position in the surroundings of a thermal power plant
(TPP), giving estimates of disposal areas effects, as
well as protection measures to be applied in order to
bring pollution level to the optimum in accordance with
established norms and necessary investment coats.

2 CHARACTERISTICS OF COAL IN YUGOSLAVIA AND
INTENSITY OF POLLUTION EMISSION

Pollution levels and emission intensities greatly
depend on characteristics of coal used in a thermal po-
wer plant. The basic characteristics of lignite used in
Yugoslav thermal power plants are low heat value and
considerable content of moisture and ash . Table 1



FIG. > PARTICLE DEPOSITION IN RESPIRATORY TRACT

PARTICLE DIMENSION I / * )

shows basic characteristics of these coals. Considering
their heat value ranging from 5500 to 7000 KJ/kg, the
consumption of coal per 1 MW of produced electric po-
wer is substantial and amounts to about 2 t and. the-
refore, the quantities of by-products occurring in com-
bustion are proportionally big. About 8 • 103 mVs of
flue gases and 0.3 - 0.5 t of ash and slag occur per
each MW produced. The content of fly ash in flue gases
and i t s grain characteristic are mainly subject to the
kind of built-in dust collectors.

The chemical composition of ash which is important
for effects on the environment i .e . pollution of gro-
und and underground waters, is shown in Table 2, inclu-
ding the solubility of some essential components.

MILOVANOVIC



Table 1 BASIC CHARACTERISTICS OF COALS IN YUGOSLAVIA

Product Average value (%) Range of values(%)

Moisture
Ash
Sulphur (total)
Combustible sulphur
Carbon
Hydrogen
Nitrogen + Oxygen

48
20
1
0
20
2
9

40
16
0
0
18
1
8

-
.1 -
.2 -

.8 -

50
28
1
1

22
2
10

.6

.5

.1

Soi" kir1/'? of aîhea contain eonsidetvbïy Ms;. •• ' qu-
antities of CaO which due to its chemical properties es-
sentially affects the way of transport to disposal areus
and also possible effects to the environment.

3 DETERMINATION OF FLY ASH DEPOSITION LEVEL

Together with flue gases, fly ash is discharged in-
to the atmosphere through a chimney of a thermal power
plant. Its further spread out shall depend on thermal and
kinetic energy of flue gasea and weather conditions preva-
iling at that moment in the surroundings. In the first
stage a plume moves upwards and then in sprcidü out un-
der the influence of atmospheric diffusion in the wind
direction. The behaviour of fly ash particles incorpo-
rated in such a plume is specific when compared to gase-
ous components, as ash particles are separated from the
plume and deposited on the ground under the influence of
turbulent morements and earth s gravitation.

In this paper Pasquill s diffusion model is used
as a basis to determine fly ash deposition level in the
surroundings of a considered plant. Despite the already
known limiting factors in its application (diffusion
along wind is ignored, linear movement,of plume i o con-
sidered, only concentration of the considered substance
in a plume follows Gaussian distribution weather con-
ditions at the source point extend to several tens of
kilometers around the source), this model is still wi-
dely applicable in practice when movements of a plume
containing polluting substances coming continuously from
point sources are to be described. Accordingly, one st;:r
ts from a basic eauation for calculation of the pollu-
tant ecrneentrsitiOB in>s plume at the •hetghk iz àbava "the ,
ground and in the point defined by the coordinates (x, y)



FIG. 2 DISTRIBUTION OP FLY ASH DEPOSITION RATE
IN THE THERMAL POWER PLANTS

ENVIRONS (mg/nn2day, SEANSON- AUTUMN)

It is necessary to point out that one should ha-
ve available exact data for a realistic survey of pol-
lution. This particularly refers to roeteorolüRical d::-
ta and data on particles characteristics, which esen-
tially affect spatial distribution of pollution.
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Table 2 CHEMICAL PROPERTIES OF ASH

Product Average value (%) Quantities disolved
in water
(kft/t of ash)

SiO¡
Al,0:

CaO
MgO
SO,
NajO
K2O

21
1
1 5
2

do
0 5

- 55
- 27
- 10

2
9
0
2

5
0

0

0

-

035

7 c ,

- 0
-
- 1
- •

- •

070

'•1

in relation to a considered source. The equation has the
following form:

C(x,y,z)=

v/here :
C(x,y,z) - concentration of pollutant on the

point (x, y, z) in relation to a
souroe (g/m3)

Q - source intensity (g/s)
£y(x) - diffusion coefficient in y-dire-

ction (m)
g (x) - diffusion coefficient in z-dire-

ction (m)
0 - average wind velocity at plume he-

ight (m/s)
h - effective plume height (m)

The diffusion coefficients £7 and $"» are defined by
measuring the changes of diffusion with distance. The cu-
rves given by Gifford for flat terrains as well as cor-
rected curves for different configuration of terrain are
most frequently used. The effective height of a plume is
subject to flue gases characteristics and actual height
of a chimney2.

Separation of the fly ash particles depends on their
grain characteristics and the quantity of deposition can
be defined by the following relation:

Wlx,y )= Ua • C (x,y,o) I 2 )



where: .
W lx v) - quantity of deposited partie leo

(g/m's)
C (x,y o ) -•concentration of particles in th-":

ground-level of the atmoaphovy
(g/m3)

1)¿- - velocity of particles depo3itiun
* (m/s

Velocity of deposition is mainly defined exp?:'i-
mentally For the particles having a dia up to 100 u
this velocity is in the ran/je of (5-100) mm/s . Concen-
tration C (x, y, 0) is defined on the basis of the ini-
tial equation (1) with the introduced correction factor
which takes into account creation of an independent plu-
me of fly ash particles beside the other one which is
created by gaseous components, Besides one should also
take into account attenuation of the source along the
path resulting from the particles deposition. According
to 'Source depletion" model3

•S~— . » - W ( x , y ) dy I 3 I
à X .i

and consequently

Considering the existing legal norms, as well as
nature and possible effects of environment pollution
by fly ash, one could define daily mean vilue:; of its
deposition on the ground for individual seasons and for
the whole year. For the calculation of these valuer,
Energoprojekt Corporation has developed and uoes th';
computer programme DITAL . The following dat;i are u::ed
for these calculations:
1. Data on emission (quantity, temperature and outlet

velocity of flue gases , quantity of fly ash and it3
grain characteristic)

2. Data on geometry of a pollutant source
3. Meteorological data for the considered location (di-

stribution of velocity and wind direction i ". uhe gro-
und level as well as on the plume ht-ight, distribu-
tion of atmosphere stability per seasons, as well as
air annual temperature and temperature gradients)

4. Data on orographie characteristics of the terrain in
the considered area.

MIUMANOVIC



The daily mean values of the concentration fot- the
considered period (season or whole year) and area are ob
tained by averaging the values W(x.y) for each category
of particle size and eachch category of atmosphere stabi-
lity subject to their individual contributions. After
that spatial distribution of deposition is computed in
conformity with the wind rose. Pig. 2 shows the results
of such a computation which has been prepared for three
thermal power plants located closely to each oth^r. Ca-
pacities of these power plants are 1400,1500 and 300 MW
the first two being scheduled for construction, whi]e
the third one is already in operation. The assumed effi
ciency of an electrostatic precipitator for the units
to be constructed is 99 5% and for the existing ones it
is 98%. The particles grain characteristics are as shown
in Table 3,

The position of the thermal power plants in r loti-
on with the direction of dominant winds is suoh that the-
ir pollution effects partly interfere . The entire area
under pollution spreads out and occupies a circle having
a dia of several tens of kilometers. The pollution leve-
ls within this area vary and are essentially influenced
by the wind rose (they are higher in the direction of
frequent winds) and ash grain characteristic (larger gra-
in sizes are deposited on shorter distances from tha so-
urce). If these calculations are made for all seasons it
is possible to define zone of moderate , average and in-
creased effects of fly ash to the ecosystem . Example of
the zonal effects for studied TPP is shown on Fig. 3,
The zones of the greatest effects are those located in
the close vicinity around the plant and should be tnkon
into account when development of human settlements and
activities of population in a given area are considered
(with regard to the presence of individual kinds of flo-
ra and fauna). One should also anticipate adequate pro-
tection measures.

Similar calculations could be made when pollution
levels in accident conditions are considered, i.e. when
efficient operation of electrostatic precipitators is
reduced. In such a situation beside the increased quan-
tities of emitted ash, its grain characteristics are al-
so different due to increased grain size. Therefore , in
relation to normal operation one may expect zon«s with
considerably increased deposition levels, especially in
the area which is closer to the polluting source.
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Table 3 ASH GRAIN SIZE AT CHIMNEY OUTLET

Particles
category (u) 0-12 10-20 20-30 30-100

Participation
in weight (%) 12 60 16 12

4 ANALYSIS OP DISPOSAL AREA AFFECTS

Considering increased quantities of ash, the prob- ,
lem of its collection , transport and disposal becomes
more and more complex. The choice of transport system
and technology of disposal shall depend on physical and
chemical properties of ash and Its (possible) effects
On the environment. For that reason this problem has
been given full attention from the ecological point of
view. Estimates have been made with regard to possible
air pollution, effects on ground and underground waters.

In Yugoslavia there are two ways of dealing with
ash disposal: disposal areas where useful surface, under
normal operation is about one half Or two thirds under
water (hydro ash disposal areas) and dry ash disposal
areas which have to be sprinkled. Ash can be transpor-
ted to disposal areas by hydraulic or mechanical mean3
In hydraulic transport ash is permanently under water
(in the hydro-mixture the most frequent ratio of liquid
to solid contents is about 10:1). When mechanical tran-
sport is used ash free surfaces must be continuously
sprinkled with water.

At the beginning of ash disposal , the areas desig-
ned for disposal are usually divided into two stages; an
operating stage into which ash is disposed and a stage
in preparation in which dams are constructed. Period of
ash disposal in a stage is at the same time the period
of construction of dams and future structures in the
preparation stage. The stages are filled up from à ring
or from the front.

In Yugoslavia ash is disposed in specially prepa-
red zones not'far from thermal power plants or in aba-
ndoned mine pits which are incorporated in large indu-
strial-energy complexes.

Practically there is no effect of an ash active
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disposal area to air pollution if ash is properly ha-
ndled. After the stages are filled up with ash there
is a possibility of air pollution by Aeolian erosion.
This can be, however, avoided by choosing adequate pro-
tection measures.

Water pollution by ash disposal areas is caused by
dissolving some substances in water. This happons with
hydraulic transport of ash from TnP to disposal arsis
as well as during disposal, or in case of mechanical
transport and dry disposal due to water sprinkling Wh-
en the rate of pollution of ground waters has to be de-
termined one considers change of contents of sulphate
calcium and magnesium as well as total of dissolved sal-
ts as basic parameters for evaluating the quantity of
water which comes from waste waters from disposal areas
On the basis of total quantities of secured ash for a
TPP of 1400 MW and with chosen hydraulic disposal of
ash the estimate of increased contents of these sube-
stances in a river having the capacity of the river Dan-
ube (its average flow is 5400 m V s ) , Would be an follows:
- increased contents of sulphate 0 6%
- increased contents of Ca 0 08%
- increased contents of Mg 0 05%
- increased contents of other insoluble salts 0 07%
which has no bigger effect on the change of quality of
the natural recipient

Underground waters can be polluted by infiltrated
waters from disposal areas, whereby change of their re-
gime Is also possible. On the basis of data on polluti-
on emission through Infiltration waters in case of a TPP
of 1400 MW the estimated emissions of substances into
underground waters would be as follows:
- sulphates 0 03 kg/s
- Ca 0 01 kg/s
- Mg . 0 002 kg/s
- other insoluble salts 0 004 kg/s

Calculation of the pollution annual flux of the
these substances is done when location characteristics
of a disposal area as well as initial condition and re-
gime of underground waters are known. On the basis of
these data one estimates the rate of the disposal area
influence. Considering the chemical property of ash and
rate of solubility of some of its ingredients in water
all analyses and measurements so far prepared in Yugo-
slavia have shown the need to monitor sulphates and
magnesium in underground waters even after the stage
had been filled up with ash. Migration of these subatan-

MILQVANOVIÇ
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CG3 is such that even on greater distances from a source
of their emission (more than 1 to 2 km) they could appe-
ar in a concentration which cannot be ignored.

5 PROTECTION MEASURES

The basic protection measures which are applied aga-
inst environmental pollution by ash are a high chimney and
system of dust collectors for flue gases. High chimneys
help spread out of pollutants to t\ larger area around a
plant which reduces the level of dilution per unit of
area. The consequence of such spreid out of flue gases
is superposition in relation with other sources of pol-
lution. Por that reason it is necessary to build in a
system of dust collectors for ':lue gases too. In the most
causes the system consists of elec '; . ostatic precipit&tors
with high efficiency rate of over 99% subject to the ca-
pacity of a plant and actual pollution of the surroun-
dings by pollutant particles.

Subject to a stage of operations on ash disposal
(stage in operation stage in preparation and final fil-
ling up of the ash disposal) there are various protecti-
on measures against air pollution (operative protection -
temporary measures and permanent protection - recultivt-
tion, respectively).

A design solution of a disposal area defines the
operative or temporary protection measures (physical or
chemical methods). It may be concluded (based on thr?
experience of the tî/.lsting disposal areas) that if a po-
llutant is correctly handle during transport and on the
disposal area itself, there is practically no possibi
lity of air pollution (hydro disposal area) or it h .'is
local significance only (dry disposal). Combined prote-
ction is used for final reculti vation of ash surffic:;-
Physical protection of dry ash surfaces assumes covitinfi
with a layer of soil, most frequently in mixture with
water. The chemical protection is based on the reaction
with an additional chemical a^ent (cement, lime, resin,
tarpaulin, tar, polymers, cellulose compounds) The be-
st results have been achieved by use of polymers, tarpa-
ulin and tar.

The final protection of ash must be permanent and
of good quality, therefore a combined type of protection
is to be applied which includes chemical , physical and
biological measures aiming at stabilization of disposal
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areas. Biological stabilization assumes vegetation pla-
nting on the a3h covered area- It has proved to be a
good base for cultivation of some plants (such as alfa-
alfa oats, wheat, small fruit trees, bushes, some sorts
of poplar). The ash should be covered with a layer of
soil for insulation (particularly in case of inter or
aggressive ash, this layer of soil should be about ^0 to
50 cm in thickness).

In Yugoslavia another form of biological protection
against ash spread out has been applied, i-e- planting .
of protective green belts around a disposal area in the
direction of most frequent winds. The belts consisting
of cornus mas, sambucus migra,ailanthus glandulosa or
broussonetia papyrifera,could have from 30 to 100 m in
thickness

However i t should be pointed out that this form of
protection is only a supplement to the basic recultivati-
on of the surface*.

As already mentioned pollution of ground waters
by waste waters drained from disposal areas is négligea-
ble. Therefore, design solutions of ash disposals do n,.t
anticipate any protection measures except that the wa-
ter from a pipeline transporting ash mixed with water
does not get directly to adjacent natural recipients.

Pollution by and protection against infiltration
waters are however more complex problems. Due to r i s i -
ng of piezometric pressures in the zone of a disposal
area and in i ts vicinity two negative effects appear:
— rising of underground water level which causes appe-
arance of water on the ground around a disposal area
(direct effect of this is degradation of adjacent land)
and
- change in underground water composition which is mani-
fested by increased concentration of sulphates, calcium,
and magnesium. The consequence is that special waterworks
have to be installed for surrounding settlements in the
direction of underground water movements.

Protection of underground waters against infi l tra-
tion waters is carried out by construction of drainage
canals around a disposal area whereby the level of un-
derground waters is brought down. This prevents doffradfi-
tion of surrounding land and expansion of increased con-
centration of sulphates beyond a disposal area limitsí

MILOVANOVIC



6 CONCLUSION

Consequences of lignite utilization for producti-
on of electric and heat energy in Yugoslavia with re-
gard to environmental pollution are rather disturbing
and they require special attention in all stages of a
plant construction and operation. The estimates of pol-
lution around designed plants in some cases show that
the level of pollution is considerably high and even
close to maximal permitted levels. For that reason it
is necessary even at the stage of a plant operation to
monitor spread out of all esgential pollutant?; so that
necessary and sufficient protection measures could be
arranged adequately. This means t;,>«t , considering its
importance and costs, even in tht stage of investment
planning one should foresee a moTii.toring system for pol-
lution in the environment and adequate systems for pro-
tection of the surroundings.

REFERENCES

F. Pasquil l , "Atmospheric Diffusion', Van Nostrand
New York London (1962)
B. Sivertsen, Plume Rise Calculat ions ' , Norwegian
Ins t i t u t e for Air Research, July (1974)
T.W. Horst, ;'A Surface Depletion Model for Deposi-
t ion from ',; Êhsu>í>3ian Plume"', Atm. Environment
Vol. 11 pp 41-46 (1977)
Dj. Mi lovanovio, T. Jevremovic, "DI TAL - Computer-
Program for Par t ic le Deposition Calculations ,
EnergoproJect Corp., Beograd (1983) (Internal re-
port)
M. Gavriloviò, et a l . , 'Environmental Impact Report
for TFP Drmno, 2x350 MW', Energoproject Corp..Beo-
grad (1984)



THE KUWAITI EXPERIENCE IN MANAGEMENT

OF MUNICIPAL SOLID WASTE

M. Hayssem H. Minkara* Hamed A. Shuaib*
Hassan M. Kl-Baroudi**

Technical Advisor* Chief Architect* Manager, ENV.**
Kuwait Municipality, P.O.Box 10, Safat, Kuwait*
KISR, P.O.Box 24885, Safat, Kuwait**

BACKGROUND AMD OBJECTIVES

Handling and disposal of. solid waste is one of the oldest
environmental problems facing urban communities. As soon as these
communities learned about potential impacts of solid waste on
public health and environmental quality, environmental laws and
regulations were enacted rfiquirinf special procedures for solid
waste storage, collection and disposal.

Protection of the environment in Kuwait is a national concern
that has been gaining an increasing attention by Government and
industry. In the area of Municipal Solid Vías te (MSW) we find that
the situation in Kuwait h• ;¡5 unique features which should bi»
addressed for developing -.*ny cast-effective management, pkm.
Major examples of these features are:

1) Very high rate of housing and urban development - ft is
practically impossible for the Cleansing Department and
other municipal services to expand at a proportionate
ratfc.

2) Imported technical and administrative manpower is oí
varied prufessioïis.l experience and background,

3) The ttultí-nationaiity of the urban community in Kuwait
and unpredictabl- situation for planning MSW man.inenkiit
system as well a.i enforcing Public Cleansing Ordinan.os.

4) Shortage of technical and administrative staff in thu
area of solid waste management. .



In spite of the above difficulties, Kuwait Municipality has
been collecting and disposing of about 2000 tons of municipal
solid waste per day. The current situation may be considered as
the fourth stage in following historical chronology.

• 1 - First Stage (Uncontrolled Landyi Coastal Dumping)

This stage started when Kuwait Municipality began «he public
cleanliness service more than 50 years ago. At that time, the
pick up service was limited to manual operations and the transport
was performed by animal pulled carts. The final dispoyal method
constituted dumping of all solid wastes in the open space outside
the City fence without any precaution except a surface sand layer
for cover. In some occasions, the solid waste was dumped in the
coastal area so that the tidal movement would convey it to far
away places in the sea.

2 - Second State (Open Burning Uurops;)

During the fifties, methods of solid waste collection were
developed antl expanded. Manpower increased and manual carts were
added. The practice of excavating pits for final disposal has
also begun. In that system, solid waste was placed on the sides
of the pits and set on fire and the combustibles were ashed (wood,
paper - etc). Afterwards, the incineration residues were pushed
into the holes and covered with a layer of sand. Such disposal
system had the advantage of reducing the waste volume to about
15% of the original size. Main disadvantages of the system were
the spread of smoke and air pollutants, harboring and breeding of
files, insects and rodents and accessibility of dumping sites to
people who sought to salvage organic wastes for animal feed in a
hazardous environment.

3 - Third Stage (Mechanized Collection)

In the last 15 years, the operations of public cleanliness
became mechanized in pick-up and transport. However, unsanitary
conditions still existed at the disposal site resulting in
spreading of insects and rodents as well spontaneous fires with
the attendant odor and air pollution problems.

A -Fourth Stage (Safe Landfill Disposai)

About four years ago, Kuwait Municipality began converting
solid waste disposal sites to ideal operations for sanitary
landfills by providing adequate equipment and following good
practice procedure for compacting and covering solid waste.
The advantages of the well-engineered landfill operation are:



1) Increased volume reduction by the appropriate use of heavy
oompar tors ,

2) Control of odor, insects and rodents

3) Control of spontaneous fires

4) Better reclamation potential of filled land

Throughout the above history as better engineering methods
were applied, more information was obtained on solid waste.! compo-
sition and quant 11 i es, Such information has led to a growing
awareness oí the materials and values that can be recovered from
solid wastes. The challenge of solid waste management is gradually
shifting from safe disposal to maximum utilization of recoverable
fractions. This shifting is also enhanced by the shortage tjf
suitable disposal lands near municipal centers. With more than
2000 tons/day of municipal solid waste generated, available land
for disposal is being used up at a high rate, and the cost of
proper collection and disposal are increased.

The first National effort in the direction of municipal solid
waste utilization was the construction of a 100 ton/day pilot
composting plant in 1969. Presently, there is a growing interest
in broader and more diversif: led application of solid waste
reclamation technologies and methods. Solid waste reclamation
will conserve material and energy resources, and will prot.ect
environmental quality hy reducing the quantities of wastes requiring
final disposal. From the fconomic view point, certain reclamation
systems may prove to be mort: cost effective than final disposal
either at the present time or in the future. j

It may be stated that a fifth stage of solid waste management
has already started in Kuwait which has reclamation as its primary
thrust. In the present study, the feasibility of applying selected
reclamation systems in Kuwait was assessed. Based on this prelimi-
nary assessment, a program p1,1n w a s developed to enhance and guide
the ikliipl ion of the best. M̂'.W reclamation systems for Kuwait.
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ASSESSMENT OF CANDIDATE RECLAMATION TECHNOLOGIES

Table 1 shows the average composition of MSW in Kuwait. The
relatively high percentage of food wastes, with associated high
moisture content, (Approx. 45%) suggests more suitability t>f waste
to composting than to incineration with energy recovery. In
addition to waste parameters,' other National environmental and
socio-economic factors are considered in the assessment and selection
of MSW systems. Tn Kuwait, the following were major factors to be
considered:

1) Environmental conditions; meteorological, surface, sub-
surface, and protection of natural resources.

2) Scarcity of organic resources.

3) General poor quali :y of tUs natural soil.

A) Food security policies for the country emphasizing various
forms of agricultural expansion.

Since v'ae mid-sixties, the State of Kuwait :.>erformod four
general assessment studies. They have conclusively recommended
landfilling, composting, and mass incineration with energy recovery,
in that order, as the most feasible reclamation/disposal alternatives
for Kuwait. Table 2 shows the comparative unit costs obtained for
these three systems, in mid-82 prices, Composting has proved to
be economically viable, in addition to being compatible to environ-
mental conditions and rational policies.

Table 1. Composition of MSK in Kuwait

Component Weight, percent, average

Food waste
Paper & Carton
Plastics
Metals
Glass & Ceramics
Textilea
Bones
Wood
Shoes
Miscellaneous

Total 100.0



Table 2. Cost Revenue Analysis and Various Reclamation Methods

Processing _ Net (Disposal)
„ „ Revenues _ r

System Costs vnivn-
 Cost

KD/Ton* K D / T o n KD/Ton

Landfilling 3 - 3
(Reference)

Composting 11,1 8.4 2.7

Incineration with 10.3 6.A 3.9
Energy Recovery

* 1 KD = 3.4 U.S. Dollars.

RECOMMENDED PROGRAM PLAN FOR MSW RECLAMATION

Presently, there are numerous methods and technologies for
reclamation of MSW, They represent- different levels of sophisti-
cation and different stages of development, different costs, outputs
and environmental impacts. In Kuwait, there is enough information
available in order to draw the most suitable policies for recla-
mation of MSW. Based on these policies, selection of commercial
applications and R & D investigations can be made to implement and
support these policies. Therefore, the recommended Program Plan
is divided in the following four categories.

A - Formulation of National Policies

B - Promising Commercial Applications

C - Applied Research & Demonstration

D - Basic Research 4 Development

A - Formulation of National Polices

The ever increasing quantities of MSW in urban communities
has prompted many coi-^tries to adopt policies or legislate laws
and regulations to secure the best solutions t:o the problem. .The
following broad principles or materials policies seem to have
gained universal acceptance:

M1NKARA



1) Minimize MSW generation rates

2) Maximize recycle and reclamation of MSW

3) Ensure that final disposal of MSW is performed with
the least impacts on water, air and land resources.

4) Secure community awareness and participation in the
selection of policies and in their implementation,
if necessary (as in source separation and buying
drinks only in returnable bottles).

The specific procedure and technologies for imp lume nt;it ion of
these goals may vary widely from country to country or city to
city. To iriniroize MSW generation rates it is required to survey
the MSW composition and the source of each traction. Subsequently,
government or community actions may be sought. In the USA, some
States have outlawed certain disposable bottles as a form of
undesirable packaging. In Kuwait, food wastes represents more than
one half of the MSW and it is thought that a significant portion
of it is wasted food and not food waste. Subsequent recommendations
indicate the technical investigations required for developing and
implementing these policies.

fa - Commercial Application of Composting

Figure 1 illustrates how composting is considered to have the
optimum environmental benefits and commercial development stage
for application in Kuwait. Preliminary assessments of market
demand and economic feasibility are promising. Further studies
for commercialization of MSW composting need to be performed to
provide answers to the following:

1) Optimum capacity and best source of MSW for the plant

2) Conceptual design of preferred system and costs

3) Economic and cost/benefit analyst*

4) Composting of combined MSW and sewage sludge.

The figure also shows landfill and incineration as commercially
established disposal systems with typically small environmental
benefits. However, if landfilling is designed and operated for
reclamation of bad lands or production of methane gas (not estab-
lished technology) then the environmental benefits will increase.
The same with incineration if the energy of combustion is reclaimed
in a usable form. Rejected portions or residual byproducts from
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incineration or any other processing or reclamation technology will
ultimately be disposed of by landfills. Therefore, the practice of
landfill disposal will continue for the unreclaimed portions of
MSW.

In summary, composting and landfilling are the two commercially
established technologies for MSW reclamation and disposal which
should be investigated and implemented for maximum resource
conservation and environmental protection in Kuwait.

C - Applied Research and Demonstration

The program termed as Applied Research and Development
represents two types of investigations. Figure 2 shows one type
as being support to commercial applications on one hand, and the
other represents the next step to successful Basic R & D. The
following are suggested areas of investigation in both types.

1) Quality control surveys and assessment of MSW
quantities and composition in all stages of handling
and processing. This information is essential for
upgrading composting applications in the mosc cost
effective ways.

2) Detailed environmental impact studies of commercially
adopted or planned systems such as composting or
landfilling. These will address pathways and
accumulations of critical pollutants.

3) Pilot studies of viable source separation systems with
various degrees of community participation. The greatest
obstacle toward effective reclamation is that MSW is a
hetv.rogonerous mixture of many components which contaminate
each other. Separation at the source can support reclamation
schemes whether in the commercial or innovative stage of
development.

4) Pilot studies of centralized mechanical separations
processes to handle completely mixed MSW or in support
of source separation.

5) feasibility studies of systems which have proved
conceptually promising. These studies include
preliminary environmental evaluations and technical
economic feasibilities.

MINKARA
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D - 'îasic Research and Development

Technologies for disposal and reclaiming of MSW have been
undergoing revolutionary developments and innovations during
the last two decades. In principle, developing countries should
be more concerned first with transfer of established feasible
technologies, rather than extending Che state-of-the-art by basic
research. However, Basic R & D would be necessary to be performed
to develop appropriate and required technologies that meet local
socio-economic demands. Implementation of the above became more
realistic if the country's economic resources permit the performance
of such basic research and development, as in the case of Kuwait.
Therefore, recommended that Basic R & D on MSW be performed according
to the following objectives and criteria;

1.) Review and assessment of universal technological
development of the subject so that feasible
applications to Kuwait may be considered. Examples
are chemical conversions of cellulose or pyrolytic
processes.

2) Basic R & u on concepts which have been evolved from
local experiences and opportunities. Examples are
composting of MSW and sewage sludge under Kuwaiti
conditions or use of solar energy for enhancing
system performance and feasibility, (Preliminary work
in this respect has taken place by KISR).

3) Basic R i D on existing materials specifications
for various industrial and municipal uses and
assessment of their replacement with secondary
materials from MSW»

4) Basic R & D on MSW systems including model development
of generation as function of community socio-economic
parameters, materials balances for predictive models,
long term fcrcasts of" MSW and its values - etc.
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CONCLUSION

Municipal Solid Waste continues to present a challenging case
to Municipal authorities around the world. Previously, handling
of solid waste was a case of disposal while controlling potential
public hazard and environmental health. Presently, however,
scarcity of natural resources and high cost of their development
are creating a demand for reclamation of material and energy values
in municipal solid wastes. Reclamation potentials of MSW are
varied and amaenable to creative and innovative concepts.
Developing nations should assess these potentials in respect of the
following:

1) Quality and quantity characteristics of MSW.

2) The nation's environmental conditions whi?h might
affect directly the best reclamation alternative.

3) focal and regional market values for reclaimed
by-products,

4) The socio-economic factors of the community which
might enhance its cooperation in mir.imiziny w.iste
generation and implementing special handling
procedures at the source.

The Kuwaiti experience so far provides a good case study for
developing nations in respect of seeking the appropriate national
policies and technologies for reclaiming MSW.

MINKAK*



ESTIMATION OF MAXIMUM FLOOD POR TABRIZ STORM
SEWER SYSTEM USING P.M.P AS A DESIGN PARAMETER.

A.A.MOVAHED-DANESH

Professor of Hydrolcgy-University of Tabriz

P.O.Box 103 - Tabriz - Iran

ABSTRACT: The present analysis was undertaken to de-
velop apropriate extreme flood design criteria for the
North-western city of Tabriz in Iran.The choice of design
flood for storm sewers system was made possible by using
the P.M.P as a Design Parameter .The results of analysis of
recorded storms are presented as a mathematical model for
estimation of selected P.M.P at different time durations.
Graphical relationships of the model used for P.M.P at di-
fferent time durations and for daily rainfall estimated
for different return pezi ods provided a convenient means
for estimating design sterm .

The relationships may be applied for drainage area
up to 25 km41

INTRODUCTION

The rapid development of human ag'lomerations in com-
bination with urbanisation of various regions alters the
natural ec(.-logical conditions governing existence of old
cities,The rapid population growth in theses areas and es-
pecially in the arid and semi-arid regions such as Tabriz
is a major cause of water supply systems development from
basins other- than the cities natural ones.Changes in land-
use in the vicinity of old cities and implementation of
urbanisation projects in the green surfaces , create a new
conditions for hydrological balance equation in these areas.
Consequently the agricultural lands are transformed into
the impervious surfaces «n which rapid runoff is resulted
from rainfall hence major floods can be observed.



Usually in such rapidly developing regions,particu—
arly in Iran,the watei- supply systems are developed whilst
he wast-water and storm sewers systems neglected,As a re-
alt, infiltration wells are utilized for wast-water dejec-
.ion and sometimes for roof runoff as well. Whenever this
situation occurs and especially in areas where the water
supply system is operated from water extracted from the ad-
jacent basins, the rise of water table is considered.

In Tabriz with a population of approximately 1 mill-
ion, such condition exist entirely.Water supply system uses
water from different adjacent sources other than thoso exis-
ting in the city basin,The wast-water system is riot yet de-
veloped for the whole area exept for a very small part of
the city.The rise of water table, through infiltration of
wtist-water in absorbent-well system was considered and cau-
sed some severe problems in the western part of the city.

Runoff resulted from storms is an important problem
in most parts of the city,A wast water project is designed,
which is partially considered for a mixed-system,i.e,wast-
water and storms sewer systems included within one project.
For other parts of city , storms sewer systems will be
designed separately.In the present paper following a brief
notes on areal characteristics of Tabriz, data on daily rain
fall will be analysed in order to estimate the urban flood
matvnitudo and choose a designe parameter for storms sower-
systems .

HYDROLOGICAL and GEOGRAPHICAL CONDITIONS IN TABRIZ i

Tabriz, capital, of Eastern Azarbaidjan is located
North-westerly in Iran in 38,08 N.I, and ^6,15 E.Lg.In the
present paper the historical view will not be discussed but
to mention is that the city is one of the oldest in Iran,
being located at the uppermost part of Urmiah lake plain
(M.Dansh, 1977) ,in azarbaidjan pruvinoo which is a moujitane-
ous area (Fig,1)»The morphological situation of Tabriz area
is demonstrated in Fig.2 by perspective representation«Mean
altitude is about 13'Hm,the general slope being fr<.it; the Eas
towards the West and from the North as well as tliu South to-
wards the center in which a natural channel! situated at
thalweg of the area.

City's hydrological basin is limited Northerly and
Southerly by mountains of about 25OO111 high , whereas its
Eastern limits arfi nearly 1500m, and the western part re-
mains open and a continuous plain towards the lake of Ur-
miah shore is developed thert:(M,Danesh,1977)(Fig.3),

Tabriz plain,particularly the city's location is de-
developed from alluvial matera ais and dejection cones. A
seasonal stream originated from eastern mountains go
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1-Lake of Urmiah,

Fig,1-Topgraphieal map of North-Western Iran,
(Azarbaidjan)

thrcught oast to west of the city; at its western unification
with other rivers, the final part of regional main river,
Adji-Chay originated from Sabalan mountains(about 5000m high)
is,,accomplished.Hydrological basin of Tabriz is about 61,9
km^M, Oanesh, 1 977 ) ; the runoff originated from this area f «rn s
the city's flood.

The mean precipitation of Tabiia! being about 321,5mm
yearly, most frequently occurs during winter and spring-.

The general principle of spatial distribution of pre-
cipitation is orographical, accci'ding which the local storms
causing major floods particularly towards the end of spring
and at the atar-t of summer are frontal(M.Panesh, 1978).

WAST-WATER ;md STORMS SEVERS SYSTEMS IN TABRIZ,
SUMMARY OF PHOFOoRfi PRfUECT;

The necid for waat-wator sewers systems in Tabriz has
been proved due to the rise in ground-water level and deve-
lopment r.f urbanisation projects,Tn 1973 a Consulting Engi-
neering Company was appointed for studying and ísstabli íslimeTit
of this pro joe-1 .Two main channels were auggested foi- this
pn ject and in otder to be implajn«r¿ted at the natural stream
bed at the t.halveg of the city area, each for a maximum dis-
charge of about 10nr/see, with possibility of spilí into
the natural bed in the case of major floods. Certain par-
tial canalisation within central area has been suggested
for combined sewerage, runoff and wast-watei and in the
other parts the storms sewers will be dosigned separately.



FÍG.2-Porspec!tive view of Tabriz area.
(fromîMovahed-Danesh,1977)

For this area the runoff coefficient -was chcssn to2
be 0.8, tha maximum discharge being about 8.111m /aec/km
from that 1.37$ wast-water and 98.63$ runoff resulting
fren: storms.Hence the maximum estimated flood can be deter-
mined as 8m /sec/km .It was assumed that the- pri ject will
be designed in such a way that it would be effective in
Tabriz area for 25 years hiirafter.lt could bo easily seen
that for projects of this kind the maximum flood has to be
evaluated for a long return period. Accepting a \°/a permi-
ssible risk of faillure f<n- a 25 years project life, it
could be indicated that the ruturn period for flood com—
ptuation is about 2't87 years and for a life project of 50
years about ¿4975 years ( Ujelmfelt and Cassidy, 1 975 ) . For
this reason it is suggested to use the P.M.I' in evaluating
the maximum flood of these systems.

In this paper, the analysis of maximum daily rainfall
records for 26 years was carried out. In evaluating of the
P.M.P the statistical procedures are used(WM0,1973),and in
estimating the ds.ily rainfall for various return periods
the extremi; values type II distribution has been used in
logari thmic transform(Larras,1972).



Fie.3-ToFograpl.ical map and cross sections of
Tabj-j z aroa(íroni:Movalied-Danesh., 1977).
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Fig.4-Hydrological Basin of Tabriz area.
(from:Movahed-Danesh,1977)



EVALUATION OF PROBABLE MAXIMUM PRECIPITATION(P.M. I1):

The probable maximum precipitation^,M,p) at any
location should represent the depth-time and spatial dis-
tribution of precipitation that approaches the upper limit
of that of atmosphere and regional topography can produce
under optimum précipitation yielding conditions(Kappus,U,
et all, 1978),1'robablo Maximum Precipitation was estimated
by statistical analysis of the 26 years daily rainfall
records in Tabriz area.

The time distribution model for 2k hr.P.M.P is based
upon a mathematical model as below:

P?é=**8.9T0*225 (1)

where:P$ represents the percentage cf daily rainfall and
T,the time in hr.This model has been coputed analysing the
hyetographs of precipitation for a period of 2 years in
Tabriz.Comparison of this model with tho standard curve of
time distribution of P.M.P(WMO, 1973) demonstrates a close
coherence existing between them.Another daily rainfall
analysis was undertaken using a partial duration series
(Table 1)using Gumbel probalistic paper with a logarith-
mic transform of rainfall scale.The transformation was
done because the distribution of observed data on ordinary
paper indicated concavity from which it is clear that this
form of distribution should be presented on a logarithmic
scale(Frechet Distribution)(Larras,1972).

STATISTICAL MODEL OF P.M.P:

The statistical procedure used in estimating I'.M.P
was that discussed in the World Meteorological Organisa-
tion Mannual(WMO,1973).Tlius P.M.P, the probale maximum
precipitation is described as below:

P.M.P= p +KS (2)

where:P and S are the mean and standard deviation respec-
tively, of the annual series of 2k hr.maximum precipitation
and K is an empirical coefficient,K is a function of P and
rainfall duration.

Some correction factors have been used in the sta-
tistical procedure regarding the P.M.P evaluation and all
have been applied in this paper, the summary of coitiptu—
ations is given in table 2.

From simple statistical model , tha daily rainfall

for different return periods have been evaluated as repre-
sented in time distribution graph using formula 1,

Using Gumbel distribution equation to estimate the
return period of P.M.P for different durations, it can be

MOVAHED - DANESH



Table 1-Partial Duration Series of Tabriz
daily rainfall(baso=14mm)

Year

1958

1959

I960

1961
1962

1963

1964

1965

1966

1976
1968

rainfall

, ï;^6,
23.2
22.9
15.2
19.6
18.9
14.4
30.4
16.2
14.1
18,0
19.8
15.5
21.8
28.6
19.5
20.8
23.8
19.0
97.6
38.0
14.8
28.4
17.2
18,2
22.2
15.3
19.5
20.4
14.0
22.8
19.0
26.3
16.6
26.4
22.6
17.0
15.6
32.0
23,4

Year

I969

1970

1971

1972
1973

1974

1975

1976

1977

1978

1979

1980
1981

1982

1983

rainfall

2 3.6
32.4
16.8
31.4
I6.O
i4,o .
14.0
31.0
"16.6
18.6
24.8
24.0
17.8
16.2
17.4
16.0
19.0
16.0
27.0
25.0
17.0
63.0
24.0
17.0
17.4
18.6
15.8
25.O
33.7
22.0
53.0
20.0
15.0
15.1
20.1
32.1
15.9
17.6
14.0

From:Data of daily rainfall of Iranian
Meteorological Department(1958-1983)



Table 2- Comptuation of probable iraximum
precipitation(P.M.p).Annual series of
maximum precipitation ,mm.

Year

1964
1977
1981
1979
1969
1982
1968
1971
i960
1963
1965
1976
1967

rainfall

97.6
63.O
53.0
33.7
32.4
32.1
32.O
31.O
30.4
28.6
28.4
27.0
26.3

Year

1973
1958
1 9('>û
I98O
I962
1959
1975
1978
1972
1974
I97O
1961
1983

rainfall

PITS
23.a
22,8
22,0
19.8
19.6
19.0
18.6
1-8.fi
17.4
16.a
14.1
14.0

n=26 , P =29.44 S =17.76
n n

VnT26'?1 Vm3 1 1-2

Ajustmenrt factors for P are 0.94 and 1.02
Ajusted P=29.44^0.94*1.02=28,23
Ajustment factors for S are 0.70 and 1.05
Ajusted S =17.76x0.70x1^05=13.05

d
justed S 1 7 . 7 0 . 7 ^ 0 5

From standard curve, K=18

PMP.-.28,23 + 18(13,0.5)=263P
s

mm3 ( 3 . ) 3
Ajustment based on time interval data to time maximum
values: PMP,,. =1 , 1 3(g6'})=297 mm
Ajustment tí". 500 km": PMPr)¿( = 297 (0.9 )=267 mm

MutQil' _ and S aro the mean and standard déviation,
respectively , 01 the annual series computed after
eluding the m.'ucimum rainfall amount in each sories(WM0,
1973).

MOVA HED - DANESH
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showtn that lhe 3hr f'.M.P calculatod from 2'thr P.M.P
formula 1, coincides with a return period oqual to 298O
years.If this return period is used to calculate the project
lH'r; allowing 1% chance of faillurc, using general risk ana-
lysis formula:

P(faillure within n years)=1-(i-p)n (3)

where p=i/Tr and n=project life, the project life can be
found according to the quantity equal to 30 years.Tho so
calculated time for project life can be adopted as resonable,

ESTIMATION OF MAXIMUM FLOODS

P.M.F is determined following determination of pro-
bable maximum precipi,tation(Linsley et all,1975).Tn this
analysis tho procedure used in transforming rainfall to run-
off, will be jjhe triangular hydrograph model for an area
equal to 1 km1". Two 3hr rainfall depth,P.M.P , and P

1 O O Q ( 3 )
will be applied.In computing P >^*,the partial duration'
series has been usod.For long rt> turn'periods such as 1000
years, the plotting positions for duration serios and par-
tial duration serios would be the same(chow,1953»1964).The
quantities are computed, using foimula 1 and P.M.Poi=267,and
P -22O mm "" *
1000" '

P.M.P =63$ of P,M.P2k=i68 mm
p iooo(3)= 6 3 5 é o f p iooo=1 3 9 mm

For application of triangular hydrograph model, the
Concentrât ion time is necessary and its value lias beob cal-
culated as 90 minutes using- the folloflng equation derived
from on standard nomograoh used in computing the concentra-
tion time in urban areas (.Site af fer et all, 1 982),

where: t is the time of concentration in minutes and L
being length of travel in meter.Applying this formula for
L=1000m, yiolded to t =83.5 minutes and adding the timo of
concentration of gutters systems, 90 minutes for this time
could be accepted. According tu the hydrograph analysis con-
cept, tho base time of triangular hydrograph will bej

T=tr+tc (5)

T= 180+90=270 n;inutes= 162OO seconds

The volume of total runoff with a ccefficient of 0,8
is:

P.M.P (0.8) (A) =0.1 68(0.8) (1O6) = 13Z*''OO

P1ooo(3)(O.8)(A)=O.139(0.8)(iO
6)=1112OOm3/km

According to triangular hydmgraph concept this volume
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Fig 5-Frequency analysis of daily precipitation,

has to bo evacuated in 16200 seconds, by moans of a tiangu-
lar shape hydroci-Mph with an ar̂ .i equal to total volume .The
peak flow can le calculated as below:

Thus we can draw:

PMF=2(i344OO)/i6i;OO=i6.57 m /seo/k

Q O O
2(1112OO)/162OO=13.73 m3/sec/km

MOVA HED - DANESH
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There.jDre now93 parameters for design flood; the
first is 8m"/see/km"chosen for the existing project, as
already mentioned,this quantity having a reduced retur^
peri, od,, would bo omitted. The second one is PM|'=16.75 m /
sec/kmSthe third being Q1OOO=13.73 m

J/sec/km . The PMF
should be chosen, for it can be indicated that the ruilu-
ced difference between thorn cannot result in a major
change in investment fur lie project; in fact certain
parts' of canalisation will be included within a combined
system,To choose PMF as a design parameter has the ad-
vantage cf reduced risk (i$) for a. rusoriable project life
equal to 30 years.

o
•ri

-P
10
+>
•H
ft

O
O

£

Pd g 6- Time distribution of PMP^and estimated
precipitation for different return periods.

CONCLUSION!

A comprehensive undevstsjiding of precipitation and
its distribution patterns both in space and time is essen-
tial to tho proper design of many structures.
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Frequency analysis of point rainfal] usually providos
the basis for designing storm sewers in typical urban de-
velrpniirnts, drainage works at airports and so on.Certain
damages could result if the design capacity exeeded; under
these cjrcumustances, if the design parameter is chosfcn with
appropriate methods such as presented in this pi-.per , it
is unlikely to be catastrophic in magnitude.

For areas where data on rainfall intensities is not
available for admissible length «f periods, the analytical
procedures of operational hydrologie models and mathemati-
cal modeling of various phenomena represent useful metais
of obtaining sufficient knowledge to choose dusign parameter.
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Retention of Lead dissolved by a bentonlte.

Dr. Gh. NEZZAL - F.BENKESSIOUER.

Université des Sciences et de la Technologie Houarl Boumedlene.

Institut de Chimie.

Bab-Ezzouar - B.P. 9-Dar El-Geida - ALGERIA.

The study Consists of 1he di.icrmiriül ion of optimum condi-
- t l o m o f dissolved lead rotent ¡on t.-y ¡on m i nord I oxçhïiricior very
widespread in Algeria, so as to ;jpply to the purification of pol-
-luted industrial waste waters.

-Introduction

Waior pollut Ion by lead has reached an important level fol-
l o w i n g thot by mercury; these 1wo elements are considered to be
tho most toxic for environment and more particularly for the
health of man through food,The pollution becomes more dangerous
if tho receiver is a closed one as is the case of the Mediterra-
n e a n sert where high contents of mercury and lead have been detec-
t e d '. For example the allowed lead content in drinkinq water
and waste,water, according to international standards,are
0, 1 mg I and 0,5 mt) I (Swiss standard) respectively.

