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1. PREFACE 

The Second Regional Seminar on Environmental Pollution: Water 
Pollution was organized by the WHO Regional Office for the Western 
Pacific. and was held in the WHO conference hall in Manila from 17 to 
24 March 1975. 

The Seminar was attended by 21 participants from 14 countries. 
and 10 official observers representing the following agencies: Asian 
Development Bank. Food and Agriculture Organization of the United Nations, 
Metropolitan Waterworks and Sewerage System. WHO Collaborating Centre 
for Surface and Ground Water ~ality. Philippine Coast Guard. Economic 
and Social Ccmmission for Asia and the Pacific. Laguna de Bay Development 
Authority. and the United Nations Educational. Scientific and Cultural 
Organization. Participants. observers. consultants. and members of the 
WHO Secretariat are listed in Annex 1. The progrSllllle of the Seminar is 
attached as Annex 2. The various elements of the programne were 
introduced by the consultants. and discussions followed. A list of the 
working documents prepared for the Seminar and copies of the individual 
papers are given in Annex 3. 

The Seminar was opened by Dr L. Hesselvik, Director of Health 
Services. on behalf of the Regional Director. Dr Hesselvik welcomed 
the participants and stated that the Seminar was called to discuss water 
pollution in the Region and its socio-economic and health implications. 
He noted that worldwide concern over water pollution had resulted from 
the explosive growth of urban communities and industry. Following a 
reference to the tragic consequences of mercury pollution in Japan. 
massive fish kills and oil spills. he stated that. apart from the problem 
of water-borne disease "arising"from uncontrolled sewage discharge. new 
discoveries were being made daily which pointed to added dangers for " 
public health from a number of man-made chemical wastes discharged into 
the environment. Countries faoed with expanding population growth and 
industrialization would have to pursue policy objectives in harmony with 
the environment. Although the Seminar was to be concerned primarily with 
water pollution, it was clear that water pollution had to be considered 
in relation to man's total environment and ecosystem. With participation 
of such a highly qualified group of professionals. composed of 
representatives from public health ministries and/or departments. 
environmental protection and conservation agencies. public works 
departments. water supply departments. water resources councils. and 
industry, it was certain that full discussions would take place. 

In his introductory remarks. the Seminar Director reiterated the 
objectives of the Seminar. namely: to " ••• bring together staff concerned 
with water pollution control activities. from various countries and 
different disciplines •••• to: 
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(a) review the existing situation in their countries. 
including current government prograJllllleS and policies; 

(b) bring to light new problems and trends; 

(c) exchange experiences and ideas; 

(d) formulate technical proJections of the scale of problems 
and needs at national and regional levels." 

Detailed objectives were identified as follows: 

"(a) To review country problems and their socio-eoonomio and 
environmental aspects. with partioular attention to e .. rging problems 
and trends in the context of developing ecOllOlll1es. rapid urbanization 
and expanding industrialization. 

(b) To set water pollution control actiVities in the proper 
oontext of broad environmental protection. emphasizing the need for 
urban. rural and land use planning as the basis for oaaprehensive 
water quality management. 

(c) To discuss the need for broader perspeotives in the 
institutional and legislative framework for water pollution control 
wi thin the context of environmental protection. 

(d) To review water quality criteria and standards. and 
municipal/industrial effluent limitations, and their effeotiveness 
in controlling traditional hazards as well as oontaminants from 
advanced technology. 

(e) To disouss the economics of water pollution oontrol 
programmes and their sooial impact. 

(f) To review various methods of waste treatment from the 
standpoint of cost and applicability to countries in the Region. 

(g) To discuss information systems needed in conjunction 
with water quality monitoring and surveillance activities and 
management. 

(h) To discuss research, demonstration and training needs. 
with special emphasis on the solution of looal problems. 

(i) To outline a progr81111118 of needed technical aotivities 
for the guidance of national and regional water pollution oontrol 
efforts." 
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Mr B.N. Garcia (Philippines) was elected Chairman of the 
Seminar and Mr Bruce W. Spooner (New Zealand) Vice-Chairman. Session 
rapporteurs were appointed from among the participants and were 
assisted by members of the WHO Secretariat. 

The Secretariat and consultants were introduced by Mr F.C. Go. 
The Chairman then introduced the participants and observers. 

Dr F. J. Dy, Regional Director, concluded the SemirAr on 
24 March 1975. 

2. MAIN CONCLUSIONS 

The main conclusions reached during the Seminar were: 

1. Water quality management programmes should be considered 
as an integral part of an overall programme in water resource planning 
and should encompass both surface and ground waters. 

2. The basic water quality management problem in some areas 
of the Region continues to be control of human wastes to avoid enteric 
and parasitic diseases. In other areas, industrial, agricultural and 
economic development has brought new and challenging problems of 
controlling chemical pollutants. 

3. Every major urban city in the Region, at one time or 
another, has experienced water supply problems and these are becoming 
more difficult to resolve. Development of new water supply sources 
always lags behind demand, and forward planning is imperative. 

4. Water quality management programmes should be developed 
with input from public, private and professional sectors as well as 
other interested groups. The development of pollution control 
programmes cannot, however, await pressure from public interest groups • 

5. Development of pollution control programmes must take 
into account the financial and manpower resources of the Region. Some 
flexibility must be allowed in implementing such programmes. 
Government incentives to industry might be appropriate, and special 
consideration and advisory services may be required in the case of 
small industries and municipalities. 

6. Effective control of water quality requires that water 
planning activities be closely integrated with land use planning. 

7. Water quality management programmes are appropriat~ in 
all countries, regardless of their stage of development. In water 
pollution control planning and control programmes, perspective must 
be maintained with regard to economic priorities and long-term social 
benefits and tradeoffs. 
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8. Comprehensive progrlUllDeS should treat all aspects of water 
resources as a total system. In all instances, the oonsequences of 
action proposed vis-a-vis total environmental effects must be carefully 
indicated and assessed. 

9. Serious inadequacies exist in oapabilit1es for assessing 
the health effects of water intended for potable and other uaes with 
regard to human heal th.Current methods for cieteeUng the presenoe of 
pathogenic organisms and viruses are inadequate and complete 
understanding of the effects of many inorganio and organic chemical 
contaminants is lacking. 

10. No single system of wastewater treatment is appropriate 
for all applications. In many instances in developing countries, 
treatment utilizing stabilization basins and land application 
techniques will be preferable to systems aucb as aot1vated sludge and 
high rate trickling filters caJlllonly used in these nations. Use of 
waste water 1n agriculture and aquaculture is an attraotive means of 
pollution oontrol when human health oan be protected adequately. 

11. Monitoring activities should not await the development 
of automated systems. Simple techniques 1nvolv1ng manual. aample 
colleotion and analysis may be adequate. Automated 87ste.a oan monitor 
only a few parameters continuously. They must be oomplemented by 
systems of manual sample collection followed by appropriate analysis. 

