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I. INTRODUCTION

This report is the result of the Intemational Symposium and Study Tour
on Wastewater Technology for Developing Countries held at the Nuclear Research

Centre Karlsruhe, from 18 to 28 November 1980.

The objectives of the Symposium and Study Tour were:

to exchange information on current knowledge on wastewater treatment
in developing coumtries and in the Federal Republic of Gemmany;
~ to identify gaps in knowledge and action in wastewater treatmemnt
relating to informatim, research, training and operati o in the
" developing countries;
-~ +to0 examine current policy trends and ma.négenent practices in wastewater
treatment in developing countries; |
- to examine new methods and technologies for wastewater treatment
especially relevant to the developing countries;

~ %o indicate future co—operation in this area.

At the conclusion of fhe Sympo siun, participants recommended that the
findings should be disseminated as widely as possible. It was felt that the
infamatia contained in this report would contribute to fulfilment of the
relevant Governing Council decisions in this area and toi fhe objectives of

the Inte mational Decade fbr Drinking Water Supply &xd Sanitatim

(1981 - 1990).



II. STATEMENT AND RECOMMENDATI ONS*

l. The Internat ional S;,;mposiem has been very useful in transmitting
knowledge and infarmati m on waste'water ménagement for developing countries
and permitting an exchange of infomation in this field., In recognitim of
this, internatimal organizations and donor countries should contime to
support mich symposia and-related study tours, paying special attemtion to
the participati m of both professionals amd persons responsible for decisim

making in the area of wastewater management.

In order to gain a high &egree of effectiveness, the following additional
activities are rec amended: | |

(a) The report and other documents from this Symposa.um

should be widely dlstrlbuted |

(b) Specialized courses o SpelelC aSpects of wastewater »

management should be orga.mzed;

(c) Selected research projects, studies and a pilot demonstration

project should be initiated.

2 The Symposmm conoluded that in the developing countries policy on
samtatlon has 80 fa.r appea.red 1o be less effectlve than that on water supply.
In order to a.chleve balanced development in th:Ls field and to promote social
benefits, it is recommerded: .

(a) That Governments should give higher priority to wastewater

management as part of an over—all policy to improve basic infrastructure;

* This statement was drafted by Symposium participants during the last
plenary session held on 28 November 1980.
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(b) That international and bilateral lending agencies should
improve their apfn‘aisal and repayment condi'ti.ons;

(¢) That quality standards should be reviewed periodically,
taking”into. account advances in technology, scientific knowledge
and socio~economic conditions;

(d) That the search for affordable low-cost sanitation options
should be intensified with a view to attaining the goals of the

International Drinking Water Supply and Sanitation Decade, 1981-1990,

3. The major technical bottle-necks in the field of wastewater collectim
and treatment are lack of technical experience, shortage of trained manpower

and insufficiency of infrastructure.

It is recommended that UNEP, WHO and the industrialized countries should
assist developing countries in:

(a) training engineers, technicians and operators;

(b) preparation of guidelines to govern the collection and

treatment of wastewater;

(c) devising incentive schemes to attract ard retain staff in

the sanitation sector;

(d) ensuring a high level of community participati m and self-help;

(e) introduction of sanitation and hygiene in school curricula.

4. Industrial pollution is increasing at a more rapid rate than pollution
fr an danestic sources. Therefore:
(2) priority should be given to incentive programmes to discourage
pollution by industrial establishments;
(b) appropriate land use policies and zoning ordinances should be
promulgated as a tool for ensuring control of water pollution;
(¢) in many cases, combined treatment of municipal and industrial

wastewater warrants consideratim as a measure for pollution control,
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as is evident from the experience of industrialized countries;
(4) industrial polluters should be charged in proportion to their

discharge of pollutants,

An important factor is the high cost of acquiring technical expertise

and importing equipment into the developing countries. In order to improve

this situation and to facilitate transfer of technical knowledge, it is

recommended that:

(a) applied reseafch and technical develobment in the developing
countries should e increased; |

(v) co~operation between marmfacturers and researchers in
developing and developed countries should be intensified;

(¢) pilot plant projects in the developing countries should be
established on the basis of bilateral co-operation;

(d) an internationally unified terminology should be developed

and common informati m storage and retrieval procedures encouraged.

]



ANNEX A PROCEETI NGS
a. Background |

The United Nations Emvironment Programme, and the Federal Ministry for
Research and Technology through fhe Nuclear Research Centre, Division of
Water Technology, Karlsruhe (of the Federél Republic of Germany) organized
a symposium on wastewater trea’c'ﬁie’nf (bbth domestic and industrial) in
developing countries in Karlsruhe, Federal Republic of Germany, from 18 - 28
November 1980,

The symposium brought together 45 administrators, policy makers and
professional technicians fram 23 selected countries for in—-depth discussion

and study of this area. The participants came from the following countries:

Argentina Pakistan

Bangl adesh Papua New Guinea
Bolivia Peru

Brazil , Saudi Arabia
Colombia Tanzania
Ethiopia Sweden

India Thailand

Jordan Turkey

Kenya - Yemen

Korea, Republic of Germany, Federal Republic of
Mexico Philippines
Nigeria

The World Health Organization (WHO), the Ministry of Technical Assistance

and the Geman Association for Water Pollution Control were also represented.

The symposium consisted of an extensive study four of wastewater treatment
faeilities in various localities in the Federal Repﬁblié of Germany as well as
'presenta.fion and discussion of a'éeries of papers on various aséects of
was tewater t‘rAeatment. Papers were presented both by experts fram .‘the Federal

Republic of Germany ard from the developing countries.

. Country Monographs

Participants also prepared monographs on the following topies:
(a) Descripti mu of domestic wastewater treatment facilities (type;
scope of coverage in terms of population and area; mature of treatment

of wastewter; final destination and use - if any - of ef fluent ) ;
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(b) Operation and management problems;

(¢) Urgent research and technological needs in domestic wastewater
treatment;

(d) Possible solution of the problems identified in (c);

(e) Description of significant industrial wastewater problems;
(f)‘ Current approaches to industrial wastewater problems;

(g) Identificatim of gaps in either knowledge or action and an

5
indication of possikle measures to close or nxzrrow these gaps.

The summary of the country monographs was prepared by the Symposium

Secretariat, and -is attached in Annex D.

bo OEem%
The opening session was addressed by Dr. Ekkeharu Abel, representing

BMFT ard Mr. H, Sakimura, representing UNEP,

In his opening statement, Dr. Abel said that the Federal Ministry for
Research and Technology and UNZIP recognized the fact that envirommental
problems were becoming increasingly important in most countries of the world
and that research and tgqhnology were able to makc significant contributions

to the solution of these problems,

Dr, Abel further stated that while it was up to the countries of the
third world to decide which technology was best suited to their development
. 4 _')
policy objectives, the Federal Republic of Germany was preparared to co-operais

in the selection and development of suitable technmologies by offering the

experience available in this area.-

Dr. Abel stressed the importance given to envirormental protectim in
the Federal Republic of Germany since 1969. Environmental protection was on
a level similar to that of such public services as social security, educationel

policy or economic and employment policy. An aspect of this policy of
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particular importance to the International Symposium concerns the prominence

given to internatiomal eo-operation,

Since the establishment of new policy, eonsiderable improvement has
taken place in regard to solid waste management, air pollution control,

sewage treatment techniques, noise pollution eontrol, etc.

In conelusion, Dr. Abel suggested that the task of providing acceptable
sanitation and drinking water to the 75% of the people in developing countries
who do n&t have such provisim was indeed a major task, whic¢h he expected to
be undertaken in the framework of the International Drinking Water Supply end
Sanitation Decade. He reiterated the willingness of the Federal Republic of

Germany to co-operate in this endeavour.

In his introductory remarks, the representative of the United Natiomms
Envir onment Programme welcomed the oo—oéeraticn between UNEP and the Federal
Republic of Germany and stressed the importance of concerted action ‘t.io: improve
the sanitary conditim of settlements in the developing counmtries. Often,
sanitatim is given a lower priority in government action than water supply;
in fact the two should be given equal attention in the interest of improving
the health and well being of societies in third world countries. The stateiment
suggested that water quality protection is a key element in any envirommental
protectiam endeavour, as such wastewater treatment and rejuvenation is a

critical activity which UNEP supports fully.
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Tuesday, Nov. 18, 1980

16,00 Welcome and introducti e to the programme
17.00 Welcome recepti m
A, STUDY TOUR

Wednesdgy, Nov., 19, 1980

9.00 Travel by bus to Ludwigshafen

10,00 Visit to the treatment plant for industrial wastewater,
Badische Anilin—und Sodafabrik (BASF)

16,00 Travel by bus to Essen

Thumd% Nov. 20_1_1280 :

8.30 Visit to a co-ordinated system of treatment plants
discharging into a river which is used for drinking water
(Ruhrverband )

15,00 Travel by bus to Braunschweig

Friday, Nov, 21, 1980

8.30 Visit — Use of treated wastewater for irrigation
(Abwasserverband Braunschweig)

Saturday, Nov. 22, 1980

Excursion

Sunday, Nov, 23, 1980

Travel to Munich

Monday, Nov, 24, 1980

w

8.30 Visit to the wastewater treatment testing field of the
Bgyerische Landesanstalt fiir Wasserforschung

14.00 Visit to lagom techniques

Tuesday, Nov. 25, 1980

8.30 Travel by bus to Stuttgart

13.00 Visit to the wastewater treatment in the food industry
(Naturella Sudsaft AG at Winnenden)

16.00 Travel by bus to Karlsruhe
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B. WORKSHOP

Wednesday, Nov., 26, 1980

9,00

9.15

9.50

10, 30

11.15
11,30

12,30
13,00

14,15

14.45

15.15

16.00

17.00

Open:’mg of the workshop

Mr. N, Gebremedhin (UNEP .
"Envirommental aspects of wastewater treatment in
developing countriesh

Dr. G, Bachmann (WHO)
"Health aspects of wastewater treatment and dlSposaJ_"

Prof. Dr. S.H. Eberle, Nuclear Research Centre
"Development of new technologies for wastewater treatment
- the experience of the Federal Republic of Germany™

Coffee break

Mr., N. Gebremedhin (UNEP)

"Problems and experiences in wastewater treatment from the
viewpoing of the developing countries - a summary of
country monographs'

Discussim

Lunch

Prof..Dr. B. Béhnke, University of Aachen

"Operating requirements for wastewater treatment, fa0111tles
for practical requirements (standards, training, educatlon and
maint enance )" 4

Mr. G. Neubauer, Frankfurt

"Practical experience of German institutions in wastewater

treatment plants in developing countries"

Dr. Plimer, Association of wastewater techniques -

“Tra:.mng and research requirements in wastewater management
with special reference to wastewater"

Discussion

Travel by bus to the Black Forest regim

Thursday, Nov. 27, 1980

9.00

9.30

10.00

Mr. Aragaw Truneh, Addis Ababa Water Supply and Sewarage Authority
"Ad.m:Lmstra.tlve, flnancml and management aspects of wastewater
treatment in developing countries — a case study of Addis Ababa'

Prof. Dr. L. Hartmann, University of Karlsruhe -

"Ecological aspects of sewage treatment in developing countries”

Prof. Dr. H. Sontheimer, University of Karlsruhe
"Influence of wastewater treatment on drinking water producti an"
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Thursday, Nov. 27 (cat.)

10,30

10.45

11.15

11.45

12.30

14.00

14.30

15.00

15.15

15.45

16.15

16.45

Coffee break

Prof. Dr, B. Bdhnke, University of Aachen
"Recent developments in biological treatment of wastewater"

Prof. Dr. R. Kayser, University of Braunschweig ,
"Wastewater treatment in lagoons" ®

Mr. F.Z. Njau (Tanzania)
"Design and operation of a sewage lagoon in Dodoma, Tanzania" &

Lunch

Prof. Dr. Jintgen, Bergbauforschung, Essen
"Biological treatment of difficult wastewater *by application of
activated carbon"

Prof. P. Khanna (India)
"Sewerage and treatment problems of large metropolitan areas
— the example of Calcutta, Indig"

Coffee break

Prof. Dr. H. Bernhardt, Walnbachtalsperrenverband
"Recent developments in the field of eutrophication prevention"

Prof, Dr. K.H, Krauth, University of Stuttgart
"Dinitrification experience in the Federal Republic of Gemany"

Uno Winblad (Sweden)
"The needs and possibilities of disposing human faeces without
water in the developing countries — Sanitation without water”

Discussim

Friday, Nov. 28, 1980

9,00

9.30

10,00

10,15

10. 45

Prof. Dr. L. Hartmann, University of Karlsruhe
"Treatment of concentrated wastewater from the food industry"

w

Joshua Gecaga (Kenya)
"Wastewater processing in the food industry in Kenya"

Coffee break

Dr, Marcio-Braile (Brazil)
"Wastewater treatment from the manufacturing of textiles"

Prof. Dr, G. Rincke, University of Darmstadt

"Prevention and reduction of water pollution in the pulp and
paper industry - the experience of the Federal Republic of Germany"
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Friday, Nov, 28, 1980 (cont.)

11.15

11, 45

12.15

13,00

14,15

14. 45
15.00

" Prof, Enyenihi (Nigeria)

"Wastewater treatment in the oil refinery industry in
developing countries"

E.A.R. Ouano (Philippines)
"Wastewater treatment in the metal processing industries
~ an example fram Asia"

" Discussion

Lunch

Prof., Dr. R. Kgyser, University of Braumschweig .
"Use of digester gas in sewage treatment and energy production"

Coffee break

Pinal discussion
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de Summary of discussions

Papers were mresented in the sessions, discuésloﬁé tbok plaL.c.e‘ aﬁd respor:
to questions were given directly., This is reflected in the following pages.
Participants also requested for additiomal informat ion whiqh was given during
the discussim period. ~ Finally, from the discussions, it was revealed that
there may be gaps in knowledge and differént approaches in wastewater
treatment. The following points represent the main issues raised:

Applicability of the different processes for .
- developing countries

(a) Ecological aspects of wastewater treatment — comparison
between tropical areas and temperate zones

In conjunctim with the presentation of the paper "Ecological aspects
of sewage treatment in developing countries'", a number of points were made.

The main hypothesis presented was that the ecological frame for wastewater
treatment in the tropical zones differed appreciably from that of the temperate
zZones .,

The Symposium noted some of the inherent conceptual prohlems which hinde:
comparison of the ecolagical frames of tropical and temperate zones. Although
such a comparison can provide a useful framework, the important exceptions
mist be recognized,

The ecology in some tropical areas is less disturbed than say in North

America, where extensive development by man has camnsed perturbations.

Equally, it was not possible to generalize the applicability of certain
methods to the tropical areas., For example the statement that %he land W
applicati m system for wastewater treatment is particularly suited to countrier
in the tropical zone', does not apply to Brazil., This is because 60% of the
people reside in urban areas at densities in excess of 40 persons per hectare.
The efficiency of different processes including the advanced processes should

be tested under different climatic conditimns in the developing countries.
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There.ié'én apparent need for; demonstration projects tovdetemine the
process perfor'rrénce, design parameters and economic ?:onstraints involved in
the selection of the appropriate wastewater treatment pméess operating
uwnder various envirommemntal conditions. Pollution contriol' from tropical

agro-industries could be more important than domestic pollution due to very

high BOD strength, mutrient deficiencies and very large volume handled.

