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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 éxamines prohlems associated with improper manage-
ment of hazardous wastes and sugpests approaches to help promote
adequate management of these wastes in industrializing countries.
Envirommental, 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 based on a broader concept of 'cost' for
use in envirommental pollution assessment, especially in developing
countries. An integrated approach to hazardous waste management,
combining administrative policy, repulations, and appropriate tech-
nologies also is prescnted as an illustration of existing and tested
golutions that can help minimize or reverse eavironmental detericra-
tion due to hazardous waste pollution.

Responsible hazardous management undertaken concurrently with
development of industry and commerce is of crucial importance in in-
dustrializing nations. The challenge of choosing appropriate manape-
ment and di=sposal approaches within the context of regional conditions
and economic needs ls 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
gignificant 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 policies
nave been adopted in many developed countries fn the last 10-15 years:



environmental statutes have been put in place; repgulations hiave been
promulpated; and treatment and disposal technologies have been
standardized, refined, and new ones developed. As a consequence,

there is at present congsiderable knowledge and experience of the short-
term and some of the long-term economic, health, and environmental

costs from inadequate management of hazardous wastes {n these countries.

For most developing countries, however, the serfousness and po-
tential impact of the problem are unknown. Many developing countries
have more recent and less cxpanded industrial sectors and present
different histories and patterng of industrialization. Certain
developing countries, such as India and Fgypt, have expericnced some
three decades of industrialization, Others, such as Brazil, Mexico,
Venezuela, Spain, Greece, Ircland, Hong Kong, Singapore, Taiwan, and
South Korea, have shorter histories of industrialization, but very
rapid deve¢lopment when compared to the more classical pattern of
gradual industrialization of the developed countries. Frequently,
rapid development has been concentrated and concurrent with rapid
urbanization, creating social and environmental polliution 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 natlons to correct or still
avoid similar harm to public health and the environment as chemicals
and alllied products, petroleum, ferrous and non-fervous, 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 natiomal 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; lepal definitions in use are generally based on
technical criteria addressing short-term acute hazards and long-term
environmental hazards, i.e. c¢riteria such as toxicity, flammability,
corrosivity, {gnitability, and reactivity, Although radiocactive and
pathological wastes may present hazards to health and the environment,
they customarily have been excluded from definitions of hazardous waste.

Worldwide, various industries gendrate enormous amounts of indus-
trial waste each vear, Table 1 lists fruquentlv éncountered substances

which based on tle i tvsicity and hazard characteristics, must be given

attentive treatme:s od or disposal consideration.



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

Arsenic and compounds

Murcury und compounds

Cadmium and compounds

Thathum and compounds

Beryihum and compounds

Chromium (V) compounds

Lead and compounds

Antimony and compounds

9. Phenohc compounds

10. Cyamde compounds

11 lsocyanatas

12. Organohalogenated compounds. excluding inert polymeric materials
and other substances referred 1o 1n thus list or coverad by other directives
concerning the disposal of toxic or dangerous waste

13, Chloninated solvents

14. Organic solvents

15. Biocides and phytopharmaceunical substances

16 Tarry matenals from refiming and tar residues from distitling

17. Pharmaceutical compounds

18, Peraxudes, chlorates, perchlorates and azides

19. Ethers

20. Chemical laboratary materials. not identifiable and/or new. with.un-
known effects on the environment

21 Asbestos

22, Selanium and compounds

23 Tellurum and compounds

24. Polycyche aromatic hydrocarbons {carcinogenic)

25 Metal carhoryls

v Loluive coppur compounds

27. Acwds and/0r basic substances usedin the surfacetreatment and finish-

ing of metats

LN R

Source: World Health Organization, Management of
Hazardous Waste, European Serics, No.o 14

14 (1983)

Hazardous Wastes from the Chemicals and Allied Products Industries

Approximately 20,000-30,000 chemicals are currently manufac-
tured worldwide in quantities exceeding one ton per year.Z A few
examples of manufacturlng processes will illustrate the large
‘olume and variety of hazardous wastes that result.

HELSING



Primary organlic chemicals are produced from oil, natural gas, an’
woal in larpge-scale continuous-process plants. They are in turn cotivert-
ed into secondary or intermediate materials either for in-house process=-
ing, sale to chemical processors, or for varioua industrial applications.
Intermediate materials are processed into a wide variety of final
products, e,.p. fine chemicals, pharmaceuticals, pesticlides, plastics,
resing, dyestuffs, synthetic deterpents, syathetic fibers, elastomers,
and many others, The production processes are based on specified feed-
stock and standard plant conditions, thus generating residues of fairly
constant composition and properties. Residues also may be extremely .
complex materials, however, with the detalled composition not always
known. Residues may be liguids, sludges, or solid tarry wastes.

Processing of organic chemicals inte end-products involves both
batch and continuous processes. In batch processing, resilues often
are complex mixtures which may contain unreacted feedstoor, filter-
cakes, precipitated materilals, tars, solvents, aclds, or alkalics used
in the washing process, as well as of f-specification 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 insel-
uble, inert, corrosive, flammable, chemically reactive, or toxlc,
and may contain human carclnogens.

Inorganic chemical products, including sulfurie, 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,4 Manufacture of many of these inorpanic products
gencrate larpe 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
caleium silicate slag, which may be used as a concrete apgregate or
hard core; ferrophosphorus, which may be used as an additive to steelj
phosphorus mud, which may be recycled; precipitator dust; and
condenser gas. Favironmentally, the most serious problem is posed by
the so-called "phogsy water" which i1s produced from condensing the
furnace gases with water sprays. This water containa dissolved and
suspended elemental phosphorus, phosphorus oxyacids, hexalluosilicie
acid, ammonia and silica. Treatment of the "phossy water" usually is
through settlement, neutralization with lime or ammenia, resettlement,
and final treatment with chlorine to destroy residual phosphorus.ss

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 willion tons in 1975.7 ¥or each
ton of anhydrous hydrofluoriec acid produced, an estimated three tons
of calcium sulfate by-product and a solution of about 307 fluoro-
silicic acid are formed.



Table 2. The use of organic

v

solvents in various industrices

Use

Organic solvem

Formulation of adhesives
Formulstion of cleaning materials
and polishes

Formulation of pasticides

Degreasing of fatty skins in tan-
nng

Extractiveindustries, a.g. éssential
ails

Manufacture of food flavourings.
essences and toiletries

Fhotographic industry

Reaction medianthe pharmaceu-

Ketones, aliphatic and aromatic
tydrocarbons

Aliphatic hydrocarbons

Aliphatic hydrocarbons

Aliphatic hydrocarbong

Alcohols and aliphatic hydrocar-
bans

Glycols, alcohols and glycol esters

Alcohols. ketones and glycol esters

Hydrocarbons. atcohols, esters,

tical industry halogenated solvents and others

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

Halogenated and non-halogenated organic solvents are uged in
many Industries with a large volume of dirry solvents discarded as
waste. Table 2 lists scveral uses of organic solvents by different
industries. The engineering industries, for example, uses various
organic solvents to degrease metal components elther by cold or hot
dipping in a solvent bath, 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 throuph an on-line
purification plant, An olly 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
~1l, prease, dirt, and frequently phenclic compounds used as indue

-1al devreasants. :

HELSING
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The dry-cleaning industry also uses a solvent, mixed with a small
quantity of detergent and water. In large factory-type installations,
the solvent is continuously filtered and redistilled. in small opera-—
tions, filtration without distillation i{s 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 rcaching 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 glve 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, and
various additlves. Reject batches of paints with dirty 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, funpicides,
flame retardants or anti-corrosion additives. Toxic heavy metals in
paint may include antimony, barium, cadmium, chremium, copper, lead,
manganesge, mercury, tin, and zine. ©»

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 {mpact of
past practices is not yet known. To help remedy environmental and
health problema associated with inactive contaminated hazardous waste
disposal sites, and to provide an emergency response for hazardous
substances released inte the environment, the U.S, Congress in 1980
passed the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), commonly referred to as the "Superfund Act."”
CERCLA establishes a Hazardous Substance Response Trust Fund to
finance cleanup activities which ig expected to reach about $1.6
billion by December 1985, As of April 1984, 546 sites had been placed
on a U.S. Envirenmental Protection Agency (EPA) National Priority List
(NPL) for remedial action under Superfund. EPA estimates this list may
eventually reach 2,200 sites, CERCLA's National Contingency Plan (NCP)
prescribes steps which the government will take in response to
accidental release of vil 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 EPA to determine priority




remedial and removal actions. According to these data, 157, or 133
sites, may have had an adverse impact on the air, potentially exposing
an estimated 1.2 million people within a 4 mile radlus; 517, or 450
sites, may 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 8round water, potentially exposing an
estimated 8.2 million people.

Analyses of hazardous substances at the 881 sites identified 444
toxic pollytants. Virtually all of the most commonly encountered pollu=
tants are known to exhibit chroniec toxicity, and therefore may lead to
health injuries after wonths or years of extremely low levels of
exposure,!l 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 combinatiuvns of substances are almost unknown. In
fact, very few data are currently available on either the short=~ or the
long-term health and envivonmental effects of exposure to actual
hazardous wastes. The sgcientific data that do exist, though usceful, are
based on extrapolations from animal to human health effects, from high
to low concentration 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 prohlem which may become even more dramatic in the next twenty
years. The recently released Woburn Health Study by Harvard School of
Public Health, 12 directly links the incidence of neighborhood child-
hood leukemia and reproductive and childhood disorders to contaminated
wiells 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
actiens 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 operatlon 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 hillion (83
constant dollars) and will take well into the 1990s to complete.l3

Developing Countrieg

Environemntal and health problems related to indiscriminate ¢ s~
.0sal of hazardous waste on land and into bodies of water alrcady .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 az well as economic costs from
indugtrial pollution on local fishing, farming, cattle, and other in-
dustries, has led many governments to institute measures to improve
pollution control especially watiér pollution. Degipgn and control
standards for treatment and/or disposal of hazardous wastes, however,
generally have not been addressed, and existing alr 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
zine, 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 {n estuaries,
rivers, and other water bodies contaminated with arsenie¢, heavy
metals, and acids frequently have been reported as have many cattle
deaths. '~

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

The use of pesticides {s on the increase in India's agricul-
tural sector. Pesticide consumption in 1982 and 1983 treached close
to 14,000 toms/yecar each for DT, malathion, and parathien; 3,000
tons for carbaryl; and 40,000 tons for BHC (hexachlorocyclohexane),
The pesticide industry generally collectg all toxic wastes in con-
tainers, which are stored for later disposal into specially con-
structed pits within factory premiges. No Information is available
on the final method of disposal,

Pesticides and related wastea 1f mishandled, can cause serious
environ enta! and health problems. For instance, organochlorine in-

sectici. s s & ag DDT, BUC, lindane, and others are very perslstent
in the ¢ ~ironent and tend to accumulate in biologic and nonbiologic
media. A - houy! vconsidered less acutely toxic than organophosphate and
carbamat. nesti. ides, they have a greater potential for chronic toxi-
city, and 186 c.n be classed as neuropoison. DDT and metabolites
accunulat. in natural food chains through a process of biologic con-

centration in ecosystems. Studies have shown that various species of
wild birds are adversely affected by exposure to DDT or its metaho-
ifttes, and that fish and some lower aquatic organisms are extremely
¢onsitive to the acute toxicity of DDT.



Organophosphorus inszecticides, on the other hand, most frequent
1y have been the offensive agents in human poisoning from Insecticides.
Parathion, for instance is the pesticide most frequently involved in
fatal polsnning.lg Carbamate insectlcides, contrary to the organo-—
phosphorus insecticides, hkave low dermal toxiclties even though
aldicarb (Temik) has extreme toxicity by both the oral and dermal
route. One of the least acutely toxic carbamare Insecticides, carbaryl,
has reportedly produced teratogenic effects in experimental animals .20

Egypt also has been industrializing for approximately three de-
cades, shifting in the early 1950s from a traditional agrarian base
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
figh catch from the Nile, from lakes and {rom the Mediterranean and
Red Sea; in doterioration of valuable recreatiomal areas; in severe
operarional problems in sewage networks and treatment stations; and
in serious effects on public health.

There 18 no central agency responsible for the management of
wastes In Egypt. Liquid and solid emissions from industrial sources
are presumed to be handled on-gite and pre-treatment 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 807 decline in fish
production in Lake Mayrut in the last decade., Organochlorine pest-
icides detected in Lake Mayrut include DDE and DDT. Accumulations In
the lake fish Tilapia have been measured in concentrations far higher
than those in the lake water. 22»

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 plant isg
currently f{mplementing a major pr02ECt to recover the mercury and
limit {ts discharge Into the sea.’

Various episodes of environmental contaminatfon frum 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, .lapan, from 1953 to the early.1960s, followed
by a similar episode in Niigata, Japan. In Hqth cases, consumptlon of
fish contaminated with mercury from industrial waste resulted in 1200
reported cases of poisoning. Methvlation of wmecvcurv oceured from the
action of aquatic organisms, leading to transfer qu bioconcentration
up the food chain to the large carnivorous fish,

The potential adverse effect of industris! n.cardous waste is -
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also already apparent in other deveioping countries which he s i
industrialization more recently., For example, in Thailand, 1ai. . . and
South Korea, high concentrations of toxic metalg, especially mer.o .o |
have been measured in waterways and in tissues of fish, animals und
humansa. In the greater Sao Paulo area, 40,000 industries each du
discharge an estimated total of 36 tons of chemical pollutants into
the city's rivers. 27 gome 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 envi~onment and people's health
undoubtedly is far more serious than is presently known or expected.

COST/BENEFIT ASSESSMENT

Assessing the short-term and egpecially the long-term costs and
benefits of pollution control technology °ur reduction, treatment,
and/or disposal of hazardous waste is extremely difficult. At present,
there are no theoritical models that can @ readily used to weigh the
short- and long-term costs of using such rechnology in industrial
projects apainst 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 eﬁshange between future income
and present or forthcoming expenditure. Another approach, based
on the "Cost-Effective Evaluatiom of Energy- and Resource-Saving
Technologies' method. considers a technology efficient il it makes a
minimal demand on n. . u¥pl systems, i.e. on all physical resources in
the natural enviromment. Efficiency is expressed in terms of cost-
effectiveness where the concept of 'cost' may be construed in a broad
gense because some environmental services are not assoclated with
cagh flow and hence appear to have no price.

Neither of these nor similar models are suilted 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 lepislation and regulations, and appropriate technologies offers
a means of helping minimize or reverse deterioration due to hazardous
waste pollutiomn.



A

fnyernment Policy .

National 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 industrializatiom,
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 facters 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 esgential requirement for implementing an effective syster of
hazardous waste management is establishment of a lepal mechaniwe ror
controlling waste-penerating processes, as well as licensing proce-
dures for all activities related to hazardous waste managemuvnt, in~
cluding transport, storage, treatment, and/or disposal. The contrel
mechanism should be a "cradle to grave' system of notiflcation to
establish a link between different activities. As a means of trackiong
all movements. of waste, many countries alsco use a manifest svatem ot
a "trip-ticket." This document accompanies the waste from point of
generation, through places of colliection and transfer, to the ulti-
mate treatment and/or disposal point,

Economic incentives and disincentives are used by mun. ,uropean
countries to foster use of low- and non-waste technology, iind recov-
ery and recycling of waste, 3l In the U.5,., economic disincentives
take the form of a fee system on waste effluents and emis~{ n<, based
on "not to be exceeded" limits imposed by varioug laws. Ecomomic dis-
centives can be viewed as 'permanent incentives' to induce efficient
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
a-ism that is ripgorously applied at all stages of the process,



12

Hazardous, Waste Management Technology

Treatment and disposal technologiles 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/eor disposal of a plven waste de-
pends on many factors, usually including cost, waste type and volume,
availability and suitability of treatwment or disposal facilities, and
safety standards.

Table 3, Hazardous Waste Management

. MINTMIZING INPLANT WASTLE PRODUCTION
A, Process Modification .
B. Recycle and Reuse

II., CONVERTING HAZARDOUS WASTE TO LESS- JR NON-HAZARDOUS MATERTAL
A. Land Treatment
B. Incineration
C. Thermal Treatmen:
' I}, Chemical, Physical, and BRiological Treatment
E. Ocean and Atmospheric Assimilation

ITI, MAKINC U'SE OF PERPETUAL STORAGE
A. Landfill
B. Underyround Tnjection
C. Waste Piles
D, Surface TImpoundment
E. Salt Format - rs
F. Arid Region "us.ivrated Zone

Adapted from: National Rescarch Council, Management of Hazardous
Wastes: Research and Development Needs, National
Acadewmy Press, p. 4 (1983)

As 1llustrated in Table 3, three general technological options
hive 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 ghort- and long=term protec-—
tion of the environment and public health. It involves reduction or
elimination of waste material through process modification or recov-
ery and reuse of waste material. Waste reduction altzrnatives 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
2ng8ily implemented, but offer only short- and medium-term solution:.
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Waste hazard and/or volume are reduced, but some waste still must be
managed.

The gecond technology option involves convergsion of hazardous
waste to a less-hazardeus or non-hazardous material through a var-
iety of chemical and physical techniques, biological trcatment pre-
cegges, the aszimilative 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 inecluding
boilers, kilns, furnaces, rotary hearths, and vertical shaft incin=-
erators. For many organlc materilals such as PCBs, chlorinated hydro-
carbong, pesticldes, distillation residues, oil waste, and off-spece
ification chemicals, incineration offers the most complete means of
waste management currently available, However, emissions controls u-
sually are required to prevent ailr pollution; inorganic compounds pre-
sent in waste produce slap and ash that must be disposed of; and roxic
volatile materials must occasicnally be collected.

Th¢ third technological optien involves ‘perpetual' storage, at
present the most prevalent waste management technique in most countries,
Landfilling of waste is emphasized in this paper since this is an {mpor-
tant form of disposal in many countries. The objective of secure land-
filla {s to isolate waste physic .lly from the surrcounding 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 compeved to other alternatives, Properly de~
signed and operated facilities : :duce the mobility of waste to ground-
water, minimlze the release of wastes to the air, and allow reclama~
tion of valuable wmaterlals when technology becomes avpilable. Tt should
be emphasized, however, that the design, operation, and monitoring of
contemporary secure landfil”s is essentially a new technology, less
than a decade old, and that much is still unknown about tong-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-
fi11ls than with other options. Additionally, long-term management of
secure landfills {s requlired. For the (mmediate future, sovcure land-
filling represents a necessary technology for disposal of hazardous
Industrial wasteg. In the long-term, however, this method vay not
remain the preferred alternative for perpetual storage. In the future,
it may be consideved 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 aot the case in most countries today. Since
economics almost inevitably underlie decision-making in selecting hoo
avdous waste management options, it is essential to compare not onl

/
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short-term but also long-term costs of different options, Specifically,
cost comparisons of different technologles must be 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 Jlandfills 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--waste 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 detoxificatiom 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 Yong-term.

3. Development of an international informatiom network is needed which
addresses all facets of hazardous waste management--economic aspects,
technological development and application, environmental impact,
health effects, socictal considerations, and others.

4. Development of an international manifest system would help limir
the number of entry points for hazardous waste into. any given country,
reducing the possibility that these wastes are unknowingly and/or
1llegally dumped in countries ill-equipped to handle them properly.
5. Pesticide puidelines need to be developed for industrializing
countries, including.information about various product's potential
health and environmental hazards, in order to help reduce their mis-
uge and environmentally damaging effects.
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INTRODUCTION

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

INDUSTRIAL WASTEWATER

Industrial wastewater represents in mwany cases the ultimate
environmental problem, due to a concentrated discharge of large
amounts of pollutants. Two industries are discussed 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.

Table 1. Wastowatar from breweries and palm otl st
vnrnm.t-r‘!ywc of waste Browary Palm oil mill
80h ppn 1.500 28,000

oD ppm " 2.000 50.000

55 ppm 1.500 20.000
Tenperature “C 40 60

Spacific wastgproduc-
tion:

k9 BOP/t product 1% 7

kg COB/t praduct 20 150
kg S8/t product 15 [1]

ni/e praduct 10 3




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
shows the production size and the wastewater generation.

Table 2. Production size and wastewater!.
Breweries Palm oil mills
small large gmall large
I'remiuction t/d 25 250 2% 250
Wastewater m)/d 250 2500 75 750
Max. hour 3
(wagtowater) m" /h 42 167 13 50
Production
period days/year 365 185 250 165
hour/day 10 24 10 24

WASTEWATER TREATMENT METHODS CONSIDERED

A major objective of the study has been to compare economy and
regsource consumption/production of wastewater treatment technolo-
gles of varying technological complexity. The following unit
prc "w53s3es have been used in various combinations:

gsedimantation
flotation
1t vated sludge
t trickling filters
hic filters
- bie contact processes
- i¢ ponds (facultative)

- ‘od ponds

- nbige ponds

-m -ition ponds

Al. wit j-ocesses have been designed, using standard design
rules *' "' .me of which are given in Table 3.

The +!fiuent from all treatment plants are assumed to be 25-50

ppm BOD, - rresponding to disposal to inland waters.



Table 3 Design eriteria for various treatment processes,

Activated sludge plants

Organic loading ) 0.2 kg BOD/ (kg SSxday)
Sludge production 0.5 k g/kg BOD
Clarifyer, hydraulic lead 0.7 m /(m xh)

Overall power consumption 1.2 kWh/kg BOD in influent

Aerobic filter

Organic loading 0.5-2.6 kg BQD/(meday)

Sludge production 0.6-0.9 kg S8/kg COD

Overall power consumption 0.3 kWh/m” wastewater
Anaerobic filter

Organic loading kg3COD/(m3xd)

CH, /xg COD (reduced)

3-6
Gas production 0.3 N
0.2-0.3 kg S3/kg COD (influent)

51ludge production

Anaerobié contact procesas
(thermophilic) (palm oil waste)

Detention time 10 days3
Gas ‘production 0.15 Nm~ CH, /kg COD
Sludge production 0.9 kg SS/kg COD {influent)

Anaerobic ponds
Organic loading 0.1=-0.4 kg BOD/ (m3xd)

Facultative ponds 2
Organic loading max 0.03 kg BOD/(m“xd)

Aerated ponds 3
Organic loading 0.04-0.1 kg BOD/(m~xd)

Maturation ponds
Detention time T=10 days

COST CALCULATIONS

The cost calculations have been based on capltalized investment
coats (15 year lifetime and 10% interest rate) plus annual opera-
tion costa. All prices are given in USD (US$) and related to a
price \level corresponding to September 1983. Calculations are based
on unit costs as shown in Table 4. The unit costs for the specific
developing nationa quoted in the table have been collected from
several sources of varying reliability, which means that single
figures should be Lhterpreted with care. The overall picture of
costs is believed tc be reliable to a degreee that allows for cal=-
eculations and comparisons of costs for different processes and
different countries. In cases where the tctal coats have been
rather unaffected by specific countries, the costs have been quoted
as general costs for developing nations.

HENZE




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 costs
are based on Danish machinery delivered and installed in the
selectad 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 ecivil
works and 10% p.a. for machinery) and produced resources {(electric-
ity, plants for fodder Ojton and palm oil waste concentrate (also
for fodder) 33%$/ton).. :

Detailed description of cost calculations are given elsewhere1.
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 iz shown in Figure 1, which also shows thg 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 $/m3
small
404 production
3.0
2.0 large -
production

“1.01
Raw wastewater
Kg BOD/m?3

—>

Figure 1. Variation in total treatment costs between
small and large industrial production.
Ef fluent BOD: 30 ppm.
Developing countries 1983,




The distribution of costs for civil works, machinery and run-
ning costs 1s 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 1is however, that the various treatment processes have
costs that are comparable. This is especially pronounced for con=-
centrated wastes, as shown in Figure 4 for palm oil wastewater,

A factor which influences the overall treatment costs is

A Total annual treatment

70.000 ¢
60.000
50.000 1
40.000 A
30.000 -
20.000
10.000 J

0 .

¥

¥

T

| D

costs, excl . land
¢/ year

running costs

machinery

civil works
Activ, Anqerobic
sludge

Figure 2. Wastewater treatment costs. Small breweries.

Effluent BOD: 25 ppm. Kenya 1983,
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A Total annual treatment

c$osfs cexcl tand
| year
70.000 + y !
60.000 1
50.000 1 running costs
L0000 1
30.000 T
20.000 1 machinery
10.000 1
civil works
ol i
Ponds Activ. Anaerobic
sludge

Figure 3. Wastewater treatment costs. Small breweries.
Efiluent BOD: 25 ppm. Mexico 1983.

AToful annual costs, excl land
£/ year

100.000 1

50 000+ 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 cost of land. Often this 1s not taken into account in
wastewater tratment cost caleulations.

The land space requirements are highly varying from one treat-
ment method to another, as seen in Table 5. The effect of this is
shown in Figure 5 for brewery waste treatment and in Figure 6 for
palm oil waste treatment. Figure 5 sh- s that oxidation pends turns
uneconomic when land cost exgeeds approximately 5$/m“, whereas
anaerogic processea are most economic when land costs exceed
100$/m“.

Total- annual costs
incl. land cost
1000004 %/ year

75.000 -

Anaerobic

PAITT T AT
sidasstiadee e

'50000 4

Activated slud

250004  Ponds

' ! ’ Land cost

T T -
01 1 10 100 1000 $/m?

Figure 5. Total annual costs incl. land cost. Brewery
wagtewater, varioug treatment methods.
Effluent BOD: 25 ppm., Developing countries

1983,
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For palm 0il waste treatment (Figure 6), the transition from
low to,_ high technology are found at even lower land 3ts,
5-108/m“. The land costa quoted here in the range 5-100%/m" are
typical for many countries and gives the variation from farmland
areas Lo bigger citiea,

Total annual costs
incl, land cost

$ / year
1500004
100.000 Flotation
50.000+
Land cost
T T v -1 1
o ! 10 100 1000  $/m2

Palm

re 6. Total annual costs incl. land costs.

Figure oilawastewacEr. 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 1is an important factor but may be
outweighed by non-economic factors like resource availability and
atability and scolio-economic consaiderations, 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 cases 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 1t 1s 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 wastewabter from industries using a far more complex
technology in the industrial plant itself, than the one which has
to be used even in so-$alled 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 pe based on non-economical factors, as the cost of proe-
esses of varying technological complexity tends to be rather equal.

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

High or even moderate land coats favours high techrology proc-

esses considerably. Land costs should always be included in the
overall treatment cost calculations,

HENZE
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wDETERMINATION OF SULPHUR DIOXIDE (so?) THVEL TN
DIFFEELNT SITES NEAR PRISTINA™M

B, Jonuzi, A. Djeli
Tnstitute of Recearch and Development "INKO3"
353000 Priftina, Yugoslavia,

The prohlem of DO? em1551on in PriZtina is sipnificant.
This proklem occurs because of the sulphur content in
Kosovo lignite, which is promarely used for enerpetic
needs. Reserves of lignite coal in the I'osovo basin is
estimated at about 10 billion tones, which has and will
have sipnificant contribution in satisfying Turoslav
enerrFetic needs. '
The power plants of "Kosovo" are located near the town
of FPriftina, and they are the major contributors of air
poliution. The problem becomes more serious because
ttie area is one of the most popullated in Lurope. The
source of multiplied air pollutants are the power
plants Kosovo 4, Kosovo B, Coal gasificatio plant,
Tawn heating plant, and also private heating systems,
whieh are less sipnificant. .
The quality of air in a c¢city is impossible to estimate
ust on the basis of data of sulphur dioxide measurem—

ent hut since main contamination of Priftina becomes



Fram the chimneya. of the Fower Flants of "Kosovo"
ortained resusts can still represent the depree of air
pollution.

fmisasion of sulphur dioxide may bhe determined calcula-
tively on the basis of statistic data for coal consup-
t.ion and sulphur content in coal, however air pollution
is liable to weather and spatial fluctuations even in
cases of constant emission of pollutants. Therefore
coulstant measurements of air quality above certain
aress ls necessary.

According to the model1 for dispersion of pollutants
rreatest concentrations can be expected Lo be more than
10 kilometres away.

Tmission of 30, From Technological Process from IIK
2
(¥kektro ieonomy Kosovo)

Thie caleulation of SO2 emission on the hasis of coal
consumption by power plants makes it possible to esti-
mate the amount of sulphur oxides in smoke, which

rives the opportunity to accord defelopment plans with
air quality control. Emission is calculated on the basis
of three values: fugl mass, sulphur content in fuel and
emission grade of sulphur. By analysis of coal the total
sulphur content 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
great problem to air pollution and corosion.

Table 1. shows quantitics of sulphur dioxide emitted
“rom technological process IFK.

FER



Tahle 1.

Plant Power Quantity of $30, t/day
Thermopwer plant

"Kogovo" A . 700 MW a7.4

Thermopower plant

"Kosovo" B 2 x 330 MW 73

Gasification plant 1 x 10° Nm®/day 29,7

Heating plant 3000 t steam/day 4.6

The degree of sulphur oxide emission depends consider-
ably on the moral ratio 5/Ca in coal a&s well as combu-
stion point. Hence sulphur dioxide may be established
only by measuring,

Results of SOQNeasurements

- Determination of sulphur dioxide concentration was

done by Standard British Method®. Certain air volume
(1.5—2.Om3) passes through a diluted solution of peroxide
during 24 hrs. and from the obtained quantities of sulp-
huric acid SO2 was determined by use of gas eqxation.
Samples were taken from thise sites: Qbilié, Friftina
(servis BoZko (akié) and Uroevac (Hospital).

Qbtained results for daily sulphur dioxide concentrati-
ons in the ahove mentioned sites are shown in Figs 1,

2, % and Fig 4. shows frequency distribution of ambient
802 concentrations. Fig 1. shows daily SO2 concentrati~
ons at the Obilié site, Fig 2. shows daily 505 concent~
rations at the Pri8tina site, Fig 3. shows daily 80,
concentrations at the Uro¥evac site and the frequency

JONUZI
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dotritublon of tae results obtained go rar is presented
n Fig 4.
" so¥evac is considered as zero state hecause in its
-urroundines there is no industry which ewrits 505 in
‘e air.
Landard for emission of sulphur dioxide in TR Yuroslavio
“or extrems values of permitted conceutrations is as
‘ollows:

C.17 mm SO?ﬁmz - avarage daily valuae

CLS mg SCé/ms - short-ternm value
“nvla 2, shows avefage monathly concentrations of 30?

faoge/m

H

intabhove mentioned sites.

Table 2.

BONATIH

Gt 7T Tv v ooVT VTT VTTT
Chilis 148 66 o 45 5 o
Iriftina 206,06 25 21 50 160 -
Tro¥evac 47,3 23,7 & 13 o8 16,4

‘~anlts and Discussgion

“maulis that were obtained duriprt six monaths of research
¢ jow that the highest concentratiors of sulphur dioxide
during arch, and that high sulphur dioxide concentr-

5 fons are to be expected in winter. Common currents in
atmosphere are more expressed in summer, bthis influe-

rows aster and easier dispersion of pollutants, while

. winter wery often occurs the phenomeron of certain

crecifie westhar gituations faverahle Tor aceumulation



of pollutants in lower atmosphere layers, and are not
adequately diluted minly because of the cumulative
offect of 3 > and smoke3. As a result of varying emission
and meteorological conditions sulphur dioxide air pollu-
tion levels differ significantly beetween diferent sites
in the Priftina region, For right interpretation of
results it is necessary to obtain meteorological dats.
Compounds that influece result accuracy during determin-
ation of sulphur dioxide concentration such as nitrogen
oxides and amonium are sipnificantly prezent in this
recion and orginate from the Fertilizer Plant. FEven though
there are a number of methods for determination of 802

- concentrations it is difficult to find some method which
is unsensitive to the interference of acidic and hasic
compounds. Jome comparative analyzis of British Standard
ethod and titrate wethod by Thoron did not give any '
signifecant difference in results.

The aiw of this preliminary study was application of meth-
odology for the determination of 30, before starting to
work on’ the study "Inventory of pollutants released from
tlie power plants of "Kosovo" and we intended to gain
limited information on the spatial and temporal distribu-
tion of uuﬁ air pollutant. Tven though British Standard
Hethod dont offer stable resusts for determination of

30~ condentration it is still used because of its simpl-
iczty and economy.

Conclusions
The major conclusions of this study was that the main

sources of pollution by powerplunt of "Kosovo" A, "Kosmovo"
T oan well as the Gasification plant.

JONUZIT
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Tn the tagis of the Timited snupling period, it apmens

tnut the coucentration of 50. at the investirated sites
:

is low in comparison to caleuloted emissine arounts. Ve

ceanon for vhic phenomenon is hiph conteni of OaC in

coul as 2050 as well as TipG o= Gondsortes Do
ides. Therclore Tubure rescarches must be oriented or
chosing optimal conditions of cosl burning, in ovder
Lo lower emizsion of uup. Tulphur dioxide in Lhe aren

of Triftina is relutively low compared to Lhe second

mior urtan area 1. el. Titova Iitrovica.
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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.0O. 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 whieh 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 adegyate and thorough
consideration at the same time,

BACKGROUND

In the Galilee there are 64 non-Jdewish 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, 1982). Eighteen of these communities are 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 simjilar
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 strateqgy 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 watcr disposal, this
balance was maintained at very low levels, typical of such 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 increascd beyond this limited supply, from private cisterns
in which rainwater was collected during the short rainy season, Such

_cisterns were duq in the yards of most homes to depths of 4-6 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 guality.

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
drought. 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 c¢ircles 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 emcrgency situation, water supply
systems were hastily designed and constructed, without the needed
detailed studies for long range planning, and employing low standards
of execution, Thus during the period from 1958 to 1965, through an

_intensive campaign, pipe networks and distribution systems were
constructed and connected to ekisting water projects or to especially
built ones. Throughout this entire process, no specific action was
taken at the community level recgarding 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 the absence of prior planning, The limited land arca

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
o0ld 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 imdividually 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 professicnals
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
cagse 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 1l/capita/day) to levels of about
100-150 l/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 sephisticatien
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
aventually 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. Pleces 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 leakay= at several points, which accounts
for the high water losses, rcaching up to one third of the total water
supply to the village. In a survey which we conducted on 45 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 freguently.
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 shcould always be borne in mind is that
the geology of the region (limestone rcck 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 communities (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 sroblem. 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 gnd planned manner.
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INTROIICTION

large quantities of wastewater are generated during the produc-—
tion of beer. The final composite wastewater of 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 sedimentationm will occur in the receiving
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. The fact that brewery industry wastewater contains large
amounts of organic matter in solution but relatively small amounts
of suspeunded solids suggests treatment by anaercbic 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. Mc Carty
[12] compared the anaerobic filter with orher existing blniuglcal
processes and pointed out a number of distinct advantages in usinyg
the former:

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

2. No effluent or solids recycle is required with the anacr -
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 treat-
went plant with low maintenance requirements, and one in
which sludge handling and disposal problems are minimized
Furthermore, the resulting sludge is stable and inotfens.
hence suitable for direct use as a fertilizer or soil co -
ditioner,

6. Methane gas will be produced as a by-product of treatment
with anacrobiec filters, According to Kormi and Keenman |+’
considerable potential of energy recovery by methane ge-
neration exists in brewery induscry,

The main disadvantage of anaerobic filtration is a slow reaction
rate at ambient temperatures. For thig reason,Mc Carty [11] supposts
that the mesophilic range (359 % 29C) is the optimum temperature
range to obtain a suitable efficiency and gas production rate wit"
anaerobic filters. However, according to Drohobyczer [a], ar: .-
ficial brewery wastewatcer with a COD of about 900 mg/L can he ti ited
by anaerobic filtration at ambient conditions with a COD removal
efficiency of 60%Z when detention time is 1 day.

[l



PREVIOUS WORK

Anaerobic filtration has been the subject of numerous investi-
gations during the recent years following Young and Mc Carty's ori-
ginal work in 1967 (18], 1In their study, which demonstrated the
technical feasibility of anaerobic filters in treating soluble wastes,
COD removal efficiencies ranging from £0 to 90 per cent at different
organic loads and hydraulic detention times were observed. Further~
more, gsolid production rates were extremely low which enabled opera-
tion for long periods of time without sludge wasting.

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

On the basis of these results :hich demonstrated several advan-—
tages of anaerobic filtration over oth+w metheds in treating soluble
wastes with moderate to high organic s..ength, the process has been
apniied to a variety of such wastes, ‘he rreatability of brewery
‘press liquors [6], artificial brewery wastes [4], starch plant wastes
f17], flour processing industry wastes [13], pharmaceutical wastes
{7], distillery wastes [14] and potato processing industry wastes
(10 by anaerobic filtration have all bteen under investigation. In
each case, satisfactory results have been obtained despite signifi~
cant variations in influent COD concentrations (2500 = 24000mg/L),
hydraulic detention times (5 hrs — 24 days) and operating tempera-
tures (10¢ - 359C). fBesides satisfactory (0D removal rates with
litcle or no sludge removal, the produced gases were observed to have
a rich methane content.

The anaerobl  {llter has also been applied successfully for
Creatment purpogses cifier 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 of several filters in series while Chian
and DeWalle [2] studied a completely mixed anaerobic filter and
Landine [10] studied a horizontal filter. Again, satisfactory re-
moval efficiencies were obtained under different operating conditions.

The brief summary of rhe 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 anaerobiec filters in conjunction with
medifications and/or improvements in system design is likely to offer
the best solutien in a wide variety of waste treatment applications.
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PURPOSE AND SCOPE

It is estimated that the Turkish brewery industry discharges
10 million gallons (3,785,000 L) of waste anmually, or more than
80,000 1bs (36,287 kg) of BOD; per day [1]. 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 plaoning such treatment facili-
ties in this country. '

The purpose of thig 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
was investigated utilizing diluted beer ay artifiecial 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 uging three different influent sub-
strate corcentrations between 447 and 4050 wg/L COD. The filter was
operated at the mesophilic temperature (35 % 29C) to obtain optimun
treatability and gas production. However, special experiments were
also conducted at 25 * 20C ty ok erve the effect of temperature on
filter performance.

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

EXPERIMENTAL SET-UP

The anaerobic filter system used in this study consists of a
feed tank, a flow regulation system, three anaerobic filrer columns,
a temperature contycl 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 &nd 50 cm (19.68 in.) high. It was
painted with an anticorrosive paint to prevent the formation of acid
bacteria. The substrate leve! 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 Filrter 1II.
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Fig. 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 (C-7015-20 pump head with suitable silicon tubes.
The speed of driver varied between 5 and 100 rpm.

Filter Columns

The filter columns, which were essentially cylindrical PVC pipes
were constructed by Drohobyczer [4] . The details of comstruction
can be found in his thesis. The characteristics of the three filrers
used in this study are summarized in Table 1. Experiments were car-
ried out with Filter IIl 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 wm (0.315 in.) dia-
meter holes so that the substrate would be dispersed uniformly.

Sample ports were placed on the side walls of the columms at
vertical invervals of 30 em (11.81 in.) with anm additional first
port 5 cm (2 in.) from the bottom. There were also piezometric
ports locared 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 11 IIT

Gravel diametey, 2,54-3 .81 2.54-3%,81 2.54=1 8
cm/inchd 1.0 - 1.5 1.0 - 1.5 1.0 - 1.5

Height of media bed, 154.4/60.79 154.6/60.87 154.8/60,9%
em/inch?

Filter ID, em/inch? 15.3/6.0 15.3/6.0 15.3/6.0

Empty filter volume, 28.38/3.64 28.42/3.64 2B.46/3.65
L/gl '

Funnel volume, L/gal? 1.3/0.17 1.3/0.17 1.3/0.17

Total empty filler

volume, L/gal 29.68/3.81 29,72/3.81 29.76/3.¢

Liquid volume (with ’

funnel), 1./gal 12,49/1.60 13.10/1.68 12.01/1.54

Porosity ' 0.42: 0.441 0.404

%pata taken from Drohobyczer [4].

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 [4]. The
columns were filled with smooth quartgzitic stones of 2.54 to 3.8l cm
(1 to 1.5 in.) diameter. Plastic dispersion rings of 15.1 em (5.95
in.) OD and 11.1 cm (4.37 in.) ID were placed at 30 ¢m (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 cloged#ith a glass cap to make
it airtight. An inverted siphon system scparates the gas produced
from the liquid effluent of the filter by passing through it. The
details of the filter columas are explained by Drohobyczer [4].

Gas Flowmeter - Collection (hambers

The gas produced by the filters was measured and collected in
specinlly designed gas flowmeter collection chambers which were
made of 40 c¢m (15.75 in.) high copper cylinders with 25 em (9.84 in.)



ID. The working principle was the digplacement of the confining
solution in which carbon dioxide and methane gases are not soluble.
The composition of the confining solution was 207 (by wt) Na,50, and
5% (by volume) H804. The pressure of the gas holder was maintained
at atmospheric value by making use of a manometer and manuaily level-
ing the discharge siphon of the gas flowmeter-collection chamber. ‘A
5 liter (1.32 pal) 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 rhermozwitch (Fenwal Corporation, Cat.
No. 17502~0) which controls the mentles aad the fan at the sate time,
After a certain time, the fan was switched off since it was deter-
mined that the air circulation in the enclesure by natural convection
was sufficient. Temperature was checked by the thermometers placed
at four different points in the enclosure (Figure 1).

EXPERIMENTAL PROCEDURES

Subgtrate Description

A waste simulating the brewery wastewater was used as substrate
in this study. The artificial waste was prepared by diluting Efes
Pilseén beer with tap water. In order to chserve 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 anzerobic 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)

€D, pH Suspended Total Solid COD: N.P
mg/L Solid, mg/L mg /L,
1742 7.10 25 1650 } 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. pHof the seed wasadjusted to 7 by adding
sufficient sodium bicarbonate, (NaHCO3). 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 through-the-
sample ports 30 cm (11.8! 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 * 29C, The system was now ready for regular
experimental runa, 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 tc maintain gas produc=
tion.

Gas Production Period

In order to observe the performance of the anaerobie filter
under different ccaditions, data were collected with different deten=-
rion times and inlet substrate concentrations. Gas production data
and the COD concentration profiles were obtained daily, while gas
composition, suspended solids, COD vemoval and pH change data were
collected for each run.

I the first part of the experiments, 12 runs were carried out
with decention times of approximately 0.5, 0.75, 1.0 and 2.0 days at
the three different subscrate 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 off the temperature control system. The
most concentrated substrate was used in this run with a detention
time of 2 days. '

In the third part of the experimentation, nutrient deficiency
was compensatied by adding nitrogen and phosphorus to the most con-
centrated substrate as it was prepared. For this purpose diammonium
biphosphate «NHA)ZHPOA) and potassium nitrate (KNO3) were added so
that the COD:N:P ratics were 100:2.68:0.5, which were the minimum
values reported in the literature [2]. Detention time was 0.5 days
in this run.

Fipally, the influent flow and temperature control were stopped
for a two week period. When substrate feeding was restarted at
35 ¢+ 29C, the same performance was achieved in spite of the two week
“pause in the operation.

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

Table 3, Suﬁmary of Experimental Program

EQnS“ﬂ_ﬁE§§“BY”'“”““:-‘Snbsttate,Concentration Detention Time
Operation (L./beer/220 L tap water). _ - . (day)
1 1 -7 1.5 2
2 7-11 1.5 1
3 11 - 18 1.5 0.5
4 18 - 24 1.5 0.75
5 24 = 33 4.5 0.75
& 33 - 36 4,5 0.5
7 36 - 40 4.5 2
8 40 - 43 4.5 1
9 43 = 50 9.0 0.75
10 50 = 54 9.0 1
11 54 - 59 9.0 0.5
1283 59 = 64 9.0 0.5
11 64 - 71 9.0 2
14b 71 - 77 9.0 2
15¢ 91 - 95 4.5 2

*Nutrient Effect

b

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, total nit-—
rogen and phosphorus determinations. The composition of the 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 strong 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 [15].

RESULTS AND DISCUSSION

Approach to Steady State

Since the microorganisms in a biolegical system continuously
change in population using the substrate for both synthesis and
energy liberating reactions, it is very difficult to achieve steady
state conditions. 1n 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 thrce
days were sufficient to achieve steady state conditions and the abser-
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 geoneral rule, it should be un-
derstood that the tables and figures presented in this chapter are .
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, 7.65 and 6.60, respectively. The pH of
the filter effluent was about 6.4 for the other two filters in this
period, It was ohserved that pH drops sharply near the bottom of
the filter and then remains practically constant atter 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 ;! at the lower part of the column
is observed (Figure 2) for an iulet GOD of 536 mg/L. Similar re-
sults were obtained for other imlet concentrations [8],
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Fig. 2. Variation of pH with filter height.

This phenemenon 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 yp 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 be attributed to experimental
errors.

Gas Production and Composition

Responses of the filter to different infulent comcentrations
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 arce in qualitative agrecment with
the observations of Drohohyczer [4] who reported gas production
rates of 2.7, 2.6 and 1.48 1/day with deten! "»n times of 0.5 and 1
day, respectively. As previously mentioned, his COD concentration

KARAY



12

ry

REMOVED £OD 19/ Day)
858

r
3

'
)
'
'
'
i
t
'
I
i
i

T T T
+ L TOTAL{ GAS PRODUCT)
.,'..._.:_METHf\NE F}Rooucn

L}

22 0.

g

| !

TION {ml /day)

— T

i
.
i
i
:
|
i
'
I
|
i
|
|
|
|
i
i
i

/
4

RODUC
k

...
|
]

]

i
|
\
)
'
)
i
(
i
i
1
1

i
'
1
i
]
]
'

GAS

. : i H :
v AR A AR AR RS LA AR AR RARALSEARE RAMALARA RN RARERIRARS AALALRARES LARALE)

20 W0
TIME {Days)

Fig. 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 hiz. 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.

i
" Variation of the gas production with detention time and sub-
strate conceniration was considered in Russo's [14] study also, 1t
was reported that total gas production decreages 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 bah@viuur with a few exceptions.

" Daily methane production (mlL/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 (ml./g COD removed)
and the gas composition (ZCH4) are illustrated in Figure 5. It is
chserved that methane percentage increases with decreasing inlet
snbstrate 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 gimilar 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
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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 CH4 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 CH4/mg COD removed incrcased 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 CHA/g COD removed
decreased with increasing organic load whenever the organic load
excecded 1 kg/m3/day (0.9624 1b/ft3/day). This result had not come
out as he had e¢xpected 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.



Sugpended 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 pag bubbles.

As shown in Figure 6, 5§ removal increases with detention time.
Explanation of this expected result may be the followingt more §§
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 veloeity at lower detention times, thus
concentration of S8 in the effluent increases with increasing efflu-
‘ent velocity. The same result was obtained by Drohobyczer [4].

Jn this stady, it was observed that the influent suspended
solids concentration was always greater than the effluent suspended
solids concentration. However, there is no definite relationship
between influent concentration and the 8S removed (Figure 6). Jennet
and Dennis [7] support this result saying that the major factor that
affects solids loss seeéms to be hydraulic loading, because the major
fluctuations occur after decrcase in detention times, rather than
after changes in effluent comcentration.
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Fig. 6, Effect of detention time on suspended solids removal,

KARAN



COD Removal

The effluent COD concentration and COD removal efficiency are
both affected by influent COD concentration, detention time and
temperature. TFigure 7 shows the daily variation of effluent COD
and efficiencies with respect to these parameters during steady
state operatiom. 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 comstant hydraulic detention
time at three different substrate concentrations. A very high rate
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 plare of the
filter. Similar results were obtained for other hydraulic deten-
tion times [8].

As a general trend, at the higher detention times and lower
influent CCD concentrations, the rate of COD removal was ‘much higher
in the lower part of the filter. This means that at lower loading
rates, acids were converted to methane gas almost as rapidly as
they were formed. pH profiles discussed at the previous subsection,
support this explanatien., Parallel results were obtained by Young
and Mc Carty [18], Foree and Lovan [6], Jennct and Dennis [7] and

Russo [14].
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Fig. 8. Vacriation 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 was found possible to
define three different inlet concentrations, low (536.5 mg/lL. COD),
medium (1,836.5 mg/L COD) and high (3,316.6 mg/L COD), by simply
averﬂging 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 on measured inlet and outlet COD valyes 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). 1It 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 rvate by hali  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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redction mechanism with respect to substrate concentration which is
not in accordance with previous investigations. The effect of inlet

. concentraticn on COD removal will be more pronounced at lower deten—
tion times where the entire filter appears to be reactive (Figure 10).