Were present hero the results of a study on 1ho treatmuni of
water polluted by lead, by fixing it r.n benton i 1 c , a natural mine-
-ral sorbant widely available in A |t;f. r i n - W<h htivf <fiost-n- t lit* t'-C'n-
-ton|1e of Maghnia deposils Known .'n. "i-:f<u5.sc!I " .

following an ar.coutd of ¡15 physico-chomicnl proper t i ro ,tht
resultr, on the; opiimum conditions of d i r,sol ved Ic.id retention tw
this sorbant are presented .1 he Kinc?1ics of 1hc chnriicteri st ic re-
-action iind the influcnrp of different iactur:* ¿ni' •ronci dtTC-d.



I .Physico-chemi ca I E>roEeCtl£i-Ç!Í--£!?Í2DÍÍ —

Activity of natural sorban+s called " b e n t o n l t e s " is deter-
-minod by the constant presence of a clay m i n e r a l , the m o n t m o r i l -
- lonl tfi.Hosi deb, bentonite canpontoin other clay m i n e r a l s (Kaoli-
-nlte,11 I I t e . . . ) , as well as impurities like g y p s u m , c a r b o n a t e ,
biot ¡ te,mica,m<ignet i t e , I imonl t e and silica3.4 ,

Iii(- bcntt'iite Is a del icate, f riabl e rock very o n c t u o u s to
1he I ou h.lt i w h i t e , grey or light bletA. ^

J^Strut. * L Q o

Montrer' Ionite is a phyllitic silico nluminate,Characteri-
s e d by thre<' layer complex leaves : one octahedric layer .alumi-
-no-magnosium comprised between two tetraedric silica |ayers:6-7.
pigure 1. Watef molecules oriented on these octahedric and tetra-
-hedric r;roups separate these different layers.

In '-,<?. horizontal plane, a uni1 cristal lattice can be re-
-presen1< ' by the following theoretical formula, taking into ac~
-count 1\'1 symmetry plane passing through the centre of the octa-
-I"drons;

S I ¿ V A l(4-x> M 9 x ° 1 0 ( 0 H ) 4 M x •
The indexes IV and VI indicate the coordinate positions of

tetrahedrons and octahedrons; Mx indicates the compensatory ion
placed outside the leaves. In part, accord i ng to HOF-MANN and 3|6

a 5ma I I number x of AI'1 ions of the octahedric: layer Is repla-
-ced by Mg2*j Fe^*, or Fe^* ions.The substitution of AI J* ions
by Mg''* or Fe^* leads to a deficiency of positive charges which
Is compensated by the compensatory ions Na*, Ca^ , K*, which

take positions between the leaves^' ' ' ' 'The Roussel
bentonite considered, has a substitution rate of x equal to
0.9 10 ' eq.g~1 which constitues 80Í of the exchange cagacity.
The lattice parameters "a" and "b" are 5.3, Ã and 9.05 Ajthick-
-ness of a leaf (001 plane) is 9,6 À '2 .Hexagonal arrangement
of the tetrahedrons makes appear cavities at the bottom of which
OH ions are found.The compensatory cations are localised between
the leaves (interior cations), at the periphery of leaves and on
the surface of particles (superficja I pat ions).The compensatory
¡ons determine the tola I exchange capacity.These are classified
in three groups according to their behaviour: interior cations,
superficial cations localised on the (001) faces and superficial
cations localised at the periphery.

2i_tJÏÎration and_ion_excharige_pro[iert|es

The interior hydration of montmor¡Ilonite provokes its
swelIing.This swelling is due to water penetration between the
leaves by ions dipoles (compensator ir'erior ions,water mole-
-cutes) attract ion.According to KENZIb " t h i s hydration takes



Figure 1-5tructural schema of the Montrer!Ilonlte according
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Table-2- Structural Composition.

¡I Iaceous mineral Others
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\ % •

quart* ¡dolomite"'Icalcite
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placo at fjrst.ln the Casa of montmoriIlonl1e saiurated with
monovalent calions, water molecules are arranged In plan.ir- mole-
-cular layers, spreading a part the leaves which faci I M u t e s the
exchange reactions, between the interior compensatory Ions and
those of the solution. In the case of Montmori Ilonite .saturated
with earth alkaline cations, the water mo I ecu los arc arranged
In octohedrons around the cation thus forming hexahydrates
M (H2O), which spread apart lhe leaves.So, this hydration rtieca-
-nism is according to^, related to the disordered distribution
of compensatory ions.More over,each of them ¡5 found to be away
fi-om thci charge it compensates.These .henomencii are revealed by
the nn ilifications of differential the', .nal analysis curves. Supei—
-fici .! hydration of montmoriIlonite ,-ystals transform these
crystals into negativelly charged micelles by fixing OH ions
coming from water molecule decompôs!tion.These negatively char*
-ged micelles are surrounded by p¿ ;lt'-'e ions present in the
.".olution 9.1i,7he suspension siabllli.' then depends on the dimen-
-sioi.s and the charge of the posit i vt ions forming the Ionic at-
-mosphere.

lhe exchange properties of the cations of bentonite are
hence due to the existence of compensatory ions, their disoi—
••••iered distribution and the different hydration mecanlsms of
tiio mineral when ¡t Is dispersed In a saline solution.

" a ) Chemical composition
This was determined by classical methods of _• i I i cale analy

-sis.ïhe ignition loss was obtained by ca lei n;:! ¡en of samples
° (

g
at IOQd°C up to a constant weight (C02

H^O) lablc.1.

Table 1- Chercr.al cornposition of natural and activated bento-
-nites.

Especies)
Sl °2¡A12 OjTI ! I.L.

Natural !
Bentoniti 58.58
% Weight!

Activa-
t e d
ucrrtoni
with

«eight

20.87! 2.22

i
I

1
1
1

.42¡5.05¡0.19
t

¡1.5 ¡0.56J 9.35

1

te!
70.12! 13.01 ! 1.07 0.30 ! 2,2 JO, 15 O.45ÍO.52 12.19



t>) Structura I ipositlon

Some authors3 present the ratio Si C^/AU 0-j as theCharac-
- teristlc index of the montmoriI Ion!te when Its value variei
between 2 and 3.5.According to the table 1, this ratio Is equal
to 2.81.ClassIf ¡cation of Roussel bentonlte as montmori I loni te
was confirmed by X ray diffraction and analysis by I.R. spectro-
-scopy.

The results of X ray diffraction analysis presented in
table -2~ show the clay mineral contains mainly montmoriI Ion Ite
with trace impurities of quartz.

Analysis by I.R. spectrcrcopy can reveal the absorption
bands of the clay and those o ; the Impurities:

-Domalje r_PÜ
1>iVl~TTlipect"njm" f igure-2-shows two bands In the zone

1600-1700 cm"1 and 3200-3800 cm"1. This corresponds to the defor-
-mation of water molecules absorbed between leaves and to the
valence vibrations of the attached -OH species (constitutlon ,
water).To characterlse^he montmori I Ion i te, the 3200-3B00 cm
band is generally used

^Domaine Sj,_;_Q

The I.R. spectrum shows a band series characteristic of
Si-0 vibrations in the form of picks at 42S-455-6OO-7OO- and
780 cm"'.More over, the absorption bands also appear between
1000 and 1150 cm"'.Considering the theory according to which the
substitution of Sj by AI in the ratio 3/2 displaces the bands
towards lower frequencies 3.15. ( we can affirm that these
bands characterise only the bands Si-O-Si and SiO - AI

;Domaine_S|-g-M
v^ C Mvl: Al,Mg,Fe)

The spectrum shows a pick at 455 cm indicating the presen-
-co of MQ in an octahedric site.Considering the works of STU6ICAN
and ROYiõ. ' absence or reduction of this pick corresponds to
the presence of AI in tetrahedric site.We conclude that the
quantity of AI in tetrahedric position is practically zero.More
over the Si-O-Alvi bond is revealed by the picks of frequencies
1040 and 1050 cm"1.

=Doma|ng__M^_=_0Hj (M
VI : AI,Mg,Te)

The spectrum shows an absorption band with its maximum at
910 cm*t. According to ?• -,it corresponds to vibrations of
Alvl - OH. The Mg-OH tonds are revealed by absorption at 505cm* .
As they are generally observed by those of S i-O2 vi brat ions,it
is impossible to characterise them.

The I.R. analysis confirms that the bentonite considered
- i 5 montmorI ! I on i te.

-Differential thermal analysis given by the figure 3 ^ .•

NE.'ZAL



F i g u r c : D i f f é r e n c i a ! 1 h e r m a I nnalyr, ¡s d î a n r o m of not ura I
" R o u s s e l " bf>ri"toni 1 e

(290°C)

105T 552°C 734°C

Fi pure 4 : Influence of acid activation (H SOn) on ttjr> capacity
reion+ion of ROUSÍÍÍI bon+oni+e foward^ Pb ' 7 S

S ° P o <

1 - initial côneentra1 ion = 50 nçi '."1 of Pb ?<

2 - Initial concentration = 150 nt| l~1 of Pb

10

Tixed q u a n t i t y of l-'b IT>C¡ y -1



three endothermic effects as revealed by three picks:

The first pick at 105°C, corresponds to the departure of
hydration water.Between 105°C- 35O°C it is zeolitic or inter-
foliar water which [eaves the lattice. 3.11.12,

The record pick at 552°C corresponds to dehydroxyI at ion
and the third at 734°C to the destruction of the crystal lattice.
1 he presence of quartz is usually revealed by an endothermic
reaction between 500°C and ó35°C.This reaction is absent in our
case because the quartz is present in traces.

This study confirms that the bentonite considered is prác-
-tically a pur montmoriIlonlte.

íi

The properties of argillaceous minerals are determined by
fhelr composition and their structure .They can be modified or
improved by physical or chemica' treatments.A comparative study
of the activation by H,SO4 acia, at a temperature of 100C° and
another thermic activation at temperatures of tO5°C and !52O°C
Is being presented.

The activation by sulfurlc acid at a temperature of 100°C
has been realized for different concentrations in H2 SO4, dif-
ferent mass ratios pure H¿ SO4 /dry bentonite and different
contact times .

The optimal condition!", of dissolved lead retention have
been determined to a base of these activation parameters ¡n

connection with a natural bentonite dried at105 "C.The results
showed that the activation of the bentonife by )-\'¿ SO4 diminishes
its retention capacity towards dissolved lead -Fig {A).
while its specific surface ¡ncreasis:
112 m 2 g~' instead of 7?.5m 9"' for H z SO4 at 5Í.'

The acid treatment at 5% of Hj SO4,is shown by a phonomiTia
of partial dissolution of alkaline metals oxydes, alkaline e.ir th
metals,i ron,a Iuminum.However,5 I Iica is not dissolved.Tab I o -1-

Acidic activation has sh^wn an Improvment of thu retention
capacity of other bentonffel?; which Is explained,accord i nj to
THOMAS 16, by the removal of 2 ions of aluminium out of th< four
of the central layer, replaced by H* ions, brought by tin ,icid
in the interfoliar space and exchanged with cations of tin solu-
tion. Figure -5- represents the structural diagram of the trnn=-
-fornation of an elementary montmori I Ion ¡te cell efh.r activ.:-
tiop ISBesldos, the thermic activation at a temperature uf10r- "C
causes the outlet of hydratation water, at a tomper,iture oj
320°C, it causes the outlet of zeolitic or ¡nterfolmr water

NEZ7AL



The dissolved lead relent Ion has been taken into considero-
-tion in each of these Cases.

-2- Retention of dissolved lead.

Aq.it.oji solution of lead nitrate of different concentrations
arc put into contact with bentonite in the different states
previously writ+en about.The lead retention is controlled by the
analysis of the solutions after the separation of bentonite by
fi It rat I on.The lead which remains In the solution Is analysed by
atomic absorption with the help of PER K|N-ELMFR spectrometre of
the 290B serie equiped With a hollow cathod lamp.The absorbance
measure is done at a wave change of 283.3 nm.

2.1. The Inf¡uence_of_the concentration of the actlva-

The study of this p a r at™-: ; r >- .w^is '•> prove the need to
mel;., salvation or no of the berno'vi to r-,;,., if yes ,to research
fht* wni.ip of the concentration of th& ¿.cidt-- (H2 SO») of bentonite
act 1 vtv!-on, for which the retention of dissolved lead is maxi-
-rnufti.This st'i'Jy has been directed in the following experimental

ions: « with gra i ns di ameter 0 Is: 0.1um
t t i i d i d Pb

condi ions: with gra i ns di ameter 0 Is: 0.1um
-ini'M.al concentrât ion1;, in dissolved Pb:ÇQ and
-ber.tonite dried at a temperature of 1O5°C
-relation bentonilt; mass/solution volume: 'Uj /200 nil.
-îicilvated bentonite with H2 S0 4 at different concentra-

t i o n s and dried at. 105oC.
Such mixtures are snaked during 6 howrs at ,'O°C,The results

are given in table-3- for the solution at 150 mg I"' and figure-'i-

Table -3-

Concentration of

the activation
a o i d % ma s s

nafu.-f:! bentonite
5
10
15
20'

¡ 25
i

Fixed

mg 1

150
134.
118
110.
102
91

quantity

4

7

of Pb 2'

mq q"!

7.5
5.72
5.9
5.54
5.1
4.55

Pur
ef i

i f i
Î c i

%

lor
89.
78.
73.
68
60,

c ¿ï t i o n Í

6 ¡
7 J
e ¡

• !

7 !
i

This table shows that the activation of "ttoussel"berrlonlte
by Hy ÃO4 at different concentrations diminishes Its retention
capacity towards Pb dis. This determined us to consider the
retention properties of this bentonite In its natural state,



F iguro b ; St ructura l schpmñ o! u'
a f t o r a r îd i c a r t ¡v¿)t ¡ f

' • •Mf f i'.i minímar ¡ I l on l te
« r ™ ' ¡ no to THOMAS ' S. '

Figure : ! n f I uonc t • ' t
on the? 0 1 ; ̂ rr i t ,

ton i t c-'m^Sts/so | ut i on volume r a t i o
' i t l on o< " f o u í í f i l " bOntomtf?

^ Pb2*mg g-1
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dried al 8 temperature of 105°C and 32O°C.

2. /-De+efm ¡ nat k5_n_.oí_.opJjJi!5_L J!̂ AL'i!.nJjífi.r!Íñn.iJte-JÍSSS. ./-SPJ-H-tJ-PJl.

j
. ! ¡ir a constant solution volume,the mass of natural bentonite

dried ,it 105 and 320°C is varied; the other operating, cond11ions
are. idt ni ical 1c those given previously/!" he results are given in
table - 4 -

!dble-4- A case of a solution at 150 mg' I in Pb

''.)!:<. of natural
clrii"! bentonite
at 1 5°C g

¡Fixed quantitv of Pb Efficien-

_]-cy t
mg l - i l m9 9

-1

0,
1
2

3

5

i
t

i

!

t
i
i

121
146
149

150

.2

.3

.7

46.
29,
14.

10

2
97

80
97
99

100

.8

.3

.8

5.6 .
6.2
6.4

6.5

The optima! relation estimated according to the waste water
standard (i-e- 0,5 mq I ), changes according to the initial
concentration of the solution in fJb . It is given in table -5-
for natural Roussel bentonite dried at 105°C,F¡g.6

-Table -',-

Initial Concentration
Pb 2 + mg I"1

Purification
Efficiency %

Relation
mass/volume

i

i
i
i
i
i

i

j
I
i

i

50

99

_0.5_

100

100

99.8

100

150

99.75

100

2.3. Kineticfof the retention of Pb dissolved by bentonite

This study has been done for the different reserved concen-
trations for'an opt¡mal relation mass/volume of solution on a
natural bentonite dried at 10ii°C.and 320°C.The results given in
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Figure 7- ore relative to retention kinetic of dissolved Pb for
different concentrations at a temperature of 20°C,These curves
show that the retention kinetic of dissolved Pb is very quick,
practically total afinr 0,5 hour of contact.A light passing back
reaction of fixed Pb is observed after a contact time superior
to 2 hours.Thls observation orders the secaral ion of the two
phases after a contact of 2 hours.

The kinetles react ion of the Pb dissolved bv the considered
bentonite can be represented by a straight line having an

expression:

y - k log xt + z

where k,x and z are related to initial concentration.An avera-
-ge expression relative to each concentration
-ten :

Vj-0.3 log t + 18.p ;y2 - 0.45 log t • 24

2.4. Influence of various factors

2.4,a-Influence of PH.

can be wrlt-

•3" 0.6 logt+26.6

The results are relative to a solution of 50 mg l" of dis-

solved Pb at 20°C,for a natural bentonite dried at105 °C,for an

optimal relation mass/solution volume.The variation of the Ph

has been realized by adding He I O.IN and NoOH O.25N.Table-6-

gives this influence-

Tab Ie-6-InfIuence of the pH.

5.7 II{In i t i a I pH | j j j.i j ' i y i ii u

¡ F i x e d q u a n t i t y - _ _ ! _ . _ ! _ ..' _ __! ' '. ..
¡ of Pb

¡ F i n a l p H .

8.98

5.6

9.46

7.4

13

8.84!

-—{—-{ {--

9.66' 9.86' 9.54

7.8 8.3 í 9-z !11.9
The results show that the pH. has little Influence on the

capacity of reten+ion of bentonite towards dissolved Pb .Howe-
-ver.a slightly basic pH increases the efficiency of the reac-
-tion,in relation with the concentrât ion:Figure-8

2.4,b.Influence of the presence of various Ions

The influence of the salinity has been taken into cons Ide -
-ration so as to establish the elements in relation with a choi-
-ce beiween an overall treatment or a separative one in case of
industriai waste water.

The interesting ions are Na*;Ca *,(:!*,SO;"¡natural ly pre -

NEZZAL
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tëfn 1 or;. ¡ 1 (? a t r o o m . 1 e n p e r í i t u r o (?.0oC)

( 1 ) - ¡ n i l i ü l c o n e o n t r a i ¡ o n * Vi mq l " l ; ( ? ) - i n i t i a l

• c o n c e n t r a t i o n = 1 5 0 mg l " l - j 7 . ) - i n i t i a l f o n í e n t r a i i o n

=200mg1"l
f ixf.'d^judni i ty_ _ O
of Pb mg g-1

.20

' i!J"ri-1 8 : Influence of the initial pH on the
Mousse I bontoni-te towardï. Pb

2 I-

retention oi

..2+, Pb mgg- 1

•bO

,"'5

©_-'--e o ©—

—Pi1 ». .
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-sont ¡n the environment.The latter was considered in concentra-
tion field inferior caused by "the preci pi tat ion of PbSO,.

The results are relative to the different solutions with
optimal condi 1 ions,for natural bentonite dried a1 105°C,Curves
-figure-9 -show that retention of dissolved Pb by the bentonite
diminishes in base of an increase In chlorure of the solution /
especially when the concentration ¡n dissolved Pb Increases,This
is probably an effect resulting from the presence of Na and cl.
In effect the retention of dissolved Pb diminishes when the con-
centration in Na + increaseg:rigure-8-0n the other hand the pre-
-sence of Ca * ions and SO' ions,Figure-9- has less influence
on the cfjpacltv of retention of the bentonite towards dissol-
ved lead.

2,5. Study__of ,

The retention of dissolved Pb by Roussel bentonite Is main-
~ly an exchange reaction between compensatory ions in the solid
phase and the those of the solution.

The nature and the quantity of Ions exchanged with those
of the solution has been determined.The results reported In
table-7- for bentonite dried.at 105 and 320°C are reia-tivo tc
a solution Pb of 200 mg I .The compensatory Ions are composed

of Na+,.K+,Fe + ,Mcj~ ,Ca , in a decreasing order of their concen-
trât Ions.The exchange çeaction first concerns the ions'Na and
K -The Ions Fe nnd Mg come ¡n second position,and ions O
come last.wlth increase of the bentonite mass,solut¡on volume
ra1io.

Table -7- Nature of ions.which qive out the bentonite in
relation with retentjon of Pb^+ :
Case of 3 solution at 200 rag . I in Pb

2*

Species QuantitvIPb ' •
7 , ! lNc'

x I0 eq q"1 ! ¡d'lS. -•
jenionite mass jfixedj-
solution volume !

¡dis.
j
!

Mq
dis.

2*

i

¡Caz

I dis.
final

pH

0.5 %

1Í

1.5 %

!0.3G6!0.14 jo.01 ¡0.0082 ÎO.OO22J 0
| ! ;

0.193

}0.128

0.12 ¡0.005 ¡0.0041 |.0.0016¡ 0 ¡5.8
¡ ! I ¡ !

0.12 jO.OOI7JO.0027 ¡0,0011(0.0003 6
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b o n ' t o n i t e arid t h e ri()"turc o f i o n s wi< I. g i v e 'n ^
s o l u t i o n t o r H i e rctetrt ion o f F'l> di'. s o l v e d .
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Spec: I o s ¡2* -
Quaniity ,!
x 10-' uq. <J ¡ ( ¡xcd
Nature of j
Genton i te !

¡Na
.1

¡dis.

-•}

K

di!

i Mr/
' 7*
¡ Fe '

dis. ! dis.

7* t
Ca ¡Final

dis.

Rentoni te
dried at
10lj °C

¡0.386 ¡0.14 ¡0.01 ¡0.0082¡0.002? 5.6

fienioni te
í¡r ií;d "a t
3?0°C

¡0.38 ¡0.35 ¡0.018

i !
6,4

ra t i o .
s qnin
í]r o s ,

. • r i o u ' i

, i r í • '

->. . ' ! i n f y

rvr rl 1
U t ioh ,

f ixed
q i nto
! t i t . f i >.'(Vj

t Of C A -

,V V< ; t , ' ;-

, - i . r,,.,,-

A ri(.-
probiib 1 y by tin-
ted qudirt i t ivc;

- Bent on i t o dried at '05°C,

For' :i sma I I b e n t o n i te m a s i , s o l u t i o n v o l u m e
Quant it i es of Pb Is m o r e than the a m o u n t of ion
s o l u t i o n . O n the o t h e r hand when this r a t i o inore
¡i;:ant i ty of Pb'' b e c o m e s pr;¡c t io,-i I | y i;qu:l "to -t r i. •
c h a n g e d ion-.,. T h i s p h e n o m e n o n Mjgqe'j I :-; t'xit t h i n
n isms : e x c h a n g e and s o r p t i o n in 'th.- first r.•!'.;<••,
•>••• in the second c a s o ; In f o c i , it titis been o b s o
sv/'ill q u a n t i t y of fixed Pb is g o i n g b a c k into sol
r.M'•.!•; of t h e pH has be e n o b s e r v e d t o o , c a u s e d

tiydr ol y, i s of frc ions and AI ions, A mor'o dotai
sludy i s i ri progress .

- Uontonito dried at 3?0°C

Tin1 results assembled In lable - 8 - show that refention of
d i ü'-.o| ved Pb ¡5 practically an exchange reaction, t'xohanqed ions
nro constituod only^by compensatory ions : Na and K . Consequent-
ly, roten t i on of F-̂b should be more stable in such conditions,
lho ptl is ¿i I so less acidic.

Absence of My' «nd Fe' ion'-, qoinn I;;»:!-, inio solution, suq-
f j c y t s I h r i t ' t h e r e I s a ranrr'..inq<"•n¡¡>r¡t o f I h c ••. ! r'uc t u r < • ••.'f " n e b e n -
t o n i f i . ' w h i o t i o c c u r s w h e n i n t e r f o l i^ir w,jl<::r Ic.jvf", H > o l a l I i c e .

Ü i f i C U U S i o n .

K I tit/ t^xper i rncri t «j I r e s u l t s showed ¿
t i o n ( ;jpac i t y of Roussel ben tonHc t o f i
I hi; t )cn ion i1e was n r t i v o t c d by M i l f u r i c ¿
bo ex["i I a i ned by two phmornf'nonc,.

i i ' i - r i . r j i n I t ' t r , " t i " i ! -
ir iv: d i s s o l vr-rt !'!•• i f
i d , Tti i s \ ':1- :v i ou '' CUM
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The Pb rétention ¡s charaderi sed by a high rate at room
lempemture. lhe retention rale has an expression of the form

y = k log xt + 7
•.-.',ose coefficients nre functions of the initial concentration,
•'•.nee character i s"t ¡c of the diffusion phenomenon.

I lie mecanism taking place during the Pb retention depends
upon of bentonite mass/solution volume ratio and activation
tonipernture.

Influence of different factors were considered •
, The pH should be sjlghtly basic
. The presence of Na and cl ions at high concentrations

influences nega IIvely the efficiency of Pb retention.

The presence of Ca and SO. ions at small concentrations
modifies I it} It; the efficiency of the» reaction.

A separation treatment of industrial wasio waters are hence
recommended.

A more detailed study of the Pb retention kino I les, tnflu-
ence of temperature and determination of thçrmodynamic magnitu-
des is in progress,
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WATER AND WASTEWATER PROBLEMS OF THE CITY OF ISTANBUL

OF THE ClTY OF ISTANBUL

Ahmet Olçer ' . '

D i r e c t o r , I s t a n b u l Water and Sewage Works General D i r e c t o r a t e

INTRODUCTION , ;.,./;

Among the many problems which large ci t ies in developing courtn^es
facing are : '••''•%.;•.-• ¿ . "

a) The rapid increase in population,
b) Water shortage,
c) Lack of the appropriate wastewater collection and disposal systems,
d) tnproper indus t r ia l iza t ion

Istanbul as a large city of a developing country is also facin, similar
problems. In this paper, the water and wastewater problems of tin1 c i ty
of Istanbul wi l l be presented, and the solutions proposed will bf
s umma r i ze d.

BRIEF INFORMATION ON ISTANBUL

Is tanbu l , the only c i t y in the world located on two con t inen t s , i s su r -
rounded by the Black Sea in the north and by the Marmara Sea in the
sou th . The c i t y is seperatod into two by the Bosphorus, The c i t y was
inhabi ted for more than twenty five c e n t u r i e s . Today, the populat ion
of the c i t y is reaching to five and n hiT.f mi l l ion people, and i t in-
creases every year roughly by 200,000. The surface area of 7,500 hek ta r s
is used' for d i f f e r en t purposes . Almost hal f of the dwelling i s "gece-
kondu"*, Is tanbul Water and Sewage Works General Di rec to ra te (ÎSKl)
which was founded in 1981 is responsible for finding so lu t ions to the
water and sewarage problems' of th i s c i t y . This o rgan iza t ion , beyond
the supply of water and the c o l l e c t i o n and disposal of wastewaters ,
i s a lso responsible for the p ro tec t ion of the water sources and the
receiving bodies from p o l l u t i o n .

gecekontiu : dwelling b u i l t in one n igh t , slum



WATKR SUPPLY FOK THE CITY OF ISTANBUL

Presen t l y , Õmerli, F.lniali and Alibcykëy Dams, the Terkos Lake and
several wel ls are the water sources of the c i t y .

A. Amount of Water Supplied

ÎSKl in order to be. able to s a t i s f y the water demand of the increas ing
populat ion has s t a r t e d to work s y s t e m a t i c a l l y . As a r e s u l t of tha t
a considerable increase (100%) in l.lic amount of water supplied to the
c i t y has been achieved from i980 to 1984 as can be seen in Table 1.

Table 1. Water Consumption in Is tanbul

Year Amount of Water Water Consumption Percentage of
Supplied (water supplied) Population
< Tz . , , . , . , . U t i l i z i n g the
(mJ/day) ( 1 n.,.;••: /cripira-day) Service

1980 560,000 110 90
19 82 800,000 150 90
19 84 1,100,000 • ' 200 9.5

As can be. seen in Table l , t h e w a t e r supply p e r c a p i t a pe r day has
reached in the va lue of 200 l i t e r s . This va lue can be c o n s i d e r e d
satisfactory for a developing country,

B. Water Distribution System

Until 1984, the water distribution system of Istanbul was of a regional
character. In January 1983, the line connecting the Asiatic and European
parts of the city was completed. The two pipelines constructed under
the Bosphorus had a diameter of 1000 mm and a maximum capacity of
320,000 mVday. After t:he completion of this line and the ¿) 1200 mm
transmission line between Yedikule. and Va tan Cuddesi in 1984, the
water distribution system of Istanbul has become entirely interconnected

1. Existing distribution system will be able to satisfy the demands
until 1995, if ;
a) Kuçukçekraeee and Darlik Dams are completed,
b) Three pumps in õmerli Dam are replaced with the larder ones, and
c) The. water storage tank and pump station in Bahi,e 1 ievler are

completed.

2. Presently, 95% of the people takes the advantage oL the. water dis-
tribution system, wliile in 1980 this value was 90%. The water trans-
mission lines of the surrounding municipalities and the villages are
insufficient.



r3. There were 1560 public fountains in the city in 1980. In order to
take care of the public health, to prevent the unnecessary water loss,
and to be able tü collect the money for the water consumed, the water
distribution system was expanded rapidly, and public fountains were
closed in the. places where system was completed. Only 450 fountains
are left today,

C, Plans for the Future

tstanbul is s t i f f suffering from water shortage, and this shortage will
become more severe in the near future due to the increase in population.
To overcome this problem the following ac t iv i t ies are planned.

1) In the coming 3-4 years water should be supplied from Jíu
Ktiçukçekmece and Darlik Dams.
2) Pi-esently, the water losses in the distribution system are in the
order of 30/°, Transmission lines and the distribution system should
be replaced and repaired in order to reduce the water losses to a value
below 20Z, Activities for encouraging the establisment of a pipe fac-
tory-something essential for this operation- has started already.
3) The Construction of Isakoy Dam should be started at the la tes t
by 1995.
4) The preparation of a new master plan for the city of Istanbul should
be undertaken by 1990.

WASTEWATER COLLECTtON AND DISPOSAL IN ISTANBUL

Thii wastewater d isposal problem which has been s t a r t e d with the mig-
ration of the f i rs t inhabitants to the c i ty , s t i l l continues to he a
problem. Although, after the Turkish Republic was founded, several
studies like the Kem Study, the PAMOC Report and i ts revision by
CAMP-T'ek-Ser, NEDECO, etc. have conducted, the application was not
realized due to different reasons,

A, Wastewater Collection System

In 1980, out of the 4,503,590 inhabitants of the c i ty , only 2,716,000
people were able to u t i l i ze the sewer system. Table 2 gives information
on the wastewater collection system while Table 3 gives the percentage
of population ut i l iz ing the system.

As can be seen in Table 3, in 1983 only 6QÜ of population was able to
take the advantage of the sewer system. This value is far away from
beinK satisfactory.

b. Wastewater Disposal

A large amount of the wastewaters of Istanbul is discharged in the
Marmara Sea and the Bosphorus without any treatment, while a small
amount is removed by septic tanks, in places where sewer lines do not

DICER



Table 2. Sewer System of Istanbul

Part of the
City

Istanbul Side

Beyoglu

Asiatic Side

Total

Sewer
Length

km

1355

422

599

2376

Cost*
xlO6 TL

16260

6 330

5990

28580

Collector
Length

km

35

15

20

70

Cost*
xlO6 TL

1925

825

1100

3850

Total Cost*
xlO6 TL

18185

7155

7090

32430

Based on the un i t p r i ce s of 1982

Table 3, Popula t ion Served by the Sewer System in I s t anbu l

Part of
City

Istanbul

Beyoglu

Asiatic

Total

t h e

Side

Side

% Population
Served by the
Sewer System

65

70

45

60

Length of Sewer per cap .
(m/capita)

According to
population
servo?.d by

0.98

0.61

1.00

0.82

According to
the total
population

0.65

0.43

0.44

0.54

Length
sewer

of
per

capita planned
for the future

(m/capita)

0

0

0

0

.92

.85

.99

. 9 3



exist, wastewater flows freely in empty fields, and through the small
rivers i t reaches the sea again. Because oí that;

i) serious public health problems occur in distr icts where wastewater
collection systems do not exist,
ii)the Sea of Marmara, the Bosphorus and especially the Golden Horn
are facing serious pollution problems.

C. Plans for the Future

The future plans foresee first the determination of the appropriate
discharge points, then the construction of the new collectors followed
by the construction of the treatment plants. Along these, the construct-
ion of the w.-istewater collection systems will continue.

The population density was another factor taken into consideration in
planning. According to the plan, the work will s tar t from highly pol-
luted areas and will extend toward less populated areas,

1. Districts with f irst priority

a) Yenikapi District - Treatment Plant

This dis t r ic t covers the area surrounded by Golden Horn, the Marmara
Sea and a line passing through the middle of Bakirkoy. The work will
start in 1984, and it will be completed by 1987.

b) The Wastewater Treatment Flantsof Tuzla and Atakoy

This work is expected to be completed by 1987.

2. Districts with second priority

a) Kabatag
b) Kadikoy-Kartal
c) Üsküdar .

Realization of the works described in (a) and (b) will provide a col-
lection system for the most populated parts of Istanbul. Furthermore,
i t will prevent entirely the pollution of the Golden Horn as well as
the some regions of the Marmara Sea from Darica to Kücükcckmece, The
pollution of the wells from which water is supplied will, also be pre-
vented.

3. Districts with third priority

According to the investment plans the collection system of Kuçiikçek-
mece have the third priority.

A. Treatment and Disposal •

a) Wastewaters coming from Yenikapi, Kadikoy and Usküdar, after being
subjected to a preterattnent will be discharged through the ocean out-
falls in the lower layers of the Marmara Sea and the Bosphorus at a
depth of 50 m.

OLÇER



b) Wastewaters coming from Acakciy, Kabata§ and Tuzla dis t r ic ts will
be discharged after being subjected to biological treatment.

5, Industrial Wastewaters

According to the data obtained from the Chambers of Commerce and Industry,
. there arc 70,000 commercial and 7,000 industrial establishments in

Istanbul. ISKt is presently completing a preliminary survey on the
pollution strength of the wastes of these establishments. The Quality
Control Director,!to which is established within ÎSKÎ, after the comple-
lion of the survey will s tart to collect samples and determine whether
these establishments treat appropriately their wastes before disposal
or not.

6. Regional Administration

is a General D i r ec to r a t e which was formed by the j o i n t of the
Istanbul. Water Works D i r e c t o r a t e , Wastewater Department of Is tanbul
Municipal i ty and the 161-'1 D i s t r i c t of Ilbank (Prov inc ia l liank) , I t
works in cooperat ion with the municipal i ty of I s t anbu l , but i t has an
independent budget. ÎSKt within th i s frame is ari o rgan iza t ion which
deals wit.h a l l the wattjr and wastewater problems oí the c i t y of I s t anbu l ,
namely i t cares for the water from the. source to the consumers and
from the consumers to the d isposa l s i t e ,

WORKS TO PREVENT POLLUTION OF THE WATER SOURCES AND THE SEA

Due to the lack of any pre.ventative measures the sea was po l lu t ed by
the untreated wastes discharged. In a s imi l a r way, lakes used as water
sources for the c i t y of Is tanbul are facing ser iyus po l lu t i on problems
due to the insecticides and fert i l izers used in agricultural ac t iv i t ies ,
animal feeding and urban izat. ion ,

ÎSKÎ, utilizing the rights given to him by the law which its establih-
tnent was based on, has prepared the"By-laws for Protection of Water
Resources"and the"iiy-laws for Discharge into Public Sewers". Both of
them were based on the Law for the Protection of the Environment. (Law
No, 2872) and on the Law No. 2805 related to buildings constructed
against the regulations.

a) By-laws for Discharge into Publ ic Sewers

According to this law, all dwellings within the regions of ISKt's authority,
are. obliged to take a special permit for discharging their wastes in the
public sewers. In areas where public sewers do not exist, a permit will
also be issued stating the condition of wastewater collection and dis-
posal at predetermined points. Furthermore, industrial and other estab-
lishments named as "source of pollution" are obliged to treat their
wastewaters until they are reached to the domestic wastewater quality,
¿md to perform regular tests for the determination of the effluent
quality.



b) By-laws for the Protect ion of Water Resources

According to these by-laws the watershed is seperated into four.

a) Ent i re ly Protected Area: The area which i t s boundaries formed by
a l ine drawn at a distance of 300 m from the nearest water body. ;

b) Protected Area of Primary Importance: The area between the l ines
passing from 300 and 1000 m dis tance .

c) Protected Area of Secondary Importance: The area between the l ines
passing from 1000 and 2000 m dis tanca,

d) Protected Area of Ter t iary Importance: The area remaining outside
the previously explained three c l a s se s .

No ac t i v i t y can take place within the en t i r e ly protected area. In the
protected area of primary importance, agr icul ture without using p e s t i -
cides and f e r t i l i z e r s can be permitted. This area can be used for
picnic ,but without bui lding any permanent s t r uc tu r e . Tn the remaining
two areas , large housing a c t i v i t i e s could not take place. Systematic
animal farming, mining, a c t i v i t i e s ( indus t r ia l ,e tc .) causing pol lu t ion
could not take place. Before s t a r t i n g any ac t iv i ty in these areas , the
permission and approval of 1SKÎ are required.

The protect ion of the water resources of Istanbul as well as of the
Marmara Sea can not be real ized by the by-laws of ISKÎ only. Support
of the governmental agencies and the municipality as well as of a l l
the c i t i zens is required to obtain sa t i s fac tory r e s u l t s .

FINANCIAL PROBLEMS AND THEIR SOLUTION

A, Projects Included in the Program of ISKt

The cost of the dams, water treatment p lan ts , pump s ta t ions and t r ans -
mission 1 ines included in the program of lSKl are given in Table 4,
while the cost of wastewater treatment p lan ts , pump s t a t i o n s , co l lec tors
and sewer system are given in Table 5. If i t is possible to find the
necessary financial support, the Kiieiikçekmece, Biiyiikçekmece and Darlik
Dams coihld be completed in three or four years , while a l l the waste*)
water systems could be bu i l t in ten years .

B. Financial Sources •

The money required for the r ea l i za t ion of these projects wi l l come from:

1) lSKl's tariffs
2) Ten percent of the budget of Istanbul and other surrounding munici-
pa l i t i e s located within the the authority boundiries of tSKt.pa l i t i e s located within the the authority boundiries of tSKt.
1) The people taking use of the new fac i l i t i e s ( according to Law N
1/3 oí the cosí, of the new f a c i l i t i e s is co] lected from those to wh
the service is provided).

O.2464,
¿horn

4) National loans
')) International loan

OLÇER



The investment which tSKl can rea l i ze today with i t s own means and
with the loans taken from the cen t ra l government amounts to 10-15
b i l l i o n TL, However, the amount required for the completion of water
and wastewater projects is in the order of 400-500 b i l l i o n TL. This
amount of money could not be obtained from nat ional sources, because
of that an important amount of in te rna t iona l loans is required. Con-
tac t s es tab l i shed in the l a s t two years has created the su i t ab le
media for obtaining t h i s loan. After r e a l i z a t i o n of these p ro j ec t s ,
the inconE coming from the serv ices provided wi l l be enough for
paying back the loan and i t s i n t e r e s t .

Table 4. Investment Required for the Development of the Water Supply Systei
(mill ion TL)

Source

K.Çek.

B.Çek.

Darlik

Total

Dam

1914

8500

5600

16014

Treatment
Plants S
Pump S ta .

5580

6200

8000

19 780

Water Intake
Structures

1 94

100

150

344

Transmission
Lines

485

9600

6600

16685

Total

8073

24400

20 350

5 282 3

Eng.g
Cons .
Z30

2422

7320

6105

15847

Grand
Total

1049 5

31720

264.55

686 70

* Based on unit prices of 1984



Table 5. Investment Required for the Development of Wastewater System

( xlO6 TL)

•

Districts

Kuç ukçekmece
Atakoy
Yenikapi-Ahirkapi
Kabata§
Bal tal imam
Tarabya
European Side
¡Total,/

Pasabahçe
Kiiçiíksu
Üsküdar
Kadikòy
¡Tuzla
Àdalar
Asiatic Side
Total

Total

Unexpected Exp.%15
|Tocal
Eng.g Services 210
'Crand Total
1

P retreat. Ocean
and pump (Outfall
stations

900
846

2500'
1132

344
416

6138

399
29 3
222

3432
725
200

5271

11409

2400
2640
7200
2600
400
400

15640

400
400

. 400
6000

500
400

8100

23740

Small
pump s t .
and s e .

500
500

21360
500
500

1000

5060

1000
500

1000
3500
1000

400

7400

1246C

Struc .
Total

3800
39 86

11760
4232
1244
1816

26838

1799
119 3
1622

129 32
2225
1000

20771

4 7609

Collect.

780
-

5200
1400

330
560

8270

386
384
258

2870
790
200

4888

13158

Main
Collect.

915
915
550

50
-
-

2430

_

-
7

3070
-
-

3077

5507

Street
Sewers

4410
4410

10690
6770
2204
2204

30688

2204
1650

551
18870
4960

700

28935

59623

Sewe rs
Total

6105
5 325

16440
8220
2534
2 764

41388

2590
20 34

816
24810

5 750
900

36900

78288

Struct .
and

Sewe rs
Total

9905
9311

28200
12452
3778
45 80

68226

4 389
322 7
24 38

3775 2
7975
1900

57681

125907

Land
^Purchase

495
465

1400
624
190
230

3404

220
160
120

1885
400
100

2885

6289

Grand
Total

10400
9 776

29600
130 76

3968
4810

71630

4609
3387
2558

39637
8375
2000

60566

132196

19829
152025

152B2
167227

a
'Based on the unit prices of 1982



Al(III) SALTS IN THE PHYSICO-CHEMICAL

TREATMENT OF SEWAGE .

„ Uu'

Sema Ozgen , Gülerman Sürücü

*TUBITAK Building Res.Inst.,Kavaklidere.Ankara

.T.U.,Environmental Eng.Dept., Ankara

INTRODUCTION

Chemical precipitation has been applied since 1740's
for the treatment of sewage. With the development of
biological treatment, the use of chemicals was abandoned
in wastewater purification, and biological treatment was
adopted. In early 19 30's attempts were made to develop
new methods of chemical treatment. Considerable interest
has been aroused in the past decade in physico-cheiiiical
treatment (PCT) in the U.K., Sweden, the Nederlands and
the U.S.A.

Reduced land requirements and capital costs, easy
control over treatment plant performance, reduced suscep-
tibility of the chemical stage to toxic materials, im-
proved color removal makes PCT systems more advantageous
over biological treatment systems.

In the PCT systems stabilized colloidal solutions
are destabilized by the addition of chemical coagulants
and then the particals arc brought into contact by phys-
ical stimulation; therefore they can stick together and
form floes largo enough to settle down. In common waste-
water treatment practice, aluminum salts, iron salts,
lime etc. are commonly used as chemical coagulants.
NaA102, a less familiar aluminum Salt, has gained atten-
tion recently. MaA102 can be produced from the wastewater
Of aluminum anodizing plant-'-. In this study, NaA102 is
compared with alum by means of the experiments performed
on two pilot plants operated in parallel.
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In many applications/ PCT is used as the primary
treatment followed by the biological treatment. The bio-
logical treatibility of the PCT system effluent should
therefore be considered. In this study the biological
treatability of the PCT effluent, having Al(III) compounds
in solution, has been examined by the sapromat technique.

MATERIALS AND METHODS

Materials ,

Wastewater. Wastewater used in this study was domes-
tic sewage of the town Hcverlee (Belgium). It was used as
the influent for jar tests, after screening (mesh:0.51mm.)
and for pilot plants; after presettling within a short
residence time (less than 10 min.) and screening. As the
wastewater was of the combined type, it also received
surface water, therefore its characteristics fluctuated
with weather conditions. The wastewater characteristics
are summarized in Table 1.

Coagulants. Aluminum Sulphate: AI2(SÜ4)3.I8H2O stock
solution is a proanalysis solution of 0.1 M, (containing
5.3963 g Al3 /I). It is contained i'ri a plastic bottle and
renewed approximately every month (criterion: absence of
precipitate).

Sodium Alumínate: Sodium alumínate produced from Al-
containing effluent of aluminium anodizing plant, concen-
trated according to Wajc.

specific gravity : 1.66 g/cm
viscosity : 1000 cP
pH : 14
AI2O3 content : 33 %
Na20 content : 23 %
heavy metals : Cu : 11 ppm, Zn : 10 ppin, Cr: 137 ppm,

Fe s 210 ppm
stock solution stability is more than one month
(criterion: absence of precipitate)

Methods

Pilot Plant Experiments. The global flow chart of
the pilot plant is shown in Fig. 1. Two pilot plants were
run in parallel: one with Al2(SO4)3.18H2O and the other
with NaAlC>2 at the same conditions. Raw wastewater from
the Ileverlee town sewer was presettled in a pit with an
approximate retention time of 15 min., wastewater was

• . , . . DZGEN



Table 1. The Wastewater Characteristics

Parameter
•

Temperature (°c)
pH
Alkalinity (mcq.CaCO3/l)
Conductivity (millimho)
Total hardness (mgCaCC^/l)
BOD5 (mg 0/1)
COD (mq 0/1)
TSS (mq/1)
VSS (mg/1)
Turbidity (NTU)
Total P (mg/1)
Total N (mg/1)

Average

13.16
7.91
10.17
1.43
30.84
169
385
130
103
76
14

, 75

Min.

7.7
7.16
5.04
0.76
18.32
79

148
26
15
30
7.99
32

Max.

19.2
8.85
12.24
1.8G
37.G3
336
575
300
203
220
26.33
109

Standard
Deviation

3.49
0.45
1.58
0.28
5.04
85.34
115.23
55.27
44.96.
29.45
4.12
19.17

pumped into another small (volume : about 10 1) tank in
the laboratory in order to supply continuous flow to the
pilot plant. Pumping to the tank was automatically con-
trolled by a level control in the tank. Wastewater was
screened (mesh size : 0.51 mm) at the inlet of the tank
to prevent blocking in the conduits and pumping system.

From this tank waste-water was pumped by means of a
positive displacement pump into the mixing point. A side
outlet was provided for excess flow of water. At the
mixing point wastewnter was mixed with the coagulant in
a plexiglass cylindrical cell. A rapid-mix was provided
in this cell within approximately 15-45 sec. Coagulant,
on the other hand, was pumped by a peristaltic pump into
the mixing cell. After this mixing point the solution
entered into the plexiglass pilot plant. The volume of
the first compartment in the pilot plant was about 6.75 1.
Water was mixed in this compartment with a turbine type
impeller having a diameter of 95 mm. at a speed of 80 rpm
(G : 25 s~l). Stirring was applied for homogenity of the
water.

Homogenized wastewater flowed to' the second compart-
ment which also had a stirrer of the same size and shape
with a speed of 25 rpm. (G : 5 s "1) . The volume of the



second compartment was the same as the first one. In this
compartment due to slow mixing the colloids were allowed
to agglomerate;.