The factories are ofter located close to settlement centres. which aggrevate

the problem further,

Advanced processes

(b) Recent developments in wastewater treatment

The Symposium discussed recent developments in wastewater treatment in
the Federal Republic of Germarny and assessed their potent ial in the developing
countries. Amamg the systerﬁs discussed were: the deep shaft system, the

tower biological system, the mult istage system and the pure oxygen process

‘(see paper WP,12). These processes are particularly éuitable for treatment

of difficult véstewa:bers, where domestic and industrié.l wa.stewa,ters. are
canbined. In many developing countries, e.g. Nairo‘t;i, Kerya, some industrial
wastewater is combined with wastewater, but the extent of the.canbination, as
weil as the nature and characteristics of the combined wastewater, are not
clearly knowﬁ; In these circumstances, it may be useful to test advanced
systems and when found appromri ate; to provide training ”to ehjz‘iﬁleAthe"

facilities to be operated efficiently and effectively.

It was generaliy recognized that although in the short tem the application
of these systems ‘r‘nay be precluded in the long term, there may be a great deal
of use for such systems. As purification requirements and efflueht sfandards
are réised, the 'teohniqu;s required to achieve this will be of necessity e
canplex, In Gormaﬁy for example, the éimple processes are no longer

applicable in most cases. Research should be carried out to make the systems

cost-effective.
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In additim to the above systems, participants felt further camsideratim
should be given to surface aerators with f.e‘w (or no) moving parts; systems
vhich use‘as little energy as possible. Héf&ever, the experience in Germany
with surface aerators is not completely s.atiéfaétoxy 1n view of the.oaour

problems and tle spread of spray droplets.

Where the water table is high the deep shaft system cannot be constructed
without casing. The Tower biological system is particularly advantageous due
to lack of odour problems, as it is completely enclosed. The tendency in
Germany is to establish closed systems in order to avoid odour problems. In

the long term, the same requirements will be established in many other countries.

(c) Costs and maintenance of wastewater treatment facilities

A pressing problem faced by many developing countries is that of réducti on
of the costs. of facilities to a level at which the nat ional economy can
sustain the exbenditure and user charges are compatiblie with user income.

The Symposium was aware of the compl exity and intractability of the problem,
in view of the fact that in many developing countries, per capita income is
abaut US@lOO whereés per oapit.a investment in conventional sanitati m systems
can be as high as USG60. It recalled the effort of IBRD in investigating
altermmatives to conventi mal systems because of the constraints in résources
and the enourmous demand. The potential of improved acqua~privies which

dispose sludge and wastewater into oxidation ponds was recognized,

The Symposium was aware that there will be no single comprehepsive
solution which cén overcome the severe financial constraints wnder which
developing countriés operate., The key considerations are affordability and
acceptance by users, Methods which have not been socially and economically
tested should be avoided. Particularly’when. design is undertaken by expat-
riate consultants, local social éhd economic feasibility should be ascertained

ﬁllly .

.

8
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In developed countries, it is normal to ';nstéll standardized equipment in
wastewater treatment plants. Somejtim.es such standardized equipment is not
suitable for tropical countries. .But as {here is no special eqvuipment
selection system, i.dentical eqtlipznent is installed in developing countries
(e.g. powerful heater for digester). .Thi s raises the cost of equipment
unnecessarily. The need to establish equipment selection procedures was
emphasized. An all important point is the high percentage of costs devoted
to pipes., Developing countries should consider ways and means of reducing
costs in wastewater treatment plants in general, but especially costs of
pipes. .

Where capital is available, the awareness of users on the nelads for
proper sanitation is very low. The wastewater treatment facilities are often
neglected and poorly maintained. There is a need to evaluate wasiewater
pollution standards suited to the socio—economic conditions of the country

in additim to the envirommental canstraints, It would be appropriate to

~develop and enforce standards with provisions for wide flexibility to

accomodate changes. As the users social values change the willingness to
pay and maintain the wastewater facilities will improve, thereby enswing

the continuity and success of the programe.

The importance of maintenance cannot be over-emphasized. A sewage

treatment plant is like,an industrial plant, with sophisti cated technology

ard some complicated equipment.: The requisite skills to operate and maintain

it must be provided as an integral part of the system, in order to minimize

deterioration of the faciliti es.

Developing countries should note the practice in Germany, whereby 5‘,’70 of
the estimated investment capital is devoted to research and developmemt ~ to

finding out what to improve and how to reduce costs.
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The Symposiun also took account of the graduated scale of costs
used in Germany. Particular ﬁote:is taken of the following factors when
establishing and periodically re&isihgluser charges in Germany:

(a) Degree of purification required;(

(v) Capacity for self‘-—purificétioa of receiving waters;

(c) Population density; |

(d) Type of treatment and facilities.

At presemt, costs are of the following order of magnitude: :

, Capital cost Operation costs
Population (D, Marks per person) (D. Marks per person/per year)
10, 000 300 ~ 200 80
100,000 200 ~ 250 1 | 65
1000, 000 100 - 120 50
5500, 000 60 | 6

(¢) Lagoons

Sewage lagoons are widely used for wastewater treatment in developing
countries, The system has qualities associated with simplicity and inexpensiv»
operatio,

The Symposium noted a number of technical improvements in lagoon design

and construction in Germany.

In developing countries, so far as lagoors are concerned, three factors
need to be considered further. One is the problem of heavy rainfall and the
appa.rent failure of design criteria to take account of this. Secondly,
evaporation tends to be underestimated, leading to insufficient water cover.
Thirdly, the grit removal is bothersom, because of the large amounts involved
(niostly due to unpaved roads, eto,).. The inclusion of grit removal so raises
the cost of thé facility tha*g 1t is no longer an attractive alternative.

Seperation of stomm water from sewage water may be desirable in this regard.
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Smell can be é pro‘plem in lagoon operating authorities. No simple
metﬁod. exists vhich satisfies everybody concerned. The questim of using
cagscade aeration -~ as opi)osed t0 mechanical aeration — was mentioned. In

Brazil the system has been utilized to great advantage.

In India, lagoons are not aerated, The 4-meter depth which is common
for lagoons is emptied every 10 years, Retention time in lagoons is 1.3 days.

The high temperature in India assures high levels of efficiency of treatment.

One of the problems of sewage lagoons is their susceptability to
eutr ophication. To prevent this would require removal of phosphorus through
additional elements in the design of the lagoon. This could increase the

cost of construction comsiderably.

Cursory review of the current state of the art for lagoon design shows
a wide contradictim in design principles, criteria and parameters. The
simplicity of the systems, especially those without mechanical reactors,
has discouraged immoveti~n. The current decign proctice is redmrily
bascd on experierce and trial unless the cliont can-afford to.pay
for expensive pilot plant testing. There is an important .wed to review and
codify the existing design practice to facilitate the wide application of the
lagoon system.

(e) Treatment of industrial wastewater by use of activated carbon

The developing countries will be more indusirialized and with that the
envir snmental problems, especially with wastewater, will increase.

>

The treatment of difficult industrial wastewater by application of
activated carbon or other adsorption materials, i.e. activated aluminium-—oxide
was discussed in some detail, This process is one way to solve this difficulty

of indusirial wastewater.
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In regard to wastes from certain chemical industries with a high content
of non-degradable sub stances with high COD/BOD ratio, the application of

activated carbon is probably the best solutim.

There are several techniques for treatment with acti‘vated carbon,
depending on the type of wastewaters

~ Pure adsorption process for elimination of non-biodegradable
substances; |

-~ Pre-treatment for elimination of toxic substances which disturd
.the activated sludge process;

— Tertiary treatment, following the activated sludge process to
improve the effluent quality, especially in view of the COD;

~ Combined activated carbon-activated sludge process.

' Usually the addition of activated carbon to the activated sludge improves
the process stability of the biological treatment as well as the effluent
gquality. It is not completely clear why the activated carbon process increasecs

the process stability; the mixed system is not fully understood and explained,

Sometimes there is biological activity on the surface or in the pores
of the activated carbon (removal of organic compounds by bacterias)., This
prolongs the standing time of the activated carbon filters and improves the

econany of the process.

The rate of recovery of the activated carbon in the regeneration process
is usually mare than 90%, and in Gemany up to 98%, for the regeneration is

mos tly used water steam.

In designing the activated carbon reactor and the quantity of activated
carbon required, it is necessary to first determine the capacity of

adsorbance, This will then indicate the loading as well as the quantity of
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activated carbon. Secondly, the kinetics of adsorbance will give an indicatior

of the control time, A laboratory t'eét ghould be run to determine the

residence of agtivated carbon before equilibrium is reached. The curve of

adsorptim is as follows:

1007”

5% ~ Equilibrium ends
. N
N
\
Adsor- | \

bance | S,

Time

The removal by activated aluninium oxide-of orgmnic subctanccs such as
thorine, lignin and sulphuric acids, from the bleaching process in pulp and
paper industry has been investigated at a small scale. v Regeneration of
aluminium oxide is achieved by heating to about ’{OOOC. Further research is
in progress to improve the cost effectiveness of the process and to apply

aluninium oxide as an adsorbant for recovery of phosphates,

(f) Butrophictim prevention

The removal of nutrients from standihg waters destined for drinking

water production is a matter 'of cacern to all countries,

The Symposium noted that the increasing use ‘of fertilizers is the main
cause of eutrophication. However, it wald be impossible to create stringent
legpl barriers against the use of fertilizers under the pretext that this
will retard eutr ophication. However, it may be pbssible to create buffer

zones where limited use of phosphate rich fertilizer is permitted.

The use of water hyacinth as a means of phosphate removal should also

be cmsidered, In this case the lake cannot be used for recreation and the
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evaporation rate is abaut ten times higher.

The provision of aﬁ éffective sewage system is important in eutr ophication
preventi m., Swedish experience in this area bears this ouf. Some eutrophi-
cati m is of course beneficial to fish and acquatic life in gen_eral. Tropical
fishes are often surface breathers due to naturally low dissolved oxygen in
warm weather., The importance of eutrophication control in the tropics may

not be a® critical as in temperate climates.

(g) Disinfection and coliform count

The Symposium noted that disinfection should be placed in proper
perspective in vastewatex: treatment. Disinfectim cannot"r‘;e undertaken in
lieu of treatment. It has its place in the total wastewater treatment process,
but its limitations must be fully recognized. It is not, as is often thought,
a rémedy or a panacea. The importance of establishing a sanit'ati'é.ri system
which is as compl ete as possible and as effecfive as possible cé.nndf be over-
estimated. |

There is a need to resolve the carcinogenic impact of halogenated
hydrocarbon due to chlorination of treated sewage effluent. Chlorins is
the most common and practical disinfecting agent in developing countries
taoday. Planners are often faced with the di]..eirmva §f choosing between cancer
and enteric waterborne diseases in deciding whether to chlorinate the effluent
from wastewater treatment plants. The high temperature in the'tr opics is
wvery conducive for the reestablishment of E. coli colonies which makes

disinfe cti on impractical,

A1l too often in the developing countries the simple addition of chlorine
is taken as sufficient treatment for wastewater. In general, where chlorine

is used, it should be dme with great care.

The coliform count continues to be the most widely used measure of the

effectiveness of disinfection since coliform organisms are more resistant to
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disinfection than pathogenic bacteria. The disadvantage is that it takes

twenty-four hows before results can be obtained.

Viruvs
The removal of viruses from wastewater was discussg_d and in general it
was agreed that present techniques and tests do not giv“f.z. f.ul.ly’ satisfact ory
results, The importance of further developing methods and techmiques for
detecting viruses was stressed, in view of the need to protect people in

third warld countries from this problem.

Analytical control of effluents

TOC and COD as parameters

Some participants requested information on the use of COD parameters in
Germany ., TOC can be associated with the effective prdtection of the ervircn~

mert and as such is a parameter for environmental assessment.

COD is a parameter which is not easy to measure, requiring sophisticated
laboratory equipment and requiring one half hour to complete, TOC can be
measured in orne or two mimtes, Therefore, adoption of the COD parameter in

the developing cantries may pose some problems,

Information about user and polluti @« charges
~in Germany

A measure of the success of wastewater treatment facilities is the

equati m of the effective capacity to pay and the charges established., In
Addis Ababa, for example, an appraisal of several criteria for establishing
user charges resulted in formulating a realistic user charge. A key element
is t o consider wastewater treatment fran both the economic and the social
points of view. Income per capita in many develop:lng countries is so low
that it is‘ not possible at present to pass on to the user the entire package
of costs to repay capital borrowed at high interest rates. In the case of

Addis Ababa, the Government decided to meet the interest charges.
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Another measure which will help alleviate the burden of repayment is the
‘extersion of the grace period for 10 years rather than the 40 yeé.r di rect
repayment plan. The Symposium noted with satisfaction that the pract‘ice of

Germman loan institutions is to allow for a 10 year grace period.

Pollution charges
A nunber of countries are in the process of establishing systems of

charging for pollution generated especially by industrial establishments.

The Symposium noted that in Germany the main parameter is COD, However,
there are many other substances which are taken into account depending on the
particular polluting indﬁstr"y.' 'The German law in force includes 57 different

standards for the different types of industrial establishments.

The system is based on "pollution units" which are related to equivalent
populati . The charge per kg, of COD is less than 1 Deutch Mark. The

equivalent amaunt for mercury (Hz) is in the order of several thousand Marks.

In principle, lvpollution unit (related to 1 population equivalent) is charged

12 Ge man Marks. The charge will rise pr"ogressively fo 4(5 German Marks by
1986. |
Training

The Symposiu;r} determined that training of all as'pec.ts,_ but particularly
techni al level training in wastewater treé.fment (plant operation and
maintenance) is of paramount iinportance and should be given the highest
pr’iéri{;y. Trainiﬁg shauld be coupled wi.\‘h infomation exchange on approp-
riate technology, the establishment of a:roste'r of conSulta.nté‘ (pezhaps by

WHO/UNEP) and the periodic documentati on of practical fesui’cs fran research.

Tw levels of technician training may be considered. One level would
be cancerned with the training of plant operators and maintenance persanel

for the conventional plants (primary and secondary treatment plant s)o; The se

&
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technicians would acquire the norml type of experience during training.
The second lvevel of training would be for tertiary treatment plant operators
(e.g. phosphate removal, filtratim, adsorption plants, high technology
sludge handling, composting). These highly experienced technicians would
operate sophisticated equipment and therefore their training should be

qualitatively different.

In Germany, manuals of instruction exist fa training the first kind of
operators. Participants suggested that translatiam amd revision of the

manual to suit conditions of developing countries would be very useful.

Managemernt and adninistrative aspects

Several working papers dealt with problems of administrati m in plaming,
designing and implemen fing wastewater treatment facilities. The Symposium
recognized the importance of these aspects and in its recommendations called
for raising the priority of sanitation in development plans of countries., It
noted that wastewater treatment ard related sanitation consideratioms are
nearly alwgys given lower priority than water supply. The two are almost
inseparable and as such deserve equal oonsideration; The_ inipdi‘fance of joint
administration of water and sewerage works was recognized. Combined adminis-

tration would provide the necessary broader base for more effective manpower

training and development. In the long run, this would ensure the building

up of a large supply of local labour which exld be depended on to do efficient
and competent work on wastewater treatmemnt.

Special pr dolems

Lealage cmtrol

The Symposium recognized the seriousness of leakage in pipelines which
reduces the supply of water and permits introduction of contaminating
mater ial, thus severely reducing potability of even piped and treated water.

In many cases, e.g. Manila, "unaccounted for" water reaches 60% of available
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supply. This difficulty exists even in developed countries such as Germany.

-Con"tammat"iovh bj ﬁon~bioaegradebie materie-lA is po@entia.lly more bothersome
and it would be rhere epﬁfopriate for countries to tackie fhis preblem rather
than the problerﬁ of colour; 0il spills‘ ard di:schaz;.ges have aiso ‘toA be
considered .and p:cl‘o‘per legislatioh introduced and étrictly enferced. The
problem of rﬁa.ny dev';loping»comtrics in this regard can.‘ee exemplified by
Nigeria. The Nati amal Petroleum Company insists that the .“existing standards, -
copied from industrialized countries, be met. The problem is that the oil
companies do comply with the standards. Any oil spilled by an oil company

should be cleaned up by the same company.