Teniperature Effects

In order to observe the effect of temperature on the performance
of the filter, a specific run was carried out 25 % 29C, trying to
keep the detention time (2 days roughly) and the influent concentra-
tion (3,200 mg/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 congtant. 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 tempervature
(25 £ 29C), 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 #* 29C to 25 + 29C, the COD re-
moval efficiency showed an obvious decrease from 907 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 ia~
creased as loading rate decreases, at the same loading rate, the
difference between these two efficienc%gs 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
CHy, 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 Mc Carty's
comments [18) about the effect of temperature ou the anacrobic de-
composition. The rate of reaction in the mesophilic range increases
with temperature, Though the optimum temperature is 379C, it is
still possible to attain anaerobic filtration with an appreciable
performance at ambient temperatures.

Effect of Nutrient Addition

on the 59" 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 ((NHQ)ZHPOQ) and potassium nitrate.
A new substrate satisfying the new conditlon was used keeping the
influent concentration (3,500 mg/L COD) and the detention time
(0.5 days) comstant 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.

100
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> 704
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Fig. 12. Effect of nutrient addition on COD removal efficiency.
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"While the total gas production increased from 41 L/day to 50
L/day, the methane percentage decreased from 707 to 657 after the
addition of nutrients. In the ratio of CH, mL/g COD removed, a
slight increase from 588 to 602, was ohserved.

According to the results obtained in this run, slight changes
in the parameters determining the total performance of the filter
are recorded. However, a significant increase is observed in the
total gas production which can be explained as an cxperimental error.

Intermittent Opération

After 77t day of the experiments, operation was stopped for
14 days. At the end of this period, the filter was started with
2,000 mg/L COD substrate concentration and 2 day detention time. at
35 £ 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, CHy mL/g COD removed ratio was calculated as 6467,

Before the pauge in the operation, 96.96% COD removal efficiency,
5,240 mL/day gas production, 85% methane and 460 mL CHy/g COD re-
moved had been obtained at the same detention time and influent COD
concentration.

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

Efflucnt 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 H35) and other obnoxious gases,

CONCLUSTONS

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

l. 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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COD vemoval efficiency decreases with decreasing tempera-
ture, however with higher detention times (2 days), appre—
ciable COD removal rates (807) are still pessible at ambi-
ent temperatures around 25°C,

The maintenance requirements of the anaerobic filter is
minimal since the solid production is very low and sludge
disposal is not necessary for long periods of continuous
operation.

The operation of the filter is also quite easy, since addi-
tion of nutrients is not necessary, and operation can be
continued without noticeable change in cfficiency 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,

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

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
detent ion time.
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"ASSIMILATIVE CAPACITY OF THE KALAMAS RIVER

AND THE LAKE PAMVOTIS"

A. Katsiri, A.Ahdreadakis and D.Koutsoviannis
Denartment of Civil Engineering

National Technical University of Athens

1. INTRODUCTION

The c¢ity on Iocarnina, 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 anticipaled 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 ¢f Icannina is almost completed.

The area includes two important and scenic surface
water bodies the lake Pamvotis and the river Kalamas
which support a wide variety of plant and animal life
and whose conservation is of parament important. It is
well recounized that very often unprogrammed and quick
development can cause serious and sometimes irreversible
damage to the guality of the environment. The cuality
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 outlines the methodology of establishing
vater guality criteria and controlling wastewater effluent
in an integrated matter.



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

Thd* lake Pamvotis or lake Ioannina is the 1argest2
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 95X109m3, The lake lies_at the lowest point of a
closed drainage basin of 475 km® in a recion of predomi=.
nantly limestone geology with strong carstle 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 g 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 cathment area of 1722 km?, which lies almost enti-
vely within the Greek territory. The annual prec¢ipita- -
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 B0 km downstream the Soulopoulo
confluence, It is a swift flowing river with velocities
ranging from 2.9m/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 OF 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 attemp 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+0+Gp =E+ Y+ A+ Go where
inlet Outlet

2
1]

annual precipitation on the lake
surface
surface runoff

Q -

G1 = ground-water inflows

E = evaporation

Y = overflow to the Lapsista canal
A = irrigation

Go = sub-terranean losses

Each one of these terms was assessed serarstely
based on long rainfall records and evapotranspiration ana-
lysis. Thus the average annual inflow to the lake was
estimated around 140X106 m3. 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 8,03
Minina 14.13  12.78 12,00 11.33 10,53

Irrigation dam 15.29 13.91 13,11 12.42 11,61
Near outfall 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
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.
3.000 inhabitants are served in this way. Finally the
esthetic and cultural value of the river can not be over-

fisheries of trout and carp,

erphasiz

6. CURRENT WATER QUALITY ASSESSMENT

ed.

A total number of

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 1984,

sampling from 7 characteristic points in the lake and 3

points in the Lapsista canal.
D, COD, S8,

clude BQ

Parameters measured 'in-

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
Date = source
D.0 30D MH, POy-P
P.p.m n.p.o r.oub
- 5-7.0 - - 77-7% PERP2A
8.4-10.8 - 14-40 16-40 77-7% TIOKAE
- 3.05 - - June 1981-University
" of Icanninal
9.0~10.2 3-6 12-56 30-80 Nov. 1982-PERPA (3)
10.2-10.8 0.50 £100 60-1&1 Nov. 1983~Thig study

(avenns



Althouch some localized pollution occurs, seasonally
at the lake margin, the lake as a whale is still basical-
ly free of pollution. 1Its water is clear with a greenish
ti=t due to a light plankton growth. The major ecologi~
cal disturbance which causes considerable concern to the
people of Toannina 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 wdrks 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 Kalamas.

Kalamas_river and Lapsista canal. The river quality mo-
nitoring program for the Kalamas 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.B3 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/l COD,15-33
mg/l 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/l1,C0OD of 17 and 22 mg/l 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 lards will have certain

Table 3.__Avetage water qualiéy parameters on 9.8.83

Sampling location

Parameter Lapsista Soulopoulo Kioteki

pH . 7.3 7.3 8.1
temp, 0¢. 20.0 16.5 19.0
Conductivity 364 703 483
D.0O P.p.m. ) 85% 100% 112%
BOD p.p.m. - 0.50 0,60
coD p.p-m. 24,0 7.0 - 14.2
KO3"«N  p.p.b. 56 : 2 3.0
NHg-N pP.-p.m, 1.7 _ 0.1 0.5



Table 4, Pollution loads from domestic sources

Year Popul., Waste BOD ss Total~t' | Total-P
equiv. flow .
P
misa | kg/a | kazal”kasd kg/d
1985 63,000 13,000 4095 4410 756 190
2011 81,000 20,000 6480 6885 1215 324

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

6.1 Point sources

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.

;gggggggglhggglggggg. The main industrial effluent

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 gqualitv of
the receiving waters mainly due to unused food, fish
wastes and disease infection, There is evidence (4) that
effluent guality vary considerably throughout the year
depending on the river flow and temperature.

For the assessrent of pollution loads from industrial
sources, 24-h compusite 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 industrv., Future projection assume a 30% increase
in all 1lcads,

KATSIRI



Table 5. Pollution loads - Industrial sources

[y

Year Flow BOD &S Total-N Total-P
m3/d kg/nu
1985 1440 580 243 470 -
1985 (fish~ 110000 77 330 44 4.4
farms)

6.2 Non-pcint sources

Non-point sources of organic npollution and nutrients
are a result of agricultural actiwities (irrigation, ani-
mal raising), natura! activities {:tmospheric precipitati-
on), run-off from paved areas, subsurface disposal of
winstewaters etc,

Whereus phosphates are ratained 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. . ukvi-nt loads - Non-point sources
Source Drainage P N Water
;rga Unit tn/year| Unit [tn/year body
o rate rate
gr/m2/y o fm /]
(6) (7) (6) (7)
Urban run-off 3.5 0.1 0.35 0.50 1.75 | Lake
Irrigation 10,0 0.05 0.50 0.50 5.00 | lake
" 21,0 0.05 1.05 0.50 [ 10.50 | Laps. ..
) 15,0 0.05 0.75 |0.50 | 7.50 | Kalamas
Uncaltivaled 345 0.01 3.50 0.30 N03.50 | lake
100 0.01 1.00 0.30 | 30.00 | Laps .
1700 0.01 17,00 0.30 510.00 | Kalamas

| Precipitation 22 0.025 0.05 2.0 44.0 lake




Run-off from_the spreading of piggery-wastes In the
study area there exists a great numioer of pig-farms.

For the purposes of this study the most 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 anaercbic laggons prior to land dis-
posal, all other units spread their wastes directly

on farm land. Because cf this fact the peollution caused
by piggery wastes is considered as a diffuse source,

In ordcr 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). Follution loads were estima-
ted using data aguired in our laboratory from analyses
of similar wastes as well as literature sources. Two
different soil types were recognized: seils with very
slow infiltration rates in low areas lying very close
to the lake, with max annual application rates of 0,25
m/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 scil rich in organics 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 preduction 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 ¥ to the sur-
face waters is estimated at 40% and 20% respectively.
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 Flow | BOD Total=-N Total-P| Water body
m3/§' t/y t/year t/year

1250 33200 {130.0 60,0 7.0 lake
4758 11170 - 48,0 2.4 Lapsista

KATS1RI
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simple mathematical models, For the Kalamas river a
mathematical model based on the Streeter-Phelps equa=-
tion and prepas;ed by SOGREAH for the Pinios river is
being used (Programme 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
river and itz solution for a series of typical situa-
tions is ocutside 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 PO4—P is known to be the limiting factor.

8. CONCLUSIONS

Tris paper has outlined a comprehensive approach
to the problem of controlling water pollution in an im-
portant cat:rment. This method is currently being used
by a number ¢! water authorities in Europe and the U.S.
Despite the Ligh 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 oxercised
by different authorities, It also offers a unigue way
to establish priorities and make cost-benefit assess-
ments.

Finally it is a means for the public to be involved
in the problem of preserving the envirommental cuality.
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RECYCLING OF SOLID WASTES
IN THE CITY OF 1STANBUL

Glinay Kocasoy
Department of Civil Engineering, Bojazici University

tsmail tlkin Esen
Department of Civil Engineering, Kuwait University

LITRODUCTION

A1l developed countries, being aware that natural resources are
Vimited, have started to get concerned about recycling their
wastes since 1970, This was a result both of the energy crisis

and the for the environmental impact of rising living standards.
For evample, although for a very long time the problem of solid
wastes was considered only from the point of view of eliminating
pollution, on 15 July 1975 European Cconcinic Community (EEC) has
adopted general directives on waste nanagement in which “recycling
was accepted as mandatory. Furthermore, the Community Waste Man-
agement Comm'ttee which was established in 1976, started to work
on “...studying ways of reducing waste at the moment of production
and consumption, increasing the 1ife of goods and modifying the
design and recycling, encouraging manufacturers to use recuperable
material as much as possible...promoting selective waste collection
systems to faciiitate reprocessing and reuse of wastes " (Com-
mission of the Luropean Communities, 1975). However, since recyc-
ling usually requ ves less energy than preoducing from raw materi-
als, minimization of the use of enerqy emerges as a second impor-
tant objective. Furthermore, recycling reduces the amount of wastes
to be disposed.

Although developing countries are in tighter constraints for pro-
ducing the materials reguired for their developmeni, they usuaily
waste most of the recycieable material due to improper management.
In the nresent paper, the practice of recycling in the city of
Istanbul is summarized.



SOLID WASTES RECOVERY IN THE CITY OF tSTANBUL

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 still going around in the streets of the ci;y, buying all
the recycleable items, usually at a very Tow pricel However,
although recycling has started since very old times, it is diffi-
cult to say that it 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 classified as follows:

a) Separation and Recovery of Materials at Source

Materials such as newspapers, bottlies 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 Tow income areas - where of course recoverable
materials are very limited - and because of that it is hard to
say that it has any significant share in the overall amount
recycled,

b) Sorting and Recycling by the Building Janitors

Buildings Jocated 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 of f the wastes and they sell them to collectors.

¢) 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.

(=9
—

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,

®askici means "old article 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 s011id wastes produced by different industrial activities 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 SOLID WASTE RECYCLING

The efficiencies obtained with the primitive methods of recycling
explained above are not very high, The composition of the solid
wastes of Istanbul as they are delivered by the refuse collection
truck to the solid disposal site is given in Table 1. Curi and
Esen (1984) have tried to determine the amount of solid wastes
recycled by the scavangers in the disposal site. After sorting the
lead of a truck, the scavangers were allowed to take whatever they
cons idered useful, and the amount which remained was determined.
From these values, the recycling efficiency which is defined as
the ratio of the amount taken by the scavangers divided by the total
amount existing initially was determined. The data obtained are
summarized in Table 2.

Table 1. Composition of the solid wastes of Istanbuil
as delivered to the solid disposal site

Componeit Composition, %
Food Remains 42.2 - 61.4
Paper and Cardboard 12.3 - 25.3
Plastics 2.8 - 8.2
Glass 0.2 - 0.9
Textiles 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 Composition - “Composition Amount of
as delivered |after scavangers | not recycled
picked up useful material
material

() (%) o
Food Remains 58.2 Al 100
Paper-Cardboard 14.00 9 66
Plastics 2.8 3 48
Glass 0.9 1 27
Textile 1.2 6 83
Metals ‘ 5.4 3 30
Ash 9.3 5 90
Miscellaneous 8.2 2 100

As can be seen in Table 2, the recycling efficiency is rather low,

In reality, the actual efficincies will be even lower, since the sca-
vangers will not be able to work that carefully in actual. On the
other hand, Patrick (1981) estimated that the amount of domestic so-
1id wastes recovered would be in the order of 50.000 tons per year.
This constitutes only 15% of the potentially recoverabie 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 plastics, 5.980 tons glass, 29.620
tons textile and 13.7150 tons metals (Patrick 1981). On the other hand,
according to a survey conducted by the staff of the Project of Solid
Wastes Management in lstanbul Metropolitan Area, out of the total
amount of one million tons of solid wastes produced by industries,
45% is recycled. Table 3 gives the percentage of solid wastes re-
cycied in different industries.

NEED FOR RECYCLED MATERTAL

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 guch 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 locally,
while the remaining part is imported (Curi and Kocasoy,1982). If it
is considered that the total amount of scrap iron availabie for re-
cycling is in the order of 1.3 - 1,9x106 tons/year, then it is easy
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Table'3. Percent of Solid Wastes Recycled in 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

Iren 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

-+ KOCASOY



to realize that the lack of an efficient recycling methodology is
causing important financial problems (Kocasoy,1984). Seving (1981)

on the other hand, emphasizes the importance of developing the appro-
priate technology for plastic recycling. Kiran (1979) informs that
only 27% of the paper produced in Turkey is recovered, and oniy 70%
of that is reused , the remaining is poor quality paper. In 1980,
only 61,088 tons of waste paper was recycled in Istanbul for the pro-
duction of new paper products (Dodan,1980), while the amount required
is much larger. Improvement of the paper recycling techniques will
not only have a fipancial benefit, but at the same time contribute

to the protection of nature.

CONCLUSTON

The need for improving recycling of solid wastes in the city of Istanbul
is an unguestionable fact. Some simple measures which can be taken are
the following:

a) Encourage "Seperation at Source”

The sorting of solid wastes at the source gives better results, be-
cause 1) it is possible to reuse the materials with a simple processing,
ii) the recyclable waterials are prevented from becoming dirty by con-
tacting other wastes, i1ii) the resale of the material becomes easier.

Such practices have given very satisfactory results in other countries.
For example, Belgium is carrying out successfully a Separate house-

. hold collection of glass in a number of towns. Among these, the city
of Ghent has managed to recover 85% of glass (Claes,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,1980),

b) Improvement of.the Recycling Technoloqy

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 efficient 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
will stand and separate the materiais by hand. Such a technique will be
more efficient than the existing system. Furthermore, it is simple and

it does not depend on imported technoloqy. Finaily, being man-dependent,
it won't replace man-power by machine, thus, it will not contribute to
the unemplioyment problem presently faced.

c) Development of Technology

Necessary technology and facilities for processing recycled goods should
be developed. This will contribute to increased recycled materials, and
will motivate improvement of recovering solid wastes.
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INTRODUCTIDN

Overland flow wastewater treatment appears to be a viasble
process with several important advantages for developing coun-
tries. The overland flow process in the United States has evolved
from the British grass 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 as some of the potentisl prublems. Furthermore this paper will
discuss how to design and operate an overland flow process to maxi-
mize organic material and nitrogen remaval. 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 Regions Research and Engineering Laboratory in
New Homsphire (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 (R1) 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 graded,veqetated slape and flows primarily over the soil sur-
face. The effluent is collected for further treatment (e.qg. chlo-
rination), reuse or discharge to a receiving waler. Although the
overland flow process may appear simple, the pollutant removal
mechanisms and pathways are varied and complex. The major pathways
for organic material and nitrogen removal in overland flow will be
discussed later in this paper. Physically the system can be divided
into three major components: the distribution system, overland flow
slope and effluent collection system. A process schematic illus-
trating these compunents 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 Schroeder® provide
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. Fluctuationg in the application rate can also af-

‘ fect treatment efficiency but to a lesser degree than non-uniform
applicatian. Several distribution systems have heen used success-
fully for overland flow application including impact sprinklers,
fixed head spray nozzles, rotating boom spray, gated pape and slot-
ted troughs, Selection of a distribution system should be bosed on
the wastewatey and site of the project.

The overland flow slope refers to the physical surface of the
sloped s0il and cover crop. Uniform flow of water down the length
of the slope must be maintained to achieve maximum process effi-
ciency. Therefore Slopes must be designed, constructed, and main-
tained with that ubjective in mind. The varisbles in overland flow
slope design include Lhe length ‘and grade of slope, type of cover
vegetatjon, and type of soil. These variahles affect process per-
formance but cannot be easily altered once a system is constructed.

The soil of an overland flow process serves several functions.
It is the primary surface on which microbes are attached and grows
it provides mechanical support for the cover crop, and it may have
chemical properties important in the treatment process (i.e. cat-
ion exchange capacity). Typically, ovecrland flow systcms have heen
used at siltes with soils of low permeability. Soils with low per-
meability have been considered prerequisite for groundwater protec-
tion due to the relatively high loading rate (2 to 4 cm/day) and
limited pretreatment assoriated with the process. However, this
precaution may not be necessary since even sandy solls will even~
tually acquire a very low permeability due to biolngical clogging.
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Figurey 1. Overland Flow Process Schematic



Only one study has been performed to examine the effect of
different soil types on process performance.? The study was pre-
dicated on the concept that vverland flow systems with sandy sand
loamy soils might perform equal to or better than the typical clay
soil systems in nitrogen removal despite lower mineral cation ex-
change capacity. The result was that within three months Lhe four
different soils studied produced approximately the same nitrogen
removal results.

Cover veqgetation also has more than one function in an over-
land flow system. Tts primary function is to stabilize the soil
from water erosion. In addition cover vegetation takes up nutrients
during growth and may ephance the soil environment for microbial
conversion of pollutants. It is also pessible that through evapo-
transpiration the cover crop increases the transport of water and
nutrients into the soil. the best types of cover vegelation for an
overland flow system are water tolerant qrass species. Planting a
mixture of yrusses is desirable and if the grass is to be harvested
it may be pecessary to maintain a fairly active program for weed
control. However, from the standpoint of process performance there
may be little difference between various cover crops as long as the
primary function of soil erosion control is maintained.

The function of the slope grade in an overland flow system is
fairly obvious but its effect on performance is not. The current
design guidelines in the USCPA land treatment design manval specify
slopes grades between 2 and 8%, but slopes grades as low as 0.5%
in Melbourne, Australia and as high as 12% on a small experimental
system in Carbondale, T11., U5SA have been used."?°'® It has been
demonstroted by Smith? that slope grades between 2 and 6% have no
statislically significant effect on process performance in degrad-
able organic material removal. Researches at CRREL include slope
grade in their design pracedure for pverland flow systems, but this
inclusion is based primarily on theoretical considerations and not
on a demonstrated relationship. Unfortunately there is very little
data on the effect of slope grade on process performance. Neverlhe-
less, in most cuses the.design slope grade will be largely con-
trolled by the topography of the overland flow site.

The slope length is the most importsnt physical design para-
mater in an overland flow system. The slope length and application
rate (discussed later) are Lhe main parameters postuluted by re-
searchers for predicting degradable arganic material removal.”s®
USEPA overland flow design guidelines call for slope lengths in the
range of 30 to 45 m for raw and primary municipal wastewater. How-
ever, this guideline is based primarily on limiled experience. The
slope length should he determined as part of an aoverall design in
conjunction with application rate using one of the deqradable or-
ganic material or nilrogen removal design.relationships summarized



in thig paper. ,

The effluent collection system consists of a 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 sites 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 overlond flow system. Hydraulic loading rate (em/day or em/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. Pollulant loading rate (kyg/ha-day) 1s the mass of any
pollutant, e.g. BOD , TOC, NH -N or PO -P, applied to the slope per
day divided Dy 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 used Lo compare the overland flow process with the other
land treatment processes but is not useful in predicting or de-
setibing 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“/b-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-application (drying). Similarly the application pe-
riod (days on - days off) is used to describe days of application
followed by days of non-application. The application period and
application frequency are convenient parameters to use in describ-
ing the process ovperating schedule when the unit application pe-
riod {(on time plus off time) is 24 hrs, which is the usual case.
However, for different periods the parameters become 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 same
hydraulic loading rate, It is not reasonable to expect the same pro-
cess performance when 2 om 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 grass, is usually harvested periodicaslly 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 prior 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 bioloqgical 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 are
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 flow slopes can be built usina sim-
ple road construction or farming equipment and techniques. How-
ever, overland flow wastewater distribution and collection systems
ghould be designed and constructed to assure ease of operation and
maintenance, and the overland flow slopes should be constructed
such that short cireuiting or channeling of the wastewater is min-
imized.?

The day to day aperation of an overland flow system appears
to be and is for the most part quite simple. In theory, the process
could be operated without operators using automatic timers and
values. The degree of operator control of the system is dependent
on several factors encluding 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 flow process should be spproximately egual 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
wastewater pumping. In addition, overland flow systems can be de-
signed to treal raw domestic and some industrial wastewater with-



out primary settling thereby eliminating the need for sludye 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 binlogical system, process capacily 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 BODs and/or suspended solids is the smothering of
the cover vegetation 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 is some-
times difficult because of wind drift,

Overland flow is not geining wide acceptance in the U.S. This
may be due Lo 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 be sufficient suitable
land near the existing plant. Another problem with adding on an
overland flow process is that overland flow systems are most ef-
ficient, and cast effective with higher strength wastewaters. Far
example research at UCD on nitrogen removal found better n)trnqpn
removal with screened raw wastewsaler than with primary effjuent.
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.

ORGANTC MATERIAL REMOVAL - DESIGN PROCEDURES, AND OPERATIGN

The exact mechanisms or pathways of removal of organic mate-
rial, measured as 55, 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 1s incorporated into cell materlal and some is oxidized
to mineral compounds (e.g. Cly, NH4 y NOT SUZ )} while the non-
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degradable fraction builds up in the soil. Temperatures near
freezing reduce the removal rate of the procest particularly for
soluble organic material.

Removal of organic material by overland flow has been studied
extensively ‘and the effects of design and operating parumeters on
removal of organic material are understood more completely than
they are 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 CRREL in New Hamsphire.? »®s!!

Smith proposes that BODs5 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 equal to reaction rate
and that the reaction rate fullows Monod kinetics. After several
simplifying assumptions, the resulting "design" equation is:

£z . K'z

Gy = &%P (6—7;) ’ (eq. 1)
q

where

Co = organic material concentration at a distance z down-
slope, gm/m

Cz = influent organic material concentration, qm/m3
K' = overall rate constant, m/h

z = distance down slope, m

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

n = empirical constant

Although this equation describes very well the removal of sol-
uble organic material in a pilot scale system at UCD, there are
problems in applying the equation directly to a full-scale system
using either screened row 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, resulting in higher
removal rates over the first several meters of downslope distance.
Another problem is that according to the model, effluent organic
material concentrations should approach 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:



Cz ~ ¢
~Fo— = Aexp («Kz) (eq. 2)
where

¢ = background organic material concentration

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

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

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

1. Calculate tRe required removel ratio from C-c/Co.

2. Select the maximum value of application_rate (g) in the
valid range of the model (0.10 - 0.37 w/h*m) and calculate
the required slope length (z) using equations from Table 1,
or alternatively, chouse 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 B hrs/day as a general safety factor.

-4, Compute q' for the area caleculation by dividing the design
application rate by 1.5.

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

L Q) (z) .
Area = %377_TFT ) : R . (eq. 3)

where 3
@ = daily flow, m”/day
z = downslope distance, m

I

q' = application rate, m3/h'm

p = application period, h/d

It should be noted that, theoretically, the land area re-
quired to treat any given volume decreasses as the application rate
increases. The upper limit gf design application rate with the
current data base in 0.37 m’/h+m but the actual upper limit is not
kriown, 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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Table 1. Summary of Regression Equations for BOD and TOC Removal
with UCD Field-Scale Experimental Overland Flow Slopes’

Applied Mea~  Application Regression bquation*  Correlation
Wastewater sured Rate, Coefficient,
Para- m’/hr m r
meter
0.10° C-5/C020.36e0-0°78(2) g 993
0.16  €-5/Ca=0.38"0-0%49(2)  g.999
s oas C-5/C020.51e0:0%33(7) g ggg
ﬁriﬁary 0.37 . C-5/Cu=0.7le_0'0a78(2) 0.987
Effhuent 0.10 C-7/Co=0.32¢"0-04%8(2)  p o95
: 0.16 C-7/Cos0. 44e0-0808(2) o g9
s 0.25 C-7/C0=0.47¢"0-0519(2)" g 9gg
0.37 C-7/C020.59¢=0-0406(2) g ogp
0.10 €-5/C0=0.47e"0-0729(2) g ogg
0.16 C-5/Co=0.45¢"0-0667(z) g g9¢
05 o2 C-5/C0=0.60e~0-0%58(2) g 979
gcree"Ed 0.37 £-5/C020.59¢0-0428(2) o 5o
aw
Hestewater 0.10 £-7/C0=0.39¢"0-0786(2) - g og3
0.16 C-7/C0:0.336-0-0317(2) g g9
o 0.25 £-7/C020.57¢"0-0%62(2) g 9g¢
0.37  C-7/Coz0,59e~0-045%(2) g 995

* 7z in meters
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continuous aperation. Application periods between 8 and 12 hrs/day
are recommended to allow for summer cover crop harvesting.

Smith also found no significant difference in organic material
removal in the temperature range 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 = [1 - A exp (~kT)] 100 (eq. &)

where
A = empirical constant

k = average kinetic rate constant, m‘m"1

T

detention time, min

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

T 2 5.65 [-\—)-]1/3 —th o (eq. 5)
s/7 q

where . 3 -y
Vv = kinematic viscosity, m's

= resistance coefficient

= gravitational constant, 9.81 ms"z

a
q

L = slope length, m
S = slope gride, !
q

= applicat ion rate, ms/h'm
Using chloride tracer results to obtain a relationship betwsen
a and q and assuming a vadue for v, Martel et. al, reduce eq. 5 to:

_ 0.0078 L -

T-= =5 (eq. 6)

8 q

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 design is to calculate application rate to attain a
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desired detenlion time. Furthermore it is necessary to have a pre-
dictive relationship between pollutant removal and detention time.
Martel et. al. related BOD, 5%, ammonia, and phospharus removal to
detention based primarily on their research results at CRREL. For
the BOD and ammonia removal results they calculated curves of best
fite

BOD Mass Removal (%) = {1 - D.52 exp(-0.03 T)] 100 (eq. 7)
Correlation coefficient, r = 0.92

NHZ-N Mass Removal (%) = [l - 0.81 exp(-0,03 T)] 100 (eq. B)

Correlation coefficient, r = 0.9)

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

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

2. Calculate the application rate, g, using eq. 6 and assuming
values of S and L based on topography of the pot@ntial site.
The application rate should be less than 0.2/51/ 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 B 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. Besides 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 area and bhases pollutant removal on con-
centration rather than mass as recommended by Martel et. al. Both
procedures are empirical and do not deal with operation in cold
temperatures other than to recommend storage.

NITROGEN REMODVAL - 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 more
important than those in the soil. However, it is likely that all
the important nitrogen storage and conversion reactions are vc-
curring in the soil. Nevertheless, the nitrogen must first be
transported from the flowing wastewater to reaction sites in the
8011, A schematic indicalion possible relationships between the im-
portant nitrogen removal mechanisms in the wastewater and in the
soil is shown in Figure 2.

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.'’ 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 snd colloidal organic nitrogen is removed from
the wastewater by sedimentation and filtration, Some of
this organic nitrogen is later ammonified on 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 so0il may be partially
denitrified during the drying phase and during the next ap-
plication phase. -

6. During the next application phase, the remsining soil so-
lution nitrate is transported off the slope inh the efflyent.

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 on many factors ineluding 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
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vious 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 make it
attractive for use in developing countries. In this paper a de-
scription of the process and discussion of the potential advantages
and problems are provided. Additionally the current state of the
art in design of overland Flow systems for organic maberial and am-
monia removal is briefly described.
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ACCELERATED COMPOSTING OF WASTES IN DEVELOPING COUNTRIES

Jean Pierre LEVASSEUR
Technical Department

0TV, 1l Avenue Dubonnet — 92407 COURBEVQIE

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

Indeed the development of their industries, agriculture
and public works such as dams,roads airports and potable watrer
plant had been given top priority.

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

Among a4 number of techniques for the treatment of househeld
refuse, compost production, i.e, converting it into an organic
s0il gmeliorant is net only an inexpensive solution but one that
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 dispesal of saveral types of waste at the same time
with the means of obtaining an end product of excelient quality,

Bacause of the agricuitural use of these composts the
processing techniques must automatically supply 4 sanitized
matured and refined product of an appearance likely to appeal
ta future buyers,



OTV has been specializing for twenty years now in the
design and development of composting plant and has acquired
worldwide fame 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 1

- composition and characteristics of refuse,

- social and economic background and local sanitary
conditions,

- collecting method,

TABLE 1 - Refuse composition ia different countries

Country | TURKEY EGYPT GHANA |LTHIOPIA |INDONESIA PAKISTAFI

City Istanbul{ Cairo Accra |AddisAbabel Jakarta | Lahore

Refuse
Composit.
(% in
weight)
Vegetable 60,8 52,4 87,1 8,8 60 51,1
putresci- .

ble
Paper 10,1 9
Leather/ 3,2 3
Textiles
Plastics 3,1
Stones - 2
Glass o]
Metals 1
Others 20

Moisture 45/65 30/40 50/60 50/60
content .

)

In Europe, the composition of household refuse is in fact very
similar from ome country to another. As can be geen 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 rafuse is also dependent on léving

standards

TABLE 2 - Estimated Average Hougsehold Waste Composition
for high, middle and low income Neighbourhoeds {(Cairo)

March-June 1980 - (Ref.l)

Solid waste component Percent weight

High Middle Low
Vegetable/putreacible 75,00 2,00 27,00
Mixed paper 16,00 14,43 10,00
Mixed glass 3,00 2,59 1,00
Textiles and bone 2,00 4,50 1,50
Ferrous metals and tin ¢ans 2,10 1,40 0,00
Mixed plastics 0,59 0,21 0,00
Non ferrous metals 0,21 0,16 0,00
Inerts, rejets and organic i;10 4,80 60,50
fines ’ ’
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Dansity 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 cparacteristics rendering them hardly suitable
for disposal by incineration. The extremely high moisture content
and percentage of ashes substantially reduce the LUV meking it
necessary to add sowe kind of maks=up 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 opinien because it is
preferable to use techniques that do neot need qualified personnel
or suphisticated machinery ttsr resuive special malctenance.

As was suggested by the World Healuh COrganisation (ref.2),
by obverving {ive asimple conditions, the probiem of composting
household rafiee can be successfully solved @

- suitability of waste

- point »f utilization of finished produced less than 25 km
distant from composting plant

- a reasonable selling price for potential users

~- help of agriculrural imstitutions and notably the
Ministry of Agriculture

- net trezatment costs within the means of the local
authorities.

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

Another favorable argument is the fact thar rubbish damps,
often uncontrolled and badly kept cresre a big environmental
problem :

- obnoxious smells
= pollution of the atmosphere
~ pollution of the water by lixiviation,



PRINCIPLE OF COMPOSTING PROCESS

- Aetobic composting can be schematically described by the
following basic reactiom :
(reaction 1) Fermentiscible organic waste 40, ... stable
organic residue + CO2 + HZO + heat
The types of microorganisms chiefly responsible for creating
this hegt are the bacterias, fungi and actynomices and the

successful accomplishment of the whole process depernds un the
environment of this microbial life, i.,e.,

. Moisture content
In effect, they can only absorb the nomishment they require
in a dissolved form through their semi-impermeable ounter cell
layer. For this reason, they must ¥ind a humid ambiant enviren-
ment during their metabolism. The optimum moisture is usually
between 50 and 65 7.

. Aeration

As can be geen from reaccion 1, the iiological activity can take
place if extra oxygen is nupp ied.

Aeratjion allows the excess heat and CO2 to escape.

. Carbon/Nitragen ratin (U/N)

This ratio should be batween 23 and 40 before composting.
- Industrial production of compost can be adviewed in two ways

. by slow fermentation : a technique consisting of stacking
the feedstock inwindrows after physical treatment, and turning
it over pariodically with a2 lsader, ih ecrder to let epough alr
into the mass to enable ti2 (ompost to develop (time token @

3 months).

LEVASSEUR



. 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 mors 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 facilicty,

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

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

The design of the STLODA process is a perfect illustration
of this criteria,

THE SILODA PROCESS

In order to obtain & good~looking compest, 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 granulometTy to make it suitable for agricultural
use,

There are several kinds of grinders. We prefer the vertically-
mounted model (see fig.l) specially designed for the treatment of
household refuse. It has the advantage of being able to zject by
balistic screenlng those heavy objects found in refuge that are
undeslruble in the compodt. -

MotEOvar, tha number of ‘hammers and their layout can be easily
changed gccofding to the grain-size required by the operator.
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Owing to its operating principle, this grinder consumes very little
energy (5 to 7 kWh/metric ton.truated. This is most important factor
when one considers the grinder's <hare in the energy balance 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 aim of the screening stage is to separate
non compostable scraps such as plastic, rag or non-ferrous metal.
According to the natwre of the feedaroek and the treatment already
prestormn) the serecns will be of eiiher the vibrating or the
rotating type.

- Specific separation devices

+ Ferrous-metal scraps can be removed by magnenic separation, then
baled in a special press for recycling when it is profxtable 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
inelude a b;ologlcal 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 STLODA COMPOSTING PROCESS is. illustrated in Fig.2

Fermentation takes:place in silos which are side by side and
divided by walls, all inside 2 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 rop 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 onme day's production. The product being
treated is retained for 2 days in each silo. Therefore depending
upon the number of sileos, the total fermentation time is between
2 and 10 days.



FIGURE 2

S1L.0DA COMPOSTING PROCESS




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 rhe 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 the (umpost has passed through the stlos 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 cdmposting 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 diffieculc,

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
0og 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 necegsary 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 reproduci~
ble and produce reliable results.,
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It was with the 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, organics,
tests on vegetable matter).

)

)

The two methods are as follows

Colorimetric apalysis

ENSAIA, Nancy, designed a test based on the colorimetrie 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 a product could be considered as
ripe when the alkaline extract had sufficient optical density.

However, to simplify thé method, we developed a colour range
representing the compost st different stages of maturity to serve
as reference. In this way, all the operator has to do is to
compare his sample with the tveference colour chart,

Respirometric analysis

INR3, Dijon, found that accidents to crops (inhibition of the
nitrogen, renewal of the fermentation process, ete) were attri-~
butable to the presence of carbonasceous products that are
eagily biodegradable,

The method consists of measuring the réspiration 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 c¢an use these two gquite simple and inexpensive
methods to check the quality of the compost product.



Reference plants equipped with SILODA accelerated fermentation
unit

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

-The ENVERMEU (France) plant

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

- One physical treatment unit containing :

vertical pulveriser type Tollemache 42 F
- magnetic separator

vibrating screen

glass extraction unit

[T TR )

- 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 produect 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 iln the Middle East.

It has been successfully used for several years in $yria, lLabanon
and Saudi Arabia.

The plant commissioned inm MOSUL is designed to traat 300 tonnes/day
of household refuse,

LEVASSEUR



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

= egxtra fine screening with a 15 wm mesh size

- a glass removal unit.

After refining, the compost is stored in the curing area.
Following a sustained marketing and information compaign, notably

on the part of the local utilities department, the compost is now
a product in great demand.

THE UTILIZATION OF COMPOST IN AGRICULTURE

A - Advantages of compost in agriculture

The organlc matter contained in compost affects the soil in
four different ways

. physical proggrties 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 ip Spring.

. Chemical properties of scil :

- compost brings extra mineral substances, that are
conserved by the soil or, in some cases, turned into
solution form (P,0., K, 0, trace elements)

- it has-'a regulating effect on mineral input, particularly
nitrogenous compounds.



. Biologicgl properties of soil :

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

+ Crop yields :

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

B - 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 potatees 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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Wheat yield (15 % water)
Type of treatment Qx /ha
(average of 4 repeated parts)
Urban compost 20 t/ha + P.K. 42,9
Refarence : ‘ 44,3
Manure 20 t/ha + N.f.K. 45,2
Manure 20 t/ha . ) 46,3
Urban compost N.P.K. . 46,4
Urban compost 20 t/ha + N.P.K. 50,3

Differences are quite meaningful.

- Maize (Indian corn)

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

Alluvion soil Acld sandy soil

Kind of |Compost| Reference mine-| Compost] Compost]Reference mine«
manure |45 t/halral fertilizer |40 t/haj 20 t/hafral fertilizer

Yields 76,9 74,7 38,8 36,2 29
in Qx/h4
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CONCLUSIONS

The aerobic fermentation of household refuse takes place in
the bast of conditions providiag a minimum of care is 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 muast 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 egsential 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 refuses in such a wav a2s to turn
it into high-grade compost, it is important to use suitably
designed and easily operated equipment. Techniques exist thar,
when correctly implemented, give an attractive and chemically
adequare product that sells readily and renders a real service
to agriculture.
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NUTRIENT ACCUMULATION AND RELEASE ON INTERTIDAL

E
FLATS IN THE VICINITY OF SEWAGE DISCHARGES
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P, 0. Box 24885, Safat, Kuwait.
INTRODUCTION

Pollutants (substances that can be directly toxic to humang or
to the biora at a certain level in the environment) and nutrients
(substunces that may increase the primary production, i.e,
euthrophication, and those that can indirectly affect the water
quality, particularly by lowering the oxygen content) occur in the
aqueous phase of the 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 geochemical enviromment, water and sediment character-—
istics and wastewater discharges.

A high proportion of the most important pollutants, e.g.,
heavy metals, and nutrients, particularly phosphate, are bound to
the solid phase. This is primarily valid for natural warers,
but the dissolved form of these compounds can reach high concen-
trations in wastewater discharges. After mixing the wastewater
with the 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,
gedimentation, 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 "sionk" for a
number of pollurants and nutrients in the aquatic ccosystem, it
should be remembered that exchauge 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 vatries
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 envirommental conditioms, 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 H2POA;

- in specific minerals such as calcium phosphate (apatite).

Determination of the biocavailable 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 tidalbay, with particular reference to
phosphorus distribution in intertidal sediments, The effluent outfalls
were important sources of particulate phosphorus.

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

The part of the bottom sediment with the most influenice on water
quality is that which is reactive. This includes the particulate
organic matter from natural and anthropogenic origins, carbonates
such ag 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 jdentification and characterization of these materials
is very difficult. ‘The effect of various envirommental changes on
the different phosphorus forms is summarized in Table 1.

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

Bacterial mineralization 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 organmic carbon is transformed into
carbon dioxide,

Sediment shows a high rate of phosphorus release vhen 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
organie matter. Anaerobic versus aerobic conditiens paly an
important role in the phosphate release and uptake processes (Lee
er al., 1977). -

Several experimental procedures have been proposed Lo determipe
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.
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Table 1. Fate of Phosphorus in Different Particulate Phases
When Submitted to Environmental Changes.

Environ- Particu- Fe & Mn Carbon—  Electro- Specific
mental late Oxides ate static Mincrals
Changes Organie Specific
Matter Adsorption

Bacterial - 0 0 0 [+}
degradation
Oxidizing 0 + 0 o 0
conditions
Reducing 0 - 0 1] ¢
conditions
pH variation 0 0 +/- +f- ) 0
Transfer to 0o - 0 0 - 1]
saline water
Intestinal - - - - 0
tract of
organisms
after
ingestion

0 = no marked change; - = release from solid to dissolved

phase; + = gain from dissolved to solid phase.

Early fractionation techniques (Chang and Jackson, 1957)
geparated the particulate phosphorus into iron-P, aluminium-P,
calcium—P and organic-P. Williams et al. (1977) suggested that
particulate phosphorus be separated into iron plus aluminium hound-P,
calcium-P, veductant soluble-P and organic-P, Later they supgested
a simplified version for separating non-apatite and apatite in-
organic=P, and organic-P in sediments (Williams et al., 1976).

Golterman (1977) suggested that nitrilotriaceticacid (NTA)
extractable-P for characterizing biocavailable phosphorus, be used.

Fhosphate can be gelectively fractionated using ammonium chloride,
sodium hydroxide and hydrochloric acid for the extraction of loosely

bound and calcium carbonate adsorbed phosphates, iron and aluminium

K



bound phosphates, 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) chat
an equilibrium concunrration_?f phsophate in estuarine waters was
in the range of 22-46 pg P.1 during experiments to wmeasure 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. Af a fixed temperature and pH, the adsorption was
found to be depressed by increasing salinity. Adgorption is
favoured by the presence of H,PO, rather than HPO, ions, which
dominate the phosphate disseciation at higher pH {Kester and
Pytkowicz, 1967).

McCallister and Logan (1980) demonstrated that the results of
laboratory experiments on adsorption-desorption studies should be
eritically evaluated because, depending on local conditions,

Chemical extraction methods with chemicals that are unexpected under
natural conditions, e.g. HCl, 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 demoustrated that an immediately available form is
dissolved inorganic-P, and partially, dissolved orgaunic-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 bounded phosphorus and the characterization of that fraction
with carbon dioxide extraction.

MATERIALS AND METHODS

Study Arca and Sampling

Of [-shore and intertidal areas in the territorial waters of Kuwait
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have been studied; the results of three case studies are presented in
this paper. The sampling sites are shown in Fig. 1.

During these cage 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 glags bottles and stored in an ice box until analysis.

- Interstitial water samples were taken with a probe
» lowered to the degired sadiment depth (10 em).
] 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 thosge
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~ghore stations or by a plexiglass gravity corer
at the intertidal flat stations, The top 0-2 c¢m sediment
layer was subsampled from the grab sampler. Intervals of
5 em 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 um) nylon sieve to obtain the clay-silt fraetion. 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 gmall volume of distilled water adjusted to pd 8.3 for flushing
out the traces of pore water.

All sediment samples were freeze dried in a Virtis Co. freeze~
mobile IT, 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 ' hackward operation in
the filtration flask. The pump's tubing was a hod to a reaction
flask used to introduce carbon dioxide (evolve otassium bicar-

bonate with sulfurie acid) iato the air flow, w issed through
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the filtration apparatus during the forward operation of the pump.

A total of 200 ml of seawater 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 into 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 Tesuspended
and acrated 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
gecond 200 ml of scawater removed all the 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 | mg CO,~C per minute was continuously introduced
into the aic flow. The filtrate fractions were analyzed separately.
After collection of 4-6 fraction, 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 molyﬁdate complex method.
Ammonia was determined by the indophenole~blue method, and the
nitrite and nitrate after reduction to nitrite on .the cadmium eolumn
was determined by the sulfanilic acid-naphtilamine technique.

Sulfide was analyzed colorimetrically in the form of methylene-blue.

Total alkalinity was determined by titratiom 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 EDTA
using Murexide and Eriochrome-Black~T end point indicators. The
total ecarbonate 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 oxidation product in barium hydroxide (Literathy and Al-
Ghadban, 1982).



RESULTS AND DISCUSSION

Case Srudy 1

The migration of the interstitial (pore) water influences
development of the anaerobic zone in the sediment., The importance
of both the upward and downward migration of the interstitial water
on the kinetics of phosphorus release from the sediments has been
shown by Kamp=Nielsen (1974). The effect on biochemical and
chemical reactions between gediment and interstitial water should
be cmphasized. This 1s especially important in intertidal flats,
where pore water migration is controlled by tidal flashing (see
Fig. 2). Depending on the slope of infiltration of the fresh,

A

HIGH WATER

LOW WATER

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 hipher the level of seawater-pore water
migration and deeper the position of the anaerobic zone.

For characterization of the seawater, pore water (seepage, tidal
ereek) and interstitial water composition for nutrients and sulfide,
gamples were taken in the A-B8-C transect oun 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 unear the high water
mark at 10 cm depth is almost identical to that of the
seawater.
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- the composition of the tidal creeks in the intertidal
zone indicates the eflect of pore water migration from
the deeper layer, represented by an increasing concen-
tration of each nutrient under aerobic conditions.

- the interstitiul 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 orthosphosphate,

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 photousynthesis is phosphorus limited and dees not create the same
problem as in the vicinity of the sewage outfalls.

Case” siudy 2,

Eliminating the direct impact of phosphorus loads from anthro-
pogenic origins, the immediately bioavailable orthophosphate-P is
liberated during the mineralization of the organic matter, the
desorption of the labile-P and as a result of disgolution 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.

Ag long as calecium carbonate is present, especially in the
sediment, it acts as a buffer against changes in pH. 1If 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, orthophogphate is
also liberated propertionally to the caleium carbonate/orthophosphate
ratio present in the surface of the calcium carbonate or (d](lum
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
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. Fig. 4. Relation between phosphate releagse and calcium carbonate
dissolution during the carbon dioxide treatment of off-
shore bottom sediments (see Fig. 1).

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

The end of the curves repregents the total amount of carbonate-
carbon in the gample 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



the calcium carbonate is richer in phosphate than 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 vrelease from the sediment by an infinite amount
of carbon dioxide is significant for environmental quality assessment.

Case Study 3

The main objective of this gtudy 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 area 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 etrrent, which is predominantly north-scuth in the Gulf
and west-east in Kuwait Bay. Rising tide makes a morth-west movement
and falling tide a south~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 inte 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 ride, when the direction of the water movement is into the
open sea, the wastewater is practically removed from the intertidal
flat and mixed with the seawater.

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

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

Table 2 also demonstrates the amount of carbonate bounded
phogphate as well as the labile-P that can be easily released into
the water. The results assume the higher accumulation rate of
phosphate in the upper layer of the sediment. This is clearly
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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 2 3 4
CaCO3 {Z)

0~5% em 18,4 21.3 18.2 16.2
5«10 cm 26.7 26,0 23.4 18.2
10-15 em 20.9 - - 26,4
CaCO3 Bounded Phosphate (ug P/g)

0-5 cm 49.0 45.0 46.2 39.8
5«10 om 45.6 33.4 27.0 32.4
1315 cm 30.0 - - 35,4
CaCO3 Bounded -P (ug)/CaCO3-C (mg)

0-5 em 2.17 1.78 2.09 2.05
5-10 cm 1.45 1.07 0.96 1.48
10-15 em 1.19 - ~ 1.12

Labile Phosphorus (ug P/g)

0-5 cm 3.0 1.8 3.1 G.8
5~10 cm 5.¢ 0 1.7 0
10-15 cm 1.6 - - 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%7 in the different samples, showing insignificantly higher
values at Stations 1 and 2. ’

Fig. 5 shows the results of phosphate release during the multi-
atage extration with an infinite amount of carbon dioxide. It ig
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

CaCOB—C is dissolved with carbon dioxide.
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CONCLUSIONS

The multistage carbon dioxide treatment technique for studying
potentially available phosphate release from sediments was found
to be 4 good practical approach for bottom sediments,

Intertidal flats are particularly sensitive areas for nutriemt
accumulation and release according to seagonal cycles. During
the planning and construction of wastewater outfalls on intertidal
flatg, circumstances such as slope and widencss of the intertidal
flar, direction of the tidal current, aod mixing conditions should
be carefully studied and considered.
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POULTRY WASTEWATER TREATMENT IN SUDAN

DR. ISAM MCHMED ABDEL MAGID

B.Sc., DDSE, Ph,.D,
UNIVERSITY OF KHARTOUM, P.0.Box 321, SUDBN
BACKGROUND

Poultry processing is drawing more interest in Sudan for
many reasons such as ameliovation in livipg standards, prosperity,
relatively easy profit and veverue from this sort of investment,
increased prices of meat together with relevant enviromental,
gocipeconomical and cultural factors and local impacts., “There-—
fore, old poultry processir3 ¢.ntres are expanding and new sectors
are emanating to existance, 7The net raosult ig an augmentation
in waste generated creatir: problems with their handling, treat-
ment and final disposal. whig aggravated jnconveniences such
as occurance of obnoxious ulours, flv nuisance especially the
common flyi, breeding places for mesgquitces, accumulation of Jarge
volumes of wastes annualy nad presence of unwanted, harmful wild
life in the vicinity of the poulcry farm as for example the case
in the Sudanese-Kwati poulvry farm in ¥hartoum. In that {arm there
is a larye number of wild »irds pecking and feeding on the
accumulated monure and aiding «n spreading it in the neighpourhood.
The proiblem of manure is be.ng aggravated hy the absence of farm
animal and usaye of more potent fertilizers than poultry wastes

SOURCE QF POULTRY WASTE ANI COMPOSITION
According to Salvat02 the major source of poultry waste

results from battery and feeding roems, this is followed by wastes
from kiliing, scalding and picking operations.