Floes grew enough to settle and slide down to the
bottom of the settling chamber which had a volume of
approximately 18.25 1. The sludge was removed from the
V-shaped bottom by means of an air lift which was con-
trolled automatically by a timer. Sludge was removed every
10 min with running period of 1 min., avoiding sludge
blanket, sludge, thickening and chanelling effect in the
sludge.

Clear supernatant was removed as effluent over a
weir. Samples were taken for influent from the entrance
of mixing point and for effluent at the outlet of pilot
plant where supernatant was removed.

Some independent and dependent variables were sug-
gested as the frame of the study (see Table 2). From those
variables independent variables are subject to alter by
the experimenter arbitrarily, but the influent character-
istic, which are the natural independent variables, can
not be varied by the experimenter. They are dictated by
the sewer system. Some of the forced independent variables
like G, Alxdose, impeller type were kept constant during
all the experiments. Temperature was kept as natural
independent variable depending on the influent quality,
since it costs very much if the system is liked to be
kept at a fixed temperature. pH, on the other hand, was
taken as a characteristic of influent changing naturally
at the beginning, but later some experiments were
performed by pll correction, so the experiments were
performed in two catagories:

1. Residence time was independent variable (forced)
and applied from 1 to 3 hours at Al - doses of
20 mg/1 and 25 mg/1 (for approaching the optimum).

2. pH was independent variable and controlled auto-
matically_to fix at a certain value (for NaAlOj
pH : 7.0 + 0.2, for Al2 (SO4 ) 3.18H2O pll : 8.51-0.2,
by the addition of H2SO4 and NaOH respectively)
where residence time and coagulant dose where
kept at lh and 20 tag Al/1 respectively. (Glass
electrodes of the pH control instrument were
placed in the first compartment of the pilot
plant).

Î5ZGEN



Table 2. Independent and Dependent Variables Chosen for
Pilot Plant Studies

Independent

Forced

Al - dose
Kinetic aspects
(G, impeller» etc.)
and Hydraulics
pll
Retention time
(flow rate)
Temperature

variables

Natural

Influent pH
Influent Temperature

Influent Turbidity
Influent COD
Influent iiOO

Influent Total P content
Influent Total N content
Total Suspended Solids
Volatile nusptiiiiL-d Solids
alkalinity of influât
Total hardness of •n^lucnt
Conductivitl of influent
* Transmission of V-V light

Dependent Variables

Effluent pH
Effluent Temperature

Effluent Turbidity
Effluent
Efflueni

Efflueni
Efflueni
Ef fluem
Efflueni

; COD
i BOO

t Total P
: Total N
t TSS
: VSS

Conductivity of effluent
% Transmission of UV light
Sluiiqu Volume
CST
TSS in sludge
VSS in sludge

Toxicity Tests for Al-Salts with Wastewater.Waste-
water sample was taken from the Inlet of the settling
tank (see Fig.l) and let settled for about half an hour
in order to remove most of the suspended solids which
usually adsorb the aluminum introduced as coagulant to
the medium. Rather clean supernatant was taken and its
pH was adjusted to 8.5 + 0.1 in order to keep almost all
the aluminum iii solution.

NaOH was added for pH correction. Then it was dis-
tributed into 12 sapromat bottles in 250-ml-portions.
Into those bottles NaA102,from a stock solution containing
300.674 mg Al 3/l and AI2(SO A)3.18H,0 from_a stock solu-
tion with concentration of 54.0 mg Al3 /I + 0.5 mg/1 were
added as in Table 3.

Toxicity Tests for Al-salts with Synthetic Wastewater.
For the preparation of synthetic wastewater, the solutions
used are given below:

\
- peptone solution: (As substrate for the microorgan-

isms) . 3 g., peptone and lg sodium
chloride (as nutrient) were dis-
solved in distilled water of 5.1
volume.



Table 3. Data About the Preparation of Toxicity Tests

Bottle

1
2
3
4
5
6

NaA102 added
(ml)

0.000
0.1C6
0.416
0,8.10
1.660
2,500

mg Al/1
(error~4ti

Blank
0.2
0.5
1.0
2,0
3.0

Bottle ;

7

9
10
11
12

added (ml)

0.000
0.930
2.320
3.240
«.170
4.630

mg Al/l
(error " 41)

Blank
0.2
0.5
0.7
0.9
1.0

4-5 %
2 %

0.003%
0.1 *
0.2 *
1-2 %
5 %
5 *

(Type of peptone : MERCK Peptone from casein
trypsin-digested for microbi-
ology

Type analysis: peptone concentration (from N) 85 %
amino » - o-
phosphorus compounts (as P)
heavy metals (as Pb)
Mg
Calcium
Triptophane (DC)
Drying loss
Sulphate ash

- tap water : for dilution
- nutrients : Solution - I

61.5 mg MnSO4.H2<Vl
33.75 mg H2M0O4/I
8.35 mg 0.05 N NaOH/1
49.36 mg ZnSO4/l
52.60 mg C0SO4/I
81.70 kg CuSO4.5H2O/l
Solution - II
25 g KH2PO4/1
25 g Na2SO4/l
Solution - III
10 g MgCl2.6H2O g/1
10 g FeCl2.2H2O g/1
10 g CaCl2.2H2O g/1

- biomasff i Nitrobacter from sludge which was settled
half an hour

- NaOH : to adjust the pH .
- NaAlC>2 solution : Wajc's solution concentration

300.674 mg Al3 / I
Al2(SO4)3.18H2O solution: commercial,con

54 mg Al3 / I
ntration

3 2 GEN



Inspiring from the procedure described in Deutsche
Einheitsverfahren zur Wasser-Undersuchung (1975), 1300 ml
of peptone solution, 3.25 ml of nutrient Solution-I,
6.25 ml of nutrient Solution-II, 1.3 ml of nutrient
Solution-Ill were mixed. Solution was diluted by tap
water upto the total volume of 3.217.5 ml. From settled
sludge precipitate was added to that medium with a volume
of 32.5 ml. pu of the solution was adjusted to again
8.5 •* 0.1 by addition of NaOH.

The BCD values for the samples were measured by
sapromat technique.

RESULTS AND DISCUSSION

Pilot Plant Experiments .

The results of performances of the two coagulants,
at different retention times, (see Table 4.) are summa-
rized below:

1. At 3h retention time: although the difference is
usually small, the performance of NaA102 is better
than AÍ2(SO4)3.I8H2O (only exception for COD
removal). Beside better removal efficiency, NaAlÛ2
sludge seems to have better settle-ability (i.e.
less sludqe volume), however, the filterabilities
Of both NaA102 and Al2(SO4)3.18H2O sludge are
almost the same.

2. At In retention time; the performance of
Al2 (SG4) j. 18II2O improves abruptly from 3 to lh
retention time, while the performance of NaAlO2
remains constant for some parameters (like BOD,
VSS, PTOT)' improves slightly for some other
parameters (like COD, NT0T) and deteriorates
appreciably for TSS. This may indicate that, the
the retention time is an important design param-
eter for the systems running with Al2(SO4)3.I8H2O.
For NaAlC>2 systems, only inorganic suspended
solids removal from the wastewater is affected
by the retention time, and the other removal
efficiencies are almost independent of both reten-
tion time and influent load. When Table 4 is
looked over, it can be seen that VSS/TSS ratio
of effluent of NaAlC>2 system is lower than that
of Al2(SO4)3.I8H2O both at lh and 3h retention
times (comparison can be made more easily from
the rearranged values (Table 4) where effluent

i



Table .4. Summary of The Results of Pilot Plant Experiments
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Table 4. Summary of The Results of Pilot Plant Experimenta (Cont'd)
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results are converted to (VSS/TSS)^nf 80 « basts
indicating that the organic suspended solids remov-
al is achieved more efficienctly by NaAlO2 than by
AI2(SO4)3.I8H2O at these retention time.

Lower standard deviations from the mean for both
coagulants at lh retention time may be the evidence
of better controllability of the flocculation
system from removal efficiencies point of view at
lh retention time (this fact beign contrary for the
NaAlO2 sludge properties) than at 3h.

Since the TSS removal with NaAlQj is less than the
removal with AI2(SO4)3.I8H2O, CST values for NaAlC>2
is less than that of AI2(S04)3.18H2O while the
volume of NaA102 sludge being greater than of
AI2(SO4)3.I8H2O sludge- Because of that NaAlO2 may
be regarded as disadvantageous for sludge settling.

3. At lh residence time with pH control: for both
coagulants removal efficiencies (except for BOD)
drop to smaller percenta es. riut they are not still
as bad as at 3h retention time for AI2(SO4)3.I8H2O,
on the other hand, they are worse than in the first
case for NaAlOj.

Effluent VSS/TSS ratio decreases from case l)to
3)for A12(SO4)3.18H2O indicating relatively better
removal of organic suspended solids rather than
inorganic suspended solids. The increase in this
ratio for NaAIC>2 may be interpreted as its dimin-
ishing VSS removal capacity at relatively acidic
conditions.

Standard deviations of efficiency values decrease
appreciably for AI2(SO4)3.18H2O, but they increase
or remain relatively the same for NaAlC>2 system.

Sludge settleability of Al2(SO4)3.18(t2O deterio-
rates at pH 8.5. Volume of NaAlC>2 sludge and CST
values for both coagulants decrease due to ineffi-
cient removals.

;iological Treatability of Al(III) Treatment Effluents

Toxicity tests have been performed in two ways:

1. With bacteria present in crude Heverlee sewage,
and

2. With synthetic waátewater with a biomass of

07GEN
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nitrobacter a sensitive and convenient microorgan-
ism to use in toxicity tests^.

The main purpose of the tests is to determine the
toxic effect of Al?_ (SO4) 3.18H2O and NaA102 on microorgan-
isms and the biological treatability of the effluent of
the flocculators which still may contain some amount of
soluble and precipitated Al.

pH of both sewage and synthetic wastewater were
reduced to 8.5 * 0.1 in order to keep Al in solution; the
actual value was taken from the solubility curves 3. Even
if it is presumed to have Al totally in solution at the
beginning, some precipitation may bo expected because of
time effect and presence of calcium and other salts.
Almost in all aspects, the tests are representative for
the real situation since they measure' the inhibition
effect of Al on microorganisms in partly soluble and
partly precipitated form.

pH of the solution at the end of 5 days was measured
again and found out to be risen between 9.18 f 0.02 and
9.27 + 0.0.2 (average = 9.23 + 0.02) for NaA102 (blank,
i.e without Al, pH = 9.23 + 0.02) and between 9,24 T 0.02
and 9.35 - 0.02 (average - 9.30 + 0.02)for Al2(SO4)3.18H2O
(blank pH = 9.32 T 0.02) .

As it can be seen from the tables, the differences
in BOD5 values may not be attributable to any inhibitive
¿ffect of both coagulants. High value of BOD5 for
••Synthetic wastewater with 0.2 mg Al3 /I (Al2 (SO4) 3.18H2O)
'way be regarded as an error, since it seems to be
"illogical to talk about reversed toxic effect, stimulating
even, at one of lower dosages only. The appreciable

Table 5, Toxicity Test Results for lh - Settled Sewage

Bott les with
NaAlOj

Blank
0.2 mg Al/1
0.5 mg Al/1
1.0 mq Al/1
2.0 mg Al/1
3.(1 my Al/1

BOD5 (mg 0/1) .

300
300
306
308
312
300

Bott les with
A12(SO4)3.18II2O

Blank
0.2 mg Al/1
0.5 ing Al/1
0.7 mg Al/1
0.9 mg Al/1
1.0 mg Al/1

SOD, (mtj 0/1)

226
342

-
292
287
292



Table 6. Toxicity Test Results for Synthetic Wastewater

Bottles with
NaAlO 2

Blank
0.2 mg Al/1
0.5 mg Al/1
1.0 my Al/1
2.0 mg Al/1
3.0 mg Al/1

DOD 5 Imq 0/1)

405
340
384
40 5
4 3 0 •• •

360

Bottles with
Al 2 (SO4) 3.I8U2O

Blank
0.Ï mq Al/1
0.5 mg Al/1
0.7 mg Al/1
0.9 mq Al/1
1.0 mg Al/1

B0D; (mg 0/1

430
5 -10
420
420
420
40 7

difference between the blant BOD5 values confirms this
error, as an evidence of low reproducibility of BOD^
values (Sapromat reproducibility = + 5 % ) .

usually BODi (BOD after 1 day) reflects the toxic
effect of substances better than BOD^4 since the lag period
for microorganisms to the external disturbance of their
environment by the addition of toxic substances takes
place within the first 24 hours. After that period they
get adapted, and the differences in HOD3 or in BOD5 with
respect to increase ir dosage become relatively snnll.

In the present tests with NaAlo2 and Al2(SO4)3,18H2O,
BOD curves drawn by the sapromat recorder were also exam-
ined for an initial inhibition, but it was observe d that
BOD curves for all the best solutions tended to :<• exactly
the same as the one of blank. Some small deviatit.1:.--. were
noticed due to some probable error in the prepara' ion of
the solution and in the addition of the i-o,i.¡ular.: .;.

Similar behaviour may be expected in j-racti,\il full-
scale application. The pH of effluent from the physico-
chemical plant is usually 7.0 T 0.1 when Al2<

s< '4)3•18H2O
is used as coagulant (at 20 mg Al/1) and 8.5 7 0.1 when
NaA102 is used as coagulant so, the predicted precipita-
tion degree is hiyher than in the toxicity tests, ending
up with less Al-^+ concentration in solution. By conse-
quence, toxic inhibition effect of Al may be expected to
be even less in real application.

CONCULUSIONS

The major conclusions of this study may be summarized
as follows:

CZGEN
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NaA102 is less efficient in coagulating wastewater
than alum. This is probably due to the higher
solubility of Alum.
Retention time in a continuous flocculation system
is an important design parameter, influencing the
choice of the coagulant for coagulantion efficiency
and sludge treatment.
For both coagulants no toxic effect on microorgan-
isms detected, indicating the efficient biodegrada-
bility of the flocculation effluent, and applica-
bility of the biological treatment at further
steps.
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Independent Variables

Forced

Dependent Variables

Natural

Al - dose
Kinetic aspects
{G, impeller, etc.)
and Hydraulics
PH
Retention time
(flow rate)
Temperature

Influent pH
Influent Temperature

Influent Turbidity
Influent COD
Influent BOD

Influent Total P content
Influent Total N content
Total Suspended Solids
Volatile Suspended Solids
Alkalinity of influent
Total hardness of influent
Conductivitl of influent
% Transmission of UV light

Effluent pH
Effluent Temperature

Effluent Turbidity
Effluent COD
Effluent BOD

Effluent Total P
Effluent Total N
Effluent TSS
Effluent VSS
Conductivity of effluent
* Transmission of UV light
Sludge Volume
CST ,
TSS in sludge ]

VSS in sludge .



Bottle

1
2
3
4
5
6

NaA102 added
(ml)

O.OOO
0.1.66
0.416
0.830
1.660
2.500

rng A l / 1
(isrror~4%)

Blank
0 . 2
0 . 5
1.0
2 . 0
3 . 0

B o t t l e }

7
8
9

10
11
12

i l2(SO4)3 . 18H2O
added (ml)

0.000
0.930
2.320
3.240
4 .17" r
4.630 -

mg Al /1
( e r r o r ~ 4%)

Blank
0 . 2
0 . 5
0 . 7
0 . 9
1 .0



Bottles with
NaA102

Blank
0.2 mg Al/l
0.5 ng Al/1
1.0 mg Al/1
2.0 mg Al/1
3 .0 mg Al/1 :

BOD,- (mg 0/1}

300
300
306
308
312
300

Bottles with
Al2(SO4)3.I8H2O

Blank
0.2 mg Al/1
0.5 mg Al/1
0.7 mg Al/1
0.9 mg Al/1
1.0 mg Al/1

BOD,- (mg 0/1)

226
342
-

292
287
292

Bottles with
NaA102

(mg 0/1) Bottles with
2(S04)3.I8H2O

Blank
0.2 mg Al/1
0.5 mg Al/1
0.7 mg Al/1
0.9 mg Al/1
1.0 mg Al/1

BODC (mg 0/1
b

430
540
420
420
420
407

Bl ank
0.2 mg Al/1
0.5 ,-ng Al/1
1.0 mg Al/1
2.0 mg Al/1
3.0 mg Al/1

405
340
3S4
405
430
360



sidence

3 h

1.5

1 h

l p t

t ine

h

i

CGC
INFLUENT

Min

148
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Mai
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Mean
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» i z ( ;

o Min

126.00 13

69.50 29

63.28 U
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82

63

52

% COQ
.18^0

Mean

42

51

47

RENOVAI

1B.13

11.52

1..21
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Min

21

33

31

t

Mai

70

49

41

Mean

39

42

36

o

12

5.46

3.61

BOB
INFLUENT

Min

114

79

122

Max

294

336

236

(sgO/1)

Mean

188

198

201

a

58.72

110.79

50.27

Min

11

34

38

% BOB REMOVAL EFflENCÏ
( SV3
Max

88

55

65

He an

Ï2

45

51

!

a

21.51

8.55

6.78

N;

Min

12

18

23

Mai

7S

46

77

Mean

34

34

41

a

16.37

7.54

21.35

p: With pH control (Al^SO^) 1BH 0 : pH= 8.5 N a i ^ : pH= 7.0)

esidence t i » e

3 h

1 h

ísidence tine

3 h

1 h

lPh

' ISS
INFLUENT

Hin

26

91

97

fTOT

Hax

251

242

168

•

(«s/n
Mean

119:

148

126

INFLUENT (ng/1)

Min

7.99

11.10

9.95
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26.33

17.0

18.26

Mean

14.48

13.85

13.5

a

66.39

53.11

23,25

a

5.82

1.72

2.50

Al2(î

Hin

37

52

«M:
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21

61

60
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18H2O
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60

59

1BHZO
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60

78

73

REMOVAL EFFIENCÏ

a

21.47

16.24

5.4Í

a

19.18

8.16

7.51

Hin

20

10

15

NaAIO,

H3X

76

60

%S

'ML EfFICIEBÏ

Min

NatlOj

Hax

B5

69

76

Hean

51

3 9 .

29

Mean

64

64

55

a

ld.2O

15.37

10.92

0

15.11

5.63

17.49

VSS
INFLUENT ( i g / l )

Hin

15

ÎB

84

"TÔT

Haï

187

203

138

INCLUENT (i

Min

39

32

59.8

Ha a

103

109

100

Hean

86.3

189
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«9/0
Mean

68

82.7

79

0

50.9ï

W.59

18.15

s

16.53

21.37

12-00

i

Hin

5

43

64

Al.

Min

2

6

14

ï WSS (EMQVAL EFFIENCY

! (SV;
Max

90

83

77

in
î(so l i):

Max

56

49

21

¡.18HZ(

Hean

46

70

71

TOT fi£l

r 1 8 N2 '
Mean

19

24

17

)

25.66

13.00

4.50

0

15.11

13.32

Î.94

N

Min

20

29

27

Haï

89 .

72

62

EFFICIENT

1

Min

2

S

4

Max

58

41

27

Mean

58

58

42

Mean

21

24

13

a

20.50

12.60

11.11

o

15.25

10.50

10.00



TSS

INFLUENT ( m g / 1 )

SLUDGE VOLUME

.19H N a A l O ,
vss
INFLUENT ( » g / I )

CAPILLARY SUCTION TIME ( s i
1 tSQ^) .18H 0

fesidence time
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lPh
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Mean
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a

.39

.11
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Max
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Mean

519
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01,1,

0
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FILTRATION ÜF TANNERÏ SLUDGES

FOLLOWING A CHEMICAL-BIOLOGICAL TREATMENT.

Dott. Eng. Giacinto Petrlllo

Polcon Italiana Sri

15, Vlale Scarampo - 201H8 Milan (Italy)

INTRODUCTION

The waste waters treatment plant outlined hereunder deals with

waters coming from soaking stages, lime baths, deliming by formic

acid and sodium chloride, maceration, chromium tanning, stuffing

and dyeing.

The tannery processes 3,000 skins a day, both ovine and cap-

rine. Factory domestic waters join the wastes flow coming from pro~

duction lines: the staff total 100 people,

The treatment process adopted oonsists of:

a) mixing and averaging of alkaline and acid wastes;

b) neutralization;

c) automatic removal of solids retained by the grid;

d) primary sedimentation;

e) extended aeration, taking place in a compact basin and consist-

ing of:

1) biological oxidation;

2) sludges periodic recycle;

3) sedimentation;

f) post-aeration lagoon.



, h,-(v<: the pi"ui:ess treatment started, the extended aeration

t LoLi.,i/jt.::i 1 s taxe utilizes domestic: waters input, in case uf absence

-;!~ the limiting factors N and F, (NH ),H(PO ) ¡s added.

Liquid w;ist»"H mixing and oxidation are obtained by nieiiüí; <-.I'

submerged static aerators "Helixors".

The Hellxor is a polypropilene cylinder Incorporating a mono-

lithic Helix uf design pitch which divides the tube longitudinally

into two separate sections. Hellxora are vertically aligned and an-

ehored on basins' bottoms. Compressed air is blown in in each Holix-

or through orifices drilled on air feeding pipes.

üludKKH settled in the primary sedimentation basin, mostly due

tj (Jr(OH) , as well as sludges coming from sedimentation after ex-

tended aeration st¿ige, are conriitioned with FeCl and Ca(UH) .

Sludwes are then directed to an automatic filter producing

i:;ikfs ut 'tu + bO % dry substance.

, Thia 11 e,-itinPiit plant is fully automated and output water's,

whii-h .-¡iv f>'!fiy .tiveyeii to nearby fields, could be sent back to

produr' iot. ¡ nos following proper treatment.

i»-;KCf< :: T ] ,N • ' . • . .

" ' ' •nu:-- r\ M,-1 : ' f • i " , the company the p l a n t he.ncefurl.h dewcribsi j
w;is r c - i l i z t fe- , i '••' located a t Montoro Super io re ( A v e l l i n p ) , an
area in S o u t : " r n . t a l y where the tannery i n d u s t r y i s most a c t i v e .

Pl : in i "np;.n:?>f?ring d;.it.a are g iven under t a b l e 1) an.J e f f l uen t ,
rit'.crs rh;;r^'.: t ^r ' i í.í t i :JS ar*e i rid i. cated under t a b l e ¿ ) *

The p lan t cons i s t s oí' two strtges^

1J HiolOKJc.vnl Wastes Treo t.irienL

and

3) .Sludges Dow,-tteri'!>•>•.



1) BIOLOGICAL WASTES TREATMENT '

A) Mixing and Averaging of Alkaline and Acid Wastes

Liquid wastes are conveyed to the aeration basin where eight

submerged aerators Hellxora, Ted with compressed air, create turbu-

lence in the wastes so that alkaline and acid discharges are aver-

aged. In this very basin, liquid wastes pre-oxidation takes place

as well. However, Helixors' main purpose Is to aerate discharges

and keep in suspension solids present in the refuse liquids. Being

underground, the basin is gravity fed.

Civil works are concrete made and inside walla are protected

with antacid varnish -

B) Neutralization

Waters flow in the neutralization basin where mixing is obtain-

ed with the installation of one Helixor.

Checking and regulation of pH concentration is assured by a

pH-meter equipped with a chemically cleaned probe.

Caustic soda and sulphuric acid are the reagents used for the

neutralization process.

C) Automatic Removal of Solids Retained by the Grid

Solids removal la fulfilled by an automatic grid which prevents

fibers and thick particles from obstructing the lifting pumps.

The pumps, housed in a well close to the channel wherft the

«rid is located, consist of two submerged groups controlled by min-

imum and maximum level devices.

D) Primary Sedimentation

Waters are conveyed to primary sedimentation basin where set-

tling solids precipitate: in particular, chromium hydroxide deposit.

PETRILLO



In this gravity-type sedimentation basin,any sludgt,' le>i 3,1 i;

it inually purged -ind presse skimming is ensured t>y pneurna' :c /.i:

t£ ) Eixtemied Aeration

Water:.; clarifi'ed during the sedimentation stage flow, by grav-

ity, inte the extended aeration basin.

This compact, basin is divided into the following adjacent and

commun i cat i rig sectors :

1) Biological oxygénation.

.?) Sludges recycle. ;.

:<)'Sedimentation.

The Extended Aeration stage is the most important phase in the

whole biological treatment, process.

1) Biological Oxygénation.

Due to the turbulence originated by the. twenty-six Heltxors

installed, microorganisms develop and grow in the aeration sector.

Their growth is the direct consequence of the mixing which makes

organic substances and microorganisms enter Into intimate contact.

Adsorption (assimilation), first phase of the biological treat-

ment process, takes place in the biological oxygénation sector; or-

ganic substances are oxygenated, substrates develop and microorgan-

isms' cells are formed.

Nutrients present in domestic waters flowing in from the works

are vital for control of limiting factors N and P. Nevertheless,

addition of (NH ) H(PO ) is foreseen.

2) Sludges Recycle

and

'i'l Sedimentation.

The best degree of sludges concentration during the aeration

stage is assured by four Helixors whose motion compels sludges,de-

posited in the final sedimentation basin,to move into the aeration

has in.



Overflow sludges, together with sludges coming from "• :.ar .

sedimentation, are conveyed to conditioning and dewatermg 'mu'

ments,

F) E'ost-Aera t ion Lagoon

Waters overl'low by gravity from the extended aeration bi:;:i;

into the aeration lagoon which is divided into two sectors: ;i ) i In1

first,where fourteen Helixora provide a further supply of oxygen

(post-aeration) and b) the second ,where no mixing is created .'( sta-

bilization) . . •

Endogenous respiration, an important phase of the biological

process, occurs in the aeration lagoon and air consumption is lor

this stage lower than Cor adsorption because of the smaller quan-

tity of substriit.es.

Uutput waters flow today by gravity from the lagoon to nearby

fields. However, should future needs require it, these waters could

be utilized for the factory supply after proper treatment.

2) SLUDGES DEWATf.RINC

Sludges purged from primary sedimentation and extended aeration

basins are conveyed to a conditioning basin where, by means uf une

Helixor there installed, they are mixed with lime and iron chloride

whose quantities are controlled by pumps and pneumatic valves re-

spectively .

Sludges are then sent to a fully automated pressure filter

consisting of sixteen stainless steel panels coated with acrylic

bags. Table i refers tu data concerning sludges conditioning.

Filtered waters are conveyed tu extended aeration buaiti whJlwt

sludges are withheld by the bai{s.

When filtering cycle is interrupted to allow discharge I1

the sludges, filter-top opens automatically arai filtering i-mei:

move on guides towards the outside.



Sludges detach from the bags by shaking through compressed

air delivered by a vibrator; sludges are collected in a suitable

container and cakes produced contain l<0 + 50 % of dry substance.

Upon completion of the discharge phase, the filter automati-

cally starts to operate again.

The filter installed was engineered on the basis of data gath-

ered after testing the sludges with laboratory niter kits. Sever-

al chemicals such as FeSO^, CaCl£, FeCl , Ca(OH) were applied in

testing and different closes used.

For this selfsame utilization, the best filter's performance

was obtained following the addition of FeCl and Ca(OH) at a con-

centration of 10 % and 5 % respectively.

Dosages used for the reagents' solutions are:

gr/1 Tor Cat OH

6.t gr/1 for FeCl

8 gr/1 Tor Cat OH) ;

3

TABLE 1 .

Engineering Data

Skins processed daily = 3,000

Daily flow = 300 cubic meters

Working hours per day = 8

Discharges from : Soaking stages

Lime baths

Deliming by formic acid and sodium chloride

Maceration

Chromium tanning

Stuffing

Dyeing



Chemicals used

N a/
NH.

Na 5

Lactic acid

Na2S

Ca(OH),,

Na S

Solvents for degreasing

and oils

K«s/day

= ¡4.5

= 1.5

= 180

; 30

= 30

= 100

= 70

= 60

NaCl

NaCl

HC1

= 13'

NaHSO = '•'•

Alum ! i 3^

Na CO " ^ 2 0

NaHCO = 3 6

NH = 6

Sulphonate greasing oils = ^0

HC1 and formic aoid s 30

Phenolic tanning = 60

Total BOD loading

Oxygen requirement

= 300 Kgs/day

= ^50 Kgs/day

6TR1LL0



TA«LE 2

Output Waters Character ist ics

BOO

Suspended solids

Dissolved oxygen

TABLE 3 . •

Sludges Conditioning

Flow of" sludges

Filtering surface

Solids' content in sludgea

Sludges' dried substances

Lime consumption

Lime consumption at a 5% solution

FeCl consumption at a 10% solution

= 30 + 1)0 mgr/1

= 30 + 1)0 mgr/1

= 2 mgr/1

= 25 cubic meters/day

= 37.26 square meters

= 2 %

= 500 Kgs/day

= 20 % max on sludges'
dried substances

= 2 cubic meters/day

s 160 Kgs/day

TABLE 3

Power Consumption

Blower

Lifting pump

Automated grid

= HP Vi

= HI1 1)

= HP 0.¿L

1 KW

~¿ KW

'). 10 • «

Tota L

Other Corisumtpioris (Compressed Air)

Vibrator, sludges' feeding pumj.;;,

lime pumps arid filter operation o5 < : n^Ê" -T'SIÛ ly
tTi •. . V ^ l l J t ' -i t ] <"it.!T!

Air supply to meet the above requirements .s rovered by the
factory's pneumatic network.
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Hdixof; basii;
composent

Inside baffle

Monolithic nelix

* " i l .,_̂ ? «f •... y » , "

Ultrasotiii:

welding

Polyethylene pipe

*' C» ,? air distri-

bution holes

Stainless steel

brackets

Terminal pluK

fastening

Terminal plug

Concrete anchor



WAriTE WATE'R IKKATMKNT PLANTS

FOR ...

SLAUGHTKRHOtl.-.hS ANL- SAUSAGES PRODUCTION FACILITIES

Dot.t. tn»i. Giacinto Petrilk)

Polcon Italiana Sri

Ub, Viale Scarampo - 201<t8 Milan (Italy)

INTRODUCTION• •

The project for the "Swine and Bovine Meat Center of Colouria

Veneta (Verona, Italy)" was develoj-'d tearing in mini) its peculiar

(lest iirit i on: the service to a slaugnte ng and sausages pr!'!u"tiiiri

center.

The essential goals to aim at in engineering .-> plant ire:

a) hUrh efficiency in pollutiun control;

t)) hi«;h reliability; •

f) e,i;iirieas of upcration.

In vifw ui' The above, a pollution control system ensuring hi^U

per'furmanoc rites was chosen ami very easy to use equipments were

installed. A perioüioal plant control scheduled by a routine main-

tenance programme assures the greatest reliability.

Due to low operating expenses arid small quantities of sluiges

produced, this process is widely used in Canada, the United States

and is nowadays frequently applied in Italy too. The process is

based on a special equipment, Helixor, capable of transferring the

required oxygen in such a quantity as to obtain the best prwews

speeds. It originates at the same time an optimum refuse !;••; lids

mixing s-.' th.rit eont'ic't among microorganisms' and organic ;-ut., T ?v r-̂



cells is most efficient. Furthermore, the absence of moving mf-'f-h it-

i cal parts inside the Helixor and the high speeds through orifice-

assure operation without any inconveniences.

A peculiarity of the "activated, dispersed and mixed sludges"

process adopted consists in that the sludge burden is eliminated.

The production of overflow sludges is in fact reduced through total

oxygénation to not more than 5 cubic meters on wet sludges every

2 + 3 months. The small quantities of sludges accumulating in the

post-aeration basin, downstream the oxygénation stage, requires pe-

riodical removal and this operation is to be considered as an occa-

sional and infrequent requirement.

The Culogna Veneta plant has been continually running since

December 1975 when it was tested and started and no trouble what-

ever occurred during these past years.

PROJECT ANALYSIS AND PROCESS DESCRIPTION .

The project was elaborated cansidering both the potential

slaughtering of ¡400 cattle and 500 swine every week and the produc-

tion of the connected sausages factory,

Pollution control cycles foresee:

a) floatation;

b) degreasing;

c) oxygénation;

d) final chlorinatlon.

The plant proposed is based on a thoroughly oxygenating cycle.

Because of this process, organic substances are decomposed by bac-

teria forming the activated sludges and the little quantities of

developing overflow sludges Í3 composed of mineral substances, non-

degradable organic substances (cellulose, fibers) and inert residua

of microorganisms (cell membranes).

Following the elimination oí' suspended solids by meany of a

manually operated grid, sewages flow into the floatation basin

wherefrom they reach the oxygénation tank after degreasing. During

the oxygenating treatment, refuse liquids are submitted to <•••riK-. i-

erable aeration implying the abatement of organic substances.



After skimming and post-aeration stages, sewages overflow IN

the chlorination tank where waters are added with chlorine and con-

veyed to discharge.

PROJECT DATA

In order to suitably aize the plant, reference was made to.Cus-

tomer' 9 specifications and to literature published by A.N.D.l.S. -

National Sanitary Engineering Association -. Further information

were drawn from tests run on our pilot plants.

Data to work on were:

- dally water consumption is of 900 Iiter3 per each bovine and 600

liters per each swine;

- daily water consumption during stable-breeding equals S00 liters

per each bovine and 200 liters per each swine;

- pollution caused by a bovine is equivalent to that originated by

SB people whereas a swine pollutes as much as 11 persons do;

- with retard to rainwaters affluent to the plant, maximum and min-

imum precipitations' values were considered corresponding to

1*5 mm and 6 mm of rain respectively.

Water consumption

Cattle Slaughtering •

- Head slaughtered weekly = no. 400

- Daily water consumption per animal = liters 900
- Workdays per week . = no. 5

- Total daily water consumption : 72 cubic meters

Cattle Stable ,

- Head on breeding per week - no. 100

- Daily water consumption per animal = liters 5U0

- Breeding days per week ' a no. 5

- Total daily water consumption = 10 cubic meters

Refrigerators' waters for cattle butchering

- Daily water consumption . = 130 cubic meters

Cattle blood

- Blood affluent to the plant = 200 liters/day

PETRIILH



Swine slaughtering and sausages production

- He"J«i butchered every week = no, 500

- Daily water consumption per animal = 600 liters

- Workdays per week = no. 5

- Tutal daily water consumption = 60 cubic meters

Swine stable

- Head on breeding per week - no. 150

- Daily water consumption per animal = 200 liters

- Breed ing days per week = no. 5

- Tutal daily water consumption = 6 cubic meters

Refrigerators' waters for swine butchering .

- Daily water consumption : 210 Cubic melers

Swine biuod

- Blood affluent tu the plant = 120 liters/day

Total Waters Affluent to the Plant in Cubic Metera per Day

- Process waters affluent to

oxygénation tank - 1̂ 8 *

- Cuoling waters affluent downstream

the post-aeration basin = 390

- Rainwaters entering the oxidation

tank (surface 16,600 sq.meters) = H>*

582

• iologicHi Oxygen Demand Loading (BOD i

Cattle butchering

- Head slaughtered per1 day = no. 80

- BOD i Ktf/day i

Swine slaughtering

- Head butchered every day - m .

- POD - ti



Cattle blood

- 200 I/day x 100,000 mgr/1 • = Kg/day 20

Swine blood

- 1?0 l/day x 100,000 mgr/1 = " 1?

Cattle stable

- 10 cu.m/day x 1,000 mgr/i = " 1ü

Swine stable

- 6 cu.m/day x 3,800 mgr/1 = " 2i

Rainwaters

- ^4 ou.m/day x 180 mgr/1 = " 8

Total BOD loading K«/day ?

PLANT ENGINEERING AND DESCRIPTION OF ITS DIFFERENT PROCESS PHASBS

(See drawing enclosed)

Oxygénation and Post-Aeration Tanks

The flow volume affluent dally to the plant is 1̂ 3 cubic meters;

cooling waters, equal to 390 cu. meters every day, are conveyed

downstream the plant in a pit where they mix with treated waters.

Volumes involved are:

•* Oxysensticm tank

148 cu.meters/day x 15 days ; 2,220 cu.meters

- Rainwaters increment ' = tU " "

» Post-aeration basin
118 cu.meters/day x 5 days = lUO " ".

Total volumes 3,004 cu-meters

= = = = =

Water depth considered is m T,70 and the covered surface is

therefore :

cubic meters 3,00^/1.70 = 1,800 sq. meters.

p: 'K1LL0



With regard to oxidation tank's volume load, the following is

obtained :

271/2,261 - 0.12 Kg BOD per cubic meter.

To the oxygen theoretical requirement of 271 Kgs/day corre-

sponds an actual necessity of 271 x 1.5 = 111 Kgs of 0 per day.

To obtain the process' best performance, the installation of

the following Helixora, each m 1.00 in length, is consequently re-

quired;

- no. 33 for the oxygénation taiVí;

- no. 1 for floatation stage;

- no. 3 for the post-aeration ';asin.

Water Raising

Waters flowing from both the bovine and the swine slaughter-

houses, as well as outlet waters from sausages works, are conveyed

to trie plant through tarred metal pipes.

Waters are raised by means of 2 pumps - 2 others being in-

stalled and kept in reserve - each having a flow capacity of 20

cubic meters/hour.

The maximum flow to be lifted is roughly 10 cubic meters/hour;

the submersible pwjs foreseen have a special impeller, suitable to

stand sewages' coreesicíi, and are equipped with a level control tor

their automatic start according to the Incoming flow's volume.

Oxygénation phase

Refuse liquids are channelled through steel pipes from the

water raising station to the oxygénation tank where Helixor3 are

set up; they enrich the water with air at a given quantity such as

to keep bacteria alive.

The oxygénation basin's bottom communicates on one side with

the floatation and degreasln^ tank and, on the opposite side, with

the skimming and post-aer:iti -i stage. Floating greases are directed

to an offlet channel.



Post-Aeration Stage

Af.ter the oxygénation phase and following skimming by means or

a metal siphon, sewages enter the poat-aeration tank flowing on the

basin's bottom. ,

Chlorination Stage

Two subsequent steps are foreseen for the chlorination stage:

a) reaction tank;

b) chlorine dosing station.

The reaction tank's useful volume is above 25 cu.meters; this

allows for the most favourable contact time between the liquid and

the free, activated chlorine.

The chlorine dosing station is formed of;

- one tank having a 200 liters capacity (equivalent to 25 days'

autonomy as hypochlorite as 25 % concentration);

- one dosing pump;

- the necessary PVC connecting pipings with related special

tools.

The quantity of activated chlorine required to disinfect waters

biologically treated is equivalent to about 10 ragr/1 of NaCl, with

a residual chlorine value correponding to 0.6 - 0.8 mgr/1.

Civil Works

Civil works entailed the digging and levelling of earth as well

as the construction of a concrete slant walls lagoon; loose earth

from excavation was used in order to lower realization's costs.

ANALYTICAL DATA

Table 1 and 2 given hereafter respectively show the results of

analyses carried out on samples drawn upstream and downstream the

plant.

PETRILLO



POWER CONSUMPTION '

Power consumption relates to blowers and raising pumps operat-

ing to lift refuse liquids from discharge collecting pits to the

treatment plant.

Blowers are in service 2*1 hours a day whereas raising pumps

are operated only while butchering and cleaning are being accom-

plished .

Powers consumption costs are the on y operating expenses to be

supported.

i 7.5 ' = 7.5 .

= 500 mg/1 = 3?0 míç/1

= 1,200 rag/1 = i,250 mg/1

- Settling solids = 6 ml/1 = - -

- Substances drawable with oil ether - - - ? 137.8 m«/l

- Suspended solids = - - = M 2 mg/1

TABLE

- pH

- BOD

- cor

i

TABLE 2

- pH

- BOD

-COD

- Settling solids

- Free chlorine

= 7.9

= Ü0 mg/1

= 100 mg/1

= 1 ml/1

= 0.1 mg/1

= 7-9

* 20

- 36

£ «» ~

- - -

mg/1

mg/1

- 7.9

= ?0 mg/1

- 90 mg/1

-- - -

i - -

- Substances drawable

with oil ether • =' •= «.2 mg/1 = 9-1* ins/I

-Suspended solids = - - = - - = i



TABLE 3 . • •

Pouer Consumption

No. 2 blowers Installed HP = «o

No. 2 raising pumps " " = 12 ,

Total Installed HP . . = W = 38.2 KW
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management. The Kuwait
act ing on t hi* request
to study thi' reuse, I leül invi t , md li.-., 'Sal "f .solid v-i si i- in I fie
KStA. The study began in 19.̂  3, ., jid j¿i í i last for two years . The
program has five main t a sks : 1. Survey and charac te r iza t ion of
solid wastes; 2. Establishment of appropriate regula t ions and
evaluation of technical .solutions for effect ive sol id waste control
and management; 3 . An economic analys is of technical so lu t ions ,
including cos t -benef i t ana lys is and financial impl ica t ions ;
4. Engineering design of treatment ilr>d disposal f a c i l i t i e s and
development of the organization and management s t r u c t u r e ; 5. I n t e -
grat ion of solid waste proposals with those for wastewater treatment
programs. The present paper deals with the survey and cha rac te r i za -
tion of industr ia l solid wastes (SW), sem i HO I id wastes (SSW), and
general sol id wastes (CSW) which are present in the a rea .
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Tin- data were collected through a quest ionnaire and visits to
t he industries. The data were classified according to each specific
industry and grouped according to type of wastes.

Ki.Sn.TS AND DISCUSSION

ÏIIL1 total urca ti) ESIA is about 23,66 million square meters. The
!-'SIA now accomodatcs 30 industrial plants belonging to 26 companies.
Ut'v.iuse these plants contribute to industries considered vital to the
growth of Kuwait, they are included in the state's master plan. Most
of the products of these industries are either exported (oil refinery
products, fertilizer, me lamine)» used for building and construction
(.cement f Lime products, insulating material, asbestos pipes, sanitary
ware, fabricated steel, concrete, pre-engineered stell building), or
supply food (fish and shrimp) or local, products for development (paper,
paper bags, and different industrial gases). There are also two huge
power stations, which provide Kuwait with electricity and distilled
water.

Those industries use various amounts of raw materials to produce
different products and generate various solid and semisolid wastes.
These wastes may he generated from the raw materials, the products, or
the processing. besides, large number of manpower working in these
irí¿;:srries generate different types of the same. The major industrial
solid wastes and SCWisolid wastes are shown in Table I and 2.

Industrial Solid and Semisolid Wastes (SW and SSW)

There ¿ire numerous sources and types of refinery soliti wastes and
each reí inery may have prob 1 cms specific to its process. The following
¡ire suitable for recovery or disposal;

a) S Luügfs . A bug i1 amount of EST A ' s wast es arc o i I y process
sludge, which is very difficult to handle. Oil sLudge is a sediment
obLa Lned f rom s toragt> t anks, crude de sa 1 ter s * sewer cleaning» vessel
cleaning, o i I/water separators, dissolved air flot at; ion, I uho o i I
process ínr, * íUid a I ky I ;it i on .

b) Catalysts* Différent types of us o ti catalysts are disposed of
periodically. Most contain hazardous materials such as nickel, alu-
mi n i um, t: up per , iron, t i ta ni um , chromium t coba 11, zi ne , an ti vanad i uni
o:< i di's f bes iíles the coram i c sad d les used as hods for catalyst.

c) Su s pen s i ons . Lar}» o /miou n t.s ot crude o i 1 are suspended i n
soa water, in com-ml ration nf 1 -5%, stored in large lagoons.
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plaster muulds, l i b n ^ U s s insulators, and welding flux. The semi-
solid wastes are mainly lubricant o i l , clay suspension," CFlneftt-
slurry, asbestos slurry, lime slurry, and glass wool sludge. Most
of these wastes are dumped, drained, or disposed of in landf i l l s .
Scrap steel iJL sold in some cases. Concrete waste and empty barrels
are co l lec ted^» special contractors.

Organic industr ies . Only three plants in ESIA deal with organic:
materials. One produces paper bags, the second tissue paper and
roofing paper, and the third processess fish and shrimp. The wastes
of the f i rs t plant are used as raw material by the second. The
second plant generates many sorted rejects of cellulose mud. The
solid part of these wastes is dumped in ESIA dumping area. The semi-
solid are drained. The fish and shrimp processing plane wastes are
damaged i i sh , and shrimp heads ant! shel ls , which are dumped in the
ESLA dumping area.

General Solid Wastes (GSW)

The industries located in or near ESIA generate large amounts
of general solid wastes with a composition similar to that of muni-
cipal solid wastes (MSW): paper, cardboard, wood, metal, t ex t i l e ,
rubber and p las t ic , foods glass , stone, and sand. The MSW is
collected, at present, by the contractors, who move these wastes to
various dumping areas in Kuwait. The composition of general solid
wastes in the area is shown in Table 3.

ELNAWAWY
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Tabla 1; Solid Wastes Generated in ESTA (t/yr)

Tyi>c

Catalysts

Construction materials

Metals

Clay

Mc lamine waste

Polypropylene/polyethylene

Paper manufacturing waste

Silica gel

Molecular sieves

Activated carbon and charcoal

Fish and Shrimp

ToL.it:

Amount

7,239

32,109

1,348

850

1,567

102

3,180

1

110

5

80

46,591

Í I NA.JAWY



Table 2: Semisolid Wastes Generated in ESIA Plants Including
Dewatered Slurries and Suspensions (t/yr)

Type Amount

Lubricating

Sludges

Slurries and

Chemicals

Oils

suspensions3

2

50

10

,219

,362

,519

138

Total: 63.23R

After dewatering (include: Lime slurry, Asbestos
wagteviter, Clay syspension, Cleaning water, and
Cements slurry).



Table 3:, Estimated Maximum Production of General Solid Wastes in ESIA (t/yr)

Paper Wood Metal Metal
drum

Textile Household
refuse

Sand Tire
stone,
ash

Plastic Other Total
containers piaseic

1975 6424 2132 431 1141 4172 58908 451 335 636 76,605



SOLID WASTE MANAGEMENT IN THE ENLARGED SHUAIBA INDUSTRIAL AREA (ESIA)

PART II: TECHNOLOGY BASIS OF THE COMBINED ON-SITE/CENTRAL WASTE
MANAGEMENT SYSTEM IN THE ESIA

K. I'uskas, A.S. ElNawawy, A. Hammoud, N. Samaran, B, Isbiah*

k'uwaii Institute for Scientific Research
iocti luiiilogy Department
. 0. «ox 24885, Safat

' •-•:! i t •

INTR. o : . • 'N

A coraprchensive waste management system is being developed for
all fcitnl- >l solid waste and industrial and sanitary wastewaters in the
I: 1A. I, is licturii deals with the nouhazardous waste treatment, reuse,
i>l disposal i ethnologies, which are one part of the combined waste
m.iMagenk'iit system.