Unfortunately, the usual response fothis sort of problem is not leakage
detection and control; but rather the expansiom of the system at very high
cost, i.e., y building dams and pumping stations purification plants, etc..
The savings vhich could e made fran proper leakage detection aml control
could in sane cases more than offset the capital devoted to new water works.

One important point is to develop better 1eakage detection methods.

Wastewater from re fuse tips

In rogiops with heavy rainfall and where tle location a,nd oi)eratlm of
bref‘use tlp is poorly undertaken, there is a constant health hazard as
wastewater 1eaks ard spreads in the surrounding regions. There is an urgent
need fa proper guldellneo on the correct manner of handling wstewater from
refuse tips., One key element is proper surface drainage and correct benching

and treatment of the polluted water.

Sanitation wi thout water

The main emphasi s of the Symposium was on water borne sanitation, hence

the theane of the discussion - wastewater treatmemnt,
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However, one paper was presented which dealt with the potential of

sanitation without water, .

The Symposium recognized that on one hand, it is impossible to solve
the problems of samtation, particularly in densely populated urban areas,

using a system of pit privies, while on the other hard, flush toilets are

ey orid the means of millions of people. The dilemma was not fully

determined during the discussi ai, -

It was clear, however, that the objectives of the Inteérnational Decade
for Drinking Water and Sanitation (1981-1990) are not likely to be met unless
advant age is taken of all alternatives, affordable systems to establish
sanitatim to the maximum extent possible and in keeping with sound environ-

mental health practices.

At the Same time the Symposium recognized that.sanitation without water
cannot offer a panacea.l In fact if not properly plamned and managed, it can
cause potential hazards in tems of increasing emvirommental health and
nuisance.

The Symposium noted that in reality, goverrments should display a broad
spectrum of strategies for mecting the sanitatim objectives of the decade.

Full Water bome sanitation would be at one end of the spectrum and sanitation

* without water at the other, The two systems, rather than being regarded as

opposi tes, should be integrated in a complementary set of policy measures.
This might provide an opportunity to assist the 800 million people in the

world, who at present live in absolute poverty.

Disposal in the sea

The Symposium discussed waste disposal in the deep sea in connexion with

the description of this practice in Bombay, India (see paper WPf,lé)°
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Although the approach cammot be compared to the highly efficient
activated sludge or lagoons system of treatment, it appears to be widely

used as it utilizes the diluting effect of large expanses of sea water.

In Bombay, 30% of industrial waste is disposed of in the seas., The
outfall of 10 km., ensures that waves do not normlly return the waste disposed.
Solids are not separated before dumping, because this would add costs to the i

waste treatment for this city of 8 million inhabitants.

Parti cipant s could not agree with this method of waste disposal. The
experience of Germmany and Japan show that it will increase pollution of the
sea ard create new environmental problems., In Germany, at present, the
disposal of sewage sludge into the sea is only 3% of the total amaunt and

in future, it will not be allowed.

Spray irrigati m of wastewater from the town of Brawmschweig

The use of wastewater for irrigation in the vicinity of Braunschweig
aroused a great deal of interest by the participants. Land treatment of
wastewater has been employed by the City of Braunschweig since 1896. In
1954 the Braunschweig Sewage Utilization Association (SUA) was founded. Its
members are the City of Braunschweig, a few smaller communities and about
450 farmers, 4000 ha is presently farmed under this system. Approximately
36,000 m3 of sewage is utilized daily. Purification of the sewage is effected
through land filtration and the activity of soil organisms. The advantage to
the farms of using nitritious water enriched by humus substances and ?
acceptable levels of trace elements is recognized. No disinfection is
practiced and periodic surveys show that colifomm counts are not high and
water borne diseases are practically unknown in the area vhere irr'igatidiii}
is practised,

The possibility of usihg such a system in the developing countries was

discussed. It was generally agreed that hygiene aspects and removal of
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metals should be céref‘ully examined under the different climatic conditions

of the developing countries,

Design approach

The Symposium noted the importance of evolving realistic design criteria
taking local factors fuliy into account. Each coﬁnt’ry should, to the extent
possible, establish design standards that are both cost effective and .
technicallly just ifiable, Design fomula for example; developed in other
countries on the basis of impirical observatims several decades ago, appear
fb lead to errors of estimation of considerable magnitude. 1In tthié regard
the impart‘ance‘ of ailowing for tolerances was reéOgnized,‘ En many cases
strict staridai*ds"‘énayaxdsticl:s may not be made, but rather allow for.an

acceptable safety margin.

Centralized planning and larnd use

Host of the cities in developing countries are characterized by 1arge

urban sprawls., The expansion of the residential, commercial ard industrial

areas are often mixed and simultaneous. The problem created by the unplanned
development of ten makes wastewater pollution control difficult and expensive.
Proper planning of industrial estates and location of antagonistic industrial

wastes discharges could alleviate the wastewater pollution problem.
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ANNEX C ‘ ABSTACTS OF THEME PAPERS

WP,1 Environmentnl aspects of wastewater treatment in developing countries
{By N. Gebremedhin, UNEP)

. Problems in wastewater treatment are common to both developéd and
devel oping countries, the difference being one of degree. The dev'eidped
ountries have some serious wastewater problems emerging from industrial
establishment.

In the developing countries, the following aspects of wastewdter

treatment will be especially important:

(a) Water quality protection and conservation: Polluti a reduces the

v;a.ter resource potential to only o fraction of what nature offers. The level
of pollution in swface water, in s’%reams and rivers is constantly rising.
This is also true about gr amnd water. In coastal areas, salt water intrusicn
poses a problems The arid regions of the world, ise. those receiving less
than 6% of total precipitati m face a parti alarly acute problem, even if
these problems are not associated with westewater. In eliminating harm
caused by pollution, the following may be usefully cmsidered:

~ Oystem of pemits far certain enterprises;

~ Control of the small mumber of large water users and polluters;

- Giving preference to individual assessment over rigid standards.

During recent years, water used per unit of production (and consequent
s oae 3
effluent discharge) in industry has decreased significamtly (e.g. 70 m”/ ton

to 30 m3/ton) in pulp and paper industry. This trend should be encouraged.

(b) Lagoons and other "self-purifying systems: Such systems have

special significance to developing countries because they do not require

much maintenance; they use local materials and can be operated by semi-skilled
persons. The economy of many developing countries can afford such systems.
Thi s system is especially applicable where land is readily available at

reasonable cost,
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(¢) Renovation of water for re-use: The amount of water in the world
which does not present serious difficulties for industrial or domestic use
is rather limited. One estimate of annual precipitatia (Van Te Chow 1964)

is 437 x 10%2m0

per year. Of this, 23% falls on land, 17% in humid areas
and 6% in arid regions. Accarding to one source (Valdisavl jevio-Medak 1976)
water resources can support fram 1.5 to 4.5 persons per hectare, depending
on the stardard of living adopted. From a planetary water supply point of
view, critical limits may be appr @ching -~ placing difficult obstacles in the
path of the progress of the developing countries. Water re-use is increasingly
becoming an important and necessary option. Industry can be a major user of
renovated water. In this fegard, there is need to establish different
standards of water for different users. The single quality. standard of water
quality enforced by many developing countries is not advantageous ard should
be revised. | |

WP.2 Health aspects of wastewater treatment and disposal
(By G. Bachmarm, WHO)

Transmission of water-borne diseases, in particular enteric and diarrhoeal
diseases, is most frequently by water pollution causing food catamination, use
of nightsqil as a fertilizer and by unsafe drinking water. While in urban
areas of industrialized countries sewerage systems have been developed to a
grewt extent, these are not availcble in large cities and in the scattered
urban fringe and rural areas of developing counfries becouse of the considerahle
investment required. Nevertheless, the sanitary disposal of human wastes is

.necessary to eliminate water and food contaminati on. However, to assure the
effectiveness of these measures, sanitation programmes should include
components of health education, water supply, personal hygiene, waste disposal
and community participati m to support the adequate operation and maintenance

of facilities,
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Methods‘ of iaastemfer treatment have been deveioped toa high degree.
Th’eir effectiveness is normally measured by the reduc;tiorl of pathogenic
ihdioaitorsv, mainly the coliform organisms, ~Red:.xc:'ticn of coli'form érgé.nisms
by 90 to 99 percent have been shown by full biologicéi treatmenf a,mi by
stabilizati @ ponds respe cfively, the latter method being increasingly
important in developing countries. Regarding the re-use of effluent treatment
for land i;‘rigatiqi,_ f_‘arme_rs may meet with dif ficulties if sewage utilization
is restricted to certain types of crops, while unre's't;x;i'ctea use may warrant
a fairly high degree of treatment including disinfection of effluent. As
concerns the hea.lth aspects, further studies are required on the danger of
disease transmission by irrigating crops with reclaimed water, Provi sionally,
it can be said tlet good agricuwltural and water management combined vﬁth
relikability and safety of the irrigation éystem are as important as proper
tfeatment rriar to re-use. Furthermore, size‘ and locatim df‘ a syétem as
wei.l as costs and economies must be considered before deciding on effluent
re-use, including recovery at éource of by-products of indliétﬁél and other
| Jastes. UWoter maagement practice has chmged and its objectives now also
include reduction of wastewater volume, impf oved treatment effects; water

conservati m and raw materials recovery.

-

The planning and désign of wastewater systems should follow new
ﬁétterns, technolégies ard standards, with the undérstanding, however, that
each developing country must evolve and modify them to suit its own hoedso
Internatimal organizations, including the World Health Organizat i.on, have
a role to play by assisting these c‘ouritries in developing appropriate
technologies, designing nati mal programmes, building up labt;ratory
surveiilance. mechan.isms and training personnel. F\thﬁer developrﬁent will
require that countries set realistic targets, moke more use of communi ty

resources, use i'héxpensive suitable technoiogy, integrate programmes with
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other sectors and include the achievement of health components as a principle
objecfive of tﬁéir nati cmal plan. In recognition of this situation, the
Inte maf ioﬁa.l Drirking Water Supply and Sanitation Decade (1981—1990), we.S
proclaimed and many countries nd& show m their develop'mentv strategies an
aw'ar.eness of the need to improve water supplies and sanitation fao}i‘li'ties
for their population, | | |

‘WP.3 Development of new techinologies for wastewater treatment

—~ the experience of the Federal Republic of Germany
(By Prof. Dr. S.H. Eberle)

The focus of the paper is on the infe raction between llegislation,
technol ogy and né.tural systems. Historically, interest -in and a@reness of
wastewater treaﬁnerrl: in Germary emeréed in conjuhotim with the dramatic
decrease in quaiity of ‘sx.xrface and evéﬁ grownd water in the sixties. The
deep concern fa environmental protectim in the seventies led fo the promul-
éation of goals for the envirohmental aspects of Qater. The mainbgoals are:
(a) conservation or re—esi%ablishment of the ecological balance of natural
‘v\aters, (b) guaramtee of water supply far populatian and industry, (c) pre-

servation and utilizat ion of water for recreation.

In the framework of tie above goals, amultitude of activities were
planned, zv'rglng from legl.,la:blve measures to 1n‘tens1flcatlon of research and
develoment. 36 new acts and regulations have been 1ssued or revised, the ’
two most important being (a) the water ecology act and () the effluent .‘
;harge act. “

In regard to these two acts, the following points are particularly
important: |

- 4All ;vaé‘tev.aters must be rendered hermless be‘lfore discharging into

“re‘ceivin;g waters; |
- Minimum requi remeﬁts ar;e established for effluent quality in

accordance with commonly accepted technical specifications (best

available technical standards);
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- Introduction of the COD as an additiomal pollutim parameter;

- Limiting values for individual substances.

In order to achieve the goals men tioned above, the Federal Ministry
for Research and Technology (EMFT) considerably increased its support for

re search and development,

In 1978, 80% of the funds for research in the field of the environment
‘were contributed by the BMFT. Up to 1980, the amount spent on research and
devel opnent in the field of was‘cewateri_and sludge treatment by the BMFT

was about 130 million DM,

Two s%tudies ("New ’ljeqhnoiogies for Wastewater Treatment" and “New
Technologies for Drinkiﬁg Water Supply") carried out in 1975-T6 in assoc iation
with the Geman Association for Water Polluti @ Control (ATV) and the
G erman Aséociation' forGa;.s anciWater Supply (DVGW') ,w.ere instrunenfal in
clarifying the é‘aps ‘in l§10wledge and action in this area. A consequenee of
fhié stﬁéj was'z.i significént increase in the rmumber of sponsoréd research

and development projects.

The present state of wastewater treatment technologies is outlined

in the following sketch:
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State of develomment

[

Science and - chem. oxidatim - non-carbon
research ‘ - therm. oxidation absorbants
~ membrane processes - speciad micro-
- irradiation orgarisms

- wet oxidatim

- filtration
- dinitrificatim

State of - flotatim
the art - activated carbon adsorptim
- evaporation

- electrolysis
- ion exchange
- contrifugatim

- biological {secondary)
treatment + nitrification

C ammon - co agul_ation/ floculatim

standard - neutralization

- oxidation ponds

- extractim

Simple (standard) | - sedimentation clarification
treatment - land treatment

S efficiency

WP.5 Operating requirements for wastewater treatmermt amd effluent standeards

(By Prof. Dr. B. Bohnke)

The recent legislatims of the Federal Republic of Gemmany for the
prevention of water pollution will contribute to an improvement of the
quality of the inland waters to correspond with those of the European
Commumities. The major parameters in the Geman legislation are COD- and
BOD5 leve is. In the Federal Republic of Germany, treatment plants must
operate at an efficiency which ensures 95% BOD5 removal, The effluent may
not exceed a total oxygen demand of maximum 15 mg 02/1. An examination of
10,000 samples from 213 plants reveals that a sludge loading rate of 0,15 kg

BODy (kg ss.d) meets the minimum requirememts., In order to ensure that only



- 37 -

sewage. with a maximum oxygen demarnd of 15 mg 02/1 passes into 1é.kes and
rivers, it is necessary to plan stabilization plants with maximum loads per
unit volume of 250 g BODS/(m3.-.,d) or treatment systems with a similar
efficiency, The minimum NH4-N—- content of the sewage should be fixed,
otherwise an 02 shortage in the water will result,

WP.6  Practical experience of German institutions in wastewater
treatment plants in developing countries (By G. Neubamer)

The main German instituti mas concerned with sewage and sewage treatment
problems im developing coumtries are private consultants (including
universities), the "Deutsche Cesellschaft fir Technische Zusammenarbeit!
(German Agency for Technical Co-operatim, GTZ) and the "Kreditanstalt fur
Wiederaufban (KFW )" (German Bank for Reconstruction). While the GTZ provides

technical assistance, the KFW provides financing for projects. ‘

In so far as densely pépulated amd built up areas are cmcerned, the
aly alternative seems to be ooﬁventional sewarage systems, whether for
developed or developing countries. There is therefore a common basis for
transfering certain technologies in this area t06 developing c awntries,

through German technical assistance.

However, some problems pexsist in connexion with transfer of technologies,
such as unsuitability of plant iaydlt, heavy mechanisation and compact
solutions. HMost developing coumtries importing plants have failed to
establ ish adequate ahd sustained maintenance by properly trained people.
As a result, the life span of plants is shorter in developing countries as
compared t o developed countries., The energy comsumed is often very high,

and the process does not allow even minor interruptions.,

The utilization of plant effluent for irrigati mn, fish breeding, etc.,

could be further cmsidered,
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Plants are seldom able to retéin skilled employees because the conditions
of employment are not attractive enough., Water and sewage disposal rates are
kept at such low levels that revenue isnot enough to provide for basic
maintenance ard operatim costs. As a matter of priority, cowmtries need to
establish cost covering graduated rates in order to provide financial solvency

to sewarage authorities.

HP.7 Training and research requirements in wastewate r management .