The liguid waste from washing down a poultry house has heen
reported by Scott and Smith3 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 Mountney? indjicated that the poultry manure is moist and
contains nutrients and organic matter and higher fatty acids
( butyrie, valeric, capronic, and caprylic ).

The wastewater generated from poultry processing plants is
highly versatile in its composition and characteristics. Mead,
et.al’ stated that the BOD and suspended solids (SS) are high during
the processing day, while the BOD, 5885, grease and flow rate vary
considerably throughout the nightly wash down peried. During
weekends and holidays, wastewater flow may be nill. Furthermore, the
type, kind and guality of bird bheing killed has a notable substantial
influence on the characteristics of the wastewater produced.

TREATMENT OF POULTRY WASTE

Traatment of poultry wastewater necessitates incorporation of:-

a) holding tanks to cater for peak flow and they may demand
aeration to avoid septic conditions,

b) prestreatment 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, DAF, ridge and furrow, incin-
eration, dahydration, composting, spray irrigation.,etc. 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 againgt 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,



tirieves, et.al” stated that DAF foam separation is a promising
technique for the removal and concemtration of colloid-size
particles., The method have been shown to be efficacious by
Shannon and Buisson8, and the cost of installing and operating a
DAF unit has been estimated to be similar to that of conventional
sedimentation units of the same Capacityg. 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, S5 removals of 40-50 % were
reported by Gray'V. Consideration of the characteristics and
nature of solids remaining in the effluent from plain flotation,
i.e. suspended proteinaceous 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 §5 removals of 90% with chemicals. Also an
optimal removal of excess of 90% of SS in the effluent was
reported by Levy, et.al.ll on application of DAF process, i
Woodard et. al? by using this method, obtained BOD removals R
in excess of 85%, and S5 removals greater than 98a&, 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 S5 concentration.
2. rather thick sludges are being removed from the
unitle,

This process was being applied at the Sudanese-Kwati
poultry processing centre at Khartoum, but the unit
performance wasz neither satisfactory nor beneficial, and
after a short peciod of operation it stopped completely for
a numter of reasons such as 1=

i. sophistication of the plant.

2. lack of the appropriate personnel capable of operating
and maintaing 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 of effluent disposal from the plant is inadequate.

The result iz that the unit is now aeting 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,

¢. too much water weed growth.

d. 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
treathent is needed. It consists of s¢reens and grease or
fat trap as unemulsified oils can be a special nuisance since
they spread over pond surface obstructing the passage of solar
radiation and stopping surface adsorption of atmospheric oxygen®~,

Sufficient nuitrients are indispensable to satisfy the high
demand carbonacecus BOD to have proper plant performance and
efficiency and to aveid troubles that may materialize.

Domestic sewage may be added to alleviate the problem or perhaps
commercial ammonia and phosphoric acid may be usedl4,15 although
the latter one implies more costs.

.

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.

WSP's may not meet effluent standards for 55 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% and 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 Ahmedl® to die off in maturation ponds
along with bacteria because the enviroment is hostile and
unfavourable,

Ta.tganides1 proposed digestion for poultry wastes to utilize
methane gas ag 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 questicnable.
Mead, et.ald found that sowme microorganisms such as
Paseudomonag, are considerably more resistant to chlorinatieon
than E.coli and they recommended a dosage of 5-20 mg/l of
available chlorine in the water used for pouvltry processing. )
saad, et.all8 found that renovation of reused water by filtration=~
chlorination may effectively reduce water consumption needed
for the washing aml ¢hiiling process to approxaimately one-
third of the ordinary leveis without affectin; the bacterial
and chemical quantities of the freshly consumed carcasses,
flowever, they reported that application of chlorination may
accelerate the rate of free fatty acid release, as chlorine
may enhancz the breakdown of triglyceride into glycerol and
free fatty acids.
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RECOMMONDATIONS AND CONCLUSTONS

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

a, simple to construct and operate utilizing capabilities of

unskilled personnel,

b. inexpensive to install.

/e, 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. does not necissates usage of chemicals that are not to

be found locally.

According to Hamml? improving techniques and equipments used
for killing, scalding and defeathering should prove heneficial 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 decrsase nuisance problem,

b. avoidance of carclessness usage of water in scalding end
zhilling operations. '

c., geparate collection of wastes generated from eviscaration
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 purpeses or it could be evaporated in a
neighbouring area in a satisfactory sanitary manner.
solids gathered from the forementioned units could be:

a. dewatered and the product may be rendered to produce
an animal feed supplement.

w
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b, digested with help of poultry menure and the gas
produced could be engineered for power generation,
while the end product begetted could be used as a

fertilizer.

SUMMARY

In Sudan there are many poultry processing centres some of
them without any szort of waste treatment, while in others rather
sophisticated, unreliable and unefficient methods were used.
This situvation 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 prercquisites, spare parts arducusness,
training facilities for people involved and supply of power and
chemjcals.

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 ghould wear, how
should they handle equipments, products and wastes inorder to
preserve 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-flowing Water of a Dam~Reservoir,

ADEL MAHASNEH
Department of Biological Sciences

University of Jordan, Amman.

INTRODUCTION

Many fresh water management strategies are based
on estimates of phosphate and nitrate in these waters,
Ammonia alkso is a critical compound in the nitrogen
cycle, ‘Noc 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 excretaed
material, Thus it isclear that ammonia is consequently
of great interest to both biological and chemical
water researchers, The Zarqa-river, with a catchment
area of. 3300 KM2 (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,1982).
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 bacter%a in the
outflowing water of the reservoir along a stretch of

1.5 KM down stream towards the Jordan Valley.
MATERTAL AND METHODS

Water Samﬁles.
Nutrients: Two weeks interval samples were col-
iected in %00 ml pelyethylene bottles which were

stored in an ice-box during transportation to the



laboratory, The estimation of total ammonia, nitrate
and phosphate were according to Strikland .and Parsons
(1972). | |

Bacteria: Samples were collgcted in pre~steri-
lized glass bottles (leml) 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 coliforms
were determined as above using membrane filtration
method. « Sterile Millipore filters (0.45pum ) pore
size over-layed onto a sterile cellulose pads imprig-
nated witﬁ Endo-b;oth were used to grow coliforms.
Form both determinations plates were incubated for

24480 at 30 and 37°C respectively,

Sampling Sites.

Five sampling sites (I,II,III,IV,V) were chosan
the reserveir discharge gate and the rest (LI to V)

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

charge gate towards the Jordan Valley.
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RESULTS AND DISCUSSION

Chemical Analysis,

Phosphatae 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 02
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 f;r the different sites were of the order
80,130,100,100,100 g #0,-P L™' for sites I,IT,IIT,
IV and V respectively (Fig. 2). The lowest value of
site I was recorded in October 1982 céinciding with
the late algal blooms, Later on in November,December
of the same year and January 1933 the concentrations
were increased probably due to fresh rainfall,

For nitrogen-nitrate, mean values during the study
period were 50,45,60 and 30 ug N—NOBL_‘ for sites I,
II,IIX,I1V and V respectively (Fig. 3). This observed

increase in nitrate concentration with dewn stream



may indicate a good aeration condition in the running
water which inturn ephances the aerobic microbial
nitrification (Guter,. 1982),

At the same time ammonia concentration decreased down
stream with mean values of 35,50,U45,40 and 10 ug

NHBN Lb1for sites I to V respectively (Fig, 6). This
is expected since the settlement of organic matter th-
reugh inflow to precipitation of dead algal cells will
be minimal in such shallow running waters., In addi-
tion, some of the ammonia will be oxidized to nitrite
and nitrate in surface water (Soub and Mahasneh,1982).
Nazneen (1980) éave values (2%-1250 mg L-') which are
higher than our values but with more eutfophic water,
Watzel (1975) gave ammonia concentration mean values
of 70 jg NH,-N L' for the lake of Veirwaldstahcrses.
Considering the changing concentrat_ons of phosphate,
ni brate and ammonie during this work, it is very clear
that the self-purification ability of the Zarga river
is not pronounced; probably studying these chemicals
on a longer stretch of the river may indicate other=
wise, hence the continuation of this study is eminent

to give a broader understanding of the water quality

and the ability of the river for mself purification,
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Bacteriological Analysis.

Water has always been a mediﬁm for the transmi-
ssion of human microbial diseases (Scarpino,1971). As
a result total viable bacterial counts and t;tal viable
coliforms were sought inorder to assess the water qua-
lity and also to see the effect of running water upon
the viable bacteria. Results in Figures 4 and 5 show
that actual decrease in bcth.counta was observed as
you travel from sjite I towards site V with mean values
of 0.9 to 1.5 expreased as log]o cells ml’l, the lowest
value being recorded at site V (Fig. 5). Walting and
Emmerson (1981) recorded similar observations concer-
ning coliform counts with down stream river water.
Mahasneh and Soub (1933 ) reported higher viable
counts in water samples from the main body of the re-
servoir during 1930, However, looking at the raesults
of beth chemicals and bacteriological analyses of the
waters we cannot conclude that the 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 sberrations in plants serve as an excellent monitor-
ing system to detect the effects of chemical environmental pollutants
that may possess genetic hazard. As early as 1925, the effects of
chemical comwpounds on cell nuclie was studied by Dustin (19253). He
was the first to report that certain chemicals affected the nucleus, . . i
but not the cytoplasm of the treated plants.

Several higher plants such as Onion (Allium cepa), barly (Hordeum
- . . h Jemat i e
vulgar), maize (zea maize), pea (Pisum sativum) and broad bean (Vicia .
faba), provide unique and valuable system for detecting and analysing B
the effects of chemical mutages (Nilam and Vig 1976). Numerous
gtudies have demonstrated that chromaosomes of these plant materials
are sensetive indicators to environmental pollutants (Grant 1978),
Mutagenic effects of different pesticides and other chemical compounds
have been reported by Anderson (1969); Lignowski and Scott (1972)
working on cotton and wheat, Galal and Abd Alla (1976) and Mousa (1982)
working on onion and broad bean,

Some of rhe advantages in utilizing plant system for analysing
most genetic and chromosomal aberrations which may he induced by chemi-
cal mutagenes have been reviewed by Niland and Vig (1976). One of
these advantages is the positive correlation which has been observed
between aberrations induced by the same chemical in plant reot~tip
cells and in cultured mamelian cells. There is also a good correla-
tion with respect to the mutagenic activity as shown by Kihlman
(1971). He reported that the type of chromosamal aberration in
root-rip cells induced by a specific chemical may not be rhe same
as in animal cells, but if a particular chemical will induce chro-
mosome aberrations in one group, generally, it will be so in the



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

Industrial waste effluents are discharged in the raw form par-
tially rto sewers and the rest to the surrounding bodies of warer.
Alexandria metropolitan area is facing the problem of decision
regarding the final disposal of its domestic and industrial effluents.
The choice 1s hetween discharge to the sea by an outfall or land
irrigarion. ‘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 Egypt (Ismadye) involved in production of all
types of dyes. The second ef fluent was the waste of Moharram press
in which all types of paper printing is a carried out leading to
a waste with moderate biological toxicity when tested ou fish and
algae.

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

The three effluents in the raw form varied in levels and cauges
of toxicity. Treatments were applied to make them meet the standards
specified by the Egyptian 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 skioning
followed by chemical coagulation using ferric chloride at a

dose ranging between 150-250 mg/l followed by mixed carbon—

gsand filtration for residual organics removals.

3. Eyyptian Copper Works: The raw combined waste was treated by
lime coagulation at a dose range of 50-100 mg/l 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 faba root-tip cells.

Each effluent was used in three different concentrations as
100, 50 and 25I of raw waste, using distilled water for dilution.

The seeds were germinated between two layers of wet filter
paper in petri-dishes. A few drops of each dilution were added
daily to the filter papers to keep the suitable moisture constant.
After seedling permination, 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 Toots 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 hré of fixation, the material was washed and stored in 707 ethyl
alcohol and kept in refrigerator.

For cytological examination, temporary smears for the root—tips
were prepared using the acetocarnine technique, Five preparvations
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 aherration was estimated as the ratio of cells con-
taining the aberrations to the total number of cells examined (Badr
et al. 1972, Galal and Abd Alla, 1976 and Mousa, 1982),

Resules

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 con-
centrations of the raw and the rreated wvaste without dilution. In
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each case, pércentages 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. Orgamic
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
i9organic, present together in a wide range of variable concentra-
tions.

Although the waste when chemically treated was acceptable from
the chewmical point of view with respect to the BOD, COD, Solids,
Colors and trace metals content yet biological effects on livipg
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 1007 to 257 raw waste, The results also indi-
cated that the treated waste was effective in the inhibition of
the mitotic activity. There was no wmuch 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-metaphage, 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 sberration
but in low frequencies when compared with the raw waste.

2, Moharrem Press Effluents

This plant effluent is basicélly 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 ugsing 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 wasre caugsed 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 mitotjic index induced by the
treated and the raw waste.

Comparisons between Ismadye and Moharrem Press effluents inai-
cated that their raw waste (1007) had same effect om the ivhibition
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 1007 raw waste because of the
general low solubility of the chemicals prasent 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 orgapics are relatively very low, yet being involved in
Iron, Steel, Copper and Aluminium processing and refining raise the
probability of heavy metals presence as Zp, Mn, Fe, Cd, Ni and
Pb, As, Cu and Aluminium in the effluent. Lime addition was success-—
ful in reducing the toral content of all metals to 1 mg/l 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 effluent was also effective in producing mitotic abnorma-
lities. The aberrations observed at different treatments were
C-metaphase, tetraploid cells and lagging chromosomes. Binucleate
cells were only [ound at the high concentration of 1007 raw waste,
The percentages 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-
lities in the cells of the root tip, yet at relatively lower fre-

quencies.

Discussion 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 wmitotic activity even at low concentration of 257 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 tham that caused by the other two effluents. These
results revealed that the three effluents were effective antimitotic
agent.

The wastes were also effective in producing some types of
mitotic aberrations such as C-metaphase, tetrapleid cells, lagging
chromosomes and binucleate, ‘The 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. ‘The 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 c¢ytokinesis. However, the presence of
tetraploid cells with other types of abnormalities would suggest
that the waste caused an iphibition 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 faba, Pisum sativum
and other plant materials (Anderson 1969, Nicoloff et al. 1971,

Bada et al. 1972, Lignowski and Scott 1972, Galal 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 eftluent 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 Crepis 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 combipations of variable quantities in the

raw and treated effluents, The inhibition of mitotic activity would,
gseriously, affect the growth rate and the productivity of the plants
exposed to these effluents. On the other hand, the mitotic 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, gemerally,

reduce the viability of the exposed plants the biological activity
changes in liviong cells should not be overlooked in the standards
specified by the inrernartional laws since the chemical and physico-
chewical parameters will not show the trace deterioration of the
bioclogical 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.

Sunmary

The present investigation was carried out to test the effects
of some industrial waste effluents on the mitotic 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 of raw waste. The effects of
the effluents after blological treatment have been also tested. The
results revealed that the three effluents acted as antimitotic agents
and they were effective in reducing the mitotic ipdex 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 mitotic sberrations such as C-metaphase tetraploid cells, lagging
chromosomes and binucleate cells, The frequencies cof these aber-
rations varied according to the source and the concentration of the
waste.

The effects on mitotic activity and the induced mitotiec abnor-
malities were not completely eliminated by the standards treatment
technology.
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Effect of Ismadye Waste Effluent on the Rate of Mitetic Activity

Table 1: The
Waste concentrations

Mitotic Cont, 50 25 W.A.T.
stages :

N H N X N X jd Z N 2
Interphase 1675 83.8 2891 95.98 2495 95.16 3169 §5.12 1677 93.95
Prophase 130 6.5 22 0.73 9 0.34 33 0.69 25 1.40
Metaphase 20 1.0 38 1.26 39 1.49 52 1.56 38 2.13
Anaphase 35 1.7 29 0.96 31 1.18 48 1.44 31 1.74
Telophase 140 1.0 32 1.06 48 1.83 39 1.17 14 0.78
M.I. 325 16.2 121 4,02 127 4.B84 162 4,86 108 6.05
W.A.T. : Waste after treatment
M. Y. Mitotic index
N Humber of cells tested .



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

Type of aberrations

Concentrations %

16G 50 25 W.A.T
C-metaphase 5.9 4.6 2.7 3.9
Tetraploid cells 4.3 2.1 0.9 2.2
Lagging chromosomes 4.1 3.8 2.6 -
Binucleate cells 2.4 1.1 1.3 0.6

oL



Table 3:

The Effects of Moharrem Press Effluent on the Percentages of Different Mitotic Stages

Waste Concentrations

Mitotic Cont . 100 50 15 W.AT.
sTages .

o Z N k4 N % H k4 H z
Interphase 1675 §3.8 1998 9. 2G 1948 95.50 1800 95.13 1941 95.95
Prophase 130 6.5 22 1.12 19 0.94 22 1.16 21 1.04
Metaphase 20 1.0 33 1.67 - 35 1.7 34 1.80 35 1.73
Anaphase 35 1.7 16 G.81 25 1.24 24 1.27 16 0.79
Telophase 140 7.0 4 0.20 i6 0.50 12 G.06 10 0.49
M.I. 325 16.2 75 3.80 83 4.41 g2 4.86 a2 4.05
W.A.T. i Waste after treatment
M.I. Mitotic Index

4



Table 4: Percentages of the Abnormaiitiss Inducad by Moharvem Press Effluent

Waste concentraticns 2
Type of aberrations

100 50 25 W.A.T.
C-metaphase - - - -
Teraploid c=lls . - - - -
Lagging chromosomes 2.1 - - -

Binucleate celis - - - -

A



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

. Concentrations Z
Mitotic
stages Cont. 100 50 25 - W.ALT.

i 4 N z ] N 4 N 4

Interphase 1675 83.8 1821 98.34 1789 8.14 1665 95.97 1764 98.00
Prophase 130 6.5 12 G.65 2 .11 18 1.04 . 6 0.33
Metaphase 20 1.0 5 ¢,27 16 0.87 26 1.50 18 1.00
Anarphase 35 1.7 -9 .49 9 0.49 18 1.04 8 0. 44
Telophase 140 7.0 4 0.22 17 0.%3 8 0.46 8 0. 44
M.I. S~ 325 16.2 30 1.62 44 2,40 70 4.03 40 2.22
W.A.T. Waste After Treatment .
M.I. Mitotic Index

£l



Table 6: Percentages of Different Mitotic Abervations induced by
the Egyptian Copper Works Effluent

: Waste concentratio
Type of aberration concentrations

100 50 25

C-metaphase
Tetrapioid cells
Lagging chromosoms
Binucleate cells
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LOW ENERGY CONSUMPTION MANAGEMENT

OF AGRICULTURAL RESIDUES

Vincenzo Mennella,Egidic Zavattiero,Olimpia Castagnoll
Universitid-Istituto Costruzioni Rurali-Perugia-Italy
Istituto Superiore Sanitd-Reparto Suolo-Roma-Italy

Istituto Superiore Sanitd-Lab.Igilene 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 57% 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 370
south America 54
north and middle America ' 93
Africa 10
BEurope 174 -
Oceania 5
U.R.B,8, 73
Total 779

This work has been realised thanks to financial
help from Ministero Pubblica Istruzione,



The average world pig production is 18 heads per 100
inhabitants but this value is different from country to
another with peaks in somé countries which are over the
average of their own Contimnt,For instance,in Brazil

the number: of pigs per 100 inhabitants is 35,in China 3N
in Vietnam 18 in the Philippines 16 and in Thailandia 10
whereaa 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 so0il 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 liguid 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 slurry 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 liguid manure is as a fertiliser by appling it
to the field and in shallow pond in symbiosis or part-

nership with commun bacteria fov the culture of algae.

Organic Waste materials constitute the major source of

the nutrients of algae, that are used fotr the 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 porid 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 rescurces,is the most important goal in
the world.Use of wastes is }jooked 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 envirommental 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-
gions of the world.The amount and nature of household :
refuse varios greatly too freom 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 regionsof the world.

U,S.A, AS5IA G.BRITAIN ITALY MIDDLE EAST
food : 18 75 28 50 50
paper 40 2 37 18 16
metal 20 0.1 9 3 5
glass 10 c.2 9 4 2
plastic 4 1 2 4 1
others 8 21.7 15 21 26
weight/
' man/day 2.6 0.4 0.8 0.8 1.1
{ehilp)
‘density - 570 132 240 211
{Kg/m>}
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Cities of developing countries are growing at very
fast rate.The World lankreport referred that,for the year
2000,40 cities of 52 containing more than 5 milion 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 element to consie
der in waste disposal recovery.

In large tows,the better disposal of wastes in an
economic manner conforming to the pollution abatement
standards is that 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 clements 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 reduc-
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 its functionality.It follows that a stu-
dy of systems and devices is necessary in order to ob-
tain the following obijectives:

-~ raise the filtering capacity of the compost in rela
tion to the guantity of liguid treated;

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

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



nrocedural scheme for the treatment of liquids caused .
by swine bhreeding by filtering through compost can lead
to an adequate reduction of the values which characteri
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 capacityand to a reduction of the pol
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 basie 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 presscd bales of wheat straw 1.,10mx0.55%0,35.

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

The volume of this tank was 845 1.The volume of com-
post which was obtained from the waste recycling plant
of Perugia was 363 1,1t was spread in a 30 cm layer.

The tank was filled at a rate of 2.5 l/sec 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 reqularly carried out,.

MENNELLA

BOLWS: |



After 10 days,when the leaching of the liguid 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 werée made 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.0O.D, (63%), C.0.D. (85%)suspended
solids (56%),sedimentable matter (100%), N (78%) and
P (B8%)and an increased BOD/COD ratio which is an index
of better biodocgradability.

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 1s 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
from EECﬁ ' R . . ;
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Fig.1 Results from the analysis carried out with the 1i-
quid munure as it was and the filtered part and
percentage varations.
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Blg.2 Comparison of same significant parameters from
agronomic point of wieW of the materials of the
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Table 3. Significant results in &

matter filter |compost manure straw

ggg%g%c 58.83 | 56,36 66,66 81,04

N 2,53 1.09 2.85 0.77

P 6,92 3,04 8.58 1.16

K 0,23 0,29 0.68 0.54

ash 23.48 38.55 16.65 12.48

c/N 13,01 | 25.72 13.35 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
1id fraction with the following advantages:

L]

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 teo
be disposed of by landspreading;

2. no mechanical means are necessary;

no use of first quality axpensive materials able to
resist the corroding action of the liquid manure;

4. no use of electric power;

5. use of straw,clhieap and readily available mayurial;'

6. enriching compost in nutrients;

7. whole recovery of all used matérials 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 was 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 slarry 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 resultsand with minimm 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 optimim utilisation of
resources,we helieve that this experimental work can
zentribute to solve some problems in developing coun-
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)
) pig pens
windmill
I - [‘
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pig waste pond

pig effluents

a after 1o
*1  days of use

after maturation to the field
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Fig.3 A recycling system of agricultural production,
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Ne 20
straw press bales . No. 40 pigs

compost Kg. 150

pig waste 2141 liter
during 10 day

effluent H—— 2,20 ...

d

N 6.70 Kg
P 18.30 Kg
K 0.60 Kg
ORGANIC MATTER 155.60 Kg

ASH . 6210 Kg

Fig.4 Egquivalent quantities of the substances contained
in the whole filtering system expressed in Kg
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tries because waste and energy usage are minimised and
gself 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. MILOVANOVIE, T. JEVREMOVIC
ENERGOPROJEKT CORFPORATION
BUL. LENJINA 12 BEOGRAD, YUGOSLAVIA

1. INTRODUCTION

The greatest part of future energy requirements in
Yugoslavia will be met by use of solid fosil 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 basie limiting factors for
selection of the total power plant capacity on a given
location, beside the resource availability, is the soca-
1led 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 area exi-
sting legal regulations and environmental characteristics

In addition to sulphur-dioxide, which has alrcady
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 ip 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 areas
but a small portion (up to 2%) is emitted into the atmo-
sphere in the form of flyash 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 piants 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 sorts of plants whi-
¢h develop a bulb and have broad leaves. Thercfore, 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. Thias paper shall present the
basic elements of methods for calculation of fly ash de-
position in the surroundings of a thermal power plant
(TPP), egiving 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 costs,

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
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PARTICLE DIMENSION (1)

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-

. Wwer is substantial and amounts to about 2 t and. the-
refore, the guantities of by-products occurring in com-
bustion are proportionally big. About 8 - 10? m?/s 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 its 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 enviromnment i.e. pollution of gro-
und and underground waters, 1s shown in Table 2, inclu-
ding the solubility of some essential components,
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Table 1 BASIC CHARACTERISTICS OF COALS IN YUGOSLAVIA

Product Average value (%) Range of values(%)

Moisture . 48 40 50
Ash 20 16 - 28
Sulphur (total) 1 0.4 - 1.6
Combustible sulphur 0.5 : 0.2 - 1.5
Carbon 20 18 - 22
Hydrogen 2 i 1.8 - 2.1
Nitrogen + Oxygen ) g 8 - 10

Sc¢ar kinde o ashes tontain ennsidevenly bigr-- qu-
antiiies of Cal which due to its chemical properties es-
sentially affects the way of transport to disposal areas
and also possible effectz to the environment,

3 DETERMINATION OF FLY ASH DE?OSITION 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 gases and weather conditions prove-
iling at that moment in the surroundings. In the first
stage a plume moves upwards and then in spreads out un-
der the influence of atmospheriec 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 8 diffusion model is used
as a basis to determine fly ash deposition level in the
surroundings of a considered plant. Despite the already
krown limiting factors in its application (diffusion
along wind ig ignored, linear movement of plume is con-
aidered, cnly 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 deseribed, Accordingly, one stur
ts from a basic equation for caleulation of the pollu-
tant eohe@enfratiod ifia plume at the heighb:z above “the ,
ground and in the point defined by the coordinates '(x, y)



FiG. 2

DISTRIBUTION OF FLY ASH DEPOSITION RATE
IN THE THERMAL POWER PLANTS
ENVIRONS (mg/m2 day, 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 meteorological du-
ta and data on particles characteristics, which esen-
tially affect spatial distribution of pollution,
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Table 2 CHEMICAL PROPERTIES dF ASH

Product Average value (%) Quantities disolvéd
in water
(kg/t of ash)

510, hi - 55 0 035 ~ 0 070
‘ Al:0, 21 - 27 -

CaQ 1 - 10 0°7% =1 41

Meg0 15 - 2 -

50, 2 - 9 P -

Nazo do 05 -

K20 05 - 20 -

in relation to a considered source. The equation has the
following form:

Q i (z - h)2 (zs h12
)= 5 X167 b1 "‘p('zsyz(x)) {"‘p(‘zsz it [ P ez

vhere:
Cix,y,z) — concentration of pollutant on the
point (x, y. z) in relation to a
source (g/m?)

"] - source intensity (g/s)

Gytx) ~ diffusion coefficient in y-dire-:
ection (m)

gy(xl ' - diffusion coefficient in z-dire-

_ etion (m)

N Y - average wind veloecity at plume he-

ight (m/s)

h - effective plume height (m)

The diffusion coefficients &, and §x 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 chimney?.

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)='U9~ Cix,y,0) {2)



where:

Wix.y) - quantity of deposited particlaes
(g/m?s)

C (x,y,0) — . goncentration of particles in th=
ground-level of the atmosphers

: (g/m?)

VQ - velocity of particles depositiun
(m/s ‘

Velocity of deposition is mainly defined experi-
mentally For the particles having a dia up t~ 100 n
this velocity is in the range 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” model?

B -0
Q J’

A S Wix,y) d

3 x b4 {3}

~30

and consegquently.

.
9 aQ
d .
Q(x)="n'§—x'— x ) {4

Considering the existing legal norms, as well as
nature and possible effects of envirommeht pollution

by fly ash, one could define daily mean vilues of ita

deposition on the ground for individual seasons and for

the whole year. For the calculation of these values

Energoprojekt Corporation has developed and uzes the

computer programme DITAL . The following dnta are u:ed

for these calculations:

1. Data on emission (quantity, temperature and outlet
velocity of flue gases, quantity of fly ash and its
grain characteristic)

2. Data on geometry of a pollutant sourece .

3. Meteorological data for the considered location (di-
atribution of veloeity and wind direction i ‘he gro-
und level as well as on the plume height, distribu-
tion of atmosphere stability per seasons, as well as
air annual temperature and temperature gradients)

4. Data on orographic characteristics of the terrain in
the considered area.
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The daily mean values of the concentration for the
considered period (season or whole year) and ares are ob
tained by averaging the values W(x.y) for each categury
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., Fig. 2 shows the rosults
of such a computation which has been prepared for three
thermal power plants located closely to each othor. Ca-
pacities of these power plants are 1400, 1500 and 300 MW
the first two being scheduled for constructinn, while
the third one is already in operation. The assumed effi
clency 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 71.ti-
on with the direction of dominant winds is such that the-
ir pollution effects partly interfere. The entire area
under pollution spreads out and occupies a cirele 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 the so-
urée). 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 laocated in
the close vicinity around the plant and should be tuken
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 adeguate 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 increused quan-
tities of emitted ash, its grain characteristics are al-
go different due toincreased grain size, Thevefore, in
relation to normal operation one may expect zones with
considerably increased deposition levels, espocially in
the area which is closer to the polluting scurce,



(] ZONE OF MODERATE EFFECTS(10- 30 mg/m2day)

[77)  zoNE OF AVERAGE EFFECTS(30-100mg/mday)

ZONE OF INCREASED EFFECTS(100-300 mg/m?day)
EEEE 20NE OF DEPOSITION MARE THAN 300 mg/mZday
"™ MINE PIT SURFACE

FI1G. 3 ZONES OF FLy ASH EFFECTS DURING THE YEAR




10

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 OF DISPOSAL AREA AFFECTS

- Considering increased quantities of ash, the prob-
lem of its colleection, 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 1is about one half or two thirds under
water (hydro ash disposal areas) and dry ash dispozal
areas which have to be sprinkled, Ash can be transpor-
ted to disposal areas by hydrauliec or mechanical means
In hydraulic transport ash ls 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 pecriod
of construction of dams and future structures in the
preparation stage. The stages are filled up from a 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 effeet of an ash active



1"

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 Aeclian erostion.
This e¢an be, however, avoided by choosing adequate pro-
tection measures.

Water pollution by ash disposal areas 1is caused by
dissolving some substances in water. This happens with
hydraulic transport of ash from TPP to disposal arens
ag 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
caleium 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 accured 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?®/s), would be as follows:

- increased contents of sulphate 0 6%
- increased contents of Ca 0 08%
- inecreased contents of Mg 0 05%

~ increased contents of other insolubdble salts 0 07%
which has no bigger effect on the change of quality of
the natural recipient

Underground waters c¢an be polluted by infiltrated
waters from disposal areas, whereby change of their re-
zime 15 also possible. On the basis of dnta on polluti-
on emission through infiltration waters in case of a TPP
of 1400 MW the estimated emizsions of substances into
underground waters would be as follows:

— sulphates 0 03 kg/s
- Ca ) 0 01 kg/s
- Mg . 0 002 kg/s
- othar 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 substan-

MILOVANGVIC
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ces 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 measuree 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 & larger area around a
plant which reduces the level of wollution per unit of
area. The consequence of such spread out of flue gases
ls superposition in relation with other sources of pol-
lution. For that reason 1t is neccssary to build in a
system of dust collectors for ’lue gases too. In the most
cazes the system consists of elecvwi ostatic precipitators
with high efficiency rate of over 99% subject to the ca-
pacity of a plant and actual pollution of the surroun-
dings by pollutant sarticles.

Subjeet to a s=tage of operations on ash disposal
(stare in operation stage in preparation and final fil-
ling up of the ash disposal) there are various protecti-
on measures agains<% air pollution (operative protection -
temporary measures and permanent protection - recultiva-
tion, respectively)

A design solution of a disposal area defines the
operative or temporary protection measures (physical or
chemical method«). It may be concluded (based on the
experience of tie <rigting disposal areas) that if a po-
1lutant is correctly handle during transport and on the
disposal area itselfl, there iz practically no possibi-
lity of air pollution (hydro disposal ares) or it has
local signifiecance only (dry disposal). Combined prote-
ction is used for final reecultivation of ash surfac:.
Physical protection of dry ash surfaces assumes cousling
with a layer of soil, most frequently in mixture with
water, The chemical protection is based on the r:
with an additional chemical agent (cement, lime, r:
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 ash covered area. It has proved to be a
good baze 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 201l should be about 40 to
50 c¢m 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 aren 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 it should be pointed out that this form of
protection is only a supplement to the basie recultivati-
on of the surface

As already mentioned pollution of ground waters
by waste waters drained from disposal areas is negligea-
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 risi-
ng of piezometric pressures in the zone of a disposal
area and in its viecinity 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 af underground waters against infiltra-
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 degrada-
tion of surrounding land and expansion of incrensed con-
centration of sulphates beyond a disposal aren limits?

MILOVANQVIC
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6 CONCLUSION

Consequences of lignite utilization for producti-
on of electric and heat energy in Yugoslavia with ra-
gard to envirommental 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 reasen it
is necessary even at the stage of a plant operation to -
monitor spread out of all essential pollutants so that
necessary and sufficient protegtion measures could be
arranged adequately. This means theit, considering its
importance and costs, even in the stage of investment
planning one should foresee a moritoring system for pol-
lution in the environment and adugquate systems for pro-
tection of the surroundings.

REFERENCES

1. F. Pasquill, "Atmospheric Diffusion’, Van Nestrand
New York London (1962)

2. B. Sivertsen, Plume Rise Calculations’, Norwegian

Institute for Air Research, July {(1974)

3. T.W, Horst, "A Burface Deplstion Model for Deposi-
tion from :; Buwodbsian Plume”, Atm. Environment
Vol. 11 pp 41-46 (1977)

4, Dj. Milovanovit, T. Jevremovif&, "DITAL - Computer
Program for Particle Deposition Calculations ',
Ener%oproject Corp., Beograd (1983) (Internal re-
port

5. M. Gavrilovié, et al., ‘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, El-Baroudi*®

Technical Advisor* Chief Architect* Manager, ENV, *%
Kuwait Municipality, P.0.Box 10, Safat, Kuwajt¥
KISR, P.0.Box 24885, Safat, Kuwait®#

BACKGROUND AND 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 iwpacts of solid waste on
public health and environmenta. quality, environmental laws and
regulations were enacted requiring special procedures for solid
waste storage, coellection and disposal,

Protection of the enviromment in Kuwait is a national concern
that has been gaining an increasing attention by Governmeut and
industry. In the area of Muricipal 3olid Waste (MSW) we find cthat
the situation in Kuwalt ks unique featurss which should be
addressed for developing any cost-effective management plan.

Major examples of thege features are:

1) Very high rate of housing and urban development - ft is
practically imposiible for the Cleansing Departuwnt and
other municipal services to expand at a proportiomate
rate.

%3 Imporred technicai and adwinistrative manpowetr 1s of
varied prufessicial experience and hackground. ’

3) The nulti-naticnality of the urban community in Kuwait
and unpredicrabl’ situation for planning MSW management
system as well a: enforcing Publie Cleansing Ordinances.

4) Shortage of techuical and administrative staff in the
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 chremology.

"1 - First Stage (Uncontrolled Land.% Coastal Dumping)

This stage started when Kuwait Municipality began the public
clednliness 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 disposal 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 occcasiong, 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 lumpsg)

During the fifries, methods of solid waste collection were
developed and expanded. Manpower increased and manual carts were
added. The practice of excavating pits for final disposal has
also begun. In that system, golid 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 accegsibility 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 publie 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 gpontanevus fires with
the attendant odor and air pollution problems.

¥

2.6~ Fourth Stage (Safe Landfill Dispogal)
N About four years age, Kuwait Mupicipality began converting
solid waste disposal sires 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
compactors,

2) Control of odor, insects and rodents
3) Control of spontaneous firesg
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 quantities. Such information haz led to a growing
awareness of 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 of
suitable disposal lands near municipal centers. With more than
2000 rons/day of municipal solid waste generated, availabie land
for disposal is being used up at a high rate, and the cost of
proner 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 diversified application of solid waste
reclamation technologies and meihods. Solid waste reclamation
will conserve material and energy resources, and will protect
environmental quality by reducing the quantities of wastes requiring
final disposal. From the economic view point, certain reclamation
systems may prove to be more cost effective than final disposal
either at the present time or in the future. i

It may be stated that a fifth stage of golid 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 plan was developed to enhance and guide
the adoption of the best MSW reclamation systems for Kowajt.

.
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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 of waste
to composting than to incineration with enerpy 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 tbs natural soil.

4)  Food security policies for the country emphasxzxng various
forme of agricultural éxpansion.

Since ihe mid-sixties, the State of Kuwait performed four
general assessment studies. They have cenclusively recommended
landfilling, composting, #nd 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-8Z prices, Compesting has proved to
be economically viable, in addition to being compatible- to environ-—
mental conditions and rational policies.

Table 1. Composition of MSW in Kuwait

Component Weight percent average

Food waste 5
Paper & Carton 2
Plastics

Metals

Glass & Ceramics

Textiles

Bones

Wood

Shoes

Miscellaneous

-
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Table 2. Cost Revenue Analysis and Various Reclamation Methods

: Processing R Net (Disposal)
evenues
System Costs KD/Ton Cost
KD/Ton* ° KD/Ton

Landfilling 3. . - 3
(Reference)
Composting 11,1 8.4 2.7
Incineration with 10.3 : 6.4 3.9

Energy Recovery

* 1 KD = 3.4 U.5, Dollars.

RECOMMENDED PROGRAM PLAN FOR MSW RECLAMATION

I'resently, there are numerous methods and technologies for
reclamation of MSW, They represent different levels of sophisti-
cation and different stages of development, different cost4, 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 Ausesarch & Development

A - Formulatiorn «f Naticnal Polices

The ever incressing quantities of MSW in urban communities
has prompted many countries to adopt policies or legislate laws
and regulations to secure the best solutions to the problem. The
following broad principles or materials policies seem to have
gained universal acceptance:

MINKARA



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 implementation of
these goals may vary widely from country to country or city to
eity. To mwinimize MSW generation rateg it is required to survey
the MSW composition and the source of each fraction. Subsequently,
government or community actions may be gought, In the USA, some
States have outlawed certain digposable bottles as a form of
undesirable packaging., In Kuwajt, 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.

B - 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
Z) Conceptual design of preferred system and costs

3) Economic and cost/benefit analysis

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 degigned and operated for
reclamation of bad lands or production of methane gas (not estab-~
lished rechnology) then the envirommental benefits will increase,
The same with incineration if the cnergy of combustion is reclaimed
in a ugable form. Rejected portions or residual byproducts from



incineration or any other processing or reclamation technology will
ultimately be disposed of by landtills. Therefore, the practice of
landfill disposal will continue for the unreclaimed portions of
MSW.

In summary, composting and landfilling are the two commercially
established techneologies 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 Develupment
represents two typeg of investigarions. 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 most cost
effective ways. k

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
heterogenerous 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) VFeasibility studies of systems which have proved
conceptually promising., These studies include
preliminary environmental evaluations and technical
economic feagibilities.

MINKARA
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D ~ Basic 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 the state-of~the-art by basic
research, However, Basic R & D would be necesgary to be performed
to develop appropriate and required technologies that meet local
socio=economic demands. Implementation of the above became more
realistic {f the country's economic resources permitr the performance
of gueh basic research and development, as in the case of Kuwait.
Therefore, recommended that Basic R & D on M8W be performed according
to the following objectives and criteria:

1) Review and assegssment of universal technclogical
development of the subject so that feasible
applications to Kuwait may be considered. Examples
are chemical conversions of cellulose or pyrolyric
processes.,

2) Basic R & v on concepts which have been svolved 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 feagibility, - (Preliminary work
in this respect has taken place by KISR).

3) Basic R & D on existing marerialg specifications
for various industrial and municipal uses and
assessment of their replacement with secondary
materials from MSW.

4Y Basic R & D on MSW systems including model development
of generation as funotion of community sogio—economic
rarametevs, materials balances for predictive models,
long term forcasts of M5W and its values - etc,



CONCLUSION

Municipal Soiid Waste continues to present a chalienging case
to Municipal authorities around the worid. Previously, handiing
of soiid waste was a case of disposal while controiiing potentiai
public hazard and environmental heaith. Presentiy, however,
scarcity of natura} resources and high cest of their development
are creating a demand for reclamation of material and energy vaiues
in municipal soiid wastes. Reciamation potentiais of MSW are
varied and amaenable to creative and innovative concepts.
Developing nations should assess these potentials in respect of the
faliowing:

i) Quaiity and quantity characteristics of MSW.

2) The nation's envirommental conditions whi:h might
affect directly the best reclamation aiternative.

1) Focal and regional market values for reclaimed
by-products.

4) The socio—economie factorg of the community which
might enhance its cooperation in minimizing wiste
generation and impiementing special handiing
procedures at the source.

The Kuwaiti experience go far provides a good case study for

develioping nations in respect of seeking the appropriate nationai
poilicies and technoiogies for reciaiming MSW.

MINKAKA



ESTIMATION OF MAXTMUM FLOOD FOR TABRIZ STORM
SEWER SYSTEM USING P,M.P AS A DESIGN PARAMETER.
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ABSTRACT: The present analysis was undertaken to de-
velop apropriate extreme flood design criteria for the
North-western city of Tabrig in Iran,The choice of design
flcod for storm sewers system was made possible by using
the P.M.P as a Design Parametey ,The results of analysis of
recordeordl 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 ¥F,M,P af di-
f{erent time durations and for daily rainfall cstimoted
for different return periods provided a convenient means
for estimating design stoim .

The relationships may be applied for drainage area
up to 25 km",

INTRODUCTION

The rapid development of human aglomerations in com=
bination with urbanisation of various regions alters the
natural ecclogical conditions goveining 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 2 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 projecis in the green surfaces , create a new
coriditions for hydrological balance sguation in these areas,
Consequently the agricultural lands are transformed into
the impervious surfaces on which rapid runoff is resulted
from rainfall hence major floods can be cvbserved,



Usually in such rapidly developing reglomns,particu-
arly in Iran,the water supply systems are developed whilst
he wast-water and storm sewers systems neglected,As a re-
att, infiltration wells are utilized for wast-wiater dejec-
Jdon 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 tasins, the rise of water table is consldered,

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 those exis-
ting in the c¢ity btasin,The wast-water system is nol yel de-
veloped for the whole area exapt for a very small part of
the city.The rise of water table, through infiltration of
wast-water in absorbent-well system was ccnsidered and cau=
sed some severe problems in the western part of the clty.

Runcff resulted from storma is an important problem
in mest 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 sysatems included within one project.
For other parts of city , storms sewer systems will be
designed separately,.In the present paper following a briefl
notes on areal characteristics of Tabriz, data on daily rain
fall will be analysed in ordex to estimate the urban flood
magnitude and choose a designe parameter for storms sewer
systems.

HYDROLOGICAL and GROGRAPHICAL CONDITIONS IN TABRIZ:

Tabriz, capital of Eastern Azarbaidjan is located
Novth-westerly in Iran in 38,08 N.I, and 46,15 E,Lg.In the
present paper the historical view will not be discussed but
to mention is that the c¢lty is omne of the ¢ldest in Iran,
being located at the uppermost part of Urmiah lake plain
(M,Dansh, 1977),in azarbaidjan pruvince which is a mountane-
ous area (Fig,1).The morphological situation of Tabriz area
is demonstrated in Fig.2 by perspecltive representation.Mean
altitude is about 1341m,the general slope Eeing frum the Kas
towards the West and from the North as well as ths South to-~
wards the center in which a natural channell situnted at
thalweg of the area,

City's hydrological basin is limited Northerly and
Southerly by mountains of about 2500m high , whereas its
Eastern limits are nearly 1500m, and the western part re-
mains open and a continuous plalin tcwards the lake of Ur-
miah shore is developed there(M,Danesh,1977)(Fig.3).

Tabriz plain,particularly the city's lecation is de-
developed from alluvial materials and dejection cones, A
seasonal stream originated from eaztern mountains go
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1-Lake of Urmiah,

Fig, 1-Topgraphical map of North=Western Iran,
Azarbaidjan) '

threught east to west of the cityy at its westerm vnification
with other rivers, the final part cof regional main river,
Adji-Chay originated from Sabalan mountains(about 5000m high)
is,accomplished,Hydrological basin of Tabriz is about 61,9
kmh(M.Uanesh,1977);the runoff originated from this area fourns
the city's flood,

The mean precipitation of Tabriz being about 321,5mm
yearly, most frequently occurs during winter and spring.

The gerneral principle of spatial distribution of pre-
cipitation is orographical, acccrding which the local storms
causing major flecods particularly towards the end of spring
and at ihe start of summer are fromtal(M,Danesh,1978).

WAST-WATER and STORMS SEWERS SYSTEMS IN TABRIY,
SUMMARY OF PROFOSED PROJECT:

The nead for wast-water sewers systems in Tabrisz has
been proved due to the rise in ground«water level and devew
lopment of vrbanisation projects,In 1973 a Consulting Fngi-
neering Company was appointed foir studying and establishment
of this project.,Two main channels were suggested fox this
preject and in ozder to be implamented at the natural stream
bed at the thalwveg qf the city area,euch for a maximum dis-
charge of about 10m~/sec, with possibility of spill inte
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-water and in the
cther parts the storms sewers will be designed separately.
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IMig.2-Perspective view of Tabriz area.
(from:MovahedaDanesh,1977)

For this area the runoff coefficient was cljcsen to
te 0,8, tha maximum discharge being about 8,111m”/sec/km
from that 1,37% wast-water and 98,63% runoff resulting
from stormsjﬂence tge maximum estimated flood can be deter-
mined as Bm-/sec/km™,It was assumed tlat the broject will
be designed in such a way that it would be effoclive in
Tabriz area for 25 years herafter,It could be easily seen
that for procjects of this kind the maximum flood has to be
evaluated for a long return period,Accepling a 1% permi-
ssible rTisk of faillure for a 25 years prcjeci life, it
could be indicated that the return period for flood com-
ptuation is aboul 2487 years and for a life project of 30
years about 4975 vears(lijelmfelt and Cassidy,1975). For
this reasen it is suggested to use the P.M.P in evaluating
the maximaum Flood of these systems,

In this paper, the analysis of .maximum daily rainfall
records Tor 26 years was carried cut, In evaluating of the
P.M.P Lthe statistical prccedures are used{WM0,1973),and in
estimating the dsily rainfall for various return paeriods
the extreme values type TII distribution has been used in
logari thmic transform(Larras, 1972},
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Fig.3-Topographical wap and cross sections of
Tabriz area(from:Movahed-Danesh,1977).



Fig,4=Hydrological Basin of Tabriz area,
(from:Movahed-Danesh, 1977)



EVALUATION OF PROBAELE MAXIMUM PRECIPITATION(P.M,P'):

The probable maximum precipitation(P,M,P) at any
location should represent the depth-time and spatial dis=-
tribution of precipitation that approaches the upper limit
of that of atmcsphere and regional topography can produce
undcer optimum precipitation yielding conditions(Kappus,U,
et all, 1978).Probable Maximum Precipitation was estimated
by statistical analysis of the 26 years daily rainfall
records in Tabriz area.