12. Information on analytical methods and treatment 
technology, and on the :wailability and utilization of soph1sticated 
instrumentation and other equipment, should be exchanged between 
departments and agencies in a country. and between universities and 
researoh laboratories within and outside the country. 

13. Care should be taken to evaluate and interpret 
measurement results properly, to ensure optimal benefit from the oostly 
sampling and analytical operations. National or regional data quality 
assurance and intercalibration programmes might be considered for this 
purpose. 

14. Since water quality management progr_s are generally 
developed in stages, oare is needed to ensure that training prOgraJllll9s, 
regardless of level, relate to changing needs and requirements. 
Personnel involved in all phases of the programme -- ~gers and 
executives. professionals. university professors, operators, and· 
technicians -- should be given an opportunity for training. In 
addition, special efforts should be made to teaoh water pollution 
control awareness to sohool ohildren and adults. In the latter oase 
the mass media 'offer unique opportunities for suoh eduoation. 

15. Although the need for basic research information exists, 
emphasis ahould be plaoed on research applicable to the unique 
environmental and social conditions in the Region. 

• 

• 

• 
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16. There is a need for WHO, through the Regional Office, to 
provide initiative in the development of a water quality management 
centre associated with some univerSity or research laboratory in the 
Region. This centre should have the capability of carrying out research 
and demonstration projects; provide design criteria for water pollution 
control appropriate to the area; train professionals, technicians, 
and operators; serve as a co-ordinating centre for data collection, 
storage ar~ retrieval; and prepare guidelines and manuals on operations 
and equipment. 

3. SEMINAR TOPICS 

3.1 Country reports and supplementary information 

A summary of the information given in the country reports on 
water pollution submitted by the participants was prepared (Annex 4) 
and presented. The SUlIIIlRry was amended by supplemental information 
from the partiCipants. 

3.2 Comments and conclusions 

3.2.1 Water pollution control for environmental protection in 
developing countries 

The Western Pacific Region includes countries in the temperate 
zones of the northern and southern hemispheres as well as a band of 
countries in the subtropical and tropical zones. These countries vary 
widely in size, population, cultural patterns, and urban and rural 
development, and in technological, industrial and agricultural 
development. In many countries, pollution problems have increased 
because of rapid urbanization, industrial growth and the application 
of new agricultural techniques. As a result, in addition to the health 
problems associated with water-borne disease due to inadequate water 
supply and excreta disposal, there is the problem of chemical toxic 
agents, both organic and inorganic, arising from the effluents and 
discharges of industry, and agricultural and urban runoff. 

Since the need still exists to control enteric disease in many 
areas, water pollution control must include the control of 
bacteriological and other biological agents -- pathogenic bacteria, 
viruses, parasites, etc. Although epidemiological data, except in the 
case of infectious hepatitis, do not point to an association of swimmine; 
with enteric disease, the application of aesthetic controls to bathing 
and other recreational areas is recommended in public health practice. 

In addition to the well-known water-borne diseases associated 
with deficiencies or excesses of chemicals, such as gOitre, dental 
caries, plumbism and arsenic poisoning, there are now such diseases as 
Itai-itai (cadmium poisoning) and Minamata (mercury pOisoning). A 
large number of toxic agents have been identified as being non
biodegradable or persistent, and some have been reported to be 
carcinogenic, mutagenic and/or teratogenic. 



- 6 -

It was shown that in the case of Itai-itai and Minamata disease, 
the chemical contaminants were not present in the potable water supply 
but were transmitted to man through the food chain following their 
release to the aquatic environment. 

Conclusions 

1. The need is recognized for comprehensive water quality mana~ment 
in all countries of the Region, regardless of their sta~ of development. 

2. In many areas of the Region, the basic problem in water quality 
mana~ment remains the provision of adequate water supply and sewerage 
systems to minimize enteric and parasitiC diseases. 

3. In areas with expanding industrial and agricultural development, 
the role of chemical pollutants in water quality mana~ment and 
potential health hazards and other adverse effects must be recognized. 

4. The cost of products should include external costs of pollution 
control. However, where necessary, having regard for national objectives, 
subsidies and incentives could be used to offset these costs to induGtry. 
In addition, examination of production techniques and waste treatment 
processes may identify areas where recovery of materials could offset 
the cost of pollution control. 

5. Special consideration in the form of advisory services, treatmer, I, 
facilities and/or subsidies may have to be given to small industries and 
communities to assist them in resolving their water pollution problems. 

6. Public opinion can help to mould national policy, which should 
take into account socio-economic factors as well as scientific and 
technical judgement. 

7. In developing comprehensive water resources management programme~, 
ground water resources should be considered and evaluated along with 
surface water resources. In many coastal areas, special attention may 
have to be given to ground water depletion, to minimize subsidence of 
land and sea water intrusion. 

8. Even in the case of countries with limited resources, the goals 
should be set high enough to protect public health interests, meet 
aesthetic needs, and protect aquatic life. 

3.2.2 Comprehensive water quality planning and management 

An overall view of water quality planning and management was 
presented. The various stages and components of the process were outlined 
as follows: water quality surveys and classification; land use surveys 
and designation; criteria, goals, or objectives, and standards, 

• 

• 
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regulations, and enforcement. Necessary support activities include 
education, training and manpower development, research and demonstration. 
It was emphasized that assessment of costs and benefits of water 
pollution control should include non-monetary ones. 

Water quality management systems must maintain water quality 
while satisfying multiple water needs. These activities must be 
developed within the local economic and political structure. 

Land use planning 1s related to water quality management and 
should identify urban and rural areas and their water supply and sewerage 
requirements, locate industries to facilitate collection and treatment 
of wastewater, and define measures to control erosion and siltation of 
streams in mining, land clearing and agricultural operations. 

Manpower must be trained in a number of disciplines to meet the 
needs of the many-faceted water quality management programmes. Medical 
(epidemiological), engineering, economic and scientific (chemical, 
physical, biological, mathematical, sociological and behavioural) 
disciplines are among those required, together with skills in operations 
research and systems analysis. 

In the research area, one of the needs is to apply available 
basic research data to the particular tropic environment. 

Conclusions 

1. Before a successful programme in water quality management may 
be mounted, the specific water resources to be controlled must be 
identified and the reasons for their control specified in terms of their 
quantity and quality requirements. 

2. In a water pollution control programme, the different uses of 
the water resource, the cost of treatment and/or disposal facilities 
and the time needed to implement the various phases of the progr&llllle 
must be realistically appraised. 

3. Provision should be made for water quality management programme::; 
to be reviewed by and co-ordinated with members of the public, private 
and professional sectors, and other interested groups. Implementation 
of the programme should be flexible and should take into consideration 
limitations of financial and manpower resources of the country. 