The evaluation of the information from industries and the assess-
ment of the waste generation, with respect to the handling technologies
are the basic sub-tasks which determine the proposed strategy which
will be appropriate to the present situation and also the future. With
reference to solid waste generation, there are primary and secondary
industries. The solid waste generation is signific;int at the primary
industries and negligible at the secondary industries. The location of
the primary industries (Fig. 1) determines the waste collection system
and influences the selection of the disposal sites.

Categorization of the Nonhazardous Solid Waste

The industrial solid waste (SW) and the semisolid wastes (SSK) are
derived from the production process and relate directly to the produc-
tion itivel. The character of this relationship was studied to establish

*EPC-SAA



the time function of Che waste generation and to determine other
significant factors. In respect of the handling and disposal techno-
logies, the general solid waste (GSW) has co be studied in detail.
One part of the general solid waste is in indire-Ct relation to the
production process. For example, the quantity of empty barrels which
are filled previously with raw materials and other auxiliaries (chemi-
cals, dyes, etc.), relates to production level but also depends on
other conditions (manner of packaging of this material, etc). This
type of general solid waste (IGSW) is handled separately from the
general waste, which is only remotely related to the production
process, influenced for instance, by the number of employees, etc.;
this type of general solid waste is considered similar in many aspects
to municipal waste. The assessment of the above-mentioned notihazardous
industrial wastes was done for each group of the primary industries.
The industrial and general solid wastes were studied and grouped also
with respect to the special or general treatment options.

RESULTS AND DISCUSSION

The on-aite treatment or reuse technologies ás final or preli-
minary options handling in a Central Treatment Plant; and combined
treatment with the industrial and/or municipal wastewater creates
many variations of possible processes (Fig. 2). The scope of the
study includes suggestions for remidial engineering measures. The
short term solution favours disposal while the long term solution
emphasizes reuse.

Treatment, Reuse, and Disposal Technologies for Industrial and General
Solid Wastes

The introduction of each handling technology for the individual
industrial solid wastes and for the. general solid wastes generated from
either the productive section or from the non-productive departments
and offices of the industries is not the aim of this lecture, but
typical examples of organic, inorganic and general solid waste handling
are shown to illustrate the methodology and results of the work.

The Melamine Industry in Kuwait produces melamine in powder form
from molten urea. Melamine is a raw material of the plastic, processing
industry. The urea is converted to melamine in a melamine reactor at
high temperature and the roelamine is dried and packaged. The process
technology had to be studied to arrive at the character of the mixed
impurities, melamine scale, used absorbent, used activated carbon bed,
solids and semisolids (Fig. 3). The mixed impurities ,ire mainly the
by-products generated in the melamine reactor. Their character
depends on the process conditions. Tn the first step, possible improve-
ment measures are summarized (Fig. 4), together with necessary remedial
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FIG.1. LOCATION OF INDUSTRIES
fN THE ENLARGED SHUAIBA
INDUSTRIAL AREA.
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engineering measures. Thereafter, the on-site combined, outside treat-
ment, reuse and disposal technologies were determined. Filtration
by-product reclamation (Fig. 5), combined treatment with industrial
wastewater, and disposal as solid waste, are the technology options
for the mixed impurities atid melamine scale. A major portion of the
used absorbent can be recycled. The used activated carbon bed should
be collected from this and other industries and regenerated in a
centralized plant. The residual solid waste can be disposed of
together with the general solid waste, or separately. This example
of an organic industry, shows many options possible by the developed
special waste management system. The selection will be done taking
into consideration the results of the cost/benefit analysis.

One of the inorganic vaste handling cases in the ESIA illustrates
the options of combined treatment and reuse which might be applicable
to the inorganic industry in general. In the ESIA, there are three
construction industries producing precast elements for the local
construction business. The steel mesh reinforced concrete elements
are cast in steel moulds. The wastes are consolidated and fresh
elements are cast in the steel moulds. The wastes are consolidated
and fresh ready-mix concrete, broken and rejected precast element,
steel scrap, used moulds and semisoiid element slurry. The suggested
treatment options are shown in Fig. 6. The fresh concrete could be
reused by utilizing special precast technology. The consolidated
concrete and rejected elements could be reused by a central handling
facility or directly used for different construction purposes. The
neighbouring industries are in a favourable situation concerning
steel recycling which can realized by the Central Treatment Plant,
(C.T.P.) where steel is sorted, selected and prepared for recycling
or for sale. The cement slurry should always be pretreated on-site
and the water could be recycled or drained, The above system demons-
strates the possible cooperation ¡imong the industries in waste
management. The on-site treatment of general solid waste in not
popular solution. It can be treated in the C.T.P. after collection.
Transfer stations are not necessary because of the local circumstances.
The handling technologies for steel scrap are shown in Fig. 7. It is
suggested that it can be treated at the C.T.P after possible on-site
recycling at the industry.

Central Treatment Plant

The prefeasibility study of a CT.P. presented its advantages as
a basic unit in the future waste management of the ESIA. In short
term C.T.P. will exist as a disposal area for the nonhazardous and
hazardous wastes. But later on the C.T.P. is expected to be a central
unit of the waste management system in this area (Fig. 8 ) . The C.T.P.

PUSKAS'
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will be located in the selected disposal area, where the industriai
general wastes will be collected and prepared for handling and disposal.
The i-xpected central handling plant and facilities should be located
hire namely the collection, separation, sorting system, the incinerator
the metal and paper handling and preparation plant, the plastic and
rubber handling and recovery plant, the composting section, hazardous
waste handling store, disposal section and landfill area. The central
office for waste management should also be here.
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VERHICOMPOSTING IN THE PHILIPPINES

Basil A. Rossi

President
Asian Recycling Association
P.O.Box 753, Bacolod City, Philippines

In Southeast Asia more than eighty percent of all collected so-
lid waste is organic putrescible. This is an even more important
percentage when it is realized that much of the remaining materials
are removed by scavengers during the movement of the waste from its
point of origin to the dumpsite. These are glass, plastics and me-
tals. Therefore tha organic fraction forms the bulk of waste and
is therefore the most significant element to consider in waste dis-
posal or recovery. It should also be realized that this organic
fraction is the disease risk fraction in tropical areas, i

! Looking at the waste disposal picture we roust then look at com-
parative costs of disposal—sanitary landfill and possibly incinera-
tion. Although with a very high level moisture content this is not

', really a solution. If we shift our viewpoint from waste disposal to
one of resource recovery, we are forced to look at the end of a com-
posted material.

The Philippines in common with most ar*as of the world has a
massive soil problem. With fragile tropical soils to begin with and
coupled with a high rainfall and high temperature factor, the most

, important problem after micro element depletion must be the organic
I matter levels. In nature, organic matter in tropical soils rarely
, has a chance to reach a húmate level. The action of heavy rains
j and sun make this almost impossible. So if reasonable humus level
! is to be achieved, some method of introducing a complete replace-
/ ment to topsoil is required. It is then for this reason that we
i have chosen to work with worm castings or vermicompost.

The harnessing of larg» quantities of earthworms to consume



large quantities of agricultural and solid wastes began in the Phil-
ippines in 1978. Based originally on a Japanese system in turn based
on concepts as old as Darwin and Aristotle, it has to rapidly and
radically change to produce a system suitable to the tropics.

In the beginning the worm Lumbricus Rubellus was used, but it
was found that Eisetiia foetida give better results both in feed con-
sumption and breeding rates. The Japanese had introduced worm
stock to waste in field conditions—that is, in open beds with soil
as the base. We found that predators, ants and leaches resulted in
poor results so initial breeding was achieved in Clay "flower pots"
Beds had to be sealed and moated with waste oil to keep them free
of leaches that would kill,the worms or ants which,renove huge quan
tities of the protein.

The whole unit area required roofing to keep control of water.
This was especially true of heavy rainfall areas of tropical Philip-
pines. Still we had the advantages of a more or less constant 2ã to
30 degrees C, ideal temperature for worm culture ; also the advantage
of low labor costs. Feed was never a problem as we had a choice bet
ween agricultural fibre wastes, a variety of manures or in the towr.s
and cities, vast quantities of organic matter frcm solid wastes.

It took three years of basic research to reach a position of
certainty as regards the entire system. Much of this tine was spent
on surveying market potentials both in the Philippines and overseas.
The Japanese had concentrated on production for two markets. The
first was the home gardener (through supermarkets and garden shops)
plus the glasshouse industry. The second was the field crop market.
Obviously the first market was limited to a few thousand tor.s of
pure castings per year. However, in the mid 197O',s tests checked
by the Tokyo Agricultural University concluded that Nitrogen or NPK
blended with castings achieved notable increases in crops tested
and resulted in lessening of N requirement by as much as SO'; because
the natural castings acted as a carrier and this produced "tiroe-
releasei1 fertilizer.

This became even more important in the Philippines where up to
70% of chemical fertilizers are lost to either atmosphère or leached
below or away from the plant root levels. We discovered that coat-
ing urea granules at 204 to 30% rate made nitrogen available tvsr a
period of eighteen weeks a3 against five weeks in straight cherr.ical
application. VP. used this systera for both suj>ar and rice with good
effect. As both industries are in economic crisis the idea of both
lessening input costs and raising productivity was easy to sell,

WHAT ARt CASTINGS?

Castings are the end result of the feed (agri-waste) taken in



by earthworms. They are the feces of earthworms. Castings are fi.-.e
cylindrical excretions containing a considerable quantity of humus
and aye the finest (highest quality) top soil produced by nature.
The quality of castings vary with the type of feed or wastes being
fed to the earthworms. For example, earthworms can digest low ni-
trogen, hi|;h fibrous organic substances like straw and paper wastes.
This will produce a good soil amendment; but an overall low quality
castings. Earthworms can also digest aerobic sewage sludge which
contains t% to 6% nitrogen, the castings from this source will be
of very high quality. The analysis of castings although variable
show a high soluble calcium, potassium, sodium and phosphoric acid
content. Most of the nitrogen is in the organic form as mucopro
teins, peptides, urea, uric acid, allantoin and humic acid; the re-
mainder as ammonia and nitrate nitrogen.

The recycling system designad producás a high quality casting
having a total NPK content (dry weight) above 3% with some castings
above the i% NPK level. In some areas of the country this is high
enough to be considered a fertilizer. The castings have a high
cation exchange rate with a carbon to nitrogen ration under ?0:l;
excellent £or good plant assimilation. The entire dry granular
composition of castings is under M.Omm with over 50%"of the dry
castings under 1.0mm.

The castings have a humus content above 20% (dry weight) of
which better than 15% is humic acid. The humus portion of castings
is responsible for stabilization of organic matter, binding of water
to slow leaching, release of water during drought, and binding of
metals for appropriate plant use. Humus also acts as a nitrogen
recycling sink. It imparts a good texture and fertility to soil
due to pore space and tilth, and most of all, acts as a plant growth
hormone stimulant. As such castings are indeed a favorable organic
soil amendment among gardeners.

Air dry earthworm castings have a density lower than potting
soils due to the fine porous structure permitting air entrapment.
Transportaion costs are thereby reduced. Castings, due to the mine-
ral, nitral and high humic acid content, must be mixed 1.4 to 1.2
with low nutrient materials for making a good potting soil medium
for seedlings and house plants. For soil amendment fertilizer use,
castings are generally applied at the rate of 1.0 to 2.5 tons per
acre depending upon environmental conditions and the crops grown.

Earthworm castings are also unique in that they are protected
by a peritrwhic: membrane secreted around the castings during, e/J,es-
tion. This membrane aids in the mineralization and time-release
nature of castings. The earthworm comminutates the organic natter
into very fine particles and as such fresh castings have a very
high respiration rate. The microbial activity has been greatly
increased due to the increase in surface area.
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The eastings of earthworm contain more fungi, actinomycetes spp.
and cellutic type bacteria than if the organic matter is left alone
in the soil without earthworms. As such, the earthworm castings ara
the foci for the dissemination of the beneficial microorganisms. So
it is quite evident the great potential that castings hold for agri-
culture. Their potential marketing usages are varied and nearly
Iimitles3. Castings, for instance, can be combined and transformed
with chemical fertilizers for modern large scale farming.

Earthworm excreta (castings) are a superior soil conditioning
material. To summarize, worm castings: (a) exhibit low moisture
levels which allows greater water retention, thereby slowing erosion
when applied to the soil; (b) display ¿ "natural time release" for
releasing total nitrogen over a six week period; and (c) may be
mixed and bonded with chemical fertilizer, forming a casting pellet,
for large agricultura}, crops.

THE SYSTEM

We work on two systems. The first for quantities up to one ton
per day of feed input is housed in clay pota (flower pots); and the
second, for quantities of one to ten tons per day and above, is
housed in beds,

The "pot system" is flexible and can range from a "household"
situation where a family can keep from 10 to 1,000 pots in racks
and feed each pot 6,5 kilos of feed every 45 days. The casting reco-
very is 40% dry weight castings for each ton of wet weight feed, so
each pot can produce a revenue of US$5.00 per year when based on a
casting sales value of (¿Scents 30 per kilo, (Thus Japanese value
their castings at ' ïv*-in USS1.50 to US$3.00 per kilo).

The "bed system" requires a greater degree of technology as the ,
greater surface area of a bed and the vastly greater number of worms
(500 in each pot to 125,000 in an average bed—present problems of
breeding, cooling and harvesting.

ECONOMICS

Economics largely depend on just what market is established, how
«ver, based on minimum values, one ton of waste (wet) produces 400kg.
of castings valued at US$120 the cost of inputs does not exceed US$40
so the one ton of waste takes on a nett value of US$80 as against a
$10 to $15 normal dumping cost. Thus a savings/gain of $90-95 per ton

The capital cost of bed system is such that initial requirements
of US$20,000 is recovered in the ninth month of operation and expan-
sion can comfortably be taken from cash flow. These figures do not
take into, account either the sale of worms as breeders or as protein.



As each ton of worms working produce» a surplus of 35 tons of worms
par year, a further income is assured.

Tor instance, a farmer or farmer-producer may conventionally
use eight bags of urea per hectare valued at US$lî per 50 kg. sack;
by coating four bags of urea with one bag of castings he will have
a urea cost of US$"*8 plus US$15 for casting, a total of US$63 as
against eight bags of urea at US$12 equals US$96. Thus, a saving
of US$33 per hectare and a better crop as a result.

OTHER BENEFITS

A. Employment. In the Philippines, with labor rates of around
USS2.50 per day we have massive unemployment. The systems employ 17
persons per ton of worms plus waste collection labor. The employment
potential therefore is" well above 100,000 for the country.

B. Foreign exchange savings/ earnings. Every ton of ur«a saved
is a direct saving in foreign exchange. We are now exporting casting»,
so direct foreign exchange earnings are possible.

C._ Vermicomposting is superior to conventional composting for
the following reasons :

1. Turning of the compost is minimized; the movement of wet material
is less,

2. Extended forced aeration of the compost is not necessary, as the
earthworm movement channels oxygen into the compost.

3. It is usually not necessary to use bark chips or extraneous
materials to prevent the compost from packing.

•». There is no' need to maintain high temperature. Although a rapid
temperature build-up is desirable for initiating thermophilic
bacterial activity and destroying certain pathogenic bacteria,
by using vermicomposting methods the maintenance of high tempe-
rature is neither necessary nor warranted.

5. Earthworms radically decreases pathogens present in the organic
material. The environment and bacteria associated with earth-
worms facilitate the destruction of the coliform group .ma
Salmonella.

6. Earthworms, in a proper nix, can digest large amounts of pulver-
ized fibrous material. This allows cellulosic substances such as
paper to be composted more quickly than is possible with conven-
tional methods. Earthworms have the highest cellulase activity
of any invertebrate,

7. A protein-rich animal may be cultivated on material once consi-
dered as waste since pulverized and properly mixed refuse is a
food source for earthworms. Dried earthworm meal has an actual
protein content better than 60% and has a higher percentage of
sulfur-bearing and essential amino acids than meat meal. Eartl-
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worm meal is comparable in quality to fish meal as a protein
Supplement.

8. Earthworm excreta (castings) are a superior soil conditioning
material. Worm castings (a) exhibit low moisture levels which
allow ¿reciter water retention, thereby slowing down erosion
when applied to the soil, (b) display a "natural time release"
for releasing total nitrogen over a long period; and (c) may be
mixed and bonded with chemical fertilizer, forming a casting
pellet, for large scale agricultural crops resulting in less
run off in high rainfall areas.

9. Castings have a nitrogen content which equals or surpasses the
original content of the undigested food due to volume reduction
and carbon utilization.

10, Earthworm accelerates the dégradâtiovi and stabilization of various
sludges. This is possible because tha surface area of the sludge
is greatly increased as it passes :hrough the earthworm. Earth-
worm stabilizes sludges as much as two and a half to five times
faster than other methods. Earthworms return organic matter to
the the ecosystem in a safe, sane ani easy manner which is com-
pletely harmonious with nature.

Most important of all, the subject of Vertnicompostinf, could fall
unler any project: Treatment and Disposal of Domestic Wastes; Solid
Waters Management ; Recycling and Non Waste Technology; Energy Pro-
duction from Wastes; Management of Agricultural Residues; Appropriate
Technology for Developing Countries,
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ACUTE TOXICITY AND PATHOLOGICAL CHANGES OF THE
FISH TILAFIA NILOTICA EXPOSED TO DIFFERENT WASTES
OF DYES PKOCF.SSTNG
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(1), (3) Professors at the High Institute of
Public Health, Alexandria, F.gypt
(2) Assistant Professor at the Institute of
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INTRODUCTION

Ismadye is the biggest dye processing establishment in K ŷpt
located at Kafr El Dawar near Alexandria.

The plant comprises several processing units fnr the m.iimt K-
ture of acid and alkaline dyes. Azo dyes, Naphthol ant) Sulphur ilvcs
as well as intermediates and st ivents used for the different dyes
preparation. (Hakim et a l . , 1979).

Both the Italian and Polish knowhow are used which created a
vast array of chemicals in the final effluent. Inorganic salts
and organic acids, amines, alrohols, aldehydes, esters and chlori-
nated hydrocarbons are among *!he toxic chemicals that could be
present in the different departments' waste. The final effluent
is a mixture of all the individual wastes and is subject to wide
variations in quality from one hour to another. Since the dye
production is fashion and mode dependent from the stand point of
both the colour and the fiher used. The treatability of the waste
has to be versatile and applicable to a wide range of characteristics
present in the final effluent.

The antagonistic or synergistic toxic effects of tho.se chemicals
before and after treatment h3ve to be evaluated in order to visualizo
the extent of toxicity removal by the well established methods of
chemical and biological treatment. The toxic and pathological
changes induced in fish reared in serial dilutions of the different
departments effluents will indicate the extent of biological damage



created by such waste when discharged raw to a body of water. This
evaluation would be important in case certain effluents are highly
toxic and their segregation would be mandatory to reduce the final
effluent toxicity.

Tilapia nilotica is one of the most comnon species in the
Egyptian drains, canals and fresh water bodies where the majority
of industrial wastes are discharged without treatment. This sup-
ported its choice as a biotoxicity assaying organism.

The final effluent of Ismadye after being subject to a pH
adjustment by addition of lime is tested as the initial raw effluent
to be further treated for removal of colour and different chemicals.
Chemical treatment using alum coagulation followed by active carbon
adsorption was the recommended treatment to make the final effluent
comply with the standards specified by the Egyptian law.

Materials and Methods

The final effluent of the plant as well as each dye processing
unit was sampled and chemically analyzed for characterization follow-
ing the Standard Methods for the Examination of water and wastewater
(1979). The final effluent was subject to coagulation with 200 mg/1
alum for suspended matter and dissolved dyes precipitation as well
as partial color elimination.

Adsorption UBing fine active carbon powder at a dose of 250 mg/1
at 200 r.p.m. for half an hour followed by sedementation for 1 hour
and then filtration using a sand filter gave an effluent accepted
by the standards. .

Wastes generated from the departments processing Acid dyes,
alkaline dyes, Azo Naphthol and azo-dyes were also sampled separa-
tely for chemical characterization as well as fish biotoxicity
evaluation.

Trace metals were analyzed using Jarrel Ash 900 Atomic adsorp-
tion spectrophotometer as part of the activity carried by the project
Assessment of Industrial waste pollution in Alexandria Metropolitan
Area,

Serial dilutions of the different effluents were prepared as
100% raw waste, 502 waste and 50% dechlorinated water, 25%, 12.5",
6.25% and 3.13 etc.... Dissolved oxygen was maintained at the'satu-
ration level, chlorides and pH were determined to eliminate leatha-
lity induced by their variations.

Tilapia nilotica with a total.length of 4-6 cm and average net
weight of five gms were collected from El Max fish farm, transferred



to the laboratory and stocked in aerated rectangular tanks (255 liter
capacity). Fish were fed daily during laboratory holding and
acclimation period of one week..

The acute LCçn were determined in accordance with the standard
methods (APHA 1976). Serial dilutions tested were 25% vol. of raw
waste/vol, pf water and i Us further dilutions down to 2.5 vol/vol.
In each dilution Ten fish were tested and the experiment was repeated
5 times with different wastes effluents for 96 hours.

The dead organisms were examined to study the pathological
changes inducing their mortality.

The survived fish spot in the aquarium after 96 hours of expo-
sure were removed and preserved in Davidson's fixative. After 24
hours, fish were transferred to 50% ethanol for 2 hours and then
70% ethanol for storage.

Spots were dehydrated, infiltrated with paraffin and paraffin-
embedded for sectioning sagittally and parasagittally at 7 um.
Sections were stained with Mallory's and mounted for light micros-
copy .

Sections of. gills, liver and the intestine of exposed fish to
the raw and treated final effli• nfs as well as different departments
wastes, were prepared.

Results and Discussions

The waste effluents generated at Ismadyes when analyzed 'was not
acceptable by all measures to the specifications given by the law
governing the discharge of industrial wastes to drainage canal.

The waste was characterized by high variable colour density as
well as high BOD, COD and volatile solids besides dissolved inorganic
salts generated as byproducts of dye processing in the salting out
operations.

Treatment of the waste was mandatory to remove the dissolved
organics since the available treatment at the plant by addition of
lime basically for pH adjustment ia not sufficient for making the
waste acceptable.

The need for assessing the treated effluent toxicity and patho-
logical effects on fish like Tilapia nilotica normally living in
the receiving body of water accepting this kind of waste gave a
vivid idea about the removal efficiency of the treatment to be pro-
posed.
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The general characterization of the different basic departments
as well as the final effluent before and after treatment are shown
in table (1). Trace metals contents are also illustrated in table
(2). Their removal during treatment was relatively achieved but
the toxic effect of the combinations of minor concentrations of
variable organics and heavy metals when biologically assessed
showed noticeable toxic and pathological damage to the different
organs of the fish. The IX5Q values of the treated final effluent
was 252 of waste by volume indicating moderate toxic effect as
shown in table (3).

All departments raw effluents were highly toxic as indicated
by the very short time of LT50 and the small concentrations of LC50.

Although the treatment by alum coagulation at a dose of 200 mg/1
followed by active carbon adsorption at 250 mg/1 gave an effluent
acceptable from the chemical point of view,yet even this applied
tertiary, treatment did not eliminate the toxicity to the tested
fish completely. This will dictate the need for assuring a dilu-
tion factor of at least 10 times tV.a volunie of the discharged
treated effluent, as a dilution of 4 times can cause the death of
50% of the living fish in the receiving body of water.

' A. Pathological Changes in the Respiratory System

The gills are among the most delicate structures of the tele-
ost body. Their vulnerability is thus considerable because their
external location and necessarily intimate contact with the water
means that they are liable to damage by any irritant material,
whether dissolved or suspended in water.

The Microscopic examination of Tilapi a ni loti ca gills after
exposure to different concentrations of different departments'
waste revealed that extensive damage had occurred to the respira-
tory epithelium ranged from Complete denudation of the circulatory
tissue of the lamellae to complete distortion of gills filament
and lainmellar organization.

Fish exposed to 12.5% of raw waste for eight hours should
extensive damage to the respiratory epithelium and complete denu-
dation of the circulatory tissue of the lamellae {Figure 2).

Tilapia nilotica exposed to concentration 25% for half an
hour showed clearly complete necrosis and sloughing of the respi-
ratory epithelium and complete denudation of the circulatory tissue
of the lamellae (Figure 3). The gill filament and lammellar orga-
nization were completely distorted. After treatment of the waste
the fish exposed to concentration 25% for 48 hours revealed com-
plete denudation of the circulatory tissue of the lamellae (Figure
4). • •



Treatment increased the time for cotuplt te denudation but the
effect was not completely removed at ¿b7. «asLe concentration. This
indicates the need for dilution of tlie treated effluent.

B. Pathology of Livt;r

Microscopic examination of Tilapia nilotica liver after expo-
sure to waste of different departments at different concentrations,
revealed liver alteration in fish ranged from moderate to severe
fatty accumulation as indicated by vacuolation and necrobiotic
changes of liver cells. These changes increased with time and
concentration of exposure. Fish exposed to 12.5% of raw waste for
48 hours,showed parenchymatous extravasation in the liver indicating
necrobiotic changes and extensive oil globule accumulation (Figure 5).

Increasing time of exposure to 58 hours at the same dilution
increased destruction of cellular structure and necrobiotic changes
of the liver beside fatty accumulation. Fish exposed to 12.5%
concentration of the treated effluent for 48 hours showed extensive
vacuolation and liver parenschyma probably due to abnormal accumu-
lation of lipids and individual hepatocytes as shown in(Figure 8).

This proved that the causetive agents of liver parenchyma, were
not even removed by active carbon adsorption which is considered
as a tertury treatment. Further dilution showed be practised.

C. Pathology of Intestine

Intestinal degeneration of the v i l l i in fish exposed to the
different department effluents was revealed.

The distortion of mucosal epithelium and loss of brush border
were the main features of v i l l i degeneration in fish exposed to
dilutions down to 25% of waste as shown in (Figure 10a, b, c).
Fibrolyses appeared in wastes from departments producing Azo dyes
and Naphthol dyes. This was coupled with complete destruction
of the v i l l i (Figure 11).

Dilution of the treated effluents decreased this effect. Those
denoted changes .¡re similar to those resulting from necrosis. Normal
small intestine v i l l i are shown for comparison in (Figure 12).

Recoronendationg

Ismadye final effluent presently discharged after pH adjustment
is highly toxic and unacceptable for discharge to drainage water
canals. The azodye and naphthol sulphur and intermediates depar-
tnent's raw wastes are highly toxic and their segregation is not re-
commended as they comprise the majority of the processing waste.
Their mixing with wash and cooling water did slightly improve the
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toxicity of the final effluent treatment of this effluent using
chemical coagulation at 200 mg/1 alum followed by active carbon
adsorption at 250 mg/1 gave chemically acceptable effluent, yet i ts
toxicity was moderate and the pathological changes i t induced in
the gi l ls , liver and intestinal yi l l i were not completely eliminated.
Since those effects were diminished by dilution of the treated
waste. It should be remembered that a dilution factor of at least
ten times the discharged volume should be maintained all the time
to minimize the waste damage to fish inhibiting the receiving body
of water.
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TABLE ( 1 )

SUMMARY OF CHEMICAL CHARACTERISTICS OF PROCESS EFFLUENTS FROM ISMADYES PLANT

Location

Azo
dyes

Kaph-
thol
dyes

Sulphur
dyes

Inter-
medi-
ates

Final •
eff.
after
treat.

Final
eff.
before
treat.

X
SD
R

if
SD
R

X
SD
R

X
SD
R

X
SD
R

X
SD
R

pH

7.5-
10.1

7.1-
8.A

2.9-
6.6

0.8-
0.1

5.6-
7.8

4.3-
5.2

Elect.
micro

4391
1782
::0ii0-
7500

1927
612
1350-
3500

2668
1957
1100-
7500

3440
269

1100-
7500

6989
1356
2750-
7500

6990
1117
3600-
7500

Cond.
mho/en!

Turb.
NIU

42.5
48.79
10-

200

54.1
26.8
20-
100

46
53.5
6-

180

43
48.6
6-

175

31.8
8.4
20-
45

50.45
43.88
20-
185

Sett.S
ml/L

15.4
4.2
11.5-
29

9.2
4.5
2.7-
15

5.6
3.5
4-
11

8.4
3.2
1.8-

11

10.7
1.7
8-
13

16
6.8
10-
37

TS
mg/L

4257
1598
1933
7531

1821
1044
815-
3752

2201
834
1202-
3759

1598
597
1068
2032

4124
2185
950-

8030

6838
1778
3750
9865

SS
mg/L

546
276
234-

1107

263
248
44-
817

241
197
34-
700

25.7
152
38-
583

383
324
105-

1244

690
till
169-

1789

Cl
mg/L

1334
1476
480

5700

42
286
160-
930

985
477
120-
1700

203
211
60-
700

1337
1075
480-

3570

1877
135
730

410T

Alk
mg/L

381
182
180-
800

320
185
160-
800

159
83
75-
310

280
86
160-
400

332
157
50-
500

512
246
320-
1000

BOD
mg/L

279
99
120-
528

278
110
120
510

201
61

no-
sso
215
86
106
400

68
12
30
80

314
96

185-
540

COD
mg/L

486
201
240
1088

449
179
205
800

330
91
210
510

375
124
200
640

Í00
23
60
160

511
143
310
840

X Average of eleven observations (May 1982 - April 1983).
SD Standard Deviation.



TABLE (2)

TRACE METAL CONTENTS OF DIFFERENT PROCESSES AND FINAL EFFLUENT
BEFORE AND AFTER TREATMENT

Location

Azo dyes

Naphthol
dyes

Sulphur
dyes

Inter-
mediates

Final eff.
before
treatment

Final eff.
after
treatment

X
S
R

X
S
R

X
g
R

X
S
R

X
S
R

X
S
R

Cu

340
35

420-385

130
25

98-155

2360
85

1980-3100

150
35

120-175

2640
68

1905-2850

120
28

92-135

Zn

190
26

185-240

70
18

65-83

240
50

200-350

70
15

42-88

90"
14

85-148

18
3

- 9-22

ug/L
Mn

1110
39

855-1300

10
2

6-14

70
15

50-98

40
18

32-56

180
15

164-220

25
3

20-28

Cr

30
15
18-42

ND

ND

ND

ND

ND

Cd Ni Fe

13
3

10-18

6
2

4-12

17
2

15-23

12
4
6-24

10
2

•8-14

ND

175
26

150-200

132
34

118-155

146
32

128-156

139
35

115-210

103
28

98-156

10
3

6-12

5390
118

4300-6100

94
18

80-110

5383
185

3400-6800

1093
26

980-1200

620
45

430-720

212
45

182-260



TABLE (3)

AND LTS 0 OF DIFFERENT EFFLUENT CONCENTRATIONS

Process Waste cone.

Intermediates

Azo dyes

Naphthol dyes

Sulphur dyes

Final eff.
before treatment

Final eff.
after treatment

25%

0.3 hr "

0.05 hr

0.05 hr

0.25 hr

0.5 hr

48 hr

LX50

12.5%

0.7 hr

0.17 hr

0.25 hr

8 hr

5.4 hr

54 hr

6.25%

1 hr

0.25 hr

1.67 hr

>96 hr

24 hr

96 hr

3.13

24 be

. 1.75 hr

1.75 hr

>96 hr

36 hr

>96 hr

1.6

48 hr

2 hr

2 hr

>96 hr

48 hr

>96 hr

LC50

1.5%

O.75Ï

0.75%

6.13%

6.25%

25%
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Fig. (1) Section from normal gills of Tilapia nilotica from the

control aquaria.

Fig. (2) Section from Tilapia nilotica gills exposed to 12,5%

waste for 8 hours. Complete damage to the respiratory

epithelium and complete denudation of the circulatory

tissue of lamellae.



Fig. (3) Section from Tilapia nilotica gills exposed to 25% waste
for hfllf-an-hour showing complete distortion of gills
filament and lammellar organization.

*á&> " 1¿C!
Fig. (4) Section of Tilapia nilotica gills exposed to 25£ of

treated waste for 48 hours revealing complets.1 denud.iLíon
of the circulatory tissue o£ the lamellae.

SAA:



Fig. (5) Section from normal liver of Tilapia nilotica from
control1 aquaria.

Fig. (6) Section from liver of Tilapia nilotica.exposed to 12,5%
of raw waste for A8 hours showing parenchymatous extra-
vasation, neerobiotic changes and oil globules.
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Fig. (7) Section from liver Tilapia nilotica exposed to 12.5% of
raw waste for 58 hours, note destroyed cellular structure
necrobiotic changes of liver and fatty accumulation.

" * -1
i •• * w » 4» .* rfi-u^^-TT. £'Z-s-ir-;

F i g . (8 ) S e c t i o n of l i v e r T i l a p i a n i l o t i c a 't'Sipnsfd ir» 12.il c o n e ,
t r e a t e d f i n a l e f f l u e n t f o r 48 luui rs s h o v i n g ox t c i i s ivcr
v a c u o l a t i o n .

SAAD
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Fig. (9) Section of normal small intestinal wall of Tilapia nilotica
from control aquaria,note compact mucosal epitlielium oT
villi.

Fig. (10) Section of small incest i ne from Tilapia nilotica exposed
to 257 of raw fin.il showing generation of villi of
intestinal epittd.I iutn.
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• • >

i
; -

/•*> v . r ^

Fig. (11) Section of small intestine from Tilapia nilotica exposed
to 12.5% of raw waste showing Fibrtilyses with complete
destruction of villi.

Fig. (12) Section of small intestine of Tilapia nilotica exposed
to 25% treated waste for 48 hours revealing no changes
from control.

SAAD



EFFECT OF WATER rPl.LVTION ON FISH I'CIT'CI.ATION O r l.AKI. >!AVl"7

Hamed Saleh Ahmed Hamza
Ins t i tu te of Oceanography High Inst i tute of Public Health
Alexandria, Egypt Alexandria ttnlvesity, Egypt

fa £ 1 t O L i nr. , t n c

t h e i a k e v a * r t l a t l v e l y c i p a 1 , íi>f-rr s ¡ ' c : i t . - * • • • * : . n é ^ a n j u ^ L .

T h e s t u d y s h o w e d t f i f * ' 7 . l â r • 2 : ~. . t ' - f ' V f ¿ ¡ l u r t C s n t i n

tn .e 1 i s f". p o p u l a t i o n a ; . | . n . ! •. i 1 m i ; J* i>< f . » r J ••:•• I n t r u s t s . T h i s

j ; a t t r i b u t e d t o t h f r f i a i n r i r s i s t i n r r o f T i i a p i a z i ] 1 1 !• t o

soustic p o l l u t i o n compare" w:tN the other f i s h species surviv-

ina in l*tte Hariut; 0 ilndlru: supported by lo^pr accumulation

of po l l u tan ts on i t s g i l l s -

LaV.e Mar i u t was c o n s i d e r e d among the- most p r o d u c t i v e

i akeï i n Egypt ( S a l e h , 1961) , Hf showed t ha t t h ^ b i D ] c j c i ca l

p r o d u c t i v i t y o f l a k e K a r i u t i t morp t h a n t h r e e and h s ) f t imes

t riflt o í I í k e Edk u *

At a t onseauence o f rap ic* i n d u s t r i a l o e v t l o p m e r n a-, A l e > -

eno.r 1 a art r e c e r i i y e a r s and the p r i con t r c^ í f d c í i spcsa l p f

i ncus t r a i l e f f l u p n t i n t h e l n * , c . P o l l u t i o n c i t h e l a k e became

s i g n i f i c a n t m a i n l y i n a reas c l o s e t o sou rces o f e m i s s i o n . E l -

Shark awi et a l (197B) p r o v e d t h a t wa te r p o l l u t i o n i n l a k e

M a r i u t causes c o n s i o e r a b J e d rop p r i m a r y p r o d u c t i o n , f i s h

f e r t i l i t y , and l e n g t h - w e i ü h t . r e l a t i o n s h i p of t he f i s h e s . T h i s

s tudy i s c a r r i e d t o assess p o l l u t i o n w i t h heavy m e t a l s , and

i t s e f f e c t on f i s h p o p u l a t I o n .
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MATERIAL AND METHODS

Samples of water and fish were- taken from t;nhl. rtiffererM

locations in the lake,- Length and weight of pvery individua]

f i 5fi was recorded. Specimens of qillç. ano flesh were prepared

for heavy metals analysis using Atomic Absorption Soectropho-

tametry (Jarrell Ash, Model BSO).

Chemical characteristics and trac* metals of water in

different localities of the lake were measured according to

the Standard Methods (1980) and correlated to accumulation

of pollutants in fish.

RESULTS AND DISCUSSION

The physicochemical characteristics of water in different

localities of lake Mariut varied according to the degree of

pollution and sources of «mission*

Appreciable pollution is found in the vicinity of discha-

rge of Cl Nasr Refinery and Moharem Bey Complex as shown in

Table 1.

Analysis of heavy metals in different localities of the

lake showed trtat water in El-Nasr refinary drain, Merghim,

and El-Mpthalas contains considerable amount of heavy metals

mainly lead (Pb) and Mercury (Hg1,while at Moharem &y locality

water contains higher amounts of cadmium (Cd), Copper (Cu)arid

Iron (Fe). At all other locations water contains comparatively

low amounts of heavy metals as shown in Table 2. These results

indicate that heavy metals pollution is found in localities

Close to discharge of industrial effluents-

Statistical analysis of different fish species in the

catch population of the different localities of the lake



lAuLt 1: HHïSiCOCllLMICAL AflALí^IS OK WATttí ÍN UIKK £K t.NT AkEAS OK LAK£ MARIUT ÍM¿.y

Parameters i n mg/1

Locality

Koubri Abu Ktiir

Fisti Farm

£1 Gharbl*

Abu A «am

Moraren Bey

Ei Mo thai as

Merghim

El Nasr Refinery

pH

7.8

7.2

7.6

7.9

7.8

7.5

7.5

7.3

Cl^

2500

1900

2500

2000

2500

2750

2750

3000

SO

530

270

550

500

250

520

500

540

Alt

600

420

400

500

840

400

300

300

T.H

1300

420

1300

920

BOO

1200

1400

1500

Ca-H

500

200

520

seo
540

480

440

620

Hg-H

BOO

22O

7S0

360

260

420

960

B80

Ts

6301

4599

6539

5570

5933

6412

7091

18000

SS

897

200

528

916

229

634

1093

11975

Vs

1185

1295

1207

910

1368

1399

1554

2700

e.O.Q

120

280

1 »

120

540

ISO

224

120

CO.D

220

320

240

220

880

2Ë0

300

210

4

4

5

4

3

5

DC

5

.4

.9

.2

.1

.5

.3

5



phowí'd that Tl ] *£;!•_*_?-i }.} 1 i i 5 mr>r p abunda1" t . - +. ̂ f iip- popJ1 a-

tioi of the polluted localities of th#* 1 ak t- i,p t^pre is a

riirecl correlation between abundance oí T i 1 a r> J a 7 i 1 1 i i in the

fish population living in water and its pollution 1 evel (Tsbl t

3). This proves that T i 1 a p i a j^ i_ j_ ]_ i_i is reiistnr.» to aquatic

[jcl 1 ution compared to other fish species t .a , Ti 1 api a ni loti ca ,

Til api a gal i1 aea , M_iJQ_i 1 cephal us .and MUQ'Í í • capito which either

decrease or disappear in the fish population of the polluted

localities in la*e Mariut.

Measurement of heavy metaIs content in the gills and

flesh of the different fish species living in a comparatively

clean water of the fish farm showed that accumulation of heavy

metals on the qills of. Til api a zi II ii is lower than that in its

i )esn, whi 1 e the reverse occured in the. other fish species

Rafale 4 ) . This may be explained by the fact that the gills of

Ti. I api a zi 11 i i perm it the passage of heavy metals into "its

flesh by compari son with the other fish species living in the

í arm » However t heavy metals content i n M̂ ¡a i 1 cephal us , Mug i 1

capito , and Cy_pr inujg carblo was cons i derabl y high wh ich is

attributed to their high conditions or fatness (Scott etal,

1972),

Previous research indicates that the accumulation of

heavy metals in the aquatic organlsms is positively correlated

to heavy metals in the water environment (Portmann, 1972).

Similar finding was confirmed for the fishes surviving in the

different localities of lake Mariut (Table 5t £> t and 7 ) .

Keckes and Miettiment (1972) proved that the high accumulation

of heavy metals on the gills of the fish causes its asphyxia-

tion and death»

The previous results may explain the disappearanee of

Mugi. 1 Çfiph_al us t Mugi 1 capi to. » and Cypri_nus earfrio from the

fish population of the polluted water localities; taking into

consideration that the fish farm is supplied with fries of the



T ft BLE 2 : HEAVY METAL:; IN DIFFERENT LOCALITIES Of LAKE MARULT ;r-".*ï l Q HJ i

Heavy M e t a l s i n mg/1

L o c a l i t y Fe Cd Cr Pb Cu Ni Mn Zn Hg Sn

Koubri Abu El Khir

Fisr Farm

El Gharbia

Abu Azzam

rtoharem Bey

El Motílalas

Merghim

El Nasr Refinery

4 .

8 .

S .

9 .

14

12

14

30

8 3

16

54

2 1

. 7 5

.65

.se

.22

0

0

0

0 ,

0 ,

0 .

.055

.007

.059

.014

.153

.091

0.095

0.114

0

0

0

0

0

0

0

0

.122

.160

.147

.159

.403

.360

.B40

.401

0 .

0 .

0 .

0 .

0 .

0 .

0 9 1

0 2 0

0 2 0

0 1 2

2 2 0

7 1 3

0.660

0 . 7 1 0

0 .079

0.110

0.148

0 .

0 .

0 .

1 .

0 .

.110'

.813

.216

30

5 1 1

0.112

0.008

0.112

0.098

0.423

0.432

0.507

0.606

0.017

0.019

0.018

0.012

0.018

0.020

0.025

0.039

0

0

0

0

0

0

0

0

.150

.133

. 143

. 143

.298

.123

.351

.608

0

1

0

0.

0 .

0 .

.018

•iO

.011

.003

.025

.067

0.04Í

0 . .159

ND

ND

ND

0.008

0.O67

O.0B0

O.CflO

0 .0 tt

ND Not Detected



TAttU. î : PtHCtHTAûC OF FISH SPECIES IN THE CATCH POPULATION IN LAKE MAK1UÍ (MAY 19SÎ-JUHL. r í

- Fish Species in the catch population of laVe mariut

Locali ty

Clean

Koubrl Abu El Khir

Fish Far»

El Gharbia

Polluted
Abu Azzant

Koharem Bey

El Mothalas

Merghim

El Nasr Refinery

Tilapia z i l l l i

3 5 *

23»

40%

AAX

sex

72S

76%

9 5 *

Tilapia z i l l U Tilapia qalilaea Tilapia ni lot lc mug 11 Species Cyprlnus Other
carblo fish

species

25%

2 1 *

2 2 *

30*

35*

20*

12*

4 0 *

2 2 *

34%

26*

«

8 *

12%

5*

30%

1%
( c i a r i a s l a z -

e r * )



TABLK 4: HLAVY METALS CONTENT IN THE GILLS AND FLCSH OF FISH LIVING IN THE FISH F»R« . Í.AKK

MARIUT (MAY 1 9 9 3 ) .

Heavy Meta ls tn mg/Kgm g i l l s or f l esh

Fish Species

T i U p l a z i i l i t

Titapia nilotica

TiUpta gal Uaea

Mugi 1 cephalus

Muqil capito

Cyprí nus carbio

Organ Fe Cd Cr Pb Cu Sn

G i l l s

Flesh

G i l l s

Flesh

Gills

Flesh

Gills

Flesh

Gills

Flesh

Gills

Flesh

90.71

1 4 1 . S G

62.57

108.70

9 7.Î6

108.77

917.21

Î 1 1

122

90

565.02

178.46

0.98

1.22

NO

O.32B

2.31

0.91

4.63

8.35

NO

0.93

NO

0.27

0.18

0.31

0.42

0.28

0.34

0.22

1.52

0.41

0.41

0.4B

NO

NQ

0.71

0.7S

0.69

0.36

3.61

1.82

8.91

10.41

HD

2 . 1

B. 16

4.56

13.75

22JO7

16.95

13.43

13.75

12.17

40.70

31.71

37

10

10.69

9.34

1.42

5.22

0.7Î

0.49

e.2i
7.35

22.50

19.70

9.14

1.35

2.40

3.03

! 0 .

30

12 .

12 .

1 6 .

1 3 .

. 9 8

. 0 9

. 4 4

. 5 8

. 0 2

. 3 8

90.5

.70.

1 4 .

1 6 .

3 7 .

!S.

84

7B

90

6 3

9 1

O.OOB

0.019

NO

ND

0.CM

0.019

0.081

0.076

ND

ND

ND

0.007

ND

ND

ND

NO

ND

ND

1.J1

0.77

ND

WO

*D



TABLfc S: HEAVY METALS CONTENT IN THE GILLS AND f'LESH OF Tilapia r.i 11 ii SURVIVING IN THE

DIFFERENT PAHTS OF LAKE MARIUT (MAY, 1983).

Heavy metals in mq/Kgm gills or flesh

Locality

Fish Farm

El Gharbia

Abu Azzarn

Moharem Bey

El Mothai as

Merghim

El Nasr Ref itiery

Organ Pb Hg

Gil l s

Flesh

Gi l l s

Flesh

Gi l l s

Flesh

Gi l l s

Flesh

Gi l l s

Flesh

Gi l l s

Flesh

Gi l l s

Flesh

90.71

141.56

53.77

70.21

30.41

106.21

419.21

358.42

187

192

487.5

4 2 5

1009

9 9 0

0 .

1 .

9 8

22

1.57

1 .

0 .

0 .

8.

3 .

0 .

0 .

3 .

1 .

3 .

2 .

6 3

6 3

75

67

0 8

6 3

81

I S

92

64

17

0 .

0 .

0 .

0 .

0 .

1 .

1 .

0 .

2 .

1 .

7 .

3 .

4 .

2 .