The time distribution model for 24 hr,.P,M,P is based
upoil a mathematical model as below:

P%=48,910+ 23 (1)

where :P% represents the percentage cof daijly 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 the standard curve of
time distribution of P,M,P(WM0,1973) demonstrates a close
coherence existing between them, Another daily rainfall
analysis was undertaken using a partial duration scries
(Table 1)using Gumbel probalistic paper with u logarith-
mic tramstorm of rainfall scule,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 P, M,P
was that discussed in the World Meteorological Organisa-
tion Mannual(WMO,1973).Thus 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 stendard deviation respec-
tively, of th® annual series of 24 hr.maximum precipitation
and K is an empirical coefficient.K is a function of P and
rainf'all 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 comptu-
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(base=14mm)

Year rainfall Year rainfall

7958 h.e 1969 23,6
23.2 32.4h
22.9 16,8
15.2 31.4
1959 19.6 1970 16.0
18.9 14,0
1960 th, b 14,0
30.4 1971 31,0
16,2 16.6
1961 4.1 1972 18.6
1962 18,0 1973 24,8
19.8 24,0
. 15.5 17.8
1963 21.8 1974 16,2
28.6 174
16.5 1975 16,0
20.8 19,0
23.8 ‘ 16,0
1964 19,0 1976 27.0
97.6 25.0
38,0 17.0
1965 14,8 1977 63,0
© 28,4 24,0
17.2 17.0
18,2 1978 17.4
22,2 18.6
1966 15.3 ‘ 1979 15,8
19.5 25,0
20.4 33.7
1,0 1980 22,0
22,8 1981 53,0
19.0 20.0
1976 26.3 15.0
1968 16,6 1982 15.1
26.4 20,1
22,6 ' 32,1
17.0 15.9
15,6 17.6
32,0 1983 14,0

23,4 :

From:Data of daily rainfall of Iranian
Meteorological Department(1958-1983)



Table 2~ Comptuation of probable waximum
precipitation(P.M.P), Annual series of
maximun precipitation ,mm.

Year rainfall Year rainfall
19654 97.6 1973 FU
1977 63,0 1958 23,2
1981 53.0 ) 1966 22,8
1979 33.7 1980 22,0
1969 32.4 1962 19.8
1982 32,1 1959 19,6
1968 32,0 1975 19,0
1971 31,0 1978 18.6
1960 30.4 1972 18.6
1963 28,6 1974 17.4
1965 28.4 1970 16,0
1976 27.0 1961 14,9
1967 26.3 1983 14,0

-
n=26 . , $n=29.hh 8 =17.76

Pn_m=26.71 Sn_m=11.27

.

Pn_m/Pn=0.91 Sn-m/sn=o'63
Ajustment factors for F are 0.94 and 1.02

Ajusted P=29,4hx0.94x1.02=28,23

Ajustment factors for 5 are 0,70 and 1,05

Ajusted S =17.76%0,70x1505213,05

From standard curve, K=18

PMP_, =28.23+18(13,05)=263 mm

Ajustment based on tim¢ interval data to time maximum
values: PMP,,=1.13(263)=297 mm

Ajustment to 500 km™: PMP94=297(0.9)=267 mm

Note:D _and Sn are the mean and standard deviation,
respectively , oF the annual series computed after
cluding the maximum rainfall amount in each scries(WMO,
1973).

MOVA HED - DANESH
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showen ‘that i1he 3hr P.M,P calculated from 2/hy P'.M.P using
formala 1, coincides with a return period equal to 2980
years, I this return pericd is used to calculate the project
lite allowing 1% chance of faillure, using general risk una-
lysis formula:

P(faillure within n years)=1-(1-p)" (3)

where p=1/Tr and n=project life, the project life can be
found according to the quantity equal to 30 years,The so
calculated time for project life can be adopted as resonable,

ESTIMATTON OF MAXIMUM FLOOD:

P.M,F is determined following determination of pro-
bable maximum precipitation(Linsley et ull,1975).Tn this
analysis the procedure used in transforming rainfall to run«
off, will be fhe triangular hydrograph model for an area
equal to 1 km”. Two 3hr rainfall depth,P,M,P and P )
will be applied,In cowmputing P ),the pa%tldl durﬂ? Sg
series has been used,.For long rv?u£3 perimis such ag 1000
years, the plotting positions for duration series and par-
tial duration series would be the same(Chow,1953,1964) ,The
quantities are computed using formula 1 and P.M.P24=267,and
171000:.-220 mm,

P.M.P3=63% of P.M.P2h=168 mm

P1OOO(3)=63% of P, p0=139 mm
For application of triangular hydrograph model, the
concenitration time is mnecessary and its value has beeb cal-
culated as 90 minutes using the follofing equation derived
from an standard nomograch vsed in computing the concentra-
tion time in urban areas(Sheaffer et all,1982),
tc_h.6h10'5 (&)

where: t is the time of concentration in minutes and L
being leﬁﬂth of travel in meter, Applying this formula for
L=1000m, ylielded to t —83.) minutes and adding the time of
concentration of gutters systems, 90 minutes for this time
could be accepted, According tu the hydrograph analysis con-
cept, the base time of triangular hydrograph will be:

T=t_+t (5)
T=180+90=270 minutes=16200 seconds

The volume of total runoff with a ccefficient of (0,8
is:

P.M.PB(O.B)(A)=O.168(0.8)(106)=134h00 m3/km2
6 2
P1000(3) (0+8)(4)=0.139(0.8) (10 )=111200m> /km

According to triangular hydrograph concept this volume
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Fig 5~Frequency analysis of daily precipitation.

hos to be evacuated in 16200 seconds, by means of a tliangu-
lar shape hydrograph with an are:n equal to total volume ,The
peak flow can be calculated as below:

qQ =2v/T
P \
Thus we can draw:
PMF=2(134400)/16200=16,57 m>/sec/km"

Q, poo=2(111200)/16200=13.73 m3/s_“c/km2
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There ,are now,3 perameters for design flood; the
first is 8m~/sec/km”chosen for the existing project, as
already mentioned,this quantity having a reduced retu

‘period,would be vmitted. The second oge is PME=16.75 m /

Precipitation(mm)

sec/km”;the third being Q,q.,=13.73 m /sec/km~, The PMF
should be chosen, for it can be indicated that the redu-
ced difference hetween thom cannot result in a major
change in investment for thke proeject; in fact certain
parts of canalisation will be included within a combined
system,To choose PMF as a design parsmeter has the ad~
vantage c¢f reduced risk (1%) for a resconable project life

equal to 30 years,
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Fig 6= Timec distribution of PNPahand estinated
precipitation for differént return periods.

CONCLUSION:

A comprehensive understending of precipitation and
its distribution patterns both in space and time is essen-
tial to the proper design of many structures.
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Frequency analysis of point rainfall usually provides
the basis for designing storm sewers in typical urban de-
velcepments, Jrainage works at airports and so on,Certain
damages could result if the design capacity exeeded; under
these circumustances, if the design parameter is chosen with
apprupriate methods such as presented in this paper , it
is unlikely to be catastrophic in magnitude.

For areas where data on rainfall intensities is not
available for admissible length of periods, the analytical
procedures of operational hydrologic models and mathemati-
cal modeling of various phenomena represent useful means
of obtaining sufficient knowledge to choose design parameter,
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Retention of Lead dissolved by a bentonite.

Dr. Gh. NEZZAL - F.BENKESSIQUER.
Universlite des Sciences et de la Technologie Houar] Boumediene.

Institut de Chimie,
Bab-Ezzouar - B.P, 9-Dar El-Bejda -~ ALGERIA.

. The study tonsists of the duiermination of optimum condi-
-tionsof dissolved lead retention by ion mineral exchanger very
widespread in Algeria, so 85 1o apply to the purificstion of pol-
-luted industrial waste waters.

~introduction

Water pollution by lead has reached an important level fol-
~lowing that by mercury; these two elements are considered to be
the most toxic tor environment and more particularly for fhe
health of man through food.The pollution becomes more dangerous
if the recciver is a closed one as is the case of the Mediterra-
-nean sea where hligh contents of mercury and lead have been detec-
-ted ', For example the allowed lead content in drinking water
and waste,water, accorleg to internationa standards,are
0,1 mg | and 0,5 mg | (Swiss standard)’ respectively,

were present here the results of & study on the treotment of
water polluted by lead, by fixing i1 «n bentonite, a natural mine-
-ral sorbant widely svailablie in Alguria.We have chosen the ben-
-tonite ot Maghnia deposits known an “koussel®

following an account of its physico-chemical propertivs ,the
results on the optimum conditions of dissolved lead retention by
this sorbant are presented.lhe Kinetics of the choracteristic re-
~action and the influence of ditferent facturs are considered.




Activity of natural sorbants called "bentonites" is deter-
-mined by the constant presence of a clay mineral, the montmoril-
-lonite.Besides, bentonite cangontain other clay minerals (Kaoli-
-nite, 11 lite...), as well as impurities like gypsum,carbonate ,
biotite,mica,ragnetite,|imonite and silica3.4 |

The: bentenite is a delicate,friable rock very enctuous to
the fou h.1t i white, grey or light bleu3.?

1.51ruc? ;e _of Montmorillonite.

Montmar':lonite 1s a phyllitic silico aluminate,characteri~’
-ged by threo layer complex leaves :one octahedric layer .alumi-
-no-magnesium comprised between two tetraedric sillca layers:6-7.
Figure 1. Water molecules oriented on these octahedric and tetra-
-hedric croups separate these different layers.

In *~e horizental plane, a unil cristal lattice can be re-
-present. * by the tollowing theoretical formula, taking into ac~
~count tto symmetry plane passing through the centre of the octa-
-todrons:

Sig’ Al(ij) Mg, Oy (O, My _

'he indexes IV and V! indicate the coordinate posltiens of
tetrahedrons and octahedrons; Mx indicates the compensatory ion
placed outside the leaves.ln part,according to HOFMANN and ai6

a smal! number x of Al”" ions of the octahedric layer is repla-
-ced by Mg2+; FeZ*, or Fe3* jons.The substifution of A2 jons
by Mg?* or FeZ* (eads to a deficiency of positive charges which
is compensated by the compensatory ions Na*, CaZ , K*, which

take positions between the leave516'1'8‘9‘10'11' “The Roussel
benfonigo considered, has a substitution rate of x equal fo
0.9 10~ eq.g”! which constitues B0% of the gxchange capacity.
The lattice parameters "a" and "b" are 5.3, A and 9.05 A;thick-
~ness of a leaf (001 plane) is 9.6 A .Hexagonal arrangement
of the tetrahedrons makes appear cavities at the bottom of which
OH jons are found.The compensatory cations are localjsed between
the leaves (interior cations), at the periphery of leaves and on
the surface of particles (superficialgations).The compensatory
jons determine the tolal 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.

2. Hydration_and_ion_exchange_properties

The interior hydration of montmorillonite provokes its
swelling.This swelling is due to water penctration between the
leaves by ions dipoles (compensatorv if{eiior ions,water molé~
~cules) attraction,According to KENZIE ~'*This hydration takes
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place at first.ln the cass of montmorillonite saturated with
monovalent cations, water molecules are arranged in planar mole-
~cular layers, spreading a part the leaves which facilitates the
exchange reactions, between the interior compensatory lons and
those of the solution.in the case of Montmorillonite saturated
with earth alkaline cations, the water molecules are arranged
In octohedrons around the cation thus forming hexahydrates
M (Hy0) . which spread apart the leaves.So, this hydration meca-
~nism 1§ according Tos, related to the disordered distribution
of compensatory ions.More over,each of them is found to be away
from the charge it compensates.These phenomeno are revealed by
the m Jifications of differential the wal analysis curves.Super-
-ficil hydration of montmorillonita ..rystals transform these
crystols inte negativelly charged micelles by fixing OH ions
coming from water molecule decomposition.These negatively char-~
-ged micelles are surrounded by pc :iti~e ions present in the
sotution .14, The suspension stabltlt: then depends on the dimen-
-sioss and the chargz of the positive jons forming the fonic at-
~masphere,
lhe exchange properties of the cations of bentonite are

hance due to the exisience of compensatory ions, their disor-

lared distribution and the different hydration mecanisms of
the mineral when it Is dispersed in a saline solution.

- *a) Chemical composition

This was determined by classical methods of wilicate analy-
~sis.The Ignition loss was obtained by calcination of samples
at 1000°C up to a constant welgpf (CO? + H?U) = Table.l.

Tabie 1- Chemi_ al comnposition of natural and activated bento-
-nites.
T YT T O TR, O.1fe. O.1Ca O1Mg O1T] O-INa-01K-0 T T1.L.°1
Especles! 5; O,1at, OB;Fe2 04{Ca O{Mg OITi OZ!NBZO;KZO E I.L. |
_--7;-----------------7 ------ [ I T +
Natural ]
Bentonite 58,58 20.87; 2.22 1.4215.0510.19 [1.5 10.56] 9.35
Weight !
AN S I | S S S S S
b ' 1
Activa- ' !

Fted ! {' i
bentonite \ B
ith 70.12 IB.O?; 1,07 10.3072,2 0,15 10,45)0.52112.19

12:304 5% ‘
pelen ] SN NN SN S NN NN S .




b)Structural  sposition

Some aufhors3 present the ratio 5i OZ/A! O3 as the ¢harac-
- teristic index of the montmorillonite when Igs value varies
petween 2 and 3.5.According to the table 1, thls ratio is equal
to 2.81.Ciassification of Roussel bentonite as montmorillonite
was confirmed by X ray diffraction and analysis by |.R, spectro-
-scopy. .

The results of X ray diffraction anatysis presented in
table -2~ show the clay mineral contains mainly montmorillonite
with trace impurities ot quariz.

Analysis by 1.R. spectroscopy can reveal the absorption
bands of the c¢lay and those o’ the impurities:

-Domaine ___ = Of \

The V.R spectrum figure 2-shows Two bands in the zone
1600-1700 cm™! and 3200-3800 cm™ ', This corresponds to the defor-
-mation of water molecules absorbed between leaves and to the
valence vibrations of the attached -OH specles (consfifu?lon_1
water).To characferise‘ghe montmorillonite, the 3200-3800 cm
band is generally used ~.

=Domaine__ 51 - 0

The {.R. spectrum shows a band serles characteristic of
5i-0 vibrations in the form of picks at 425-455-600-700- and
780 cm™'.More over, the absorption bands also appear between
1000 and 1150 em~!.Considering the theory according fo which the
substitution of §i by Al in the ratio 3/2 displaces the bands
towards lower frequencies 3.15. , we can affirm that these
bands characterise only the bands $i-0-Si and SiQ - Ay,

~Oomaine §i=0-MVY! ( MY'; Al ,Mg,Fe)

The spectrum shows a pick at 455 c.:rn-1 indicating the presen-
-ce of Ma in an octahedric site.Considering The works of STUBICAN
and ROY15. . absence or reduction of this pick corresponds tfo
the preserce of Al in tetrahedric site.We conclude that the
quantity of Al in fetrahedric positlon is practically zero.More
over the Si-0-AlY! band is revesled by the picks of freguencies
1040 and 1050 em™1, :

-Domaine. M'' - O, !

__________________ : Al ,Mg,fe)

The spectrum shows an absorption band with {ts maximum at
910 em™ 1. According to 3. .,it correspands to vibrations of
AIV! - M, The Mg-OH tonds are revealed by absorption at 505cm™ .
As they arc generally observed by those of $i-0p vibrations,it
is impossible to characterise them. )

The 1.R. analysis confirms that the bentonite considered
-is montmoritionite.

-Differential thermal analysis given by the figure 3 st «

NEZAL



Figure 3 @ Uifferencial thermal analysis diaaram of natural
"kousset" beptonite

oxothermic rhenomenon (2G0°C)
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three endothermic effects as revealed by three picks:

The first pick at 105°C, corresponds to the departure of
hydration water.Between 1056°C- 350°C it is zeo!litic or infer-
foliar water which leaves the lafTice.11‘ 3.0z,

The record pick at 5352°C corresponds to dehydroxylation
and the third at 734°C to the destruction of the crystal lattice.
Ihe presence of quartz is usually revealed by an endothermic
reaction between 500°C and 335°C.This reaction is absent in our
case because the quartz is present in Yraces.

This study confirms that the bentonite consldered is prac-
=tically a pur montmorillonite.

1.Bentonite _actlvation.

The properties of argillaceous m!fera!s are determined by
thelr composition and their structure ”".They can be modified or
jmproved by physical or chemjca‘' treatments.A comparative study
of the activation by H,504 acid, at ‘a temperature of 100C° and
another thermic achva%ion at temperatures of 105°C and 320°C
l& being presented.

The activation by sulfuric acld at a temperature of 100°C
has been realized for different concentrations in H2 50y, dif=
-ferent mass ratjos pure Hp 504 /dry bentonite and different
contact times . '

The optimal conditions of dissolved lead retention have
been determiped to a base of these activation paresmeters in
connection with a natural tentonite dried at105 °C.The results
showed that the activation of the bentonite by My SO4 diminishes
its retention capacity towards dissolved lead -Fig (4).
while its specific surface iacre s5is:

H2m2 g7l instead of 72.5m° g~ for Hy S04 at 5%. \

The acid treatment at 5% of Hy S04, is shown by a phanomena
of partial dissolution of alka!ine metals oxydes, alkaline ear th
metals, iron,aluminum.However,silica is not dissolved.Table -1-

Acldic activation has shawn an Improvment of the retention
capaclty of other bentonite17! which is expfained,accordirg to
THOMAS 18, by the removal of 2 ions of aluminium out of +te four
ot the central layer, replared by H* ions, brought by the acid
in the interfoliar space and exchanged with cations of the soly-
~-tion. Figure -5= represenis the structural diagrom of the frane
-formation of an elementary menimorillonite cell after active-

tion188esides, the thermic setivation at & temperaturce ofl0F o0
causes the outlet of nydratation water, at a tomperature of
320°C, it causes the outlet of zeolitic or interfolinr water .
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The dissolved jead retention has been taken into considera-
-tion in each of these cases.

-Z- Retention of dissoclved lead.

Aguavous solution of lead nitrate of different concentrations
are put into centact with bentonite in the different states
previously written about.The lead retention is controlled by the
analysis of the solutlions after the scparation of bentonite by
filtration.The fead which remains in the solution is analysed by
atomic absorption with the help of PERKIM-ELMFR spectrometre of
the 2908 serie equiped with a hollow cathod lamp.The absorbance
measure 15 done at a wave change of 283.3 nm.

2.1. The Influence of the concentration of the activa-

The study of this params o= wesas v prove the need to
mai. aitivation or no of The venrtonite 3. if yes,to resesrch
the val.ie of the concentration of the ccide (My 504) of bentonite
activation, far which the retention of dis:zclved lead is maxi-
-murn. This s+iCy has been directed in the following experimental
‘conditions: - with grairediameter @ is: 0. 1um -
-initial concentrations in dissofved Pb:sp and 150mg |
~tentonite dried at a temperature of {pseC
-ralation bentonite mass/solution volume: 4g /200 mi.
~activated bentonite with Hy 504 at different concenira-
=tione and dried at. 105°C,
Such mixtures are shaked ducing & howrs at 20°C,The results
are given in table-3- for the solufion at 150 my 11 and figurae-a-

Table -3~

{Concenfrafion of fixed quantity of sz‘ %:;‘
.the activation |-~ Ty R R
acid % mass : mg | Y mg 7" !
_______________ e e ,_,....:......_,._-.___.i._m_,,,....,,..,.,_,.,__...._.;._.__. e e o
natural bentonite 150 175 |
5 134.4 | 6.72 I
10 18 1 5.9 !
15 110.7 o5l ;
20. 102 Io5.1 :
25 91 | a.ss !
1 1

This table shows that the activation ot "Rousse|"bentonite
by Hp §O4 at difterent concentrations diminishes its retention
capacity towards Pb * di¢. This determined.us To consider the
retention properties of this bentonite In its natural state,



Figure 5
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dricd at @ temperature of 105°C and 320°C.

yolume,

. lor a constant solution volume,thce mass of natural bentonite
dried .t 1095 and 320°C is varied; the other operating, conditions
are identical tc those given previously.The results are given in
table ~4-

lable-4- A case of a solufion at 150 mg'l-1 in Pb2+
Phice of natural Fixed quantitv of Po’* EfficiEn—] ) o
dricd bentonite  §____ ] -cy % Tfinal
at | 6°C g o
mg 1711 mg g7 l P
------- 1
0,5 124,2 43,4 80.8 5.6
1 146.3 29,2 97.3 6.2
L 2 149.7 14,97 99.8 ! 6.4
3 150 10 '100 i 6.5
I

The optimal relation estlmated according to the waste water
standard (i-e- 0,5 mg |7'), changes according 1o the initial
concentration of the solution in Pb¢*. It is given in 1able -5~
for natural Roussel bentonite dried at 105°C Fig.6

tnitial Concentration

«
PL2* g 1~ 50 100 150
____________ o o e e o e e v e e e Y Ty T T T T ————
Purification 99 99.8 99.75
Efficiency %

Relation Q-2 -1 -2
mass/volume 100 160 100

2.3, Kineticsof the retention of Pb dissolved by bentonite

This study has been done for the different reserved concen-
~trations for-an optimal relation mass/volume ot solution on a
natural bentonite dried a! 105°C.and 320°C.The results given in



1N

Figure 7- are relative to retention kinetic of dissolved Pb for
different concentrations at a temperaturé of 20°C.These curves
show that the retention kinetic of dissolved Pb is very quick,
practically total atter 0.5 hour of contact.A light passing back
reaction of fixed Pb is observed after @ contact time superior
to 2 hours.This observation orders the separation of the two
phases after a contact of 2 hours,

The kineticas reaction of the Pb dissolved bv the considered
bentonite can be represented by a straight line having an

expression:

y = % fog xt + 2
wherek x and z are related to initial concentration.An avera-

~ge expression relative to each concentration can be writ-
=ten :

%-0.3 log t + 186. ;yp = 0.45log t + 24 y3* 0.6 logt+2686

2.4, Influence_of_various_factors

2.4.a.Influence of pH.

The results are relative to a solution of 50 mg 17! of dis-
-solved Pb at 20°C,for a natural bentonite dried at{0s °C,for an
optimal relation mass/solution voluma.The variation of the Ph
has been realized by adding Hct O.IN and NaQH O.Z25N.Table-6-
aives this inffuence.

Table-6=Influence of the pH.

B o e B ot e R e e i o e e o
Initial pH 3o dsa b b e b b s
o e e B
Fixed guantlty ! ! !
of pr‘ 8.98 | 9.46 | 9.66] 9.80] 9.54 | 8 84%
o 1 f 1 1
8N S NS S NN U W
1 1 i
Final pH. 5.6 174 | 7.81 8.35] 9.2 | 11.9]
et i e o S VR, [ S SN S S

The resul+s show that the pH. has little Influence on the

capacity of retertion of bentonite towards dissolved Pb .Howe~

~ver,a sllightly basic pH increases the efficiency of the reac-
-tion,in relation with the concentration:Figure=-8

2.4 b Influence of the presemce of various fons

.. The influence of the salinity has been taken into conside -
-ration so as to establish the elements in relation with a choi-
-ce between an overall treatment or a separative one in case of
industrial waste water. 2-
The interesting ions are Na® Ca ,cl ,SO4 ynaturatly pre -
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-sent in the environment.The |atter was considered in concentra-
~tion field inferior caused by ihe precipifation of PbSQ,.

The results are retative to the different solutions with
optimal conditions,for natural bentonite dried at 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,
especid ly when the concentration in 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-
-~cgntration %Q Na® increas;g:Figure-BrOn the other hand the pre-
-sence of Ca ions and SO7 ions,Figure-9- has less influence
on the capaclity of retention of the bentonite towards dissol-
~ved lead.

The refention of dissolved Pb by Roussel benfonlte is main-
~ly .a8n exchange reaction between compensatoryions in the solid
phase and the those of the soiution,

The nature and the quantity of lons exchanged with those
of the salution has been determined.The results reported in
table-7- for pentonite dried,at 105 and 3720°C are relative to
a solution Pb™ of 200 mg | .The compensatorylons are composed

of Na+,K+,FeZ+,Mq2‘,CaZ+,in a decreasing order of. thelr concen-
~frations.The 5§change Egac+ion first concerns the jons Na ana‘
K .The ilons Fe~ and Mg~ come in second position,and ions Ca
come last,with increase ot the bentonite mass,solution volume
ratio.

Table =7 Nature cf ions which qive out the bentonite in
reiation with retention of PbZs

Case of a solution at 200 mg_l'1 in sz.
“““““““““““““““““ ""-:’: __—__'-"'_,_“"-" -_--_—"’__VT"'"-'-«-"""‘ N ——————
SDeCiei Quantitylfd Ne® ; x* qu‘ Fal* C32+ 0

« 107 ag q_1 drs. dls. dis, dls dis. na
Dentonite mass fixed!- " . . ' pH
solytion volume

!
...-..-u_~.--v-_---——--—-| _..._._._:_;.____.._. —— - - -“““;-"1 o ——— i
0.5 % 10.36610,14 0.0% 0.0082 :10,00221 0 15,6
1% 0.1931C.12 0.005 10,0041 10,0016} O 5.8
i 1.5 % 0.12810,12 0.0017:0.0027 l0.00l] 0.000% &
_____________________________________________________________ [ S —
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table -8- Relation between the drying *umpoiaﬂnré of o the

bentonite and the nature of dong wich give in the
solution tor the rotention of P divsolved,

Y - j 1 7
Specles pu2* Na® ! K" My <’ Fes' Pla " Ifinal
Quantity ! ]
7 - N
x 107 equg Mixked ldis. "1 dis, | dis, | dis. | dis, ph
Nature of i ]
Gentonite ! !
;,";"_T;'"“ """"" L TV I A I
wontoniTe H s -
z 3 i 4,
dried ot 0.286 !0.14 ,0.0! 0.0082.0.0027 | 0 5.6
1049 °¢ ; ;
———————————————————— 4“”_'"“1_""“““'“"“4'_"‘“'ﬁ“""_"“"""‘
entonite 0,38 10.35 10,018 0 0 ! 0 6.4
dgried af ! !
. 320°C ! !

- Bentonite dried at 105°C,

For o small Qen+oni+o mass, solution volume ratio, fixed
quantitics of Pb7 13 more than the amount of fons aoing into
solution, On the other hand when this ratio incrogres, the fixed
arantity of P becomes practically equsl to the cmenpst of
changed fens. This phenomenan sugqists Thot thoro ore be o omef s
nicms o oexchange and sorption in the first cove, mofnly o viran-
.- in the second case ; ln fact, it has been oboorved that
conll quantity of fixed Pb is going back into solution, A di-
reane of the pH, - has been o%:crvnd too, caused probably by the
hydrolysis of Fe® ions and Al7 jons. A more detailed guantitive
study i+ in progress. )

fram

- Bentonite dried at 320°C

The results asseﬁbled In table -8- show that retention of
dis=olved Pb Is practically an exchange react]on. Uxchangued fons
nre constitued only by compensatory fons @ Na  and K . Consequent-
Iy, retention of Pb™ should be more stable in such conditions,
The pHoTe aleo tess acidic.

P LA . R B
Abocnce. of My and Fo' Tons goina Lock Talo actution, ouge
neste that thore s a rearcangemont of the otracture of tne bon-
tonite which occurs when interfol for watar Teavee the Tattice.

T lhe experimental reaults showed @« docreace dn the rotens-
tion capacity ot Roussel bentonite to fix tne dicaolved 40
the bentonite was activated by ~ulfuric acld, This toboaviow can

be oxplained by two phonomoenans
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The Pb rutention is characterised by a high rate at room
temperature. The retention rale has an expression of the form
’ y = k log =t + z

iose eocfficients are functions of the initial concentration,

wence characteristic of the diffusion phenomenon.

lhe mecanism taking place during the Pb retention depends
upon of hentonite mass/solution volume ratio and activation
tomperature,

Influecnce of different factors were considered =
. The pH should be s]ightly basic
The prescnce of Na and cl jons at high concentrations
influences negatively the efficiency of Pb retention.

2+ 2- . .
The presence of Ca™ and S0 ions at small concentrations

modifies 1ittle the efficiency oé the reaction,

A separation treatment of industrial waste waters are hence
recommendoed .

A more detalled study of the Pb retention kinetics, Influ-
ence of temperature and determination of thermodynamic magniti-
des is in progress,
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WATER AND WASTEWATER PROBLEMS OF THE CITY OF ISTANBUL

OF THE CITY OF ISTANBUL
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INTRODUCTION L
A
Among the many problems which large cities in developing coun@%yes

facing are : P

a) The rapid increase in population,

'b) Water shortage, .

c) Lack of the appropriate wastewater collection and disposal systems,
d) Inproper industrialization

lstanbul as a large city of a developing country is also facin, similar
problems. In this paper, the water and wastewater problems of ti¢ city
of Istanbul will be presented, and the solutions proposed will be
summarized.

BRIEF INFORMATION ON ISTANBUL

"fstanbul, the only city in the world located on rwo continents, 'is sur-
rounded by the Black Sea in the north and by the Marmara Sea in the
south, The city is seperated into two by the Bosphorus., The city was
inhabited for more than twentyfive centuries. Today, the population
aof the city is reaching to five and a k11! willion people, and it in=~
credases every year roughly by 200,000. The surface avea of 7,500 hektars
is used for different purposes. Almost half of the dwelling is "gece-
kondu"*, lstanbul Water and Sewage Works General Directorate (IsKl)
which was founded in 1981 is responsible for finding solutions to the
water and sewarage problems of this city. This organization, beyond
the supply of water and the collection and disposal of wastewaters,
is also responsible for the protection of the water sources and the
receiving bodies from pollution.

gecekondu : dwelling built in one night, slum




WATER SUPPLY FOR THE CITY OF ISTANBUL
Presently, Omerli, Elmali and Alibeykdy Dams, the Terkos Lake and
several wells are the water sources of the c¢ity.

A. Amount of Water Supplied

15K1 in order to be able to satisfy the water demand of the increasing
population has started to work systematically. As a result of that

a considerable increase (100%) in the amount of water supplied to the

city has been achieved Lrom 1980 to 1984 as can be seen in Table 1.

Table 1. Water Consumption in Istanbul

Year Amount of Water Water Consumption Percentage of
Supplied (water supplied) Population
3 i eand ramds Utilizing the
(m-/day) (liver/capira=day) Service
1980 560,000 110 90
1982 800,000 ' 150 90
1984 1,100,000 ' 200 95

As can be scen in Table 1, the water supply per capita per day has
teached in the value of 200 liters. This value can be considered
satisfactory for a doveloping country,

B. Water Distribution System

Until 1984, the water distribution system of lstanbul 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 waximum capacity of
320,000 mj/day. After the completion of this line and the ¢ 1200 mm
transmission line berween Yedikule and Vatan Caddesi in 1984, the

water distribution system of lstanbul has become entirely interconnected

1. Existing distribution system will be able to satisfy the demands

untcil 1995, if ;

a) Kigilkgekmece and Darlik Dams are completed,

b) Three pumps in Omerlti Dam are replaced with the larger ones, and

¢) The water storage tank and pump station.in Bahgclicvler are
completed.

2. Presently, 957 ot the people takes the advantage ol the water dis-
tribution system, whilé in 1980 this value was 90Z. The water trans-—
mission lines of the surrounding municipalities and the villages are
insufficient,



3. There were 1560 public fountains in the city in 1980. Tn order to
take care of the public health, to prevent the unnecessary water loss,
and ‘to be able to collect the money for the water consumed, the water
distribution system was expanded rapidly, and public fountains were
closed in the places wherd system was completed. Only 450 fountains
are left today,

C, Plans for the Future

istanbul iz stiff suffering from water shortage, and this shortage will
become more scvere in the near future due to the increase in population.
To overcome this problem the following activities are planned,

1) In the coming 34 years water should be supplied from Biyikgekmece,
Kiiglikgekmece and Darlik Dams.

2) Presently, 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 207, Activities for encouraging the establisment of a pipe fac-
tory~something cssential for this operation— has started already.

3) The Construction of Isakdy Dam should be started at the latest

by 1995,

4) The preparation of a new master plan for the city of lstanbul should
be undertaken by 1990. ’

WASTEWATER COLLECTTON AND DISPOSAL IN ISTANBUL

The wastewater disposal problem which has been started with the mig-
ration of the first inhabitants to the city, still continues to be a
problem. Although, after the Turkish Republic was founded, several

. studies like the Kemm Study, the DAMOC Report and its revision by
CAMP-Tek~-Ser, NEDECO, etc. have conducted, the application was not
realized due to different reasons,

A. Wagtewater Collection System

In 1980, out of the 4,503,590 inhabitants of the city, only 2,716,000
people were able to utilize the sewer system, Table 2 gives information
on the wastewater collection system while Table 3 gives the percentage
of population utilizing the system.

As can be scen in Table 3, in 1983 only 607 of population was able to
take the advantage of the sewer system. This value is far away from
‘beinyg satisfactory,

B. Wastewater Disposal

A large amount of the wastewaters of lstanbul is discharged in the
Marmara Sca and the Bosphorus without any treatment, while 2 small
amount is removed by septic tanks. In places where sewer lines do not

* \
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Table 2. Sewer System of lstanbul

Part of the Sewer Collector

City Length Cost* Length Cost* Total Cost*
km %106 TI km x106 TL %106 TL

tstanbul Side 1355 16260 35 1925 18185

Beyoglu 422 6330 15 825 7155

Asiatic Side 599 5990 20 1100 7090

Total 2376 28580 70 3850 32430

*
Based on the unit prices of 1982

Table 3. Population Served by the Sewer System in lstanbul

Part of the % Population | Length of sewer per cap. | Length of
City Served by the  (m/capita) sewer per
Sewer System | According to| According to | capita planned
population the total for the future
served by population (m/capita)
tstanbul Side 65 0.98 0.65 0.92
Beyoglu 70 Q.61 0.43 0.85
Asiatic Side 45 1.00 0.44 0.99
Total 60 0.82 0.54 0.93




exist, wastewater flows freely im empty fields, and through the small
rivers it reaches the sea again. Because of that;

i) serious puhlic health problems occur in districts 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 wuastewater collection systems will continue.

The population density was another factor taken into consideration in
planning, According to the plan, the work will start from highly pol-
luted areas and will extend toward less populated areas.

1. Districts with first priaricy

a) Yenikap: District - Treatment Plant

This district covers the area surrounded by CGolden Horn, the Marmara
Sea and a line passing through the middle of Bakirkdy. The work will
start ip 1984,and it will be completed by 1987.

b) The Wastewater Treatment Plants of Tuzla and Atakdy
This ‘work is expected to be completed by 1987.

2, Districts with second priority

a) Kabatag
b) Kadikdy-Kartal
c) Uskiidar

Realization of the works described in (&) and (b) will provide a col-
lection system for the most populated parts of lstanbul, Furthermore,
it will prevent entirely the pollution of the Golden Horn as well as

the some regions of the Marmara Sea from Darica to Kiigilkgckmece. The

pollution of the wells from which water is supplicd will also be pre~
vented,

3. Districts with third priority

According to the investment plans the collection system of Kiiciikgek~
mece have the third priority.

4. Treatment and Disposal

a) Wastewaters coming from Yenikapi, Kadikdy and Uskiidar, after being
subjected to a preteratment will be discharged through the ocean out—
falls in the lower layers of the Marmara Sea and the Bosphorus at a
depth of 30 w.
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b) Wastewaters coming from Atakdy, Kabatag and Tuzla districts will
be discharged after being subjected to biological treatment.

5. Industrial Wastewaters

According to the data obtained from the Chambers of Commerce and Tndustry,
_there are 70,000 commercial and 7,000 industrial establishments in
Istanbul. 15K1 is presently completing a preliminary survey on the
poliution strength of the wastes of these establishments. The Quality
Control Directorate which is established within ISKI, after the comple~
tion of the survey will start to collect samples and determine whether
these establishments treat appropriately their wastes before disposal

or mot.

6. Regional Administration

1K1 is a General Directorate which was formed by the joint of the
Istanbul Water Works Directorate, Wastewater Department of tstanbul
Municipality and the 16 District of Ilbank (Provincial Bank), It

works in cooperation with the municipality of lstanbul, but it has an
independent budpet., ISKD within this frame is an organization which

deals with all the water and wastewater problems of the city of lstanbul,
namely it cares for the water {rom the source to the consumers and -

from the consumers to the disposal site,

WORKS TO PREVENT POLLUTION OF THE WATER SOURCES AND THE SEA

Due to the lack of any preventative measures the sea was polluted hy

the untreated wastes discharged. In a similar way, lakes used as water
sources for the city of lstanbul are facing serious pollution problems
due to the insecticides and fertilizers used in agricultural activities,
animal feeding and urbanization.

ISK1, utilizing the rights given to him by the law which its establih-
ment was based on, has prepared the'By-laws for Protection of Water
Resources"and the"By-laws for Discharge into Public Scwers”. Both of
them were based on the Law for the Protection of the Eavironment (Law
No. 2872) and on the Law No. 2805 related to buildings constructed
against the regulations.

a) By-laws for Discharge into Public Scwers

According to this law, all dwellings within the regions of 1SK1's authority,
are obliged to take a special permit for discharging their wastes in the
public sowers, 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-—
vishments named as "source of pollution" are obliped to treat their
wastewaters until they are reached to the domestic wastewater quality,

ind to perform regular tests for the determination of the effluent

qualicy,



b) By-laws for the Protection of Water Resources

According to these by-laws the watershed is seperated into four.

a) Entitely Protected Area: The areca which its boundaries formed by
a line drawn at a distance of 300 m from the nearest water body.

b) Protected Area of Primary Importance: The area between the lines
passing from 300 snd 1000 m distance.

c) Protected Area of Secondary Importance: The area betWEen the lines
passing from 1000 and 2000 m distance.

d) Protected Area of Tertiary Importance: The area remaining outside
the previously explained three classes.

No activity can take place within the entirely protected area. In the
protected area of primary importance, agriculture without using pesti-
cides and fertilizers can be permitted. This area can be used for
picnic,but without building any permanent structure. Tn the remaining
two areas, large housing activities could not take place. Systematic
animal farming, mining, activities (industrial,etec.) causing pollution
could not take place. Before starting any activity in these arcas,the
permission and approval of 1SK! are required.

The protection of the water resources of Istanbul as well as of the
Marmara Sca can not be realized by the by-laws of ISKT only, Support
of the governmental agencies and the municipality as well as of all
the citizens is required to obtain satisfactory results,

FINANCTIAL PROBLEMS AND THEIR SOLUTION
A, Projects Included in the Program of 15K1

The cost of the dams, water treatment plants, pump stations and trans<
mission lines included in the program of 1Sk! are given in Table 4,

while the cost of wastewater treatment plants, pump stations, collectors -
and sewer systemare given in Table 5. If it is possible to find the
necessary financlal support, the Kiiglikgekmece, Bilyiikgekmece and Darlik
Dams cotld be completed in three or four years, while all the wastew
water systems could be built in ten years,

B. Financial Sources

The money required for the realization of these projects will come from:

1) 18K!'s ctariffs
2) Ten percent of the budget of Istanbul and other surrounding munici-
palitiecs located within the the authority boundiries of ISKI.
3) The people taking use of the new facilitics ( according to Law No.2464,
1/3 of the cost of the new facilities is collected from those to whom
the service is provided),
4) National loans
5) International loans
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The investment which 1SK1 can rcalize today with its own means and
with the loans taken from the central government amounts to 10-15

billion TL. However, the amount required for the completion of waterx
and wastewater projects is in the order of 400-500 billion TL, This
amount of money could not be obtained from national sources, because
of that an important amount of international loans is required. Con-
tacts estahlished in the last two years has created the sujtable
media for obtaining this loan, After realization of these projects,
the income coming from the services provided will be enough for

paying back the loan and its interest.

Table 4. Investmcnt Required for the Development of the Water Supply Systes
(million TL)

Source ‘ Dam

Treatment | Water Intake | Transmission | Total | Eng.g | Grand
Plants & | Structures Lines Cons. | Total

Pump Sta. %30
K.Cek. {1914 5580 "9y 485 8073| 2422 10’495l
B.Gek, [8500 6200 100 9600 24400| 7320 | 31720
Darlik | 5600 8000 150 6600 2013500 6105 26«455l
T
Total [16014f 19780 344 16685 52823| 15847 | 68670

* Based on unit prices of 1984



Table 5. Investment Required for the Development of Wastewater Systewm

( x10% 1) -
. \ 1
PretreatdCcean , Small Struc. Collect] Main ‘ Street | Sewers | Struct.| Land Grand
Districts and pump {Outfall ' pump st Total Collect.. Sewers | Total and Purchase | Total
B !stations and se.: S Sewers N
| i i ’ Total
! |

Kiigikgekmece 920 2400 500 350(}'r 780 815" 4410 61051( 99051 495 10400
Atakdy 846 2640 500 3986 - 915, 4510 5325 9311 4B5 9776
Yenikapi~ahirkapl 2500° 1200 2060+ 11760 5200 550 10690 16440 28200 1400 29600
Kabatag 1132 2600 500 4232 1400 50 6770 8220 12452 624 12076
Baltalimane 344 400 500 1244 330 - 2204 2534 3778; 190 3968
Tarabya 416 400" 1000 1816 560 - 2204 2764 4580 230 4810
fﬁgiz;e n Side 6138| 15640 5060 26838 82705 2430 30688|  41388[ 68226 04| 71630

¥ : .
Pasabahge 359 400 1000 1799 386 . - ; 2204 2590 4389 220 4609
Kigiksu 293 400 500 1193 384 -1 165Q 2034 3227 160 3387
Uskiidar 222 400 1000 1622 258 7 551 814, 2438 120 , 2558
Kadikby 3432 6000 § 3500 . 129132 2870 3070 18870, 24810 37752 1883, 33637
Tuzla 725 500 1000 2225 790 - 4960 5750 7975, 400 8375
Adalar 200 400 400 1000 200 - 700 800 1900 104 2000
Asiatic Side . ! - !
Toral 5271 8100 7400 20771 4888 077 28935 36900 57681 2885 60566
Total 11409 23740 12464 47609 13158 5507 39623 78288 125907 6289 [ 132196
Unexpected Exp.Zl5 19829
Totral | 152025!
Eng.g Services %10 ; ¢ 15702 °
iGrand Total 1 ; 167227 @

I
-

*Based on the upit prices of 1982
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Al(III).SALTS IN THE PHYSICO-CHEMICAL

TREATMENT OF SEWAGE

NPT
Sema ngenx, Giilerman Sturdcu™
xTUBITAK Building Res.Inst.,Kavaklidere,Ankara

xxM.E.T.U.,Environmental Eng.Dept., Ankara

INTRODUCTION

Chemical precipitation has been applied since 1740's
for the trcatment of sewage. With the development of
biological treatment, the use of chemicals was abandoned
in wastewater purification, and biological treatment was
adopted. In early 1930's attcmpts were made to develop
new methods of chemical treatment, Considerable intcrest
has been aroused in the past decade in physico-cheimical
treatment (PCT) in the U.K., Sweden, the Nederlands and
the U.S5.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; thereforc they can stick together and
form flocs large enough to scttle down. In common waste-
water treatment practice, aluminum salts, iron salts,
lime etc. are commonly used as chemical coagulants.
NaAlOp, a less familiar aluminum salt, has gained atten-
tion recently. WaAlOg can bhe produced from the wastewater
of aluminum anodizing plantl, In this study, NaAlOojp is
comparcd with alum by means of the experiments performed
on two pilot plants operated in parallel.
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Fig. 1. Process flow chart of pilot plant.



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 Heverlee (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: Al;{504)3.18H20 stock
solution is proanalysis solution of 0.1 M, (containing
5.3963 g Al3 /1). It is contained in a plastic bottle and
renewed approximately every month (criterion: abscnce of
precipitate).

Sodium Aluminate: Sodium aluminate produced from Al-
containing effluent of aluminium anodizing plant, concen-
trated according to Waje.

specific gravity ¢ 1.66 g/cm3

viscosity : 1000 cP

pH : 14 :

Al203 content : 33 %

Na»0 content : 23 %

heavy metals : Cu : 11 ppm, Zn : 10 ppm, Cr: 137 ppm,
) Fe 1 210 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 Alj(8504)43.18H30 and the other
with NaAlO; at the same conditions. Raw wastewater from
the Heverlee town scwer was presettled in a pit with an
approximate retention time of 15 min., wastewater was
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Table 1, The Wastewater Chfracteristics

Parameter Average Min. Max. Standard
Deviation
Temperature (°C) 13.16 7.7 19.2 3.49
pH 7.91 7.16 8.85 D0.45
Alkalinity (meq.CaC03/1) 10.17 5.04 12.24 1.58
Conductivity (millimho) 1.43 0.76 1.86 0.28
Total hardness (mgCaCO3/1) 30.84 18.32 37.63 5.04
BOD5 (mg 0/1) 169 79 336 85,34
COD (mg 0/1) 385 148 575 115.23
T8S (mg/1l) 130 26 300 55.27
V85 (mg/1) 103 15 203 44,96
Turbidity (NTU) 76 30 220 29,45
Total P (mg/l) 14 7.99 26.33 4,12
Total N (mg/l) . 75 32 109 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. Wastcwater 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 wastcwater was pumped by means of a
positive displacement pump into the mixing point. A side
outlet was provided for cxcess flow of water. At the
mixing point wastewater 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
entercd 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 87+), 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.

Flocs grew enough to settle and slide down to the
bottom of the settling chamber which had a velume of
approximately 18.25 1. The sludge was removed from the
v-shaped bottom by means of an air 1ift which was con-
trolled automatically by a timcr. 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 werc 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 bedginning, but later gome exXperimenis were
performed by pll corrcction. 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/l and 25 mg/l (for approaching the optimum).

2. pH was independent variable and controlled auto-
matically to fix at a certain value (for NaAlOjp
pH = 7.0 + 0.2, for Alp(504)3.18H50 pll @ 8.5+0.2,
by the addition of Hy80, and NaOH respectively)
where residence time and coagulant dose where
kept at lh and 20 mg Al/1l respectively. (Glass
electrodes of the pH control instrument were
placed in the first compartment of the pilot
plant) .
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Table 2. Independent and Dependent Variables Chosen for
Pilot Plant Studies

Independent Variables pependent  Variables
Forced Natural

Al - dose Influent pH Effluent pH

Kinetic¢ aspects Influent Temperature Effiuent Tenperature

(G, impeller, eteg.)

and Hydraulies Influent Turbidity : Effluent Turbidity

pH . Influent COD Effluent COD

Retention time Influent BOD . Effluent BOD

(flow rate)

Temperature Influent Total P content Effluent Total P
Influent Total N content Effluent Total N
Total Suspended Solids Effluent TSS
Volatile Susperded Solids Effluent VS8
Alkalinity of influ-.t Conductivity of efflucnt
Total hardness of influent % Transmission ef UV light
Conductivitl of influent Sludge Volume

% Transmission of UV light CST
TS5 in sludge
V55 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 c¢oagulant 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 ir sciuvtion.

NaOH was added for pH correction. Then it was dis-
tributed into 12 sapromat bottles in 250-ml-portions.
Into those bottles NaAlOZ,from a stock solution containing
300.674 mg Al 3/1 and Al; (50,) lBH O from a stock solu-
tion with concentration of 53 8 3 /1% 0.5 mqg/l 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 golution: {(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 NaAlD; added mg AL/L Bottle Alp(504)4 . 18H20 g AL/L
{ml) lerror=4%) added (ml) {error = 4%)
1 ¢.000 Blank 7 0.000 Blank
2 D.166 0.2 B 0.930 0.2
3 0.416 6.5 9 2.320 0.5
4 0,830 1.0 10 3.240 0.7
5 1.660 2,0 11 4.170 b.9
6 2,500 3.0 12 4.630 1.0

(Type of peptone : MERCK Peptone from casein
trypsin-digested for microbi-
ology

Type analysis: peptone concentration (from N) 85

amina 4-3
phosphorus compounts (as P)
heavy metals (as Pb) 0
Mg 0
Calcium 0
Triptophane (DC) 1
Drying loss

Sulphate ash

for dilution

Solution - I

61.5 mg Mn504,H20/1

33.75 mg HpyMo04/1

8.35 mg 0.05 N NaOH/1

49.36 mg ZnS03/1

52.60 mg Co504/1

81.70 kg CuS04.5H0/1

Solution - II

725 g Klyp0y/1

25 g Nazs0y/1

Solution - III

10 g MgCly.6H0 g/1

10 g FeClp,2H0 g/1

10 g CaClp.2H0 g/1

- biomass : Nitrobacter from sludge which was settled

half an hour

= NaOH : to adjust the pH

NaAlOp solution : Wajc's solution COHCQIYrJtLOn

300.674 mg A13 /1

Al2(504)3-18Hp0 solution: commerc1al eorcontration

54 mg ald /1

o0 OP of Of OF OF P OF oF

- tap water
= putrients

.o s

H
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Inspiring from the procedure described in Deutsche
Einheitsverfahren zur Wasser-Undersuchung (1975), 1300 ml
of peptone solution, 3.25 ml of nutrient Selution-I,

6.25 ml of nutrient Solution-II, 1.3 ml of nutrient
Solution-IIT 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., pll 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 teclhinigue.