4. Water quality management and planning should be comprehensive 
and should treat all aspects of water resources as a total system. As 
far as practicable, the consequences of action proposed vis-a-vis total 
enVironmental effects must be carefully evaluated. 
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Land use planning, urban-rural planning, and water quality 
management 

Basic concepts from all disciplines should be taken into 
consideration in formulating a water resources management structure. 
These include scientific, technological, economic and socio-political 
concepts. Water quality management planning includes studyand/or 
simulation of alternative strategies, their analysis and evaluation, 
and should be carried out in the overall framework of land uae planning. 
With regard to incorporating water quality concepts into land use 
planning in South-East Asia, scarcity of trained personnel and cost 
associated with the planning process are constraints, and an educative 
process is needed to overcome them. 

Comprehensive planning in the Region is fairly new, However, 
there is appreciation of the possibility that such an exercise by the 
countries could enable the optimal use of water resources to be achieved 
more easily. This is especially true when a fairly big planning area is 
involved, such as, for example, the Manila Bay Metropolitan Region in 
the Philippines. 

Comprehensive planning is a fairly difficult and expensive 
process involving, as it does, inputs of a wide variety of expertise 
and, in many instances, the use of sophisticated procedures like computer 
simulation. Countries in the Region should consider comprehensive 
planning which incorporates water resource management planning consistent 
with their needs and stage of development. 

Another possible caution is indicated: action programmes oould 
suffer if the planning process becomes too much the concern of the people 
involved. Careful attention therefore should be paid to planned 
activities in critical action areas. 

Conclusions 

1. Water resources planning should be an integral part of a national 
comprehensive planning scheme, being incorporated as a necessary effort 
from the very beginning. It must be considered with all other aspects 
of land use planning. 

2. Approaches utilized in planning must be consistent with the state 
of development of the country concerned, and will vary from country to 
country. The use of sophisticated tools, such as computer simulation of 
alternative strategies, while a desirable aim with potential cost saving 
may, at this time, be beyond the finanCial and manpower resources of many 
countries in the Region. 

, 

; 
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3. While development of a comprehensive planning process is 
desirable, action in certain critical areas, such as provision of water 
supply and sewerage systems, should not await completion of comprehensive 
plans. Manpower requirements and priorities for action should be 
consistent with the social and economic needs of the country. 

4. Every major urban city in the Region, at one time or another, 
has experienced water supply quantity and quality problems and provision 
of adequate supplies is becoming more difficult. Furthermore, 
development of new water supply resources invariably lags behind demand 
and forward planning is imperative. 

3.2.4 Legal, institutional and administrative aspects of water 
pollution 

In developing countries of the Region the maJor concern is in 
the provision of adequate potsble water supply and proper sanitation. 
Although a single agency dealing with environmental problems is preferred, 
the multi-agency approach would also be appropriate if the activities 
are co-ordinated. Environmental control agencies should be managed by 
officers from various disciplines cc:mpetent in the field of water quality 
management. 

The provision of sewerage facilities is considered to be the most 
effective means of controlling water pollution, especially in population 
centres and industries. Water quality management must be backed by 
appropriate legislation applicable to all sectors of communities. Water 
quality legislation should be periodically reviewed and updated in line 
with changing social and economic situations. 

In evaluating the economic viability of water pollution control 
programmes, the long-term social benefit should also be considered. 
Environmentsl control programmes should be regarded as essential 
infrastructure in land development • 

In water quality management it would be appropriate to classify 
rivers according to size, water quality, and use. This would facilitate 
effluent control and the setting of standards. 

Conclusions 

1. It is important to decide on priorities and the needs of the 
country. 

2. Although single-agency respons1bllit;y for control of water 
pollution problems is preferred, a multi-agenc;y fractionated effort is 
acoeptable provided all aotivities are carefull;y co-ordinated. The 
agenc;y or agencies responsible should be sensitive to looal needs and 
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conditions and should encourage enactment of appropriate water quality 
management legislation. Such enacted legislation should take into 
consideration available manpower and other administrative machinery for 
implementation of the laws. 

3. Governmer.t should take a leading role in water pollution control. 
Legislation should be uniformly binding on both the public and private 
sector. It should be reviewed periodically by an independent cOlllDittee 
or other group, representing the public and privste sectors and other 
interested parties, and make recommendations for change as necessary. 

4. Governments should consider providing incentives to all industries 
that install anti-pollution devices and should give reasonable time to 
existing industries to resolve their pollution proble~s. 

5. Water resources planning and control of land use should be 
integrated as a means of preventing and minimizing water pollution. 
Thus, mistakes may be avoided in the siting of pollutive industries. 

6. Water pollution control agencies should not wait for public 
pressure before initiating control activities. 

7. Provision of sewerage and treatment facilities is by far the most 
effective means of controlling water pollution,· espeCially in population 
~entres and industr'alized areas. 

B. In the implementation of water pollution control laws and control 
programmes, agencies should take a balanced approach and consider the 
economic priorities of the country as well as the long-term health and 
social benefits to be derived from such programmes. 

Water quality criteria, goals and standards 

In considering water quality criteria, goals and standards, there ! 
is need to avoid problems of semantics. Wster quality criteria are bases 
for Judging the suitability of water for various uses. Water quality 
goals represent objectives or aspirations for water quality. Water 
quality standards are the legal means for achieving water quality goals. 

Because water quality criteria concern only the technical 
considerations in Judging the quality of water desired for various uses, 
there are no political. social or economic fsctors involved. However. 
gross inadequacies currently exist in understanding the technical factors 
that influence the biological and chemical properties of water in 
relation to human health. 

Water quality criteria must be considered in the context of the 
use to which water is to be placed. Sources of detailed information on 
water quality criteria for various uses (such as potable water supply, 
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1JIdu.tl'ial _tel' aupp17, f1.ab aDA 1I11411f.. __ UOD and ... thetic 
enJOJMnt, and il'l'1 .. t1on) are 1ftel1111M ttl till WI'td.1II"JIII!' ( ... 
~,). . . 

Identifioation of water qual1t;r .. J.. Nq\d.re. a oritical 
.... .-nt of _ti~ prior1Ue. ta lr1nc iIlw __ -t factora &uoh aa 
ooata, e.-1o reaoureea. popalatlon ~ .. ~1a11"Uon. and 
preeent and future water l'UCIIIl'Oea. ......,.ala all_ cmler17 prosreaa 
In ~ water quali t:r, aDA it Wdlild De ~l W Htaltl1l1b them 
rea11atical17 in each 00lllltr;r reprdle .. fit iw ."tate fit dieftlOpMnt. 

Iapl.eMnt&UOZI ot a prell' t w Ubi ... __ r4M11t;r coals· 
require. a 1 ... 1 b&a1a (standarda) tor pollutiOll abaw-nt. SUch 
studarda ~ De bQed on apeolficatlon fit tile ~INd il\l&li t:r ot 
reoe1Y1nc _ters (.tzon. stand-rda) or of cliaClbU1iea intoreeeiv1ng , 
_tere (effluent atandards). 0l'cl1nar1l:r. the UM ot atreaa atandards' 
ot1'ere the poaslbi11t:r of recluoecl oftl'Bll pollution oontrol ooata. but 
the .. atandartla _,. De dlffloult to """nSatal'. 