1 8

3 1

2 1

74

9 3

5 8

74

84

13

42

3 8

43

19

15

0.71

0.75

0.49

0.70

0.56

0.94

2.12

1.33

7.34

2.28

9.29

1.87

12.31

1.9

13.75

22.07

27.7

30.5

37.91

136.B4

136.8

49.5

140.11

97.31

14B.7

111.2

34.31

9.43

1 .

5 .

42

22

1.47

4 .

0 .

17

89

0.91

7 .

2 .

6 .

1 .

50

9 .

4 8

9 .

0 5

78

37

26

. 1

18

. 2

B4

2 0 .

3 0 .

2 2 .

2 8 .

1 5 .

i e .

147

108

13 7

123

14 3

19O

2 3 7

1 0 1

9 8

0 9

55

B3

0 4

45

. 8 2

. 4 5

. 1 1

. 1 8

- I B

. 3

. 1 1

. 4 9

o.ooe
0 .019

UD

ND

0

0

0

c

0

0

0

o

0

0

.027

.059

.0 :2

.-316

.012

.016

. 117

. 112

.127

.117

no
NO

"JD

ND

NO

0.0'J

0 . 11 -1

0.212

0 . 1 1 OP

0 . 1 1 ?

0 . 1 1 9

O . i :

O.HV



TAtsLE f i : HUAVY METALS CONTENT IN THE (J ILLS AND FLESH OF T i l a p i a q a l i l a e a SURVIVING I>J THi

, DIFFERENT PAÍT OF LAXE MAKIUT (MAY 1 9 S 3 ) .

l l t -av -, t d L ^ i n r rn i /Mm < [ i l l s O Í t 1 es h

, ù r t j a n Te CM i:r PL> Cu Ni Zn Hj

Fish Farm

Koubrl Abu El Khir

Abu Azzam

Moharem Bey

E! Mothalas

Merqhim

Gil ls
Flesh

Gills

Flesh

Gil ls

Flesh

Gills

Flesh

Gil ls

Flesh

Gills

Flesh

97.21
108.7 7

90.28

77.42

89.8

101.10

98.33

65.24

177.56

146.49

464.35

336.41

2 . 3 1
0.91

3

1

1,

1.

4 .

1 .

6 .

1 .

7 .

1 .

. 1 4

. 4 7

. 9 1

. 2 5

. 8 2

. 9 3

. 6 7

35

4 5

9 6

0 . 34

0.22

0 .

0 .

1 .

-I

1 .

0 .

4 .

1 .

7 .

3 .

9 7

4 1

56

78

74

84

53

55

9 1

4 3

3.61
1.82

3.

2 .

3 .

2 .

1 .

0 .

,17

43

87

6 1

38

91

35

. 1 1

3.15

2 5

6 .

. 33

75

13.75

12.71

31.89

19.96

11.86

B.Sl

191.01

83.64

123.75

62.38

227.44

130J1

8.21

7.35

15.33

7.64

28.75

31.5

17.14

3. 16

33.76

10.43

61.11

13.37

1 6 .

1 3 .

1 1 .

0 2

3 8

8 1

7.82

2 1 .

1 4 .

0 3

72

58. 9B

2 2 .

1 2 5

7 0 .

192

144

72

. 3 1

6 8

. 3Ü

. 1 3

0

0

0

.021

.019

.019

O.OÍ)

0.0-, 1

0

0

n

1

0

0

0

.017

.OPG

. 3 S

. 1 8

.»:

ND

ND

ND

ND

0 .00

Ü . O ' Í

•:...8<.

" . f- -1

;-.VH

0 . 7 1

O . J i .

0 . U 7



TAULE 7: HEAVY «ETALS CONTENT IN THE OILLS ANO FLESH OF T U a p i a nl1 at ica SUBVIVINB If. THE

DltTEHSNT PARTS ''r LAKE MARIUT (HAÏ, 19831,

Itfravy IHÍÍI AÏ s i il fliíl/K'Vn l i l i s ^i l ¡ i - : i ' 1

L c K o l i i i ürgan Fe Cd Cr i-u Cu Ni Zn Hij

Fish Farm

Koubri Abu Cl Khir

El Gharbia

Abu Azzaa

El Mothalas

Merghlm

Cllls

Flesh

GUIs

Flesh

Gills

Flesh

Cllls

Flesh

GUIs

Flesh

Gills

Flesh

6 2 .

1OB

1 0 1

4 0 .

5 7

. 7 0

.35

91

96.34

7V
439

B9.

152

102

304

1 7 7

2S

. 1 1

B4

.21

.52

. 1 8

. 1 4

ND

0.33

NO

HO

1.82
2.47

0.64
0.35

2.75
0.84

O.Jl
0.04

0 .

0 .

0 .

24

28

63

0.49

0 .

0 .

0 .

O .

2 .

0 .

3 .

77

36

61

98

83

85

97

1.32

0.E9
0.36

2.44
2.13

0.67
0.28

0.56

0.49

9.42

1.71

9.29

1.84

16 .92

13.43

24

2 1

19

9 .

18

12

16

13

.41

.29

. 4 9

94

. 3 5

. 3 1

. 1 1

. 7 5

137.91

73 . 2 1

0 . 73

0.49

0 .

0 .

95

87

1.79

1 .

1 .

0 .

2 .

0 .

4 .

I .

0 2

26

9B

81

6 2

45

33

12

1 Î

5.;

3 . :

14.

12 .

1 3 .

1 2 ,

1 5 .

1 4 .

AS.

3 0 .

. 4 4

.58

?e
39

.B7

.40

. 6 1

. 1 1

. 11

.35

; ;

91

NO

ND

0.005

NO

0.0 IB

0.009

0.009

ND

0.018

0.007

1.26
0.91

0

0

0

0

0

0

V

0

0

9

ND

un

.216

.1H3

. 4
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TABLE B: RATIO OF HEAVY METALS CONTENT (mq/Kgm) IN THE GILLS TO THAT IN THE FLESH FOB Tilapla zlllil;

Tilapla qalilaea; Tllapia nllotica LIVING IN THE DIFFERENT PARTS OF LAKE MARIUT.

Locality Fe Cr Pb Ni

T.s T.g T.n T.z T.g T.n T.i T.g T.n T.z T.g T.n T.* T.g T.n T.l T.g T.n T.z T.g T.n T.z T.g. T.n

Fish Farn 0.6 0.9 0.6 0.8 2.5 - 0.6 1.5 1.5 1.0 2.0 1.9 0.6 1.1 1.3 0.3 1.1 1.5 0.7 1.2 1.0 0.4 1.1

Abu Aziam 0.3 0.9 1.6 0.8 1.5 1.8 0.6 0.9 0.8 0.6 1.5 1.1 0.3 1.4 1.5 1.0 0.9 1.3 0.8 1.4 1.1 0.5 0.1

noharem Bey 1.1 1.5 2.8 2.5 2.1 2.1 1.6 5.5 2.8 2.3 2.5 5.4 1.4 2.6 0.8 2

El Mothalas 1.0 1.2 l.S 0.8 4.S 3.3 1.5 2.9 3.3 3.2 5.4 5.5 1.4 2.0 1.2 S.î 3.2 4.5 1.1 1.8 1.1 O.B T.5 6

Merghlm 1.2 t.* 1.7 1.(1.1 7.8 2.3 2.3 3 5.0 3.8 S.I 1.3 1.7 1.9 5.5 4.6 3.4 0.8 1.3 1.5 1.1 S.B 6.1



r?.HeviouR mentioned fihes. On the other hanri, T i 1 a r: : a riioUCË

àrlí1 T i 1 sMfl galilaea considerably decrease ir the pel ] utec

writer localities of lake Mariut where wate:" chiorof.iry is

r-itibie for survival of such ttinc. of fisher..

Tri( affinity of the aills and flesh for accumulation of

different metals varied with the nature ofmPta) and was more

[ircinounced as the pollution increased, i.e Accumulation of

essential heavy metals e.g. Fe, Cu and Zn in the qllls comp-

ared with that in flesh was lower than that of the nonessential

heavy metals e.g. Hg, Pb, and Cd (Table 6), Such phenomena may

explain the fact thet the absorption and penetration of the

essential metals through the gills is more than that of the

nonessential heavy metals. This control of the different heavy

metals penetration may be achieved by horneos t a tic process

«Goodyear and Boyd, 1972-, Cealey and Coleman, 1974).

However, the concentration of heavy metals in the fishes

living in the different localities of lake Mariut was not an

absolute reflection of the heavy metals concentration in the

water environment. This probably means that the uptake and

accumulation of heavy metals whether essential or nonessential •

in the fishes Is both confusing and conf lictinq (McTorlane , and

Franzin, I960).

As a general rule, the uptake and accumulation of heavy

mptals in the fishes living in the different localities of lake

Mariut depend on both the character of the fish e.g. its ability

to contol heavy metals penetration through its gills, its

fatness... etc, and the physicochemical characteristics of the

water environment e¿g. its salinity, oxygen content, pH, calcium

hardness, temperature..* etc»

This means that the concentration of heavy metals in
fish living in the different localities of lake Mariut are the
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r e s u ' t oí complex i n t r a e l l o n c i w.ony í s í t o : : . Tf , is conc lus ion

i s suppor ted by the worV of CM er i m e s t i aa to r E (Wiener and

Cicr .y, 1979, Giesy and w iene r , 1577, Wi i i ia t i . . - B',6 O iesy , 197fc!.

CONCLUSIONS

The accumulation oí heavy metals in the quis could be

considered as the main cause of fish death living ir polluted

environment due to its asphyxiation. On the other nand, the

flesh may contain considerable amount of heavy meta;s, without

appreciable harmful effect on fish. Hence, Tilap;a lillji is

jess vulnerable to pollution of the water environment compared

with the other fish species living in the polluted water

localities of lake Mariut. This was explained by the ability

of Ti1 api a zl11li to accumulate less amounts of heavy metals

in its qills, compared with the other fish species and

consequeutly its abundance in the polluted water localities

of lake Mariut.

As pollution of lake Mariut spreads over wide area,

D-LâÊií! r-illii is expected to dominate the lake, this would

be a potential health hazard as it represents direct transfer

of poisons from polluted water to the consumers*
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i

ABSTRACT

In many parts of the world there is still a great
shortage of drinking water. The reason mainly is that
most of these tropical r,out;¿ries do not have perennial
sources. It is therefore a must to store uater by
utilising the natural surroundings and constructing dams
as man made reservoirs. One or the major problems that
such stored lakes sijffs'f are the inlet of pollutants
from the overlying land above the surface of water, such
as uaste disposal, industrial chemicals etc. No dynamic
method to quantify the exact spread of pnllution is yet
available. A man made like in Chopal, uhich has an area
of 153 acres and is surrounded by 0.3 million people is
taken for thfi present study. A model of this lake is
made in the laboratory for proper study. Maximum depth
of the lake recorded is 15 m. The input of the pollu-
tant is from 3 main sourcos situated 120 apart, bringing
in about 400 litres/s pollutants, the flou out of the
lake is around 1200 litre/s.

Spread of pollution an surface is studied by three
different methods namely, measurement of temperature as
a means for bacterial growth, secondly measurement of
Ü.O.D, content across the lake, and lastly grouth of a
niant called Wyriophyllum in knoun and unknown samples
of waters, A Pollution Index (PI-S8S-E31) has been
introduced. It is interesting to note tl at from the
three methods used it is found that ther is spot in



the lake around uhich the B.Ü.D, content is around 2,
the temperature change is hardly recordable, and that
the PI-SBS-S1, comes out to be about 19.5 uhich also
indicates that there is clean uater around this area.
This study was of extreme importance because during
the year 1978-79 there was delayed monsoons uhich
created a dangerous situation. The scientists uere
asked a number of timos whether the uater is good for
drinking, and they could not reply uith confidence.
With these methods at hand, any lakB and its pollution
can be evaluated.

INTRODUCTION

It is interesting that uith the population growth,
and scientific advancements, the demand for more
drinking uater uith better quality Is increasing. As
suggested by Anne Uhyte (1977) the WHO intend to
increase the adequate uater supply in rural areas in
developing countries from 1 2 to 25'•'. Also better
standards for drinking uater is realised, since the
rural population is also auare nou that most of the
diseases are transferred or transported throuqh drinking
water. In hot and tBmperate climates the main source
of uater is through rain. The subsoil uater is tapped
through uells, and springs (Uhite 1972). But durinq
the hot season the temperature swells up evaporation
losses may qo up from 10- to 35>. Uater table too
recedes rapidly, Ujth the result, one livinq in rural
area is faced uith dire difficulties.

On the other hand in urban areas Uhere the popu-
lation is dense, uater requirements are comparatively
more. Feeding larger number only makes the ay.;tem more
difficult. A number of man made lakes help to store
uater for domestic purposes. Most of these lakes; are
situated at a louer elevation surrounded by population,
jiîWrtQB and other pollutants thus run into this water.
Gne such example is of a lake in India at Bhopal.
Tig. 1 shows the outline of the-lake and other details.
Other examples of large dams are Volta, Kariba, Kanji,
Nasser, Hnkhra Mangai and Chambai are a fou -examples.
In fig. 1, there 3re tuo lakes, the Upper Lake having
an area of about 72 km uhich is only 70 m denp. The
other lake is much smaller about 153 aerea, uith
maximum depth as 12 m. Interestingly Haslfir M O A ? )
sited a similar example at Zurichs^s at Zurich
¡Suitzerland), This lake is also composed of two
distinct basin Untersea (141 » dnep) and Obersee (SO m ) .



For the city of Bhopal and an adjoining township
of B,H,lI.L., the total population is about one million,
water is pumped from the Upper lake to the resnrvoirs
situated about 15 km on th= top of a hill. Uater
tre.'itmont pl.unt is also kept on the same hill. The
'Jopar Lake which is much larger is Fad by river Betwa.
In the year 1970-79, the monsoon rains decayed and dun
to this the water in the reservoir shrunk to jurat 15
square kilometers. This threatening situation made
scientists to think of other alternatives, to provide
drinking water to large population.

INVESTIGATION OF WATER POLLUTLUH

One of the alternativo was to use the water of
Louer lake for domestic use, Host of the scinntists
were of the opinion that this smaller lake is t.oo
contaminated and its uater a haul d not be used. Our
group was of the opinion that there must be some spots
in lake where the pollution could not have travelled
upto. Three different methods uere used to detect
such a spot.

METHODS TO HEA3URE IJATÜ) POLLUTION : FIRST METHOD:
REASURI'JG POLLUTION !3Y f-iErtiMS OF TEHPEHATUFÎE CHAIMGC

As reported by Salmon i»t al (1981 ) that large
quantities of souagc I.ÍTB r'inninq into lake. There
uere three sources FHunted at 15DU apart. Since
experiments on the actual i .ike were difficult to
perform, a model of the lake was made with the
following dimensions. Haxi mum length ?,5 m, maximum
width 7.5 m, depth 0.5 m, Snuage uss then made to
run into this lake. With the bacteria -digesting the
souage temperature Changes, This change of tempera-
ture was recorded on thermisters. Placed at regular
intervals in form of mash. About 64R thermisters
were used to record temperature change and the pattern
of spread of pollution. Thermistor is a semiconductor
like device, whose function is that with ttie tempera-
turH rise the resistance of the thermister keeps on
falling.

R d, Roek

and K o B (1/T - 1/To)
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uhere R = Resistance at any tamp. Tok

R = Resistance at reference temp. T K
o o

e = Base of the natural logrethim.

B = Constant (3400 to 3900).

The general equation of the cone can be uritten
in this form -

7 2
An + Bn y + C n y + D n + E + F = 0

'Jhere n and y are points on the cone, flnCDET are
constants depending upon the conic section, the focus
and directrix.

Normal heat transfer équations with slight modi-
fications uere used to theoretically locate rice of
temperature. The heat transfer equation is given -

By ' Q « k A Dt^

where Q = Heat flux in (kU)

k = Thermal conductivity

A •• Area of heat exchanger

Dt = Temperature difference in degree
centi grado

3 = Uall thickness in m

of constant K => 0.5 to "5 for water.

At thB actual lake sits two random linas which almost
uere at 90° to each other were 'chosen and température
recordings at various depths uere taken, for this
experiment digital thermometer was used. Oriftinq of
bacteria and its domain uere also considerad, ThesB
values uere plotted. It is found that the thsoretical
values match fairly well uith the actual thermometer
values. It was also found that the ratio of cone angle
to the larqest distance is 0.125, the pollution is
minimised.



SECOND METHOD OF ESTIMATION OF POLLUTION : BY MEASURING
THE B.O.O. CONTENTS ON THE LAKE SURFACE

According to Pesoord (1974) tha seuage disoosed
into the lake'should be 20 /30 (20 mg B.O.Q. 5 days/lit
and 30 mg ¿.S./lit) as suggested by ^oyal Commission
standards for the tropical countries. The «aluns of
B.LJ.D. are as follows:

Classification

Very clean

Clean

Fairly clean

Doubtful

n.O.D. 5 day/mg/lit.

1

2

3

5

Bad 10

There seems t o be a close c o r r e l a t i o n betueon
temperature change and B.O.D, contents . The value of
B.O.O, contents range over la rge q u a n t i t i e s , but then
there i s an over a l l arrangement u i t h thB f igu res
ind ica t ing a zone of no p o l l u t i o n .

THIRD IIETHOD OF DCTtCTING POLLUTION

Salman et a l (1982) have shoun another dynamic
method of measuring po l l u t i on by means of rate of growth
o f riyrjophvlluin (Uater m i l l - f o i l ) . Since po l l u t i on is
a complex mechanism u i t h a number of paramRtnrs, i t is
always d i f f i c u l t to quant i fy i t . 'J l th th is rnnthnt^ a
po l l u t i on index has been evolved ca l lad PI-ü; :H-.ni ' And
PI JGA-BI i s defined as the r a t i o of the intercept on
the p lo t ted curve, to the tangent draun at the "Dint
uhen the curve becomes asumptotic to thn tannent,
F i g . 2 shows a t yp ica l grouth curve uit*-> i-nnun po l lu tan t
concentrat ion.

The equation for the rate of gr™ ' • r thp plant i s
given by -

y.« « - a /e c x

SALMAN



uhero y = flats of grouth of plant in vertical
direction

a » Steady stato value of growth

x = Time in days

c = Constant

Experimentally it Is found that the plant grouth
rate, sewage water concentration, have a definite
relationship, given by the above equation.

PI 5BA-B1 = 0.0/0.42 .

(5i sewage) = 19.5

For absolute pure uater PI S BA —31 valúas range
betueen 1g to ?0 and for totally polluted water it
ranges betueen 5 to 6.

APPLICATION

Three methods of detecting pollution unre applied
to Louer lake of Qhopal, From the different sampling
sites temperature profiles and B.O.i1, was estimated and
the values are given in fig. 3 and 4, For estimation
of Pollution Index samples uerfi brought from the sites
to the laboratory. PI (iJBA-gi) uas calculated. The
values are plotted in fig. 5,

It is interesting to note that the temperature
change, B.D.O. and Pollution Index shows an area in the
lake uhich is comparatively less polluted. This area in
the laks is approximately 5 hectares.

These simple methods can be used to study the
pollution content of shallow lakes polluted hy domestic
souage.
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POLLUTION CONTROL ÍN THE IZMÎR BAY

Ahmet Sams uni u

Vice Pres iden t , 9 Eyltil Univers i ty

INTRODUCTION

Environmental problems have a close r e l a t i o n with u rban iza t ion ; As i t
is true for a l l developing c o u n t r i e s , there is a great migrat ion from
v i l l a g e s to c i t i e s in Turkey as w e l l . This happens, because people
have more chances to find jobs in l a r g e r c i t i e s .

Turkey present ly is developing very r ap id ly , because of that a l l f i -
nancial sources ¡ire a l loca ted to economic development and new inves t "
menta, and th i s has ef fec ted the urbaniza t ion nega t ive ly . Financia l
sources for overcoming the environmental problems are not a v a i l a b l e .
Furthermore, the necessary organiza t ion for taking care of the env i -
ronmental problems is not yet e s t a b l i s h e d . Financia l and o rgan iza t iona l
problems are not s e t t l e d , and therefore i t is very hard to find a
so lu t ion to the environmental problems. Today, the Large c i t i e s of
Turkey face the problem of unde r s t ruc tu re . In th i s paper, the ex i s t i ng
s i t u a t i o n in and around Izmir Bay w i l l be sumrnariztid and prt; ventât ive
measures planned for the control of po l lu t ion in th i s area wi l l be
discussed .

URBANIZATION IN TURKEY AND IZMIR

The ru ra l populat ion in Turkey in 1960 was 7,3 mi l l ion.while in 1975
i t has become 17.2 mi l l i on . Percentage of urban populat ion has increased
from 26% to 43%.

In Turkey there are 1654 m u n i c i p a l i t i e s , however, more than ha l f of
the population l i v i n g in these, mun ic ipa l i t i e s have been s e t t l e d in
48 1,-irge c i t i e s . Furthermore, ha l f of th i s population is l iv ing in
three big c i t i e s - I s t anbu l , Ankara and Izmir . The populat ion of Izmir
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was 227,578 in 1950, 360,829 in I960 and 520,832 in 1970. The average
annual increase in population between 1960 and 1965 was 2.7%, and
urbanization rate was 5.7%, Between 1975 and 1980, population increase
rate was 2,1%, and urbanization ra te was 4.5%. As can be seen, there
is a decrease in the increase of population and urbanization r a t e .

The design population in the Sewerage Project of Izmir was estimated
to be 1,625,000 in 1985, 2,200,000 in 1995 nad 3,035,000 in 2010.

THE POLLUTION IN IZMIR BAY

Rapid increase in population coupled with the insuff icient wastewater
col lect ion and disposal systems have resulted in the pollution of Izmir
Bay. This pollution has reached such levels that i t has become danger-
ous for the public heal th . Beside the domestic wastes, industr ies are

-also contributing to the pollut ion by discharging thei r untreated wastes.
The tzmir Bay has been polluted for years, and today this pract ice
s t i l l continues. Increase in population, urbanization and industry has
effected the amount and concentration of the wastewater discharged into
the bay.

The main sources of the pollution of Izmir Bay are the domestic waste
of approximately 1.5 million people, industr ial wastewater and storm
water. These sources and thei r re la t ive strengths are given in Table 1.

Table 1. The Sources of Pollution of Izmir Bay and Their Relative Strength£

Source

Domestic and Industr ia l Wastes 50
Pollution from Streets 15
Pollution from Rivers 10
Artificial Fertilizers 10
E ros ion 8
Bal as t Water !t
Pol lu t ion from Uncontrollable Sources 3

The amount of wastewater dischanged into the Izmir Bay has been i n -
creas ing propor t ional ly with the populat ion and indus t ry . As a r e s u l t
of urbanizat ion the amount of storm water coming to the bay is a l so
increas ing . Storm water a l so ca r r i e s the d i r t of the s t r e e t s as well
as the f e r t i l i z e r s to the bay. The amount of po l lu t an t s ca r r i ed to
the bay by storm water is approximately 25—30% of the t o t a l p o l l u t a n t s .
Since th i s kind of po l lu t ion o r ig ina t e s from non-point sources , i t is
very hard to prevent i t .



Industry has been developing rapidly in Izmir. The advantages of this
development far Izmir and the Age an Region is undoubtful. At present,
metal processing, food, oi l , textile, alcoholic beverages, soft drinks,
detergents, dye and machine industries are the main industrial groups
existing in this area. These industrial groups help development of com-
merce, industry and tourism in the area, but at the same time they
give rise to the environmental pollution poblems. To overcome this
danger, municipality, governmental agencies and investigators should
take the necessary precautions. Unfortunately, most of the factories
mentioned above presently discharge their wastes either directly or
indirectly into the bay without any p re treatment.

In order to better understand the extend of the pollution caused by
industry, i t is enough to examine Melez River which is the largest
river in Izmir. This river springs in South Gaziemir and terminates
in the Izmir Bay. At the source, the flow rate of this river is 10L/sec.
The assimilation capacity of this river is limited with the wastes
of an equivalent population of 5,000. The BOD value of this river be-
fore entering the city is almost zero. At present, the wastes discharged
into this river are equivalent to the domestic waste of 250,000 people.
As a result of this, the pollution of the Melez River has been increasing
continously, and the BOD value at the point of i ts discharge into the
bay is 600-700 mg/L. This value reaches 5280 mg/L near the area where
the leather factories are located. If these values are compared with
the acceptable BOD values for clear rivers (0-4 mg/L) the exLenJ of
pollution can be understood more easily.

Another river whicih flows into the tzmir Bay is the Manda River. lino
intermittent river carries the surface waters only during winter. Thio
river crosses the area in which the oil processing factories, Finir
Milk Factory, Efes and Tuborg Beer and Malt Factories and Egi- University
are located. After receiving the wastewaters oí these institutions.
Manda River reaches to the bay. The BOD value before entering the in-
dustrial region is about 1 mg/L, while at the point of discharge it
is 60 mg/L,

Today, the bottom of the bay around Konak and Alsancak districts has
been filled with waste solids,and bubbles coming out due to anaerobic
decomposition can easily be observed. The "Red Tides" which Occur during
May and June ¿ire indications of very high pollution. Presently, 98
sewers are discharging directly into the bay and sewers inside the
city are discharged into approximately ten rivers. The equivalent
population (domestic and industrial) disposing their wastes into the
bay can be approximated as two million people,

Mathematical models have been developed for the investigation of the
pollution of tzmir Bay using BOD and dissolved oxygen (DO) values as
controlling parameters. July is accepted as the most crit-ical month,
and values for these parameters have been determined in this month.
As can be seen in Fig. 1 DO values at Bayrakli and Karciyaka-GozLupu
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d i s t r i c t s vary between 0-1 mg/L, while in Karsiyaka-GCztepe and Nar l i -
dere-Çigl i d i s t r i c t s they are 4-7 mg/L. The DO values are below 4 tng/L
in the inner and middle part of the bay and these locations can be
considered as seriously pol lu ted.

According to the world standards waters with a BOD value between 6 to
10 mg/L are considered pol lu ted, while waters with BOD value between
0 to 6 mg/L are considered as clean waters . Waters with BOI) values of
10 to 14 mg/L are heavily pol lu ted . According to these standards, Melez
and Manda Rivers are heavily pol luted. In r e a l i t y , i t is questionable
whether these waters should s t i l l be cal led as " r i ve r s " ,

BOD concentrations in the Izmir Bay have been determined with the aid
of the mathematical model mentionad above. Although the BOD values can
not be considered as the best parameter for pol lu t ion indicat ion in
sea waters , BOD values obtained through th i s study are given in Fig. 2.
As can be seen, BOD values are estimated to be 50-140 mg/L along the
Jine connecting Karsiyaka and Goztupe, 30-50 mg/L along the line, con-
necting Çigl i and Narl idere , 10-17 mg/L between the l ines (¿ igl i -Narl i -
dere and Giizelbahçe-Kokole Burnu and 7-10 mg/L in the remaining p a r t s .
These values show that the pol lu t ion at the inner and middle regions
of Izmir Bay is c r i t i c a l ,

PRECAUTIONS TAKEN TO PREVENT THE POLLUTION OF IZMIR BAY

The pol lut ion of Izmir Bay is not the problem of the c i ty of Izmir
alone; i t has gained importance for the whole Turkey. Because of tha t ,
solutions have been searched,and many projec ts have been developed.
As a main precaution, col lect ion and treatment of a l l domestic and
indus t r i a l wastewaters before being discharged into tht» bay have been
decided. For this purpose, Camp-Harris -Mesara Co. has prepared a
project and a f e a s i b i l i t y report between 1969-1971, sponsored by
Turkish State Hydraulic Works (DSi), However, because a long timehas
passed since that time, ílbank has asked Holfeeder-Su ïap i Co. to r e -
vise th is p ro jec t . This project has been completed in 1981. In the
unit prices of 1981 the cost of th i s project was estimated to be
36,000,000,000 (36 b i l l i o n ) TL. This budget was approved in 1982.

According to th i s pro jec t , a l l domestic and indus t r i a l wastewaters
are going to be col lec ted by a main co l l ec to r and brought to the t r e a t -
ment plant which is going to be b u i l t a t ç i g l i . After being subject
to mechanical and biological treatment, the wastewaters w i l l flow
through a 12-km conduit to Gediz, River and from there a f t e r t rave l l ing
13 km wi l l reach to the outer bay (Fig. 3) .

As a second a l t e r n a t i v e , the p o s s i b i l i t y of discharging these waste-
waters through an ocean ou t fa l l a t Tuzla has been considered, but due
to the pol lu t ion of the bay the Cediz a l t e rna t i ve has been preferred
to the l a t e r one.
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Figure 2. Biochemical Oxygen Demand <BOD) in Izmir Bay
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It is expected that the wain collector will be constructed by 1995.
After the collector is constructed the amount oí pollutants discharged
into the rivers will decrease considerably, and an appreciable im-
provement in the existing situation will be achieved. The reason for
being optimistic for this project is the fact that flbank in its 1983
investment program has allocated 37 billion TL for the completion of
the collector and treatment plant between 1982-1990. Presently all
the land purchases have been completed, and the construction of the
collector from Gümrük to Çigli, which is going to collect 75% of the
total wastewaters, has started from four different points. This work
which is going to contitue for four years will cost 9.8 billion TL.
It is expected though that due to high inflation rate the cost will
be considerably increased.

After this collector is completed the construction of Çamdibi-Pmar-
basi-Altindag collector, The Melez Collector and the conduit from
Çigli to Cediz will start . Additionally, in the future, the Alsancak-
Gu'zelbahçe Sewers, the pump stations and the treatment plant will be
built. The realization of these works will be an important contribution
to the rehabilitation of the Izmir Bay.

CONCLUSION

The environmental problems of Izmir due to rapid urbaniza t ion w i l l be
solved with the app l i ca t i on of the p r o j e c t descr ibed. However, r e a l i z a t i o n
of t h i s p ro jec t w i l l require the support of the pub l i c , the munic ipa l i ty
and the industries. Legislation enforcing " the polluter pays " princple
will facilitate the realization of this project. Tt should be mentioned,
however, that the interest and the support of the central government
is the most important factor. If the necessary financial support is
provided, and the project advances according to the program planned,
Izmir Bay will soon purify itself, and the city will again become an
important touristic center.
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RliLiASü Fu&lUiATIOM OF PESTICIDES TO
O i J J ^ \fri¿ ENVJl^ON.'iJÜ'.J'i'-ili PUoLiJTION 111 DiiViijUPIl'ÎG
CuJi\'TiíIES

J.Shanfcer and U .C .Sriv-:?st iva*

Departane-nt of Agricultural Chemistry
íC'\.Po.etgriñuatL! College, AI 1 in-ibid, India
*Û.M.P.Degree College, .Ui-inbad,

In the context of controlled rclearc of Per t i -
cifier, the concept of exploiting .;:etil Cornple.v-ition
hnc been developed and tested tor the f i r s t ti:'ie. to

the efficacy inô lîecreirc tiif environtn^ntil
in cteveloping countr ie- . Ket il -Per-ticide

co.'Mp 1= xsF hivf? been pynthepi'îed betv;e '̂r, i-int ±1) , fM t I I ) ,
CoilX), NiCII) inri Carb-iryl gnd O^rbenda^ im pCf:tL-
eit'er in non-ijijaeour ÜIOCÍIIÜI ur inQ r( flux technique.
Probable s t ructural formulae for the? conplex hrive
OR; n reported on trie basis of ^n i ly t i c i l ?nd infrared
r;x;ctr-il d i t i . Cocicroaci; (Perlol in^t ». •
mortality h^s been dcter"ninGa"~both for
pertícide.T and the i r .net-3.1 coiinlexer CDiitiining f
pepticicle équivalence. The rorultr> indicate 10 - 30%
reduction on Coc:;r>ich mortality from the pamc do!?e
of PC'Fticictes administered a.̂  ,ni?t:il canplex, which
wot!; ÏE controlled re le ire formal ition , Ttie poten-
t i i l of metí l-rtó^ticide co¡Tip le nation .is a "Controlled

mechanism tor pesticides ip thus mooted.



Pollution is an inevitable conseouence of
.•icn'e existence on earth. Recent years- hive seen
intense activity within al l of thes-e ?reas which has
iccompanieõ an increased public awirenors of pollution
ps'Xile-.nr,. The upe of che:riica 1? to control our envir-
onment has increased markedly in the pint few yeirr
me is now a significant factor affecting the quality
of l i fe . Two very important areas of application are
in medicine and agriculture wiere the excessive and
indiscriminate use of drug.-- and agrochemicnls has
often been cri t icised. However, UP ing controlled
re; It are technique could mike the application of
bioictive agentp safer md ¡nore efficient. Controlled
releeré technology is an emerging technology t in t
•aims at an effective, p-ifí? ano economic j?e of toi'.ic
ctK':ii_c;ilp in agriculture and public hcilth with least
projection to non-target biota and general contamina-
tion of the environment.

The dispensing of che.:icals via controlled
release techniques ha.- grown in importince over the
p.iEt ÎÛ yearr, the original breakthroughs having been
made in the ph-:innaceutiC:il area. Controlled re?lease
iiipliep a method of formulation that permits the
optimum level ol òioloçical effector to be maintained,
over a period of time. Repeated dosage keep." tiic
level ibove the optimum but employs more of the
chemic.il, maintain the required activity tPig. l ) .

T7 . - 4

1-2;,

'•1)

•Toxicity
level

•affective

O
Fiõ^n"

(a) :\ sine le dose is req-
uired to s tar t at
10 >U higher thin the
to.xicity level) in
order to give 77 min
of effective l i fe .

(b) Repetitive addition
with init ial do^nae
of 2XL0~'!M folloi^ed
by FÍK d-oses at 11.5
min intervals civer
the same effective
life as in (a) but
with 92/ísavinç in agent

(c) Continuous addition
murt be at a rate of
lQ"7ins-lto maintain
the efScctive level
of 10 "'M.

7,7 Time/min
^ répétitive & irequent dore ot an -aijent.



A further problem. i= that tlir- higher level;- may
toxicity. Ideal controlled release "ystirnr-

ire the CiiSitiical at a rate that exactly balancer
the lor>£ by di.-pipation .

One of the bert Tinci olícrt oyamplep of contro-
lled release techniques is t int of antif ruling
devicer; the.te lnve been studied froiti antiquity. The
f Lrrt iinpoctant expe rri.nentr v.'ere Carrie1 out undei
the auppicç? of the K-svy 3oird with H15 Alanii (l75?J •
and revealed the r-ffectivener? of cooper she-athin^
as an antifoaling agent. Humphry, Dr-avy (i82'1J '•"•"•«i'
that the antifouling action of copper sheath iF
to the rlov.' dirrolution of the

The vide variety of controlled release tech-
niouer are now sumrnarired in T.ible j twill iamr, 1984 ) .
However there? hardly r-ee:nr to be iny report on the
ix-~e of met.̂ l pesticide ca-npley-ition tpchnioue UÎ? -3
possible means for effective controlled release for-
malitionF. A recent caanunication^ froin this lîbo-
JTitory has introduced n new concept of exploiting
metal coiiiplex:ttion as a controlled release technique
\Ehanker & trivastava, 1J82) .

•licroencapsulation

p can be. cirrlPd out via a
number of procesrer. vhertby the ng^nt become." wonted
with ii film, tbf.1 açent is tr.tn rd^'aircl through
itveral pathvj syr as described in Table 1 . A p.article
riiir of the capsulo? cm v-iry £ro¡¡, i to SOOU um aní
the coatinç materials for microcnc~pFulTtion inclucer
v;ater roluble rerin?, waxef anc lipidr . A l i f t of
bi-jloçicTlly active chemicals that have been
sulated arc given in T=tble 2.

Barett (1978) and Connick U382) p
the controlled rele-rsrc herbicie'er fommlations ',-yir
on alginate gel.

Polymer bound formulation?t

Polymer-bio-active formulationr have become
increafinoly ured erpecially in -arca^ outriite plvu
coloQy. The principle of c-jntrolled releare from
tiit? re f ormulationr i'- that .a bond to the polymer
un tier g ot-T firEion to relcsfe the 'Cent at TdcFioned
rate . Polymerr that have, been us et? inclure ryntí:etic



Tibie 1. Controlled release devicer

Device -techn iaüe Release-action

.-. icroencapfulation

hollow fibre

rolymer-ayent
i

anpounding

Pro-perticides

System ic
techn iuue."

.•••'echsnical methods

1. Coating fracture by
pressure, phe.ar, obras ine
or shrinking forcer.

2. Co=»tino deçniî^tion by
melting or füec-jmpor iti^n
or by solution.

3. Diffusion

uvaporation

Bond flesion and diffusion

1. Diffusion-dip
2 . Leeching

By chemical or
scti-jn to release the
pesticide .

The .Kjent is t-ikeh up nnd
<?irtributei9 within the
organism thereby rendering
i t toxic to the inv-nding
pfft or pathogen.

1. Opmotic clirpcnçinç
2. Diffuricn from racks
?. Sonitorinc -anel pumping

mechsnicully.

naturally occurring. Tfe ready .^vaiXibility of
w-.elie cellulosic type m-ste rial? such ar back, saw-
curt or kraft licjnin has lee to invertiçntion of
thffir potential ure as a matrix for herbicides ured
estensively in agriculture. There material!:- have
'the advantage of not only beinç biodegradable but



Table: 2. User for microencipcul-ited miteirialf-

¿"ertilizerr Inrt'Ctici tte r
Fungicider .-¡inerals
Germicides Nutrientr
Herbicides P!« coaranes
Soãenticicfesr Vitamins
Growth regulatorr Repellante

contributing to the humus- content of tlit; ro i l . The
herbicide 2,4-D is water rolutale at neutral and
hio.icr plls so i t cm readily leach out of the Foil.
dy att. iCtiinfj tht herbicide to liginin or to =Î cellu-
lose by-product, an ester is produced that rlowly
releases the herbicide on hydrolysis (Card^rr/lli,

p n ç formulations ire t'no^c in which in
is used with a ' f i l l e r ' that is usually a

polymer. Aolev.:re of ttie agent from th.e compounded
mîtcri.il i.T by three irnin processes : ( i) diffufion-
cir solution wilt• re=. the -scent, which i? soluble in the
<?1 "irt^mer, dinru^er to the r-urjï'Ce ,̂ n'' then erCnpc?;
!,iij when the igent IF inroluble in t ie elirtomer tnã
ir he-Id mechanically, w=itc-i: .noy diüfu.-e into the
f i l ler matrix :¡nd le-^ch out the igcnt ,- t l i i ) the
v i n t i!= rei eared following Flow cii.Tolution of the
matrix.in the solvent, usuilly water.

The bert knmn examples of controlled rrlense
technology are in ;r¡?riní? antifoulinc. Classical
sntifoulinq pi int caitinop contain a rniyturo of
ro in ;nd cuprous oxide. The ropin slowly cîif solves
by virtue of its ncidic group nnr. releases the copper
f.ilt b, sn exfoli'tion procera.

Diffurion-dirsolution i? utiliser1 i i contact
insecticide trapr; tlie insect icicle e.y. .1 pyrathroid
ir pl-joet in a rerervoir togetVier with, an inrect
attr-ictant such as vanil l in. The rerervoir is
pl-icec"1- betv.'een tv;o plastic barrierr and attachée:
t-} ,a backing s t r ip . The at t f ic t int nni'l perticidt
cif fare; ti'irouqli thr: r t r ip o£ plastic ind the insect,
?tti:ici;cd to the insect, ir Killed on contact with
the pesticide.

V.'ater-borne pestr rec;uirp rpecial treat:»ent
because of t ie diluting effect of the medium. Aou:itic
v.'ee dr -^rekilled by compounding certain hcrbicices,
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c V.'GG ciEi Fuch as water hyacinth and duckweed are
effectively controlled with bat oxy ethyl -?, ¿ -D i n o r -
poratec! into rubber and ured with a flotation -itt'ich-
ment.

Ï

Controlled release can be- effected through the
• action of pro-perticidep which degrade to oivf native
îçcntr .often st the Fite of action. The -^cvntaçer
of thin approach are given in Table ?. The agricul-
tur illy important lethal synthesis ir phovn by1

2-methyl-^ -cnlorophenoKybutyric ici.d { -iCpi-j) (Tjnquary
ant"1 Laccy, 197^^, This chemic-il ir not i trelf toxic
to plantf but a controlled release mechanif-m operates
whereby i t is converted by fï-oxidation within of most
vet'd ppecief to the herbicide? iCP \ C 2-methyl -^ -
chloroplieno>.yaccrtic -acid) IDonarurm and Vogl, 1978).

The action of pystemic fungiciflrr -!C1(! per t i -
cider haF '• erne of the advantacer :ir.-?ociatfd with
controlled release pyetem?. Systemic içentr can
pcnotritc the plant cuticle and more thvouoh trie
vercul-ir pysteüi. The a<3v integer .ire t in t the açent
Lr not l iPt fran the plant by weathering and that all
tiif n.c-w arot/th is protected. The acti ^ i= relrctivp
in t . ; i t tine treated plant i<- uniffccted ^nd th.e t rea t -
ment is econoiTiic-il in the amount ueoci.

.lechanical diepenring in the field or in vivo
cm involve firnple drip feed arnngr- intr controlled
by a variety of meant-. Another nethod ir the macro-
cncaprul^tion of the aoent with -̂  f i l le r enclosed in
a polythene membrane.

Table ?. The aavantager of pro-perticider

1. \ rustained release can be maintained.

2. Absorption problemr may be reduced.

3. ToKicity can be lowered for mechanical or
-agricultural u.=e .

4. Passage through 1ipid membraner :nay be facili tated.

5. Stabilisation agninrt metabolirm or hydrolyris.

5. .-iay be more ajLFntiblf to the envlroninent. •



Opmotic dispensing is achieved by formulating
the age-nt with in 'osmotic' epeciep r-:xch 3f míiçnerium
pulphite. The mixture, is neld in a reMiperniMblf
nse.'nbr-ne '.-ith an orifice oí' din.;>ete£ 0.001 to 0.03 cm;
ofr.iotic prtiPEurc «u--ei by entry of v i t t r through the'
incmbrine then squeezer the "jgent through the orifice
?t a controlled ra te .

INVESTIGATION

The Concept :

In the case of eyntherised me t i l pcrticide
complex, there will alv.'-iyp be .a knovn equilibrium
i.ictv;ecn the undiF^ciatei molecule inr? i tr components
u.ice:r aerial, enzymatic ^n£ hydrolytic action in the
ro i l .

.¡et ' l Perticicie ». .i«=t=il ion+Pcs...
car.plex Determinible equi- • Factor

librium ,in<3 I
release rnte Pltntr

Infect-

Now as and when the free perticide parses o
the partially dirsolved car.plCK in soil to the pl^nt
ne ,1 ryste.Tiic perticide, .in'' frexn the pl»ntF to" the
ruc'ïing inrectr, the equilibrium will on rhiited
tow-irds the ric,ht CTUring .-nore dirsociîtian of the
cany lex it ^ r;ite înd to in extent depencing
the- rate and the extent of rernovd of the pc-
f-ictor by the insects ,

The .-net̂ l comolexition technioue would have

1. Controlled relegpe of the free pert icicle fro-'n
the coitiple;; depending upon i tr stability
constant, ctegrid^bility inr1 rclr.Tre r-',te in
soil.conditions .

2, Low rpFidusil to>.icity since thp re --ticicc-
be used in ^ complex d form invine, t low

3. Ueed~b3sed action i . e . the free perticidc
v;ould be r<?le.=iper!l more -IP in'1 wiven the plint
ir iittackGd by inrect WIHTF thtre is no pc^t,
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uttnck tiic pert icicle lier dormant in the r
in ,.i le; s to}.ic completed form,

* . <y a ruit-ble choleo of low toxicity ;rictal
c . r . Fe, Co, :-ln e t c . the cumulative ;«tTll
rcridue fhall not be deter imenbil to inri rj;
r-:ther add to the micronutric nt v-;luc, «fthe'
f o i l . Further metal ion?- li.ke- -iraai ' ï:, IVG been .
known to poppers detoxif ic¿jii-5fr or ope rt ier .

5. Legist biVnorint; -qfrcl'.piSÍlution ĥ K.-ird Fincc the
complex v/oald b'fe in =1 non-vol:itil<? ripli;" s t i t e
'P agjinvt the volatile organic pertir:ir?r.

6. Convenient systemic =ipplicTtion -ind le.Fser
problem? of f qr.nui-jtion .

-lu Lower cort of application rince the me'tnl
choren woulí be cheap =in(l the synthesis* of
the complex i« relatively rirnple .

8. Unstable chemicals may be r tabi l ised.

••}. Lers frequent applic-ition? necersary.

10. Liquid agent? r-.iay be.employed.

With tliere *adv?.nt.TÇf ç- in our iminin^tlon the
-te pepticidos were chopen 3$ tittrc ire knof.-.'n

to possep? active met»il bincinr- ritef.1 conrirtinc; of
nitroccn and oxyoen donorr. There donorn hive n̂
•iftinity for binding with trsnpition rattil ionr.
l'-i:<5 tin, Fe, Co e tc . .̂ oçl arc biologically
The irct-'l pesticide complex viz. Icon C
vobilt C.irbencti.Kiifi, i-jnfwnerf Garbiryl iad Iron
•/-il^ic-irb were pynthep iKecl in non.aqLieou- uiediu:n
urine r(?£lu>. technique t. Anonymous, i J70) . All the
polir! coHiple'aóBr decomposed without melting .ïj;ou'":d
'2--ü°C . .•; i ¿.-••nií5; asúreme nts were carried out on a Perk in
El.Tier'' ^r?,t'inç infrared ppcctrophotouietcr model 577 in
the r.-jnne of "000-"-û0 cur1 in CSI dire. The charac-
te r i s t i c frefiuencies of tr:e diaonortic vilue =nd
t é t itive bïni apf içnnient peernr to Fugcprt t in t in

pesticide complejKr the mctil atan is coordi-
to the carbonyl (-C=o) oxygen to the cirba:mte

group -and to N atom of the CM group of

L>'itermination of cockroiich imrtality w-is done
with a single dore of the rynthepized complex such



th-it the quantity of the «rbsnnte completed therein.
IF equ^l to the predetermined LDC^Q O£ tho free cirba-
tinte. Tho '/. mortality data so obtained cle-irly indi-
cate tb=it rnet'il cornple >:ition effectr- a r ionif icint
reduction (lO-JO^O . Therfcect taeinç,1 çre-iter in CIPC
of cobalt complex thin in iron anii ;mnç;Tnere complexes.