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 NaAlOp is better
than Alp(504)3.18H20 (only exception for COD
removal). Beside better removal efficilency, NaAlOjp
sludge seems to have better settleability (i.e.
less sludge volume), however, the filterabilities
of both NaAlOp; and Alp(S504)3.18H50 sludge are
almost the same.

2. At 1lh retention time: the performance of
AT (siy) 5. 1RO improves abruptly from 3 to lh
retention time, while the performance of NaAlOo
remains constant for some parameters ({(like BOD,
V8S, Ppot), improves slightly for some other
parameters (like COD, Npnp) and deteriorates
appreciably for TSS. This may indicate that, the
the retention time is an important design param—
eter for the systems running with Al;(504)3.18H50.
For NaAlOpz systems, only inorganic suspended
solids removal from the wastewater is affccted
by the retention time, and the other removal
aefficiencics are almost independent of both reten-
tion time and influent load. When Table 4 is
looked over, it can be seen that VSS8/T5S ratio
of effluent of NaAlO; system is lower than that
of Al;(504)3.18H20 both at lh and 3h retention
times (comparison can be made more easily from
the rearranged values (Table 4) where effluent
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Table 4.

Summary of The Results of Pilot Plant Experiments
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Table 4. Summary of The Results of Pilot Plant Experimentsg (Cont'd)
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results are converted to (VSS/TSS);,r 80 % basis
indicating that the orcanic suspended solids remov-
al is achieved more efficienctly by NaAlOj than by
Al;(504)3.18H20 at these retention time.

Lower standard deviations from the mean for both
coaqulants 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 belgn contrary for the
NaAlQs sludge properties) than at 3h,

Since the TS5 removal with NaAlO, is less than the
removal with Al (504)3.18H20, CST values for NaAlQ;
is less than that of Al7(S04)3.18H,0 while the
volume of NaAlO, sludge being greater than of
Al (504)3.18H70 sludge. Because of that NaAlOz may
be regarded as disadvantageous for sludge settling.
3. At 1h residence time with pH control: for both
coagulants removal efficiencles (except for BOD)
drop to smaller percentaes. But they are not gtill
as bad as at 3h retenticun time for Al (504)3.18H30,
on the other hand, they are worse than in the first
case for NaAlOj;.

Effluent V55/TSS ratio decreases from case l)to
3)for Al;(504)3.18H30 indicating relatively better
removal of organic suspended solids rather than
inorganic suspended x0lids. The increage in this
ratio for NaAlOp; may be interpreted as its dimin-
ishing v8S removal capacity at relatively acidic
conditions.

Standard deviations of efficiency values decrease
appreciably for Al)(804)3.18H50, but they increase
or remain relatively the same for NaAlO; system.

Sludge settleability of Al;(804)3.18H,0 deterio-

rates at pH 8.5. Volume of NaAlOj; sludge and CST |
values for both coagulants decrease due to ineffi-
cient removals.

siological Treatability of ALl(ITI) Treatment Effluents

Toxicity .tests have been performed in two ways:

1. With bacteria present in crude Heverlee sewage,
and .
2. With synthetic wadtewater with a biomass of

UZGEN
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nitrobacter a sensitive and convenient microorgan-
ism to use in toxicity testsZ,

The main purpose of the tests is to determine the
toxic effect of Al;(S04)3.18H90 and NaAlOj; on microorgan~
isms and the biclogical 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 curves3. Even
if it is presumed to have Al totally in solution at the
beginning, some precipitation may be 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 7 0.02 and
9.27 1 0.02 (average = 9.23 7 0.02) for NaAlO; (blank,
i.e without Al, pH = 9.23 I 0.02) and between 9,24 7 0.02
and 9.35 1 0,02 (average - 9.30 7 0.02)for Al(504)3.18H30
(blank pH = 9.32 ¥ 0.02). :

As it can be seen from the tables, the differences
"in BODg values may not be attributable to any inhibitive
A&ffect of both coagulants. High value of BODg for
#ynthetic wastewater with 0.2 mg Al3 /1 (Al,(S04)3.18H30)
‘may be regarded as an error, since it seems to be
1llogical tc ‘talk about reversed toxic cffect, stimulating
even, at one of lower dosages only. The appreciable

Table 5. Toxicity Test Results for lh - Settled Sewage

Bottles with BO[)5 (mg 0/1) . Bottles with BOD5 (mg 0/1)
NaAl0y Al7(504) 3.18H30
Blank 300 Blank 226
0.2 mg Al/1 300 0.2 mg Al/1 342
0.5 mg Al/l 306 0.5 mg Al/1l -
1.0 mg Al/) 308 0.7 mg AL/ 202
2.0 mg AL/l 312 0.9 mg Al/1 287
3.0 my AL/L 300 1.0 mg AL/ 292




‘Table 6. Toxicity Test Results for Synthetic Wastewater

Bottles with DODS {mg D/1) Bottles with BOD5 {mg 0/1
NaAlQy Al; (504) 3.181150
Blank 405 Blank 4130
0.2 mg Al/1 340 0.2 mg AL/ a0
0.5 mg AL/l 384 0.5 my Al/1 420
1.0 mg Al/1 40% 0.7 mg Al/1 420
2.0 m3g Al/] 4310 : 0.9 mg AL/) a0
3.0 mg Al/} 360 1.0 mg Al/] 407

difference between the blant BODy; values confirms this
error, as an evidence of low reproducibility of BODg
values (Sapromat reproducibility = 3 5 %).

Usually BOD; (BOD after 1 day) reflects the toxic _
effect of substances better than BOD:? since the lag periocd
for microorganisms to the external dlisturbance 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 BOD3 or in BODy with
respect to increase ir dosage become rolatively small.

In the present tests with NaA102 and A12(504)3.18H2O,
BOD curves drawn by the sapromat recorder werc also oxam-

ined for an initial inhibition, but it was observ.d that
BOD curves for all the best solutions tended to @+ exactly
the same as the one of blank. Some small deviatic: - were

noticed due to some probable error in the preparartion of
the solution and in the addition of the coagulan: .o,

Similar behaviour may bhe expected in practi.al full-
scale application. The pH of effluent from the physico-
chemical plant 15 usually 7.0 ¥ 0.1 when Al {S¢y4)3.18H20
is used as coagulant (at 20 mg Al/1l) and 8.5 7 0.1 when
NaAlOp is used as coagulant so, the predicted precipita-
tion degree is higher than in the toxicity tests, ending
up with less Al3+ concentration in solution. By conse-
quence, toxic inhibition effect of Al may be expected to
be vven less in real application.

CONCULUSIONS

The major conclusions of this study may be summarized
as follows: ’

TIGEN



1. NaAlO; is less efficient in coagulating wastewater
than alum. This is probably due to the higher
solubility of Alum.

2, Retention time in a continuous flocculation system
is an important design parameter, influencing the
choice of the coagulant for coagqulantion efficiency
and sludge treatment,

3. 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

Natural

Dependent Variables

Al - dose

Kinetic aspects

{G, impeller, ete.)}
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 Totzl P

Effluent Total N

Effluent TSS

Effluent VSS

Conductivity of effluent

$ Transmission of UV light
Sludge Volume

CsT \

TS5 in sludge

VSS in sludge
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Bottle NaAlOo; added mg Al/1 Bottle Al; (S04} . 18H30 mg Al/1l
(ml}) {error—4%) added Tml) ferror ~ 4%)
1 0.000 Blank 7 0.000 Blank
2 0.1686 0.2 8 0.930 0,2
3 0.416 0.5 g 2.320 0.5
4 0.830 1.0 10 3,240 0.7
5 1.660 2.0 11 4,177 g.9
3] 2.500 3.0 12 4,637 1.0




Bottles with BODg (mg 0/1) Bottles with BOD, (mg 0/1}

N3uZ0

NaalQg Alp(504) 3.18H,0
Blank 300 Blank 226
0.2 mg al/1 320 0.2 mg R1/1 342
0.5 mg AL/ 306 0.5 mg AL/1 -
1.0 mg Al/1 - 308 6.7 mg AL/ 292
2.0 mg al/1 312 0.9 mg Al/1 : 287
3.0 mg AL/ 300 1.0 mg. Al/l 292
Bottles with BODg {mg 0/1) Bottles with BOD5 {mg 0/1

NaAloy Al5{504)3.18H,0
Blank 405 Blank 430
0.2 mg AL/l - 340 0.2 mg AL/ 54Q
0.5 mg Al/1 . 384 0.5 mg Al/L 420
1.0 mg AL/l 4G5 0.7 wmg AL/L 420
2.0 mg Al/L 430 0.9 mg Al/1 420
3.0 mg al/1 360 1.0 mg A1/1 407
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FILTRATION OF TANNERY SLUDGES
FOLLOWING A CHEMICAL~BIOLOGICAL TREATMENT.

Dott. Eng. Giacinto Petrillo

Polecon Italiana Srl

45, viale Scarampo ~ 20148 Milan (Italy)

INTRODUCTION -

The waste waters treatment plant outlined hereunder deals with
waters coming from scaking 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 consists 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 placé in a compact basin and rcongist-
ing of:

1) biological oxidation;
2) sludges periodic recycle;
3) sedimentation;

f) post~aeration lagoon.



. have the prucess treatment started, the extended aeration
Liolegicil stade utilizes domestic waters input. in case uf absence
4 the timiting tactors N-and P, (NHM)EH(POH) is added.

Liquid wastes mixing and oxidation are obtalned by menns  of
submergod statlc aerators "Helixors™.

The Helixor is a polypropilene cylinder incorporating a mono-
lithic helix of design pitceh which dlvides the tube longitudinally
into two &eparite sections. Helixors are vertically aligned and an-
chored on basins' bottoms. Compressed air is blown in in each Helix-
or through oritices drilled on air feeding pipes.

Sludies settled in the primary sedimentation basin, mostly due
1o Cr{UH) , as well as sludges coming from sedimentation after ex-
tended aeration stage, are conditioned with F‘eCl3 and Ca(UH)E.

Sludwesy are then directed to an automatic filter producing
cakes 4t 80+ 50 % dry substance.

CThrs treatment plant is fully automated and output waters,
which arc today conveyed to rearby flelds, could be sent back  te
product fon ines following proper treatment.

PEAURTE TN

CConees o Mt el" ) the company the plant henceforlh described
wis rooatize o tur, s located at Montoro Superiore (Avelline), an
area in Sout:orn staly where the tannery industry 18 most nctive.

Plynt enginesring data arve given under table 1) and el fluent
Witers chyrscteristics are indicated ander table 2).
1

The plant consists of two stages:
1) Binlogical Wastes Treatment
and

2) Hludees Dewiterine.



1) BlOLOGLCAL WASTES TREATMENT !

A) Mixing and Averaging of Alkaline and Acid Wastes

Liquid wastes are conveyed to the aeration basin where eight
submerged aerators Helixora, fed with compressed air, create turbu-
lence in the wastea so that alkaline and acid di=zcharges are aver-
aged. In this very basin, liquid wastes pre-oxidation tukes place
ag well. However, Helixora' main purpose is to aerate discharges
and keep in suspension sclids present in the refuse liquids. Being
underground, the basin is gravity fed.

Civil works are concrete made and inside walls are protected
with antacid varnish -

B) Neutralization

Waters flow in the neutralizatlon basin where mixing is obtain=-
ed with the installation of one Helixor.

Checking and regulation of pH concentration is assaured by a
pH-meter equipped with a chemically cleaned probe.

Caustiy soda and sulphuric acid are the reagents used for the
neutralization proceas.

C) Automatic Removal of Solids Retained by the Grig

Solids removal is fulfilled by an automatic grid which prevents
fibers and thick particles from obstructing the lifting pumps.

The pumpa, housed in & well close to the channel where the
grid is located, consist of two submerged groups contralled by min-

imum and maximum level devicea.

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 sludge dep 3. 1
ntitiually purged and grease skimming is ensured by pneumat o <im-

nmers

E) Extended Aeration

Waters clarified during the sedimentation stage flow, by grav-
ity, inte the extended aeration basin.

This compact basin iz divided into the following adjacent and
communicating sectors:

1) Bivlogical oxygenation.
?) Sludges recycle.
%) Sedimentation.

The Exfended Aeration stage is the most important phase in the
whole bioluslcal treatment process.

1) Biclogical Oxygenation.

Due to the turbulence originated by the twenty-six Helixors
installed, microorganisms develop and grow in the aeration sectar,
Their growth iz the direct consequence of the mixing which makes
orginic substances and microorganisms enter into intimate contact.

Adsorption (assimilation), first phase of the biological treat-
ment process, takeg place in the biolegical bxygenation 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 centrol of limiting factora N and P. Nevertheless,
addition of (NHM)ZH(PON) is foreseen,

2) Sludges Recycle

and

3) Sedimentation.
The best degree of sludges concentration during the aeration
stage is assured by four Helixors whose motion compels aludges,de-
pusited in the final sedimentation bagin to move into the aeration

hasin.
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Overflow sludges, together with aludges coming from @ nar .
sedimentation, are conveyed to conditioning and dewatering *:en’

mentsg,

F) Post-Aeration Lagoon

Waters overtlow by gravity from the extended aeration basin
into the aeratiun lagoon which iz divided into two sectors: o) the
tirst,where tourteen Helixors provide a further supply of oxyeen
(pust-aeration) and b) the second,where no mixing is created .(sta-
bilization), :

Endngenoua.respiration, an impurtant phase of the blological
process, occurs in the aeration lagoon and air consumption is tor
this stage lower than for adsorption because of the smaller quan-
tity of substrates.

Uutput waters flow today by gravity from the lagoon to nearby
fields, However, should future needs require it, these waters could
bte utilized [or the tactory supply after proper treatment.

2) SLUDGES DEWATERING

Sludeges purged from primary sedimentation and extended aeration
basins are conveyed to a conditioning basin where, by means uf ohe
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 sutomated pressure Filter
consisting of sixteen stainless steel panels coated with acrylic
bags. Table 3 refers to data concerning sludges conditioning.

Filtered waters are conveyed to extended aeration basin whilst
sludges are withheld by the baus.

When filtering cycle is interrupted to allow dlschargé r
the sludges, filter-top opens automatically ard filtering pnel:
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 40 4 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 at'ter testing the sludges with laboratory filter kits. Sever-
al chemicals such as Fesou, CaClE, FeC13, Ca(OH)2 were applied in
testing and different doses used.

For this selfsame utilization, the best filter's performance
was obtained following the addition of FeCl_ and Ca(OH)E at a con-
centration of 10 % and 5 % respectively.

Dosages used for the reagents' solutions are:

8 gr/l for Ca(OH)E;

6.4 gr/l for FeCl_.

3
TABLE 1
Engineering Data
3kins processed daily = 3,000
Daily flow = 300 cubic meters
Working hours per day =8 '

bDischarges from ! 3oaking stages
Lime baths
Deliming by formic acid and sodium chloride
Maceration
Chromium tanning
Stuffing
Dyeing



Chemicals used

Total BOD5 loading

Oxygen requirement

Kga/day

NHES =45
NH. = 4.5
3
Na_ s = 180
)

Lactic acid = 30
Na_3 = 30
as 3
Ca(OH)2 = 100
Na_S$S = 70

%2

Solvents for degreasing

and oils = 60

NaCl = 200

szOu =

NaCl = 13t

HC1 = 3.

Cr. 0 id

2”3

NaHS0 = T
3 4

Alum = 34

Na CO = 20

&, 3

NaHCO = 36
3 3

NH = 6

3

Sulphonate greasing oils = 40

HC1l and formic acid = 30

phenolic tanning = 60

= 300 Kesa/day
: 450 Kgs/day

BTRILLO



TABLE 2

Output Waters Characteristics

Q
B D5

Suspended solids

Dissolved oxygen
TABLE 3

Sludges Conditioning

Flow of sludges

Filtering surface

Solids' content in sludges
Sludges' dried substances

Lime consumption

Lime consumption at a 5% solution

FeC13 consumption at a 10% solution

TABLE 3

Power Consumption

Blower = HF &%

Lifting pump = H¥ U

Automated grid = HP 0,20
Total

Other Congumtpions (Compressed Air)

Vibrator, sludges' feeding pumpy,
lime pumps and [ilter operation

1]

30 + 40 mgr/l
30 + 40 mgr/l

2 mgr/l

25 cubic meters/day
37.26 square meters
2%

500 Kgs/day

20 % max on sludges’'
dried substances
2 cubic meters/day

160 Kgs/day

K
2 Kw
.19 oW
IL‘.
[ Dometers/diay
s value at 3 oatm

Air supply to meet the above requirements .s covered by the

factory's pneumatic network,
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WASTE WATER TREATMENT PLANTS
FUR
SLAUGHTERHOM:ES AND SAUSAGES PRODUCTION FACILITIES

Dott. Eng, Giacinto Petrillo

Folcon [taliana Srl

u4, Viale Scarampo - 201MH.Milan {(Italy)
INTRODUCTION -

The project for the "Swine and Bovine Meat Center of Coluwna
"Veneta (Veruna, Italy)" was develey-d t=aring in mind its peculiar
destination: the service to a slaugnte ng and sausages production
center.

The essential poals to aim at in engineering » plant ara:

a) hish efficiency in pollutivn control;
b) hiegh reliability;
¢} easiness ol yperation.

In view ot the above, a pollution control system enzuring hiph
perfurmance rates was chosen and very easy to use equipments were
installed, A periodical plant control scheduled by a routine main-
tenance programme assures the greatest reliability.

Due to Iow operating expenses and small quantities ot sluiges
produced, this provess is widely used in Canada, the United States
and is nowadays frequently applied in ltaly tuo. The process is
based on a special equipment, Helixor, capable of transterrineg the
required oxywen in such a quantity as to obtailn the best process
speeds. 1t originates at the same time an optimum refuse i aids

mixing 5o thnt contact amang microoreanisms' and organie snbs 1y e



cells is most efficient, Furthermore, the absence of moving mechir.-
" lcal parts inside the Helixor and the high speeds through orifices
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
oxygenation to not more than 5 cubic meters on wet sludges every
2 + 3 months. The small guantities of sludges accumulating in the
post-aeration basin, downstream the oxygenation stage, requires pe-
riodical removal and this operation is to be considered as an occa-
sional and infrequent reguirement.

The Culogna Veneta plant has been continually running since
December 1975 when it was teated and started and no trouble what-
ever occurred during these past years,

PROJECT ANALYSIS AND PROCESS DESCRIPTION
. > ‘
The project was elaboratéd censidering both the potential
slaughtering of 400 cattle and 500 swine every week and the produc-
tion of the connécted sausages factory,

Pullution control oycles foresee:
a) floatation;
b) degreasing;
¢) oxygenation;
d) final chlorinatlon.

The plant proposed ig 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 is composed of mineral substances, non-
degradable organic substances {(cellulose, fibers) and inert residua
of microorganisms (cell membranes).

Following the elimination of suspended solids by means of a
manually operated grid, sewages flow into the floatation basin
wherefrom they reach the oxygénation tank after degreasing. During
the oxygenating treatment, retuse liquids are submitted to o nsui-
erable aeration [mplylng the abatement of orgénic substances.



After skimming and post-aeratlon stages, sewages overflow 1
the chlorination tank where waters are added with chlorine and con-
veyed to discharge.

PROJECT DATA

In order to suitably size the plant, reference was made to Cus-
tomer's spegitications and to literature published by A N.DJ1.3. -
National Banitary Engineering Association =-. Further information
were drawn from tests run on our pilot plants.

Data to work on were:

- dally water consumption is of 900 liters per each bovine and 600
liters per each swine;

= daily water consumption during stable-breeding equals 500 liters
per each bovire and 200 liters per each swine;

~ pollution caused by a bovine is equivalent to that originated by
28 people whereas a swine pollutes as much as 11 persons do;

-~ with regard to rainwaters affluent to the plant, maximum and min-
imum precipitations' values were considered corresponding to
15 mm and 6 mm of rain respectively.

Water consumption

Cattle Slaﬁghtering

- Head slaughtered weekly = no., 400

- Daily water consumption per animal = liters 900

- Workdays per week - =no. 5

- Totual daily water consumption = 72 cubi¢ metersa

Cattle Stable . .
- Head on breeding per week = no. 100

~ Daily water consumption per animal = liters 500
~ Breeding days per week = no. 5

~ Total daily water consumption 10 cubic meters

Refrigerators' waters for cattle butchering
~ Dajly water consumption = 150 cubic meters

Cattle blood
- Blood affluent to the plant = 200 liters/day

PETRILLN



Swine sisughtering and sausages production

- Head butchered every weck = no, 500

- Daily water consumption per animal = 600 liters

~ Workdays per week . 2 ne. 5

- Tutal daily water consumption = 60 cubic meters

Swine stable _ .
- Head on breeding per week = no. ‘150

« Daily water consumption per animal = 200 liters
~ Breeding days per week = no. 5
- Tutal daily water consumption : = b cubic meters

Refrigerators' waters for swine butchering .
- Daily water consumption = 280 cubic meters

Swine bluod
~ Blood affluent to the plant = 120 liters/day

Total Waters Affluent to the Plant in Cubic Meters per Lay

= Process waters affluent to

oxygenation tank = 148 .
- Couoling waters affluent downstream
the pust-aeration basin = 390
~ Rainwaters entering the oxidation
tank (surface 16,600 sg.meters) = 44
582
siological Oxygen Lemand Loading (BOD5;
Cattle butchering
- Head slaughtered per day = ng. 80 .
- BoOD : Kp/day 135

5

Swine slaughtering

- Head butchered every day EI ST

« BUD - " [
Y



Cattle blood
~ 200 1/day x 100,000 mgr/1

"
ol
x
~
E="
W
3
™
<

Swine blood
~ 120 1/day x 100,000 mgr/1 H " 12

Cattle stable
~ 10 cu.m/day x 1,000 mgr/i ' = " 10

Swine stable
~ 6 cu,m/day x 3,800 mgr/l = n 23

Rainwaters
~ 44 cu.m/day x 180 mgr/l = " 8

Total BODSIloading Kig/dny 274

PLANT ENGINEERING AND DESCRIPTION OF ITS DIFFERENT PROCESS PHASES
(See drawing enclosed)

Oxygenation and Post-Aeration Tanks

The flow volume affluent daily to the plant is 148 cubic meters;
cooling waters, equal to 390 cu. meters every day, are conveyed
downsatream the plant in a pit where they mix with treated waters.

Volumes involved are:
= Oxyzenation tank

148 cu.meters/day x 15 days 2,220 cu.meters

#

- Ralnwaters increment : = 'Y "

=~ Ppost~-aeration basin

148 cu.meters/day x5 days = 70 v "
Total volumes 3,004 cu.meters
Water depth considered iz m 1.70 and the covered surface is

therefore:
cubic meters 3,004/1.70 = 1,800 sq. meters.

mURILLO
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With regard to oxidation tank's volume load, the following is
oblained:
274/2,264 = 0,12 Kg BODS per cubic meter.

To the oxygen theoretical requirement of 274 Kgs/day corre-
sponds an actual necessity of 274 x 1.5 = 411 Kgs of O2 per day.

To obtain the procesa' best performance, the installation of
the following Helixors, each m 1.00 in lwngth, is consequently re-
quired;

-~ no. 33 for the oxygenation tan';

- no. 4 for floatation stage;

- no. 3 ftor the post-aeration %“asin.

Water Raising

Waters flowing from both the bovine and the swine slaughter-
thouses, as well as outlet waters from sausages works, are conveyed
to tre plant through tarred metal pipes.

Waters are raised by means of 2 pumps « 2 others being in-
atalled and kept in reserve - each having a flow capacity of 20
cubic meters/hour.

The maximum flow to be lifted is roughly 40 cubic meters/hour;
the submersible pusns foreseen have a special impeller, sulitable to
stand sewages' coresilon, and are equipped with a level cuntrol for
their automatic start according to the incoming flow's volume. i

Oxygenation phase

Refuse liquids are channelled through steel pipes from  the
water ralsing station to the oxygenation tank where Helixors are
set up; they enrich the water with air at a given quantity such as
to keep bacteria alive.

The oxygenation basin's bottom communicates on one side with
the floatation and degreasines tank and, on the opposite side, with
the skimming and post-aerati - stage. Floating greases are directed
to an offlet channel.



Pogt-Aeration Stage

After the oxygenation phase and followihg skimming by means of
a metal siphon, sewages enter the post-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 2% days'
autonomy as hypochlorite as 25 % concentration);

~ one dosing pump;

- the neceasary PVC connecting pipings with relaved special
tools, .

The quantity of activated chlorine required to disinfect watwrs
biologically treated is equivalent to about 10 mgr/l of NaCl, with
a residual chlorine value correponding to 0.6 - 0.8 mgr/l.

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 gxcavation was used in order to lower realization's costs.

ANALYTICAL DATA
Table ' and 2 given heéearter respectively show the results of

analyses cuarried out on samples drawn upstream and downstream the
plant.

PETRILLO



POWER CONSUMPTION ' .

Power consumption relates to blowers and ralsing pumps operat-
ing to 1lift refuse liquids from discharge collecting pits to Lthe
treatment plant.

Blowers are in service 24 hours a day whereas raising pumps
are operated only while butchering and cleaning are being accom~
plished.

Fowers consumption costa are the on'y operating expenses to be
supported.

TABLE 1
- pH o s 7.5 = 7.5
- BOD5 = 500 mg/l = 320 mg/)
- oop ' = 1,200 mg/l = 1,250 mg/l
- Settling solids = 6 ml/l 2 .
~ Substances drawable with oil ether z - - 2 147.8 mehl
-~ Suspended =olids = - - = 642 mg/l
TABLE 2 )
~ pH = 7.9 = 7.9 = 7.9
- BOD‘5 = 40 mg/1 = 20 mg/l = 20 mg/l
- COD ) = 100 mg/l = 36 mg/l = 00 me/l
- Settling =solids = 1 ml/1 - ERE
- Free chlorine , = 0.4 mg/l z - - x o= =
-~ Bubstances drawable
with oil ether e = 4.2 mg/l z 9.4 mg/l

- Suspended sollids = - - = - - = 34 mg/l



TABLE 3

Power Consumption

No. 2 blowers

No. 2 raising pumps

Total

Installed HP

Inatalled HP

= b2 = 38.2 KW

PETRILLE
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INTRODWUTT

The tre  wer ar Jdi os ' o s 1 wm ! ‘sol. A ai
becoming ...re- ' ¥F r' ot wom > . ts 1. rd .
Proper mande. went L1l de i 1 0 e fre omta, Ctro..
The ohjecl.ves ¢ soli w By me . > i AN Fage Lo, Tre
recovery and Lo rot T'we WL a t. ep AT

ESIA; inm covaman <178 10 £, 1°d *ri. od mu. cipa. rea

throughout the wortd, *taecs . g1 vi. ,7or = wiin =<rlid w te
management. The Kuwait 1-sti .te fo § entii, Rescais o (KISR),
acting on the reguest of “he fwa,a re. ‘atherity (SAA), oo

to study the vreuse, treatmest, md ., csal of solig woiste in the
ESTA. The study began in 14953, apd wilt tast for two years. The
program has five main tasks: L. Survev and characterization of
solid wastes; 2. Establishment ot appropriate regulations and
evaluation of technical solutions for effective solid waste control
and wanagementi 3. An economic analysis of technical solutions,
including cost-benefit analysis and financial implications;

4, Engincering design of treatment and disposal facilities and
development of the organization and management structure; 5. Inte-
gration of solid waste proposals with those for wastewater treatment
programs. The present paper deals with the survey and characteriza-
tion of industrial sobid wastes (SW), semisolid wastes (SSW), and
general solid wastes (CSW) which are preseat in the area.
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MATERTALS AND METHODS

The data were collected through a questionnaire and vigits to
the industries. The data were classified according to each specific
industry and grouped according to type of wastes.

RESCLTS AND DESCUSSTON

The total area of ESIA is about 23,66 million square meters, The
FRIA now accomodates 30 industcial plants belonging to 26 companies.
Bewiause these plants contribute to industries considered vital to the
growth of Kuwait, they are included in the state's master plan. ' Most
i the products of these industries are either exported (oil refinery.
products, fertilizer, melamine), used for building and construction
(cement, lime products, insulating material, asbestos pipes, sanitary
wiare, fabricated steel, concrete, pre—engineered stell building), or
supply food (fish and shrimp) or local products for development (paper,
paper bhaps, and different industrial gases). There are also two huge
power stations, which provide Kuwait with electricity and distilloed
wiatoer,

These industries use various amounts of raw materials to produce
different products and generate various solid and semisolid wastes,
These wastos may he generated from the raw materials, the products, or
the processing. Besides, large number of manpower working in these
indisrries generate different types of the same. The major industrial
solid wasles and geMisolid wastes are shown in Table 1 and 2.

Industrial Sof{id and Semisolid Wastes (SW and SSW)

There are numerous sources and types of refinery solid wastes and
each refinery may have probiems specific to its process. The following
are suitable for recovery or disposal:

a) Sludges. A huge amount of ESTA's wastes are oily process
sludge, which is very difficult to handle. 0il sludge is a sediment
ohtained from ytorage tanks, crude desalters, sewer cleaning. vessel
¢leaning, oil/water separators, dissolved air flotation, Jube oil
processing, and alkylation.

b) Catalysts. Different types of used cavalysts are disposed of
perivdically. Most contain hazardous materials such as nickel, alu-
minium, copper, iron, titanjum, chromium, cobalt, zinc, and vanadium
oxides, hesides the ceramic saddles used as beds for catalysy.

¢) Suspensgions. Large amounts of erude ail are suspended in
sen water, in concentration of 1-57, stored in large lagoons.
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corjan, es. he dekag, g ‘las .« mdu cie plaw cenwvates
wastes froan ¢ Lylene [ . and .ow lemnsi. pv vorhyleve,
Bulld'u' .qlef“' 50 ‘\Lﬁ'inl“\|du8trAﬂs. Fleven plants

in ESTA mhoufm LUFe caterinig ot busiding ond construction. The

solid wiastes are suiap steel, scrap pipes, bricks, concrete, pypsum

plaster moulds, yibreglass iusulators, and weldlng flux. The semi=

solid wastes are mainly lubricant oil, clay suspension;- cement - T T T
slurry, asbegtos slurry, lime slurry, and glass wool sludge. Most

of these wastes are dumped, drained, or disposed of in landfills.

© Scrap steel sold in some cases. Concrete waste and empty harrels

are collected special contractors.

Organic 1ndu%trlcs Ounly three plants in ESIA deal with organic
materials. One proﬂuces paper bags, the second tissue paper and
roofing paper, and the third processess fish and shrimp. The wastes
of the first plant are used as raw material by the second. The
second plant generates many sorted rejects of cellulose mud. The
salid part of these wastes is dumped in ESTA dumping area. The semi-
solid are drained. The fish and shrimp processing plant wastes are
damaged [ish, and shrimp heads and shells, which are dumped in the
ESLA dumping area. .

General Solid Wastes (GSW)

The industries located in or near ESTA generate large amounts
of general solid wastes with a composition similar to that of muni-
cipal solid wastes (MSW): paper, cardboard, wood, metai, textile,
rubber and plastic, food, glass, stone, and sand. The MSW is
collected, at present, by the contractors, who move these wagtes to
various dumping areas in Kuwait. The composition of general sulid
wastes in the area is shown in Table 3,

ELNAWAWY.
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Table 1t Solid Wastes Generated in ESTA (t/yr)

Type Amount
Catalysts 7,239
Construction materials 32,109
Metals 1,348
Clay 850
Melamine waste 1,567
Polypropylene/polyethylene 102
Paper manufacturing waste 3,180
Silica gel 1
Molecular sieves 110
Activated carbon and charcoal 5
Fish and Shrimp 80
Totak: 46,591

P NRAIWY



Table 2: Semisolid Wastes Generated in ESIA Plants Including
Dewatered Slurries and Suspensions (t/yr)

Type Amount
Lubricating 0ils _ 2,219 .
Sludges ’ 50,362
Slurries and suspensions? 10,519
Chemicals © 138
Total: C 63,238

8pfter dewatering {include: Lime slurry, Asbestos
wagtevater, Clay syspension, Cleaning water, and
Cements slurry).



Table 3: ‘Estimated Maximum Production of General Solid Wastes in ESIA (t/yr)

Paper Wood Metal Metal Textile Household Sand Tire Plastic Other Total
drum refuse stone, containers plascic
ash

1975 6424 2132 431 1141 4172 ‘58908 451 335 36 76,605
m
Ly
>
=
p=3
= -



SOLID WASTE MANAGEMENT IN THE ENLARGED SHUAIBA INDUSTRIAL AREA (ESIA)
PART II: TECHNOLOGCY BASIS OF THE COMBINED ON-SITE/CENTRAL WASTE
MANAGEMENT SYSTEM IN THE ESIA
1
K. Puskas, A.S. ElNawawy, A. Hammoud, N. Samarah, B, Isbiah*
Kuwait Institute for Scientific Research

“iotechnology Department
0. Bux 24885, Safat

Foowait,
t‘TRnn CLaoN
A comprchensive waste management system is being developed for
all kind. . solid waste and industrial and sanitary wastewaters in the
ExlA. 1ias lecture deals with the nonhazardous waste treatment, Yeuse,

and disposal technologies, which are one part of the combined waste
mandgement 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-rasks 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 significant at the primary
industries and negligible at the sccondary 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 ($8W) are
derived from the production process and relate directly to the produc~
tion level, The character of this relationship was studied to establish

*EPC-SAA
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the time function of the waste generation and to determine other
significant factors. 1In respect of the handling and disposal techno-
logies, the general solid waste (GSW) has to be studied in detail,

One part of the general solid waste is in indirect 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, ete.), 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 ig 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 ahove-mentioned nonhazardous
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-site treatment or reuse technologies as final or preli-
minary options handling in a Central Trearment Plant; and combined
treatment with the industrial and/or municipal wastewater creates
many variations of possible processes (Fig. 2). The scope af the
study includes suggestions for remidial engineering measures. The
short term solution favours disposal while the long term solution
emphasizes reuse.

Treatment, Reuse, and Digposal 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 departuents
and offices of the industries is not the aim of this lecture, but
typical examples of organie, inorganic and gemeral 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 i3 a raw material of the plastic processing
industry. The urea is coaverted to melamine in a melamine reactar at
high temperature and the melamine 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 are 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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engineering measures. Thereafter, the on-gite combined, outside treat-
ment, reuse and disposal technologies were determined, Filtration
by-product reclumation (Fig. 5), combined treatment with industrial
wastewater, and disposal as solid waste, are the technology options
for the mixed impurities and 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 waste handling cases in the ESIA illustrates
the options of combined treatment and reuse which might be applicable
to the iInorganic industry in general. 1In the ESIA, there are three
construction industries producing precast elements for the local
construction businegs. 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,
stecl scrap, used moulds and semisclid 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 clements could be reused by a central handling
facility or directly used for different construction purposes. The
neighbouring industries are in a favourable situation copcerning
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 among the industrics in waste
management, The on-site treatment of general solid waste in not
popular solution., It can be freated 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 isg
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 C.T.P. presented its advantapes 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 industria.
general wastes will be collected and prepared for handling and disposal,
The expected central handling plant and facilities should be located
here namely the collection, separation, sorting gystem, 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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VERMICOMPOSTING IN THE PHILIPPINES

Basil A, Rossi

President
Asian Recycling Association
P.0.Box 753, Bacoled City, Philippines

In Southeast Asia more than eighty percent of all collected so-
1id 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 the 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. ,

Looking at the waste disposal picture we must 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 moat areas of the world has a
massive so0il 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
matter levels. In nature, organic matter in tropical soils rarely
has a chance to reach a humate level. The action of heavy rains
and sun make this almost impossible. 8o if reasenable 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
have chosen to work with worm castings or vermicompost.

The harnessing of large 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 Eisenia 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 c¢lay '"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, remove 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 28 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 towns
and cities, vast quantities of organic matter frem 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 tors of
pure castings per year. However, in the mid 1970!s tests checked
by the Tokyo Agricultural University concluded that Nitrogen or KPK
blended with castings achieved notable increases in crops tested
and resulted in lessening of N requirement by as much as 50% because
the natural castings acted as a carrier and this produced "time-
releasel! fertilizer.

This became even more importdnt in the Philippines where up to
70% of chemical fertilizers are lost to either atmosphere or leached
below or away from the plant root levels., We disccvered that coat-
ing urea granules at 20% to 30% rate made nitrogen available cver a
period of eighteen weeks as against five weeks in straipght chemical
application. We used this system for both supar and rice with good
effect. 4s both industries are in economic crisis the idea of both
lessening input costs and raising productivity was easy to sell,

WHAT ARL CASTINGS?

Castings are the end result of the feed (agri-waste) taken in



by earthworms. They are the feces of earthworms. Castings are fife
cylindrical excretions containing a considerable quantity of humus
and age 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, hiph fibrous organic substances like straw and paper wastes,
This will produce a good soil amendment; but an overall lew quality
castings. Earthworms cap also digest aerobic sewage sludge which
containg 4% 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 bumic acid; the re-
mainder as ammonia and nitrate nitrogen.

The recycling system designed produces a high quality casting
having a total NPK content (dry weight) above 3% with some castings
above the 5% NPK level. In some areas of the country this is high
anough to he considered a fertilizer. The castings have a high
catjon exchange rate with a carbon to nitrogen ration undey 20:1;
excellent for good plant assimilation. The entire dry granular
composition of castings is under 4.0mm 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 stabilizatjon 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
50ils 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 pér
acre depending upon environmental conditions and the crops grown,

Earthworm castings are also unique in that they are protected
by a peritrophic membrane secreted around the castings during epes-
tion. This memurane aids in the mineralization and time-release
nature of castings. The earthworm comminutates the organic natter
inte 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.

ROSSI



The castingas of earthwori 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 are
the foci for the dissemination of the beneficial microorpanisms. So
it is quite evident the great potential that castings hold for agri-
culture. Their potential marketing usages are varied and nearly
limitless. Castings, for instance, can be combined and transformed
with chemical fertilizers for modern large scale farming.

Earthworm excreta {(castings) are a superior seil conditioning
material. To summariZze, 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 weak period; and (c) may be . .-
mixed and bended with chemical fertilizer, forming a casting pellet,
for large agricultural 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 pots (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 US55.00 per year when based on a
casting sales value of UScents 30 per kile., (The Japanese value
their castings at ' vean USSL.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 iz established, how
ever, based on minimum values, one ton of waste (wet) produces 400kg.
of castings valued at US5120 the cost of inputs does not exceed US$40
80 the one ton of waste takes on a nett value of US380 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 breedars or as protein.



As each ton of worms working produces a surplus of 35 tons of worms
par year, a further income is assured.

For instance, a farmer or farmer-producer may conventionally
use eight bags of urea per hectare valued at US$12 per 50 kg. sack;
by coating four bags of urea with one bag of castings he will have
a urea cost of US$48 plus USS15 for casting, a total of US$63 as
against eight bags of urea at USS12 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
US52.50 per day we have massive unemployment, The systems employ 17
persons per ton of worms plus waste collection labor. The employment
potential therefore if well above 100,000 for the country.

B. Foreign exchange savings/ earnings. Every ton of urea saved
is a direct saving in foreign exchange. We are now exporting castings,
so direct foreign exchange earnings are possible,

€.  Vermicomposting is supurior to conventional compostirng for
the following reasons: .

1, Turning of the compost i# 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.

4. 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 waintenance 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 ana
Salmonella.

6., Earthworms, in a proper mix, can digest large amounts of pulvar-
ized fibrous material. fThis allows cellulesic 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. Earth

ROSSI
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worm meal is comparable in quality to fish meal as a protein
supplement.

Earthworm excreta (castings) are a superior soil conditioning
material. Worm castings (a) exhibit low moisture levels which
allow greater water retention, thereby slowing down erosion

when applied to the seoil. (b) display a "natural time release"
for releasing total nitrogen over a long period; and (¢) 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.

Castings have a nitrogen content which equals or surpasses the
original content of the undigested food due to volume reduction
and carbon utilization.

Earthworm accelerates the degradatiow and stabilization of various
sludges, This is possible because ths surface area of the sludge
is greatly increased as it passes through 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 ard easy manner which is com-
pletely harmonious with nature.

Most important of all, the subject of vermicomposting could fall

under any project: Treatment and Disposal of Domestic Wastes; Solid
Wasces Management; Recycling and Non Waste Technology; LEnergy 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 TILAPIA NLLOTICA EXPOSED TO DIFFERENT WASTES
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Public Health, Alexandria, Egypt
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INTRODUCTION

Ismadye is the bipgest dye processing establishment in Egypt
located at Kafr El Dawar near Alexandria.

The plant comprises several processing units for the minutac-
ture of acid and alkaline dyes. Azo dyes, Naphthol and Sulphur dves
as well as intermediates and scivents used for the different dyes
preparation., (Hakim et al., 1%79).

Both the [talian and Poli.h knowhow are used which created a
vast array of chemicals in rhe final effluent. Inorganic salts
and organic acids, amines, alcohols, aldehydes, esters and chlori-
pated hydrocarbons are among the toxic chemicals that could be
present in the different dJupartments' waste. The final effluent
is a mixture of all the individual wastes apd 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 fibexr used. The treatability of the waste
has to be versatile and applicable to a wide range of characteristies
present in the fipal effluent.

The antagonistic or synergistic toxic effects of those chemicals
before and after treatment have to be evaluated in order to visualize
the extent of toxicity removal by the well established methods of
chemical and biological trestment, 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
evaluarion would be important in case certain effluents are highly
toxic and their segregation would be mandatory to reduce the final
effluent toxieity.

Tilapia nilotica is one of the most common species in the
Egyptian drains, canals and fresh water bodies where the majority
of industrial wagtes are discharged without treatment. This sup-
ported its choice as a biotoxicity assaying organism.

The final effluent of Ismadye after belng 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.

Materiale and Methods

The final effluent of the plamnt as well as each dye processing
unit was sampled and chemically analyzed fdr characterization follow-
ing the Standavd Methods for the Examination of water and wastewater
(1979). The final effluent was subject to coagulation with 200 mg/l
alum for suspended matter and dissolved dyes precipitation as well
as partial color elimination.

Adsorption using fine active carbon powder at a dose of 250 mg/l
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,
alkalipne 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
1007 raw waste, 507 waste and 507 dechlorinated water, 257, 12.5%,
6.257 and 3.13 etc..., Dissolved oxygen wag maintajned 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 durxng laboratory holdxng and
acclimation period of one week.

The acute LC.., were determined in accordance with the standard
. methods (APHA 19729 Serial dilutions tested were 257 vol. of raw
waste/vol. of water and its further dilutions down to 2.5 vol/vol.
In each dilution Ten fish were tested and the eXperiment was repeated
5 times with different wasteas effluents for 96 hours.

The dead organisms were examined to atudy the pathological
changes inducing their mortality.

The gurvived fish spot in the aquarium after 96 hours of expo-
sure were removed and preserved in Davidson's fixative, After 24
hours, figh were trangferred to 507 ethanol for 2 hours and then
707 ethanal for storage.

Spots were dehydrated, infiltrated wirh paraffin and paraffin-
embedded for sectioning sagittally and parasagittally at 7 um.
Sections were stained with Mallory's and mounted for light micros-
copy.

Sectiong of gills, liver and the intestine of exposed fish to
the raw and treated final efflv nts as well as different departments
wastes, were prepared.

Results and Digcussions

The waste effluents geuerated at Ismadyes when snalyzed ‘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 charactecized 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 adjustrent is 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 pave 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 algo 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 figh, The LC5 values of the treated final effluent
was 257 of waste by volume ingicating moderate toxic effect as
shown in table (3).

All departments raw effluents were highly toxic as indicated
by the very short time of LTgsp and the small concentrations of LCgq.

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 thz volume of the discharged
treated effluvent, as a dilution of 4 times can cause the death of
507 of the living fish in the receiving body of water.

“A.  Patbological Changes in the Respiratory System

The gills are smong the most delicate struetures of the tele-
ost body., Their vulnersbility 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 Tilapia nilotica gills after
exposure to different concentrations of different departments’
waste revealed that extensive damage had occurred to the respira-
tory epithelium ranged from Complete depudation of the circulatory
tissue of the lamellae to complete distortion of gills filament
and lammellar organization.

Fish exposed to 12,5% of raw waste for eight hours should
extensive damage to the respiratory spithelium 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 257 for 48 hours revealed com-
plete denudation of the circulatory tissue of the lamellae (Figure
4). .




Treatment increased the time [or compliie denudation but the
effect was not completely removed at 157 waste concentration, This
indicates the need for dilution of the treated effluent.

B. Pathology of Liver

Microscopic examination of Tilapia nilotiea liver after expo-
sure to waste of different departments at different concentrations,
revealed liver alteration in fish ranged from moderate to severe
fatty accumulatijon as indicated by vacuolation and necrobiotic
changes of liver cells. These changes increased with time and
concentration of exposure. Fish exposed to 12.5Z of raw waste for
48 hours,showed parenchymatous extravasationm 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 caugetive agents of liver parenchyma, were
not even removed by active carbon adsorption which is considered
as a tertury treatwent. Further dilution showed be practised.

C. Pathology of Intestine

Intestinal degeneration of the villi in figh exposed to the
different department effliuents was revealed.

The distortion of mucosal epithelium and loss of brush border
were the main features of villi degeneration in fish exposed to
dilutions down to 257 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 villi (Figure 11).

Dilution of the treated effluents decreased this effect. Those
denoted changes are similar to those resulting from necrosis. Normal
small intestine villi are shown for comparison in (Figure 12).

Recommendations

Ismadye fimal effluent presently discharpged after pi adjustment
is highly toxic and unacceptable for discharge to drainage water
canals, The azodye and naphthol sulphur and intermediates depar~
ment'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/l alum followed by active carbon
adsorption at 250 mg/l gave chemically acceptable effluent, yet its
toxicity was moderate and the pathological changes it induced in

the gills, liver and intestinal villi 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 pH
Azo X
dyes SD
R 7.5-
10.1
Kaph- X
thol sb
dyes R 7.1~
8.4
Sulphur X
dyes s
R 2.9-
6.6
Inter- X
medi-  SD
ates R 0.8-
0.1
Finat - X
eff. 5D
after R 5.6~
treat. 7.8
Final X
eff. 5D
before R 4.3~
treat. 5.2

30 Standard Deviatiom.

Flect. Cond.
micro who/cm

4391
1782
SGO-
7500

1927
612
1350~

3500

2668
1957
1100~
7500

3440
269
116C-

7500

6989
1356
2750~
7500

6950
1117
3600~
7500

Turb.
NTU

42.5

48,79

10-
200

54,1

26.8

20-
100

46
33.5
§-
180

43
48.6
-
175

31.8
8.4

20—

45

50,45
43 B8
20~
185

Sett.S
ml/L

v
. s
LE R

Lo

'TIU\N

-

-

? [

[
HFO mHWE HSBRWWN RS W DS W
W Oh

-

N
w~d -

.d
b

16
6.8

10-

37

X Average of eleven observations {May 1982 - aApril 19835.