Concluaiona 

1. 'D!ere 18 ~ for iJlpl"Oftcl __ for Jucla11lg the qualit;r of water 
wi th reprd to its content of pathoaenl0 orpni_ and viru.... Becauae 
the oo11fOl'll index does not adequatel,. 1Ib_ the pre .. no. or absence of 
viru ... &rid other pathopna, it _,. not be a reliable _awre of the 
health haurda a •• ociated with _ter uaecl for 4r:lnking and shellfish 
oultivation. In the _ of waters UHcl for boIi7-oon"tact reoreation, 
an additional que.tion ex1aW as to wlWther or not all indicator of enteric 
pathoaenio orpni_ is appropriate. 

2. Visllance is neediecl to oontrol the OCCllll'Nlloe of the ~ 
ino~o &rid orp.n1o CbItI1cal eant.1 nenw of _tel'll wh10h potentially 
affect m.n health thrc:Iu8h long-tem Oonau.ptiOZl or acoun11ation ln 
food ohaina. 'lbla need for oaution'ooneemtnc lI1orocm.1cal oontwinants 
111 parttoular17 evident in large population centrea, where there is 
inoreasing neecl to re17 on _ter aupp1!H frfa \II1proteoWcl _terehed.s. 

,. It 18 •• 1reble to .. "ta1l1111b 11ll'lll'-ftllP _ter quali1;J' 10818 to 
perlllt all effioient. eona1a1:e1l'\ UId ~Wcl aJllll'O&Ch to _ter . 
pollution _trol. SIaoh pale ah4Nl4 __liatioall:r aob1aftble. 

4. Althou&b no \tireot pneral 1nIeS fit __ I' .,.11t:r i. a'failable, 
O!IB 1fCIt1ld be u.ef'Il1 .. • tool fOIl' nal_UIIB propoe.. in water pollution 
abate.nt. or _'lie!' cualit.Y eontrol. WBD oould .. _as the inatrwllent .. 
for encouras1ns the dewl~t of auoh an tnax. It is reoosn!zed that 
it would not replaoe u .. -or1entecl _ter qual1 t7 ~ter •• 
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5. In the consideration of water qual1~, it 18 iIIportent that total 
volume of waate diaobarpcl be teken1nto ..... t. 'DIat is, it 1s 
inadequate to oonsider onl.7 the oonoentrat1ClD ot pollutenta in wa.tewater 
effluent. Additionally. the obe_ioa1 tor. ot pollutanta abould be 
identified. 

,.2.6 Wastewater treatment to achie .. water SJ!I!l1trobJeotJ. .. s 

Waate treatment teolm1quea alat be ~Unecl Whteh aN responaive 
to the speoial needs of each partioular applioation. In .... 10111118 
count.ries it. is especially 1JIIportant. that the teebniqu.a uaed be not only 
technically t ... ible. but also eoonca1oa11:r .trident. 

Faoto1'8 whioh inf1uenoe the .. laotian of _tewater treatment. 
processes include tbe type of _tenter to be tNated, app11oal)1. water 
qualit.y standards. land availability. pre .. nt and future .Ya1lab1lity of 
funds. availability of specialized equipar.nt and parts. ant.ioipated level 
of caapetenoe of operat.ional personnel. and expeotat.ions with reprd to 
future expansion of the treatment facilities. 

In developed count.ries. wastewater treatment proce..... such as 
the activated .ludge technique. have been de .. loped which can be olosely 
controlled to .chieve desired results and which require m1n1lllal amount.s 
of land. However. these processes are expensive. require substantial 
amounts of eqUipment., and call for skilled operation. They IIIIl7 be 
appropriate in solving some pollution control problems. but. the fact. that 
they have been widely applied in developed countries is not. in itself. 
adequate cause for adopt.ing them in developing countries. Other processes 
which are simpler in construction and operat.ion might. be preferred. 
Examples include waste stabilization basins. land .pplic.tion S)'stems. 
aquaculturel systems and intermittent sam filtera. Additionally. 
simplified variations of conventional bioloa1cal waatewater treaWent. 
processes auch as rotat.ing biological contaotora. oxidation ditches and 
aerated lagoons may d.e"Me oonsideration. 

Waatenter t.reawant _at be carried 0\It in a fashion which 
assures the protect.ion of human health. Valid ooncern exists regarding 
the possibili tr of di..... tran8IIIi .. ion when _tes are used on land or 
in aquatio S)'ate .. for food production. H_ .. r. experience sugpat.s 
that with proper control. u .. of wastes in acriculture and aquaculture 
may consti tute an eoCJl1ca1oal ..ana of ... ~ter treat..nt and diapasal 
in saas cirCUlllatanoes. Control praotioea .. t include consideration of 
the type of crop. in.ol~. the avoida"oe ot unoantrolled J"UDOtt into 
surface watera. and the l1m1 tation of hI.-.n aooeas to the area. 
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It mst be emphasized that sane of the bast !Deana for working 
toward water quality goala do not involve treat.nt. Alteration of 
industrial prooesses. control of urban runott. mana .... nt of livestock 
wastes. low tlow aUglllentation and etfective l.ancI. u .. -sement are 
examples of practices which may help achieve water quality control 
without treatalent. 

Conolusions 

1. No a1ngle type 
for all applications. 
trea tAlent !lUst be l1UIde 
looal conditions. 

of wastewater treatment can be considered optimal 
Selection of appropriate _ana of wastewater 
on an individual ~i. ~ oritical examination of 

2. While the applicability of wastewater treatment methods suoh as 
the aotivated sludge prooess used in developed countries ~ be 
considered. other teohniques such as use of _ste stabilization basins 
(oxidation ponds) and land disposal oould often balDOre suitable to the 
needs at S'*8 of the developing nations. 

}. When .. ans oan be devised to assure the protection of human health 
from microbiologioal and microchemical agents at human disease in raw or 
pre-treated wastes. agrioultural and/or aquacultural systems oan be 
attraotive methods of wastewater management. Lanj applioation systems 
may have the added advantage of replenishing ground _ter resources. 

}.2.7 Water quality monitoring and surveillanoe progr_S for water 
pollution control 

Monitoring is one of the important sUb-systemS tor appropriate 
oontrol of water pollution. because only it. uong other s\lb-Bystems, has 
a function of collecting data direotly in the environment. as an integral 
part at the total system of water pollution control • 

Objectives of monitoring. monitoring parameters. and sampling and 
instrumentation were disoussed. 

In oonnexion with the establistBent of a oClllprehensive prograJlllle 
for monitoring. the example of the Global Environmental Monitoring System 
was suggested. The signifioance of collectinc ..-ples. suoh as fishes. 
shellfishes or sediments systematically for assessment of micro-pollutants 
on human health was emphasized. If it is 1IIIpossible to currently 
identify these micropollutants. oollection and preservation ot samples 
for baokground evaluation in the tuture would be desireble. 