In the past, treatment plants were more simple. However, today's highly
complicated installations and processes require well-trained operators. The
operati on of many plants without qualified staff results in an economic loss
of approximately 15% or more. In the Federal Republic of Germany, this
amownts to more than 60 mio.DM per year without camsidering the effects of
polluti @1 on the receiving waters. The duties of most of the consultarnts are
limited to design, terder and supervision. The operation of plants (staff

and spare parts) is not considered sufficiently in advance.

In the Federal Republic of Germarny, the ATV is training engineers,
scientists and operat as for operatim of sewer systems amd treatment works
(training by local and correspondence courses with examinations). The
trained staff are 2nd class operators, lst class operators and master operators.
The medium of instrﬁct ion is German, but the éourses can be attended by

participants from other countries.,

4

Research is one of the most important activities as cmcerns increasing
the efficiency of treatmemt and of construction, because energy and labour

costs are rising.

To comply with the most important activities and to reach the required
goals, a significant programme of research is being carried out and will be
pursued catinuously. Technology transfer, co-ordinati a1 of research with

legal activities as well as establishment of rules and standards are also
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im portan t.

WP.8 Training mnd research requirements for wastewater
management in developing countries (By Dr. B.N. Lohani)

Of all environmental resources, water is the most severely threatened
by pollution. Therefore water pollution control is gi\)'en high priority in

many countries, includ ing the developing countries.

Land intensive systems (oxidati o1 ponds) may provide a sound solutim
where capital intensive systems may be out of reach. In these systems, organic
matter is broken down by bacteria as in conventional biological treatment
processes - aerobically in upper layers ard anaerobically on the bottom.
Ponds { facultative) can te loaded up to abowt 400 Lb BOD per.;acfe/day without
lower‘ing BOD‘re.mova]; ﬁer unit of aréa, whi 1e‘ anaerébic ponds or lagoons have
been operated up to 46,0}00 Lb BOD per.aore/day with high efficiency. A

sokewhat more expensive alternative is the oxidatim ditch.

Land treatment -systems can also be applied where lard is readily
available, Land treatment is not dumping or simply disposal. Considerable

research i s underway in the developed cauntries to improve this approach.

Research into resource recovery throuh fish and algae cultivatim
ghows a good deal of promise. Experiments at AIT, Bangkok, show yields

approaching 20 ton/ha/yr of fish based on a three-month growing period.

Training requirements should reflect the reed to increase ernvironment:.l
awareness, to expand formal training at the professimal level and to

substantially add to the facilities for training technicians.,

Suitable managemert strategies will centre around the establishment

of rational effluent standards, regulating and conmtrolling uses and abuses,

and establishing charges on effluent services that are flexible and take iritn
account the annual charge to the industrial user. A formula for establishing

a user charge is given below
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Ci = Vo Vi+ boBi+ So 5i
where Ci = Charge to user i, in US .dollars per mon'th
Vo = Cost of transport aml treatment chargeable to volume

in US dollars per cubic meter

bo = Unit cost of treatment, chargeable to BOD reduction,
in US dollars per kilogranme

so = Unit cost of treatment (including sludge treatment),
chargeable to suspend solids in US dollars per kilogramme

vi = Volume of wastewater fram user i, in cubic meters per month
Bi = Weight of BOD fram user i, in kilogrammes per iwonth
Si = Weight of suspended solids fram user i, in kilogrammes per month

WP.9 The administrative, financial and teclmical aspects of wastewater
in developing countries - a case study of Addis Ababa, Ethiopia
(By Mr. A, Truneh Kassa)

Addis Ababa's population is in excess of 1.2 million. In the past the
city used a combinatim of septic tarks, cesspools and associated irxiigat ion
gystems to move fecal wastes, via percolation into the ground. Vacuum

sewer trucks wer e also used to pump out septic tanks.

But because the city was growing at an anmal rate of 5% and because
of generally poor leaching capability of the soil, another solution was
required to dispose of the wastewater. The decision was made to construct
a semi-converbrt'i cné;l treatment plamt consisting of recirculating oxidation
ponds in series preceeded by bar screen and gut chanber. The construction is
being undertaken in two states; state 1 cmsisting of treatmemt plant and
major outfall sewers, amd stage two of inverted-siphon river crossings and
secondary mains, Stage one is limited to serving ten percemnt o.f the
population,

A key pr ®lem is how to pay for the public investment (appraximately
USH 20 million). Early estimates showed depreciéti on to bé 32% and int erest

on loan 33%., It was assumed that if 3000 connecti ms could be made at an

approximate monthly tariff of one half US dollar per cubic meter of water
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purchased, the revenue raised would fully cover operating costs, Hoﬁever,
55% connections were eventually accounted for. Projected costs had therefore
to be reviewed and instead of calculating depreciatim using the "straight
line method", the "compound interest method" was utilized. In this way
depreciation in the first four years was reduced from US$1.8 million to
US§157,000., Despite this, revenues still showed an amual shortfall-lof
Us$215,000, Furthermore, the small cust aner was expected to pay US530 per
month far sewer services, which represents 62% of the monthly income of the

average family in Addis Ababa.

After cmsidering a numbor of alteratioms the Government is likely to
adopt a plan whereby it will subsidize 100% of the interest cost on.the
capital invested., This plan will result in the customer paying about US§l2

per month far sewer services,

A novel feature of the Addis Ababa scheme is the direct disposition of

truc¢k collected fecal matter at selected points in the sewer.

The importance of proper training of persmnel working in sewer works
is emphasized. The division of labour between a central government agency
such as the Addis Ababa Water and Sewerage Authority and local entreprensurs
is a matter to be fully explored. Also of importance is the level at which
effluent standards are to be established. This matter is ultimately linked
to treatment methods and efficiencies., In A&lis Ataba, this matter will be
studied and mmitored for the next 5 years before a decision is made. A
matter of urgent importance is the provi sion of commmity sanitaxy centres
to be operated along sewer lines. These centres will serve those parts of

the comunity unable to be ‘comected to the sewer lines.
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WP,10 Ecologlcal aspects of sewage treatment in developing countries
{By Prof. Dr. L. Hartmann)

Sewage treatmemt in developing countries should not be a copy of
sewage treatment in industrialized countries. Lven the basic philosophical-
approach must in maﬂy casés be different. Though also in industrialized
countries the ecological approach gets increasing importance, in devel oping

countries, considering ecology is an absolute must.
The most impqr‘*l:'a‘.ﬁt‘eoological/eooncmical facts are:

Most developing countries lack highly sophisticated techniques, they
are exposed t o tropical climates and in marny éaées depending On-food
productim from low technology agriculture on soils of loQ fertility.
Natural ecosystems in many cases are highly diversi fied and fré,gile. Undex“.
positive conditions, there is still a partnership between rural aﬁd urban |
areas, in other situations ecological balance between ruralism and urbanism
has collapsed., Other handicaps are connected with high rates of infestation
of the population with water ar food borne intestinal and blood parasites.
All these facets narrow down the variety of vtreatme'nt potential and call

far special attention.

Thé philosophical baéi_s has to depend on the situatim mentioned above.
The technmical approach calls for isolation of wastes from the population to

control parasites and at the same time for reuse of water and organics,

The real solutims depend on the climatic conditions. In'countri/és
lacking precipitation, sgricultural use should be favoured. Wherever possible,
it should %be comnected with low energy techniques, for example.rot.é.ting |
disc, | | |

In countries with high precipitation and rain-fed ponds, fish farming
can be the method of choice, as a second facility. But in all cases,
intensive ec;ological survey s before and coﬁtinuOus monitoring of health after

installation are an absolute must.

»
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WP.11 Influence of wastewater treatment on drinking water production
(By Prof. Sontheimer)

The experience of drinking water works using polluted river waters helps
to explain the possible influence of wastewater treatment on drinking water
quality. Considering the German experience, ground filtration is one of tle
most important and effective treatment steps for river water treatment.
Similar effects can be achieved only in activated carbon filters working
biologically.

For this reason a testing method has been developed using this type
of treatment in a small test unit for evaluation of the treated wastewater
of chenical plants. The effluent of the test ing unit contains only those
substances which can enter the water works after river bark infiltratiom or
some other types of ground filtration. This helps to identify the problems
for drinking water quality originating from this special waste and can be an

aid in optimizing waste treatment.

The non—biodegradable substances are very important with respect to the
influence of wastewater on drinking water. Of special importance are the
organochloro compounds. Experience in this field in Germany clearly indicates
that improvement of river water quality through better waste treatmenmt will
lead to better drinking water quality. This experience fram densely
populated and industrialized areas of Gemany will have some applications
for other countries.

WP.12' Recent developments in biological treatment of wastewater in Germany
(By Prof. Dr. Bohnke/Mr. K. Vossbeck)

The Environmental Protectim Programme of the Federal Republic of
Germany stipulates that 90% of the sewages will be treated in biological
treatment plants until 1985. In order to ful fill the minimum requiremente

in accordance with the Wastewater Charges Act, the problems of efficiency
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and process stabllity have to be cmsidered so that high rates of purification
mayA be obtained with a minimum of energy input as the greater part of the
energy input in the treatment plant is required for supply of oxygen for
sewage treatment.

Mul tistage systems are favourable, particularly when sewage of high

concemratim is to be treated.

The paper deals with an equipment for supply by fine bubble aerati on.
An intermittent aeration and saving of energy input may be obtained by

separation of the energy input for (a) aeration and for (b) circulation.

As to new developnents, the paper reports on the Deep Shaft Process,
th e Bayer Tower Biological Process and pure oxygen aeration. Among the
milti stage systems, the two stage adsorption activated sludge process
represents a purificati s method characterized by a very highly loaded first

stage - the adsorption stage, and a normally loaded second stage.

The paper reporte on the results of experiments which show that the
quality of the effluent of these two stage biological treatment plants is
generally better than that of one stage activated sludge plants. The paper
concludes with a comparison of a two stage adsarption activated sludge
plant with a one-stage nitrification plant, which reflects the space saving
possible.

WP.13 Wastewater treatment in lagoons (By Prof. Kayser)

In West Germany, more than a thousand lagoms fof wastewater treafment
are in operation. Dué:to climatié condi.t ions and Sfrihgent effluent quality
criteria (effluent BOD less than 25 mg/l) the permissable load is 4 g BOD/mch
It is recmmended that the lagoons éhould be subdivided into three parts of
about equal surface areas. The water depth should be 1.0 to 1.5 m. The

design criteria match very well with internationally recommended criteria,
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if the lower temperature is taken into accownt.

Because of the large areas required for lagoons, aerated lagoons are
becoming increasingly popular. Due to the fact that the usuS.l aeration
equipment used in activated sludge plants is designed for high oxygen
transfer rates and high mixing levels, some special lag;)én aeration systems
are produced, which achieve a sufficiently high degree of mixing at low

oxygen transfer rates.

]

Two of these aeration systems are modified diffused aeratim devices
(fine bubble) which require a depth of at least 2.5 m. in order to be econowical.
There are also surface aerafion systems which cen be installed in rather
shallow lagoons. These last ones are very useful for improving the loading

capacity of existing (non-aerated) 1agoons.

It is recomerded to install the aeration device in such a way that
either clarification is obtained within the aerated lagoons (partially

a erated lagoon) or the effluent from the aerated lagoon passes through

‘another lagoon for clarification. The best solution is a combinatim of

both a partial aeration ard a ¢larificatim lagom.

WP.14 Design ard operatim of waste stabilization ponds for the
new Capital City of Dodoma, Tanzania (By F.Z. Njau)

The decision to transfer the Natimal Capital from Dar-es-Salaam to
Dodana was made on 5 October 1973. At that tinie the population of Dodoma
was estimated at 23,000 inhabitants and was expected to reach 45,000 in
1975 and 92,000 in 1980 when most Government Ministries would have moved.

At the time of preparing the master plan there was no sewerage system and
most irhabitants were using septic tanks, soak away systems and pit latrines.
The master plan therefore called for immediate construction of a sewerage

system to meet the needs of the growing population expected to number
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350,000 by the year 2000. Consultants were then. appointed to prepare a
five-year development programme (1976-1981). The preliminary design of
the sewerage systen was prepared by Project Planning Associates of Toronto,
Cané,da, in February 1976.

Design criteria

(1) The Dodoma Capital City Master Plan assumed an average per capita water
consumption of 225 litres and a sewage contribution of 180 1/c/d.~ The
average water eonsumption in 1976 was only about 82 l/c/d and it was assumed
that in four years the consumption would rise to some 112 1/c/d and an

average sewage flow of 90 1/c/d which is the figure used in the design.

(2) Because of the low water consumption the sewage strength would be high
and the biological oxygen demand (BOD) and suspended solids (SS) were taken
as 0,027 Kg/c/d respectively and based on these values, estimated BOD and

5~ concentration was taken as 300 and 450 mg/l resﬁectively.

(3) The waste stabilization ponds should be located not less than 1000
meters away from the nearest residential area. The plan provided that with
the spread of the residential area to. the wicinity of the oxidation ponds
their use would be discontinued and waste water would be treated in the

waste reclamati on 'ﬁlant,

(4) The magnitude and canposition of commercial and industrial wastes were
not known, making it difficult to assess the volume of waste waters and
hence the following equivalemnt populatimms were used: Commercial, 50 persons
per hectare; industrial, 100 pkrsons per hectare with wastewater flows of

180 litres per capita per day.

(5) The design equation for the waste stabilization ponds was that of

E.F. Gloma, Waste Stabilizati an Ponds, WHO 1971, page 65.
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(6) The residemtial populatiom was estimated at 65,660 (1980) people
comprising the existing populatim -of about 40,000 (1976) and the expected
additional population from new developmemts. Egquivalent populatio from
indus try, commercial ard schools was assumed as 2,340, bringing the total

equivalent population to 68,000,

(7) Total sewage flow into the ponds is 6120 m3/d. The pond volume gives
a retention time of 35 days.
WP.15 Biological treatment of difficult wastewater by

applicatia of activated carbon
(By Prof. Juntgen/Dr. R, Jockers/Dr. J. Klein)

To meef the requirements for advanced water pollution camirol, the
combination of activated carbon adsorption and biological ‘tre‘a’lcnﬁént is
supposed to enable more efficient process configurations for removal of
various water pollutantis, which up to the present time have been difficult
to remove.

Toxic matter is removed by adsorption to granul ar activated carbon
upstrean of the biotreatment, while downstrean, the metabolic matter is
reinoved again by adsorption to granular activated carbon (tertiary treatment;.
In another mrocess configuration powdered carbon is added to the activated
sludge. Here, the activated carbon prevemts, by adsorption of toxic matter,
the Wio-treatment from eing affected, so that the special microbial
populafidn cah take on the biodeg'radéble mattef more effectively. Operational
plants far each of the abqve mentimed configurations are briefly discussed.

WP.16 Sevaggand treatment problems of large metropolitan areas - an
example of Calcutta, India (By Prof. P. Khanna)

A major' source of pollution of fresn and coastal waters in India is
the community wastewater generated by major cities amd towns. It is from

these 142 Class I cities that 60 to 70 percemt of the pollution responsible
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for deteriorati m of the quality of aquatic waters in India is generated.
The contribution of industrial wastewaters even in the industrialized
cities of Bombgy, Calcutta and Delhi amounts to a meagre 13, 11 and 10
percent (by volume) respectively, of the total wastewater flows al though
the organic load cmtributed by industry in India has already reached an
alarming level.

In view of the fact that lack of infrastructure such as mnicipal

wastewater collection and treatment systems due to limited financial resocurces

was mainly responsihble for the deficient water pollutiam cmtrol programme,
the problem cauld only be solved effectively Ly exploiting the available
assimilat ive capacity of the receiving bodies of water to it s meaximum.
Decentralized wastewater outfalls and treatment systems have therefore been
adopted in Bombqy effecting substantial reductions in the costs of waste-

water collection and treatment.