T8
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

sSs
mg/L

546

276

234~
1107

263

248
44~

817

241

187
34-

700

257

152
38-

583

383

324

105~
1244

690

422

169-
1789

c1
mg/L

1334
1476

480
5700

42
286
160-
930

985

477

120~
1700

203

211
60~

700

1337

1675
480~

3570

‘1877

135
730
410r

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 CoD
og/lL mg/L
279 486
99 201
120~ 240
528 1088
278 449
110 179
120 205-
510 800
201 33
61 91
120~ 210-
330 510
215 375
86 124
106 200~
400 640
68 100
12 23
30 10}
80 160
3ia 511
98 143
185~ 310~
340 B840

~



Location

Azo dyes

Naphthol
dyes

Sulphur
dyes

Inter-
mediates

Final eff.
before
treatment

Final eff.
after
treatment
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- ]

TABLE (2)

TRACE METAL CONTENTS OF DIFFERENT PROCESSES AND FINAL EFFLUENT
BEFORE AND AFTER TREATMENT

Cu Zn ug/L Cr cd i

Mn

340 190 1110 30 13 175

35 26 39 15 3 26
420-385 - 185-240 855-1300 18-42 10-18 150-200

130 70 10 ND 6 132

25 18 2 - z 34
98-155 65-83 6-14 - 4-12 118-155

2360 240 70 ND 17 146

85 50 15 - 2 32
1980-3100  200-350 50-98 - 15-23 128-156

150 70 40 ¥D 12 139

35 15 : 18 - 4 35
120~175 42-88 32-56 - 6-24 115-210

2640 90° 180 ND 16 103

. 68 14 15 - 2 28
1905-2850 85-148 164-220 - -8-14 98-156

120 18 25 ND ND 10

28 3 3 - - 3

92-135 - §-22 20-28 - - 6-12

Fe

5350
118
4300-6100

94
18
80-110

5383
185
3400-6800

1093
26
980-1200

620
45
430-720

212
45
182-2A0
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TABLE (3)

LCSU AND Lfl's'0 OF DIFFERENT EFFLUENT CONCENTRATIONS

LT LC

) : 50 i 50
Process Waste conc. 25% - 12.5% 6.257 3013 1.6
Intermediates ) 0.3 hr 0.7 br 1 hr 24 br 48 hr 1.52
Azo dyes 0.05 br 017 hr  0.25hr . L.7Shr 2 hr 0.752
Naphthol dyes 0.05 hr 0.25 hr 1.67 hr .75 bt 2 he 0.75%
Sulphur dyes : . 0.25 br 8 hr >96 hr >96 hr >98 hr 6.13%
Final eff. .
berore treatment 0.5 hr 5.4 hr 2 hr 3 br . A8 hr  6.25%
Final eff. 48 hr 54 hr % hr T >96hr  >9 hr 257

after treatment
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Fig. (1) Section Trom normal gills of Tilapia nilotica from the
control aquaria.

Fig. (2) Section from Tilapia nilotica gills exposed to 12.57
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 half-an-hour showing complete distortiom of gills
filament and lammellar organization.

~gs
=¥

Fig. (4) Section of Tilapia nilotica gills exposed to 257 of
treated waste for 48 hours revealing complete denudation
of the circulatory tissue of the lamellae,
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Fig. (5) Section from normal liver of Tilapia nilotica from
contro} aquaria.

.

Fig. (6) Section from liver of Tilag}a nilotica exposed to 12,52
of raw waste for 48 hours showing parenchymatous extra-
vasation, necrobiotic changes and o0il gleobules.
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$ection 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.
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Fig. (8) Section of liver Tilapia nilotica exposed to 12,57 conc.

treated final effluent for 48 Lours showing extensive

vacuolation.
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Fig. (9) Section of normal small intestinal wall of Tilapia nilotica

from control aquaria,note compact mucosal epithelium of

villi,

Fig. (10) Section of small intestine from Tilapia nilotica exposed
to 257 of raw final showing generation of villi of
intestinal epithelium, .
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Section of small intestine from Tilapia nilotica exposed
to 12.57 of raw waste showing Fibrolyses with complete

destruction of villi.

Fig. (11)

Fig. (12) Section of small intestine of Tilapia nilotica exposed
to 257 treated waste for 48 hours revealing no changes

from control.
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EFFECT OF WATER FCLLUTION OX ?IFH POPULATION OF LAKE MAWUIT

Hamed Saleh Ahmed Hamza

Institute of Oceanography High Institute of Public Health
Alexandria, Egypt Alexandria Univesity,Egypt

LEETRATT
FTis! POTL,ATIDr 27 L akrs

tri Gerv, Tilaiih Ghldl.hve

Funil cacita Linr, anc Mool

€ was relatively cliea . thers specie-

whTE rinaltaniogs.
The study showed that 7. lar . z2:0. tee¢ e v abuncdant in
tne fiet population as po.lutanr ! lare Mariot inereases. This

ir attributed o the relative resistance ©f Tilarda 231144 to

souatic pollution compare™ w.tr the other fish species surviv-
ing in lake Mariut; a findinc supported by lower accumulation
of pollutants on its gille.

INTRODUCTION .

Lake Mariut was considered among the most
jaker in Egypt (Saleh, 1961), He showed that the biclocical
productivity of lake Mariut is more than three amd halt
that of lake Edku.

productive

timerx

hy & tonseouence of rapic industr:al developmeny ir Ales-
enérxa i orecent years and the uvwncantrelled drancsal of
incustrail effluent im the larnc. Follutian cf the lake becasme
sionificant mainly in aréas close to sources of emission. El-
Snarkawi et al (1978} proved that water pollution in lake
Mariut causes considerable drop primary productian; fish
fertility, and length-welight relationship of the fishes. This
study is carried to assess pollution with heavy metals, and
its effect on fish popLlation.



MATERIAL AND METHODS

Samples of water and fish were taken from eja~t different
iocations in the lake,. Lenath and weight of every indiviaduasl
fisr was recorded. Specimens of gille ano flesh were prerared
for heavy metals analysis using Atomic Absorption Spectronho-
tometry (Jarrell Ash, Model B530).

Chemical characteristics and trace metals of water in
different localities of the lake were measured according to
the Standard Methods (1980) and correlated to accumulation
af pallutants 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 emission.

Appreciable pollution is found in the vicinity of discha-
rge of E1 Nasr Refinery and Moharem Bey Complex as shown in
Table 1.

Analysis of heavy metals in different locallities of the
lake showed tHat water in El-Nasr refinary drain, Merghim,
and El-Mothalas contains considerable amount of heavy metals
mainly lead (Pb) and Mercury (Hg),while at Moharem By locality
water contains higher amounts of cadmium (Cd), Copper (Cu)and
Iren (Fe). At all other locations water contains comparatively
low amounts of heavy metals a= 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
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Taolt 1: PHYSICOCHRMICAL

Locality

Koubri Abu Khir
Fish Farm

£l Gharbia

Abu Azzam
Moharem Bey

E! Mothalas
Merghim

El Masc Refinery
1

pH

7.8

T 1.2

7.6
7.9
7.8
7.5
T.5
7.3

ANALILIS UF WATEH IN UIFFERENT AKEAS OF LAKE MARIUT (Miy 19831

[}

2500
1900
2500
2000
2500
2750
2750

3ooe

Parameters in

so?"

Pl
530
270
550
500
250
520
500
540

Atk

600
420
400

500

400
300

00

1300
420
1300
920
800
1200
1400

1500

mgsl

Ca-H

500

Mg-H

220
780
160
260
420
960
B30

Ts

6301
4599
6539
5570
5933
6412
091

18000

55

897

528
916
229
634
1093
11975

1185
1295
1207
910

1368
1399
1554
2700

2.0.0

120
280
120
120
540
180
224
120

C.0.D

226
j2¢
2490
220
880
260
300



showed that Tilapla zill1ii-is more abundart .- uhe 215'\pcpa)a-
tion of the polluted lozalities of the lake i.e there 15 a
firect correlation between abundance of Tilania 7illiy in the
fisn population living in water and its pollution level (Table
3}, This proves that Tilapia =i11:i is resistant to aguatic

pellution compared to other fisrk species e.a. Tilapia nilotica,

Tilapia galilaea, Mugil cephalus.and Mugil capito which either

decrease or disappear in the fish population of the polluted
localities in lake Mariut.

Measurement of heavy metals: content in the gills and
flesh of the different flsh species living in a comparatively
clean water of the fish farm showsd that accumulation of heavy
metals on the gills of Tilapia zillii is lower than that in its
‘lesn, while the reverse occured in the other fish species
‘Table 4). This may be explained by the fact that the gills of
Tilapia 2i11i4 permit the passage of heavy metals intp ‘its
filesh by comparison with the other fish species living in the
tarm. However, heavy metals content in Mugil cephalus, Mugil
capito, and Cyprinus carblo was considerably high which is
attributed to their high conditions or fatness (Scott etal,
1972).

Previpus research indicates that the accumulation of
heavy metals in the aguatic organlisms 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 5, 6, 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 disappearance of
Muail cephalus, Mugil capite, and Cyprinus carbio from the

fieh population of the polluted water localities; taking into
consideration that the fish farm is supplied with fries of the
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TABLE 2: HEAVY METALS IN DIFFERENT LOCALITIES OF LAKE MARULT :May 1983:

Locality Fe

_ Koubri Abu El Khir 4.88

Fisr Farm B.16

£f Gharbia 5.54
Abu Azzam 9.21
Moharem Bey 14.75
E1 Mothalas 12.65
Merghim 14.56
£l Nasr Refinery 10,22

WD Not Detected

Cd

0.055
0.007
0.059
¢.014
0.153
0.0%1
0.095

0.114

Heavy Metals in mg/1

Cr

0,122
0.160
c.147
Q. 15%
0,403
0.360
0.B40

0.401

b

0.091 .

0.020
0.020
¢.012
0.220
0.7113
Q.660

0.710

Cu

0.079
0.110

0.148

0. 1107

0.813
0.216
1.30

0.511

Ni

0.112
0.008
0.112
¢.098
0.421
0.432

0.507

Q.606"

Mn

¢.017
¢.01%
¢.018
g.012
0.048
0.020
0.025

0.038

in

0.150
0.113
0. 143
0.143
0.298
¢.123
0.351

J.608

Hg

c.018

5n

ND
ND
ND
G.0o08
C.ub2
.0B3
OLORO

Q.01



TABLE 3: PENCENTAGE OF FISH SPECIES IN THE CATCH POPULATIOH IN LAKE MARIUT [MAY 1982-JUHE 194131

~ Fish Species in the catch population of lake mariut

tocaliky Tilapia zilllj Tilapia galilaea Tilapia nilotic mugil Speclies Cyprinus Other
carbis Fish
—_— species
Clean
Koubri Abu €1 Khir 35% 25% 40% - ) - -
Fish Farm 23% : oo 21K 22% 0% 4% -
El Gharbia 40% 22% 34% - ’ - a%
: B fclarias laz-
Polluted eral
Abu Azzam 44% % 26% - - -
Moharem Bey 56% 3I5% 9% - ' - -
El Mothalas 2% 20% 8x - - -
Merghim ) 76% 12% ’ 12% - - -

El MNasr Refinery 95% - 5% - - -
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TABLE 4: HEAVY METALS CONTENT IN THE GILLS AND FLESK OF FISH LIVING IM THE FISH

MARLIUT (MAY 1983},

Fich Species
Tilapia zillil

Tilapia nilotica

Tilapia galilaea

Mugil cephalus

Mugil capito

Cyprinus carbia

Organ
Gills
Flesh

Gills
Flesh

Gills
Flesh

Gilis
Flesh

Gills
Flesh

Gllis
Flesh

Heavy Metals in mg/Kgm gills or Flesh

Fe
0.7
141.56

62.57
108. 20

97.28
108,77

217.21
211

122
30

565.02
17B.46

Cd

©.98

1.22

ND
©.328

2.31
0.91

4.8)
8.35

0.9]

NOD
0.27

Cr
0.18
.31

0.42
0.28

0.34
G.22

1.52
c.41

D.41
0.48

ND
MO

Pk
0.7
0.7%

0.69
.36

3.61
1.82

8.91
10.41

ND
2.1

B. 16
4.56

Cu
13.75
22207

16.95
13.43

13.75
12.17

40,70
3.7

37
1

10.6%
9.34

Ni
1.42
5.22

0.1}
0.49

8.2%
7.35

22.50
P2.70

9.14
1.35

2.40
3.0l

zn
20.98
30.09

12.44
12.58

16.02
13.38

90.5

70.84

14. 78
16.90

37.81
25.9%

FARM |

c.o08
0.0129

HD
NG

0.c21
0.019
G.081
0.076
ND
ND

Ho
0.007

LAKE

Sn
HD
ND

ND
WD

ND
ND

1.2t
Q.77

ND
HD

WD

HD



TABLE 5: HEAVY METALS CONTENT IN THE GILLS AND FLESH OF Tilapia #iltil SURVIVING IN THE

DIFFERENT PAKTS OF LAKE MARIUT (MaY, 1983).

Locality

Fish Farm
El Gharbia
Abu Azzam
Hoharem Bey
El Mothalas
Herghim

El MNasr Refinery

Organ

Gills
Flesh

Gills
Flesh

Gills
Flesh
Gills
Flesh
Gills
Flesh
Gills
Flesh

Gills
Flesh

Heavy metals in mg/fkgm gills or flesh

Fe

90.71
141.56

53.77
70.21

30.41
166.21

419.21
358.42

i87
192

487.5
425

100%
390

Cr

0.18
0.31

c.21
0.74

0.93
1.58
1.4
0.84

2.13
1.42

7.88
3.43

4.1%
2.15

Pb Cu

0.71 13.75
0.75 22.07

0.49 27.7
Q.70 30.5

¢.56 317.91
0.94 136.84

2.12 136.8
1.33 49.5

7.34 140.11
2.28 97.31

2.29 148.7
1.87 111.2

12.31 4.1
1.% 2.423

Hi

1.42
5.22

1.47
4.17

0.8%
c.91

7.05
2.78

6.37
1. 26
50.1
2.18

4B8.2
9.84

20.598
30.0%

22.55
28.83

15.04
18.45

147.82
108.45
137.M
123.18

143.18
193.3

237.11
101.49

Hg

©0.008
0.019

HD

I:D .
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TABLE 6: HEAVY METALS CONTENT IN THE GILLS AND FLESH OF Tilapia galilaea SURVIVIHG I%
LIFFERENT PART OF LAKE MARIUT (ma¥Y 19831, '

f Ty,

Fish Farm

Koubri Abu El Khir

Abu Azzam

Moharem Bey

El Mothalas

Merghim

Crgan

Gills
Flesh
Gills
Flesh

Gills
Flesh

Gills

Flesh

Gills
Flesh

Gills

Flesh .

97.21

108.77

90.28
77.42

85.8
101.10

98.33
65.24

177.56
146.49

464,35
336.41

2.31
0.91

3.14
1.47

1.91
1.25

4.82
1.93

6.67
1.35

7.45
1.96

in myskogm 3ills ar tlesh
Lr Pl Cu Ni
Q.34 31.61 13.75 8.21
0.22 1.82 12.71  7.35
0.97 3.1) 31.89 15.232
0.41 2.87 19.96 7.64
1.56 3.61 11.86 28.75
1.78 2.38 B.81 31.5
1.74 1.91 191.01 17.14
0.84 0.35 83.64 13.1s
4.53 ar.11 123.75 33.78
1.55 3.15 62.38 10.43
7.91 25.33 227.44 61.11
1.43 6.75 13081 13.37

16.02
13.38

11.81
1.82

21.03
14.72

58.98
2z2.72

125.311
To.68

192. 34
144.13

Thid

H

0.021
0.019

0.019
0.021
.01
0.017
G.02R
|- PR
1.3%
0.18
LU
0,14
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HD
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Q.nng
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TABLE 7: HEAVY METALS CONTENT IN THE GILLS AND FLESH OF Tilapia nilatica SURVIVING

CIFFEHENT PARTS 3F LAKE MARIUT (MAY,

Lovality

fish Farm

Koubri Ab; El Xhir
El Gharbia

Abu Azzam

E! Mothalas

Merghim

Jrgan

Gills
Flesh

" Gills

Flesh

Gills
Flesh

Gills

“Flesh

Gills
Flesh

Gills
Flesh

Hitavy mel als

62.57
108.70

101.35
40.91

96.34
71.25
439,11
89.84

152.21
102.52

304.18
177.14

19821,

Cd

HD
0.33

ND
KD

1.82
2.47

0.64
0.35

2.75
©.84

6.31

0.04

0.24
0.28

0.63
0.49

0.77
C.15

0.61
©.98

2.81
0.8%

3.97

1.32.

e AEem o qills o

0.69
0.3%

2.44
2.13
0.67
0.28

0.56
0.49

9.42
1.7

© 9.29

1.84

16.%2
13.43

24.41
21.29

19.49
%.24

18.35
12.31
16. 11
13.75

137.91
73.21

t et

Wi

a.73
0.49

0.95
0.87
1.79
1.02

1.26
c.98

2.81
.52

4.45
1.33

1% THE
In Ty
12.44 N0
12.58 ND
5.28 G.005
3.39 ND
14.87 ©.018
12.40 0.009
13.61 0.009
12.11 HND
15.11 N.018
14.35 .07
45.71  1.26
30,91

.91

HD

0.216
0.182
0.4
0.4ty
0.512
0,315
.54

.08
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TABLE B: RATIC OF HEAVY METALS CONTENT (mg/Kgm} IN THE GILLS TO THAT IN THE FLESH FOR Tilapia zillii;

Tilapla galilaea; Tilapia nilotica LIVING IN THE DIFFERENT PARTS OF LAKE MARIUT.

—_—

Fe
T.2 T.g

Locality

Fish Farm 0.6 0.9

Abu Azzam 0.3 0.9

Moharem Bey 1.1
El Mothalas 1.0 1.2

Merghlm 1.2 1.4

Cd

Cr

Pb

T.n T.2 T.g T.n T.z2 T.qg T.n T.2 T.q

0.6 0.8
1.6 0.8

72.8
1.5 ©.8

1.7 1.6

2.5 - 0.8

1.5 1.5 1.0

1.5 1.8 0.6 0.9 0.8 0.6

2.5 . 2.1
4.% 3.3 1.5

3.8 7.8 2.3

2.3

1.6

2.9 3.3 3,2

2.3

3

5.0

2.C

1.5

5.5

5.4

3.8

Tun Tz

1.% 0.5

1.1 0.3

2.8

5.5 1.4

5.1 1.3

Cu
T.g

1.1
1.4
2.3
2.0

1.7

T.n T.z

1.3 0.3
1.5 1.0

E-S
1.2 5.3

1.9 5.5

Ni
T.g

1.1
0.9
5.4
3.2

4.6

2n

T.n T.z T.g

1.5

0.7

1.3 0.8

4.5

3.4

1.4

1.1

0.8

1.2

1.4

2.6

1.8

1.3

Hg
T.n T.z T.qg. T.n

1.1

Q.7

5.8 6.1

L
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rrevious mentioned fihes. On the other hand, Tilaria ralotice
ane Tilsntia galilaes considerably decrease ir tne pollutec
water localities of lake Mariut where water chiorosity ics
s.itabie for survival -of such king¢ of fisher.

Trne affinity of the gille ang flesh for accumulation of
different metsls varied with the PALUre Ofmpts] and was more
wronounced as the pollution increased. i.e Accumulation of
essentia) 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 B). Such phenomena may
explain the fact that 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 homeostatic process
(Goodyear and Boyd, 1972., Cealey and Coleman, 1974).

However, the concentration of heavy metals in the fish;s
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 1s both confusing and conf licting (McForlane , and
Franzin, 1980).

As a general rule, the uptaske and eccumulation of heavy
metals in the fishes living.in the different localities of lake
Mariut depend on both the character of the fisﬂ e.g9. its ability
to contol heavy metals penetration through its gills, its
fatness... etc, and the physicechemical characteristics of the
water environment e.g. its salinity, oxygen content, pH, calcium
hardne=s, temperature... etc.

This means that the concentration of heavy metals in
fish living in the different locallties of lake Mariut are the
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resutt ot complex intrattion ef mony tactor:. This conclusion
ie supported by the work of ot er investiaamtors (Wiener and
Giesy, 1979, Gilesy and wiener, 1577, William+- and Giesy, 1978,

TONZLUSIONS

The accumulation of heavy metals in the gills could be
considered ax the maln cause of fish death living i1 polluted
ervironment due to ilts asphyxiation. On the other hand., the
flesh may c¢ontaln considerable amount ¢f heavy metals, without
appreciable harmful effect on fish. Hence, Tilapia gzillii is
ieegs 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 Tilapia 2i11i! to accumulate less amounts of heavy metals
in its gills, compared with the other fish specles and
consequeutly its abundance in the polluted water localities
of lake Mariut.

As pollution of lake Mariut spreads over wide area,
Tilapia ri11ii is expected to dominate the lake, this would
e a potential health hazard as it represents direct transfer
of poisovns from pelluted water to the consumers.
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DYNAMIC METHODS TU DETECT RAW SEWAGE POLLUTION AWND THEIR

APPLICATION TO SHALLOW TROPICAL LAKES OF BHOPAL, INDIA

Salman 5, Belsare D.K, and Ahmed A;N,

School of Biological Sciences,
Bhopal University, Bhopal 462026, India

ABSTRACT

In many parts of the world there ig stil) a great
shortane of drinking water. The reason mainly is that
most of these tropical coursries do not have perennial
sources. It is therefore a must to store water by
utilising the matural surraundings and constructing dams
as man made reservoirs, One of the major problems that
such stored lakes suffer are the inlet of pollutants
from the overlying land above the surface of water, such
as waste disposal, industrial chemicals etc, HNo dynamic
method ta gquantify tha uxact spread of pnllution is yet
available, A man made lake in Chapal, uhiech has an area
of 153 acres ancd is surrounded by 0.3 million people is
taken for the present study, A model of this lake is
made in the laboeratory for proper study, Maximom depth
of the lake recorded is 15 m, The input of the pollu-
tant is from 2 main sources situated 120 apart, bringing
in about 400 litres/s pollutants, the flow out of the
lake is around 1200 litre/s.

Spread of pollutien on surface is studied by three
differsent methods namely, measurement of temperature as
a means for bacterial arowth, secondly measurement of
£.0.0, ceontent 2cross the lake, and lastly growth of a
nlant called Myriophyllum in known and upknown samples
of waters, A Pollution Index (PI-585-81) has been
introduced, 1t is interesting to note tiat from the
three methods used it is found that ther: is spot in



the lake around which the B.0.D, content is around 2,
the temperature change is hardly recordable, end that
the PI-5B5-81, comes out to be about 19.5 which also
indicates that there is clean water around this area,
This study was of extreme importance because durinmg
the year 1978-79 there was delayed monsoons which
created a dangerous situation. The scientists were
asked a number of times whether the water is good For
drinking, and they could not reply with confidence.
Vith these methods at hand, any lake and its pollutionm
cap be evaluated,

INTRODUCTION

It {s interesting that uith the poepulation growth,
and scientific advancements, the demand for more
drimking water with bettsr quality is increasing, As
suggested by Anne Whyte (1977) the WHO intend to
increase the adequate water supply in rural areas in
developing countries from 12 to 25%, Also better
standards for drinking water is realised, since the
ryral population is also aware now that most of the
diseases are transferred or transported through drinking
water, In hot and temperate climates the main source
of water is throuch rain, The subsoil water is tapped
through wells, and springs (White 1972). But during
the hot season the temperaturs swells up evaporation
losses may go up from 10~ tp 35, Water table too
recedes rapidly, UWith the result, one living in rural
area is faced with dire difficulties.

Omn the other haend in urban areas uhere the popu-
lation is dense, water requirements are comparatively
more. Feeding larger number only makes the sy:tem more
difficult. A number of man made lakes help to store
water for domestic purposes, PMost of these lakes are
situated at a lower elevation surrounded by population,
Jrunge and other pollutants thus run inte this water,
Cna such example is of 2 lake in India at Bhopal,

Fig. 1 shows the outline of the-lake ond other details,
Other examples of large dams are Yolta, Kariha, Kanji,
Hasser, Bakhra Nangal and Chambal are a fow =xamples,

In Fia. 1, there are tun lakes, the Upper Lake having

an area of about 72 km which is only 2?0 m deep, The
other lake is much smaller abogut 153 acres, with

maximum depth as 12 m, Interestingly Hasler (1047
sited a similar example at Zurichses at Zurich
‘Syitzeriand), This lake is also composed of two
distinct basin Untersee (141 m deep) and Obersse (50 m).



For the city of Bhopal and an adjaining township
of 8.H.Z.L., the total nopulation is about one millinn,
water is pumped from the Upper lake to the reservoirs
situated ahout 15 km on the top of a hill, Vater
treatment plant is also kept on the same hill, The
Unper Lake which is much larger is fed by river Betua,
In the year 1970-79, the monsoon rains dejayed and due
to this the water in the reservoir shrunk to just 15
square kilomaters., This thrrnatening situation made
scientists to think of other alterpatives, to provide
drinkino water to large population,

INVESTIGATION OF WATER POLLHUTLUN

Ome of the alternative uvas to use the uwater of
Lower lake for domestic use, Tlost of the secientists
vere of the opinion that this smaller lake is togo
contaminated and its water should not he used, Our
nroup wds of the opinion that there must be some spots
in lake wherae the pollution could not have travelled
upto. Three different methods were used to detect
such a spot,

METHODS TO MEARSURE WATER ¢OLLUTION @ FIRST METHOD:
MEASURING POLLUTION 8BY RMEANS OF TEHPERATURE CHANGE

As reportad by Salman et al (1981) that 1arge
quantities of seuage vore ranning into lake, There
vere three sources situated at 120Y apart. Since
experimants on the actual l.ake were difficult te
perform, 3 model of the lake was made with the
following dimensions. Maximum length ?,5 m, maximum
vidth 2,5 m, depth 0.5 m, Seruage uves then made to
run into this lake., With the bacteria digesting the
seuage temperature changes, This change of tempera-
ture was recorded on thermisters., Placed at regular.
intervals in form of mesh, About 648 thermisters
vere used to record temperature change and the pattern
of spread of pollution., Thermister is a semiconductar
like device, whose function is that with the tempera-
ture rise the resistarce of the thermister keeps on
falling,

R = Roek

and KeB (1/T = 1/To)
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whare R = Resistance at any temp. T%
R°= Resistapce at refarence temp. ToK

‘Base of the natural loarathim.

B = Constant (3400 to 3900),

i

The general equation of the cone cap be uritten
in this form =

An + an y + Cn y2 +Dn+ B +F =0
Uhere n and y are points on the cﬁna, ABCDEF are
constants depending upon the conic sesction, the focus
and djrectrix,

Nprmal heat transfer equations with slight modi-
fications were used to thegretically locate rise of
temperature., The heat transfer equation is given -
By Q= kA Dtu
where 0 = Heat flux in (kW)

k

Thermal conductivity

A = Area of heat exchanger

Dt

Temperature difference in degree
centi grade :

S = Wall thickness inm
Value of constant K = 0,5 to 5 for water,

At the actual lake site two tandom lines which almost
were at 90° tp each other were ‘chosen and tempsrature
recordings at various depths were takem., For this
experiment digital thermometer was used, ODrifting of
bacteria and its domain uere also considered, Thase
values were plotted, It is found that the theorstical
values match fairly well with the actual thermometer
values, It was also found that the ratio of cone angle
to the laroest distance is 0,125, the poliutinn is
minimised,



SECOND METHOO OF ESTIMATTON OF POLLUTION : BY MEASURING
THE B.0,0, CONTENTS ON THE LAKE SURFACE

According to Pescord (1974) the sewage disposed
inte the lake should be 20/30 (20 mg B.0.D. 5 days/lit
and 30 mg S.5./11t) as suggested by Royal Commission
standards for the tropical countries., The values of
B.0,9, are as follows:

_ Classification 3.0.0, 5 day/mg/1it,
Very clean 1
Clean 4
Fairly clean 3
Doubtful B 5
Bad ] 10

There seems to be & close carrelation betwesen
temperature change and B.0.D, contents, The value of
B.0.0, contents range over large guantities, but then
there is an over all arrangement with the figures
indicating a zone of no pollution,

THIRD METHOD OF DETECTING POLLUTION

Saiman et al (1982) have shown another dynamic
method of measuring pollution by means of rate of growth
of MNyriophyllum (Mater mill-foil), Since pollution is
a complex mechanism with 2 number of parameters, it is
always difficult to quantify it., UYWith this mnthniya
nollut;nn index has been evolved callad PI-Zin-n And
Pl HBA-81 is defined as the ratio of the 1ntﬁr“PUt on
the plotted curve, to the tangent draun at the roint
uhen the curve becomns asumptotic to the tanaent,

Fig. 2 shows & typical growth curve with tnoun nollu*ant
concentration,
4

The aquation for the rate of arm ¢ © the plant is

oiven hy =

y = a = afe®*

SALMAN



whers y = flate of grouth\af plant in vertical
* direction

a = Steady state value of gqrouth
X = Time in days
c = Constant

Experimentally it is found that the plant qrouth.
rate, sevage water concentration, have a definite
relationship, given by the above equation,

PI 3BA-f1 = 8,0/0,42
(5% sewage) = 19,5

For absolute pure water PI SBA-31 valuas range
between 19 to 20 and for totally polluted water it
ranges between 5 to 6,

ApPpLICATION

. Three methods of detecting pollution were applied
to Lover lake of Bhopal, From the different sampling
sjites temperature profiles and B.0.7', was estimated and
the values are given in fig. 3 and 4, For estimation
of Follution Index samples wera brouqht from the sites
to the labaratory. PI (55A-81) was calculated, The
values are plotted in fig. 5,

It is interesting to nots that the temprrature
change, B.0.0, and Pollution Index shows an area in the
loke which is comparatively less polluted. This area in
the lakes is approximately 5 hactares,.

These simple methods can be used to study the
pollution content of shallow lakes pollutrnd by domestic
sevage.,
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POLLUTION CONTROL IN THE 1ZMIR BAY

Ahmet Bamsunlu

Vice President , 9 Eylidl University

INTRODUCTION

Environmental problems have a c¢lose relation with urbanization. As it
is true for all developing countries, there is a great migration from
villages to cities in Turkey as well. This happens, because people
have more chances to find jobs in larger cities,.

Turkey presently is developing very rapidly, because of that all fi-
nancial sources are allocated to economic development and new invegt-
ments, and this has cffected the urbanization negatively. Financial
sources for overcoming the environmental problems are not available,
Furthermore, the necessary organization for taking care of the envi-
ronmental problems is not yect established. Financial and organizational
problems are not settled, and therefore it is very hard te find a
solution to the envirenmental problems. Today, the large cities of
Turkey face the problem of understructure. In this paper, the existing
situation in and around Izmir Bay will be summarized and preventative
measurcs planned for the control of polliution in this area will be
discussed.

URBANIZATION IN TURKEY AND 1ZMIR

The rural populatiom im Turkey in 1960 was 7.3 million,while in 1975
it has become 17,2 million., Percentage of urban population has increased
from 26% to 437,

In Turkey there ave 1654 municipalities, however, more than half of
the population living in these municipalities have been settled in
48 tavge cities. Furthermore, half of this population is living in
three big cities - lstanbul, Ankara and lzmir. The population of !zmir

. Forma:
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was 227,578 in 1950, 360,829 in 1960 and 520,832 in 1970. The average
annual increase in population between 1960 and 1965 was 2.7Z, and
urbanization rate was 5.7%, Between 1975 and 1980, population increase
rate was 2,1%, and urbanization rate was 4.57. As can be seen, there
is a decrease in the increase of population and urbanization rate.

The design population in the Sewerage Project of lzmir was estimated
to be 1,625,000 in 1985, 2,200,000 in 1995 nad 3,035,000 in 2010.

THE POLLUTION IN 1zZMIR BAY

Rapid increase in population coupled with the insufficient wastewater
collection and disposal systems have resulted in the pollution of lzmir
Bay. This pollution has reached such levels that it has become danger-
ous for the public health. Beside the domestic wastes, industries are
‘also contributing to the pollution by discharging their untreated wastes.
The izmir Bay has been polluted for years, and today this practice

‘'still 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 lzmir Bay are the domestic waste

of approximately 1.5 million people, industrial wastewater and storm
water. These sources and their relative strengths are given in Table 1.

Table 1. The Sources of Pollution of lzmir Bay and Their Relative Strengthe

Source 4
Domestic and Industrial Wastes 50
Pollution from Streets - . ' 15
Pollution from Rivers 10
Artificial Fertilizers 10
Erosion ' 8 '
Balast Water 4
Pollution from Uncontrollable Sources 3

The amount of wastewater dischanged into the lzmir Bay has been in-
creasing proportionally with the population and industry. As a result
of urbanization the amount of storm water coming to the bay is also
increasing. Storm water alse carries the dirt of the streets as well
as the ferrilizers to: the bay. The amount of pollutants carried to

the bay by storm water is approximately 25+30% of the total pollutants.
Since this kind of pollution originates from nmon-point sources, it is
very hard to prevent it.



Industry has been developing rapidly in lzmir. The advantages of this
development for lzmir and the Agean Region is undoubtful. At present,
metal processing, food, oil, 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-
meree, 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 pretreatment.

In order to better understand the extend of the pallutxon caused by
Lndustry. it is enough to examine Melez River which is the largest

river in lzmir. This river springs in South Gaziemir and terminates

in the Izmir Bay. At the source, the flow rate of this river is 10 L/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 dimestic 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 its 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 extend of
pollution can be understood more easily.

Another river which flows into the lzmir Bay is the Manda River. lhis
intermittent tiver carries the surface waters only during wintur. Thie
river crosses the area in which the oil processing factories, Piuar
Milk Factory, Efes and Tuborg Beer and Malt Factories and Egc University
are located. After receiving the wastewaters of 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 oceur during
May and June are 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 zmir Bay using BOD and dissolved oxygen (D0) values as
controlling parameters. July is accepted as the most critical month,
and values for these parameters have been determined in this month,

As can be seen in Fig. 1 DO values at Bayrakli and Karsiyaka=Giztepe
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digtricts vary between 0-1 mg/L, while in Kargiyaka-Géztepe and Narli-
dere-Cigli districts they are 4~7 mg/L. The DO values are below 4 mg/L
in the inner and middle part of the bay and these locations can be
considered as seriously polluted.

According to the world standards waters with a BOD value between 6 to
10 mg/l are considered polluted, while waters with BOD value between

0 to 6 mg/L are considered as clean waters. Waters with BOD values of
10 to 14 mg/L are heavily polluted. According to these standards, Melez
and Manda Rivers are heavily polluted. In reality, it is questionable
whether these waters should still be called as "rivers",

BOD concentrations in the lzmir Bay have been determined with the aid
of the mathematical model mentionmad above, Although the BOD values can
not be considered as the best parameter for pollution indication in
sea waters, BOD values obtained through this study are given in Fig. 2.
As can be seen, BOD values are estimated to be 50-140 mg/L along the
}ine connecfing Kargiyaka and Giztepe, 30-50 mg/L along the line con-
necting ¢igli and Narlidere, 10-17 mg/L between the lines (igli-Narli-
dere and Giizelbahge-Kokole Burnu and 7-10 mg/L in the remaining parts.
These values show that the pollution at the inner and middle regions
of lzmir Bay is critical.

PRECAUTIONS TAKEN TO PREVENT THE POLLUTION OF 1ZMIR BAY

The pollution of lzmir Bay is not the problem of the city of lzmir
alone; it has pained importance for the whole Turkey. Because of that,
solutions have been searched, and many projects have been developed.
As a main precaution, collection and treatment of all domestic and
industrial wastewaters before being discharged into the bay have been
decided. Fer this purpose, Camp~Harris -Mesara Co. has prepared a
project and a feasibility report between 1969-1971, sponswvred by
Turkish State Hydraulic Works (DS1). However, because a long timehas
passed since that time, Ilbank has asked Holfeeder-Su Yapt Co. to re-
vise this project. This project has been completed in 1981. iIn the
unit prices of 1981 the cost of this project was estimated to be
36,000,000,000 (36 billion) TL. This budget was approved in 1982.

According to this project, all domestic and industrial wastewaters

are going to be collected by .a main collector and brought to the treat-
ment plant which is going to be built at {igli. After being subject

to mechanical and biological treatment, the wastewaters will flow
through a 12-km conduit to Gediz River and from there after travelling
13 km will reach to the outer bay (Fig. 3).

As a second alternative, the possibility of discharging these waste-
waters through an ocean outfall at Tuzla has been considered, but due
to the pollutien of the bay the Gediz alternative has been preferred
to the later one,
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1t is expected that the main collector will be constructed by 1995,
After the collector is congtructed the amount of 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 lTlbank in its 1983
investment program has allocated 37 billion TL for the completiovn of
the collector and treatment plant between 1982-1990., Prescntly all
the land purchases have been completed, and the construction of the
collector from Gimrikk to ¢igli, 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 IL.
It is expected though that due to high inflation rate the cost will
be considerably increased.

After this collector is completed the construction of Gamdibi-Pinar-
basi-Altindaff collector, The Melez Collector and the conduit from
Gigli to Cediz will start. Additionally, in the future, the Alsancak-
Giizelbah¢e 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 lzmir Bay.

CONCLUSION

The environmental problems of lzmir due to rapid urbanization will be

solved with the application of the project described, However, realization

of this project will require the support of the public, the municipality
and the industries. Legislation enforcing " the polluter pays " princple
will facilitate the realization of this preject. It should be mentioned,
however, that the interest and the support of the central govemmmentg

is the most Important factor. If the necessary finaucial support is
provided, and the project advances according to the program planned,
lzmic Bay will soon purify itself, and the city will again become an
important touristic center,
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CONTROLLED RELZASE FORAULATION OF PESTIZYIDES TO
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In the coantext of controlled rocleare oF Peorti-
cidersr, the concept of exploiting w@tal Complaxation
har bhecn develoned and teetzsd for the First time &
in¢reare the efficacy and decreire tine environnental
p2liutian in develosping countries. ketil -Pecticide
conzlexers have becn syntherized betwern wn(il), R {It),
CollL), Ni(IL) wind Carbaryl and Jsrchendazim meati-
zider in non-atuesur nedian ucing e flux techaique.
Pronable structucr>l formulae for the couplex have
pesn reported on tne basis of 2n:lyticel and infrared
rocctral data. Cockroacnh: (Perinlainsta americana)
umortality has becn deternined ooth Lor tre Lree
perticicdesr and thelr weta. coumle xes contrining same
pesticide eguivalence, The rerults indicrte 10 - 20%
reduction of Cackraach mort=1lity from tue rame Sose
of Pesticiders adninirtered ars wetal canples, which
woris as contralled relesre formulaition, The poten-
tinl of metal-mesticide complexatiosn as a "Controlled
relesss® mechanism Lor pesticides ir thus mooted.




Follution is an inevitable consevuence of
sen's existence on eartn. Recent years have seen
intense activity within all of these areas which has
yeconpanies an increagsed public awarenersg of pollutisn
problenn, The use of ¢neanlcals to cantrol nur envir-
onntent has increased markedly in the past few yeatrr
anG is now a signif:cant f£actor affecting the quality
of life. Two very impsrtant areas of anmlicatiosn are
in mecdicine and agriculture wiere the excessive and
indiccriminate ugse of drug~ 1nd agrochemiciles has
nften befen eriticlied. However, using controllead
re¢leare technidue could make the apolication of
bisactive agente safer and nore efficient, Controlled
releace technhlogy i an emsrging technoloagy that
aims a3t an effective, eafe and economic ure of touic
cia.Cale in agriculture and public healtih with least
prajection to non-target bista and ceneral contamina-
tion of the environment.

The dispensing of che sicale via controlled
rslease techniques has grown in importince over the
prat 20 years, the original breakthrouchs having been
mide in the pharmaceutical area. Controlled releace
imnlies 3 method of formulatilon that nermite the
sptinam level £ pislogical effector o be waintained
ovar a perisd oFf time., Repated dosage kespr tie
level tbove tie optinun bul employs more of the
chemicil, maintain the required activity (Fig. 1).

Concentration{ x10 ~%:) (a) A single dose is req-
uired to start at

\10_2_-4 10~24{ higher than the
4 Toxicity toxicity level) in

order to ¢ive 77 min
level of effective life,
{(b) Xepetitive additinn
with initial Jdoraqe
of 2x10~%M followed
by rix doses at 11.5
min intervals civer
the game effective
life as in (3) but
with 92%saving in agent|
(¢) Continumnus addition
murt be at a rate of
10~-7ms ~1tn maintain
the e ficctlive level
of 10-%4,

0 77 Time/min

'l
FIg.1.57nGIe8 ropeTitive & [Leguent oore DL 24 Agent.




A further problem. is that thc higher levelr may
caure toxicity, Ideal contralled roleace ~ystamr
dirpense the caomical at 3 rote that exactly balances
the loascs by di.sipation,

Onc of the bert nd olcdest evamoles of cantro .
lled relea technlques is that 27 antifling
dovicer; these lhiave beecn studied froan antiquity. The
first important experiments were carries’ sut under
the auspices of the Navy 303ard with HAE Alarm (1752)
and revealed the cffectiveners 3£ cowner sheathing
45 an antifouling agent. Humphry, Davy (1824) rnowed
that the antifsuling action of copper sheath is due
tn the elow Gisrolution 2f the metal,

The wide wvaricty of controslled release tech-
ninuer are now sunnarired in Pable 1 (Williame,1984).,
Fowever there hardly reems to be iy report on the
ure of metal pesticide complexation technicue as a
porsible means for effective controlled release for-
mulatione. A recent counsunications from this labo-
ratory has intraduced a new concent of explaiting
metal complexation as a controlled releace techninue
\&hanker & Srivastava, 1982).

Adicroencapsulation

 siersencapsulation can be errried out via a
nunber of procerces wvhereby the agent becomer coated
with 2 film, the acent is tren reloared tirouch
scveral pathwayes as described in Table 1. A particle
clze of the caprsulce can vary frow 1 to 5000 um and
the coating materials for microcnaipsulation includers
water roluble resins, waxes andé lipids, A list of
mislocicnally active chemicals that have been encap-
sulsted are given in Table 2.

Barett (1278) and Connick (1382) nrepares
the controlled relesre herbicidfer formulations paced
on alginate gel.

Polymer bound formulations:

Polymer-binactive formulatisns have become
increasgingly ured erpecizlly in areas putride pharma-
cology. The principle of controlled reléase from
tivre formulations i~ that a bond ta the polymer
undergowes f£irsion to release the acent 1t adesicned
rate. Polymers that hive been used include syntietic

"
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Tahle 1. Controlled

releare devicer

Device ~technicue

Release-action

sicraencapsulatisn

l:ipllow fibre

Falymer-agent
formulations

Canpoun cing

farmulations

Pro-perticides

Eyetemic
tecihn iguers

Aechanical methods

1. Coating fracture by
pressure, shear, abracine
or shrinkinc forcers,

2. Coatino decradsation by
melting or decnmpositiosn
or by =solution,

3, Diffusion

Evaporation
Bond filesinn and diffusinn
Diffusion~dirapglutinn

Leaching
dxfolistion

LV N

Ry chemical or pischemlcal
action to relessce the
pesticide.

The agent is taken up and
Girtributed within the
organism therchy renderinc
it toxde to the invacding
et or pathogen.

Csmotic dirpencing
Diffuricn from racks
donitorinc and pumning
mechanically.

o N

and naturally occurring.
wiete cellulosic type ma
cuct or kraft lignio has
their poteptial ure as 2

€ytenzively in agriculture,

The ready availabllity of
te riales =such ar back, saw-
led to loverticgation of

matrix for herbicides ured
There materials have

“the advantzge of not only being biocdegracdable but also



. Table 2. User for microencapsulated materials

Pertilizers Inrecticides
runuicides qilnerals
Germiciders NMutricntes
ilerbicides Ple ronones
Rpdenticides Vitemine
Growth reculatores Repellante

contributing to the humus content of the s£oil, The
herhicide 2,4.D is water -oluble at neutral and

hicer pllsg gso 1t can readily leach out of the goil.

dy att:ehipng the herbicide to lignin ar to a o llu-
lofse by-pracduct, an ester is produced that rlowly
relenses the herbicide on hydrolyrsir (Cardrrelli,1275).

Compounding formulatisns are thare in which an
2eent is used with a 'filler' that is usually a
polyner, Relezre of the agent from the carnnounded
mate rial is by three main procerses @ (1) diffusinsn-
dismolution wi€re the acent, which is goluble in the
elartomer, diffuses to the rurf.ce and then ercnnes;
v1i) when the went is incoluble in the elastomer and
ir held mechanically, water any diffu-e inton the
filler matrix and leach out the =2gent ; (1il) the
apent ie releared £ollowing slow dircolutinn of the
matrix in the solvent, usually water, ’

The bert known examoles of controlled relense
technolocy are in mrrine antifouling. UClarsieal
antifouling print oostince ¢sntain a wmixture of
r2> in :nd cuprous oXide. The rosin slowly dirsalves
by virtue of its acidic group an® releases the Copner
1Lt by, 0 exfolition procers. , k

Diffurion-dirsdlution i= utilicscd i+ coptact
insccticide traps; the insecticide e.g. 3 pyvrethraoid
ir placec In a reservoll together with an inrect
attractant such as vanillin., The rergrvoir is
place @ between two plastic barriers and sttached
t> a backing strip. The attr:ctant and pesticide
¢iFfure through the rtrip of plastic wnd the inscet,
sttraaked to the insect, ir kKilled on ¢hyntact with
thie perticide,

Water.borme pests recuire special treatwent
necaure of tie diluting effect of the medium. Acurtic
wee e arekilled by compounding certiin herbicides,
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surfice weeds such a8 water hyacinth 2nd duckwec ¢ are
effectively controlled with butoxyethyl-2,4.I incor.
porated into rubber and ured with a flotation attache
ment .

Pro-perticider o

Controlled relrase can be e ffected through the
action of pro-perticider which decrade to ¢ive active
agents nften at the fite of actizn., The ~dvintager
of this aporeoach are given in Table 2., The agricul.
turally important lethal synthesis is sghovn by
Zomethyl -4 _enlorophenoxybutyric acid (ﬂCPm)(fjnquary
and Lacey, 1972). This chemical ir not iteelf toxic
to plants but a c¢ontrolled release mechanism operstes
wiiereby it is converted by Peoxidation within of most
veed speclies to the herbicide (ICPy (2-methvl-4-
chlorophenoxyacetic acid) (Donaruma and Vogl, 197:8),

Tne action of systemic funglieider 20¢ parti-
cider hars rome of the advantagers acsociated with
¢ontrollied release eyetems, Systemic agentr can
penetr ste the plant cuticle and more throuch tne
verculsr eystei.  The advintages nre tiunt the agent
is not loet fron the plant by weathering and that all
tie new Qrowth is protected, The actin ies relcctive
in thit the tre-ted plant i- unaffected +nd the treat-
ment ig evonomical in the ~mrsunt ursed,

echanical diepenring in the field or In viva
can involve eimple drip feed arrangents controlled
by 3 varicty of means. Another uethod ir the macro-
encaprulation of the agent with a filler enclased in
3 polythene membrane,

Tanle ?. The advantages of pro-perticider

1. & rustained release <an be maintained,
2. Abrorption problems may be reduced,

2, Toxicity can be lowered for mechanical or .
agricultural ure.

4, Parsage throuch lipicd membraner :ay be facilitated,

Stapbilieation againrt metaboliem or hydrolyris,

5. say be more asuertable to the environnent,




Ormotic dirpensing is achieved by formul-tino
the agent with an 'osmotic' species such ac magnesium
sulphite. The mixture iz neld in a remipermsable
membrone vith an orifice of disueter 0.601 to 0.02 om:
weuotic pressure caured by entry of witer thrauch the
manhiTing thon squeezer the agent through the orifice
2t a controplled rate,

PRESEAT INVESTIGATION
The Concept :

In tie cace of ryntherised metl necticide
complex, there will always be 2 known efuilibrium
betwetn the undiresociated molecule and ite asmnonente
uncer aerial, enzymatic ané@ hydrolytic actisn in the
roll.

Soil+ :
-ietrl Pesticide s = letal 1mPeceticidal
canplex Determinable equi- - Factor
librium and .
release rate Plante

Infects

Now as and wien the free perticide parses fromw
the prrtially diesolved connlex i s0il to the plant
a8 a rystemic perticide, ane from the plants to the
rucking inrects, tihe eguilibrium will be rhifted
towards the richt coauring more dirsociation of the
camzlex at 1 rate and to an extent depending upon
the rate and tne extent of remov:l of the pesticidszl
Earctor by the insects.,

The metal complexaticn technigue would have
fzlloving advantrces

1. Controlled release of the free perticide from
the comple x devending upon its stability
conctant, decradsbility yad releare rate in
solil conditions,

2. Low resridual torlcity since the e rticide would
be used in 2 complexwd form having a low
direcociation constant.

deed-based aotion l.e, tie free perticicde
would be released more as and wiren the plint
ir attacked by insect where ti€re is no pe-t,

i
s
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attack the perticide lier dommant in the soil
in a lers tonice complexed f£orm,

a, "4y oa sult-oble choice of low toxicity metal isane
e.0. Fe, o, Hn etc. the onmul tive met~llic
recidue chall not be deterimental to and £iall
r-ther add to the micrenutrient v-lug, o the
£0il., Further metal ions like- Inger hove heen
known to posgers detoxificafisth oropertiers,

5. leant hnnﬂridﬂlaﬁd;pgilution hazarxd rince the
conplex would be in a non-volatile r0lid state
=5 against the volztile organic nerticice.