Conclusions 

1. To obtain information on the characteristics of water quality 
and quantity, a monitoring programme is neoessary. Suoh a programme can 
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vary in form from a simple system involving manual collection of a 
series of samples to define a given quality parameter, to a rather 
sophisticated system involving a series of probes for the continuous 
or intermittent monitoring of a variety of parameters, telemetering of 
the results to a oentral date collection faoility, and prooessing. of 
the data in oOlllJlUter facilities for easy retrieval and evaluation. 
Either approach, or an intermediate variation thereof, can provide 
useful information. 

2. Automated monitoring systems can generally measure continually 
only the following parameters: pH, turbidity, dissolved oxygen, redox 
potential, temperature, solar index, conductivity, and ohlorldes.· 
Postponement of monitorlng pending availability of automated systems 
could markedly affect relevant programmes of data collection. 

3. In many instances, an automated monitoring system may be of 
liml ted value and will have to be complemented with a system of manual 
or mechanical sample collection and analysis for identification of those 
parameters that cannot be monitored by probes. 

4. In some countries, simple analytical tests not involving special 
equipment and highly trained personnel are appropriate. 

5. Other considerations in the use of monitoring systems would be 
cost, need for maintenance, calibration capability and supplies, spare 
parts, and trained manpower for operation, evaluation, and maintenance. 
Since manufacturers of given equipment may not always be the best source 
of information regarding operation, maintenance and spare parts, visits 
to laboratories using it would be desirable to obtain first-hand knowledge. 

6. Where large amounts of data are collected and processed, the 
desirability of providing central facilities for storage, processing, 
and retrieval in the Reglon was lndioated. Such a system could be 
modelled after the tmPA STCIlET or the Canadian NAQUADAT data storage 
system. 

3.2.8 Water guality data collection, storasa and retrieval 

The collection, storage and retrieval of water quality data 
together wlth the data from monitoring and detailed surveys on the 
mechanisms of pollution, and from literature were discussed. An example 
of a data management system utilizing computer input is the Texas Water
Oriented Data Bank. The applications of computer technology to data 
management were alllo discullsed. 

Major considerations in stream analysis were outlined as follows: 
determination of waste loadings, definition of hydrologic and climatologic 
factors, adoption and verification of self-purification factors, and 
foreoasts of expected stream oonditions. 

• 

• 
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Conclusions 

1. There appears to be inAldequate intol'llllLtion exci'wlge between 
various federal and subfederal level departments and agencies within a 
gi ven country. Such cOlllalllica tion should be improved to identify 
resources available in these institutions and in universities and other 
research laboratories to resolve some of the problema related to data 
collection, processing, storage and retrieval. 

2. Data collected may be compiled on "key sort cards" a8 an initial 
step. With little added effort, reporting forms could be developed for 
transfer of information to key punch cards for eventual storage in 
computer systems. 

,.2.9 Education, training and manpower develOpment 

The needs in regard to training of personnel will vary from 
country to country in accordance to the kinds of prosr-s lUIderway. 
Those engaged in water quality management will be responsible for planning, 
to avoid degradation of the environment and to prevent environmental 
hazards. Responsible personnel must think in terms of resource management 
and control and may be concerned with problems such as the presence of 
trace non-biodegradable residual chemicals, the use of waters of doubtful 
quality (brackish, marine, and wastewater), the multiple delUnds on 
various sources of water, the menace of oil pollution in marine and inland 
waterways. the disposal of toxic substances from wastewater treatment 
plants, and the presence of nutrients in wastewaters and surface waters. 

Training programmes for professionals may include course work in 
the basic sciences and engineering sciences appropriate to the particular 
area of speCialization as well as training in the humanities and social 
sciences. Other courses to be considered in academic programmes for some 
disciplines include systems analysis and computer technology, epidemiology 
(of infectious and non-infectious diseases), human ecology, applied 
statistics, applied biology and management. It is preferable to train 
specialists in the various disciplines rather than environmental 
generalists. 

Different levels of personnel may require training, e.g. managers 
and executives, university teachers (senior and Junior levels), middle
grade professionals, auxiliary personnel, wastewater treatment plant 
operators, technicians, and public schoolchildren, the latter to create 
an awareness of water pollution control and its environmental impact. 

Institutions responsible for training should inculcate in their 
students an attitude of originality and an ability to improvise, and 
should teach simple, inexpensive, well designed solutions to pollution 
problems. 
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Training of operator personnel 1& important. '!here 1& evidence 
that with proper or optimal operation. wastewater treatment plant 
efficiency may be increased by as much as 20 per cent. 

Conclusions 

1. Since water quality management programmes are generally developed 
in stages. care is needed to ensure that training prograumes. regardless 
of level. relate to changing needs and require_nts. 

2. No single discipline need dominate in the administration of water 
quality management projects and top posts need not be restricted to 
specific professional groups. In addition. since the main thrust is on 
management. persons in top posts do not necessarily have to have 
scientific or technical expertise. but should be skilled in administration 
and management and be appreciative of the various disciplines necessary 
for carrying out water quality management programmes related to health. 
agriculture and fisheries. 

3. There is a need for field manuals to identify products by their 
generic names rather than trade names. Furthermore. simplified operation 
manuals would be very helpful. Perhaps WHO, through the Regional Office, 
could ensure distribution of such data to the countries in the Region. 

4. The need is recognized for public education at all levels. Lonf-
range education can be effectively accomplished in school systems, but 
adult education involving use of the mass media may be very helpful. 

5. There is a need for operator and sub-professional training, and 
this was an area in which the WHO Regional Office could assist. This 
training could most usefully be carried out locally. 

6. The need for training of personnel in specific disciplines is 
emphasized. Water quality management calls for specialists in many 
disciplines rather than personnel trained as generalists. 

3.2.10 Research and demonstration 

Research is necessary in every country regardless of its stage 
of developnent. Research may bring about adVllllces in knowledge and 
practice or it may assist in the adaptation of established practices to 
local conditions and in the maximum utilization of land. labour and 
economic resources. Research and demonstration projects in academic 
insti tutions are a part of the teaching process and .. stimulate students 
and staff in developing a critical attitude and a spirit of enquiry. 

Support is needed for local laboratories to assist in the 
control of treatment operations and to serve national requirements. 
These laboratories should be properly organized and equipped and should 
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be staffed with scientific, engineering and other technical personnel. 
Research is needed in low-cost efficient treatment processes suitable 
for the prevailing climatic conditions and land use policy of the 
country. In the area of research, particular attention should be given 
to the effect of environmental factors and operational conditions on 
performance, in order to allow the application of appropriate treatment 
processes to the various countries and types of waste and to permit 
evaluation of options for increased loading. Other research could 
include topics such as: (1) alternatives to the water carriage system 
for waste disposal, (2) reuse of wastewater, (}) ~val of deleterous 
material and methods for handling the residues of treatment, (4) new 
criteria for the control of effluent quality requirements, (5) manpower 
and managerial development, (6) low-cost collection and disposal 
systems, and (7) techniques of monitoring. 