; The syntherizoí complexes were; i l fo found to
be quite p.t.-jble in the soil in dry as well a.r moist
conditions .and.were not generally detriment ,1 to
plant çirov.'ti"'. I t ÍF tiierefore hoped th-it the s tab i -
l isation of the fret pert ici ie by mct-ïl cotnpl

.would not only e-Ciect controllecl relt-'ife: but
decrease the level of pollution of the roil and the
environment by the otherwise free perticicte .
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in t l t e c u u i l t r y v O u r p r e s e n t i n s t a l l e d c / l p - ' t c l l y ( o r p.:i|n>r a n d
b o a r d i s a r o u n d 1.H2 m i l l i o n t o n n e s p e r y e a r a n d by t in - e n d o f
t t i i s t i i n t u r y , we a r c l i k e l y t o r e a c l i a f i g u r u n i l\.lr) m i l l i o n t o n n t ' s
p e r y o j r ( C u p t a ;md S l i a r m a , l'*HI ) .

TWc v i i t o r r i ' q u i r o n w i n t s o f a p u l p a n d p a p r r i n d u a t r y v a r i e s

f rom 3 0 0 - 4 5 0 c u b i c m e t e r s / t o n n e o f püpL'i ' p r o d u c e d , d f p e n d í n g u p o n

i t s c a p n e i l y , p r o c e s s , 1 0 . n u i c r i ., I , 1 ' Í I I Í K I I , p r u d i i c L m i x a n d

a v u i l a b i 1 i i v o l r t o y t I in»; I . 1 . 1 I 1 1 , . 1 ' i i . i i c j l l y un I i r e q u a n t i t y

r o a p p f a r s a s e l ' f l u o n t a n d t u n t j i n » i i l n s , l i | ' . n i n n n d t h e i r d e c o m -

p o s i t i o n p r o d u c t s , u n c o o k e d raw m a t e r i a l s , c l a y s , r o s i n , s t a r c h ,

gum, a c i d , a l k a l i , s a l t s e t c . a n d t h e e i l l u c n i i s d a r k b r o w n i n

c o l o u r .

P u l p a n d p . i p e r m i l l w a . - t e w a t o i . i r e g e n e r a l l y p r o c e s s e d

i n b i o l o g i c a l t t o a t m e n t u n i t s f o r r e m o v a l oí l i i o d e ^ r u d a b l e o r g a n i c

m a t t e r h o l o r o d i s c h a r g e i n t o r e c e i v i n g b . i d i . e s o f w a t e i 1 . Wlr i l e b i o -

l o g i c a l p r o c e s s o s a r e c a p a b l e o f p r o d u c i n g e f l l u i ' n t i s low i n b o t h

BOD a n d CDU, Lhey t y p i c a l l y a c c o m p l i s h v e r y l i l t l i 1 t o w a r d s c o l o u r

l'L'inuval wlii l i ' l i i i n d l i n t ; t t u - s c w a s i r w a t i i s (IJavi'ii a n d U a u d a t , IV /B ) .



A large number of these mills in India are located close Co
the rivers and discharge effluents with or without any biological
treatment, The colouring material not only impair the beauty of
the river but also inhibit the photosynthetic production of oxygen
and could bring about a change in genetic code of living micro-
organisms in the river waters. Besides, these may che lace metal
ions in water (Iyer, 1983) and may increase the cost of water treat-
ment downstream the river. Further, since any colouring matter is
a visible indicator of pollution, it affects the mental health and
socio-economic growth of population in the area. The presence of
colour in treated/semitreated/untreated pulp and paper mill eff-
luents, thereforeiis of a constant concern to the industry and the
regulatory bodies, all over thu world.

SHORT RESUME OF PERTINENT PREVIOUS RESEARCH

A number of techniques for the removal of colour from paper
and pulp mill wastes have been tried and arc reported in the lite-
rature. These studies include Biochemical degradation. Chemical
oxidation, Ion floatation, Ion-exchange, Soil percolation, Electro-
chemical process, Membrane filtration, Amine treatment, Radiation-
exposure and chemical coagulation, but have not become economically
viable for adoption in the Indian context since these techniques
were mainly tried on biologically treated effluents and many of the
pulp and paper mills in India do not have a biological waste treat-
ment faci Li ty.

The possibility of the use of Magnesium salts as coagulant
Was,first introduced by Flentje (1927) when he demonstrated its
use in combination with lime for better clariiication efficiency
in surface water samples. However, it was not until ]966, when
Lecompte patented a process for using MgC(>3 as coagulant (plus lime)
for removal of colours from wastewaters, that the potential of this
chemical for colour removal was realised. However, since MgCOj
was not available commercially and also since it was believed that
the coagulant precipitates in the settling sludges and has to be
replaced in each pass, the process could not receive acceptance in
the industry. Further work in this aspect was conducted by Thompaor
et.al (1972) who suggested in-situ preparation of MgCO3 by adding
MgO to water containing Ca(HCÛ3)2 and suggested use of the make up
water containing MgCOj as coagulant-rich water. In this study the
authors alao indicated the possibility of recovering the coagulant
from the settled sludge. Researches were conducted later by Vincent
(1974) and Oldham et.al (1978) who advocated the use of Mg++ ions
on biologically treated kraft mill eflluents. The authors also
demonstrated the viability of recycle of MgSO¿, by carbonation of
the settled sludge.



Limitation of the Existing Mark in Indian Context

From the aforesaid studies, «hile it may be apparent that
lime in combination with MgSO^ is effective ior removal of colour
from biologically treated kraft mill wastes, the studies are,however,
lacking in respect of behaviour of these coagulants on total mill
effluents. It is apparently believed by the authors that a physico-
chemical treatment prior to the biological treatment would comple-
ment the samó by removing a good fraction of suspended solids, COO
& BOD etc., apart from removing the colour. Not only this, since
no cost effective system of colour removal from pulp and paper mill
presently exists in India (IS-5061, 1968), no specific standards
for colour removal have been specified in Indian Code (1S-2490,1974)
and this code prescribes that the colour should be removed as far
as practicable before disposal of the treated effluents into a
natural water course,

SCOPE OF THIS RESEARCH

Hence, the aim of this investigation was to study the efficacy
of MgSO^ in conjunction with lime on:

a) the colour removal pattern of the combined untreated effluents
from a pulp aod paper mill,

b) the characteristics of sludge including drainability and SVI,

c) to optimize the dosage of lime and MgSO^ required to achieve
a predetermined level of colour removal (90%) without sacri-
ficing the quality of sludge, and

d) to report the cost of the above treatment as also the asso-
ciated removals in suspended solids, BOD & COD etc, of the
raw effluents and to compare ita economic viabiLity vis-a-vis
coagulation in presence of lime alone.

MATERIAL AND METHODS

Composite samples of wastewaters were collected from a
kraft mill located in western U.P. (India). This mill produces
185 tonnes of kraft paper/day; uses Eucalyptus as raw material and
resorts to sulphate process for cooking lho material. Presently no
effluent treatment facility exists in the mill. The mill was chosen
for the investigations to evolve a low cost for colour removal
prior to biological treatment and its possible implementation in
other pulp and paper mills.

SHRI VASTA VA



The chemicals used in this study were commercial grade MgSO¿,
and lime having percentage purity of around 50 and 60 percent
respectively. The chemicals were sieved to remove any lumps etc.
prior to their use.

Experimental Protocol

Experiments were mainly carried out in two phases, the
first phase was aimed to arrive at the workable ranges of douagea
of lime and MgSO^, whereas in the second stage precise study of
the aforesaid rangos was conducted to optimise these values. Coa-
gulation studies were carried out using Aplab laboratory floccula-
tor (type IE-55) in 6-vinit jar atirrers. The dosages of coagulant
and aids were taken ranging from 0-180 mg/1 of commercial MgSO/,
and 1000-3000 mg/1 of commercial lime. During the flocculation
experiment, predetermined quantity ci HJÍSO^ stock solution (3%)
was added and the jar contents were mix.íd briskly for 2 minutes
at 100 RPM. Lime slurry was then added (5% concentration) and
contents stirred briskly further for 2-minutes, The mixing speed
was then slowed to 15-20 RPM and maintained for about 20-minutes
for flocculation. The jar contents were then allowed to settle
for 30-minutes. Samples of supernatent were taken for colour, pH,
BOD, COD and suspended solids (ü.S) analysis and the sludge samples
were analysed for drainability and SV1. Colour measurements were
made twice on each supernatent sample i.e. once at the observed
pll and then at a pH of about 7.0, after neutralization with dilute
H2SO4, While all the physical and chemical analyses were conducted
in accordance with the procedure outlined in the Standard Methods
(1980), for the purposes of estimation of sludge drainability,
100 ml of sludge was applied to a Whatman 42 filter paper in a
Buchner funnel anç* volume of filtrate (ml) collected over 30 minutes
was expressed as percentage value, Randal et.al (1971).

RESULTS AND DISCUSSION

As mentioned earlier, the colour removal measurements were
conducted twice on each coagulated and settled sample of wastewaters
i.e. first at the observed pH and then at a neutral pH. It was
recorded in all these experiments that the efficiency of colour
removal increased by about 5-6% in each of the samples when the
pH was adjusted to 7.0. Since the objective of the. research was to
explore the possibility of colour removal prior to any biological
treatment, the colour removal values pertaining to neutral pH (amen'
able for biological treatment) have only been discussed hore.

Figure 1 through 4 summarizes the results of a number of test
run. It may be noted from figure-1 that lime alone has decreasing
rate of return (in terms of colour removal efficiency) upto a con-
centration of 2100 mg/1, when only about 83% of colour removal could



be achieved. Colour removal efficiencies higher Chan 90% however
were achieved with lime dosage of around 3000 tng/1. While the
various dosages of lime and MgSO^ are predicting 90% colour removal,
as is apparent from figure-1, however, the effectiveness of a small
dosage of MgSO/j with lime in achieving greater percentage of colour
removal is distinctly exhibited by each of these curves. For
instance, the curve, in the lower ranges of lime consumption,
indicates that 90% colour removal can be obtained by:

a) 2900 mg/1 lime alone '

b) 1300 mg/1 lime plu» 60 mg/1 MgSO^

c) 1075 mg/1 lime plus 120 tng/1 MgSO4 and

d) 1600 mg/1 lime plus 180 mg/1 MgSO^

This leads one to believe that excessive dosage of MgSO^ does
not necessarily increase colour removal efficiency.

76
1O 13 H 21 23

LIME DOSE ixlOO) ,m<}/l —
FIG I : COLOUR REMOVA'. EFFICIENCY

V s COAGULANT DOSA<;iiS
SHRIVASTAVA



The result» of SVI of Che waste samples with lime alone and
afttr addition of MgSO^ and lime in various combinations are
shown in Figure-2. It is apparent from this figure that the SVI
values are less than 100 in all cases suggesting good settling
sludges. It may, however, be noted that at higher dosages of
MgSO^ (beyond 60 mg/l), the SVI values at all lime dosages studied,
«ere greater than those for lower concentrations of MgSO, (0-60 rag/1),
thereby indicating better sludge settling characteristics at lower
dosages.

IO 13 (7 21 £5
LIME DOSE txlOO), mg/l — — »

I'll.: 2 : ÜV1 vs. COAGULANT DOSAGES

A perusal of figure 3 reveals that drainability decreases
with increase in lime dosage at a fixed dose of MgSOz,. This may be
because of the fact that addition of extra lime produces denser
sludges which have low water content and hence poor drainability.
It was also recorded that the drop in drainability values was more
pronounced at lower dosages of MgSQ^ (0-60 mg/l). At high dosages
( f 60 mg/l) the drainability allowed a linear variation with mild



negative slope. Thus i t may tie inferred that from the point of
view fif improvement in drainsSiJity neither excessive lime dose
nor excessive dosage of MgSÔ  ¿re helpful.

IO 13 17 21 25
LIME DO5E (xlOO) , mg/ l "

FIG 3 : SLUDGE ÜKAINABILITY Vs COAGULANT
DOSAGEF

The data collected were analysed for the cost of chemicals
required per MLD of wastewater and efficiencies achieved. The
Commercial cost of lime, M&SO4 ,>nd HjSO^ were considered as 0,09
US $ per kg, 0.54 US S per kg and 0,5 US S per l i t r e respectively.
The results of cost of treatment with various efficiencies achieved
for lime alone and lime plus 60 nig/l MgKÜ̂  are shown in Figure-4.

It may be noted from figure 4 that for achieving 78-82Ï colour
removal, lime alone can be 'jed economically when the cost ma,y l ie
between 9O-J2O US S per MLÜ ol wastewater treated. The cost on
chemicals increases rapidly when lime alone is used for obtaining
efficiencies beyond 822 (US $ 2 70 per day for 902 colour removal).
The curve also shows that the cost of chemicals on colour removal
for the r;iiiKC 82% to 9Yi becomes less, il 60 111̂ /1 M̂SO ¡a also

SHRIVASTAVA
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ALONE
LIME + 6O mg/l

M9 SO4

8 11 14 1? 2O 23 26 39 32 35
COST Of CHEMICALS (x1O0),US8 —

FIG 4: COST OF CHEMICALS PER MLD
Vs COLOUR HEMOVAL EFFICIENCY

used in conjunction with l ime. The curve has parabol ic t rend and
cost va r i e s from 120-230 US S per MLD, being )58 US Î for 90%
colour removal e f f ic iency using 1300 mg/1 lime and 60 mg/1 MgSO .̂
Tht runiuviiL of other parameters assoc ia ted with t h i s dose were
a lso s tudied and are depicted in Tab le -1 ,

TABLE-! CHARACTERISTICS OF VIASTEWATER bEFORE & AFTER TREATMENT

S.No.

1.
2.
3.
4.
•s.
6 .

Parameter

Colour
pH
Total sol ids, mg/1
Suspended solids,mg/l
BOU,5 day-20°C,mg/l
COD

Before
Treatment

2871
U . 3

32 50
1245
460

1450

After
Treatment

297
7.0

1430
415
385
696



The above t ab le reveals tha t lime aided MgSO, (60 mg/1 lime
plus 1300 tug/1 lime) has a lso been able to remove t o t a l so l id s by
442, suspended so l id s by 682, BOD by 17.55! andCOD by 52%.

CONCLUSIONS

Oi the bas i s of batch t e s t r e s u l t s reported h e r e i n , following
conclusions can be drawn,

1, The addi t ion of r e l a t i v e l y small concent ra t ion of commercial
MgSO^ (60 mg/1 ) reduces s u b s t a n t i a l l y the heavy dose of lime
(from 2900 mg/1 to 1300 mg/1) for e f fec t ing 90X colour
removal.

2, The SVI of sludges formed at var ious combinations of lime
and MgSO^ were well below 100 i nd i ca t i ng good s e t t l i n g chara-
c t e r i s t i c s . However, there «as a remarkable increase in SVI
values of sludges beyond a dose of 60 mg/1 MgSO ,̂ i n d i c a t i n g
comparatively poorer s ludges .

3, The sludges produced with lime alone (in lower ranges) had
the best d r a i n a b i l i t y ; addi t ion of MgSO^ up to a dosage of
60 mg/1 had no mate r ia l di f ference on the r e s u l t s ,

4, While working with lime a ded MgSO., the pll o! tin; s e t t l e d
e f f l uen t was found to l i e between 10 .0-11 .5 . A reduct ion
of 5-6Z in colour was observed a f t e r simply ad jus t ing the
pH to 7 .0 , which would be a p r e r e q u i s i t e for fur ther b i o l o -
g i c a l t reatment ,

5, From cost a n a l y s i s , li.me alone i s found to be most economical
for achieving 78-82% colour removal e f f i c i ency . However,
for removal of colour in the range 82 to 9J Ï , 60 mg/1 of
MgSO. used in conjunction with lime is a viable so lu t ion .

6, The cost on chemicals using 1300 mg/1 lime plus 60 mg/1 MgSO,,
plus the acid for n e u t r a l i z a t i o n per MLD of wastowster comes
to around 158 US $ for 90S colour removal. Apart frtitn the
colour removal t h i s co.jgui.ant cose a l so removes t o t a l s o l i d s
by 44X, suspended so l id s by 68ÎS, BOD by 17.42 and COD by
52%.

SHRIVASTAVA
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GROUNDWATER POLLUTION DUE TO TANNERY EFFLUENTS
IN NORTH ARCOT DISTRICT TAMIL NADU

M. SHINIVAS*, G. TEEKARAMAN**,And N. FAROOQUE AHMlD***

The effluents discharged from the tanneries located in North arcot
district have caused serious deterioration in the quality of ground
w^ter, Consequcntly, the quality and quantity of agricultural
production have gone down significantly* The Clectrictfl Conductivity
(t~,C) of tht- analysed samples is greater than 3 mmhas/cm, while the
adjuntad 5AH is much greater than the maximum permissible 16. The
ChLoride content varies from 601.H mg/1 to 3113.2 mg/1, far excess
than the maximum allowable concentration of 355 mg/1.

oduction:

India has the largest population of cattle and goat in the world

¡ustrial Researcher, April 1980: Table 1) which hao provided it the natural

ce of becoming one of the leading exporters of leather. The predominant

ing areas in India are the Rajasthan, Wast Bengal and Tamil Nadu. During

-791 India produced leather and leather goods worth fe,1Z0G crores. Exports

inished leather increased from 1 Bï in 1974-75 to 555Í in 1978-79, the

r importing countries being the East European Countries, North America

the Economic &. 5ocial Community for Asia &. Pacific (Kothari's Economic S.

striai Guide of India, 1980-B1)..

Tamil Nadu La the leading exportar of finished leathür providing for

•15f our country's exports of finished leather (Economic Survey 19IÍJ-81J.

i Arcot District in Tamil Nadu has a dense concentration of tanneries

•ring more than 256 located on either side of river Palar (Soil 5urvey L

Use Organisation, Vellore),

In the present paper, an attempt is made to assess the extent of damage

d by the effluents of tanneries to the groundwater resources and agriculture.

ophysicist, Action for Food Production, Geohydralogical Investigation Teaif
Hyderabad.

st.Chemist, Soil Survey S. Land use Organisation, Vellore.

St. Chemist, Soil 8. Wator Testing Laboratory, Melalathur.



¿A Samples havo buen col lected from 7 affected areas anc analysed for

the various const i tuents. The areas affected by tannery ef f luents being

known, suitable remedial measures for treatment of wul l »stet anci reclamation

of s o i l should be i n i t i a t e d immediately.

TABLE - 1

Livestock! World vis-a-A/ie India

Ï turn

Cattle

Buffalo

Goat

Sheep

World
(1)

(million

1201

132

404

104 3

India
(2)

heads)

1B0

61

70

40

Z as % of 1
(3)

'15

46

17

4

Rank in
the world

1

1

1

•

(Source: Indust r ia l Resuarchsjr Ap r i l Il/l lc!

TABLE - 2

Export of luather & leather riortd1.;

Year

1974-75

1975-76

1976-77

1977-7B

197B-79

I975-ÜO

165..in

227-73

306.00

257-93

350.40

*
5 24*90 P rov i s i on . i l f i g u r e as

Economic Survey 1 rJ H G —
Gpv(.¡rnmE.:rit of í nd ia *

( 5 our co : l n d u ü t r i í i l fie s e a r c h e r r

A p r i l 19B0



"L«_r.y Effluents I

There are mainly two types of tannincj in O>guu in North Arcot District,

., Vegetable tanning and ChromB Tanning. A large number of Chemicals arc

iloyad during the various processes of manufacture of leather from raw

ns and hides. The various processes of manufacture of leather include

king, liming, de-hairing, deliming, oiling, pickling, dyeing and finishing.

chemicals employed in the various stages aré the chlorides and carbenatas

sodium, ammonia, and calcium apart from sodium dichromate, myrobalan

ract and sulphuric acid. Organic dyes are employed by the finishing units,

an average, 35 litres of of fluents is produced for1 every kilogram of

isiicd leather. Our country produce* approximately 30 million pioees of

es and 62 million pieces of skins. The quantity Df effluent produced for

se-fourth of this production contributed by the subject area is quita

i and is very toxic, containing various salts. Table 3 provides details

s of tannery effluents.

TA OLE - 3

Characteristics of tannery effluents

Parameter

PH

Total Jiasolved
saltslmy/1)

Suspended Solids
{mg/1)

Chloride ao LÍ
(mg/1)

Sulphate «is S04

COO

Vegetable
tanning

5.5 to 11.5

1£B0 to 2.6520

1ÉC to 6200

500 to ?tO0

SO tp 3020

1000 to 10300

Chrome
Tanning

7.5

9000

1250

1900

5100

to 1U.0

to 20000

to 6OOO

to 262Ü0

—

to 7200

Finishing
units

5.B

4400

800

600

2040

27Ô

Source t LEPC Madras
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Mode of disposal .

The effluents aro generally untreated and are discharged intp the

neighbouring fields and hitherto irrigation tanks. The effluents overflow

these tanks which ara in damaged condition (Table 4* to form stagnant pool*

and finally reach the Palar river course. During tho course of movement to

Palar, thero is considerable amount of infilterati0n of the toxic effluent in-

to the earth. The wells and borewells ¿n the area thus Lap the contaminated »<:.

. • T A B L E - A • ' • ' • •

Condition of tanks filled with effluunts

1.

2.

3.

4.

S.

6.

7.

3,

Zone

Ammankuppam

Parnambut

Ambur

Vaniyambadi

Visharam

Arcot

Katpadi

Raniput

Total No.
qf tanks

4

122

234

45

31

i 3

18

186

Overflowing

2 Î50*)

79 (fi5tf)

192 (82%)

32 (71'*)

31 (100*)

13 (1005Í)

18 (100*)

154 (S3?S)

Damaged/tiroken

3 (75*)

62 (6B*)

, 89 (38*)

45 (100*),

15 (4051)

13 (\0Q%)

18 (1-00*)

122 ióó%)

I Sail 5urvuy &. Land Usu Organisation, Vellorí-")

Drinking IL Irrigation of Water Wells!

Table 5 gives the results of chemical anairysTs of wster samples from wi; i 1-

located in thetünnery-affected zones. Tablr; 6 givos the limits of" constituents

set for drinkinij water by World Health Organisation. From the two tables, it

is evident that the watur is highly un-suitoble for human consumption* How ths

watPr from these wells lias àffcctiïd agriculture in the region can bn undtrctoo

from a study of the results of chemical^ analysis in th« light of irric.jtion

«ater CritCj-ia set by Food i. Agriculture Organisation of the United futiera ur

ijivnn in Foblu T. It can be seen that the concentration of various yleirintv



T ft B L E - _ S

UF CHEMICAL A .ALY61S Uf WATLii

E . C .
• ¡nmhos/cn

pN

(2 )

7.0
7.3
7 .4

7 .3

D.B

7 . S
e.Q
7.8
7.9

7 . 0
7.6
s .a
7.3

7.5
7 .0
7 . 2

7.5
7.3
2 . 4

7.5
7.3
7.5
7.3

7.3

Carbo-
nate
mg/1

(3 )

150
3D
3D

33

60

3Q
120

30
~

É0

30
60

— •

60
30
30

30
3Ü
30

30
30
60
—

30

¿jicar-
bona ti±
raç/1

( 4 )

115;-
254
133

24Ù

Sits

133
549
264
254

549
427
510

336

4aa
3Q5
366

24. 4
356
Î 3 3

244

305
305
122

133

Sulp-
hate
^ / l

( 5 )

24.3
13.9
10.1

23.2

20.4

14.9
84.5
39.5
15.3

¿2.4
59.5
99.4
83.5

84,0
103.7
87.4

60.0
96.0
24.0

51 .4.",
a.64
21 .1
24.5
24.9

Chio-
r ide
my/1

¡6)

1539.?
1362.6
58a.1

1065.5

2672.7

1044.3
3115.2

637.2
313.6

1469.1
134 5.2
162S.4
601.fl

1539.9
735.5

1044.3

367.3
1026.6
615.5

657.3
1572.3

725.7
477.9

743.4

Sodium
m-/I

(7 )

9-17.6
657.3
264.5

594.2

1320.2

561 .2
1430.6

353.8
237 = 0

B14.2
740.6

1025.a
354.2

913.1
133.4
457.7

409.4
753.0
372.6

4D9.4
708.4
446.2
253.0

3 9 1 . •

£3)

10,87

9.44
9.56

9.41

14.91

10.61
14.30

7.6!
5.20

11.31
10.81
13.64
7.19

12.41
1.52
5.72

6.69
10.95
fl.22

6.69
9.59
9.95
5.58

B.50

Ai'jua

( 9 )

33.5
24.54
12.22

23.99

46.22

13.3D
32.89
17.50
11 .44

32.99
29.71
4D.92
1 4.33

31 .03
4.4¿

16.37

17.39
29.01
18. OS

17.39
25.19
27.86
1É.4Ó

17.85

1 . Amman kuppam

2. Pernacnbut

3. Ambut

4 . Vaniyambadi

5 . Vishram

6. rtrcot

a )

a )
e )

a )

b )

c )
d )
e )

f )

a )
b )
c)
d )

a)
b)
c )

a)
b )
c)

a )

ï>l
c>

d )

Amnan kup ̂ a ~
Amman Kuppfirn

Peri sthaimai.
Chervu
C hinna thamal
Che ruvu
Erukkambat t u
Pernambut
Erikutti
Pernambut

5omalapuraa
Thavozhi
Tharvüzhi
ij avinda pu ram

Thut ipst
l/innamangaiam
Lfdayandram

Tâlayanccr
Kathivadi
Visharam

'Ji l i an k aspam
Lrppupe z ta i
Uppuptít-ai
Kukkundi

7. Katpadi a) Katpadi

ID

7.0
4.7
2.1

4.0

S.7

3.5

10.5
2.4
1.5
5.5
5.0
6.0
2.5

6.0
3.5
4.4

3.2
4.7

5.2
2.7
5.5
1.S

2.5



International Standards for Drinking Water

Total salida

pH

Calcium (Ca)

Chloride ICI)

Sulphate (C«*S04)

CopperlCu)

Zinc U n )

Iron (FB)

Organic Pollutants)
(Carbon Chloroform
ex trac t)

Chronii um
(hcxavalunt)

Fluoride

Maximum

50Q-15GO

7.5 - B.

75 - 200

20D-600

200-400

1.0-1.5

5.0-1.0

0.8-1.0

D.2-0.5

0.05

1.5

accnptable rant;e

ppm

5

mg/1

mg/1

mg/1

rag/1

rag/1

mg/1

mg/1

mg/1

mg/1

(World Health Organisation Standards occepted by Government of India)

•#* • # ###

Quality Criteria for Irrigation Wster

1 . Salinity

E.C.(mmhos/cm)

.. *PH '

Total Uinsolved Sol ids
•••..,, ( r a g / 1 )

adjttstod S A»

No Problem

¿J3.75

Morro»! flar»goi S.

¿4fiO

Increasing
problem

O.TS-3.0

480-!i1?2p

Severe
Problem

7 3.0

7 1920

7 9

• 3 .

Boron (mg/1)

Sodium (as adj.SAR)
(mg/1)

Chloride (mg/1)

Bicarbonate (mg/ll

0. 3-12.0 2-10

¿ 69

l_ 1 42

L 9D

769

142-355

90-520

—

7 3 5 5

7 520
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is much higher than the Standard values for agriculture. This clearly implies

that the water in the tommry-affected zones has become highly unsuitable for

bath drinking and agricultural purposes as follows from the discussions in

later sections, . ,

Tiscusaion of Parameters i

For the purpose of determining thu suitability or otherwise of an irri-

water
flion for raising crops, parameters analysed include E.C., Na, Mg, CO3 1

¡CO3. The P K X S I S K of these factors in unfavourable concentrations affects tne

rrigation water quality. Application of such water to agriculture gives rise

o soil galxnit;,' and suil permeability problems. As crops basically depend

pon water for proper growth, such a situation of salinity and permeability

roblems causes several undesirable^affects. Crop germination,soil aeration,

nd diseases, apart from facilitating weed growth consequent on water stagna-

ion are some of the problems that have realised. Yield ia yet another

actor that is seriously affected.

It is well known that Sodium in small quantities when present alone

-use» severs 'Sodium Hazard' to crop growth. However, crops can otherwise tole-

= te larger concentration when sodium occurs alontjwith calcium and magnesium.

When drying of soil takes place during irrigations, a part of thn carbonate

d bicarbonate precipitates as Calcium-Magnosiurn C./rboni.e (Ca-Mj CO3), thus

moving Calcium and Magnesium from the soil. Thin pr:jcr:sa results in an

crease of net Sodium concentration present in the aaiâ, thu3 incrt-asin:; the

dium hazard.

The modified formula arrived ot by taking into consideration the presences

carbonate and bicarbonate is written sat

Adjusted SAR

h
( 1 + 8.4 - pHc)

CA.+ M13 )/2

Where pHc - (pK'2 -pK'o + p(Ca + Hg) + p(Alk). S RIN r.A S



The factors contained in pHc are avaiànble in some of the recent adati editions

far various concentrations of Ca & Mg in the form of tables (reference 2 ) . Th:

adjusted 5AR ÍB being employed increasingly as it is capable of predicting th-

permeability problem more correctly.

Results 8. Analysis i

The following major conclusions are drawn on the basis of the results of

chenCaal analysis (Tabla S) of water samples collected from walls located in

tannery-affected zones of Paler basin 1

The E.C. values of analysed samples are above 3 rarohas/em in most of the

places falling in the 'Severs Problem' range. Consequently, the germination o

almost all the crops has been affected and yield severely reduced. The lowest

E.C., 1.8 mrohos/Om and very few values lesser than 3, nevertheless, fall unda

the 'Increasing Problem' range wherein the germination gets affected. Modérât

salt tolerant varieties tame up with reduced yield.

The SAR values more or lass lie within the 'No Problem' range, NOtuntth

standing, the agricultural production in the Palar basin has reduced to a fou

within a span of 12*45 years, with as largB as 40y000 acres of fartile land b

coming unproductiveiSoil Survey and Land Use Organisation, Vellore). The reas

are batter understood with the help of the adjusted SAR values listed in Tabl

for the same samples.

From Table 7, we find that the adjusted SAR values should be below 9,

more than 9 indicating severe damage to crops both in terms of yield and qual

In North Arcot District, we however, find that the corresponding adjusted SAf

values for Irrigation watâS of E.C. more than 1,6 mrohos/cm range ffom 11.41 :

46.22 with only one favourable value, viz., 4.41, while the desirable limit

should not exceed 16. This abundantly reflects ths serious condition of grour

water and soil. Again, the VBIUBS for Chloride range from 601.8 mg/1 to 311^

mg/1, as against the maximum acceptabls value of 355 rag/l for cropB and 600 „

for human consumption. Even the bicarbonate content is on the higher side of



increasing problem ragge.

The affects of those concentrations is Manifest on the crops as

stunted growth, poor germination, staining, leaf burn, poor quality of grains,

fruits etc. The fact that most of the farmers have stopped cultivating crop

like Paddy and Sugarcane, and have taken to raising moderately resistant crops

like maize and ragi, notwithstanding poor yield, adequately testifies to the

deteriorated quality of the groundwater end soil.

Conclusions!

Groundwater resources are observed to be depleting while the demand is

ever incre'sing* Pollution of this basic œmmodity assumes greater importance

in this context. The mejor occupation in India being farming, rendering of

vast stretches of fertile land u3elaas while the farmers take to other

professions for livelihood, should be view'd seriously. Effect on health

due to pollution adds an element of urgency to soàution-finding.

It is therefore considered essential that pollution control measures are

strictly followed by the tanneries» The people have to organise and push the

administrative machinery to enforce rules. Even if a small fraction of the

exports worth te.300 crorea from North Arcot District are spent on pollution

control and medical car*, the erosion of fertile lands and non-availability of

uncontaminated drinking water would not occur. The voluntary assumption of

responsibility, very much wanting, on the part of the tanners would help

find a decant solution to the effluent problem, which is believed to be

more so&io-economic than technical^ The present analysis is considered

relevant from this point of view.

SRINIVAS
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AN APPROPRIATE TECHNIQUE POR FLOW MEASUREMENT IN SMALL SEWAGE

TREATMENT PLANTS

Percival R. Thomas

Department of Civil Engineering '
University of the West Indies
St. Augustine, Trinidad, West Indies

INTRODUCTION

In recent years a number of small sewage treatment plants
have been installed and also being planned to be constructed in
many rural areas of the developing world. One of the fundamental
requirements in the efficient management of these treatment plant
facilities is the ability to measure the flow rates without any
sophistication, and the common forms of flow measuring devices
available are sharp crested weir, broad crested weir and rarshall
flume. All these devices have their own advantages and disadvant-
ages and they arc by no means simple arrangements. Most of the
large treatment, plants are installed with a Parshal.] flume to
monitor the ^is^hrrge continuously. Although the advantages of a
Parshall flume are low head loss and self cleansing capacity, it
may not be economical to construct it at a small treatment plant in
a rural area. This is because in many situations, the plant is too
remote and too small to receive more than an occasional visit of
inspection and flow monitoring. The other.methods of measuring
sewage flows involve the use of surface float, tracers and dilution
gauqing, but these are time consuming and require trained personnel
at the site. The main requirements for small plants are reliability
without frequent supervision or maintenance, simplicity and economy.

Taking into consideration the above factors, this study was
carried out to develop a suitable arrangement in the form of a
wooden hump for the measurement of discharge in the small treatment
plant. Humps which were used are triangular in profile as shown in
Fig. 1 with heights varyinq from 1.0cm to 25cm and the crest is
rounded off with a radius of 2.5cm. Wastewatei- contni»s suspended
and floating solids with water content greater than 99 percent and



therefore in this investigation, water from a canal is used in a
laboratory flume. The advantages of using humps are no moving
parts, cannot get out o£ adjustments, easy construction, low cost,
and lone, life «hen material chosen is resistance to corrosion and
abrasion.

The discharge over a rectangular weir is given by1

Q = Cd. f ^gT L . H .
3 / 2 ...(1)

where Q = discharge over the weir in m3/s
L - length of the weir in metres
H = head over the weir including the head due to

velocity of approach in metres
Cd= coefficient of discharge

g = acceleration due to gravity in m/s2

.'. 3Q
d 2./2gT L.H.3/2 ....(2)

It can be assumed that the discharge Q over a hump weir is
given by

Q = f (h, L, H Q # Hm. Vo, p, g, y)H Q (3)

where f = a function
h - height of liquid above crest
L - I s gth of ths weir
H ^ up tream depth of flow

H « height of humpm
V = upstream velocity

p - density of water " density of sewage
g = acceleration due to gravity
u = viscosity of water

By dimensional analysis using Buckingham's IT - theorem
eq, (3) can be written as

C - f (* S Ü " ° g 7 > V _ . ....(4)
d J L' %' %' Q 2/5 » P

where C. is the coefficient of discharge which Í3 a function h, h f
h r ü
- i Froude number and Reynolds number. o



The approach velocity V may have a considerable effect On the
discharge. In practice the velocity of approach is not uniform,
particles nearer the surface of the fluid and the centre of the
channel having a velocity greater than the mean value V . These
particles undergo the least change in direction of movement when
they pass over the hump. Since the velocity of approach of the
particles has proportionately a greater effect on an increase in
the flow over the hump, the effective head over the hump may be
greater than the observed value, i.e. the actual velocity head may
be cqujl to ix V Q /2g and « has some value greater than unity. In
this investigation a is taken as 1,1 for the calculation of velocity
head.

EXPERIMENTAL SET UP

A German tilting glass flume of length 16m and breadth 0.4m
was used for testing the humps. The flume was adjusted to give a
bed slope of 1/1000. Initially a hump, 10cm in height was fixed
approximately at the centre of the flume and water was allowed to
pass through the flume from the inlet chamber. Baffles were used to
prevent fluctuations in water level upstream of the hump. Water
flowed over the hump and discharged on to a tank with ,\ calibrated
V-notch, downstream of the flume. For different discharge rates
the corresponding heights of water over the hump :snd upstream depth
of flow were measured under steady conditions. The above procedure
was repeated for humps of heights 15cm, 18cm, 20cm and 25cm with
the other parameters of the hump remaining constant.

OBSERVATION AND DEDUCTIONS '

The flow parameters for the humps, of heights lOcm, 15cm, 18cm,
20cm and 25cm are given in Tables 1, 2, 3, 4 and 5 respectively in
Appendix, Initially graphs of c , Vs. h and C Vs. h/H0 were
plotted for the different humps. Prom the graph of Cd Vs. h (Fig. 2)
it is observed that for the 10cm hump, the range of variation of the
coefficient of discharge with height of water above the crest, is
very small compared to the other humps. Therefore the 10cm hump
gives the most accurate measurement of discharge under the test
conditions adopted. It can also be seen that around the value of
h = 5cm the coefficient of discharge for all the humps except the
20cm hump remained at a value of about 1.00. Thus it is possible
to take 1.00 as the reference value for the coefficient of discharge
and obtain the correction factors. The actual value of the co-
efficient discharge is very close to unity and some of the values
obtained ore slightly greater than unity due to minor experimental
errors and approximations. The correction factor is a function of
h/no and the variation of the correction factor with h/H for the
different hump heights is shown in Fig, 3. °

THOMAS



The variation of C., with h/H for different humps is shown in
d o

Fig. 4 and it is seen that there is no uniform pattern in the
variation among the humps. The behaviour of C with hump heights
for different heads of flow is shown in Fig. 5 and there is a fairly
uniform pattern for the various heads of flow. The pattern for the
intermediate heads (2cm - Bern) and for any hump (10cm - 25cm in
height) could be interpolated.

Because of the very small range of variation of the coefficient
of discharge with height of water above hump crest for the 10cm
hump, a logarithmic plot of C Vs. h was obtained (Fig. 6), The
variation of log Ci Vs. h is linear and the following mathematical
model is obtained for the relationship between C and h for the
10cm hump.

C = 0.95h°'003 (5)
d

CONCLUSION

From the various humps tested, the 10cm hump was found to have
a fairly constant coefficient of discharge and hence it is the most
satisfactory size for the range of values adopted. Also, the
obtained mathematical model confirms that the coefficient of
discharqe remains fairly constant at different rates of flow for the
IOCÏÏI hump. Furthermore, the results indicate that as the height of
hump increases, the variation in the coefficient of discharge also
increases. Therefore, it is seen that flow measurement at small
treatment plants can be carried out simply, by installing a hump
of about 10cm in height. A calibration curve should be provided
where discharges could be read off directly in litres per second for
varying heads. A correction factor of 95^ could be used to obtain
the actual flow or it may be even neglected because of the lesser
degree of accuracy needed in a rural sewage treatment plant.

REFERENCES : . '

1. F.M. Henderson, "Open Channel Flow", The Macmillan Company,

New York (1970).
2. British standard 3680 Part 4B, "Methods of measurement of

liquid flow in open channels", London (1969).
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A P P E N D I X

Table 1. I'low parameters for hump of height 10 cm

Q

3.90

S.31

9.9i

17.71)

23.22

30.58

h
(coi)

2.3

2.3

S.0

5.6

6.9

D.I

rio
(CIO)

12.2

13.0

14.5

16.5

17.8

19.3

h
Ho

0.19

0.22

0.26

0.34

0.39

0.42

Cd

0,94

O.SJ

1.07

1.00

0.98

0.9Ó

Table 2. Flow parameters for hump of height 15 cm

Q
(l/s)

2.63

6.80

12.03

21.24

27.38

32.56

h
(cm)

2.0

Í.3

4.6

6.4

7.4

7.9

Ho
(cm)

17.5

19.1

20.8

22.9

24.6

25.4

h
11
o

0.11

0.17

0.22

0.Z8

0.30

0.31

Cd

0.78

0.94

1.02

1.0b

1.05

1.10
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Table 3. Flow parameters for hump of height 18 cm

Q
U/s)

3.96

9.91

15.43

21.52

24.86

35.40

h
(cm)

2.5

4.1

5.1

6.4

7.0

8.4

«0
(cm)

20.6

22.9

24.1

25.4

26.4

28.2

h
H
0

0.12

p.18

0.21

0.25

0.27

0.30

Cd

0.84

0.99

1.09

1.02

1.05

1.11

Table 4. Flow parameters for hump of height 20 cm

Q
(1/s)

3.85

7.65

13.59

20.39

28.15

33.98

h
(cm)

2.3

3.3

4.6

5.8

7.2

8.0

Ho

(cm)

23.4

24.5

26.7

28.2

30.2

30.7

h

Ho

0.10

0.13

0.17

0.21

0.24

0.26

Cd

0.93

1.07

1,15

1.15

1.13

1.20
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Table 5. Flow parameter for hump of height 25 CM

Q
(l/s)

4.53
9.63

15.49

22.37

30.58
37.38

h
(cm)

2 . 8

4 . 2

5.3

6.6

7.6

8.6

(cm)

28.4

30.5

31.8

33.5

35.3

36.1

h
Ho

0.10
0.14

0.17

0.20

0.22

0.24

Cd '

0.81
0.94

1.09

1.05
1.18

1.17

THOMAS



ENVIRONMENTAL ENGINEERING MANAGEMENT IN DEVELOPING COUNTRIES

Percival R. Thomas

Department of Civil Engineering,
University of the West Indies,
St. Augustine, Trinidad, West Indies,

INTRODUCTION

In 1950, there were only 70 cities with a pillion or more
inhabitants in the world. Today there are about 84 in the
developed countries and 74 in the developing countries. By the
year 2000, there will be 276 such cities in the developing
countries alone. Also, it is anticipated that by the turn of the
century almost 80 percent of the world's population will be living
in the developing countries and over one billion people will be
added to the urban populations of the developing world. Many
people in the developing world move to the city for employment and
better life but, in today's swelling third world cities, the flood
of new arrivals far outstrips the supply of jobs, particularly as
modern industries put a premium on technology rather than manpower.
In short, it will be virtually impossible to find employment for
most of the new arrivals. They have no place to live and
accommodation is sought in already crowded houses or by illegal
squatter settlements. Generally, the squatter settlements are
formed near sources of water irrespective of its quality. Rivers,
streams, lakes and canals initially provide best conditions for
drinking, bathing and washing clothes until they become polluted.
These settelements also appear in the vicinity of garbage dumps
and sometimes literally on top of them. All these people and many
others living in developing countries lack reasonable access to
adequate supply of safe drinking water and proper sanitation with
problems particularly acute for urban fringe areas, and for count-
less small communities in the rural areas. As a result, the major
causes of morbidity and mortality in developing countries are
water-related and food-borne diseases, and out of these, the water-
related diseases are responsible for a vast amount of ill-health,



death and disability. (

WATER SUPPLIES

The World Health Organization figures for 1980 show th.it
among the urban population of the. developing countries, only about
55 percent have house connections and an additional 20 percent have
access to public standposts, about half of these supplies are inter-
mittent. Of the rural population, less than a quarter have access
to safe «ater, and hardly any of these have house connections.
The following are typical sources of water used by the population:-

1. Rivers, streams, canals ano lakes:- These present
serious health hasards bec vise they are usually polluted
by the use of man and animal.

2. Open wells:- These are likely to create health hazards
when they are poorly constructed, unprotected, badly
located or too shallow. T'M>y may be contaminated by

a. polluted ground water entering the well as a result
from the location of the well too close to pit
latrines, soakaways or refuse dumps.

b. seepage from tho surface may enter through the top
few metres of the well lining, if it is not
sufficiently water-tight near the surface

c. objects thrown down the wells by children playing
closeby and by vandalism

3. Sealed wells and boreholes with hand pumps:- when
prtjp;:»iy constructed and maintained, this is One of the
best forms of supply as long as latrines are not polluting
the water table. Usually hand pumps are prone to
vandalism and mechanical failure.

4. Springs:- Although these provide clean water, the risk
of contamination increases with the number of users
especially where springs are left unprotected.

5. House connections:- These provide the ideal safe water
supply but all cannot afford in roost of the countries.

6. Standposts:- Standposts connected to the municipal
supply are probably the most common source of drinking
water in urban areas. But the number of standposts is
usually inadequate. A shortage of standposts causes
communal fighting and long queues, due to overcrowding.
As a result, the people tend to look for other sources.



Public standposts are badly connected and frequently
damaged. Water is wasted by leaking taps and money is
wasted in repeatedly repairing them. There are also the
dangers of standing pools which soon become polluted.
People sometimes wash themselves in these pools, and
children defecate close to the standposts. The provision
of more public standposts does not necessarily increase
community water use» but reduces the number of house-
holds using each. A standpost serving a small group of
people is more likely to be looked after and less likely
to be broken by overuse or vandalism.

In many developing countries, water distribution system is
one of the main problems of the Environmental Engineers. As much as
60 percent of the water entering the system may be lost as leakage
and the water pressure may be inadequate to reach certain areas. A
number of unauthorised connections are made to Water mains by
individuals. Also, in many towns and cities, overloading of the
system results in providing only an intermittent supply of water,
which can have serious health hazards•

The main problem in many rural areas of African countries is
getting the water to the houses. Mostly water is brought by women,
boys and girls in dirty containers and also they use animal» to
carry them. Usually the source i-, a polluted well, stream, river
or a public standpost. An extensive survey of the water use in
East Africa has shown that water carriers in rural areas spend a
mean time of about 45 minutes per day collecting water and that in
some communities up to 4 hour per day are required. Water is used
from the same containers for prinking as well as for anal cleaning.
Adults are quite ignorant of the dangers of drinking contaminated
water and they prefer to colL-it't water from a nearby polluted source
rather than from a distant clean source.

For some communities, piped water supplies with house
connections are not economically feasible. In such circumstances,
the realistic choice is to provide a number of individual or 'point'
sources, a protected well witn a hand pump, a spring water tapping
structure or perhaps a rain water collection and storage system.
In certain towns and villages, a small water treatment plant and
distribution of water through p-jblic standpost may be feasible.
Although the process of water treatment offers a variety of
technological choices, only a ;ew of them can in principle fully
meet the specific requirements of developing countries. One such
method is slow sand filtration - a simple, efficient, cheap and
reliable technique for the treatment of water.



SANITATION

Water supply and sanitation must go together with the
l.nvironmental improvement: programmes. The provision of safe drink-
ing water alone will often fail to produce substantial results in
tttrma of public, hefilth improvement, if the community water supply
is not supplemented by proper waste disposal systems. Normally
in the developing world, sanitation programmes are not on par with
water supply development and the situation is shown in Table 1 as
given by the International Reference Centre for Community Water-
supply and Sanitation3. This is attributed to the rapid population
growth in the developing world.