Identification of appropriate waste treatment technology in the Indian

context, exploiting fully the advantages of bright sunshine, high temperatures;

soil conditias and agricultural use are the high mark of treatment technolog

in tropical developing countries. Employment of machinery and equipment
requiring c misiderable skill in installation, operation and maintenance in a
country where such skill is only scantily available would result not only in
huge experditure on treatment but also in non-functional systems.

WP.,17 Recent developments in the field of eutrophicatian prevention
{By Prof. Bernhardt)

Th e paper describes the causes of eutm»ophication of still weters
apolying the results of the interna.‘tional OECD investigati m. Phosphates
being {he rﬁininmm factor in the de-vélopment oxfyaigae, th.e tolerable
phosphorus load feor lakes and drinking water reservoirs is stated as related

to the morphological conditions, paying attention to the fact that drinking

o
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water reservoirs should be cligotrophic or, at the most, mesotrophic.

Different processes for reducti @ of the phosphorus concentration in
the effluents of urban sevage treatment plants, considered to be point—
sources, are described. Not only conventi mal processes.of chemical
precipi taficn are discussed but also new processes, such as the adsorption
of g-compounds to alumina or catact filtration after chemical treatment of

sewage which has been mechanically or biologically purified.

The paper also deals with the process of biological elimination of
phosphorus and nitrogen by anaerobio/aerobic run of a biologicél sewage

treatient plant,

New processes which can now be carried out o a large scale for the
reduction of the phosphorus input from diffuse nutrient sources are explainec.
One of these is the seepage filtratim of the input into-reservours.end:-lckes,
This process is particularly suitable for small inputs and owing to the
filtration of the soil, it leads to a distinct reduction of the phosphate
concentratian in these inputs. The application & alunina-filtration which
is a newly developed method of treating the effluents of fish hatcheries is
also deseribed. Finally, the author describes the process recently developed
by the Wahnbach Reservoir Association imvolving the chemical treatment of
large tributaries in order to reduce the phosphorus input to the tolerable
phosphorus load for drirvking water reservoirs, Similar processes which
have been develoﬁed and are in operation in the lakes around West Berlin
are also discussed.

WP,18 Dinitrification in the German Federal Republic
(By Prof. Dr.-lng. Kranth)

At present aly a few sewage treatment plants in West Germany have
practiced dinitrification as a tertiary treatment step. In general, neither

nitrification nor dinitrification is required at the present stage.
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Besides laboratory scale research, full scale dinitrification processes
have been investigated recently. Two technical solutions for dinitrification
are recanmended:

Simultaneous dinitrification: The volume of the activated sludge plant is

detemined Ly the sludge age necessary fa nitrification. Fundamentally, a
slight dimtrification can be ocbserved with all lowly loaded activated sludge
plants.

To promote dinitrification, it is importamt that zones with dissolved
oxygen are followed by soneswithout dissolved oxygen. This can be achieved
by adding oxygen to the system at one point or by intemittent oxygen input.
The activated sludge, however, must not settle to the botton of the basin,
Consequently, only an appropriate control of the oxygen supply is necessary

to achieve simultanecous dinitrification.

‘Primary dinitrification: The vclume of the activated plant is again
determined by the sludge age necessary for nitrification. Primary
dinitrification is characterized by the mixing of sewage, return sludge and

nitrate containing sludge in a zone that is largely free of dissolved oxygen.

An extemsive nitrate removal can only be achieved with a correspondingly
high internal recirculation and a high dinitrificati mx respiration, <+the rate
of dinitrification increasing BOD. in the influent and increasing solids

>

content in the activated sludge plant.

A nitrogen removal between 50 amd 50% can be reached without any

control, Contra should be considered for higher nitrogen removal.

Since a continuwous measurement of NO, camnot be carried out in practice,

3
monitoring of the NH4 and the alkalinity in the influent and the effluent

is under investigati m.
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WP.19 Sanitation without water (By Uno Winblad)

The wastewater tec}niolog;y developed in the westemmn world over the past
ame hundred years can oniy to a limited extent be apf)lied in the developing

caantries. The two ma jor constraints are water availability and costs.

In much of the third world, water is much too precious to be flushed
away in sewers. Where water is available, the costs of house connectims,
collection netwerks and treatment plants are nomally far above what most

communities can afford.

Satisfactory alternatives to conventional wastewater treatment can
nomally be found. The traditi mmal pit latrine can, with simple modifications,
be turned into an odourfree sanitary latrine. Compost latrines of various
types can be used under the most difficult soil and gromﬁd wat er conditvi as .
They have the additional advantage of turning human excreta and organic
household refuse into fertilizer. Soakvpits and evapetranspiration beds can
take care of grey water from households, not only in rural areas but often

in low-income urban canmunities.

The problem is not one of technology but of social acceptability and
health education as well as community participati -1 in decision meking, -
construction, operation and maintenance.

WP.20  Treatment of concentrated wastewater from the food industry
{By Prof. Hartmann)

Treatment of wastewaters from food processing should be given Speci'al
consideration in many developing countries for a variety of reas‘cns. |
1. The economy of most developing countries is nomally based on
agriculture and agroindustries, which is a natural starting point for

devel opment of industries. This includes focd procossing industries such
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as camneries and industries dealing with extracti'mor refining of raw
products. In marny cases, thede activities produce wastes with organic

pollutants far exceeding those of municipal waste.

2. Liquid wastes fram food proceSsing activities normally lack s:.gmf‘l cant
characteristics typical of wastewaters, such as metals and bacteria. The
pollutants émsist Iin most cases of saps liberated from cells by mechanical
injuries. The chemical composi;ggion of the wastewater is in most cases a
copy of the chemical composition of the food being processed. Thus there
may be a high cmcentration of proteins in the case of potatoes or peas ar%d
beans, etc., or of sugars in the processing of sugar cane or sugar beets, or

a mixture of sugars aml organic acids as in many fruits.

3. Food processing plants should be located far from urban settlements and
. shauld be centred in the rural areas of the productim zone. Food processing

plants are in many cases sited far from important infrastructure.

4. The lack of food in many developing countries indicates the importance

of recycling of valuable raw material to the highest degree possibieo

5. Nascent industrialization indicates the necessity of initially

developing small food processing industries in rural areas.

6. Those methods which are energy saving or which permit the generation

of energy should be encouraged.

7. The special compositi-an of certain liquid wastes from food processing

permits direct feed-back into the human economy.

w
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WP.21 Wastewater processing in the food industry in Kenya
(By Joshua Gecaga)

Agriculture based industries predominate in Kernya and consequently have
the major impact on the country's environiment. !Most of then are located in
rural areas or small centres where there are no communal wastewater treatment
and disposal facilities. Furthermore the effluent-receiving water bodies
also serve as sources of danestic water supplies for the surrounding
camunities. These two constraints would require each factory to have its
own treatmert facility capable of treating the wastewater to a high degree
of effluent quality. However, a survey of the exd sting industries shows
that pollution abatemert units are either non-existent or very rudimentary

and gererally discharge very poor effluents.

Coffee and sugar processing industries produce the bulk of the industrial
wastewater in Kenya. Coffee processing factories in particular pose the
greatest problem because of their scattered geographical di stribution and
the fact that the effluent contains a relatively high organic load. The
presermt practice is to recirculate the process water with the objective of
achieving zero discharge into the receiving water body. The goal has been
attained in some factories but a significant rmnber of others do not yet
have recirculation facilities. The sugar féotories are mainly concentrated
in the western part of Kemya and all of thea have a farm of wastewater
treatment installatim. By and large, the factories do not meet the
effluert standards stipulated by the Ministry of Water Development.
Wastewater stabilization ponds seein to be the preferred method of treatment

for all the factories surveyed.

Besides the coffee and sugar industries,; there are other minor

agricultural based indusiries which although small are expanding rapidly.
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These are: +the dairy, fruit and vegetable processing and meat industries.
A few of these discharge into public sewers and others have small treatment

plants which nevertheless do not meet the effluent stamdards.

The pollutim control section of the Mirﬁstry of Water Developmert is
currently the body in charge of oontrolling‘ the quality of the effluent to
be discharged int o receiving water bodies. The regulati mus laid down appear
fo be satisfactory but the enf arcement machinery has not yet become effective
ard overall compliance fram the industries has yét to be achieved.

WP.22 Wastewater treatmermt in the textile industry with particular
reference to Latin America (By Marcio-Braile)

The textile irdustry accounts for from 10 to 52% of total industrial activity
in Latin Americaa countries, It is very importamt in theée countries becanuse

it provides clothing and employment.

Brazil ard Mexico are the leading countries with regard to export

eamings, while Argentina and Uruguay export mainly wool fibres.

The largest textile manufacturing plants in Latin Americe are located

in Brazil, Colombia and Argentina.

Textile processing plants utilize a wide variety of dyes and other
chemicals such as acids, bases, salts, wetting agents, retardants, accelerators,
detergems, oxidizing agents, reducing agents, developers, stripping agents
and finishers. Unfortwmately, many of this wide variety of substances are
not biodegradable, and after secamdary treatment they may cause public

health  hazards.

The cmtrol and treatment of textile mills effluents in this part of
the world are presently being accomplished by industrial wastes reductiam

anly. This reduction is generally obtained by higher costs of water and
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cheimicals, and sometimes by greater demand of state agencies for wastewater
pollution control. Regarding treatment in industrial areas; if they ére
located in urban areas, they usually do not have area ai(ailable' for |
biological treatment. According to Prof. Dr. Karl Imhobff, ‘com'b_ined tfeatmen*b

of industrial wastes with domestic sewage is the best practice,

In the neé.r future, three huge sewage treatment plants in Sao Paulo area

will trea”g wastes from textile mills,

The table on the next page gives comparison characterlétics of unit

processes used in samtary engineering to treat textile mills wastewater.
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COMPARI SON CHARACTERISTICS OF UNIT PROCESSES USED IN
SANTTARY ENGINEERING TO TREAT TEXTILE MILLS ZASTEWATERS

UNIT PRCCESS

INDUSTRIAL PROCESS

Hool scouring

Woven fabric ‘finishing

SCREFNING

TQUALI ZATION

PH ADJUSTHENT

ULTRAFILTRATION

It is usually necessary to
provide coarse and fine mesh
screening for removal of fiber.

Devices such as fine mesh

vibrating screens have proven
excellent for the removal of

wool fiber.

It is required because of the

batch dumps of waste.

—— s et e

Wool finishing

Wool finers are removed
using fine mesh type
screens. Vibrating
machines have been
successful with these
fibers.

It is used to combine
process and sanitary
wastes prior to sub-
sequent treatment.
Adequate mixing is-
recommended to prevent
solids deposition and
septicity.

Cotton impurities, fiber
and other solids are.
removed by fine mesh
screening, A screen with
mesh size of 80 has been
effective for the
application

— . — — — —

——— s o —

W)
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WP.23 Prevention and reduction of water pollution in the pulp and
paper industry — the experience of the Federal Rcpublic of Germany
- (By Profs. G. Rincke/L. Gdttsching/A. Geller/H. Irmer)

Wastcwatcor pollutian from pulp and paper industrics can scvercly altor

water quality armd cauditions of aquatic lifc in the receiving waters.

Duc to the high density of population ard industry in the Federal
deublio of Gormany and the unavoidablc use of the receiving waters as a
source of potablec watcr, a high degrce of pollution control is nceded.
Thereforc, biological purification of pulp mill wastewater alone is not
sufficient, as the greater portion of non-dcgradable contaminants, cspecial ly

lignosulfonic acids, must also be climinated.

Continuing devel op;ﬁent over scveral decades, of the sul;hit;z cooking
process and pulp washing systems, has led to a recovery level of 97 percent
spent liquor recached by intcernal measures. Furthemmore, the non~degradablc
organic compounds in thc condensates can be reduced to 15-20 kg CSB/t by
neutralizati o of the spent liquor, stripping of furi‘urole/met‘hanole and

partial recycling to the cocking ard washing process.

Technological principles are presently available to reduce the
wastewater ecmissions from the bleaching process. These technologies have
been tested; and full scale application seems to be possible in 1982, If

necessary, a final blological treatuwent is added.

The waste load from paper mills can be minimized by two ways;
alternatively or in combination.

~ Recyocling of process water (intemal measures);

~ Effluent treatment by clremical, physiéo-cheniéal and

biological methods (external measures).
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The biological treatment of paper mill effluents is possible. The
efflclency ‘éf';lﬁhéfbiélgéi:ca‘l ‘tvréa,.tm'éh% 1sgood as 'the: _pr'o:c'@ess water may
be I;‘eduoéd by préventivé and/or. supplemeh't:a.ry ineasures.' .Concurrent use
of internal and cxternal measures minimizes the load in the process water
cycle and the effluent.

WP.24 Wastewater treatment in the oil refinery industry in Nigeria
(By Prof, UK. Enyenihi)

The basic wastewater effluent treatmert processes for the Warri and
Alesa Elane refineries is presented here. The untreated wastewater from
the Alesa Eleme refinery contains pollutants such as oil; sulphides,; and
total dissolved solids in quantities far in excess of those prescribed for
effluent refinery wastewater by API; Canada, England, Sweden and Australia,
No Iécoxds of total heavy metéls and phenols contents of the effluent water
are kept far this refinery. The water charact eristics of the receiving

water of Okrika Creek and Okrika river showed ovidence of polluti ms.

In camtrast, the Warri refinery satisfies the basic requirements of
API wastevater quality regulatiam and the treated effluent wastewater has
characteristics similar to those of the typical mangrove swamp river which

it is discharging into.

However, the ecological implications of gaseous discharges fram flared
hydrocarbons anl burnt mixed sludge. and the effects of burying ash arising

from burnt sludge are not known.

Policgy and strategy guidelines for improvement of the treatment of
refirery wastewater are outlined and specific recamendatims made for the

Nigerian tropical enviromermt,
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WP.25 Wastewater pollution control of the metal processing 1ndustry
in developing countries (By LE.A.R. Ovano)

The following guidelines are suggested for development of wastewater

-pollution contral technology for the metal processing industry in developing

comtries:
(a) Inactivation of a particular pollutant specie rather than
couplete destructions
(b) Solid chemicals especially in packed towers preferred due to
lower iristrumentation; =~~~

(c¢) Utilization of waste materials and locally available materials.

A number of pranising technologies for control of acidity, cyanides,
heavy metals ard reductim of hexavalent chromium are reviewed and their
applicati ; in developing caintries assessed. Those techniques are compared

with the conventional process commonly used in developed camtries,

The minimization and prevention of wastewater discharge fr an metal
processing industries could be achieved by proper industrial estate planning,

collective utilizat ion and reuse of facilities,

For example, the pulp and paper industry discharges thousamnds of cubic
meters daily of highly alkaline wastewater and buys acids for wastewater
treatment, while the metal processing industries Buy truckloads of alkaline
substances to neutralize acidic wastes. - Industrial planners should consider
the wastewaters discharged by different industries and match them in order

to minimize the cost of treatment.

Evalvatiam of wastewater treatmert demand could reduce the volume and
size of wastewater treatmernt plant, ard hence the initial capital investment.

For example, the air pollution scrubber for removing sulfur dioxide, hydrogen
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chloride could be reduced in size if the scrubbing liquid were rendered
Zlkaline.  The weak alkaline solution from tle Scrubber could be utilized for

acid neutralization.

The metal processing industry is one of the major sources of inorganic
pollutants. By providing for the necessary institutimal pl aming and
research needs of the specific emvironment of developing countries, the
impact of the wastes discharged could be minimized., -

WP.26 Use of digester gas in sewnge treatment and for energy productim
(By Prof. Dr. Kayser)

Digester gas is a by—product of sludge digestion with a high calorific
value. In'western Burope, about 25 1 of gas per capita per day are produced

in mechanical-biological wastewater treatment plants,.