Research institutions will of necessity have to maintain good 
libraries which will provide information to students, the scientific 
cOlllllUllity, government, and national and regional bodies. Library 
research must be carried out before initiating any project. Results of 
research studies might be assembled in manuals or should be used to 
develop guidelines for distribution to countries in the Region which can 
benefi t from the experience of others. 

Conclusions 

1. Al though the importance of basic research is 
need for applied research in the Region is stressed. 
of research in the Region include: 

recognized, the 
Examples of areas 

(a) periodical algal blooms and subsequent death and the role 
of algal mats in pollution of sandy-beach areas, 

(b) performance of ~idation ponds in the salt water medium 
as well as on land for different types of waste loadings, 

(c) possible use of mangrove pamps for waste discharge, 

(d) reutilization of wastewater in atolls, 

(e) characterization and treatability of industrial wastes 
such as rubber, palm 011, etc., with possible recovery 
of products and reuse of effluents, 

(f) control of nutrients to minimize eutrophication and study 
of methods for harvestir.g algae from surface waters, 

(g) use of wet lands, etc., 
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(h) identifioation of a IIIOl'e effective iDIlioator than the 
coliform group of organi... to evaluate bacteriological 
and virological quality of treated wastewater and 
recreational waters, 

(i) the effects of conoentrations of tGxio chemical. on 
indigenous food resource. and their b1c.asn1f1cation 
through the food chain. 

2. The need for exchange of inf~t1Q1l on Mater Q\l&lit7 III&Il&gement 
generated in one country With other ooimtri .. in the ReSion is 
recognized. WHO Resional Of1'ioe input and auistance in thi. area is 
suggested. 

:3. The desirabil1 t7 of a rep01!4J centre for applied re_arch and 
demonstration prosram-e. i. identified. Thi. centre, po.sibly 
aSSOCiated with s~ laboratory or universit7, would al.o aintain an 
extensive library in water quali1:)' _se_nt and auoc1ated are .. as 
a resource for research ot lID applied. and basic nature. 

4. Since msny of the countries in the Rellon have extenaive 
shorelines and coastal areas, and msny are dependent upon the sea for 
food, high priority should be given to the effeota of waste di8charges 
from all sources on the fish and shellfish ot the Rellon. S- of these 
organisms are also sensitive to particular chemioal and biological 
contaminants and could serve as test orgniama for monitoring. 

5. Many of the problems of developing oountries have previously 
been encountered in developed oountries. An apJ'l'eoiable contribution 
to msny research problems might be obtained by extensive review of the 
existing professional literature. 

6. Infol'llation trOll one country shClUld not neoessarily be applied 
to another without adjustment to looal conditions. 

3.2.11 Some aspects of WHO aotivities in water pollution control 

WHO activities in water pollution oontrol were described. They 
include preparation of drinking water standards, development of criteria 
for coastal Maters, development of an envirom.ntal health oriteria 
programme, information on the water quality monitoring prOgrBllllle, 
preparation of guidelines for water quality monitoring, preparation of 
a guidebook on water quality surveys, preparation of a guide for the 
measurement of ooastal Mater quality, preparation of a manual on 
analysis for water pollution oontrol, development of IIIIIthodology for 
interoalibration of chemical analysis of water, preparation of guidelines 
for the oontrol of industrial wastes, preparation of a guide to water 

• 
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quality management, establishment of a working group on coastal water 
pollution control, devising of approaches to the assessment of health 
aspects of water pollution control and manasement, and a description 
of WHO collaborating laboratories in the water pollution area. 

The Seminar also took note of the establishment of the WHO 
Collaborating Centre for Surface and Ground Water Quality at the Canada 
Centre for Inland Waters in &lrl1ngton, Ontario, canada. The Member 
countries of the Western Pacific Region are encouraged to make use of 
and co-operate with the Centre. 

4. PROPOSAUl FOR ACTION AT Tf!E REGIONAL IEVEL 

One of the objectives of the Seminar was to identify proposals 
or guidelines for further activities at a regional level in the area of 
water quality management. This is a difficult undertaking because of 
the differences in levels of development, degree of urbanization, and 
industrial and agricultural potential of the various countries in the 
Western Pacific Region. 

The Seminar did, however, identify certain areas for further 
study and consultation at both the regional and national levels. 

Proposals, drawn from the conclusions of the Seminar and made 
directly follow: 

1. The transfer of information, knowledge, and technology 
within the Region should be promoted. Action could include the following: 

(a) Increased participation by countries in international 
meetings ooncerned with water quality management • 

(b) Identifioation of a speoial subject seminar on water 
pollution control and wastewater technology related to the particular 
conditions existing in the Region. 

(c) Establishment of a regional institute under the auspices 
of WHO, through the Regional Office, as part of an existing researoh 
laboratory or university in the Region to serve as a olearing house for 
information of primary interest to the Region. as a research and 
demonstration centre, as a tra1ning oentre, as a library resource, and 
as a reference centre for development, oalibration and evaluation of 
methods. It might also serve as a direct faoility or a linked facility 
for the oollection, storage and retrieval of: data, etc. 



- 20 -

2. Regional follow-up to thiB Seminar would be advantageous. 
It could take the form of: 

(a) Further meetings covering speoial aubJect areas. e.g •• 
analytioal methods. wastewater treatment technology. calibration and 
maintenance of equipment. and training courses to meet specific national 
or regional needs. 

(b) The provision of.~~~~t assistance to national 
governments or others in specific areas as required. 

3. Standardization of methodologies and techniques should be 
fostered to permit ready exchange of information within the Region and 
globally. 

4. Member States in the Region should be encouraged to participate 
in the various monitoring networks which exist or are under development 
in the area of water qual! ty management and pollution control. 

• 
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Os-n1na ot the Seminar - Ml' F.C. Go 

Os-nins ss-ech by the Regional Director -
no Prancisoo J. Dy 

Introductory re ... rks by the Seminar Director -
no C.P. Straub 

Election of Chair ... n and Vice-Chairman 
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Introduct1on of the Secretariat and the 
Conau1 tenta - Mr F.C. Go 
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Management - tr C. P. Straub and 
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Quallty Objectives - Professor R. Dick 

Disoussions 

Lunch Break 

Session 10: 

Water Quality Monltoring and Surveillance -
~ S. Nambu 

Discussions 

Sesslon 11: 

Water Quality ~ta Collection, Storage and 
Retrieval - ~ S. Nambu 

Dlscussions 

Coffee Break 

Session 12: 

Education. Training and Manpower Development -
~ C.P. Straub and Professor R. Dick 

Discussions 

Lunch Break 



Annex 2 - 32 -

FRIDAY, 21 March 1975 (cant I d ) 

1345 - 1445 

14JI5 - 1500 

1500 - 1545 

SATIlRDAY, 22 March 1975 

0845 - 1015 

1015 - 1045 

1045 - 1215 

1215 -

SUNDAY. 23 March 1975 

MONDAY. 24 Maroh 1975 

0845 - 1015 

1015 - 1045 

1045 - ll~ 

ll~ -

Session l}: 