If excreta disposal is neglected or inadequate, then there
will be an open invitation for water-related diseases. In areas
which are not serviced by municipal aysterns, people handle excreta
disposal in many ways and the most common ones are

1. Defecation in open grounds and beaches: - This is a
normal practice in rura] areas of developing countries.
The restricted sites of crowded cities, however, make
this difficult in urban areas.

2. Bucket Latrinea:- These are still popular in many towns
and cities of developing countries because they are cheap.
In certain Asian countries, manual labour is used for
excreta collection from bucket latrines, and the society
treats these men and their families as 'untouchable' low
cast. As a result they are prevented from participating
in religious, cultural and social functions with the
majority population. Also, open buckets give rise to
odour in the vicinity and attract flies and Insects.

3. Wrap and Carryi- This is common where there are suitable
"places I o r dumping closeby which results in the area
getting polluted. - ., . 1;

4. Vet and Dry Pit Latrines:- This is probably the most
common method of excreta disposal and many pit latrines

fc , **"e • i mP 1y holes in th« «round. Wbflm vater is «sed for
• : . ÚM.1 cleaning tjjl»** I» • <-ha«c« -mf ' . 4 J Í

<Wr.ce* and. ¿1&

other method* in u*« ar.« ovvrfeurtf: latrine, *eptic
tank, «qua-privy etc.

Furthermore., communal latrines or toilets provided m many
locations present a major environmental hazard due to lack of



Table 1: Percentage of Population adequately served

RURAL

Water Supply

Sanitation

TOTAL
(urban and rural)

Water Supply

Sanitation

197O(X)

14

11

29

27

1975(%)

22

15

38

33

1980(%)

29

13

43

25

individual responsibility. These are provided because of economy
but the price is paid in the consequences of the resulting poor
standard of sanitary conditions. Once a latrine is fouled by
misuse or accident, the next user may have no choice but to foul it
further. As a result, a chain reaction sets in and the latrine
becomes unusable. Also, public latrines may be far-off from some
houses and because of no proper access, people tend to avoid using
them. To achieve even a minimui standard of hygiene, strict control
and constant attendance of cleaners are required in addition to the
users responsibility,

SOLID WASTES

In a developing country':! environmental improvement programme,
normally very little thoug »t is given to the proper disposal of
solid wastes and it needs Co be integrated with the total environ-
mental plan.

The most popular method among many municipal authorities is the
uncontrolled or indiscriminate tipping which causes a revolting
stink due to rotting vegetation, animal and faecal matter and create
environmental problems. Also, this results in choking of drains and
canals. Usually the, garbage, tips are crowded with men, voaien and
children salvaging material and they are being competed by dogs,
stray cattle and bitijs. Furthermore, municipal disposal systems are
often inadequate, broken-down or inefficient due to out-of-date plant
and vehicles. Rat and fly breeding are encouraged by heaps of rotting
refuse, which will also aii mosquito breeding by rain water getting
stagnant in cans, tyres, containers, etc. In addition, hndly dumped
refuse can pollute surface water and ground water after rainfall.

Controlled tipping (sanitary landfill) incineration and com-
posting are three suitable methods of treating and disposing solid
wastes if practised with care, and the appropriate method to be
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selected to suit local conditions.

ASSOCIATED DISEASES AND CONTROL

Control or elimination of water-related diseases depends on
adequate sanitary disposal of human wastes and solid wastes and
protection and purification of water supplies. The most common
water-related diseases and their preventive strategies are given in
Table 2.

Table 2: Water-related Diseases and Preventive Strategies

GROUP DISEASES PREVENTIVE STRATEGY

Water-borne
diseases

Water-washed
diseases

Water-based
diseases

Typhoid
Cholera
Gastroenteritis
Infectious Hepatitis
Dysentery

Scabies
Leprosy
Trachoma
Conjuctivitis
Diarrhoeal disease

Schistosomiasis
Guinea Worm

Improve quality of
drinking water and
excreta disposal
facilities

Increase the quantity
of water used.
Improve hygiene

Reduce the need for
contact with con-
taminated WJiter.
Control snail
population. Prevent
surface water
contamination by
excreta.

Diseases with
water-related
vectors

Yellow Fevçr
Malaria
Dengue
Sleeping Sickness
Filariasis

Destroy insect breeding
sites. Improve
surface water
management.



COMMUNITY PARTICIPATION AND HEALTH EDUCATION

In the recent past a number of evaluation studies have been
carried out on water supply and sanitation projects and many of
them have stressed the need of active community participation and
support Co achieve thtiir goals. Before planning for environmental
improvement, one must be unclouded on the expectation of success of
a particular system. For this reason, it is necessary to enquire
into the background, level of technology, and health literacy of
the people before evaluating a system in any particular situation.
The users may not be satisfied with the system provided, if it does
not meet their requirements. Planners and Engineers often go to
communities, install water supply systems and sanitation facilities
and expect the people to use them with care for long periods of time.
Usually the communities to be served are not consulted on matters,
of planning, design, construction, use and maintenance of the
facility. If the installations are not accepted and supported by
the community, they are vulnerable to misuse, pilferage or vandalism.
Failure of certain projects in some countries can he attributed to
cultural, social and religious factors, often neglected by planners,
because of no community involvement. Some of the examples are sons-
in-law and mothers-in-law will not use the same latrine and the
restriction in Muslim countries against defecating while facing
Mecca.

It, Is to be realised that the community participation is not
aimed at, to displace or override the responsibility of the planners
or government agencies in the Environmental programmes. It is to
supplement and help the professional planners in providing additional
information on the realistic needs, wants and special characteristics
of the society. Communities should be involved in allocation,
planning, design, construction, operation, maintenance and
administration of the project.

The degree of literacy in a country has a direct relationship
to that country's health status and it is a fundamental pre-
requisite for ensuring that the community has access to basic health
education to enjoy the benefits of the International Drinking Water
Supply and Sanitation Decade. In addition to community involvement,
the society should be taught how to use, protect and maintain their
installations for healthful living. Simple instructions in water
hygiene such as protecting it, collecting it and using it safely
will enable the community to avoid preventable diseases. The water
instruction should be followed by others, such as, personal hygiene,
excreta disposal and, refuse collection and disposal.

CONCLUSION

Environmental Engineering Management in developing countries
greatly concerns the engineering methods for the improvement of the
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health of a community by the provision of safe drinking water and
proper sanitation appropriate for the local environment. Community
participation and health education are indispensable elements in the
evolution of environmental sanitation programmes especially in their
formulation, implementation, maintenance and administration.
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ENVIRONMENTAL HEALTH IMPACT ASSESSMENT: A REVIEW OF ITS .--TATUS
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INTRODUCTION

As development has increasingly been recognized as a cause of
serious health and ecological effects, 30 efforts have been made to
develop health Impact assessment (HIA) methodologies. Two fundamental
difficulties have been encountered. First, there is a lack of
epidemiological knowledge regarding dose-reponse relationships, and
second, existing health impact data may be confidential, hence
preventing the health component of environmental impact statements
(EISs) using or presenting morbidity or mortality projections. As
a result, the health component of EIA has been poorly develpped.
Environmental Health Impact Assessment (EHIA), can be seen as part
of the EIA process, since both are founded with similar objectives,
both have similar methods and techniques, and are faced with similar
difficulties. Present day abilities to identify and predict are
inadequate due to our limited understanding of ecological processes.
EHIA is, therefore, built upon weak foundations, added to this EHIA
has its own inherent difficulties which compound the problem. This
is not to say that EIA and EHIA should be abandoned until the tools
become available, since the knowledge gained by their present use,
if the constraints are recognized, will be vital in the development
of improved methods and techniques.

In order to resolve this situation the World Health Organization
(WHO) ha» Initiated numerous progràitaies whicii either provide funda-
mental dataor develop additional methodologies. For example, in 1973
iiJHO established the Environmental Health Cri teria programme to assess .
the health effects of pollution I M U ^ r , 1983>. WHO (Regional orfice
for Europe I haxe. »pina*oced.trailing activities acd-d«*»loped n«w

ÍBit, .1*80 *M WOT, í*83a aftd



The purpose of this paper is to highlight the need for
environmental health impact assessment (EHIA) by examining some of
the adverse health consequences of human actions, and to describe
the stages in EHIA pointing out some of the issuer surrounding the
various methods and techniques. Finally a review of the state of
the art of EHTA in relation to environmental ¡-¡eòlth factors will
precede a discussion of difficulties and future developments.

Before highlighting the need for EHIA, It is appropriate to
present a few definitions.

DEFINITIONS

Public health management consists of prevention and avoidance
of adverse effects on humans of biological, physical and chemical
agents. Prevention involves the control or human/environmental
interactions, consisting of both the physical ard social environments,
as well as the promotion of human well-being through Individual and
community behaviour. Primary prevention is strongly associated with
both resource management and pollution control. Avoidance consists
of organized community measures to remedy adverse effects after they
have occurred.

Environmental health factors are those environmental factors
recognized as having a strong health significance. Such factors are
not, per se, agenta of disease, however they may facilitate human
contact with infection. Sensitivities to environmental health factors
may vary from one individual to another. Groups of individuals at
greatest risk are termed "risk groups".

Exposure is the term given to the Intensity or duration of
contact between a human being and the disease agent or environmental
health factor.

Environmental health impact assessment (EHIA) - is the assess-
ment of the consequences of a proposed action for those environmental
health factors recognized as having direct or indirect health impact.
In addition, EHIA also Includes an assessment of the changes in human
exposure, both in tcttns of numbers-and intensity with due consideration
of the high risk groups.

ADVERSE HEALTH CONSEQUENCES OF HUMAN ACTIONS

Problems of urban poverty, unemployment, inadequate housing,
poorly developed urban infrastructure, rapid urbanization and
industrialization are well known. In developing countries, these
problems arc exacerbated by climate, rapid population growth and
the lack of resources to respond to the problems. Human and solid
wastes that are not properly disposed of pose a severe problem to
human health. Water supplies may be contaminated causing direct
health risks, economic loss and impairment of water and ecological. • '
quality which may also pose problems for downstream users. Industrial



wastes, often poorly controlled, are emitted, frequently next to
residential areas. Hazardous wastes, such as poisons, inflammable
materials, explosives, biologically active chemicals are often
disposed on land leadnig to actual or potential groundwater or land
contamination (Tabasaran1 et al., 1983).

Atmospheric emissions from industrial processes and transportation
networks contribute to increased levels of partlculates, hydrocarbons,
suphur dioxide and other pollutants. Some cities are more
susceptible to air pollution due to their physiographic and meteor-
ological characteristics. Deaths from lung cancer have been Increasing
with air pollution appearing to be a significant factor. The hazards
of air pollution have been well documented, for example, Doll (1978)
suggested that the higher incidence of lung cancer in urban areas
might be due to the presence of carcinogens and the effects of smoking.
Kamat et al., (19B0) found correlations between nitrogen dioxide,
sulphur dioxide and particulates with colds and coughs.

Inappropriate allocaton of urban land for development is an
important cause of environmental degradation. Development on steep'
slopes gives rise to soil erosion and the resulting sediment then
pollutes water courses, impedes drainage systems and frequently
Increases the probability and magnitud^ of flooding downstream. Urban
expansion into wetlands not only increases the risk of flooding, but
may also threaten the livelihood of dependent communities either by
increased contact with agents of disease or loss of a resource base
such as a fishery. Overcrowding results in social and health problems,
but improvements in medicine and greater awareness of disease vectors
to some extent counteract these effects by reducing the severity of
communicable epidemic diseases. The scale of urban health problems
in developing country cities can be indicated by Life expectancy data,
this figure is estimated to be about 53 years in developing countries
in contrast with 70-75 years in developed countries (Pearce, 1983).

While priorities in developing countries may be assigned to basic
sanitary measures and waste management, pollution control is a closely
related factor also requiring consideration. Indeed, WHO (1983c),
han established thi> specific objective of the protection of human
health from the adverse •••ffects of environmental pollution and other
environmen' .1 ha? ."Js. '.her specific objectives outlined in the
seventh (?f-iieral ; i• igrar- nf work (1984-1989) include the promotion
of human health throug1 • r •> support of member states in: .:

a) the provision of safe community water supply and sanitation; .
b) the recognition and control of environmental conditions and •

factors in rural and urban development and housing;
c) protection f-om vnsafe or potentially unsafe food through the

prevention •;•' h«-',rh hazards associated with microbiological
and chw : • '-¡mination and additives.
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Developing countries Suffer health burdens due to both poor levels
of health care provision and the nature of the development process
itself. In addition, the environment is often more fragile, either
because of climatic conditions or heavy population pressures. As
financial resources are limited, projects may be implemented hurriedly
without sufficient attention being paid to assessment, prevention and
mitigation of potentially adverse human health consequences. In
addition, the lack of finance may even prevent serious adverse health
impacts from being resolved. Careful, study of environmental health
considerations in the planning stages of development is crucial.
Prevention may, in fact, be the only option available. In order to
successfully Implement a process of prevention, a mechanism must be
developed which allows the rigorous identification of potentially
adverse health impacts. This is the purpose of environmental health
Impact assessment.

When countries balance expenditure on economic development against
public health investments, pollution control and environmental
protection have often been seen as secondary needs. It is important
to establish the reality of environmentally induced health hazards,
and that expenditure on EHIA does have an economic return. It is
difficult, but not Impossible, to quantify the costs of health effects
for example in terms of medical costs and working days lost. The
costs of preventive measures can be more readily established. World
Bank experience, since the early 1970's, has Indicated a prevention
cost usually between zero and 3 percent (Gushee and Abbasi, 1983).
Indeed, early consideration of environmental health factors in the
project planning stage can be achieved possibly at a very small cost.
It is important that the costs of corrective measures are also
estimated, since the costs of prevention have been found to be
considerably less than those of correction.

Schaefer (1983) identifies ten desirable national health policy
elements, one of which is a preventive stance (see table 1). As
noted earlier, it is vital that projects and programmes are evaluated
at the planning stage. It is even more crucial, however, that such
evaluation does not occur in a vacuum. EHIA should be performed
within the framework of more comprehensive reviews and projections
of environmental health trends, in order to avoid the errors that can
arise from incremental decision-making. For example, the cumulative
consequences of urban development upon the urban and supporting
agricultural and medical infrastructure must be given due consideration.
The application of EHIA, in an EIA context at a national development
plan level, could provide an opportunity to incorporate environmental
health and resource management policies, into the development process,
facilitating economic development without impairing public health or
environmental quality. Indeed, if some of the land use planning
techniques, such as overlay maps (see figure 1), were applied in the
national plans, then many environmental threats to human health might
be avoided and critical resources protected by the correct allocation
of development land. Such "up-front" environmental planning could



Table 1 National Health Policy Elements

1. Linkage of pollution control with socio-economic development
planning - public policy statements on pollution control should
clearly pronounce those health and social values to be considered
in the evaluation and decision-making processes.

2. Preventive Orientation - evaluation of projects and programmes
should seek to minimize health effects at the planning stage.

3. Relative benefits orientation - recognition of inter-relationships
between risk and cost and benefits during the assessment of
development activities.

A, Comprehensiveness - pollution control policies should cover
the full range of subjects pertinent to the country's situation.
Concern for the acute, and sub acute short term and long term
effects should be established within a priority scale for pollution
control prgrammes based on relative severity, available resources
and possible mitigating measures.

5. Basis for Co-ordination - pollution control policies must establish
objectives and rules for coordination of information, evaluation,
decision making and implementation.

b. Legal Structure and Process - policies may be expressed in law
and it is desirable to assure comprehensiveness and consistency.
Such laws should establish broad policy leaving subsequent
easily modified regulations to provide the details.

7. Structures for policy monitoring and change - an intersectoral
body to review and update policies in the light of development.

8. Role of health authorities - the role and responsibilities of the
national health authority in relation to pollution control should
be explicitly stated in national policies and in implementing
legislation.

9. Public Involvement - national policies depend for their motivation,
support and implementation on public opinion and co-operation,
consequently the development of needed attitudes and behaviours
requires public education in health and pollution control,

10. International Aspects - National pollution control policies must
address issues which are transboundary in nature such as where
nations share a common resources eg: river basin, and in terms of
international trade and the development of 'pollution havens'.

(Adapted from Schaefer, 1983)

OMLINSON



Final «nvironmtntol
oce»ptability map

— ecology

Hydrology

Moteorology ( precipitation,

Air quality

—-— Soils and vegotRîbï:

Writ! v i * ( ¡nduitry, minina
agriculture, ítc ._ )

ÁBStlUtlCS Wii
culfurãl i.xpoct

OtmoQrtjphy

Public lafaty ( txploilont,
arounHwater pollution,
oil ipilli, t ic )

," § r ,f' fi % y T̂opographical boM map

Figure 1, Schematic Representation of Overlay Mapping
(From Pearce, 1983)

save time and money required at the project planning stage. The
tiering of E1A and the accompanying EHIA is one mechanism to prevent
individual projects experiencing protracted delay due to EHIA
considerations. Tiering is the term given to the structured relation-
ship betwecii policy level environmental assessments and lower level
plan, programme and project assessments. Ideally, the higher level
assessments provide the wider framework for the more detailed and
specific lower level assessments. For example, an assessment of
urban development policy in relation to health may provide directives
Of¡ which détermine where Í M u a try may be safely situated ir¡ tenus of
potential hazards to health.



STAGES IN PROJECT EHIA . "

Over the years, a number of methods have been developed to
assist In the process of identification, prediction, assessment and
presentation of the findings and recommendations of impact studies,
such 'AS networks, matrices, weighting-scaling checklists etc. These
methods, with a little adaptation, are applicable to the needs of
EHIA, since it too seeks tc assess the consequences of actions on
environmental health factors. By such means It is possible to
estimate the potential changes in the health situation and then assess
these in terms of morbidity and mortality.

Project Screening

The first consideration in both the EIA and EHIA processes is
the determination of whether an assessment is required. This activity
is termed screening, since it screen.1., out those projects not requiring
consideration. Screening activities can he undertaken by a number of
possible methods, such as positive and negative lists, matrices or
checklists, Tomlinson (1984) provides a detailed account of screening
methods. The purpose of screening is not to present a detailed
investigation of potential impacts, but rather to provide an initial
investigation of what are often termed "red flags". Such red flags
provide ea^ly indications that environmental or health interests nay
be at risk.

Scoping is the terra given to the process of developing and selecting
alternatives to a proposed action and identifying the issues once
srreening has identified the actions needing an EHIA. Essentially
it is n procedure designed to establish the terms of reference of the
assessment. It's aims are;
a) to identify concerns and.issues requiring consideration,
b) to facilitate an efficient assessment process;
c) to enable those responsible for the assessment to properly brief

the study team on the alternatives and impacts to be considered
at different depths of analysis;

d) to provide an early opportunity for public comment;
e) to save on finance and time;

. Scoping is not a discrete exercise, and may well continue into
the planning and design stage as knowledge surrounding potential
impacts improves. A more detailed account of scoping may be found
in Tomlinson (Í982)!.
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Impact Identification '

There is generally considerable overlap between scoping and
impact identification, since scoping, out of necessity, involves some
degree of Impact Identification. It is useful to distinguish between
the words effect and impact. The former is used to describe a change
or unknown significance, while the latter is used to define a
significant change. The identification of possible effects arising
from an action requires a systematic consideration of development/
environment interactions. The word systematic is to be stressed, as
too often the obvious effects are identified only to overlook the
indirect effects or inter-relationships between effects. It is
important to also note that impact identification, although generally
regarded as the identification of adverse impacts, should also
Identify positive impacts arising from the action, as these may
out-weigh the negative ones.

The first stage in the Identification of effects is to determine
all the actions of the proposed development which may interact with
the environment, and in particular with the environmental health
factors. Checklists have been produced for various project types In
which the individual project actions are itemized (for example, see
table 2). •

The second stage requires the identification of the potential
effects from each of the project actions. Again checklists have been
prepared (for example, ERL, 1983, see Table 3 and World Bank, no date).
It is important not to use such checklists blindly, but rather to use
them as the basis for the particular assessment. All too frequently,
indirect impacts are overlooked, and in this context the use of
networks is a very, useful method (Bisset, 1983 and Canter, 1983).

During the identification of potential impacts other points require
consideration:
a) effects may be reversible or irreversible, repairable or not

repairable; •
b) effects may arise in the long or short term, they may be

continuous or temporary, and increase or decrease with time;
c) effects can be local, regional, national or global;
d) accidental or worst case analysis should be performed;
e) secondary development may be stimulated by the proposed project

which may in turn cause health concerns;
f) the activity may establish a precedent ultimately resulting in

greater environmental and health effects.



Table 2 Checklist of possible components of water resource
; aevelopment and Irrigation projects.

Construction Activity eg: temporary access routes and accommodation;
introduction and re-emigration of

immigrant workforce;
clearance of vegetation;
noise and dust.

Diversion of existing water courses.

Tunnelling. :

Construction of dams.

Inundation of land to create reservoirs.

Operation of spillways

Operation of hydro-electric power generation.

Construction and operation of irrigation and drainage channels.

Irrigation of land.

Changes in agricultural practices eg! crops; methods of cultivation;
intensity of cultivation.

Introduction or expansion of fisheries.

Relocation of contiriunities.

Provision of water supply, effluent and waste disposal facilities in
new and relocated communities and in temporary communities during
construction.

Provision of infrastructure for permanent and temporary communities
including: roads, jetties and other transport facilities; social
services; utilities.

Water resource management measures lncludlngi level control;
distribution of irrigation supplies.

Maintenance measures Including: pest control) channel clearance.

Measures for health protection: of construction workers; of residents.

(Adapted from ERL, 1983)
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Table 3 Checklist for Potential Health Impacts of Water Resource
and Irrigation Projects.

A. Direct Impacts on People In the Project Area:

1. Will new diseases or new strains of the disease be introduced
by immigrations of construction workers or new settlers?
Will these affect new settlers or residents or both?

2. Will relocated communities be exposed to locally endemic
diseases to which they have little or no immunity?

3. Will new settlers be exposed to locally endemic diseases to
which they have little or no immunity?

4. Will food, waste or water cycles aggravate sanitation and
disease problems?

5. Will housing and sanitary facilities become overburdened,
misused or not used at all, leading to conditions conducive
to increases in water washed diseases and spread of
communicable diseases by the facal-oral route?

6. Will soil and water be contaminated by excreta, facilitating
spread of communicable disease?

7. Will introduction of migrant workers cause increases in
venereal disease among workers and subsequently residents?

8. Will new settlers and relocated communities be exposed to
physical, social and cultural changes leading to psychological
strains and traumas? These may include changes in lifestyle
and employment.

9. Will changes in food supplies lead to possibilities of
malnutrition, nutritional deficiencies or toxic effects?

10. Will effluents and emissions, or substances released
intentionally into the environment (eg pesticides) pollute
air or water or soil presenting a threat to human health?

11. Will irrigation of fields increase opportunities for human
contact with water borne, water based and water related
disease?

12. Will traffic in the area, and therefore road accidents,
increase as a result of the development?

13. Will new industries and similar activities attracted to the
area by growth, result in pollution of air, soil or water
or noise, with subsequent impacts on human health?
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Table 3 (Contd)

B. Indirect Impacts Through Effects on Disease Vectors

V. Will new vectors be Introduced into the area from upstream
as a result of hydrologlcal changes?

2. Will new vectors be Introduced into the area on vehicles,
animals, transplanted plants, soil, etc?

3. Will existing vectors be infected or reinfected by contact
with Infected humana coming into the area?

h. Will the prevalence and distribution of existing infected
vectors be changed by .changes in the availability of suitable
habitats for breeding and survival?

C. Direct Impacts on Workers:

1. Will migrant workers be exposed to locally endemic disease
to which they have little or no immunity?

2. Will migrant workers be exposed to psychological strains and
traumas from changes in living and working conditions?

3. Will workers be exposed to physical threats to the safety
(injuries, deaths) or chemcial and physical hazards to health
(toxic substances, noise, vibration, radiation, high

• pressures, etc)?

4. Will workmen be particularly exposed to contact with water
and thus with water associated disçase during their work?

5. Will workmen be exposed to dangerous animals during their
work (snakes, scorpions, etc)?

6. Will adequate supplies of food be provided to prevent
malnutrition and minimise spread of disease (eg' by use of
itinerant food vendors)?

D. Impact of Health Services:

1 i Will health and other social services be overburdoned with
consequent effects on health of residents and workers?

(From: ERL, 1983)
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Impact Prediction

The objective of prediction is to determine the nature and
extent of the impacts arising from the development. This Information
IS then evaluated for its significance, and is used in the comparison
of alternatives generated from the scoping exercise in order to
determine the preferred alternative with regard to health and environ-
mental considerations. The degree of sophistication of the predictive
techniques employed should be relative to the information required.
Simplistic worst case predictions may suffice in the majority of
situations. If, however, expenditure on mitigation measures is
required then a more refined technique may be necessary. The specific
objectives of prediction are as follows:

a) to suggest how the environment - comprising both environmental
and environmental health factors - will be affected by the
project;

b) to indicate to environmental and habitat factors affecting
diseases:

c) to predict the effects of change in these factors or disease
vectors;

d) to predict the changes in exposure to health hazards;
e) to predict the consequences of changes in exposure on risk groups

In terms of mortality and morbidity.

Before predictive techniques can be applied, a number of items
of information are required, namely:
a) a description of the existing state of the physical, biological

and human environment;
b) a description of existing trends;
c) the availability of and access to predictive techniques;
d) adequate knowledge of the dose response relationships.

The basis of prediction is information. ERL (1983) presented
some information on ways of obtaining baseline Information for EHIA,
one of which was a questionnaire checklist (see table 4). While an
array of techniques has been created to predict the effects a project
may have on the environment, a number of difficulties arise, such as
uncertainty as to their appropriateness for less developed countries,
since they have generally been designed for a developed country
application. Nevertheless, an extensive range of predictive techniques
such as air pollution models, are being developed although their
application may be constrained by the lack of an adequate environmental
data bases.

Once the prediction of changes in environmental health factors
has been completed, the task becomes one of predicting how these
changes will influence disease vectors, toxins and pathogens etc.
The degree of health risk posed by environmental health factors is,
in part, influenced by the physio-chemical properties of the recipient
environment. The toxicity of a pollutant may be reduced by specific
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Table i* Checklist of Questions on Obtaining Baseline Information

1,- What are the major health problems current in the population,
what Is the level of infection and degree of resistance?

2. What are the environmental transmission pathways for existing
diseases?

3. What habitats are important for breeding and feeding of disease
organisms and vectors?

h. What are the life-cycles of important disease organisms and
vectors?

5. What are the numbers, locations and characteristics of existing
populations?

6. What existing information is available on local environmental
and social conditions?

7. What time-period and geographical coverage are necessary for a
survey of existing conditions to encompass important temporal
and spatial variations?

abiotic properties of one ecosystem, while an equivalent dose may
have potentially harmful effects in another (Babich and Stotzky, 1983),
'abl. 5, for example, gives a list of physio-chemical factors that
;an :'fect toxiclty. It is important to recognize the existance of
high risk groups when performing the predictive exercises.

Formal techniques for the prediction of health impacts are poorly
developed because of the lack of understanding and the large amount
of uncertainty associated with the local transmission and exposure
processes of environmental health factors causing ill health. The
use. of expert analysis is, therefore, necessary. Experience from
the nuclear industries has clarified our understanding; of pathway
models in which interconnnected sub models provide a mechanism for
assessing the pathways by which an environmental health hazard may
affect man (see figure 2 ) . The utility of such models lie in the
prediction of either exposure concentrations or body burdens (Vaughan,
1983). Pathway models can be applied in two ways. The first is
empirical, where measurements of concentrations in a real situation
can be taken at two distinct parts of the environmental pathway. The
data are used to develop a simple transfer factor that allows the
prediction of similar chemical transfers in another situation. The
second method of application relies upon laboratory generated data
being used to predict exposure concentrations. This is the principal
mechanism for estimating radiological doses (Vaughan, 1983).

T0ML1NS0N
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JiliiË'i' "Chemical factors of an environment that can affect
the i.oxiclty of pollutants

pH (acidity/alkalinity)
E/, (oxidation-reduction potential)
Aeration status (aerobic, microaeroblc, anaerobic)
Buffering capacity
Inorganic anionic composition
Inorganic cationic composition
Water content
Clay mineralogy . .
Hydrous metal oxides
Organic matter
Cation exchange capacity
Anion exchange capacity
Temperature
Solar radiation
Hydrostatic pressure
Osmotic pressure

(from: Babich and Stotzky, 1983)

Example of a Pathway Model (From: Vaughan, 1983)
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The next stage in the predictive exercise seeks to estimate
changes in exposure to the environmental health factors. This is
a complex activity, since not only is there a need Tor detailed
information on social attitudes, but also it is likely that the
social attitudes will be influenced by the project itself.

In order to estimate the health effects of changes in environ-
mental health factors, the ri-sk groups must be identified, enumerated
and located relative to the sources of adverse environmental health
factors. Health effects can then be estimated' by combining the
numbers of high risk persons, the degree of exposure to an environ-
mental health factor, and a measure of the physiological response to
that exposure. Those people with existing adverse health conditions
are often particularly sensitive to other agenta of disease, especially
when acute effects are being estimated. Unfortunately, cost generally
prevents the identification of direct dose-response patterns. The
alternative is to u.'je national preval once data adjusted to local
population characteristics. A number of techniques designed to
calculate prevalence rates are discussed by Farley (1978).

Epidemiological studies are required to provide the essential
information on the environmental dose-response relationships that
relate changes in disease rates and mortality rates to environmental
health factors. Attempts have begun In this direction, for example,
the paper by Ware et al., (1981) describes some of the studies under-
taken to quantify the effects of atmospheric sulphur oxides and
partlculates on health. Such studies have several important limit-
ations which should be noted before the data is applied to EHIA
predictions. These will be discussed later.

While some mathematical models are available to describe certain
water related diseases such as malaria, they are generally only
applicable to existing endemic diseases in specific environments.
Consequently, recourse must again be made to the health experts.

Assessment- ' / ' '

While the predictive phase of EHIA Is crucial to the entire
exercise, the interpretation and assessment of significance of the
predicted effects is equally important. In this exercise, many of
the EIA methods are applicable, some attempting to apply weighting
factors to the impacts in order to reflect their general importance.
While there are many papers and books on the general theme of
assessment methods (for example, Canter, 1977; Rau and Wooten, 1980),
and some in relation to developing countries, for example» the Interim
Mekong Committee, (1982 and Bisset, i--, press), the important issue
is the evaluation of the predicted e. t.s in terms of their
significance. It is not the functioi. the EIA or EHIA analyst to
determine the criteria of significance! that is the function of tire

TOMLINSON
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politician or decision maker. Instead, the analyst should interprete
•he guidance given by policy statements, seek clarification where
necessary, and apply these criteria together with expert analysis of
the situation. The analyst must then present the following Information
in the impact statement. This should include answers to the following
questions:
a) which risk groups are affected and in what way?
b) is the effect Immdiate or long term, temporary or permanent?
c) is the situation reversible?
d) would the effect be controversial?
e) how much confidence is placed in the prediction, how likely is

the event to occur?
f) would this establish a precedent?
g) are environmental and health standards and objectives being

threatened?
h) are mitigating measures available and how costly are they to

apply? The assessment should also address possible measures
designed to mitigate adverse effects and enhance beneficial
effects.

By the examination of these and other criteria the analyst is
able to categorize the predicted impacts into groups, depending upon
their relative importance. At this point a variety of EIA methods
are available to weight the significance of the predicted impacts,
such as scaling or weighting-scaling checklists. By similar methods
it is possible to evaluate the various alternatives to the proposed
action, including the no action alternative. Such numerical values
are mutliplied by a weighting factor In order to allow the totalling
of the individual impact scores and hence a simple numerical evaluation
of the alternatives. A number of problems exist with such methods
such as loss of information and possible failure to recognize red
flagged impacts in a particular alternative. A more detailed account
of the problems Is presented in the papers by Bisset (1978 and 1981).

Presentation of Results

The entire objective of the EIA and EHIA exercises is to provide
Information for use in the decision-making processes. In order to
do this effectively it Is important that the findings of the assess-
ment be conveyed in a useful manner.

The completed report or impact statement must present information
on the expected impacts of the proposed action. It Is essential that
the impact predictions should be clearly worded. Authors should be
careful in the use of words, such as may, might, would etc, which
either describe the probability of an event occurlng or the level of
confidence to be placed in the prediction.



17

The magnitude, spatial aspects and duration of the effects should
be recorded, as should the relationship the effect has with the
various risk groups, the decision-makers' attention should be drawn
to those impacts of critical importance. Finally, the methods of
prediction and assessment should be stated, as well as recommendations
for monitoring activities.

A number of EIA methods are available to present an initial
summary of the predicted Impacts such as a matrix with different
shading to represent the degree of significance. It is suggested
that the use of such visual aids greatly assists the decision-
maker by drawing his attention to the Important topics, while at
the same time providing an overview of the assessment.

Monitoring and Auditing .

Often in EIA studies, once a decision has been made on a
specific project, then the entire purpose of the EIA is believed
to have been fulfilled. Increasingly, this is being recognized
as a limited perspective, since the subject of a post-project
assessment provides a useful aid for future EIAs and EHIAs.

In the context of EHIA, monitoring can be appropriate at a
number of distinct levels. First, monitoring activities may be
designed to record changes in environmental health factors, such as
level of pollution. The monitoring of air pollution can provide a
timely warning of possible health hazards if an accepted relationship
between levels of pollutant exposure and health effects is known.
Unfortunately, such relationships often are not known. Thus health
protection through pollution monitoring alone may be ineffective.
Furthermore, pollutant monitoring provides only a partial basis for
determining whether health is being affected (Goldsmith, 1981). For
example, the intorduction of pollution into an unpolluted environment
may elicit physio-social responses such as anxiety or annoyance, which
may then aggravate disease. Waddlngton (1983) noted that there were
two special requirements for environmental monitoring in relation to
human health, namely:
a) it must involve the establishment of total body intake/dose;
b) it must provide information on pathways of agents of disease

with potential effects on man.
To overcome many of the weaknesses of conventional environmental
monitoring, a programme of epidemiologlcal monitoring should be
associated with those predicted impacts of greatest concern. Epidemio-
logical monitoring has been defined by Goldsmith (1981) as the
repetitive measurement or estimation of health effects of pollution
exposures in a population for the purpose of estimating, at the
earliest practical time, what needs exist to protect the health of
sensitive populations and to monitor the effectiveness of such
protective measures as may be implemented.

TOMLiNSON



Auditing forms the other component of post-project assessment.
Auditing is the term used to describe the action of evaluating the
actual performance of an aspect of the EHIA and EIA. While a variety
of audits can be identified (see Tomlinson and Atkinson, in press),
the audit of predictive techniques provides the greatest return in
term;; of improving the science of EHIA and EIA. For audits to be
successful, the differing levels of confidence in the predictive
techniques and the data Inputs should be documented. It is then
necessary to evaluate the predictions in order to determine whether
monitoring exercises would subsequently Improve their accuracy. The
concept of developing feedback loops for ETA has been lnvestlaged by
Aberdeen University, Scotland, and a number of papers describe its
value as well as the difficulties, (Bisset and Tomlinson, 1983,
Bisset, 1981 and UNECE, 1982).

THE FUTURE FOR EHIA; PROBLEMS AND POTENTIALS

EHIA, as the paper has outlined, has a number of very important
objectives to attain, and is consequently receiving major support from
the World Health Organization, United Nations Environment Programme,
and many other international and national organizations. This support
is showing itself in terms of training, information gathering
activities, advisory functions and the development of new techniques
to predict and manage the health effects of development.

A number of authors have suggested difficulties with EHIA,
especially in relation to the need for improved scientific knowledge
(De Werk Neal, 1978; Parke, 1983 and Cohen et al., 19R3). These are
listed below:
a) .problems in the identification of health hazards;
b) limitations of epidemiology)
c) inadequacies in basic biological knowledge in the understanding

of chemical toxiclty and environmental disease processes;
d) limitations of analytical methods;
e) lack of understanding of biological defence and activation

systems; '
f) lack of identification of many biological receptors which act

as targets for toxic reactions;
g) poor linkage between morbidity/mortality data and environmental

exposure;
h) determination of what levels of exposure the general population

may be exposed to without adverse health effects both at the
present time and in the future;

i) isolation of the consequences of exposure to one environmental
health factor from the effects of simultaneous exposure to many
other factors;

j) inability to control exposure levels, population mobility and
the difficulty in determining the history of previous exposure;
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k) long latency periods between exposure and disease obscuring
relationships between the two;

1) complexities in identifying exposure/disease relationships when
either a single environmental agent may contribute to a number
of disorders, or a single disorder may result from a combination
of agents.

It is clear from this paper that EHIA has undergone some important
developments, and that it is necessary and practical to commence its
widespread application. Equally, before the quality of science in
EHIA can be regarded as being satisfactory and the results from EHIA
provide an accurate basis for action, much more research and actual
application of EHIA methods is needed.
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TOXIC AND HAZARDOUS WASTE MANAGEMENT

FOR INDUSTRIAL USERS-PRACTICAL APPLICATION

.Ted T. T ó p o l s k i
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ABSTRACT

International industry is not only placed in a position of water
discharge controls by the government regulatory agencies but most are
caught in the catagory of being classified as hazardous waste gener-
ators.

Essentially this means the metal and chemical processing industry
is responsible for the hazardous and toxic waste at their fac i l i t y
from the "cradle to the grave". This Requires a planned program of
toxic and hazardous waste management.

The discussion of the paper wi l l cover management: of toxic
materials including PCB's and other organics in waste water streams
present at fac i l i t ies . Record keeping, -and the current impact of the
health monitoring regulations in the USA suggested for industry. PCB
destruction techniques, hazardous waste containment requirements and
suggestions, contingency plans, and concluding with transportation,
disposal, and fac i l i t ies available for providing assistance in disposal
Also, slide presentation and handouts wi l l be given.

The paper wi l l discuss ten (10) on-site environmental solutions
to containing industrial environmental problems; 1) Incineration
2) Solar Evaporation 3) Acid Neutralization 4) Chemical Fixation and
Chemical Treatment 5)"Reclamation 6) Deep Well Injection 7) Land
Farming 8) Consignment Burial - Secure Chemical Landfill 9) Chemical
Detoxification 10) Dewatering Sludges.
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INTRODUCTION

Many efforts has been made for the mathematical formulation of
biological wastewater treatment systems in the recent years. Such
systems constitute of very complex and interrelated physical,
chemical and biological phenomena, the mathematical formulation of
which require very often substantial simplifications as can be seen
by an examination of the publications in this field. Oversimplifica-
tion of the processes lead to robust models with simple mathematical
structures and solution procedures. On the other hand, such models
may be inadequate to reflect the intricate mechanisms involved in
cha treatment systems. In this study an effort has been made to
show that it is possible to construct models of increasing complexity
containing relevant features of kinetic and mass balance approaches,
which arc still mathematically tractable. As the basic variables of
the system wastewater flow .substrate concentration, microorganism
concentration and dissolved oxygen has been involved.

Activated sludge processes are among the major facilities
employed extensively for the treatment of wastewattir. The completely
mixed systems are modifications of activated sludge processes and
they consist of primary sedimentation, biological reactor and final
sedimentation, all of which operate interdependently with each other.
In certain cases, primary sedimentation may not be essential, thus
the process design and operation can be investigated only for the
biological reactor and the final sedimentation tank.

In the present, a dynamic mathematical approach is developed
for the biological reactor and the sedimentation tank, considering
the coupled relations between the two units. The differential ;
equations governing the phenomena may be solved numerically by
means of computer program. This model may be subjected Co varying
loads to observe the behaviour of the process and the effect of
varying parameters.



Since the proposed model emphasizes the dynamic behaviour of
completely mixed activated sludge processes, it gives more depend-
able results as compared to those of conventional steady-state
relations. The variation of input and output is also considered
so that decisions to be made through out the operation of the
system can be more realistic. Consequently, it becomes possible
to determine the effect of parameters wViich play a major role in the
reactions. Furthermore, the wastewater disposal standards for the
receiving environment may also be more realistically determined,
since the stochastic behaviour with respect to both quality and
quantity of the wastewater treated in the system can be analyzed.

The involvement of the dissolved oj/gen concentrations as a
variable into the model would furthermoie allow the employment of
this model, by energy optimization stutlic; ;; concerning wastewater
treatment systems.

MODEL DEVELOPMENT

Définition of -the System and Mass Balan Equations

In the present study, the system for which the model is develop-
ed consist of two units, namely the biological reactor and the sedi-
mentation tank as depicted in Figure 1 .

SUB MODEL I SUB MODEL II
1 - 1 I • V •' •

II i •

Effluent

rQ Recycle Sludge Q Excess Sludge

Figure 1 ! Schematic Representation of the Biological Waste-
water Treatment System

In the biological reactor, the substrate is consumed by micro-
organisms, and flocculated microorganisms are removed from the water
in the sedimentation tank. To maintain the sufficient microorganism
concentration in the biological reactor, a certain portion of the
settled sludge is recycled from the bottom of the sedimentation tank
back to biological reactor.



The proposed model is composed of two sub-models, one for the
biological reactor and the other for the. sedimentation tank. The
processes oecuring in two units of the system are completely
different from each other; yet the units operate inter-dependently.
In the biological reactor, the modified Monod function which
considers both substrate and dissolved oxygen as limiting factors
for the biological growth; and in the sedimentation Cank, the Wai lis
equation which describes the drift flux are used as empirical rela-
tionships to define the phenomena besides the coneeptional mass
balance approaches (Alpaslan, 1983 and 1984). To develop the
model of the system, it is necessary to define the "state vectors"
at the intersection of channels and/or at the units of the system
subject to input and output. Such a st.ite vector may be defined as:

(Q<)]
D -Js(t)> CD

where for a certain time t, Q(t) represents the flow, S(t), the
substrate concentration, X(t), the microorganism concentration
(expressed as MI.SS or MLVSS cone.) and C(t) dissolved oxygen concen-
tration. The boundary condition for the state vector may be defined
as:

. (2)

which actually describes the inp.it of the system. To obtain the state
vectors at all critical poinrs, the values of Q(t), S(t), X(t) and
C(t) have to be calculated. 1;his can be achieved by developing the
mass balance equations at those points. A general description of a
ma3S balance relationship may be expressed as:

Accumulation = Input - Output + Production - Decay (3)

Considering the above relation together with Figure 1, the mass
balance equations for Q, S, X and C can be written at respi-ctive
points of the system as shown in the lequel:

a) Mass balance at point A :

q : Q*Qr - (l*r)Q (4)

S : QSo+ QrS1 = (l+rXJSj , (5)

X : Q X s (l*r)QXi (6)

C : QfC1 s (l*r)QCi (7)

b) Mass balance around the biological reactor :

Q : ( 1 T ) Q - U+r)Q (8)

USLU



S: V —^- -~ U*r)QS. _ (ltr)QS1
dt * Y

dX
X: V —±- s (1+OQX. - (l*r)QXlT V p — — . — . X^Vk.X, (10)

dt L * i d 1

dC
C: V — — s (lrr)QC -(UrXJC.* V a k (BC -C )-

Y K t S , K TC, r l

3 1 C 1

where V is the maxsiitiiim specific growth rate, K , the saturation
constant, Y, growth yield coefficient, k,, the specific decay rate,
r*, recirculation ratio V volume of tht biological reactor, y , amount
of consumed oxygen per unit substrate reiMV-i1 , C , saturation concen-
tration of pure water under ambient conditions, a , correction factor
for aeration coefficient for uastewater, k,, aeration coefficient of
the system for clean water,g , Correction tactor for the saturation
concentration for wastewater, k , oxygen consumption per unit mass
of microorganism by endogcneous respiration.

tt is assumed that no biological reactions will take place in
the sedimentation tank. As a consequence of this assumption and the
relatively small magnitudes of the first and second terms of the
right hand side of the eq. 11 in classical activated sludge systems,
these terms will be neglected in further development of the mathema-
tical model. Thus eq. 11 simplifies to

dC V S C
V a V « k tpC.-C )-Y $ ~ . ^ — xi

dt Y K *S Kc*Cl

- kre Xl V

c) Mass balance at the sedimentation tank :

Q : (lfr)Q = rQ+C^ + (Q-QJ (13)

S : U-'TVQS. S rQS.fO ST + CQ-O ÎS,

(rQ+0 )X '(Q-^X^ • I V ~ (15)
^ r . e k=l Sk dt

The last term of Eq. 15 defines the change of microorganism
concentration in the sedimentation tank. For modelling purposes,



che sedimentation tank is divided into N horizontal layers each
with a volume of V

sk

Modelling of the Biological Reactor

A careful examination of the mass balance equations, derived
in the previous section, reveals that Q, Q and Q are the known,
whereas s., S., X^, X , Xe and C^ are the

runknown values.

The derivatives dS./dt, dX,/dt and dC,/dt can be expressed
as finite differences.

(16)

(17)

(18)

dt J At

where t is a time interval and j denotes the time step. By substi-
tuting Eq, 16, 17, 18 into ¿qs. 9, 10,12 and after some algebraic
manipulations one obtains the following relationships for S, X,
and C.

d s l

dt

d X l

d t

dCi

J

J

4

4

At

- x-""1
X l

At

- 4'1

for Si

V
s c ,. c 1 c

{ -X- K K ~ K SÍ~1 - K Q-V •»• K K
. C C 1 C 8 C

f . K SÍ l -K Q-'sJ } Ce T ( •-— K +K Q* } (s|) 2 +
¿ » 1 - . o •. At c c 1

{ J L K - J L s f 1 - QJSJ , . K QJ} SJ CJ * (19)
A't 8 At X o s 1 1

l l
At

V

At

USLU
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for X :

J L xj"1- rJQJXJ} s{c{ *{JL K *K (l^r^Q^K Vk.)
At At s

— * (l^r^Q^-VÎ * V k }SJXJCJ = J L K K %\'\ K K
At d U 1

 4 t
 s c l B c

7;

T^- K + Va
At

(20)

™_ K » -JÍ - CJ~ - Va k 0 Ĉ  -, Va k K } S^C^
At At L ¿ ¿ c i, I

k r e V Ks } x]cj T{ —-- + In k 2 ) s j (C{)2

— ÎJT k V} S-;X-'Ĉ  = J L K K cf'1-!- Vu V J C K K„ re 111 , scl ¿ s a c
Y Ai"

The relationships 19, 20 and_21 constitute a nonlinear system
of equations for the unknowns SJ ,X.) and ci which can formally be
expressed as

(.(S-'.X^.C3) « b. 1 = 1, 2, 3 (72)

A Taylor serie:; expansion of the left hand side of eq. 22 up
to and including the linear terms is

j..iS', X-\ C J) *1 . ': . . en)
3f./ 3SJ) ASJ i- (, 3f./3,XJ) AXj * Ï3f./3Cj) ACJ

I- - T W ' / "-71 •• — ^ \J A * f
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Starting with an.approximation (SJ, XJ, CJ) at: an iteration
step, the changes (A£J, ¿XJ, ACJ) can thus be obtained by substitut-
ing eq. 23 into 22 .