: If the sludge has to b_é pasteurized, the g;;s mgy be used to heat up
the sludge. Teday, 'pre—pasteurization is recommended, In order to éave
 energy, it is very attractive to feed the gas to gas-engines. The engines
mgy be connected directly to pumps, blowers or mechanical aerators, or to
electricity generators. I1 can he assumed thet up to ZkWh mechanical or
electrical energy can be produced from one cubic meter of digester gas.
The thermal erergy (cooling water and exhauster) of 2.6 1':‘.r!h/m3 may be used

for digester heating or pasteurization.

If the sludge has to be dried, digester gas may be used as fuel.
- The heat of the vapor from the drier is recovered by the Alfeld process

and used for digester heating.
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ANNEX D SUMMARY OF COUNTRY MONOGRAPHS

Participants from twenty-one countries were asked to prepare
monographs, and an aide-memoire was sent to them outlining the kind of
information wanted. Of the 21 countriecs, the following twenty submitted

such monographs. They are (in alphabetical order):

1. Argentina
2. Bangladesh
3. Bolivia

4. Brazil

5 Colombia
6. Ethiopia

Te India
8. Jordan
9. Kenya

10. Korea (Republic of)
11. Mexico

12. Nigeria

13, Pakistan

14. Papua New Guinea
15, Peru

16, Saudi Arabia

17. Tanzania

18, Thailand

19. Turkey

20.° Yemen Arab Republic

The country monograph for Venezuela has not been included becezuse

it was not available at the time this synopsis was prepared,

ARGENTINA

Argentina had a population of 23.75 million in 1970. Ouly one
third of the country has adequate water; the most important region beicg
the River Plate basin. Annual rainfall is 600 mm. The arid and semi-

arid regilons (2/3rd of the country) depend on underground water.
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In 1973, 6,500 industrial plants were responsible for 74% of the
pollution which was projected to increase by Miﬁﬁby the year 2000,

In 1975, there were 160 sewage services, serving 29% of the
population, Over 75% of domestic effluent is discharged into water
courses without treatment. Most industrial waste is discharged
directly into water courses., There is almost no experience in the
re-use of effluents, although this could be considered in agriculture

and industry.

The Government operates 85% of the sanitary sewage systems, but
there are plans to decentralize this ervice. Much ‘of . the equipment is

absolete, and there is a shortage of trained personnel. .

Stabilization ponds and oxidation ditches are suitable for the
country, especially in areas with less than 50,000 inhabitants. For
larger populations, the activated sludge process could be used. At
present, sludge is treated in dry beds after anaerobic digestion, but

other cheap alternatives should be sought.

Less than 10% of organic industrial waste is removed in treatment
systems, but the authorities are trying to improve the situation through
gradual but strict control Attempts are made to adapt known techniques
to local conditions. Treatment in lagoons is used whenever possible.
Strict control measures are applied in the Capital. Research and

training is being intensified.

Present plans are to extend sanitation services to more than
10 million new users over the next ten years. The costs are expected

to be very high.
If present trends in investments and implementation of plans
continue, the problems could be solved within a few years,
BANGLADESH

Bangladesh (144,500 sq. Km.) is a deltaic country with mahy water

sources that are used for domestic purposes and for irrigation. These
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abound in fish. Almost all important towns and major industrial establish-

ments are located along rivers.

Nearly 90% of the 89 million inhabitants live in villages. HMost
villages resort to either open air defecation or depend on simple latrines;
only a few have sanitary water-sealed latrines. Practically no waste
water {reatment is carried out in rural areas. Sanitary water-sealed
latrines are being popularized in some areas. . The aim is to instal
100,000 units to cover 15% of households by the middle of 1980. Rapid
population growth will make provision of adequate sanitary services very
expensive. About 380,000 water~sealed latrines are planned to be installed

by 1985,

ILZ of the people live in cities or urban centres. Most of these
have no waste water treatment facilities. Dacca (population 2.2 million)
has a water~borne sewerage system which covers 60% of the old and 20% of
the new city, The system is not fully utilized because of lack of power,
and house owners are reluctant to connect fo the sewer system. The situa-
tion, in terms of coverage, is expected to imprbve when a new system of
three lagoons becomes operational shortly. = The city has 10,000 open
latrines. Of these, l,OOO have been converted into sanitary latrines anc-
may be connected to the existing sewerage system. Some houses also

dispose of waste water through open surface drains.

Chittagong (600,000 inhabitants) has no sewers. About 30% have
septic tanks, which eventually discharge into water streams and open

canals; 2/3 of the population depend on night-soil collection services.

Small towns and communites use septic tanks and open latrines.
Increased pollution may damage aquatic life and camso other environmental

problems. Municipalities are in charge of waste water collection.

Although industry is not very well developed, the major plants drain::
their often toxic wastes into nearby rivers, The Government is considering
possiblé solutions to this problem. A water pollution control law has been
passed and an Environmental Pollution Control Ordinance promulgated.
Industry isAadvised about the importance of water treatment; but more needs

4o be done to control pollution.
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BOLIVIA

The monograph described existing sanitary facilities in the main
cities.

La Paz, with 600,000 people, has a separate system for collecting
sewage and rainwater. Sewage is discharged into a river without any
treatment. Industries contaminate water that is used for irrigation.
In E1 Alto de la Paz (200,000 inhabitants) there are plans for building
stabilization ponds. Santa Cruz de la Sierra, a rapidly growing city
of 330,000 inhabitants has two collection networks, discharging into a
river after retention in 4 anaerobic and 2 aerobic ponds; 95,000 people
are served, and there are plans to expand the network. Cochabamba
(280,000 inhabitants) has a separate system for sewage and storm water.

Sewage is discharged into a river without any treatment. Oruro's
140,000 inhabitants are served by a separate system for sewage and storm
water, In Potosi, sewage, rainwater and very contaminated water from
two big ore treatment plants is discharged into two dry river beds with-
out any treatment. Suore (70,000 inhabitants) has a combined system
serving the centre of the city, and two separate systems serving the
outlying parts, All discharge goes into a river that is dry part of the
year. Tarija (40,000 inhabitants) has sewage and storm water collection
system discharging into a river without treatment. In Montero (40,000
inhabitants) storm water and sewage collection systems are in the final
stages of construction. These will discharge into two anaerobic lagoons.

The effluent is led into a permanently flowing river,

Trinidad (30,000 inhabitants) has no rain or sewage collection

system. Most houses use septic tanks. ?

Most of these towns have drawn up plans for improving sanitary
services, Local authorities are, in all cases, in charge of water and

sewerage systems.

In la Paz, chemical pollutants discharged into rivers from industrial
plants continue to cause serious problems. There is also lack of a clear
policy in this area. There appears to be little understanding of these

problems by local authorities.
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- There is an urgent need for government regulations to guide
industries and local authorities in the measures to be taken to control -

and treat water.

Industrial wastes contaminate agricultdfél land and fivefs,'and the
problem persists due to a lack of understanding of what is involved in
terms of the sources, kinds and amount of pollution existing. ': This has

hampered development of effective government action to control pollutien.

BRAZIL

“‘BraZil_(oVef 8.5 million sq. km.) has an uneveniy distributed popula-
tion, ﬁifh'highést density in the south-east. In fhis region water and
pollution problems are acute. 64% of the population now.live in urban
areas. Sénitatibn ié'inadéquate, and domestic.chemiéal wastes are major
.Sources;bf pollution.

Sao Paulo has a sewage collection system for 40% of its 11.6 million
inhabitants; 473% of the sewage receives primary treatment? Rio de
Janeiro ha§.3.treatment plants with a capacity to treat 207 of the.sewage
coliection; 80% is dumped into the sea without treatment. _ Sewage in
Salvador is discharged directly into the seé. . Curitiba has a deep .oxida-
tion ditch for secondary treatment serving nearly 50% of the population.
95% of BOD is removed. Brasilia has two activated sludge plants providing
secondary treatment to 55%:of the sewage, which is finally discharged into
a lake, Recife has two secondary treatment plants with biological filters
for 30% of its sewage; 70% of the sewage collected receives primary treat-
ment. Little industrial waste is discharged in public sewers. Belo
Horizonte has no treatment plant, but 55% of the population is served by-a
sewerage network., In PortoAlegre, about 46/ of‘the population are served,

but only 3% of the sewage receives secondary treatment.

There are plans for expanding the facilities in these towns, The
National Sanitation Plan for 1970 aims to co~ordinate the effort to imprbve
sanitation in urban areas.’ Under this plan 134 systems have been built or
renéwed, Maﬁy more cities will be provided with sanitation services over

the next five years;
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Industrial pollution continues to pose problems, in many cases due
to the fact that treatment plants have only recently been built. In
some major industrial areas, 70% of the pollution is caused by industry.
Over 50% of the most polluting industries have waste water treatment

facilities,

Stillage from alcohol production (which may be used as fertilizer)
has been deposited in lagoons, but as this is not safe enough, anaerobic

digestion is recommended,

80% of the waste water in pulp and paper plants undergoes primary
treatment, with secondary treatment for most of the rest of the waste
water. | -

Four petroleum refineries have installed secondary treatmeﬁt
facilities while seven have primary treatment facilities. Two petrdchemical
complexes have also installed secondary treatment facilities (aciiﬁaté&

sludge).

Anaerobic followed bj aerated and facultative lagoons havé been
installed in a few tanneries with good results. The same is true for
food processing plants in rural areas, Activated sludge treatment and

extended aeration are being used for larger plants.

Combined treatment of domestic and other waste water has been

encouraged in some cases; but this requires prior primary treatment.

In 1973, a Special Secretary .of the Environment was appointed at

- the PFederal level, Regulations and standards for waste water treatment

to be followed by local authorities are needed. In 1976, standards for

discharging wastes in different classes of water sources were issued. The ?
treatment of domestic sewage is the responsibility of the Government, while
industrial wastes are handled by industry, under State supervision. Larger
plants are operated better than smaller ones. There is a need to train
more personnel to make the best use of existing plants and to adopt treatment
methods suited to local cénditions,»based on simple solutions. " Anaerobic
lagoons; anaerobic digestion, and lagoons with cascade aeration have given

good results. The Brazilian climate favours anaerobic treatment with
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generation of mathane (an excellent fuel). Stabilization ponds and
lagoons may prove suitable in some area.
The public must be alerted to environmental pollution problems, and

existing regulations should be enforced more rigerously. Industry should

be given economic incentives to better control pollution. Better methods

for re-use of wastes are needed; and joint treatment of industrial and
domestic wastes should be encouraged. If indusiry could be decentralized,

the pollution would not be as intensive as it is now in a few zones,

COLOMBIA

There are not many waste water treatment facilities in Colombia.

The existing ones are administered by local water authorities.

In rural areas, septic tanks and Imhoff tanks are used both by
individual households and by groups of households. Latrines are also

extensively used.

In the larger cities, there are downstream pollution problems caused

by'the discharge of ﬁntreated effluents into rivers.

Domestic and industrial waste water is not treated. Some investiga-
tion is being carried out in this area, The investigation is concentrat-

ing on the following points:

- To collect more datazdboud the nature and volume of the effluents;
- To collect data on the nature and size of receiving waters and

how these are used;

- To collect more information on industrial: production processes

which give rise to the effluent;

- To know more about what economic and social implications ahy
control measures would have, to compare benefits obtained from::
such control with the costs invol&ed;

- To study the legal framework needed to effectively operate such

control measures.
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The result of these investigations and the pollution control laws
enacted will provide the basis for administrative and financial measures
to be taken in respect to waste water treatment. Inducements have been
tried to encourage voluntary restraints in the quantity of waste water
produced, but both industry and communities have failed to respond to )

such induromonts frequently for financial reasons,

To borrect the situation, there is a need to find low-cost treat-
ment facilities; provide more technical assistance to industry; assist
in designing and constructing domestic and industrial treatment systems,
especially for the larger cities; initiate programmes in rural areas to
prevent pollution from fertilizers and pesticides; and set up an
efficient administrative organization to check observance of relevant

laws,

BTHIOPIA

Ethiopia has an area of 1,2 million sg. km. and a population of
30 million. The high mortality rate is largely due to diseases caused

by improper sanitation,

95% pf the people live in rural areas, and only 1% have pit
latrines, which are often poorly constructed and poorly maintained.
Diseases arising from inadequate excrow. disposal pose formidable health

problems,

General health education, including training in pit latrine construct-
ionlhas in the past done 1little to improve public health conditions.,
People have not seen the need for pit latrines. These are often
uncomfortable and dirty, in some case have led to accidents, Rural ¢
people often lack the means to make a proper pit latrine and so prefer

1o use the open field for defecation.

Pit latrines are also in urban centres as 2 means of excreta disposal.
Sewerage systems do not exist in any towns excepting Addis Ababa. Urban
communities have been poorly planned, and space is often lacking even
for the construction of latrines. Private houses are required to have
proper privies on their premises, but in most cases such facilities do

not function properly.
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Municipalities are responsible for providing and maintaining

public latrines.

Addis Ababa, with a population of 1.2 million, has many dry pit
latrines largely constructed in recent years, but often, due to lack of
space, these are close to where food is stored and prepared. " Hodern
villas and other recent buildings have water flush toilets. The waste
is mostly deposted in individual cesspools and septic tanks. Because
of impermeable soils, soaking pits often over¥low. The contents of
cesspools and septic tanks are collected by vacuum trucks, but this

service is inadequate and very expensive.

A semi-conventional sewerage system is under construction in Addis
Ababa,. It will provide primary treatment to raw sewage and sludge
treatment by menas of staged lagoons, with final disposal of mineralized
sludge. -Since the cost is very high, the network will not cover the
whole city. The possibilities of developing neighbourhood sanitary

facilities need to be studied.
The following measures are needed to improve the situation:

- Teaching of sanitation and hygiene in all schools;
- Establishing research centres;

— The Government should se appropriate standards;

- Staff incentives should be provided;

— Low-cost sanitation systems should be developed;

A greater number of people must be trained in this area.

INDIA

Data on water pollution is collected by the Central Board for the
Prevention and Control of Water Pollution. The Board has found that
the major source of pollution is waste water from big cities and towns
that discharge wastes into fresh and coastal waters, A survey of
142 "class I cities" carried out in 1979 shows that of 60 million people
living in these cities (which respresents 10j% of the national total), only

30 million (5% of the national total) are served with waste water



- 70 -

collection, and only 18 million (3% of the total population) are
servied by waste water treatment facilities. The same cities

cause 607 to 70% of the total pollution of waters in India. %

It has been difficult to apply minimal cost doctrines in the
design of waste water systems, As a result, systems are designed -
with exaggerated safety factors, leading to facilities with unnecessary
large treatment capacities. The same is true a8 concerns design of
sewer networks. As a result these operate below design capacity.
Further development in systems application and mathematical modelling

may solve this problem,

Industrial water pollution is little by comparison, even in
industrial cities like Bombay (13% of the pollution comes from industry),
Calcutta (11%) and New Delhi (10%). ELven so, the organic load from

industry has already reached alarming proportions.

In solving the pollution problems of India, it is necessary to
find solutions suited to the environmental conditions of the country.
They have to be cheap and simple to build, operate and maintain. More

research is needed to find the most suitable treatment methods,

Water pollution control has been deficient because municipal
collection and treatment systems have been lacking due to insufficient
funds, Regional waste water systems may make it easier to solve the

problems involved in pollution control.

Cheap systems are sometimes costly to operate and maintain. A

simple method that gives satisfactory results should be devised.

More research and experiments are needed to determine the best

ways to treat waste water in India.

JORDAN

Amman, the Capital of Jordan, is the only town in the country with
a sewage treatment planf. Some other towns have treatment plants under
construction, while others are studying the question. The authorities are
also taking a keener interest in the problems raised by industrial wastes.