Research and Demonstration - Dr CoP 0 St.l'IIub and 
Professor R 0 Diok 

Discussions 

Break 

Session 14: 

WHO Aotivitiea in water Pollution Control -
Dr Ro Helmer 

Session 15: 

su-I7 and Revie. of Seminar and orssnization 
for PreP8l'11tion of Draft Seminar Report 0 

Coffee Break 

Session 15 (oontinued) 

Free 

Free 

Sess10n 16: 

Presentat10n and disousaion of Draft Seminar 
Report 

Coffee Break 

Session 16 (oontinued) 

Session 17: 

Closing Seasion by the Regional Direotor, 
Dr rrancisoo J 0 D1 



• 

WPR/W. POLL/lA 

WPR/W.POLL/lB 

WPR/W. POLL/2 

WPR/W. POLL/} 

WPR/W.poLL/3A 

WPR/W.POLL/4 

WPR/W. poLI./5 

WPR/W. poLL/6 

WPR,/W . POIL/7 

- 53/:)1 - ANI.fr:X ~ 

LIST OF WORKING PAPERS 

Water Pollution Control In Developing 
Countries by Dr Conrad P. Straub 

Comprehensive Water Quality Planning 
And ManagelD8nt by Dr Conrad P. Straub 

Legal, Institutional And Administrative 
Aspecta Of Water Pollution by 
Mr Lee Ek Tieng 

Water Quality Criteria, Goals, And 
Stan:lards by Professor Richard 1. Dick, 

Waste Water Treatment to Achieve Water 
Quality Objectives by 
Professor Richard I. Dick 

Water Quality Monitoring And Surveillance 
Programme For Water Pollution Control 
by Dr Shoichi Nambu 

Lan:! Use Planning, Urban-Rural Planning 
And Water Quality Management by 
Dr Amando F. Kapauan 

Some Aspects of WHO Activities In Water 
Pollution Control by Dr R. Helmer 

Summary of Country Repor~s oy 
Mr Edwin w. Lee 



SECOND REGIONAL SEMIN.AR ON 
ENVIRt1flI!NTAL POLLUTION: 
WATER POLLU'l'ION 

Mul1la. Philippines 
17 - 24 March 1975 

35/36 -

ANNEX 3(a) 

WPR/W. POLL/lA 
4 March 1975 

ORIGINAL: I!NGLISH 

WATER POLLU'l'IOO CONTROL IN DEVELOPING COUNTRIES 

by 

Dr Conrad P. Straub 
Seminar Director 

The ... ue of thla doCu .... nt ~ not conatltute 
IorntaI publiDatlon. It ahould not be revI.wed. 
~ted or Quoted without the agre.m.nt of 
tile World Health Organization. Authore alon. 
_ ""IIOneibi. for vl_ .xpreend In algned 

artlClee. 

Ce docum.nt n. conatltu. pas une publication. 
" ne dolt falre l'obJet d'aucun compte rendu OU 

r"umj ni d'aucune citation sana I'autorlsatlon de 
l'Organlsation Mondlale de la Santj. Les opinions 
exprlmjea dana lea artlclea algn" n'engagent 
Que leurs auteurs. 



Annex 3(a) - 37 -

1. IN'IRODUCTION 

The Western Pacific Region is complex and covers a broad 
geographical area with countries in the temperate zones of both the 
northern and southern hemispheres as well as a band of countries in 
the sub-tropic and tropic zones. The countries vary greatly in size, 
in population, in cultural patterns, in urban and rural development, 
in technological development, and in industrial and agricultural 
development. 

Major environmental pollution problems have been observed in 
the developed countries and the potential for serious pollution exists 
in the developing countries. In many of the developing countries, the 
emphasis is on the rapid growth of industrial and agricultural export 
capacity. Rapid industrial growth is related to the availability of 
raw materials and agricultural products and to the large reserves of 
relatively cheap manpower. Initially, emphasis was placed on the 
recovery of primary resources with shipment to the developed countries 
for processing. Now, however, production of finished goods is being 
pushed with greater vigor. As a result, significant increases in 
environmental pollution have already occurred and more can be expected 
unless early controls are applied to minimize or prevent a repetition 
of the problems found in the developed countries. 

With expansion of industrial and commercial employment, urban 
areas have grown at alarming rates. With this growth has arisen the 
need for a wide variety of increased services including collection and 
disposal of excreta, sullage, industrial, and other waste materials. 
Increased urbanization has brought with it also the opportunity for the 
greater spread of enteric and othe r diseases spread by bacterio logica 1 
and biological agents. However, not all of the problems are in the 
urban industrialized areas; changes have taken place in agriculture as 
well. To increase yields, farmers now use commercial fertilizers; 
inorganic and organic chemicals are being used more extensively for the 
control of insect pests and other predators. Becaase of the growth of 
urban and sub-urban areas, and the requirements for housing sites, 
hillside land is now being used for agriculture and measures to control 
soil erosion are sorely needed. 

The pressures of economic development, mass movement of 
populations, improved agriculture and technology, the desire for 
increased consumer goods, and the clash of cultural backgrounds and 
modern sanitation aggrevate environmental pollution management and 
control. ~ere are the additional problems of organization, 
administration, manpower, and enforcement. These factors will be the 
subject of a subsequent session. 
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Health implioations of environmental pollution are well known, 
and it is to this phase of the subJeot matter that I shall now direct 
my attention, primarily in relation to water pollution oontrol. 

2. WA'1ER POLWTION - DEFINITION 

Water is oonsidered polluted when its oomposition and oondition 
is so altered that it beoomes less suitable for any or all of the 
funotions and purposes for which it would be suitable in its natural 
state. '!his definitionl inoludes changes in the physioal, ohemical, and 
biological properties of water, and such discharges of liquid. gaseous, 
or solid substanoes into water whioh will, or are likely to, create 
nuisanoes or render suoh waters harmful to public health, safety, or 
welfare; to prevent their legitimate use as sources of domestic, 
commeroial. industrial, agricultural, or reoreational water; or to 
jeopardize use by livestock, wild animals. fish. or other aquatic life. 
It also inoludes ohanges in temperature due to the discharge of hot 
water. 

Pollution may come from natural as well as man-made sources. 
Natural pollution may come from the drainage of natural basins, land 
runoff, from the decay of vegetation, etc. Man-made pollutants, on the 
other hand, come from a wide variety of mants activities -- from the 
uncontrolled disposal of sewage and other liquid wastes resulting from 
domestic uses of water. industrial wastes containing a variety of 
pollutants, agricultural effluents from animal husbandry. drainage of 
irrigation water, and urban run-off. The deliberate spreading of 
chemicals on the land to increase crop Yields or the addition of 
chemicals to water to control undesirable organisms are other examples 
of man-made pollution. 