Ofi/3S-
i) AS"* i- (3íi/3X

j) ¿X^tO^/aC^AcU b^f^S-'.X-',^) (24)íi/

eq. 24 is linear with respect to the increments AS J, ÛXJ and~ACJ.
The iterative solution of this system with

S-> = Sj + AS j (25)

Xj - Xj + ÛXj (26)

Cj . Cj -r ACj (27)

at each iteration step yields the solution of the original system
(Eg. 22). The iterations are terminated when,

(AsV * (AxV * (AC-*)2 <, e (28)

where Eis a specified positive upper bound for numerical accuracy.

However, to determine the SÍ, Xj and C^ with the procedure
mentioned above, XJ have to bo given to the codel as input. On the
other hand X-' occurs after the Xj , i.e., first XJ enters the sedimen-
tation tank rand settles. The concentration at the bottom of the tank,
then becomes X-', Therefore, it is ner.essnry to solve the unknown
"alues by an iterative procedure, using the sub-models for both biolo-
gical reactor and the sedimentation tank. In other words, there exists
an iteration cyi.-.le for the determination of XJ for all time steps
tj= 1. 2 ). r

Modelling of the Sedimentation Tank • , , • '

In the sedimentation tank, the subsidence of particles is
hindered by the large volumetric concentration of solids, so that'
deviations from Stckesian settling occurs. Tin; Extent of these
deviations depeno..' upon the limiting solid-rlux at a certain section
of I he tank (Us)ti, 198'.?). Therefore, the sedimentation sub-model is
based on the conct;>t of drift-flux and considers the hindered and
floc.culent nature oí thi: settling particles. In the model, drift-flux
is represented by the relationship developed l>y Wallis as given below
(Wallis, 1.969).

0 - Sa <l-a)n (29)

where 0 represents drift-flux, S, the settling velocity of particles
foi. infinita dilution: a ; the volumetric concentration of particles;
and n the Wallis coeffirient:.

In thi a study, the sedimentation tank is '.ssurocd to have a
circular layout with a conical cross-section.'For modelling purposes,
two different iones in the tank is assumed, namely the one "above
the feed plane" and the other "below the feed plane". Furthermore,
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two bouml^ryionditions, that may be referred to as the "upper
boundary".iml the "foud plane" are introduced. The equations of the
model an; derived separately for those parts of the tank as sum-
marized below:

a) Zone above the feed plane :

For this zone, a control volume representing a horizontal
layer of thickness dz at depth z¿ is considered, «here i denotes
the number of t>he layer as seen in Figure 2.

CONTROL

V i

VOLUME

V l

A i

Figure 2 : Control volume for the derivation of the
"above the feed plane" equations.

In the figure, A{ is the area at depth z^, and Q, the bulk
flow of the slurry. The volumetric balance for inflowing and out-
flowing solids may then be expressed as :

i
vi

(30)

at

where j-1 represents the time steps at which the values are known,
and j, the steps where they are unknown. Introducing finite diffe-
rences the right hand side of the above equation may be written as:

Vi
(31)

If eq. 30 is arranged by considering eq,3l , the following
expression may be obtained :

(32)

b) Zone below the feed plane

The control volume delineating the inflowing and the outflow-
ing slurry for this zone is shown in Figure 3. The volumetric
balance equations infinité difference form for this control volume
may be written as :



V. . V. . .

At 1 l At *

CONTROL VOLUME, a., A¿

I, rQa.

Figure 3 : Control volume for the derivation of the
"below the feed plane" equation».

c) Upper boundary (i»l) condition :

At the upperiboundary, the effluent overflows from the sedi-
mentation tank with a volumetric concentration of a,, and solids
leave this layer with the settling rate of A ^ , as shown in
Figure 4.

CONTROL VOLUME,

Qo,

Figure 4 : Control volume for the derivation of the
"upper boundary" condition equations.

The volumetric balance equation for this boundary condition
may be written as follows :

V V

1
<QJ

At

V
—
At

(34)

d) Feed plane (idn) condition :

Since the tank is assumed to be of a central feed type, the
inflow enters the control volume with a volumetric solid concentra-
tion ofi , at a rate of (l*r)Q. The outflow rates and concentra-
tions may then be described as in Figure 5,
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m-1

(l+r)Qa CONTROL VOLUME, A ,a
m' m

Figure 5 : Control volume for the derivation of the
"feed plane" boundary condition.

According to Figure 5 the volumetric balance may be written

as .:

. V . V •_! j ^j

m-1 m A t m m m ût m

A careful examination of Eqs. 32, 33, 34. and 35 indicates
that, Che left hand sides of the mentioned equations contain only
the unknown values of a1. It should be noted that the drift-flux
(jj is also a function of aJ (see Eq. 29) and therefore, only the
•' may be considered as unknown values. Using.a Newton-Raphson
Tocedure the solution of aJ, and therefore 0J can be ar-hived.

CONCLUSION

With respect to input, output and reactions taking place
within the system, Che completely mixed systems reflect a dynamic
character, that is, they are usually subjected to loadings which
vary with time, and consequently, they exhibit a time virying
response. In the design of these facilities carried out so far,
this fact, although recognized, has been generally ignored or
neglected. The conventional approach has been to define the steady
state or the average loading conditions of the system through
semi-empirical relations. Operating policy and process control are
also dealt with in an empirical manner, and both Che flexibility
and the efficiency of operation have often used to be a function
of operator ingenuity (OtU and Bogan, 1971).

By developing a dynamic model of the system the above men-
tioned limitations may be eliminated or at least may be decreased
to Che minimum level. With such a model, it will be possible to
observe the response of the system to varying inputs, operating
policies and process controls within a short period of time.
Thus, decisions for both design and operation may be made on a
much more realistic basis.



Il

In chis study a mnthomatici 1 representation of a biological
wastewater treatment system is elaborated emphasi zing the inherent
dynamic nature [if such systems, iiesidos the conventional substrate
and microorganísm balances the dissolved oxygen fias been involved
as a main state variable into the system. It is thus possible to
utulize this nwdel in energy economy considerations.
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EDUCATIONAL AND MAN-POWER REQUIREMENT FOR ENVIRONMENTAL

POLLUTION CONTROL. LEGISLATION

Orhan Us lu
Ayscn Müezzinoglu

Dokuz Eylül Univ. Fac. of Eng. and Arch,
Env, Eng. Dept, Bornova-tzmir-Turkey

INTRODUCTION

R;it(?s of exploitation of natural resources as well ¡is environ-

mental pollution dut: to waste disposal both have very serious

dimensions in Turkey. Population growth rate which could not have

been ili'i'tt'ascd in spite of widespread control programs fill over

the country and moreover flic urbanization pattern add to the serious-

ness of resource exploitation and pollution problems. Nationel

"development" which aims at tha public welfare create all these

problems. Another group of side-effects of "development" which dete-

riorates the quality of life is the problems related wit-h water and

wasti'watcr management as well as other municipal and industrial

Infrastructures. Various environmental problems taking part in these

thru, basic groups are in contradiction with the basic principle nut

forth by the 1982 Constitution, Article No. 56 which translates

"every citizen has the right to live in a healthful and well-balanced

environment. It is the duty of both the state and the citizens to

develop tin; environment, Lu protect the environmental health and to

prevent environmental pollution".

As can lie understood from this principle the slate hold respon-

sible all concerned including itself, people and establishments in

order to avoid these contradictions In parallel with Article 56 of

1982 constitution, an "Environment Law" has been passed by the

Parliament on 11 August 198Í. With this low a legal framework, for

preparing a valid environmental policy to protect and solve problems

of pollution. It is hoped that with the help of this legal framework

modern envi ronmenta 1 science and teehnoLogoy, social and leg.il

adjustments can be adapted in Turkey, Environment law foresees a

numher of regulat ions to be issued within one year to cover policy

requirements and environmental standards.

Preparation, issuing, application and inspection of these

regulations which are the essential elements of the Environment Law,

as well as developing environmental protection techniques, prujeei



ili'sÍK" and operating the waste treatment plants tü be made effective
under ttiis Law require qualified manpower of different professional
backgrounds such as, engineers, lawyers, ship crew, treatment plant
operators, laboratory technicians, etc. This manpower requirement
has been investigate mainly in view of the professional approaches
and what needs to be done for the regulations to be issued.

Due to the multi-discihlinary character of the environmental
issues, many different professionals are to briny about their own
professions, methodologies and they must be combined to solve the
environmental problems. That is why eacli group of different pro-
fessions claim that it is their responsibility to deal with the
environment and no other group can solve such problems. This pro-
fessional shovenizm is further elaborated by bureaucratie practices
and becomes a dangerous draw-back in the solution of environmental
problems. Solution, however, lies in the togetherness of difieront
groups of experts specially qualified for environmental matters
coming from a diversity of professions.

2. REGULATIONS TO BE ISSUED ACCORDING TO THE ENVIRONMENT LAW
AND PREVIOUS LEGAL STATUS

Until the Environment Law of August 1981, environmental prob-
lems were dealt wiih a large number of laws and regulations giving
the power to various governmental bodies. The number of laws per-
taining directly or indirectly to the environment has been found
to be 118 and in Table 1.they are classified according to their
subjects. Moreover it has been found that 38 regulations have
environmental implications but have not been mentioned in Table 1.

Table 1 . Legal act,s pertaining directly or indirectly
to the environment (Ural, 1981 ; Altaian, 1983)

Subject Number of Laws

Land and Soil usage 33

Protection of natural and historical
environments 33

Water, water usage and pollution 22

Energy production and usage 8

General environmental issues 7

Traffic ,ind noise 6

Air pollution 4

Solid wastes '.i

Pesti-cidcs 2

TOTAL 118



Besides thcsi; summarized above, Knviroiiiiient I-aw i» .111 inceg-
r¿iti"K legaL framework ¿imi must be followed by several now reguta-
tioi's summarized in Table 2. In this table topics to be ik';ilt with
as we 11 as the reference article number have been indicated.

Table 2. Regulations to be issued until August 1984 according^
to Environment Law (Act No:2872)

Article No Subject of the Regulation

8 Abatement against pollution (Media
Standards and waste disposal methods)

9 Environment protection zones and their
management

10 Environmental impact assessment
methodologies and application

11 Techniques to be involved in effluent
discharge and waste disposal, techno-
logical advancements, alternative»
and efficiencies

12 Inspection of treatment and disposal

13 Production, importation, transport,
storage and consumption of persistent
chemicals

14 Noise abatement and stanlards

15 Methods of legal action against
polluters to be followed by local
administrators

17 Income and usage of environment fund

2k Penalties for ships and other sea
vehicles

MANPOWER REQUIREMENTS OF THE NEW ENVIRONMENTAL LEGISLATION

To fulfill the new duties given to the state and the public
by the new Environment Law, manpower duely educated to alleviate
with environmental problems roust be planned. Experiences have
shown in the past that the most important element in environmental
management has been qualified manpower sufficient in number to
detect and solve problems. For example, this has been one of the
most important reasons why "Water Products Law" Reg. 3 has not
been e very successful achievement for water quality management.
That is wily we think that extensive education programs at several
levels is a necessity to put Environment Law into action.

Tn this port of the paper manpower potential rei|ui nimnCs has
been qualitatively discussed for this purpose. ÜI e.'irce, unless
the categories of manpower necessary for implications >f LCiwiron-
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ni.in Law are descrihed also by the number of people needed educa-
tion planning is not complete. But given the data and information
¡it li.-niil, qualitative description is as far as out; can go lor the
C i me he ing.

Qualifications 11 f Manpower Required for a Hood Environmental

Management:

In order to prepare and conduct a good environmental manage-
ment plarij usually many experts from different professions or
groups of professions are required must come together and work in
harmony. In parallel with the new Environment Law an Environmental
Management program must combine engineering, basic sciences, medi-
cal sciences, economics, social sciences, law, etc..

Data Collection and Evaluation for the Environment

In order to prepare a valid environmental management program,
it must ba based on a comprehensive data base. In order to do that
one must continuously monitor, record, evaluate and publish environ"
mental indicators such as physical, ecological, social, economic
and aesthetic, parameters. As an example pollution and resource
exploitation can be shown as good physical indicators and ecological
stability as another good indicator for ecological quality.

To obtain such relevant information a group of experts is
necessary as well as suitable laboratories and similar facilities.
Data collodion also requires application of a good coordinating
program. Coordination is especially important in this phase because
of the danger of possible duplicate studies. On the other hand lack
of data is on of the causes of unresolved environmental problems.
For usable data generation a group of qualified technicians is also
very important.

Evaluation of collected environmental data is a good step
forward iu dvl'ining the environmental quality, in setting, environ"
mental, standards in preparing pollution abatement plans and their
inspection.

Environmental Impact Assessment, EIA

In principle, projects aiming at social development must be
discussed in view of the general acceptability <is far as environ-
mental values are concerned and they must be permitted for an
environmentally sound and use, resource exploitation, production
technology, etc. This need is put forward by the Environment Law
and a decree must be. prepared to describe the workability of the
ET.A. At Lhe same time the Law states in favor of the "pol luter
pays" principle, thus mentioning the responsibility of polluters
for measures aiming at prevention of pollution. Only with the
condition that if these persons can prove they have taken all
précautions to prevent pollution, they can be freed of legal
charges. At the project stage an KTA report is required from its
owner, which will help estimate the probable effects of this



activity upon the environment, when different practices of other
countries are taken into view it is seen that the EIA-report can
only lie helpful if it is prepared and evaluated by qualified
professionals.

Decision-makers are well aware of the need of a standard
guideline for evaluating environmental effects of development
projects. By ETA^method screening the alternative projects tan be
mude on an environmentaly sound basis, by taking into considera-
tion the location and technology involved in each alternat i ve.
E1A requires a group of workers essentially coming from a
diversity of professions so that the report covers all project
components in relation to their effects on all environmental
indicators. It alsu requires a homogenizing effort to put the ^
different approaches of these experts into one single logical
approach. .Synthesis of the outputs of these different professions
is a difficult job and special knowledge and experience is needed
for homogonip.at ion. Especially at this stage experts that can see
the problems on a mak.ro level and at. the same time can go into
details of the projects are to be appointed for this synthesis
work. Obviously personal abilities are of importune-e luit an
engineering bacground with special emphasis to the environment is
a minimum education requirement, for this ETA managers.

Engineering Services

Until now the importance of multi-professional team work and
conceptualizing the environmental problems at a makro level have
been largely emphasized. But as in all engineering applications,
environmental technology requires a detailed work from a group
of engineers related with it, Required Environmental Engineering
services can be grouppt-d into three categories as fol Lows ;

Planning engineer : Planning engineer bridges between the
general environmental politics and detail generating field or
project engineer. That type of a job requires a good environmental
engineering bacground along with a basic experience in planning.

Project engineer : To treat the environmental pollutants, to
dispose them in an appi'oable way and to make them less objeottion-
able to the environment suitable technological appl icati otis must
be made in projects. Water supply and sewerage system design,
treatmeYit of domestic and industrial waters and waste-waters
disposal of solid wastes reduction of air pollutant emissions
require specific project that must be prepared down to very minor
details. Technological advancement in their countries with respect
to these engineering areas must be followed anil ¡v.iluated for
suitability in this country. Such environmental engineering appli-
cations require a specialized group of educated and trained man-
power. Tt is interesting to note that among the environmental
engineering bureaus newly being establi shed in this country. Some
are made up of chemical, mechanical, even agricultural engineers.

Due to the multi-disciplinary character of the environment
oriented projects several major engineering fields must find
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their specific share in these technologies such as civil, chemical,
mechanical, electrical, electronic, computer, etc. For example in
wastewater treatment plant design, prestressed concrete structures
will make a good field of interest for a civil engineer; mechanical
equipment selection and design for a mechanical engineer, corrosion
control for a chemical engineer, automation and even micro-processor
control, systems for an electronic engineer etc. are important topics
that requires special experienced engineers coming from these fields.

Operating engineer *. Plants aiming at protecting the environ-
ment must be operated under the responsibility of engineers speci
specially trained for the plant and for the environment. It might
be understood from the discussions above, that such plants might
be a complex one and usually requires attention of an expert
engineer for efficient operation. Therefore operating engineer must
he c.'ip.'tlili.' of running the plant smoothly and continuously am) at
the same time he must know what to do when adverse conditions occur.
In this country very few treatment plants are in operation, yet, and
they are not run by environmental engineers. That is why even these
few plants no matter how expensive they have been, how much foreign
expertise and know-how have been transferred for their erection are
not in good working conditions. Only knowledgeable and specially
trained operating personnel must be involved in these plants.

Environmental technology is being produced in this country,
ton, but its success largely will depend on specially trained
operators and operating engineers,

Inspt't1.L ion

Along with the Environmental Health inspection services
connected with the Ministry of Health and the municipalities, an
inspection mechanism must be established in order to implement
successfully the Environment Law and its regulations and decrees.
Municipalities which might have been considered good focal points
for all the environmental inspection services are not, however,
equipped with "environmental protection and pollution prevention"
units. If well established units can be founded for langer munici-
palities and if these unit can employ qualified environmental
engineers, technicians and inspectors, municipalities can be good
focal points for environmental inspection, indeed. Thus, the
environment inspection teams can be utilized for local, data
collection and evaluation, which is a good starting point for
successful environmental management (Engin, 1982). Of course it
might, still be discussed if the municipalities can constitute
good focal points for inspection work, liut we think that in order
to base local programs on real data, inspection must be planned
at the urban planning - engineering foregrounds. Thus municipal -
¡nfrestructure engineers and architects specially experienced in
environmental problems must lie held responsible J'or local inspec-
tion programs. Inspector and technician level manpower must also
be sufficient for this duty both by qualities and quantities.



RESULTS

Planning of manpower which is required by legislative rogula-
t ions ami the odncacion.il program adjustments which slioulil In1

achieved under this plan are expressed above. In our opinion, in
Oie educational programs of professional disciplines which aro
related t-o environmental issues, a similarity ,imong the offered
courses should bf! provided to enable the educated poop If who
specializes in different fields, imdcrst.-ind each otlifr. These
[•lasses may be more than one in proper professions and if it is
needed it may be altered into an optional education program. On
the other hand, in this spectrum of disciplines, there are only
quite a few number of professions which cover the solutions of
environmental problems. Environmental engineering is on the first
line among them. We think that solutions to the environmental
problems should be looked for from the platform of ongineering.
Since, most «f the problems arise from technological applications,
engineering provisions are necessary. On the other hand, environ-
ment ill engineering program should based on considering multi -
disciplinary character of the matter. Because of this reason,
environmental engineering undergraduate program which based on
fundamental engineering courses is overloaded. This program is
modified by different environmental engineering departments which
exist in the country, but all of these departments seem locking
of planning and management functions compared to projet: t i ng duties.
It is possible to discuss the availability of couple of courses
which ¡ire taken into the program such as urban planning, environ-
mental management, environmental law, to meet the country's needs.
Hut, it is known quantitatively that this type of courses which
provide broad horizons are difficult to be offered more than the
present situation. On the other hand, employment problems do not
let the environmental engineering to be disintegrated partieulary
from (• i v i 1 engineering. For example, environmental engineers do
not have a unity to establish a chamber yet. liecause of this
reason, graduated environmental engineers Iiave to join civil
engineering chamber to have the right to .sign on the projects.
Minimum requirements of standard educational program of Civil
[Engineering which is approved by higher educational council are
provided to keep this right.

Consequent 1 y, despite many researchers who claim the hazards
and negative points of rapid improvement and having responsibility
of environmental engineering on the solutions to the environmental
problems of the country, (Ar and Kuleli, ]983) this discipline is
tile easiest professional branch to be shaped into the desired
multi-disciplinary environmental approach. Although, required and
elective courses whihe would satisfy an engineering student quali-
tatively, should be taken into educational programs as much as
possible. If this goal is met, an environmental engineer may play
a key role arming the other specialists who put their own efforts
into the field, unless he or she grasps hasies of the necessary
mechanisms of multi-disciplinary environmental management approach
such .is technics, planning, education, fundament ;i I science, medí cal
science, law. Perhaps, it should be stressed the importance of
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personal skill and talents of tlic engineers who uill take this
duty, T.n addition, like in any other profession, an on site work
is necessary in environmental engineering. The other professional
groups which will take duty on environmental management should take
take simiLir environmental courses and if it is possible, after
finishing environmental options, they should be hired.

Special emphasis should be given to deve lope technical man-
power and during the studies a coordination among them should be
ma i n t ;) i n ed,
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SAVING IN ENERGY AND MATERIALS BY DOSING SPENT ALUMINIUM

ANODISING BATHS IN SEWAGE TREATMENT PLANTS

Dirk Wilms, Bambang Purwanto, André Van Haute

Katholieke Universiteit Leuven
Institute of Industrial Chemistry
de Croylaan 2, 3030 Heverlee, Belgium

INTRODUCTION

The addition of low doses of aluminium salts (5 to 20gAl/m )
to the wastewater at the inlet into the primary clarifier results
in an enhanced settling of suspended solids, in an important
removal of phosphates by precipitation as A1PO¿ and even in a
lowering of the concentration of dissolved organic matter by
adsorption on the floes of aluminium hydroxide. As a consequence,
the sludge loading in the biological stage is lowered which
results in an improved quality of the effluent and, more important,
in a reduced energy consumption for aeration. These advantages
are, however, impaired somewhat by the production of higher
quantities of waste sludge that have to be treated and disposed
of. The aluminium compounds most used in the flocculation of
wastewater are AI2 (804)3 ant* NaA102 . For wastewater treatment,
those compounds need not to be pure products, as long as the
impurities do not have an influence upon the treatment or on the
quality of the effluent.

The baths used for pickling and anodising of aluminium sur-
faces are particularly interesting in this respect, since they
contain relatively high concentrations of aluminium salts, have
an almost constant composition and are on their own a waste
product that has to be treated before disposal (neutralization
and dewatering of the precipitated A1(OH)3),

In Belgium there are more than 70 rather small anodising
factories. The treatment of the spent baths is, in the light of
the small scale of the works, very expensive. Therefore, it is



.m important advantage that these baths can be applied directly,
without any special pretreacment, to the primary flocculation of
wustewater in a nearby plane where domestic wastewater is treated.

The average characteristics of those spent baths are :

Pickling bath Anodising bath

A12(SO4)3 (g Al3+/m3) 13 - 18
NaA102 (g Al3+/m3) 3 0 - 8 0
Density (g/ml) 1.13 - 1.35 1.17 - 1.19
pH 11.S - 12.2 0.19 - 0.24
H2SO4 (g/l) 170 - 195
NaOH (g/1) 45 - 150

The feasability and the optimal conditions (dosis, pH of
flocculation, composition of the mixture of aluminium salts) for
primary flocculation of domestic wastewater have been studied as
a first stage in a number of jar tests and in a series of
continuous runs on a pilot plant scale (Alaerts et al., 1982 [1|).
From these experimental results and from e onomical considerations
(Alaerts et al., 1982 [21> it was conclude, that the optimal Al 3 +

dosis was about 10 g/m-\ and that if an appropriate mixture of
acid aluminium sulphate and alkaline sodium aluminate was used,
there was no need to correct pH, which is advantageous in
practice.

To test these optimum conditions on a full scale, a sewage
treatment plant has been searched that can easily be adapted in
such a way that the whole treatment is splitted up in two equal
parallel parts : one half of the installations would work in
the classical way, whereas in the other half the normal pre-
sedimentat ion sta^c would incorporate a flocculation step.

In cooperation with the engineering office De Koninckx, N.V.,
of Antwerp, which also designed the necessary adaptations, the
sewage treatment station "Schijnpoort" in Antwerp was chosen.
This treatment plant has a design capacity of 325,000 p.e. ; the
actual BOD-load is 365,000 p.e., whereas the hydraulic load has
increased in time to 600,000 p.e. or 90,000 m3/day.

The conventional system consists of a presettling, biological
treatment with activated sludge and aeration by mammouth rotors.
The waste activated sludge is added to the incoming sewage so that
it is withdrawn together with the primary .. ilids. The mixed waste
sludge is thickened, digested anaerobically, press-filtered and
inc inerated,



During the runs, that lasted almost two months, the concen-
trated solutions of recuperated aluminium sulphate and sodium
alumínate were pumped from two 25 m^ containers by two metering
pumps to the inlet channel before the primary settling tanks of
one half of the plant. As the pumping rate was made proportional
Co the incoming flou, a constant dosis of 10 g Al^+/m3 wastewater
has been applied during the whole experimental period, and a
constant composition of 60 mol X AI2 (304)3 a n d ^° ""^ ?• NaA102
has been installed.

The impact of dosing Al^+ salts on the treatment efficiency
could bu evai.ujl.ed by comparing the quality, of the primary and
secondary effluent in both parts of the plant. Therefore 24-h
mixed samples have been taken daily on 5 points : one sample of
the incoming sewage (common for the two parts of the plant) and
seperately for both parts a sample of the effluent after primary
and one after biological treatment.

RESULTS

Water treatment

Table 1 shows the averages of the experimental results of
the jar tests, the pilot plant runs as well as the runs on full
scale. One can see that there is a great similarity between the
results from the three kinds of experiments, which is very
important since from it one may conclude that the opt iriial isation
of the parameters can be done perfectly well on laboratory scale,
which is a much more convenient way.

In a large number of jar tests the specific influence of
the composition of the flocculant (pure aluminium sulphate, pure
sodium alumínate or mixtures i->f both salts), of the flocculant
dosis and of the pH of flocculation, have been investigated.

As can be seen from tal>U' 2, the effluent quality of a
wastewater flocculated with ,m equimolar mixture of aluminium
sulphate and sodium illuminate, improves on increasing the floccu-
lant. dosis. Generally «peaking, the greatest effect is obtained
by applying the smallest dosis. For COD-removal there is no much
gain in increasing the dosis above 20 g/m-* Al3+, whereas the
removal of suspended solids and of phosphates decrease further by
increasing the Al-dosis. The amount of sludge produced increases
steeply with the Al-dosis too.

The influence of Al-dose and flocculation-pH on COD removal
II.ÏS been studied on a number of wastewater samples. Both
AljiSi'» ; ,ind NaA102 salts have been studied and the results are
•ihown ¡Ü i.ihle .3. Under some circumstances the COD /ifter
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Table 1. Effect of Al + (10 g/tn as 60 mol 7. A^ÍSO;,^ and 40 mol % NaAÎC^) on removal
of BOD, COD, TSS and Phosphorus from sewage effluent : comparison of data

Jar Tests

Pi lot Plant

Schijnpoort

without

withAl 3 +

without

with Al3+

without

with Al3+

COD

In Out Reraoval

(mg/1) 1

243

243

249

249

299

299

226

137

329

148

260

180

7

44

0

41

13

40

BOD

In Out Removal

Cmg/l) %

125

149

149

68

141

95

46

5

36

TSE

In Out Removal

(mg/1) %

80

80

66

66

115

76

27

107

27

85

46

5

66

0

59

26

60

In

41

37

37

8 . 3

8 . 3

PO

Out

VI)

12

29

16

11

2 . 3

3 -
4

Removal

72

23

58

0

72



Table 2. Reduction of COD, TSS, and ortho-phosphates and sludge
production as a function of the Al^+-dosis

Al -dosis

(g Al3+/m3)

0
5
10
15
20
30
40
80

COD

(g/m3)

250
159
143
131
119
120
118
111

TSS

(g/m3)

73
47
29
20
22
14
12
8

(g/m3)

34
22
13
7
3
1.3
0.5
0.1

Sludge-amount

(g/m3)

67
114
142
165
185
217
260
386

flocculation becomes lower than the COD one would obtain by
filtraton. From the table one can see that the influence of pH
is most, prottounced at low dosis of flocculant, and that for a
given flocculation-pH and a given dosis the COD-ri'moval with
aluminium sulphate is generally 10 to 20 % better than with
Sodium aluniinate.

Table 3. Ratio of COD after flocculation to COD after filtration
as a function of flocculation-pH and dosis
or NaA102

Dose A1 2(SO 4) 3

g Al3+/m3

0
5
10
30

pH-7

1
1
0
0

86
18
98
84

pH=8

1
1
0
0

64
08
98
87

pH

1.
0.
0.
0.

=9

24
98
92
90

Dose NaA102

g Al3+/m3

0
5
10
30

pH=7

2
1
1
1

00
37
24
06

pH

1.
1.
1.
1.

-8

84
45
25
14

pH

1.
1.
1.
1.

-9

37
41
41
16
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Tin1 influence of Al-dose and f locculat ion-pH on removal of
suspended solids is shown in table 4. Here also the lowest TSS-
values aftiT flucculation arc obtained with the highest Al-dost1

and at the lower pH-values. NaA102 seems to perform hetter than
Al2(SO¿,)3, except at pH 9.

Although pure aluminium sulphate gives better results than
sodium alumínate» the application of a mixture of both aluminium
salts is considered since both aluminium compounds arc wasted in
the aluminium anodising industry, and since the application of
aluminium sulphate alone may necessitate a pH-correction.

Based on the pilot plant results a mixture of 60 mol %
aluminium sulphate and 40 mol % sodium alumínate and a dosis of
10 g Al-' + /n^ has been chosen for plant operation.

As shown in Table 1 :

The COD removal efficiency by sedimentation alone was on
average 13 % whereas by primary flocculation the COD removal
efficiency varied between 23 and 61 % with an average of 40 Z.

A similar result was observed for the BOD removal : the
efficiency varies between 23 and 69 % with an average of 36 Z, to
compare with 5 % removal by sedimentation alone.

The average removal of suspended solids by sedimentation was
26 7., whereas by flocculation this varies between 39 and 89 Z,
with 60 X as an average.

Table 4, Suspended solids concentration (g/m3) after flocrulation
as a function of flocculation-pH and dosis A1,(SO,), or
NaA102.

Dose

í> Al

A12(SO )
i+, 3

0
5
10
30

pH=7

133
102
62
22

pH-8

133
89
51
24

pH=9

120
84
64
42

Dose

g Al

NaAlO,
3+. 3/m

0
5
10
30

pHW

87
44
25
1 !

pll=R

89
71
5 3
16
,

pH=9

56
80
102
67



By sedimentation there waA no removal of orthophosphates
observed ; with the addition of 10 g/m3 Al 3 + 57 to 97 7, of the
phosphates are precipitated, with an average of 72 1.

Sludge production

As the flocculation of raw wastewater with Al -salts results
in an important increase in the removal of C0I>, suspended solids
and orthophosphates, it is evident that the amount of sludge
produced will increase too.

First, there is the production of an extra amount of
"chemical sludge" in the form of aluminium phosphate and aluminium
hydroxide. Then an extra amount of primary sludge is formed, that
is the difference between the suspended solids load of the in-
coming sewage and of the effluent from the primary settling tanks.
On the other hand, due to the increased removal of organic material
by flocculation, there is a reduced production of excess activated
sludge.

Fiant scale experiments confimed that there is an excess
production of sludge ; by addition of 10 g/tn3 Al 1 + the amount of
sludge produced is 20 Z higher than produced by the conventional
treatment . The amount of sludge per n>3 of t¡le «astewater is :

conventional flocculation with

10 g/m3 Al 3 +

'primary (g/m^) '0 70
excess activated sludge (g/m3) 110 60
chemical sludge (g/m-') - 40

Total (g/m3) 140 170

CONCLUSIONS

Primary flocculation of wastewater with 10 g/m Al , as a
mixture of 60 mol % aluminium sulphate and 40 mol % sodium alumí-
nate results in :

- 30 7, more removal of BOD in the first stage
- at least 35 Z more removal of COD in the primary settling
- a removal of 70 % or more of the orthophosphates.

In the conventional primary treatment the phosphate removal is
practically zero.
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The production of a better primar ffl ut uakes it possible
to deiTMsi' the volume of the aeration uink by at ¡cast 30 %, The
energy consumption also decreases of appro* imately JO %. This
(TK'jns for a sow.ige treatment plant of 100,fQO p.e. an energy
saving of 500,000 kWh per year, which Is, t y all means, not
negligible. Primary flocculation may also be advantageously
applied in cases where a treatment plant i systematically over-
loaded : the provision of a primary f locvilat ion, which does not
mean an important investment, can give the plant a relief so that
an effluent can be produced tli.it ai'.jin rneis the required
standards.

In both cases one must be able :o hai die the. extra amount of
sludge. For the dose of 10 g/m^ Al-^ thi represents approxi-
mately 20 % more sludge, compared with tl conventional treatment,

An elegant and profitable metb >d to dispose of spent con-
centrated baths from the aluminium modi ;ing industry consists in
dosin" these liquors in sewage tre;tment plants, especially these
that are temporally or constantly overloaded, provided of course
that these plants have space capacity for handling the excess
sludge.
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A NEW APPROACH TO IMPROVE THE FILTRATION

AND DEWATERING STEP USED IN RECLAIMING WASTE COAL .

Olkii Yet is.. Ali Bagaran

Middle East Technical University

Department of Environmental Engineering, Ankara, Turkey

INTRODUCTION •

Energy is essential for development. One of the main sources of
energy worldwide is coal. During its production however, thousands
of tons of waste ci»al i^e ¿cTvevaixd tvory yeav at U\«'. miiui^. rL"his
portion consisting mainly of fine particles has a hi);h ash ;J•.•' sulphur
cor.t ent and needs to be rid of then before ¡t can be used. One of the
ways commonly used for reclaiming the waste coal is washing followed
by vacuum filtering of the coal slurry and heat-drying of the filter
cake. 'Itoo of the major drawbacks of this method are: 1) it is an
energy-inLensive operation; and 2) the heat drying step causes air
pollution problems.

To improve the process, the filtration step must be improved so
that the moisture content of the fil tor cake, and in turn the heat
drying coat is kept at a minimum. Since the particle sine and partic-
le size distribution are two of the important; variables affecting the
filtration and dewatering of fine coal slurries, effects of these
variables were investigated in this study by using different frac-
tions of fine coal obtained from Pittsburg Seam-Hrueeton Mine (USA),
In addition, change in specific cake resistance, porosity ,pernie ability,
and the moisture content of the filter cake with changing particle
size were also studied. Based on the results obtained in this study
some recommendations are made for making the process more efficient
and in turn economically more feasible.

BACKGROUND

Fine coal fraction of a coal scream is that fraction which con-

tains particles less than 500 ym. This fraction is cleaned and



ruci'VLTKd to ri'iluco the loss of coal, When this fraction is subjected
to wot cleaning process it results in a coal-water slurry, The re-
sulting slurry is de-watered afterwards, and a filter cake which has
higli moisture content is formed. Therefore, the problem faced is the
reduction of the final moisture content of the coal filter cake.
This is possible through a better understanding of the parameters
affecting the filtration and dewatering process.

One of the most important parameters in this regard is the
particle size. Particle size distribution also affects the process
to a great extent. In a literature review on filtration and duvatering
of fine coal slurries, Gala and Chiangl also emphasize the importance
of these parameters in the filtration and dewatering of fine coal
slurries. In another study, Gala et al? point out that it is harder
to dewater the cakes having more fines in it. Fine particles decrease
the average particle and pore size and this results in lower filtra-
tion rates.

Besides thenerecent studies, there are also some other works on
this subject. Fuhrmeister^ observed that as the percentage of fines
increases, the final moisture content of the coal cake also increases.
Another similar work was done by Gray4 and he found that increases
in fines increase the porosity, so that more water is held by the
coal filter cake. Gray also found that the dewatering can not be
greatly improved until the proportion of fines falls below a certain
value.

Recently, Leininger et al. worked with ultrafine particles and
they observed that the moisture content of the filter cake does not
change if the amount of ultra-fines is increased while the slurry
concentration increases. Increase in slurry concentration contributes
through better filtration and dewatering, but the increase in the
proportion of fines diminishes this positive effect.

In view of these drawbacks, an extensive work about the effect
of particle size and particle size distribution on the f iltr.ition
and dowatering of fine coal has been done in this study. '

MATERIALS

'lilis work was carried out using coal from Pittsburgh Sr;im
Bruceton Mine?. Two different batches of -32 mesh size (run of mine)
coal were tested. Different size fractions (-200; -100+200; -100;
-32+400; -32+100 mesh) were obtained from -32 mesh coal by sieving.

The particle size distribution .he -32 mesh size coal samples
were determined^ by using a Leitz 0 ,>lan microscope and an
Omnican Image Amilyzer. Results are *rn in Figure 1.,

For preparing coal-water slurries,distilled water was used.
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APPARATUS AND PROCEDURE •

Experiments were carried out in a filtration unit made of a
cylindrical Plexiglas box with metal top and base, and a Plexiglas
cylinder in which the filter cake is formed. As it is shown in
Figure 2, filtration unit f.ontains a load cell-transducer system
(supplied by Gou1d-Stath.ini Company, USA), over which a container for
filtrate collection is placed; as the weight of filtrate collected
increases, the load cell causes the transducer to «ive electrical
signal to the recorder. That way, the rate of filtrate is recorded
precisely.

The seepage of the filtrate around the periphery of the coal
filter cake is prevented by covering the inside surface of the
cylinder with a rubber sleeve and applying vacuum tu it. When the
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Fig. 2 : Assembly of the filtration
unit,

filter cake is formed (at the end of filtration period) the vacuum
is released from the sleeve. This causes the sleeve to expand around
the filter cake and prevent the leakage of the filtrate.

Coal-distilled «ater slurries are prepared by mixing known
amounts of coal and distilled water. Then, the slurries prepared
are transferred into the filtration cylinder, and the vacuum pro-
vided by a pump is applied to the 'mit. Whatmann # 1 paper, supported
on a wire mesh screen, was used as the filter media. The amount of
filtrate is recorded continuously until the flowrate of the filtrate
:oming out of the filter cake is very low. This period was set as



fifteen minutes.

At the end of fifteen minutes, the filter cake is removed its
diameter and thickness is recorded and the filter cake is dried to
constant weight.

Thus, Che final moisture content of the filter cake is deter-
mined . The cake permeability and the specific cake resistance are
determined by the application of parabolic filtration equation',

RESULTS AND DISCUSSION

In this section, the results from the experiments carried out
with 0.33 kg coal/kg water slurry concentration at 67 kPa vacuum are
given. Tlit thickness of the filter cakes was about 0.02 in. Ail the
parameters except the particle size were maintained constant during
the experiments.

Effects of Particle Size Distribution

Particle size distribution was examined by working with the same
size, but different batches of coal having different size distribu-
tions. Particle size dis tribu':'on:; are given in Figure 1. As can be
seen from the Figure, the difference in size distribution is not
appreciable. However, Table 1 shows that this little difference makes
appreciable changes in filtration and dewatering characteristics. The
filter cake of first batch of coal is less permeable than that of the
second batch. Since the fraction o£ big particle is lower in the first
batch, it offers more resistance to flow. As it is seen from this
Table the filtration period is 15 seconds (all the values given are
the arithmetic means) for the first batch while it is 9-5 seconds
for the second batch. Also, the specific cake resistance changes from
2.92 x 109 to 2.17 x 109 m/kg from the first to the second hatch.This
change is due to the contribution of the fines to the resistance.
More fines in the first batch increases the cake resistance appreciably

Table 1. The Filtration and Dewatering Characteristics of the Fine

Coal for different batches

1 st batch of -32 mesh > nd batch of -¡2 mesh

Filtration Time, sec 15 ^ 9.5
Average Porosity 0.487 (0.008) 0.534 (0.020)
Specific Cake 2.92 (0.74) 2.17 (0.29)
Resistance, 109 m/kg
Permeability, darcy 0.533 (0.126) 0.789 (0.131)
Moisture Content of 25.46 (0.59) 24.65 (1.75)
the Cake
*

The values given in parenthesis are the standard deviations.
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Table 2. Kfdvt oí Particle Size on Fi l t rat ion and Dewaterin¡!

i (o,oosi Ï . Î : (u.U)

! ( Q . O f J ? ) J ï . b ï | ¿ , J ¿ 1

even though the difference in size distribution is not great.

Effect of Particle Size

The experiments with different size fractions of coal has shown
that the particle size is a very importât parameter in filtration
and dewatering of fine coal. Table 2 gives the filtration and
dewatering characteristics of the -32, 100, -200 and -400 mesh size
coals. As the particle size decreases, lhe -filter cake becomes more
porous and ¿it the samti time, less permeable* More porous means more
trapped moisture, and less pernie.-ihlc means higher resistance to
filtrate flow or longer filtration time. The filtration time doubles
from -32 to -400 mesh size while the moisture content increases about
21 percentage points. However, as it is shown in Figure 3, the change
in moisture content is non-linear with changing particle size. The
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Fig. 3 . Effect of particle size on moisture content of
the filter coke.
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Table 3. Effect of Removing Fines from -100 Mesh Coal

-urn ib.i
-ZUO » . S
-KJO.MO Hi

sharp increase in moisture content occurs «hen the size becomes
smaller than -200 mesh (75 um). Based on this result it can be
concluded that the particles smaller than 75 Vim mainly contribute
towards the large increase in moisture content in coal filter cakes.
Another important parameter which had to be investigated was the
effect of ultrafine particles.

In Table 3, the effect of removing the particles smaller than
200 mesh size from -100 mesh s<.ze coal was shown. Removing that frac-
tion causes a 6,5 percentage points decrease in moisture content.
The increase in filtration rate can be observed from the filtration
time. The filtration times for -200 and -100 mesh size coal are about
30 and 16.5 seconds respectively. The removal of particles smaller
than 200 mesh size from -100 mesh size coal decreases the filtration
time from 16,5 to 11.5 seconds. Lhis means higher filtration rates
are obtained with the removal of fines. The same conclusion results
from the comparisons of specif i<; cake resistances and permeabilities,
too.

Table U also shows the effect of particle size on filtration and
dewatering. Here, the particles smaller than 100 mesh and the parti-
cles smaller than 400 ir.esh > ¡ire removed from the first and second
batch respectively. The rem.val of fines improved the filtration and
dcwateriii}.; as it was observed from the filtration and dewatering
characteristics. Five percentage points decrease in moisture content
is obtained by the removal of particles smaller than 400 mesh size
from -32 mesh size coal, lhe same change in particle size provides
the specific cake resistance to fall from 2.17 x 10^ »/kg to
1.980 x lo' m/kg. 'lhe removal of fines causes an increase in average
particle size and also in average pore size. (As indicated in Table
4 the porosity decreases from 0.534 to 0.515). These changes in
filter cake structure cause an improvement in filtration and
dewatering characteristics, and the filter cake becomes more perme-
able which in turn results in higher filtration rate (2 seconds
decrease in filtration túne'.t; and less porous which, in turn> results
in higher dewatering rate (5 percentage paints decrease in Moisture
content).

If the amount of fines removed is increased and the particles
smaller than 100 mesh size are removed from -32 mesh size coal then
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Table It, F.ffcctf nf Removing Fine Particles From -32 Mesli Con]
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the changes in filtration and dewatering characteristics are more
appreciable. A 6.8 percentage points decrease in moisture content
is obtained while the decrease in filtration time is 2.5 seconds.
In this casi1, the variation in particle size is reduced, because
most of tlm small particles are removed. And this results in more
improved filtration and dewatering characteristics. However, a
comparison between -32 + 100 and -32 + 400 mesh size coal will not
be accurate since their batches are different.

CONCLUSIONS

1. Particle size and particle size distribution have great
effect on filtration and dewatering of fine coal. Increasing
average particle size, increases the average poro size and
this results in improved filtration and dewatering-

2. lhe increase in moisture content is drastic between - 100
and -400 mesh size. But decreasing the size from -32 to -100
mesh does not create a big difference in moisture content.
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Particle Size
mesh

Filtration
time, sec

17.5
15.0
11.5

9 . 5

Average
Porosity

0.486 (0.038)
0.487 (0.008)
0.515 (0,033)
0.534 (0.020)

Specific Cake
Resistance, 109 m/kg

2.41 (0.63)
2.92 (0.74)
1.98 (1.49)
2.17 (0.28)

Permeability
d;

0.597
0.533
0.791
0.789

ircj

(0.

!

.033)
{0.126)
(0
(0

.402)

.131)

Moisture Content, Z
kg water/kg coal

18.66 (0.97)
25.46 (0.59)
20.94 (2.40)
24.65 (1.72)

-32+100 (1st batch)
-32 (1st batch).
-32+400 (2nd batch)
-32 (2nd batch)

The values given _. parenthesis are standard deviations.



Part icle ': "alce Formatior. Average Specific Cake Permeability, Moisture Content, Z
mesh time, sec Porosity Resistance, 10 m/kg darcy kg water/kg coal

"32 15.0 0.437 (0.008) 2.92 (0.74) 0.533 (0.126) 25.46 (0.59)
-100 16.5 0.491 (0.026) 5.45 (0.92) 0.282 (0.050) 26.90 (1.66)
-200 • 29.8 0.525 (0.015) 13.20 (3.49) 0.127 (0.028) 30.94 (1.86)
-400 33.3 0.562(0.007) 23.67(4.72) 0.075(0.012) !9.93(2.12)

The values given in parenthesis are the standard deviations.

Particle
mesh

-100
-200
-100+

Size

200

Cake Formation
time, sec

16.5
29.8
11.5

Specific Cake
Resistance x lQlO.m/kg

5.45 (0.92)
1.32 (0.35)
2.35 (0.47)

Permeability
darcy

0.282 (0.050)
0.127 (0.028)
0.759 (0.245)

F l tia 1
kg

Moisture Content,!!
water/kg coal

26.90 (1.6bj
30.96 (1.86)
20.35 (1 .'-°1

The values given in parenthesis are the standard deviations.