5. Convenient systomic application and lesser
problems of formulation.

T Lower cort of applicstion rsince the metal
chiaren would be cheap and the zynthesis of
he complex is relatively rimple.

8. Unstable chemicals may be rstabilised.
J. Lers fredquent applicrtions necersary.
1G. Liguid adentrs nay be employed,

Lk

With therce "advantagers in our imhcinstion the
carham:-te peeticides were chosen as thore are known
to nposserss active metal bindinc eites conristing of
nitrocen and oxycgen donore. Ti€re donors have an
afrinity for binding with tranritisn metal iones
Like win, Fe, Co eta. Aangd are biolocicylly immortant,
The motsl pesticide couplex viz, Iron Sarbendazim,
¥opilt Carbendazin, 4anganere Carbaryl and Iron
Aldicearh were rynthesized in nan.aguesus wedian

“uring reflux technloue (Anonymaue, 1370). All the
eolid complexer decomposed without melting arsund
250°C.;.135némsurementF waere carried out on a Perkin
Elrer grating infrared spectronhotometer model 577 in
the rande of 4000-400 cm~t in CSI Airc, 'The charac-
térintic frecuencies of tihe diacnostic vilue =nd
tentative band assicnment reens to suggest that in
étal pesticide complexes the metal atan is coordi.
nated to the carbonyl (-C=0) oxyvgen to the carbamate
group and to N atom of the CN ¢group of imidamole
ning.

. Leterminatinn of eackrpach wmyrtnlity was done
with 3 fingle dore of the ryntiesized complex such



that the quantity of the carbamste cownlexed therein,
ie @qual to the precdetermined LDgg nf the free c¢rrba-
mate. The ¥ mortality data g9 obtained clearly indi.
cate that metal comples-tion effect- a3 sicnificsant
reductisn (10-30%) . The effect bein¢ creater in cace
of cobalt complex than in iron and manganere compleXer.

The syntherized conplexer were a3leoa found €9
be guite stable in the =01l in dry af well ar moist
conditions and.were not gensrally detrimentsl to
nlant arowth, It is tierefore hoped that the stabi-
lisation of the frev perticide LBy wetal complexation

cwould not only ellect controlled releace but al=o
decreare the level of pollutisn of the roll and the
envirounent by the otherwire frec perticide.
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INTRODUCT TON

Pulp and paper mill ifodustry in India is ocarly o century
sld,  There has been tremendous vxpansion in Ll industey during
the past thirty years and it is today vne ol the largest industries
in. the country: Our present installed capacity Vor paper and
board is around 1,82 million tonnes per year and by the end of
this century, we are likely to reach a {igure of 4.25 wmillion tonnes
per year (Cupta and Sharma, 1981).

The water requirements of a pulp and paper industry varies
from 300-450 cubic merers/tonne of papur produced, depending upon
its capacity, process, taw material, finish, product wix and
availability ub recyctiog tacalie, o Practically entire quanticy
reappears as effluent and contains tibres, tignin and their decom-
position products, uncovked raw matutrials, clays, rosin, starch,
gum, acid, alkali, salts etc. and the eltluent is dark brown in
colour.

Pulp and puaper mill waste water  dre generally processed
in biological treatment units for removal of biodegradable orgauie
matter before discharge into receiving bodies of water, Wiile bio~
logical processes are capable ol producing efflucnts low in both
BOD and Cob, they typically accomplish very little towards colour
removal while Jumdling these wastewaters (Davitn and Raudal, 149/8).



*

A large number of these mills in India are located close to
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 chelate 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 arca. The presence of
colour’ in treated/semitreated/untreated pulp and paper mill eff-
luents, thereforesis of a constant concern to the industry and the
regulatory bodies, all over the 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 are rgported in the lite-
rature, These studies include Biochemical degradation, Chemical
oxidation, Ton 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 biolegically treated efflucnts and many of the
pulp and paper mills in India do not have a biological waste treat-
ment facility.

‘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 clarification e{ficiency
in surface water samples. However, it was not until 1966, when
Lecompte patented a process for using MgCO03 as coagulant (plus lime)
for removal of colours from wastewaters, that the potential of this
chemical for colour removal was realised. However, since MgCO3
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 Thompsor
et,al (1972) who suggested in-situ preparation of Mg(0q by adding
MgO to water containing Ca(HCO3)2 ‘and suggested use of the make up
water containing MgCOq as coagulant-rich water. In thig study the
authors also indicated the possibility of recovering the coagulant
from the settled sludge. Rescarches were conducted later bv Vincent
(1974) and Oldham et.al (1978) who advocated the use of Mg*t ions
on biologically treated kraft mill effiuents, The authors also
demonstrated the viability of recycle of Mg304 by carbonation of
the settled sludge. .



Limitation of the Existing Work in Indian Context

From the aforesaid studies, while it may be apparent that

" lime in combination with Mg8$0, is effective for 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 samé by removing a good fraction of suspended solids, COD
& BOD etc., apart from removing the colour, Not only this, since
no tost effective system of colour removal from pulp and paper mill
presently exists in India (IS-5Gel, 1968), no specific staandards
for colour removal have been speC1[10d in ludian Code (15-2490,1974)
and this code prescribes that the colour should be removed as far
as practicable bufore disposal of the trecated cffluents into a
natural water course,

SCOPE OF THIS RESEARCH

Hence, the aim of this investigation was to study the efficacy
of Mg80, in conjunction with lime on:

a) the colour removal pattern of the combined untreated effluents
from a pulp and paper mill,

b) the characteristics of sludge including drainability and SVI,

c) to optimize the dosage of lime and MgS04 required to achieve
a predetermined level of colour removal (90%) withour sacri-
ficing the quality of sludge, and

d) to report the cost of the above treatment as ulso the gsso-
ciated remcvals in suspended solids, BOD & COL etc, of the
raw cf{lucnts and to compare its 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 will produces
185 tonnes of kraft paper/day; uses Eucalyptus as raw material and
resorts to sulphate process for cook1ng the material, Preseatly no
effluent treatment facility exists in the mi}ll, The mill was chosen
for the investigations to evolve a low cost for colour removal
prior to bivlogical treatment and its possible implementation in
other pulp and paper mills,

SHRIVASTAVA



The chemicals used in this study were commercial grade MgS0,
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 dosages
of lime and MgS80,, whereas in the second stage precise study of
the aforesaid ranges was conducted to oatimize these values. Coa-
gulation studies were carried out using Aplab laboratory flocecula-
tor {type IE-55) in 6-unit jar stirrers. The dosages of coagulant
and aids were taken ranging from 0-180 mg/l of commercial MgS0g
and 1000-3000 mg/l of commercial lime. During the flocculation
experiment, predetermined quantity of Mu%0, stock solution (3%)
was added and the jar contents were mixid 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 suspend:d solids (8.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
pH and then at a pH of about 7.0, after neutralization with dilute
H2804. 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 ang wniume of filtrate (ml) collected over 30 minutes
was expresscd 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 5-6Z in each of the samples when the
pH was adjusted to 7.0. Simce 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 oaly been discussed here,

Figure 1 through 4 summarizes the results of a number of test
run. [t may be noted from figure-1 that lime alone has decreasing
rate of return (in terms of colour removal ¢fficiency) upto a con-
centration of 2100 mg/l, when only about 83% of c¢olour removal could



be achieved. Colour removal efficiencies higher than 90% however
werae achieved with lime dosage of around 3000 mg/l. While the
various dosages of lime and MgSO, are predicting 90Z colour removal,
as is apparent from Figure-1, however, the effactiveness of a small
dosage of MgS0, with lime in achieving greater percentage of colour
removal is distinctly exhibited by each of these curves, For
instance, the curve, in the lower vanges of lime consumption,
indicates that 90% colour removal can be obtained by:

a) 2900 wg/l lime alone

b) 1300 mg/1 lime plus 60 mg/l MgSO,

e) 1075 wg/l lime plus 120 mg/l MgSO, and

d) 1600 mg/l lime plus 180 mg/l HgSDh
This leads one to believe that excessive dosage of MgSO4 does
not necessarily increase coleour removal efficiency.
98 T T =T T

9st _ -

92

84

mg/t MgS04
=0 0.0 4
O=--Q 60.0
&—4 120-0
""-'—"""' 180 .0

80

COLOUR REMCOVAL EFFICIENCY (%) —

A 1 .
10 13 17 21 25 30
LIME DOSE (x100), mgsl —=

FIG 1: COLOUR REMOVAI EFFICIENCY
Vs COAGULANT DOSAGES
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The results of SVI of the waste samples with lime alone and
after addition of Mg80; and lime in various combinations are
shown in Figure-2. Tt is apparent from this figure that the SVI
values are less than 100 in all cases suggesting good settling
- 8ludges, 1t may, however, be noted that at higher dosages of
Mgs0, (beyond 60 mg/1), the SVI values at all lime dosages studied,
were greater than those for lower concentrations of Mg$0, (0-60 mg/l),

thereby indicating better sludge settling characteristics at lower
dosages.

43! ¥ ' M ;;}lM9504
[> e ] 0.0 B
Py 60.0
&—8 120.0
180.0

37

{NDEX ——=

SLUDGE WVOLUME

10 12 17 21 25 30
LIME DOSE (x100), mg/ | —e

Lo 2 ¢ SVI vs. COAGULANT DOSAGES

A perusal of figure 3 reveals that drainability decreases
with increase in lime dosage at a fixed dose of Mg504., 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 MgS0, (0-60 mg/l). At high dosages
(> 60 mg/1) the drainability showed a linear variation with mild



negative slope, Thus it may be inferred that from the point of
view of improvement in drainability neither excessive lime dose
nor ecxcessive dosage of Mg$0, zre helpful.

95 —r T r -
20 - mg/t d
o—=0 Q
o---0O 60
. &—a 120
80

et 18O

SLUDGE DRAINABILITY (%] —

40 " A P i
0 13 17 21 25 ‘ 30
LIME DOSE (X\DO), mg/l —=
FIC 3: SLUDGE DRAINABILITY Vs COAGULANT
) DOSAGEST

The data collected were amalysed for the cost of chemicals
required per MLD of wastewater and efficiencies achieved. The
commercial cost of lime, Mp504 and HyS0, were considered as 0.09
US § per kg, 0.54 US § per kg and 0,5 US 5 per litre respectively.
The results of coat of treatment with variocus efficiencies achieved
for lime alone and lime pius 60 mp/l MgS0,; are shuwn in Figure-4.

It may be noted from figure 4 that for achieving 78-82% colour
removal, lime alone can be acd economically when the cost may lie
between 90-120 1S $ per MLD of wastewater treated. The cost on
chemicals incregses rapidly when lime alone is used for obtaining
efficiencies beyond 82% (US $ 270 per day for 90% colour removal),
The curve also shows that the cost of chemicals on colour removal
for the range 827 to 93% becomes less, if 60 mg/l MgSOh is also
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used ‘in conjunction with lime. The curve has parabolic trend and
cost varies from 120-230 US § per MLD, being 158 US § for 90%
colour removal efficiency using 1300 mg/l lime and 60 mg/l MgSOa.
The removal of other parameters asscciated with this dose . vwere
also studicd and are depic¢ted in Table-1,

TABLE~1 CHARACTERISTICS OF WASTEWATER BEFORE & AFTER TREATMENT

. Before After
§.No. Parameter Treatment Treatment
1. Colour 2871 297

2. pl 11.3 7.0
3. Total solids, mg/l 3250 1430

4, Suspended solids,mg/l ° 1245 415

EN BOL LS day-20°C ,mg/1 . 460 385

6. cob 145G 696




The above table revesls that lime aided MgSO, (60 mg/l lime

plus 1300 wg/l lime) has alsoc been able to remove total solids by

44%,

guspended solids by 68%, BOD by 17.5Z andCOD by 52%.

CONCLUSIONS

On the basis of batch test results reported herein, following

conclusions ¢an be drawn,

1

The addition of relatively small conceantration of commercial
MgB80, (60 mg/l ) reduces substantially the heavy dose -of lime
(from 2900 mg/l to 1300 wg/l) for effecting 90% colour
removal.

1 X
The SVI of sludges formed at various combinations of lime
and Mg50, were well below 100 indicating good settling chara-
cteristics, However, there was a rematkable increase in SVI
values of sludges beyond a dose of 60 mg/l MgS80,, indicating
comparatively poorer sludges.

The sludges produced with lime alone (in lower ranges) had
the best drainability; addition of MgS0, up to a dosage of
60 mg/l had no material di*ference on the results,

While working with lime a’ ded MgSO,, the pil of the settled
effluent was found to lie¢ between 10.0-11.5. A reduction
of 5-6% in colour was cbserved after simply adjusting the
pH to 7.0, which would be a prerequlsxtu for furthet biolo-
gicul treatment

From cost anglysis, lime alone is found to be wost economical
for achieving 78-82% colour removal e{ficiency. However,
for removal of colour in the range 82 to 937, 60 mg/l of
Mg, used in conjunction with lime is a viable solution.

The cost on chemicals using 1300 mg/l lime plus 60 mg/l MgSO,,
plus the acid for neutralization per MLD of wastewater comes
to around 158 US § fer 90X colour removal. Apart from the
colour removal this coagulant dose also removes total solids
by 44%, suspended solids by 68%, BOD by 17.4% and COD by

52%.

SHRIVASTAVA



10

REFERENCES

1

10.

11,

12,

Davis, L and Randal, C.W. (1978) - Development of Colour
Removal Potential in organisms treating Pulp and Paper
wastewaters - J, WPCF, V.50, p.382-86.

Flentje , M E, (1927) - Calcium and Magnesium Hydrates -
J. AWdA, V.17, p.253,

Gupta, J.K. and Sharma, R.(1981) - Pollution Problems in
Small Paper Mills in India -~ National Seminar on Environ-

"mental Guidelines for Developmental Project, U,P,, Centre,

Lucknow, India,

Indian Standards : 5061-1968 - Guide for Treatment of
Effluents of Pulp, Paper & Board Industries.

Indian Standards : 2490 (Part 1-1974) - Tolerance Limits
For Industrial Effluents Discharged into Surface Waters.
Iyer, M,V.S$, (1983) - Removal of Colour From Pulp and Paper
Mill Waste by Magnesium Salr -~ Maater of Engg. Dissertation
in the Deptt. of Civil Engg., Roorkee University, India.
Lecompte, A.R,(1966) ~ Water Reclamation by Excess Lime
Treatment of Effluents - J TAPPL, V.49, p.121.

Oldham, W.K. and Rush, R.J. (1978) - Colour Removal in
Kraft Mill Wastewaters with Mapgnesium - J WPCF, V.50,
pL.b0=43,

Randal , C.W.; Turpin, J.K. & King, R.H. (1971) - Activated
Sludge Dawatering Factors Affecting Drainability ~ J WPCF
V.43(L) p.102-122,

Standard Methods For Examination of Water and Wastewater
(1980) APHA, AWWA & WPCF, Washington D.&., 15th Edition.
Thompson, €.G.; Singley, J.E, & Black, A,P,{(1972) -
Magnesium Carbonate, A recycled coagulant - J AWWA, V.64,
p.11-19 & 93-99, \

Vincent, D.L, (1974) ~ Colour Removal From Biolougically
Treated Pulp and Paper Mill Effluents - Canadian Pollution
Abatement Research Project No,210, Forestry Service,
Environment Canada.



GROUNDWATER POLLUTION DUE TOD TANNERY EFFLUENTS .
IN NORTH ARCOT DISTRICT TAMIL NADU

-

* * ¥ ' -
M. SRINIVAS , G. TEEKARAMAN ,And N. FAROOQUE AHMLD

The effluents discharged from the tanneries located in North arcot
district have coused serious deterjoration in the quality of ground
water, Consequently, the quality and quantity of agrigultural
production have gone down significantlys. The £lectrical Conductivity
(E.C) af the analysed samples is greater then 3 mmhos/cm, while the
adjusted SAH is much greater than the maximum perwmissible 16, The
Chloride content varies from 601,8 mg/1 to 3113,2 mg/1, far excess
than the maximum allowable concentration af 35% mg/t.

‘oductions

India has the largeat pdpulatian of ¢attle and goat in the world
‘ustrial Resgarcher, April 1980: Table 1) which haos provided it ihe natural
ce of becoming one of the leading exporters of leather. The predominent
ing areas in India are the Rajasthan, West Be;gal and Tamil Nadu. During
-79, India produced leather and leather gouods worth R, 1200 crores. Expacts
inished leather increased from 18% in 1974-75 to 55% in 197879, the
r importing countries being the East European Countries, North America
the Economic & Social Eummun;ty for Asia & Pacific (Kothari's fconomic &

strial Guide of India, 1980-B1)..

Temil Nadu is the leading exporter of finished leather providing for
a2f our country's exports of finished leather (Economie Survey 198u-81),
1 Arcot District in Tamil Nadu has a dense concentration of tanncries

iring more than 256 located on either side of river Palar (Soil Survey &

Use Organisation, Vellore),

In the present paper, ap attempt is made to assess the extent of damage

d by the effluents of tanneries to the groundwatsr resources and agriculture,

ophysicist, Action for Food Production, Geohydrological Investigation Team
Hyderabad,

stoLhemist, Soil Survey & Land Use Orgamisation, Vellore.

sts Chemist, Souil & Water Testing Laboratory, Melalathur.



24 Samples have buen collectdd from 7 affected areas and analysad for
the various constituents. The areas affected by tannury effluents being
known, suitable remedial measures for treatment of well water end reclamation

of soil should be inditiated immediately.

TABLE = 1

Livestock:s World vis-a-Vis India

Ite World India 2 as % of 1 Rank in
" (1) t2) (3) the world
{million heads)
Cattle 1207 180 - 15 1
Buffalo 132 64 46 1
Goat 404 10 17 1
Sheep 1043 40 4 s
(Suurce: [ndustridl Researgher April 154:)
TABLE - 2
Export of leather & leather godds
Year ) clBedin crerus
1974-75 165.30
1975=76 227-13
1976-77 L 306,00
1977-78 257-93
, 1978-79 ‘ 350.40
.
1979-80 ., 524,90 Provisional figure as per
Economiec Survey 1940-°51

Governmunt of India.

(Source:lndustrial flesearcher,
April 1980



mery Effluents:

There are mainly two types of tanning in vZiogue in North Arvot District,
e, Vegetable tanning and Chrome Tanning. A large number of Chemicals are
sloyed during the various processes of manufacture of leather from raw:
ns and hides,. The variops pricesses of manufacture Af leather include
king, liming, de-hairing, deliming, piling, pickling, dyeing and finishing.

chemicals employed in the various stages are the chlorides and carbcnates
sodium, ammonia, and calcium apart from sodium dichromate, myrobalan

ract and sulphuric acid. UOrganic dyes are employed by the finishing wunits,
an average, 35 litres of effluents is produced for every kilogram of

ished leather, Qur country produces approximately 30 willion pieces of

ee and 62 million pisces of skins. The quantity of afflueqf produced for
=ze=fourth of this production contributed by the subject ares is quite

i and ims very toxie, containing various salts. Table 3 provides details

:haracteristics of tannery effluents,

TABLE ~ 3

Characteristice of tannery effluents

Parame texr Vege table Chrome Finishing
tanning Tanning units
pH 5.5 to 11,5 Te5 to 10,0 S.B
Total Lisanlved 1£80 to 26520 9000 teo 20000 4400
salts(my/l)
Suspended Solids 160 to 6200 1250 to 6000 800
{mg/1) ‘
Chloride as C1 500 to 7100 1900 to 26200 . 600
{mg/L)
Sulphate ms S04 80 tp 2020 - 2040
(

[Wi)y] 1000 to 10300 5100 to 7200 276

Source: LEPL Madras

SRINIVAS



Mode of disposal

The effluents are generally untreated and are discharqud into the
neighbouring fields and hitherto irrigation tanks. ‘The effluents overflow
these tanks which are in damaged condition (Table 4} to form stagnant pcols
and finally reach the Palar river course. During the course of movoment to
Palar, there is considerable amount of infilteration of the toxic effluent in-

to the eurth, The wells and borewells &n the area thus tap the contuminated ws:

Condition of tanks filled with effluunts

Total No,

Zone of tanks Overflowing Damaged/Uzoken
1+ Ammankuppam 4 . 2 9504%) 3 (79%)
2., Parnambut 122 79 (654) "B2 (68%)
3. Ambur 234 192 (82%) . B9 (38m)
4, Vaniyambadi 45 32 (T1%) ] 45 (100%)
5. Visharam ) 11 31 (100%) 15 (48%)
6. Arcot 13 13 (100%) 13 (100%)
T. Katpadi 18 18 (100%) 18 (100%)
8. Ranipct 186 154 (83%) 122 (56%)

{$0il Survey & Land Usu Organisation, Vellore)

Drinking & Irrigation of Water Wells:

Table 5 gives the results of chemical analysis of water samples from well:

logated in thetannery-affected zones. Table 6 gives the limits of comnstituents
2et for drinking water by World Health Drgagisation, From the two tables, it
is evideont that the water is bighly un-suitable for human consumption. How the
water from these wells has afféctud agriculture in the reqgion can be underctoo
from a study of the results of chemicalf anslysis im the light of irric.tion
water Crit€rie set by Fouod & Agriculture Organisation of the United Noticrs arc

given in Teple 7o It cam be scen that the concentration of vuricus clemint:



T ABL -_5

ALSULTS UF CHERICAL  AXALYSLS  OF #ATLH SAMPLES

Lone ¥iilage . E.LC. pH Carvo=- bicar- Sulp- Chlo- Soidium 5AR Al Tustey
-mmhos/em nate bonake hate ride m3/1 343
mg/l g/l g/l mi/ L
i1} (2} (3} {4) (5} (6} t7} £3) {9)
10,37
Ammankuppam -a) Ammanxuprac 7.0 Tal 150 1152 24,3 1538,.3 347.6 L3 1] 38,5
o} Ammansuppam 4,7 Tald a0 254 18,9 1322,8 337.8 Fedd 24,54
e} Vepour ) 241 Ted 30 183 10,1 5d4,1 264.5 9.56 12,22
Pernambut a) Perietha-mal © 4,0 Te3 3n 244 23,2 1065.5 58462 .41 23,99
Chervu a
b} Chinnathamal BT 8.8 B0 éﬁi 20,4 2672.7 1320.2 14,91 46,22
Cheruvu

c) Erukkambattu 3.5 1.6 o 13 14.9 1G44.3 561.2 10.61 13,30
d} Pernambut 1063 8.3 120 - 54 84,5 3115,2 1430.6 14.30 32,85
" e) Erikutti ’ 2ed TeB 30 263 39.5 637.2 358.8 T.51 17.50

f} Pernambut 1.5 T - 254 16,3 JiB.6 237.0 5.20 11,44

Ambut a) Somalapuranm 545 T+0 60 . 549 6204 14569,1 B14,2 11.31 32.99
b} Thaveozhi 3,0 Ts6 ao 427 59.5 1345.2 T40.6 10,81 29.73

¢} Tharvazhi 6.0 6.0 50 510 99.4 1625.4 1025.8 13.64 4c, 32

d) Govindapuram 2.5 Te3 - 356 §3.5 601.8 354.2 T.19 14,29

Vaniyambadi a) Thutipet 6.0 Te5 &0 438 84,0 1539.9 913,1 12,41 31.03
b} Vinnamangalam 3,5 7.0 30 3G 103.7 738.5 133,4 1.52 a.43
c} Udayandram 4.4 7.2 30 356 BT7.4 1044,3 45T7.7 5,72 16,87
Vishram a} Talayancor 3.2 TeS klel 24.4 63,0 G57.3 409,4 £.6% 17.39
5} Kathivadi 4.7 " Ted 34 336 36.0 1G26.6 713,0 10,95 29,01

c} Visharam - 244 a0 183 24,0 615.5 372.56 B.22 t8.08
Aarcot a) Yillenkuppam a2 Te5 g 244 §1.44 B57.,3 455,4 5.59 17.39
5] Uppupexztal 2.7 Ta3 30 305 Be 64 157=.3 TJ8,.4 8,55 25.19

c} Uppupettai 545 79 ] 305 21,1 V2347 444,2 9,95 27.086

d} Kukkundi 1.8 7.3 - 122 24.5 477.9 253.0 5.58 t£.456

Katpadi - a} Ketpadi 245 Ts3

30 133 24,9 743.4 391.0 B.50 17.85



International Standards for Drinking Water

Total solids

pH

Calcium (Ca)
Chloride (C1)
Sulphate (E.*SUA)
Copper(Cu)

Zine {Zn)

Iron (Fe)}

Organic Poellutants)’
(Carbon Chloroform
extract)

Chromium
(hexavalent)

Fluoride

Maximum accrptable range

500~15G0
Te5 = B.5
75 = 200
200=600
200-400
1.0-1,5
540-~1,0
0.8-1,0
D, 2-0,5

0.05

1.5

ppm

mg/1
mg/1
mg/1
my/1

ma/l

mg/1
mg/1

mg/ L

mg/1

(World ‘Health Organisation Stakdards eccepted

Quality CLriteria for Irrigation

- * %

by Government of India)

Water

._‘3.

1. Salinity

E.Ce{mmhos/cm)

oH
.Tatal Dissolved Solids
't {mg/1)

2. Pargsabhlite

adjosted SAR

Dok

Boren {mg/l)

Sodium (as adj.3AR)
(mg/1)

Chloride (mg/l)

Bicarbonate (mg/1)

No Problem

40475

L 40
L6
L M5
69
L1 a2

L 90

TN

lncreasing
problem

0.75-3.0

“Hoxmel Ramgei 645 to 8.4

4801920

LGt

0,9<2,0
7'6§\
142-355

90-520

7 355

7 520
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is much higher than the Standard values for agriculture, This clearly implics

that tha water in the toanery-affected zones has become highly wunsuitable for

bath drinking and agricultural purposes as follows {trom the discussions in
later sactions.

liscussion of Paramegters:

For the purpose of determining the suitability or otherwise of an irzi=
water ‘
tion for raising crops, parameters amalysed include E.C., Na, Mg, C03 &

iCO3+ The Ei%ER%° of these factars in unfavourable concentrations affects tne

rrigation water quality. Application of such water to agriculture gives rise

t
o soil falinity and suil permeability problems. As crops basically depend

pon water for proper growth, such a situation of salinity and permeability

roblems causes seversl wndesirsble.affects, Crop gerwination,soil aeration,

nd diseases, apart from facilitating wecd growth consuquent on water stagna=
jon are some of the problems that have realised, Yield 3is yei another

actor that is seriously affucted.

adium Hazard:

It is well known that Sodium in small quantities when present aloné
-yses severs 'Sodium Hazard' to crop growth, However, crops can otherwise tole-

-te largur concentration when sodium occurs alongwith colcium and magnesium,

When drying of soil takes place during irrigations, o part of the carbonate
d bicarbonute precipitates as Calcium-Magnesium Curbonace (Ca~My CO3), thus

moving Calcium and Magresium from the spil, This prucess results in an

creasy of net Sodium concentration present in the soid, thus increasing the

dium hazard.
The modified formula arrived at by taking into consideration the prescnce
carhonate and bicarbonate is written as:
: N
Adjusted SAR =
J = y {1+ 844 = plie)
V{Casr Mg }/2

Where pHe = (pK'2 «pK'c + p(Ca + Mg) + p(ALlk). SRINT.AS
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The factars cantained in pHc are avaidmble in some of the recent adei editions
for various concentrations of Ca & Mg in the form of tables {reference 2). Th:
adjusted SAR is being employed increasingly as it is capable of predicting th-

permeability problem mure correctly.

Results & Anslysiss:

The following major énnclusinns are drawn on the basis of the results of
chencial analysis (Table 5) of water semples collected from wells located in

tannery=-affected zones of Palar basint

The E.C. values of mnalysed samples are above 3 mmhos/&m in wmost of the
dlaces falling in the 'Severe Problem! range. Lonsequently, the germination o
almost all thQ crops has been affected and yield severely reduced, The lowest
E.Cs, 148 mmhos/Om and very few values lesssr than 3, nevertheless, fall unde
the 'Increasing Problem' range wherein the germination gets affected, Moderat
salt tolerant variefties caome up with reduced yield.

The SAR values more or less lie within the 'No Problem! range. Noturitth
standing, the agricultural production in the Palar basin has reduced to a fou
within a span of 12,15 years, with as large as 40,000 acres of fartile land b
coming unproductive(Soil Survey and Land Use Orgasnisqtion, Vellore), The reas
are better understood with the help of the adjusted SAR values listed in Tabl
for the seme samples.

From Table 7, we find that the asdjusted SAR values shoyld be belaw 9,
more thapn 9 indicating severe damage tu crops bath in terms of yield and qusal
In North Arcot District, we howsver, find that tha corresponding adjusted SAF
values for Irrigation watd® of £.C. mors than 1.6 mmhos/cm range ffom 11.41
46.22 with only ome favourable value, viz., 4.41, while the desirable limit
should not exceed 16, This sbundantly ref jcots the serious condition of grour
water and soil, Again, the values for Chloride range frem 601.8 mg/l to 311:
mg/l, as against the maximum acceptable value of 355 mg/l for craps and 600 .

for human consumption. Even the bicarbonate content is on the higher side of



increasing preblem ragge.

The effacis of these concentrations is manifest on ths 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 %o raising moderately resistant crops
like maize snd ragi, notwithstanding poor yield, adequately testifies to the

deteriorated quality of the groundwater and soil,

Conclusions?

—— T

Groundwater resources are ub?ervad to ba depleting whils the demand is
sver in::é@ing. Pollution of this basic wnmadity assumes greater importancs
in this context, Thé major occupation in India being farwing, rendering of
vast stretches of fertile land uselaas while the farmers take to other
professions for liwliheod, should he vieﬁa seriausly, Effect on health

due to pollution adds an element of wrgency to sodution-finding.

It i therefare considered essential that pallution contral measures are
strictly followed by the tanneries. The people have to arganise and push the
administrative machinery to enforece rules, Even if a small fraction uf thes

.axpnpts worth 8,300 crorses fram North Arcot District are spent on pollution
control and medical care®, the erosion of fertile lands and non-evailability of
uncontaminated drinking water would not occur, The voluntary assumption of
responaibllity, very much wanting, on ths part of the tannexrs would help
find a decent sclution to the effluent problem, which is believed to be
more gotio-economic than technical, The present analysis is considered

relevant from this point of view.
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" AN APPROPRIATE TECHNIQUE FOR FLOW MEASUREMENT IN SMALL SEWAGE

TREATMENT PLANTS

Percival R. Thomas

Department of Civil Engineering
University of the West Indies
5t. Augustine, Trinidad, West Indies

INTRODUCTION

In recent years a number of small sewage treatment plants
have been installed and alse 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 Parshall
flume. All these devices have their own advantages and disadvant-
ages and they are by no means simple arrangements. Most of the
large treatment plants are installed with a Parshall flume to
monitaor the Jdischorge conptinuously.  Althouygh the advantages of a
Farshall 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
gauging, 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 shoWwn in
Fig. 1 with heights varying from 10cm to 25cm and the crest is
rounded off with a radius of 2.5cm. Wastewater contaims suspended
and floating solids with water content yreater 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 of adjustments, easy construction, low cost,
and long life when material chosen is resistance to corrosion and
abrasion.

THEORY

. . 1
The discharge over a rectangular weir is given by

Q=Cd.-§~v"2g. L2 ¢ 5%

discharge over the weir in m3/s

= length of the weir in metres

H = head over the weir including the head dus to
velocity of approach in metres

where

[al. o)
)

Cd= coefficient of discharge
9§ = acceleration due to gravity in m/s2
* 3
- Cd- 2 373
2./29. L.H. : )]

It can be assumed that the discharge Q over a hump weir is
given by

= . P g, W eaeaeeens
Q=1 (h, 1, H., H Vo' Prg, M (3

= a function
= height of liquid above crest
= 1s gth of tha weir

where £
h
L
Hor up tream depth of flow
H = height of hump

= upstream velocity

v
p = density of water = density of sewage
g = acceleration due to gravity
W = viscosity of water

By dimensional analysis using Buckingham's T - theorem
eq, (3) can be written as

1
5 .
c.o=f, { h'h h EQE___: HOu ) L €}
r [ r
a1 L ES RS 5 D

where Cd is the coefficient of discharge which is a function h, h,
L H

% + Froude number and Reynolds number. o
m



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 moveRent when
they pass over the hump. S$ince 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 equal to 4V “/2g and o has some value greater than unity. 1In
this investigation o is taken as 1.1 for the calculation of velocity
head.

EXPERIMENTAL SET UP

A German tilting glass flume of length lém and breadth 0.4m
was used for testing the humps. The flume was adjusted to give a
bed slope of 1/1000. 1Initially 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 A calibrated
V-notch, downstream of the flume. For different discharge rates
the corresponding heights of water over the hump and 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 l0cm, 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/HD were
plotted for the different humps. From the graph of C. Vs. h (Fig. 2)
it is observed that for the l0cm 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 = Scm 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 valuaes
obtained are slightly greater than unity due to minor experimental
errors and approximationsg., The correction factor is a function of
h/H, .and the variation of the correction factor with h/H for the
dif{erent hump heights is shown in Fig. 3.

THOMAS



The varjiation of C. with h/H for different humps is shown 1n
Fig. 4 apd it is seen that thexe ?s 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 (2¢m - 8em) and for any hump (l0cm - 25cm in
height) could be interpolated, ‘

Because of the very amall range of variation of the coefficient
of discharge with height of water above hump crest for the 1Ocm
hump, a logarithmic plot of C, Vs. h was obtained (Fig. 6)., The
variation of log C; Vs, h is glnear and the following mathematical
model is obtained gor the relationship between C_, and h for the
10cm hump. d

0.003

c, = 0.95h ’ _ e (5)

CONCLUSTON

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
discharge remains fairly constant at different rates of flow for the
10cm 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 he even neglected because of the lesser
degree of accuracy needed in a rural sewage treatment plant.
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Table 1. Flow parameters for hump of height 10 em

Q h d, h ¢
(1/3) (cw) | (em) H, 4
3.96 2.3 12.2 0.19 0.94
2.31 2.8 13.0 0.22 Q,%0
9.9i 3.8 14.5 0.26 1.07
17.75 5.6 16.5 0.34 1.00

23.22 6.9 17.8 0.39 0.98
30.58 8.1 19.3 0.42 0.96
4

Table 2. Flow parameters for hump of height 15 cm

K 5 Ho B c
(1/5) (cm) (cm) H d
2.63 2.0 17.5 0.11 0.78
6.80 3.3 19.1 0.17 0,94
12.03. 4.6 20.8 0,22 1.02
21.24 6.4 22.9 0.28 1.0%
27.38 7.4 24,6 0.30 1.05
32.56 7.9 25.4 0.31 1.10
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Table 3. Flow parameters for hump of height 18 ¢m

Q h H, h

ars) | (em (cm) H, Ca

3.96 2.5 "20.6 0.12 0.84
9.91 4.1 22.9 0.18 .99
15,43 5.1 24.1 Q.21 1.09
21.52 6.4 25.4 0.25 1.02
24,86 7.0 26.4 Q.27 1.05%
35,40 8.4 28.2 0.30 1.11

. Table 4, Flow parameters for hump of height 20 cm

Q n Hy h c
(1/s) (em) {cm) i, d
3.85 2.3 23.4 Q.10 0.93
7.65 3.3 24,5 0,13 1.07

!3.59 4.6 26,7 0.17 1.15
20,39 5.8 28.2 0.21 1.1S$
28.15 7.2 30.2 0.24 1.13
33.98 8.0 30.7 0.26 1.20




Table 5. Flow parameter for hump of height 25 cm

. Q h H, h e
(1/8) (cm) (cm) LA d
4.53 2.8 28.4 0.10 0.81
9.63 4.2 10,5 0.14 0.94
15,49 5.3 31.8 0.17 1.09
22,37 6.6 33.5 0.20 1.05
30,58 7.6 35.3 0.22 1.18
37.38 8.6 36.1 0.24 1.17
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ENVIRONMENTAL ENGINEFRING MANAGEMENT IN DEVELOPING COUNTRIES

Percival R, Thcmgs

Department of Civil Engineering,
University of the West Indies,
St. Augustine, Trinidad, West Indies,

INTRODUCTION

In 1950, there were only 70 cities with a million 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 1is 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 pecple will be
added to the urban populations of the developing world. Many
people in the developing world move to the city for employment and
betrer 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
accommadation 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 alsc 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 frinmge 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 QOrganization figures for [980 show that
among the urban population of the developing countries, only about
55 percent have house connections and an additiomal 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 water, and hardly any of these have house connections.

The following are typical sources of water used by the populationi-

1. Rivers, streams, canals and lakes:- These present
serious health hazards bec-yse they are usually polluted
by the use of man aond animal.

2. Open wells:~ These are likely to create health hazards
when they are poorly constructed, unprotected, badly
located or too shallow. They 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 the surface may enter through the top
few metres of the well lining, if 4t is not
sufficlently water-tight near the surface

¢. objects thrown down the wells by children playing
¢loseby and by vandalism

3. Sealed wells and boreholes with hand pumpst~ when
prop. iy gonstructed and maintained, this is one of the
best forms of supply as long as larrines 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
especlally where springs are left unprotected.

5. House connections:~ These provide the ideal safe water
supply but all cannot afford in most of the' countries.

6. Standpostsi- 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 (requently
damaged, Water is wasted by leaking taps and money is
wasted in repeatedly repairing them, There are ulso 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 Fnvironmental 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 ruchl areas of African countries is
getting the water to the houses. iostly water is brought by women,
boys and girls in dirty contaiaere and also they use animals to
carry them. Usually the source 1. a polluted well, strean, 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 iz used
from the same containers for «rinking as well as for anal cleaning.
Adults are quite Ignorant of the dangers of drinking contaminated
water and they prefer to collsct water from a nearby polluted source
rather than from a distant clean source.

For some communities, piped water supplies with house
connections are not econcmically feasible. In such clrcumstances,
the realistic cheice is to provide a number of individual or 'point'
sources, a protected well wita 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 public standpost may be feasible.
Although the process of water treatment offers a variety of
technolopical 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.

THOM-



SANITATION

Water supply and sanitation must go together with the
nvironmental improvement programmes. The provision of safe drink-
ing water alone will often fail to produce substantial results in
terms of public health improvement, if the community water supply
is not supplemented by proper waste disposal systems. WNormally
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 Sanitatiom3, This is attributed to the rapid population
growth in the developing worid.

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 systems, people handle excreta

. disposal in many ways and the most common oies are

1. Defecation in open grounds and beaches: - This is a
normal practice im rural areas of developing countries.
The restricted sites of crowded cities, however, make
this difficult 4in urban areas.

2. Bucket Latrines:- 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
exereta 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 fliles and insects.

3. Wrap and Carry:- Thig is common where there are suitable
‘places for dumping closeby which results in the area
getting polluted. . ” S

4. Wetr and Dry Pit Latrines:- This is probably the most
ecppmwon method of excreta disposal and many pit latrines

e @imply holes im the ground, Whsme water le used for
anal cleaning there is- & -chance of ‘domtuningtSog. vater
pugrces and algp, ground water cam’ Qe mllumd mttiu‘hrly
© . S HRkny sasoNs .

Varioum other methods in use are overking latriua. saptic
cank, aqua-privy etc.

Furthermore, communal latrines or toilets provided in many
locations present & major environmental hazard due to lack of



Table l: Percentage of Population adequately gerved

RURAL 1970(%) 1975(%) 1980(2)
Water Supply 14 22 29
Sanitation - 11 15 13

TQTAL

(urban and rural)
Water Supply © 29 - 38 43
Saniltation 27 33 25

individual responsibility, These are provided because of economy
but the price is pald 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 bacause of no proper access, people tend to avoid using
them. To achieve even a minimna standard of hygiene, strict control
and constant attendance of cleaners are required in addition to the
users regponsibility.

SOLID WARBTES

In a developing country's environmental improvement programme,
normally very little thoug'it {s given to the proper disposal of
#0lid wastes and it needs ro be integrated with the total environ-
mental plan.

The most popular method among many municipal suthorities is the
uncontrolled or indisecriminate tipping which causes a revolting
stink due to rotting vegetation, animal and faecal matter and create
environmental problems. Also, thils results in choking of drains and
canals. Usually the, garbuge tips are crowded with men, women and
children salvaging material and they are being competed by dogs,
stray cattle and biggds. Furchermore, 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 aid mosquito breeding by rain water getting
gtagnant in cans, tyres, c:atainers, etc. In additfon, badly 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
wasteg 1f 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 Dizeases and Preventive Strategies

GROUP DISEASES PREVENTIVE STRATEGY

Water-borne Typhoid Improve quality of

diseases ' Cholera drinking water and
Gastroenteritis excreta disposal
Infectious Hepatitis facilities
Dysentery

Water-washed Scabies Increase the quantity

diseases Leprosy of water used.
Trachoma Improve hyglene
Conjuctivitis
Diarrhoeal disease

Water-bagsed Schistosomiasis Reduce the need for

diseases Guinea Worm contact with con-

taminated water.
Control snail .
population. Prevént
surface water
contamination by

excreta.
Diseases with Yellow Fevar Destroy insect breeding
water-related Malaria sites. Improve
vecLors Dengue , surface water
Sleeping Sickness management .

Filariasis




COMMUNITY PARTICIPATION AND HEALTH EDUCATION

In the recent past a2 number of evaluation studies have Leen
carried out on water supply and sanitation projects and many of
them have gtressed the need of active community participation and
support to achieve their 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, yse and maintenance of the
facility. If the installations are not accepted and supported by
the community, they are vulnerable to misuse, pilferape or vandalism.
Failure of certain projects in some countries can be attributed to
cultural, social and religious factors, often neglected by planners,
because of no community involvement. Some of the examples arc sons-—
in-law and mothers-in-law will not uge the same latrine and the
restriction in Muslim countries against defecating while facing
Mecca.

It is to be realised that the community participation iz not
aimed at, to displace or override the responsibility of the planners
or government agencles in the Environmental programmes. It is to
supplement and help the professional plamners 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 soclety 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 gafely
will enable the community to avoid preventable discases. The water
instruction shculd be followed by others, such as, personal hygiene,
excreta dis,osal and, refuse collection and disposal.

CONCLUSION

Envirvonmental 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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INTRODUCTION

As development has increasingly been recognized as a cause of
serious health and ecological effects, so 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 relaticnships, and
second, existing health impact data may be confidential, hence
preventing the health component of environmental impact statements
(E13s) 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 simllar 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 aituation the World Health Organization
{WHO) has initiated numerous programmes whici either provide funda- =~
mental dataor develop additional methodologles. For example, in 1973 :
WHQ establizhed the Environmental Health Criteria programme to assess .7
the health effects of pollution (Miller, 1983}, WHO (Reglonal Qffice
for Eurcpe) hawe, aponsored trataing ackivities and .devaloped new

“enhodologles dndrpitdance  mamaRls (EIL..LSﬂQ abd WHE, !qBBa and r$81u4~ " -



The purpose of this paper is to highlight the neced for
envirornmental health impact assessment (EHIA) by examining some of
the adverse health consequences of human aciions, and to describe
the stages in EHIA pointing out some of the issue: surrounding the
various methods and techniques. Finally a review of the state of
the art of EHTA in relation to environmental [eslth 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 of human’environmental
i~teractions, consisting of both the physical ard social environments,
as well as the promotion of human well-being throvgh individual and
community behaviour. Primary prevention is strongly associated with
both rescurce 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, agents of disease, however they may facilitate human
contact with infection. Sensitivities to envirommental 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 proposcd 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 terms 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 develeping 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 dispozed 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, lndustrial



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 (Tabasaran et al., 1983).

Atmospheric emissions from industrial processbs and transportation

networks contribute to increased levels of particulates, hydrocarbons,
suphur dioxide and other pollutants. Some clties are more

susceptible to air pollution due to their physiographlic 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., (1980) 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 elther 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 contrel is a closely
related factor also requiring consideration. Indeed, WHO (1983c¢),
has establirhed the specific objective of the protection of human
health from the ad.orse ~ffects of environmental poliution and other

environment sl har.-ds. ther specific objectives outlined in the

seventh general [rograr-. of work (1984-1989) include the promotion

of human health throug' ':« 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 {~om nsafe or potentially unsafe food through the
prevention <" heo th hazards assoclated with microbiological
and cher +*amination 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 ragile, either
because of climatic conditions or heavy population pressures, As
financial rescurces are limited, projects may be implemented hurriedly
without sufficient attention being paid to assessment, prevention and
mitigation of potentially adverse human health consequences. 1n
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 peality of environmentally induced health hazards,
and that expenditure on EHIA deoes 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 1s 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 carlier, it 1s vital that projects and programmes are evaluated
at the planning stage. It is even more crucial, however, that such
avaluation 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 avold 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 opportunitx 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 avolded and critical resources protected by the correct allocation
of development land. Such "up~front" environmental planning could



Table 1 National Health Policy Elements

N

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.

Preventive Orientation - evaluation of projects and programmes
should seek to minimize health effects at the planning stage.

Relative benefits orientation - recognition of inter-relationships
between risk and cost and benefits during the assessment of
development activities,

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 withim a priority scale for pollution
contrel prgrammes based on relative severity, available resources
and possible mitigating measures.

Basis for Co-ordination - pollution control policies must establish
objectives and rules for coordination of information, evaluation,
decision making and implementation.

Legal Structure and Process - policies may be expressed in law
and 1t is desirable to assure comprehensiveness and consistency.
Such laws should establish broad policy leaving subsequent
easily modified regulations to provide the details,

3tructures for policy monitoring and change - an intersectoral
body to review and update policies in the light of development.

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.

Public involvement - national policlies depend for their motivation,
support and implementation on public opinion and co-operation,
congequently the development of needed attitudes and behaviours
requires public education in health and pollution control,

International Aspects - National pollution control policies muat
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)
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(From Pearce, 1983)

save time and money requiréd at the project planning stage. The
tiering of EIA and the accompanyiirg EHIA i one mechanism to prevent
individual projects experiencing protracted delay due to EHIA
considerations. Tiering is the term given to the structured relation-
ship between policy level environmental assessments and lower level
plan, programme and prolect assessments, Ideally, the higher level
aszessments provide the wider framework for the more detailed and
specific lower level assessments, IFor exampie, an assessment of
urban development policy in relation to health may provide directives
oti which delermine where industry may be sarely situated Lo berms of
potertia} hazards to health. :



STAGES IN PROJECT EHIA

Over the years, a number of methods have been developed to
asszizt 1n the process of identification, prediction, assessment and
prescntation of the findings and recommendations of impact studies,
such as networks, matrices, weighting-scaling checklists etc.. These
methods, with a little adueptation, are applicable to the needs of
EHIA, since it too seeks tc assess tho conseqgueuces of actions on
environmental health factors, By such means it is posszible to
estimate theé potential changes in the health situation and then assess
these in terms of morbidity and meortality.

Project Screening

The first consideration in both the EIA and EHIA processes is
the determinztion of whether an assessment is required. fThis activity
is termed screening, sinc it screens out those projests not requiring
consideration. Screening activitiss can be undartaken by a number of
possible methods, such as positive and negative lists, matrices or’
checklists, Tomlinsen {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". 3uch red flags
previde early indications that environmental or health interests may
be at risk,

Scoping

Scoping is the term glveu to the process of developing and selecting

alternatives to a proposed action and identifying the issnes once

screening bas identified the acticne needing an FHIA, Essentially

it .15 a procedurc designed to establish the terms of reference of the

azsessment. It'r aims are:

a) to identify concerns and. issues requiring consideration,

b) to facilitate an efficient assessment process; ’

¢) . to enable those responsible for the assezsmant to properly brief
the study team on the alternatives and impacts te 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 lmprovaes, A more detailed account of scoping may be found
in Tumlinson (ig8a). :
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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 1s useful to distinguish between
the words effect and impact. The former is used to describe a change
of unknown significance, while the latter is uszed to define a
significant change. The identification of possible effects arising
from an action requires a systematic conslderation of development/
environment interactions. The word systematic 1s 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 ldentification 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, Checkllsts have been produced for variouws 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. Agaln 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 basls 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; i

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, reglonal, national or globalj;

d) accidental or worst case aralysis 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
development and irrigation projects.