Lack of finance and trained personnel are the main problems.
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In Amman, a sewage treatment plant was built in 1969 to serve
300,000 people, The population has now grown to 1 million. Sewage
flows to the treatment plant by gravity. The sewerage system covers
about 40% of the town area. Domestic séwage undergoes both primary and
secondary biological treatment. About 50/ of BOD and suspended solids
are removed in the primary treatment, The sewage entering the secondary
aeration tanks is highly concentrated and makes it difficult to obtain

good stabilization. Retention time is from 3 to 10 hours.

Post-chlorination is also provided. The final effluent is
discharged into a stream which is dry in summer. A dam has been
constructed across the stream for waste water storage which is used for
irrigation.

Per capita water consumption is 301. per day. As a result, the
sewage concentration is very high. More than 155 of the sewage is
transported from cesspools and septic tanks by car-tankers. It has a

high suspended solids content.

There are plans to extend the waste water tréatment plant.

KENYA

Kenya's present population of 15.3 million has increased by 40% over
ten years. 12,6} of the population live in 24 towns of more than
10,000 people. Nairobi, with 825,000 inhabitants, accounts for 5.4%‘bf

the national total.

Less than 5% of the population in the country are served with
water-borne sewerage systems. 40% use pit latrines and more than 50%

have no form of regular sanitation.

Much is being done to improve the situation. Sewerage services
are expected to improve in Mombasa, and Nairobi spends more than
K&2 million annually on sewerage services, but this does not keep pace

with the rapid population growth.

At the national level, the Kenya Government is responsible for the
provision of water and sewerage treatment plants through its Ministry of
Water Development. The Nairobi City Council is the only local body with

autonomy in this area,
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In Nairobi, about 700,000 pecople are served by five sewage
treatment works with hundreds-of kms, of sewers. The city is drained
by a network of rivers which eventually flows into the Iadian Ocean.
This network of rivers receive effluents from over 100 minicipalities,
townships and villages, before it reaches the Indian Ocean, Within the
0ld Qity, some combined sewers still exist; but newer sewerage networks

are designed to carry sewage and storm run-off separately.

By the year 2000, it is intended that about 80% of the city popula-
tion will be connected to the water-borne sewerage system. In the year

2000 the population will be three times as high as the present population.

Of the five sewage treatment works in Nairobi, three consist of a
system of ponds, and two are conventional mechanical/biological plants,
At one site, a single pond is in operation functioning at about 30% of
design capacity.. At another, two ponds are in operation and these
receive a great deal of industrial waste, as well as domestic waste.

754 of BOD and 60% of suspended solids are removed. A large pond has
been constructed recently but does not yet operate at full capacity.
Of the two conventional works, the smaller plant removes 80/ of BOD and

85/% of suspended solids.

Analysis of waste water at one works has shown that up to 50% of
the effluent is from industrial sources, However, industry accounts
for only 10% of revenue from the provision of sewerage sources.

Sewerage charges should be revised so as to reflect actual situation,.

Other urgent requirments are for more and better trained manpower

and technical and financial assistance.

KOREA (REPUBLIC OF)

The Republic of Korea is industrialising fast. Trade is expanding,

and the standard of living is improving.

All existing sewage and drainage systems in urban and industrial

area are combined systems receiving both storm water and household wastes.
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Conservancy tanks are used to collect excreta, The combined network
consists of closed culverts, open channels and streams discharging run-
off to the nearest river. 10% of urban dwellers are provided with flush
toilets. The effluent from flush toilets flows into.septic tanks which
are emptied periodically as night-soil. New sewerage systems are‘mostly
planned as separate systems, i.e., one sewer for storm water and the other

for sewage.

Most urban districts have night-soil collection systems with buckets; -
or storage privies emptied by vacuum trucks. Night-soil is usually puf
into storage tanks or dumped into the sea. Some night-soil is dumped
into rivers, thus contaminating them. - Night-soil was earlier used as
fertilizer, but now this has been replaced by chemical fertilizersf
Rapid urban growth has aggravated the problem of disposal. IlMany treat—

ment plants have been built recently or are under construction.

At present, the extent of the sewerage system in Korea is insigini-
ficant,. Seoul has tw0.treatment works serving 2 million of the city's
8.5 million inhabitants. The plants provide mechanical treatment,
activated sludge treatment and chlorination. The sludge is stabilized in
heated digesters and the treated sludge is mechanically de-watered,
normally in a chamber filter press. : In one new digester under construction,
the gas produced will be used for heating and electrical power generation.
Pusan, with a population of 3.5 million, has a mechanical sewage treatment
plant with a long sea outfall under construction which will provide full
treatment to 2Q%Aand partial treatment to 12/ of the sewage generated in the
city.A No other major municipal sewage treatment works are under

construction.

The sewerage system needs to be further developed, particularly in
view of the ranid industrialization of the country. Provisions are being
made for' sewage treatment at five out of 20 specific industrial éites.
Naste water from industry and large urban areas located on the south-

eastern coast are polluting major fishing waters.
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The country is in urgent need of legislation related to pollution
control and waste water treatment. Ixisting laws and regulations in
this area are insufficient. Both national and regional authorities
are involved with pollution control. In the future, highly qualified
engineers will be needed to plan and implement sewage treatment projects.

@

These are now in short supply.

After pre-treatment and removal of toxic components, industrial
waste water should be treated together with domestic sewage. The
combined treatment process should consist of mechanical or mechanical-
biological systems. In the future, larger night-soil plants should
adopt the digestion type of treatment. Lfficient and simple low energy-
consuming solutions are recommended,; such as the biological treatment
process with trickling filter., In future, new sewerage systems should
be designed as separate systems. Existing combined systems could be
separated into storm sewers, and sanitary sewers flowing into sewage
treatment facilities. This can reduce contamination of rivers and reduce

pipe dimensions and the size of many pumping stations.

MIEXICO

Mexico's population was 48.2 million in 1970. This is increasing
by 3.4% per year. Industrial and economic growth has also been accelera-
ting.

The country is divided into 96,000 localities, 1,000 of which have
sewerage systems, serving about 40% of the total population. 480 of the
population residing in towns with more than 2,500 inhabitants have a
sewerage system, In towns, with more than 10,000 inhabitants, 60% are
served. The most commoil systems are stabilization ponds, followed by
Imhoff tanks and to a lesser extent, systems treating activated sludge.
97 towns use some or all the waste water for irrigation. Where towns
have few industries and little toxic pollutants; waste water is re-used

after treatment.
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The major problems in water treatment plants are maintenance and
availability of spare-parts. There is need to develop low-energy
biological treatment systems with a minimum of mechanical and electrical
components. These systems should be built within the country. Other
low~-cost ftreatment systems, such as oxidation ditches, trickling filters

and stabilization ponds should also be popularized.

Industrial wastes are of different kinds. Bioiogical treatment
decomposes wastes from food and fruit plants and sugar mills with a high
concentration of organic matter. Chemical and petrochemical wastes and
detergents used in textile industries are not easily degraded biolog’ically°
Water used in industry has a high concentration of dissolved solids.
Fertilizers and dyes contain large quantities of salts. Metél fihishing
plants, tanneries, and plants for chemical and petrochemical derivatives
discharge toxic compounds, 60% to 70% of water used by industry in
Mexico is drained as waste water. For the sugar industry, the figure is

54% and for the chemical, petrochemical and paper industries about 30%,

The main problem in po’lution control is the financial one. Sani-
tation districts could be created and made responsible for pollution control.
Costs might be lowered if large volumes of waste water could be treated in

fewer but bigger plants. The different treatment systems proposed are:

(1) fThe individual solution, where each producer of waste water
must build his own treatment plant. This solution is costly

for industry and difficult to control properly.

(2) The municipal solution where one treatment plant treats
hoth industrial and domestic waste water. Industries could

still have their own treatment plants if they find this cheaper.

(3) The regional solution would consist of a control system
with drain nets, collectors and a general treatment plant where

all waste water from the region is collected.
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NIGERTA

The estimated population of Nigeria is over 80 million. This is
growing at the rate of 2.56 per year. Average rainfall is 200 cm. in

the south, 100 cm. in the centre and 60 cm. in the north.

In major towns, excreta and sullage are mainly disposed of by

means of latrines; dry conservancy systems and septic tanks.

Public latrinés are established in towns and cities, often
contamiﬁating water sources, as many are near streams and rivers.
Night—sdil is collected in major towns, and some is composted with solid
wastes and use& as manﬁreo When municipalities are in ‘charge of
collecting night-soil, the service is acceptable; Dbut contractors
frequently dump buckets into ditches and water sources,; thus polluting
themQ’ In Lagos, each local council is responsible for collection and
disposal of night-soil. In new towns, septic tanks are now common,

A pre-condition for building plan approval is the availability of a

sepfic tank system.
Complete sewerage systems are virtually unknown in Nigeria.

Much refuse is also dumped directly into streams, and particularly

during the dry season, these become very polluted.

In Lagos there are several localized sewerage systems in éddition
to the open drain system. Where sewers exist, pumping is necessary due
to the flat landscape. At 'least 4 institutions have small sewerage plants
and pumping stations., The plants are of conventional type and give
primary and secondary (i.e. physical and biological) treatment; but
operation and maintenance of the system is unsatisfactory. Spares are
often not available. Such highly mechanized plants are not suited'to
the needs of Nigeria, What is needed are simple, low-cost fool-proof

plants that are easy to opéfate and maintain.

Industries established within industrial estates simplify inspect—~
ion. A common treatment plant can be used for all effluents from an
industrial estate. Operation, maintenance and control are easier in this

way.

w
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A central plant, such as the one at Ikeja Industrial Estate, is
equibpped for full treatment of concentrated industrial waste, with
chemical treatment and néﬁtralization, sedimentation, trickling filters,
aeration, final settlement and sludge digestion. The residual sludge
being dewatered by vacuum filtration. About 80% of the strength of
the combined wastes is removed. Cost of treatment is borne by the
factories in proportion to the volume and strength of the effluent they

generate,

A survey of textile mills in lagos State in 1973 showed that no
treatment was'given to waste water (but one factory had plans to build
a treatment plant).,  Textile mills did not know the volume or streﬁgth'
of effluent they produced. lYuch of the effluent was disoharged just
outside the mills and spread around the adjoining lands; pr0perties and

roads, creating many problems,

Lagos_City has no drainage system. Thus industiries cannot he
directéd fo discharge their wéstes to épecific locations. No legisla-
tion.exists on the disposal of waste waters from the trade, industry or
household premises; neither are there any standards for limiting the
pollution load from any waste water discharged.  Data on existing water
sources are lacking. The City needs a modern sewerage system,
Legislation sétting standards a2bout effluents must be prepared and

approved. Well-~trained personnel will belincreasingly needed,

Low-cost and simple treatment methods that should be considered
are wastée stabilization ponds (facultative ponds), aerated lagoons, and
oxidation ditches, There is also a need fo devise simpler aeration
methods ahd aerators requiring little or no electric power and moving

parts.

PAKTSTAN

Pakistan (70 million inhabitants; over 804,000 sq. km.) is predomi-
nantly an agricultural country. There are hilly areas, plains and

deserts. Average rainfall is from about 15 to 50 cm. per year.
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Host waste water comes from households. In most towns, sewerage
systems are either non-existent or inadequate. 95% of the population
live in the Indus Basin and almost all the water resources and agricul-
tural potential are concentrated in this area. Rapid industrialization
and urbanization are creating serious environmental pfoblems° 30% of
the population now live in urban areas. Perhaps 230 million gallons of
sewage/sullage are produced daily by the urban population. Rural people
may produce around 207 million gallons per day. 34.8% of urban dwellers
are served with sewerage and drainage facilites. This represents about

10% of the national population.

The sewage is generally not treated. Most water is discharged
into rivers or onto land for cultivation, with practically no treatment,
Much drinking water is contaminated. The few existing plants do not
work to full capacit}'because of a lack of skilled operators and
inadequate maintenance. Simply designed plants with little mechaniza-
tion or automation are needed. Of existing methods, the oxidation pond
or its modifications seems most suitable. Oxidation ponds or aerobic
ponds not deeper than 5 feet may be found suitable, but research is needed

to establish this. Trickling filters have been installed in a few towns.

Karachi has four conventional trickling filter treatment plants with
sludge digesters. Lahore, with 3 million inhabitants, has no treatment
facility at all, but one is under consideration with either trickling

filters, activated sludge or stabilization ponds.

Little attention has been given to industrial wastes. These are
either diséhérged into streams without treatment or applied to land.
Both water and soil become contaminated by this practice. There is,
however, growing awareness of the acute situation. An Environment
Sanitation Cell has been established, and a Pollution Control Act has

been passed. More technical know-how is needed. Research has
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contributed to the improvement of methods of measurement, sampling and
analysis of pollutants, and the effective means of detecting pathogenic
organisms. However; research is needed on different types of waste
management plants and simplified systems which make good use of local
resources. Ways of reclaiming heat from waste neced to be found, and

the possible re-use of waste in agriculture should be studied.

Laboratories to carry out routine sanitary analysis exist in five
towns, but these do not have the means to detect synthetic compounds.
Only one institution trains public health engineers. It also carries
out rescarch into sources of pollution. Emphasis should be given to
training and building up research facilities. | The geheral publié must
also be educated in regard to pollution control. Existing practices
of waste water treatment should be adapted to suit each region“of“%he

country.

PAPUA NEW GUINEA

Papua New Guinea consists of eastern New Guinea and several smaller
islands, The total area is 213,500 sq. km. Generally the country is
mountainous and the rainfall high (over 2,500 mm. per year); there are,
as a result, many swift-flowing rivers, and transport and communication
are difficult. The population is about 3 million, with 85% to 90/
living in rural areas and most active in the agricultural sector.

Towns are, however, growing in population. Primary production, manufactu-
ring and light industry (especially mining) are expanding rapidly. The
volume of waste is also increasing and some of it undergoes treatment,

while the rest is simply dumped into water courses.



- 80 -

Four methods are used for treating domestic wastes:

1.
24
3e
4.

Complete treatment;
Stabilization ponds;
Dilution, and

Septic tanks.

Complete treatment of domestic wastes (found suitable for

institutions with 1,000 to 2,000 people) consists of screening, grit

removal and primary sedimentation; secondary treatment with biological

percolating filters and activated sludge, and final sedimentation and

chlorination, before discharge into receiving waters,

Many towns, schools and institutions use stabilization ponds,

involving screening, primary and secondary sedimentation ponds; a

polishing pond and sometimes chlorination. Port Moresby, the Capital,

with 150,000 people, uses sewage lagoons, but some of the sewage is

discharged directly into the sea. The method with stabilization

ponds is cheap and simple and is extensively used in the country.

Treatement by dilution in the sea, a lake, or a river for natural

purification is inexpensive and widely used for domestic wastes in

some areags such as coastal towns, including lae, the second largest

town.

Septic tanks are also extensively used and many small towns are

totally dependent on them, The effluent is put into absorbtion

trenches,

Overloading and pollution of underground waters are the

main problems with this type of treatment.

Pit latrines are also used.
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Rlesearch is needed urgently to find low cost and simple treatment
methods that give satisfactory results. Possible choices are stabiliza-
tion ponds, biological trickling filters and bio-digesters. The gas

produced from bio-digesters can find use for domestic purposes.

An Act of 1978 sets standards and regulations for the control of
toxic contaminants etc., but the act is not rigidly enforced. Public
health regulations exist in draft form; but the need for early control
measures in the short run has not yet been recognized. Most people
fail to see the need for sanitation, which they cannot afford. Improve-
ment in the education of the general public in this area is urgently

needed.