Construction Activity eg: temporary access routes and accommodation;
introduction and ree-emigration of
immigrant workforce;
clearance of vegetation;
noise and dust.

Diverslon of existing water courses.

Tunnelling.

Construction of dams.

Inundation of land to create reservolrs.

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 communities.

Provision of water supply, effluent and waste disposal facilities in
new and relocated communities and in temporary communities during
construction.

Provizion of Infrastructure for permanent and temporary communities
including: roads, jetties and other transport faclilities; social
services; utilities.

Water resource management measures Including: level control;
distribution of irrigation supplies.

Maintenance measures including: pest control; channel clearance.

Measures for henlth 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 1n the Projlect 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 endemié
disedses to which they have little or no immunity?

3. Wil) 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 problemsa?

5. Will housing and sanitary facilities become overburdened,
misused or not used at all, leading to conditions conducive
to increases ln water washed diseases and spread of
communicable diseases by the facal-oral route?

. Will soil and water be contaminated by excreta, facilitating
spread of communicable diszease?

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, soclal 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 deficlencies 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 irrvigation 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, s0il 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

LY

2.

Will new vectors be introduced into the area from upstream
as a result of hydrological changes?

Will new vectors be introduced into the area on vehicles,
animals, transplanted plants, soll, etc?

Will existing vectors be infected or reinfected by contact
with infected humans coming into the area?

Will the prevalence and distribution of existing infected
vectors be changed by .changes in the availability of suitable
hahitats for breeding and survival?

C. Direct Impacts on Workers:

1.

2.

Will migrant workers be exposed to locally endemic disease
to which they have little or no immunity?

Will migrant workers be exposed to psychological strains and
traumas from changes in living and working conditions?

Will workers be exposed to physical threats to the safety
(injuries, deaths) or chemcial and physical hazards to health
(toxic substances, nolse, vibration, radiation, high
pressures, etc)?

Will workmen be particularly exposed to contact with water
and thus with water associated disgase during their work?

Will workmen be exposed to dangerous animals during their
work (snakes, scorplons, etc)?

Will adequate supplies of food be provided to prevent
malnutrition and minimise spread of disease (eg by use of
jtinerant food vendors)?

D. Impact of Health Services:

1.

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 13 to determine thd nature and
extent of the impacts arising from the development. This information
13 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
technigues 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 indlcate to environmental and habitat factors affecting
diseases:

<) 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 terma of mortality and morbidity.

Before predictive techniques can be applied, a number of items
of information are required, namely:
a) a deacription of the existing state of the physical, biological
annd human environment;
b) a description of existing trends;
c) the availability of and access to predictive technlques;
d) adequate knowledge of the dose response relationships.

The basls 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 technigues has been created to predict the effects a project
may have on the enviromment, a number of difficulties arise, such as
uncertainty as to their appropriateness for less developed countries,
gince they have generally been designed for a developed country,
application. Nevertheless, an extensive range of predictive techniques
such as ajr 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 envirommental 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 4 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 diseéase
organisms and vectors?

4, What are the life-cycles of important disease organisms and
vectors?

5 What are the numbers, locations and characteristics of existing
populations?

6. What exlisting information is available on local environmental
and soclal 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 toxicity. It is important to recognize the existance of
tigh risk groups when performing the predictive exercises.

Formal technliques 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 {or
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 flrst 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).

TOMLINSON
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Table 5 Fhiysicochemical factors of an environment that can affect
the foxicity of pollutants .

pH {acidity/alkalinity) :
Ep (oxidation-reductlon potential)
Aeration status (aerobic, microserobic, 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)
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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 for 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 risk groups must be identified, enumerated
and located relative to the sources of adverse environmental health
factors. Health effects can Lhen 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 sensitlive to other agents of disease, especially
when acute effects are being estimated. Unfortunately, cost gensrally
prevents the identification of direct dose-response patterns. The
alternative is to yse national prevaleace 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 dese-response relationships that
relate changes in disease rates and mortality rates to environmental
health facters. 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
particulates on health. S8uch 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 sighificance of the
predicted effects is equally imporitant. 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 thcme of
assessment methods (for exampie, Canter, 1977; Rau and Waoten, 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. ts in terms of their
significance, It is not the function the EIA or EHIA analyst to
determine the criteria of significance; that is the function of Lhe
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politician or decision maker. Instead, the analyst should interprete

‘he guldance 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?

) would this establish a precedent?

&) 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 c¢riteria 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 avallable 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 actlon. It Is essential that
the impact predictinnsg 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 occuring or the level of
confldence to be placed in the prediction,



The magnitude, spatlal 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 alds greatly assists the decision-
maker by drawing his attention to the lmportant 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 belng 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 peollution 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 throughpollution monitoring alone may be jneffective.
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., Waddington (1983) noted that there were
two special requirements for environmental monitorinmg in relation to
human health, namely:

a) it must involve the eatablishment 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 envirommental
monitoring, a programme of epidemiological monitoring should be
assoclated 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
sarliest 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,

TOMLANSON



18

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 varlety
of avdits can be identified {see Tomlinson anc Atkinson, in press),
the audit of predictive technlques provides the greatest return in
terms of improving the science of EHIA and EIA. For audits to be
successful, the differing levels of confidence in the predictive .
techninques and the data Inputs should be documented. It is then
necessary to evaluate the predictions in order to determine whether
monitoring exercises would subsequently lmprove their accuracy. The
concept of developing feedback loops for EIA has been investiaged by
Averdeen University, Scotland, and a number of papers describe its
value as well as the difficulties, (Bissel and Tomlinson, 1933,
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 Frogramme,
and many other international and national organizations, This support
i3 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., 1983). These are
listed belows
a) .problems in the identificaticn of health hazards;

b) limitations of epidemiologys

<) inadequacies in basic biclogical knowledge in the underatanding
of chemical toxicity and envirommental disease processes;

d) limitations of analytlcal methods;

e) lack of understanding of biclogical defence and actlivation
systems; '

) lack of ldentification of many biological receptors which act
as targets for toxic reactions;

g) poor linkage between morbidity/mortality data and envirconmental
exposure;

h) determination of what levels of exposure the general populaticn
may be exposed to without adverse health effects both at the
present time and in the future;

1) isolation of the consequences of exposure to one environmental
health factor from the effects of simultanecus exposure Lo many
other factors; .

i) inability to control exposure levels, population mobility and
the difficulty in determining the history of previous exposure;



k) long latency periods between exposure and disease obscuring
relationships between the two;
1) camplexities 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 ilmportant
developments, and that it is necessary and practical to commence its
widespread application. Equally, before the quality of sclence in
EHIA can be regarded as being satisfactory and the results from EHIA
provide an accurate basis for action, much more research and actual
épplication of EHIA wmethods 1s needed.
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TOXIC AND HAZARDOUS WASTE MANAGEMENT
FOR INDUSTRIAL USERS-PRACTICAL APPLICATION

Ted T. Topolski
President, ETI 8f North America
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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 facility
from the "cradle to the grave'., This Requires a planned program of
toxic and hazardous waste management.

The discussion of the paper will cover management of toxic
materials including PCB's and other organics in waste water streams
present at facilities. 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 facilities available for providing assistance in disposal
Also, slide presentation and handouts will be given.

The paper will 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 Injettion 7) Land
Farming 8) Consignment Burial - Secure Chemical Landfill 9) Chemical
Detoxification 10) Dewatering $ludges.
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INTRODUCTION

Many efforts has been made for the mathematical formulation of
biclogical wastewater treatment systems in the recent years, Such
dystems constitute of very complex and interrelated physical,
chemical and biological phenomena, the mathematical formulation of
which require very often substantial simplifications as can be szeen
by an examination of the publications in this field, Oversimplifica-
tion of the processes lead to robust models with gsimple mathematical
structures and solution procedures. On the other hand, such models
may be inadequate to reflect the intricate mechanisms involved in
the 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 are still mathematically tractable. As the basic variables of
the system wastewater flow,substrate concentration, miéroorganism
concentration and dissolved oxygen has been involved,

Activated sludge processes are among the major facilities
employed extensively for the treatment of wastewater, 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 to 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 resulty as compared to those of conventicnal steady-state
relatipns, 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 which 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 o:ygen concentrations as a
variable into the model would furthermo:e allow the employmgnt of
this model by energy optimization studie¢: concerning wastcwater
treatment aystems,

MODEL DEVELOPMENT

Definition of the System and Mass Balan : Equations

In the present study, the system for which the model is develop-
ed consist of two unite, name]y the biological reactor and the sedl—
mentation tank as dep1gted in Figure 1 ,
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Figure 1 : Schematic Representation of the Biological Waste-
water Iregtmgnt System

In the biological reactor, the substrate is consumed by micro-
organlsms, and flocculated m1croorgan13ms are removed from the water
in the sedimentation tank. To maintain the sufficient m1g1oorganlsm
concentration in the biological reactor, a certain portion of the
settled sludge ig 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 occuring in two units of the system are completely
different from each otherj 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 tank, the Wallig
equation which describes the drift flux are used as empirical rela-
tionships to define the phenomena besides the conceptional 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
subjeet to input and output, Such a state vector may be defined as:

Q(r)

D ={5(t) ‘ : )
X(t)
c(t)

where for a certain time t, Q(t) represents the flow, S§(t), the
substrate concentration, X{(t), the microorganism concentration
(expressed as MLSS or MLVSS conc,) and C(t) dissolved oxygen concen-
tration. The boundary condition for the state vector may be defined
ag:

Q. (af :

D= s, (t) L@
Xé(t) ,
Co<t)

which actually describes the ingut of the system, To obtain the state
vectors at all critical poinrs, the values of Q{(r), s(t), X(t) and
C(t) have to be caleculated, “his can be achieved by developing the
mass balance equations at those points. A general description of a
mass balance relationship may be expressed as:

Accumulation = Input = Qutput + Production = Decay 3
Considering the above relation COgethér with Figure 1, the mass
balance equations for Q, 5, X and C can be written at respective

points of the system as shown in the sequel:

a) Mass balance at point A :

g Qe = (1+1)Q (4)
§: Qs+ QS =.(1+r)Qsi . (5)
L:QX = (Hr)Qxi (6)
C:QCy = (1+r)QC; : ) . N

b) Mass balance around the biplogical reactor :

Q& (Qrr)Q = (14r)Q (8)
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ds; v 5 ¢
§3 V—— = (14r)Qs; - (l-rr)QSl- —1 . LSRN )]
de Y K s, K.+C,
dx, 8, ¢
Xt V—— = (1+1)QX, = (lex)QX,+ V} . o XV XD (10)
i 1 1 d’1
dt K +S K +C
g "1 ¢ 1
dc, '
c: Vv :;—— = (1vr)QCi-(1-rr)Q(‘.1* quz( B Cs-cl)w
(1)
v 8, <,
Y — 7 . X -k RA
Y K *S; K *C, r

where ¥ is the maxsimum specific growth rate, K , the saturation
constant, Y, growth yield coefficient, k,, the Specific decay rate,
¥, recirculation ratio V volume of the biological reactor, y, amount
of consumed oxygen per unit substrate renwova', C_, saturation concen—
tration of pure water under ambient conditionsg, @ , correction factor
for aeration coefficiept for wastewater, k,, aeration cpefficient of
the system for clean water, g , correction %actor for the saturation
concentration for wastewater, k o+ OXYgen consumption per unit mass
of microorganism by endogeneous respiration.

It is assumed that no biological reactioms 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 gide of the eq. 1l in classical activated sludge systems,
these terms will be neglected in further development of the mathema-
tical model, Thus eq. 11 simplifies to

dc \Y 8 C
- ' - - —— ™
= Vaky(C €=y — 0 . X, (2

Ké‘sl Kc*cl

v

dt

- kroxlv

¢) Mass balance at the sedimentation tank :

0 : (1+r)Q = rQ4Q + (0-Q) o T3
S (1*1-)081 = rQsvawsl~»(Q—Qw)s1 Y14
N dx,
k
X 3 (ler)0X, = (rQ#Q )X +{(Q~Q )X _+ I V (15)
1 QTG k=1 %k dt

The last term of Eq, 15 defines the change of microorganism
concentration in the sedimentation tank, For modelling purposes,



the sedimentation tank is divided into N horizoatal layers each

with a volume of V .
*k

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., Sl’ X.. xr' X and C1 are the unknown values.

The derivatives dSI/dt dx /dt and dC /dt can be expressed
as finite differences,

j j-1
ds gl - g
1 ]. - 1 1 (16)
dt J At
i j-1
dx x - xJ
L T S S . 17)
dt ) At
i i-1 .
dc. cd ¢
L] 22 : (18)
dt 1 AC

where t is a time interval and j denotes the time step. By substi-
tuting Eq, 16, 17, 18 into Iqs‘ 9, 10,12 and after some algebraic
manlpulatlons one obtalns t'ie following relationships for S, X,

and C,

for §:
i P . :
(Vg Yokt okdsl r ksl .
At 8 ¢ At [ [ Q 8 c 1

e wd™l ppded red LV J 3y2
{ — KS{ K@l bed i K4 Q0 }(59)

At At
_ J=1_ i NN, ' 19
{-—-M K, »-——M 5 Qsovxsq} §3 0 * (19)

(v hyshiel st s o o -
L

At 17
vv—KKSJl‘rKKQJSJ

s.c 1
At
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The relaticnships 19, 20 and 21 constitute a nonlinear system
of equations for the unknowns 5”,XJ) and €) which can formally be
expressed as

g5l x0,ehy =, im0, 2,3 : (2

A Taylor series expansion of the left hand gide of en. 22 up
to and including the linear torms is

£.(s7+ as?, Xl a¥, e acdym st ely .

. ) . . - S (93)
Caf,/ 987y as? + ¢ af /axty axt o 3¢, /ac) acd



Starting with an approximation s?, x?, ¢) at an iteration
step, the changes (48), 4XJ, AC)) can thus be obtained by substitur—
ing eq. 23 into 22 ,

@t,/8h) a5t + Qe /axd) axinae achacia bg 53, 6h) (2

eq. 24 is linear with respect to the increments ASJ, AXd and-acd,
The iterative solution of this system with

g? = s + 4! : : : (25)
) wxd e ax! (26)
cd = ¢l o+ ac! (27)

at each iteration step yields the solution of the original system
(Eg. 22). The iterations are terminated when,

eshH? + 0xh?+ ach? g : (28)
where ¢ is a specified positive upper bound for numerical accuracy.

However, to determine the SJ, xJ and ¢d with the procedure
mentioned above, XJ have to be given to the wodel as input. On the
other hand X! occurs after the X}, i.,e., fivst Xi enters the sedimen-—
tation tank apd settles. The concentration at the bottom of the tank
then becomes XJ, Therefore, it is necessary to solve the unknown
values by an iterative procedure, using the sub-models for both biele—
glcal reactor and the sedimentation tank., In gther words, there exists
?n iteration cycle for the determination of X% for all time steps

j= 1, 2,,..0).

Modelling of the Sedimentation Tank

In the sedimentation tank, the subsidence of particles is
hindered by the large wolumetriec concentration of solids, so that
deviations from Stckesian settling occurs. The extent of these
deviations depend: upou the limiting solid-riux at a certain section
of the tank (Usla, 1982} Therefore, the sedimentation sub-model is
based on the concest of drift~flux and considers the hindered and
flocculent nature of the gettling particles, In the model, drift~flux
is represented by the relationship develcped by Wallis as given below

(Wallis, 1969).
@ = Sa (1-a)" (29)

where § represents Arift-flux, S, the gettling velocity of particles
foc infinite dilution; @ the volumetric concentration of particles;
and n the Wallis coefficient,

In thiy study, the sedimentation tank is ~ssumed to have a
civeular layout with » conical cross—section, For modelling purposes,
two different zones 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 boundaryvonditions, that may be referred to as the "upper
boundary'uand the "feed plane” are introduced. The equations of the
model are 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 horizental
layer of thickness d, at depth 7§ is considered, where i denotes
the pumber of the layer as seen in Figure 2,

JAi-lwi-l a. ?TQ“i
i-1

CONTROL VOLUME Ay Ai

f.!“ . ’
inwi i1 1Qd.

i+l

Figure 2 : Control volume for the derivation of the
"above the feed plane” equations,

In the figure, Aj 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 @ .

da . :
(Q a G‘ D (QJu]TA ¢J) -V 1 (30)
1+1 o

whete 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:
dod V. . .
V. Lo (ad - 04_1) ) 31
oo a2

If eq. 30 is arranged by considering eq. 31, the following
expression may be obtained :

. .V, . . A
_ j 3, iy J _ iyl gt 2
Ai—lwi-l Q' R:_)ui - Aiai Qo * X:_ : (32)

b) Zone below the feed plane @

The control volume dlenvatlng the inflowing and the outflow-
ing slurry for this zone is shown in Figure 3. The volumetric
balance equations infinite difference form for this control volume
may be written as :



. s . V. . : V. .
--rQJug_l - A, # +(rQ+ —i—)ui +‘Ai¢€ g ag 1 (33)

i-1"i~1 At At
A, @, o, _
i-17i-1 4 i-1
CONTROL VOLUME, ui’ Ai
%+
Ai“i rQui

Figure 3 : Control volume for the derivation of the’
"below the feed plane" equations.

¢) Upper boundary(i=l) condition :

At the upper,boundary, the effluent overflows from the sedi-
mentation tank with a volumetric concentration of &,, and solids
leave this layer with the settling rate of A1°1 as shown in
Figure 4.

Qul

CONTROL VOLUME, al’Al

|

Algl Qu2

Figure 4 : Control volume for the derivation of the
"upper boundary" condition equations,

The volumetyic balance equation for this boundary condition
may be written as follows :

. v, .oV, -
-QJa:l - )a{ ~ A8 = L a{ ! (34)
At At '

d) Feed plane (izm) condition :

Since the tank is assumed to be of a central feed type, the
inflow epters the control volume with a volumetric solid concentra-
tion of+” , at a rate of (1+r)Q. The outflow rates and concentra-
tions may then be degcribed as in Figure 5.
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Figure 5 : Control volume for the derivation of the
"feed plane" boundary condition,

According to Figure 5 the volumetric balance may be written
as .i

: v : . v : PR
-1 =
-a_9) + () — ol &A@l = - 7l (eda™ (3)

A careful examination of Eqs. 32, 33, 34. and 35 indicates
that, the left hand sides of the mentioned equations c¢ontain only
the unknown values of !, 1t should be noted that the drift~flux
B1 is also a function of o) (see Eq. 29) and therefore, only the
a” may be considered as unkgown values. Using.a Newton-Raphson
procedure the solution of a°, and therefore @ can be achived.

CONCLUSION

With respect to input, output and reactions taking place
within the system, the 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 varying
response. In the design of these facilities carried out so far,
this fact, although recognized, has hecn 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 atre
also dealt with in an empirical manner, and both the flexibility
and the cfficiency of operation have often used to be a function
of operator ingenuity (Ott 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 the minimum level. With such a model, it will be possible to
pbserve the response of the system to varying inputs, operating
policies and procéss controls within a short period of time,
Thus, decisions for both design and operation may be made om a
much more realistic basis,



In this study a mathematical representation of a hiologiecal

wastewater treatment system is elaborated emphasizing the inherent
dynamic naturce of such systems. Besides the conventional substrate
and microorganism balances the dissolved oxygen has been involved
a5 a main state variable into the system, It is thus possible to
utulize this model in energy economy congiderations,
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Dokuz Eylil Univ, Fac. of Eng, and Arch,
Env, Eng. Dept, Bornova-lzmir-Turkey

INTRODUCTION

Rates of exploitation of natural resources as well as environ=
mental pollution due to waste disposal both have very serious
dimensions in Turkey. Population prowth rate which could not have
been decreased in spite of widespread contreol programs atl over
the country and morcover the 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 deto-
riorates the quality of life {s the problems related with water and
wastewater management as well as other municipal and industeial
infrastructures. Various environmental problems taking part in these
throe basic groups are in contradiction with the basic principle put
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 hoth the state and the citizens to
develop the environment, to protect the envirommental health and to
prevent environmental pollution",

As can be understood from this principle the state bold respon-
sible all concerned including itself, people and estublishments in
order to avoid these contradictions. In parallel with Article 56 of
1982 constitution, an "Environment Law'" has been passcd by the
Parliament on 1l August 1983, With this low a legal framework for
preparing a valid cnvironmental pelicy to protect and solve problems
of poliution, It is hoped that with the help of this legal framework
modern epvironmental science and technologoy, social and legal
adjustments can be adapted in Turkey, Environment law foresces a
number of regulations to be issucd within one year to cover policy
requirements and cnvironmental standards,

Preparation, issuing, application and inspection of thesc
regulations which are the essential elements of the Envirooment law,
as well as developing environmental protection techniques, project




design and operating the waste treatment plants to be made effective
under this Law require qualified manpower of different professional
backgrounds such as, enginecrs, lawyers, ship crew, treatment plant
operators, laboratory technicians, ete. This manpower requirement
has been investigate mainly in view of the professional approaches
and what nceds to be done for the regulations to be issuced,

Due to the multi-disciblinary character of the environmental
issues, many different professionals are to bring about their own
professions, methodologies and they must be combined to solve the
environmental problems, That is why cach 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 bureaucratic practices
and becomes a dangerous draw-back in the solution of environmental
problems, Solution, however, lies in the togetherness of different
groups of experts specially qualified for environmental matters
coming from g diversity of professions,

2. REGULATIONS TO BE ISSUED ACCORDING T0 THE ENVIRONMENT LAW
AND PREVIOUS LEGAL STATUS

Until the Environment Law of August 1983, envirommental prob-
lems were dealt with 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 classitied according to their
subjects, Moreover it has been found that 38 regulations have
environmental implications but have not buen mentioned in Table 1,

Table 1 , Legal acts pertaining directly or indirectly
to the environment (Ural, 1981 ; Akalan, 1983)

Subject Number of l.aws

Land and Soil usage 33
Protection of natural and historical

environmeats 33
Water, water usage and pollution 22
Energy production and usage 8
General environmental issues 7
Traffic and noise 6
Air pollution 4
Solid wastes 3
Pesticides ) 2

TOTATL ) 118



Besides these summarized above, Enviromment Law is an inieg-
rating legal framework and must be followed by sceveral new regula-
tions summarized in Table 2. In this table topics to be dealt with
as well as the reference article number have been indicated,

Table 2, Regnlations to be issued until August 1984 according |
to Environment Law (Act No:2872)

Article No Subject of the Regulation
8 Abatement against pollution (Mcdia
. Standards and waste disposal metheds)
9 Environment protection zones and their
managitment
10 Environmental impact assegsment

methodologics and application

11 Techniques to be involved in effluent
discharge and waste disposal, techno-
logical advancements, alturnatives
and efficiencies

12 . Inspection of trecatment 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
24 . 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 Envivonment Law, manpower duely educated to alleviate
with cnvironmental problems must be planned, Experiences have
shown in the past that the most important clement in é¢nvironmental
management has been qualified manpower sufticient in number to
detect and seolve problems, For example, this has been onc of the
most important reasons why "Water Products Law" Reg. 3 has not
been ¢ very successful achicvement for water quality managemont,
That is why we think that extensive education programs at scveral
levels is a necessity to put Environment Law into acvtion.

In this part of the paper manpower potential requirements has

been qualitatively discussed for this purposc, Ot coarce, unless
the categories of manpower necessary for implications Hf Environ-
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ment Law are deseribed also by the number of people needed educa-
tion planning is vot complete, But given the data and information
at bhand, qualitative description is as far as one can go for the
time bei g,

Management

In order to prepare and conduct a good ‘environmental manage-
ment plany 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 scicpces, law, etc,

NData Collection and Evaluation for the Environment

In order to prepare a valid environmental management program,
it must be based on a comprchensive data base. In order to do that
one must continuously monitor, record, evaluate and publish envirop-
mental indicators such as physical, ecological, social, economice
and acsthetic 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 informatiom a group of experts is
necessary s well as suitable laboratories and similar facilities.
Data collection 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 unrasolved environmental problems.
For usable data generation a group of qualified technicians is also

-very Lmportant,

Evaluation of collected enviropmental data is a good step
forward in defining the cpvirommental quality, .in sctting environ-
mental standards in preparing pollution abatement plans and their
inspection, .

Euvironmental Impact Assessment, EIA

In principle, projects aiming at social development must be
discussed in view of the general accoptability as far as enviren—
mental values are concerned and they must be permitted for an
environmentally sound and use, resource cxploitation, production
technology, vte. This need is put forward by the Environment law
and a decree must be prepared to describe the workability of the
ETA. At the same time the Law states in favor of the "polluter
pays" principle, thus mentioning the responsibility of polluters
for measures aiming at prevention of pollution, Only with the
condition that if these porsons can prove they have taken all
precautions to preveant pollution, they can be freed of legal
charges. Al the project stape an ETA 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 ElA~report can
only be helpful if it is prepared and evaluated by qualified
professionals,

Decision-makers are well aware of the need of a standard
guideline for evaluating enviroumental effects of development
projects. By ETIA-method screcning the alternative projects can be
made on an vnvironmentaly sound basis, by taking into considera-
tion the location and technelogy involved in each alternative,
ElA 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 e¢nvironmental
indicators, It also requires a homogeniziug effort to put the
different approaches of these experts into one single logical
approach, Synthesis of the outputs of these different professions
iz a difficult job and special knowledpge and experience is needed
for homogenization, Especially at this stage experts that can see
the problems on a makro level and at the same time can go into
details of the projects are to be appointed for this synthesis
work, Obvious!y personal abilities are of importance but an
engincering bacground with special emphasis to the cuvirooment 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 enginecering applications,
environmental technology requires a detailed work from a group
of engineers related with it, Required Environmental Enpincering
services can be groupped into three categories as follows

Planning engineer : Planning engineer bridges between.the
general environmental politics and detail generating field or
project engineer. That type of a job requircs a pood environmental
engineering bacground along with a basic experivnce in planning.

0

Project eppineer ; To treat the envirommental pollutants, to
dispose them in an approable way and to make them less objeettion~
able to the environment suitable technological applications must
be made in projects. Water supply and scwerage system design,
treatment of domestic and industrial waters and wastewaters
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 are¢as must be followed and evaluated for
suitability in this country. Such enviroomental Engiﬁuuring appli-
cations require a specialized group of educated and trained man-—
power, Tt is interesting to note that among the environmental
cngineering burcaus newly being established in this country. Some
are made up of chemical, mechanical, even agricultural cengineers,

Due to the multi-disciplinary character of the environment
oriented projects several major engineering fields must [ind
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their specific share in these technologies such as civil, chemical,
mechanical,. electrical, electronic, computer, ete, For example in
wastewater treatment plant design, prestressed concrete struclures
will make a good field of interest for a civil engineor; mechanieal
cquipment sclection and design for a mechanical engineer, corrosion
control for a chemical enginecer, automation and even micro-processor
control systems for an electronic engineer etc, are important topics
that requires special experienced engineers coming from these ficlds,

Operating engineer 3 Plants aiming at protecting the environ-
ment must be operated under the responsibility of enginecrs speci
specially trained for the plant and for the environment. Tt might
be understood from the discussions above, that such plants might
be a complex ope and usually requires attention of an expert
engineer for efficient operation. Thérefore operating engincer must
be capabte of running the plant smoothly and continpously and at
the same time he must know whiat 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
cxpertise and know-how have been transferred for their erection are
not in good working conditions. Only knowledgeable apnd specially
trained operating personnel must be involved in these plants.

Environmental technology is being produced in this country,
toe, but its success largely will depend om specially trained
operators and operating enginGErs.

Inspeclion

Along with the Environmental Health inspection scrvices
connected with the Ministry of Health and the munieipalities, an
inspection mechanism must be established in order to implement
successfully the Enviromment Law and its regulations and decrees.
Municipalities which might have been congidered good focal points
for all the environmental inspection scervices are not, however,
equipped with "environmental protection and pollution prevention
units. Tf well established wnits.can be founded for langer munici-
palities and if these unit can employ qualified covironmental
engincers, techniclans and inspectors, municipalities can be good
focal points for environmental inspection, indeed. Thus, the
cnvironment 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
qood focal points for inspection work, But we think that in order
to base local programs on real data, inspection must be planned
at the urban plaoning - engineering foregrounds. Thus municipal -
infrastructure engincers and architects specially expericnced in
envirormental problems must be held responsible for local inspec-
tion programs, Inspector and techniclan level manpower must also
be sufficient for this duty both by qualities and quantities,



RESULTS

Planning of manpower which is required by lepislative regula-
tions and the edueational program adjustments which shonld be
achivved under this plan are expressed above, In our opinion, in
the cducational programs of professional disciplines which are
related to environmental issues, a similarity among the offered
courses should be provided to enable the cducated prople who
specializes in different fields, understand each other. These
classes 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
envivommental problems. Environmental engineering is ou the first
line among them, We think that solutions to the environmental
problems should be looked for from the platform of cnginecring.
Since, most of the problems arise from technological applications,
epgineering provisions are nccessary. On the other hand, environ-
mental engineering program should based on considering multi =
disciplinary character of the matter, Because of this reasen,
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 depariments scem locking
of planning and management functions compared to projecting duties,
It is possible to discuss the availability of couple of courses
which are taken into the program such as urban planning, cnviron-
mental minagement, environmental law, to meet the country's needs.
But, it is known quantitatively that this type of voursces which
provide broad horizons are difficult to be oftfered more than the
present situation, On the other hand, employment problems do not
Lot the environmental engineering ro be disintegrated particulary
from civil cngincering. For example, environmental engineers de
not have o unity to establish a chamber yet, Boecause of this
reason, graduated eavironmental engineers lave to join civil
vngineering chamber to have the right to sign op the projects.
Minimum requircments of. standard educatiuial program of Civil
Engincering which is approved by higher educational council are
provided to keep this right.

Consequently, despite many rescarchers who claim the hazards
and negative points of rapid improvement and having responsibility
of environmental engincering on the solutions to the environmental
problems of the country, (Ar and Kuleli, 1983) this discipline is
the casicst professional branch to be shaped into the desired
multi-disciplinary environmental approach. Although, required and
clective 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 capincer may play
a key role among the other specialists who put their own vfforts
into the ficld, unless he or she grasps basies of the necessary
mechanisms of multi-disciplinary e¢nvironmental management approach
such as technics, plaoning, cducation, fundamental scicvoce, medical
sciencd, law. Perhaps, it should be stressed the impurtuquc ot

usLu



personal skill and talents of the engineers who will take this
duty, In 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 similar environmental courses and if it is possible, after
finishing envirounmental options, they should be hired,

Special emphasis should be given to develope technical man~
power and during the studies a eoordination among them should be
maintained,
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INTRODUCTION . ' . .

The addition of low doses of aluminium salts (5 to 20 gAl/m3)
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 AlPO, and even in a
lowering of the concentration of dissolved organic matter by
adsorption on the flocs 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 Al(504)7 and NaAlOp. TFor 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 anedising 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 hefore 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



an important advantage that these baths can be applied directly, .
without any special pretreatment, to the primary flocculation of
wistewater in a nearby plant where domestic wastewater is treated.

The average characteristics of those spent baths are :
Pickling bath  Anodising bath

Al,(504)4 (g A13*/md) 13 - 18

NaAl0y (g A13*/m3) 30 - 80
Density (g/ml) 1,13 - 1.35 1,17 - 1.19
pH - 11,5 - 12,2 0.19 - 0.24
7504 (g/1) 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
(Ataerts et al., 1982[2]) it was conclude that the optimal A13*
dosis was about 10 g/m3, 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-
sedimentation stage would incorperate a flocculation step.

In cooperation with the engineering office be 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 ...lids. The mixed waste
sludge is thickened, dipested anaerobically, press-filtered and
incinerated.



During the runs, that lasted almost two months, the concen-
trated solutions of recuperated aluminium sulphate and sodium
aluminate 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
to the incoming flow, a constant dosis of 10 g Al3*/m3 wastewater
has been applied during the whole experimental period, and a
constant composition of 60 mol 7 Aly(S04)q and 40 mol 7 NaAlOp
has been installed.

The impact of dosing A1 salts on the treatment afficiency
could be evailuated 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 | 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 s1m11arxty bvtween the
results from the three kinds of experiments, which is very
important since from it one may conclude that the optimalisation
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 aluminate or mixtures of both salts), of the flocculant
dosis and of the pH of floecculation, have been investigated.

As can be seen from table 2, the effluent gquality of a
wastewater flocculated with un equimolar mixture of aluminium
sulphate and sodium aluminatv, improves on increasing the floccu-
lant dosis. Generally speaking, 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? A13*, whereas the
removal of suspended solids and of phosphates decrease futrther by
invreasing 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

has been studied on a number of wastewater samples., Both
Aly(50, v and NaAlOp salts have been studied and the results are
shown o table 3. Under some circumstances the COD after
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Table 1. Effect of A13+ {10 gfm3 as 60 mol I Al,(S0;)3 and 40 mol % NaAlOp) on removal

of BOD, COD, TSS and Phosphorus from sewage effluent

comparison of data

con BOD TSS POQ—
In OQut Removal! In Out Removal| In Qut Removal ! In Out Removal
R (mg /1) 4 i (mgfl) % {mg/1) z f(mgP/l) 4
-
without | 243 226 7 | 80 76 5
Jar Tests
withal3*| 243 137 44 : 80 27 66 41 12 72
without 249 329 0 66 107 ] 37 29 23
Pilot Plant
with a13%} 249 148 41 125 468 46 66 27 59 37 16 58
without 299 260 i3 149 141 5 115 85 26 8.3 11 o]
Schijnpoort I
with 41 299 180 40 149 95 36 115 46 60 8.3 2.3 72
!
i 1




Table 2. Reduction of COD, TSS, and ortho-phosphates and sludge
production as a function of the Al3*-dosis

A13+~dosis con TSS P043- Sludge-amount
(g AL3*/m3) e/md | @my | @md (g/m)
0 250 73 34 67
5 159 47 22 114
10 143 29 13 142
15 131 20 7 165
20 119 22 3 185
30 120 4 1.3 217
40 118 12 0.5 260
L 80 111 8 0.1 386

flocculation becomes lower than the COD one would obtain by

filtraton,

From the table one can see that the influence of pH

is most promounced at low dosis of flocculant, and that for a
given flocculation-pH and a given deosgis the COD-removal with
aluminium sulphate is generally 10 to 20 % better than with

sodium aluminate.

Table 3., Ratio of COD after flocculation to COD after filtration
as a function of flocculation-pH and dosis Aly($0,)4

or NaAlOy
Dose AIZ(SO4)3 pH=7 | pH=8 | pH=9 |[Dose NaAlO, | pH=7 {pH=8 |pH=9
g AL3* 3 g Al3* /3
0 1.86 | 1.64 t 1.24 0 2.00 [ 1.846 {1.37
5 1.1811.0810.98 5 1,37 | 1.45 {1.41
10 . 0,98 10.98 | 0.92 10 1.24 11.25 |1.41
30 0.84 ;0.87 ]0.90 30 1.06 {1.14 [1,16
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e influence of Al-dose and flocculation-pH on removal of
suspended solids is shown in table 4. Here also the lowest TS5~
values after flocculation are obtained with the highest Al-dose
and at the lower pH-values. NaAlQ; seems to perform better than
A12(804)3, except at pH 9,

Although pure aluminium sulphate gives better results than
sodium aluminate, the application of a mixture of both aluminium
salts is considered since both aluminium compounds are wasted in
the aluminium anodising industry, and sinece the application of
aluminium sulphate alone may necessitate a pH-correction,

Based on the pilot plant results a mixture of 60 mol 7
aluminium sulphate and 40 mol % sodium aluminate and a dosis of
10 g A13*/md has been chosen for plant operation.

As shown in Table 1 :

The COD removal efficiency by sedimentation alone was on
average 13 7 whereas by primary flocculation the COD removal
efficiency varied between 23 and 61 7 with an average of 40 7,

A similar result was observed for the BOD removal the
efficiency varies between 23 and 69 7 with an average of 36 7, to
compare with 5 7 removal by sedimentation alone.

The average removal of suspended solids by sedimentation was
26 7, whereas by flocculation this varies between 39 and 89 %,
with 60 7 as an average.

Table 4. Suspended solids coﬁcentration (g/m3) after flocculation
as a function of flocculation-pH and dosis A12(SOA)3 or

NaAlOZ.

Dose Al,(S0,), | pH=7 |pH=8 |pH=9 {Dose NaAlO pH=7 [pli=8 |pH=

ye 2o 473 34 3 2 (

g Al” /m 2 Al” /m

0 133 1133|120 0 87 89 , 56
5 102 89 84 5 4y 71, 80
10 62 51 64 10 25 53 {102
30 22 24 42 30 N 16 |‘ 67

i




By sedimentation there wa# no removal of orthophosphates
observed ; with the addition of 10 g/m3 A13% 57 to 97 7 of the
phosphates are precipitated, with an average of 72 7.

Sludge production

As the flocculation of raw wastewater with Al3'-salts results
in an important increase in the removal of COD, 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 marerial
by flocculation, there is a reduced production of excess activated
sludge.,

Flant scale experiments confirmed that there is an excess
production of sludge ; by addition of 10 g/m3 A13* the amount of
sludge produced is 20 Z higher than produced by the conventional
treatment. The amount of sludge per m3 of the wastewater is :

convent ional flocculation with
10 g/mJ A13+
'primary (g/m3) Q 70
excess activated sludge (g/m3) 110 60
chemical sludge (g/m3) - 40
Total (g/m3) 140 170

CONCLUSIONS

Primary flocculation of wastewater with 10 g/m3 A13+, as a
mixture of 60 mol 7 aluminium sulphate and 40 mol % sodium alumi-
nate results in :

~ 30 7 more removal of BOD in the first stage

- at least 35 % more removal of COD in the primary settling

= a removal of 70 7 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  fl. nt nakes it possible
to decrease the volume of the aeration tank by at least 30 Z. The
energy consumption alse decrcases of appruximately 30 Z. This
means for a sewape treatment plant of 100,000 p.e. an energy
saving of 500,000 kWh per year, which is, 'y all means, not ;
negligible, Primary flocculation may also be advantageously p
applied in cases where a treatment plant i- systematically over- /
loaded : the provision of a primary floc.orilation, which does not
mean an important investment, can gpive the plant a relief so that
an effluent can be produced that apain rmee:s the required
standards.

In both cases one must be able ‘o hardle the extra amount of
sludge. For the dose of 10 g/m3 Al thi . represents approxi-
mately 20 % more sludge, compared with t} conventional treatment,

An elegant and profitable meth.d to dispose of spent con-
centrated baths from the aluminium inodi :iing industry consists in
dosing these liquors in sewage tre: tment plants, especially these
that are temporally or constantly cverlosded, provided of course
that these plants have space capacity for handling the excess
sludge.
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A NEW APPRUACH TO IMPROVE THE FILTRATION

AND DEWATERING STEP USED IN RECLAIMING WASTE COAL
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INTRODUC TION

Energy is essential for development. One of the main sources of
energy worldwide is coal. During its production however, thousands
of tons of waste cral ave pemevated every year at the mines. This
portion consisting mainly of fine particles has a high ashand sulphur
conrent and needs to be rid of them before it can be used. Onc of the
ways commonly used for reclaiming the waste coal is washing followed
by vacvum filtering of the coal slurry and heat~drying of the filter
cake. 1wo of the major drawbacks of this method are: 1) it is an
energy—intensive operation; and 2) the heat drying step causes air
pollution problems.

To improve the process, the Filtration step must be improved so
that the meisture content of the filter cake, and in turn the heat
drying cost is kept at a minimum. Since the particle size 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 ipvestipated in this study by using different frac- -
tions of fine coal obtained from Pittsburg Seam-Bruccton Mine (USA).
In addition, change in specific cake resistance, porosity,permeability,
and the moisture content of the filter cake with changing particle
gize were also studied. Based on the results obtained in this study
some Tecommendations are made for making the process more efficient
and in turn economically more feasible.

BACKGROUND

Fine coal fraction of a coal stream is that fraction which con-
tains particles less than 500 um. This fraction is cleaned and



recevered to reduce the loss of coal. When this fraction is subjected
to wet cleaning process it results in a coal-water slurry. The re-
sulting slurry is dewatered afterwards, and a filter cake which has
high 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 parametcrs 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 dwatering
of fine coal slurries, Gala and Chiangl alse 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 decrvase
the average particle and pore size and this results in lower filtra-
tion rates.

Besides theserecent studies, there are also some other works on
this subject. Fuhrmeister? observed that as the percentage of fines
increases, the final molsture content of the coal cake also increases,
Another similar work was done by Grayb4 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, lLeininger et al? worked with ultrafine particles and
they obsetrved 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 filrrarion
and dewatcering of fine coal has becn done in this study. /

MATERIALS

This work was carried out using coal from Pittsburgh Scam
Bruceton Mipne, Two different batches of -32 mesh gize (run of mine)
coal were tested. Different size fractioms (-200; -100+200; -100;
-32+400; -32+4100 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 © slan microscope and an
Omnican Image Analyzer. Results are su in Figure 1.

For. preparing coal-water glurricvs,distilled water was used.
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APPARATUS AND PROCEDURE

Experiments were carried out in a filtration unit made of a
eylindrical 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 contains a load cell-transducer system
(supplied by Gould-Statham 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 give electrical

signal to the recorder. That way, the rate of filtrate is recorded
precisely.

The scepage of the filtrate around the periphery of the coal

filter cake is prevented by covering the inside surface of the
eylinder with a rubber slerve and applying vacuum to it. When the
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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 water 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 unit. 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
roming out of the filter cake is very low. This period was set as
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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, the 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. The thickness of the filter cakes was about 0.02 m, All the
parameters except the particle size were maintained constant during
the experiments.

Effects of larticle Size Distribution

Particle size distribution was examined by working with the same
size, but different batches of coal having different size digtribu-
tions. Particle size distributions are given in Fipure 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 characteristies. The
filter cake of first batch of coal is less permeable than that of the
gsecond batch. Since the fraction of big particle iz 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 sccond batch. Also, the specific cake resistance changes from
2.92 x 109 to 2.17 x 107 m/kg from the first to the second batch.This - u
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 Flne
Coal for different batches -

1 st batch of =32 mesh 2 nd batch of -32 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. Eff.ct of Particle Size on Filtration and Dewatering

Partiche iz Curi Fatmat yon Average Specific Cnis Fermeability, Muisture Content, 3
watt iy we Porosity _ Resiatguey, 16° miug darcy kg vatsr/hy cual
-3 140 Q487 (0,008) 1.92 (D24 0.53) (0. 138) 25.66 (D.%%)
=1y 1.5 0,691 (0.028) .44 (0.92) 0,262 (0,050) 690 {1.68)
200 1.8 00500 (ely 2o ey Q.127 (G.urey 3094 (4. Kby
ety LI 0.562 10.007)  2N.67 (4.12) .07 .01 m

T valuny grerh o parentheedy dre the atandard deviatione.

even though the difference in size dis:ribution is not great.

Effect of Particle Size

The experiments with different size fractions of coal has shown
that the particle gize is a very impurtrnt 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 gize decreases, the filter cake becomes more
porous and at the same rime, less permeable. More porous means more
trapped moisture, and less permeable means higher resistunce to
fiitrate flow or longer filtration time. The filtration time doubles
from -32 to -400 mesh gize while the moisture content increases about
21 percentage points. However, ag 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 cake.



Table 3, Effect of Removing Fines from -100 Mesh Coal

Farticle Siew Cake Fimmat wun Speviliv Coke Peria oty LALYT I FITYRR IR PENPRRES I
el Eitw, R Rewaneaner 8 0OV m7hp darcy R waterdbg coal

-100 16,5 §,45 10.97) a.287 (0.0%0) 4,00 (L.th)
-4 .6 1,02 487y 0.127 th.DM) .Y 1.0
14K 200 1.4 2.3% 0. Q.75 0.28%) IRt

The valuew given in patenthesin are the standard dovistions,

sharp increase in moisture content occurs when the size becomes
smaller than -200 mesh (7% wum). Based on this result it can be
concluded that the particles smaller than 75 um wmainly contribute
towards the large increase in moisture content in coal filter cakes.
Another important parameter which had to be investigdated was the
effect of ultrafipe particles.

In Table 3, the effect of removing the particles smaller than
200 mesh size from ~100 mesh size coal was shown. Removing that frac-—
tion causes a 6.5 percentage points decrease in molsture content,
The increase in filtration rate can be ohserved 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 mes size coal decreases the filtration
time from 16,5 to 11.5 seconds. this means higher filtration rateg
are obtained with the removai of fines. The same conclusion results
from the comparisons of specifiv cake resistances and permeabilities,
too.

Table 4 also shows the effect of particle size om filtration amd
dewatering., Here, the particles smaller than 100 mesh and the parti-
cles smaller thar 400 wmesh .:re removed ¥rom the first and second
batch respectively. The rem.val of fines improved the filtration and
dewatering as it was obscrved from the filtration and dewatering
characteristics. Five perceutage peints decrease in moisture content
ig 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 109 w/kg to
1.980 x 10% m/kg. The 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
dacrease in filtration time); and less porous which, in turn results
in higher dewatering rate (5 percentage points decrease in 'wisture
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 4., Effect of Removing Fine Particles From -32 Mesh Coal

Farticle Size Filtration Average Spteific Cave Pyrrwabiticy Heipture Contenr, T

wrih rime wec Paroeity Real 10% mivg darcy kg viter/ig eoal
Suel00 fhse bacch)  17.3 O.aBk (0.0)8) 7,41 (D.82) 0.597 (0.007) 18,66 (0,97
37 {1ec bavch) 150 0.687 0008 2,92 (0.74) 0433 (0,124) 23,06 (0,89,
S32e400 C2nd batch) 313 0030 €003y LB (1.4%) 0.791 (0.02) 20,94 (2,40
-2 (2nd baeh} 9.3 0.3% (0.020) 2,17 (9.78) 0.283 (u.130) 2445 (177
T walues R1%6h in parsnghesis are standard dvvistions

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 case, the variation in particle size is reduced, because
most of the small particles are removed. And this results in more
improved filtrationm and dewatering characteristics. However, a
compar ison between =32 + 100 and -32 + 400 mesh size coal will not
be accurate since their batches are different.

CONCLUS LONS

1. Particle size and particle size distribution have great
effect on filtration and dewatering of fine coal. Increasing
average particle size, increases the average pore size and
this tesults in improved filtration and dewatering.

The increase in molsture 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 Filtration Average Specific Cake Permeability Moisture Content, %

mesh time, sec Poresity Resistance, 109 m/kg darcy kg water/kg coal
~32+1040 {1st batch) 17.5 0.486 (0.038) 2.41 (0.83) 0.597 (0.033) 15.66 (0.97)
-32 (lst batch). 15.0 0.487 (0.008) 2.92 {(0.74) 0.533 {0.126) 25.46 {0.539)
-32+400 (2nd batch) 11.5 0.515 (0.033) 1.98 (1.49) 0.791 (0.402) 20.94 (2.40)
=32 (2nd batch} 9.5 0.534 (0.020) . 2.17 (0.28) . 0.789 {0.131} 24,65 (1.72)

The values given .. parenthesis are standard aeviationms.
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Particle °° “ake Formatior Average Specific Cake Permeability, Moisture Content, %
mesh time, sec Porosity Resistance, 10° m/kg darcy kg water/kg coal
-32 15.0 0.487 (0.008) 2.92 (0.74) 0.533 (0.126) 25.46 {0.59)
=164 16.5 0.491 (0.026) 5.45 (0.92) 0.282 {0.030) 26.90 (1.66)
=200 . 29.8 0.525 (0.013) 13,20 (2.49) 0,127 (0.028) 30.94 (1.86)
-400 33.3 0.562 (0.007) 23.67 {4.72) 0.075 (0.012) 19,93 (2.12)

The values given in parenthesis are the standard deviatioms.

Particle Size Cake Formation Specific Cake Permeability Final Moisture Centent,Z
mesh time, sec Resistance x 1010,m/kg darcy kg water/kg coal
=100 16.3 5.45 (0.92) 0.282 (0.050) 26.90 (1.6b)
-200 25.8 1.32 (0.35) 0.127 (0.028) 30.96 (1.86)
-10G+200 11.5 2.35 (0.47) 0.759 (0.245)

20,35 (1.29)

The values given in parenthesis are the standard deviations.