PERU

The country needs to develop low-cost methods of waste water
treatment, in order to save money for many other development taks which
remain unsolved. Stabilization ponds have lately been constructed, as
this system is adequate and relatively inexpensive; it destroys
pathogenic organisms . : and the effluents can be
used in agriculture. Of 30 treatment plants installed, 22 (or 73%)
are stabilization ponds. More will be built over the next two years.=
Activated sludge, oxidation lagoons, Imhoff tanks and sedimentation

tanks are also used in some cases,

Existing plants treat only a small percentage of all waste water
produced. Host wastes are discharged into rivers or the sea without

treatment,

In Lima, there are two lagoon systems for treating domestic waste
water, serving 90,000 people out of a population of 4 million (or 2.25%).
Most of the waste water from Lima and Callao is discharged into the sea,

causing heavy pollution.
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The population is growing fast and enormous pollution
problems are likely to arise. The authorities are aware of the
problems and have produced a master plan to solve some of them,
but greater attention should be paid to waste water treaiment., *
Research is needed in this field, Most treatment methods are based
on foreign expeiience and studies as to their performance in Peru i

are needed. Effective control is also required.

The stabilization ponds in San Juan are being evaluated to
find out about their performance, possible re-use of treated sewage
in irrigation, effects of such re-use on the soil, and effects on the
fish. During the course of the evaluation, new research methods
will be developed and the question of information collection and

dissemination will be examined.

Anaerobic digestion of sludge is also an interesting possibi-~
lity that could produce energy in the form of methane (biogas) and

bio-fertilizers,

Industrial waste water is not treated in Peru. Industries,
especially mining operations discharge wastes and pollute many rivers.
Some of the resulting "acid water" is used for drinking. One mining
company has begun to study the problem, Other industries discharge

a great deal of organic waste matter.

More money is needed for training, equipment and research.
Expansion of international co-operation can also help in solving

these problems.
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SAUDI ARABIA -

Much attention is now paid to sewerage and waste water treat-
ment in Saudi Arabia. The Water and Sewerage Authoritiés; under the
Ministry of Municipal and Rual Affairs, are responsible for such services.

Two methods of physical and biological waste water treatmenf are
used:

1. aerated lagoons and stabilization ponds; and

2. activated sludge and trickling filters.

Chlorination is used in some of these facilities.

The first method is found to be suitable and inexpensive for
small towns and rvral areas. It usually consists of rows of stabilization
ponds with aerobic and anaerobic digestion; aerators are also used.

The second method is used in larger towns and consists of
screens and grit chambers, aeration tanks, sedimentation tanks, trickling
filters, aerobic and anaerobic digestion tanks, sludge drying beds and
effluent disinfecting equipment. Five treatment facilities of this kind
are under construction or planned, and existing ones will be expandedf

The effluent from plants in Jeddah and Damman is discharged
into the sea; that from Riyadh and Hedina flows into "Wadis", where some
evaporates and some percolated into the ground. In Medina, some of the
effluent is used for irrigetion. There are plans to re-use more of the
waste water in agriculture or for cooling in industry.

‘Lack of trained personnel is a major problem in the operation
and managemént of these facilities, Foreién conﬁrgotors are used at

present but they are obliged to train Saudi personnel.
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The public needs more education in the use of sewerage
facilities., DMaterials such as.ﬁylon bags, clothes, plastic and tin
ans are founq‘in sewer lines and treatment plants. These complicate
the treatment process. The Government is preparing to set standards
for materials allowed to be disposed of in sewers, and to determine
if pre-treatment is required before disposal in the system.

Industrial wastes are still not a seriousAproblem. All
treatment facilities have been built mainly to treat municipal waste
water.

Scholarships are now offered for environmental (sanitary)
studies. International organizations are asked to provide consultants
in this area. Training of personnel is a priority.

Because of the rapid growth, cities are still not fully
served with treatment facilities in spite of heavy investments in this

sector. The aim is to provide all settlements with sanitary facilities.

TANZANTA

Tanzania's location and climate fawour the use of nam=-echanical,
biological methods of sewege treatment. On the mainland, 2.33 million
people live in 55 towns of more than 5,000 inhabitants. Only seven of
these towns have éewerage systems serving about 10% to 207 of the
popula,tioﬁ. Tanga discharges all its sewage directly into the sea
withdut treatment. Dar-es-Salaam discharges"ﬁart of its sewage through
a long sea outfall, and the rest is treated in stabilization ponds in
series with maturation ponds, of which it has more than nine, all
facultative. Only lloshi has a mechanical sewage treatment system con-

sisting of inlet works (grit removal channel, coarse screens, float operated
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flow recorder), primary tanks, biological filters, humus tanks, cold
digestors and drying beds. Sewage from other towns is treated in
stabilization ponds and discharged into rivers, streams or dry valleys,

The abolitiqn of local government in 1974 was followed by a
period of neglect and structural decay of sewerage works.__Fuﬁds were
lacking and skilled personnel were shifted to other duties. Maintenance
and spares are lacking for the mechanically operated sewage treatment
works at lloshi end operators are poorly trained. As a result, the
effluent from the works which is of very péor quality, is discharged
intb a river used for irrigation and domestic purposes, downstream.

Stabilization ponds in Dar-es-Salaan have not operated
properly (except one serving the University). The reason is that the
ponds have received so little sewage.that it is below the normal oper-
ating depth. In one case, a pond receives industrial wastes and waste
0il. This has affected the colour and the biological life in the pond.

Waste stabilization ponds rely on plenty of sunshine and re—
latively high temperature to function well, but the sewage works must
be cleaned and maintained by trained personnel who can also undertake
necessary measurements and tests. The country needs more sanitary
engineers and public health engineers.

Urban councils (restored in 1978) are responsible for main-
tenance and operation of sewerage systems.

After a cholera outbreak in 1978 the government has been
alerted to the need for better sanitation programmes and is doing its
best, but lacks adequate funds.

Where public sewers exist, industrial waste waters are dis-
chargedvdirectly into these without or with only partial treatment.

Where there are no public sewers, some industries, especially those



- 86 - .

generating large volumes of wastes, construct their own sewers and
treatment plants; otherWise, effluents are discharged into ditches
or valleys. In general, most private works treat waste poorly.

Where industries discharge their waste into public sewers,
these tend to create odour problems. The Tanzania Effluent Standards
Committee has set temporary effluents standards which reguire
industries to install pre-tfeatment plants if the wastes they produce
do not conform to the minimum requirements set for public sewers.
Comprehensive waste water management programmes are needed to

safeguard gurface and undergrbund waters.

THATLAND

Nearly 80% of the people live in rural areas. Waste water
problems are greater in towns, 60% 1o 70% of the waste discharged
into the Chao Phraya River comes from households in the Bangkok area,
while about 30% comes from industries in the same area.

Domestic waste water management is the responsibility of
each city or local auvthority. At present; no city has waste water
treatment facilities, not even Bangkok. The waste water is discharged
directly into natural receiving waters. Ifunds are lacking and the
need to establish treatment works is often not realized exgept in some
major cities where the problems are being surveyed and studies.

Central government initiative may De needed to solve the problems
in this area.

Although there are many industries in various parts of Thailand,
most are sited in the Bangkok erea. Industrial water pollution control

is the responsibility of the Industrial Environment Division in the
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Ministry of Industry. Standards are set, but some industries lack the
resources to install treatment plants. The plants that have been
built are in need of proper operation and maintenance, as the effluent
is still below standafd. A treatment facility is now a requirement
before a permit is granted to establish a factory which produces
wastes in its day to day operations. This permit must be renewed
every three years. Nany treatment plants have been put into operaiion
during the past five years, mostly stabilization ponds and aerated
lagoqhs, as these utilize locally made equipment and are inexpensive
éQa éimple to operate. But different treatment methods may be found
more suitable for different industries. White sugar cane mills
recycle water used for cooling and washing after treatment in aerdbic
ponds. .Most pulp and paper mills are located around Bangkok; pulp
plants use aerated lagoons, and most paper milis incorporate fine
screening, chemical coagulation and sedimentation in their treatment
processes. Waste water from molagses distilleries has a high BOD
content., Private distilleries have treatment facilities for this
purpose,- but government-owned ones remove their wastes by truck.

The country's two breweries have chosen the activated sludge
process for treating their waste water. Newer tapioca starch factories
have stabilization ponds, but older ones often lack treatment facilities.
Most small-scale factories in the country do not treat their waste
water.

 The rivers that are receiving waste waters from domestic and
industrial sources are also the sources of domestic and industrial
water supply. This is often polluted. This holds true for the main

river in the country, Chao Phraya River, which passes more than 9 hig



- 88 -

cities inecluding Bangkok. Many industries are also built on the
banks of the river. lNMore than 400,000 kg.’BOD/day are dumped into
this river, and the water quality is very poor, especially near
Bangkok; the dissolved oxygen concentration is almost O mg/1.in the
summer, Other rivers are in a similar situation., This also affects
fisheries and agriculture éround thése rivers.

Several ministrieé are involved with pollution control
legislation. Local government authorities check water quality in their
areas of responsibility. The National Environment Board was created
to have a single organization in charge of policy haking, co-ordination,

data collection and dissemination of information.

TURKEY

Turkey'!s area is 776,000 sqg. kme and has a population of
45 million, which increases by 2% per year. The country is surrounded
by seas on meny sidese IFor one third of the population, these seas
are natural receiving waters for domestic and -industrial waste water.
In inland areas domestic waste is often discharged into rivers that
eventually reach one of these seas., Laws and regulations set limits
to the kinds of domestic and industrial wastes that can be discharged
into rivers or seas. These regulations are inadequate and not
strictly observed. What is lecking is waste treatment technology
adapted to local conditions. PFurthermore, the systems used are in
some cases costly. The public needs to be educatsd about environmental
protection and public health. Some seas and rivers are highly polluted.
The Government is aware of the issues and is trying to improve the

situation.
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Turkey is an agricultural country, but industrialization has
started and many people are moving to urban areas; especially to the
teﬁ towns where most industries are located.

Municipalities are responsible for sewerage systems. Due to
a shortage of funds, few towns have complete sewerage systems. In most
cases, domestic wastes are discharged into private sepﬁio tanks; in other
cases sewage 18 discharged into rivers and lakes without any treatment.
Hunicipalities have also been unable to cope with the rush of people
from rural to urban areas. Priority has been given to water supply
rather than sewage services. Still, there has élso been a great deal
of investment in sewage services and many sewage systems have been
constructed oﬁer the past decade.

lost waste water is of the domestic type. Sub-urban areas and
small communities with sewerage systems discharge domestic wastes
directly into rivers or lakes without any treatment; septic tanks are
used in some regions. The wastes are removed by sludge lorries,
Tourist resorts built recently have waste water treatment plants for
primary and secondary -treatment. Digger houses built by the government
have at least primary treatment facilities.

Since 1973 the discharge of industrial waste water harmful to
flora and fauna in lakes and seas is restricted by law. Therefore
almost 211 new big industrial complexes have treatment plants for their
waste water. TForeign technology has been used together with systems
designed and constructed by local contractors such as oxidation ditches
and activated sludge systems. 0ld industries continue to pose environ-

mental problems. It is difficult to force them to comply with existing
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regulations. The state may have to help financially. Combined simple
treatment facilities for industrizl zones with several factories may
also help to solve the problem., Foreign economic assistance will be
needed to achieve satisfactory results, but the stress should he on
low~cost sysfems.

The importance of waste water treafment has been brought to
the attention of people and authorities over the past 10 years.
Technical persoﬁnel have been educated and several training facilities
now exist in the country. But there is not enough work for all the
staff that has been trained in this field., lost of the equipment |

needed to treat waste water can be manufactured locally.

YEIMEN ARAB REPUBLIC

The country consists of three distinct regions, the central
highlands, the coastal plains and the eastern plateau which has a
desert climate. The estimated population is about 6.5 million, with
an annual growth of around 2.2%. About 20% live in urban areas,
primarily Sana'a, Taiz, Hodeida, Ibb and Dhamar. With the exception
of Taiz, there are nbt municipal sewer systems yet in operation in the
Yemen Arab Republic.

Sana's has about 180,000 inhabitants. A water supply
system was initiated in 1976, but no sewer system has so far been
constructed., Waste water is collected and disposed of by means of
pit latrines, deep cesspools and septic tanks, used by only a small
number of new buildings in Sana'a. Waste water seeps into ditches,

causes unsanitary conditions, and contaminates ground water.

L}
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Deep cesspools made of masonry or concrate are used for new buildings.
The wastes seep into the soil through the bottom of fhe well; the
solid wastes are partly decomposed by bacterial action. Groundwat;r
is, however, polluted by seepage from cesspools.

Taiz, with 109,000 people, has the only waste water
colllection system in the country, but it has a minimal effect on the
city's sewage disposal problem. The system is 9 km. long, has 263
connections, and serves only about 3,800 people in a service area with
a population of about 12,500. 95% of the houses in Taiz are not
connected and waste from these houses is discharged directly into
ditches or cesspools., Surrounding areas and water lines are
contaminated,

Hodeida, Tbb and Dhamar use the same systems as Sana'a and
Taiz. No municipal sewer systems are in operation,

The National Water and Sewerage Authority, established in
1973, is responsible for planning and managing water supply and
sewerage systems. Water supply and sewerage projecis are being
implemented for the five major cities and will be functional by 1985.
The projects are designed so that expansion is possible. All waste
water generated in the project arcas will be treated in stabilization
lagoons and the effluent will be used for irrigation. This mode of
treatment is inexpensive and relatively easy to operate and maintain.

Shortage of trained engineers and technicians is the biggest
problem at present, but a long-range training and recruitment programme

is being developed.
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Industrialization has not yet advanced so as to create waste
water problems in the country., When this occurs, industrial waste
water treatment will be co~ordinated with the municipal waste water

facilities.

“ar
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CONCLUDING OBSERVATIONS

From the country monografhs that have been submitted for
this symposimm; it is clear that the 1970's has been a decade when
individuals and government bodies have been alerted to the hazards of
pollution and the need to establish control measures to slow down or
stop environmental deterioration through damage to plant, animal and
fish life and the soil, and to protect human health.

All countries can be said to be doing something to solve the
problems caused by waste water pollution. But developing countries
in particular feel the heavy economic burden associated with waste
water treatment because it is in addition to many other costly deve-
lopment schemes that usually receive higher priority. Those directly
involved with waste water treatment feel that resource allocation in
this sector is too small to enable them to take the necessary steps
to provide satisfactory protection to the surroundings.

Three causes are generally recognized as contributing to
waste water pellution and the deterioration of the environment asso-
ciated with it:

1., Rapid population growth;

2. Rapid urbanization; and

3, Accelerated industrialization.

The actions that need to be token involve the education of
the people in hygiene and sanitation, as well as the development and
application of systems that can remove, treat and neutralize harmful
waste water. A central concern of developing countries is to design

and construct facilities that are low-cost, use little energy, are easy
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to operate and equally simple to maintain and repair without resorting

to expensive importation from abroad. Locally made equipment should be
encouraged and nationals should be trained to take care of all aspects

of the construction and operation of sanitary facilities.

" In seeking suitable solutions, one needs also to bear in
mind that water is scarce in many developing countries, On the .other
hand, land may be readily available in many, but not in all cases.

A method for treating waste water mentioned by many couwntries
is by stabilization ponds or lagoons. A hot climate together with easy
access to large areas of land makes this. sollution attractive in many
cases, It is relatively inexpensive and simple to construct and main-
tain'and does not need imported components or foreign experts.
Oxidation ditches or ponds, trickling filters and chlorination are
other treatment methods that several countries have found attractive,
For financial and technical reasons, self-purifying or extensive’
gystems are often preferred to sophisticated, mechanical systems.

All countries seem to realize the need for more research in
waste water treatment technologies. Finnice is a recurrent problem
in almost all cases. The guestion of re-use of waste water is also a
pressing one for some countries, either for irrigation. or for other

uses where water cuality standards can be relaxed.
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