3. POLWTION CONTROL - HEALTH EFFECTS 

In many developing countries. the major public health problem 
revolves around the control of enteric diseases. Since many of these 
diseases are water-borne, the first step, of necessity, means provision 
of a safe water supply, and this in turn is related to the control of 
water pollution, particularly where surface waters serve as the source 
of water supply. In rural areas where people may have their own or a 
communal well. water-borne disease control was effected through the 
proper control of excreta disposal, and application of principles of 

!world Health Organization. Health Hazards of the Human 
Environment, Chapter 2. Water World Health Organization. Geneva, 1972. 
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personal h¥gi.ne and sanitation. Where outbreaks occurred. the numbers 
of people exposed were gener&l17 ... 11 and affected family groups. 
With concentration of people in rural communities and more specifically 
in urban centres. where housing was inadequate. and systems for excreta 
colleotion and .ven water supply non-ex1atant. the potential for 
epidemics due to enterio d1sealles transmitted by the water route 
increaaed many-fold. In some developed countries. population pressures 
for increased reoreation have lUde it neceall&l'1 to open protected 
watershadll for such uae with the potential for water-borne disease 
reault1ng trOll iIIproper diaposal at wallte materials. In other areas. 
even water IlUppq Nell_ira are be1ng oanaidered &II reoreational sites. 

Move.mt of populatlO1111 to urban centrell. has necessitated the 
utllizatiOD ot aartaoe waters for water auPP17 purposes to a considerable 
extent. beoau .. sroun:1 water resources were not adequate to provide the 
quantit)' nor tlw quali~ of water needed. The use of these same river 
s)'steIIB tor the disposal of a wide var1e~ of man-made wastes and as 
carrier. ot surface runoff have added materially to the pollution load. 

Beoau ... as .tated earlier. the main problem is that of the 
oontrol of enterio di...... water pollutlcn oontrol I/IU8t be centred on 
the oaDtrol of baoteriological and biologioal agents responsible for 
these di....... ThI pr1neipal biolOgical agents transmitted by means 
of tlw water route are grouped as tollOlr.1 pathogenic bacteria. viruses, 
paras1 tes. and other organi_s. Pollutants of concern include the 
exoretiana. tecal and ur1nar7. of man and ant.als. sewage and sewage 
effluents. and waah1np from the soil. Infectiana are spread both by 
patienta and by oarrier.. 'Dle latter ID&7 be patienta who have recovered 
from the disease but still shed the infective organisms, or patients 
wi th mild or ...,.,-t~tio t01'llS of the di .. ase that have been neither 
discovel'*i nor diagno88d. 

Pathogenio bacteria include the o&usitive agents of the great 
epidemio d1 ..... s -- cholera and typhoid -- and of the less spectacular 
but far IIIOl'e DUlllerous oases of infantile c11arrboeai, dysenteries, and 
other enterio infeot1ana that occur continuously, and often with fatal 
results. U<III& rural and urban c' mit1es particularly in developing 
oountries. Deyeloped oountries are not immune from epidemics of some 
of these d1 ........ as evidenced by the epidelllic of salmonellosis at 
Riverside. Calitornia aa. years ago; the Zermatt typhoid fever epidemic 
in 1963. or tlw current epidemio of the 11 TOr form of cholera. The 
viruses most oCDlOlll), present in polluted waters and sewage are the 
enteroviruse. (poliovirus. oox.aacldeviruses. and echoviruses). 
adenoviru .... reoviru ..... and the virus of infeotious hepatitis. Only 
the vlrus of inf.otlou. hepat.lt.is has been shoWn to be transmitted by 
the water route. It. can be spread also by shellfish contaminated with 
sewage ef1'luenta. Of the parasl tes that ma)' be ingested. Entamoeba 

. histolltioa i. the oausal agent of· both intestinal amoebiasis and extra
intestinal forma of the disease. suoh as amoebic liver abscess. 
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The guinea vOl'll, which causes dracontiasis, is most cOlllDon among the 
rural population of III8lIY developing countries. Some intestinal 
hehainth8 are al.o water-borne, although ingestion of or exposure to 
contallinated &Oil 18 the normal means of tran8lllission. Other diseases 
involv1fIC __ insect vectors are related to the water environment 
inasmuch as these vectors spend all or a part of their life cycle in 
the water environment. 

In certain endemic areas, schistosomiasis is classed as an 
important health problem, and also as a major social and economic one 
as well. The accelerated construction ot artiticial lakes. reservoirs. 
and water iIDpoundmenta to meet the needs of agriculture and industry 
in developing eountries haa led to an increase in fresh water snail 
popul&t1ona and to corresponding increases 1n this disease unless 
prewentlve _aaures are taken. 

Although not proven to the satisfact10n of public health 
aut~itie., there appears to be little confirmed data indicating the 
association between bathing in sea water and pollution levels. 
Certainly, ..,.n though public health coneiderations may not be important. 
aesthetic conail1erations should oontrol, because of the role of shores 
and beaches as primary recreational attractions for tourists and the 
general public. 

A number of D~her diseases are associated with the water 
environment and are of interest and significance. These will be 
revi_ed in more detail when the specific discussions are held. 

Of increasing concern, not only in developed highly 
industrialized countries. but in the Ceveloping countries as well, is 
the pollution of water. both fresh and marine. by chemical agents. To 
the list ot well known chemically induced diseases associated in the 
past with water. such as goiter. plumbism, fluorosis and arsenic 
poisoning. we can now add such newly identified diseases as Itai-itai 
(cadmium poisoning) and Minamata (mercury poisoning). These two latter 
d!seases are ot interest in that they are both water related, yet 
ne1ther involved the actual ingestion of water. To this list of readily 
1dentifiable disease we can add the potential disease associated with a 
variety of organic and inorganic chemical agents which have been 
identified as carcinogenic or potentially so. There is also the concern 
aSSOCiated with the contamination of Burface and ground waters by 
radioactive materials. 

Our concerns have to do with acute exposure resulting from 
large amounts ot the contaminants in the environment as well as, and 
perhaps more importantly. from the long-term exposure of low levels of 
these ccntalllinants, particularly where the potentials for 
biomagnification in biota and accumulation in the body exist. Other 



Annex 3(a) - 41 -

factors that are of major concern in examining and assessing the problem 
of chemical pollutants include the chemical form of the material, 
biodegradability or persistence, the property of latency, the toxic 
effects of the agent in acute or chronic exposure, and whether the 
substanoes are oarcinogenio, mutagenic, or teratogenic. In addition, 
one must attempt to determine, and this may be the most difficult of 
all, if the effects of exposure to the wide-variety of substances 
present in waters or the total environment are additive, antagonistic, 
or potentiating (synergistic). Additional complioations result from 
the faot that at oertain oonoentrations, some of these substances are 
known to be essential, that at low oonoentrations they may be responsible 
for defioienoy diseases, and that at high ooncentrations they are 
responsible for toxic conditions. These observations lead to the 
assumption that an optimal concentration exists of maximum benefit to the 
population group of interest. This can be demonstrated by means of the 
two figures that are attached. In the first case (Fig. 1) an agent is 
considered that is responsible for diseases associated with a deficiency 
and an excess of the agent. In observing this figure, it is quite 
obvious that s~where between these two concentrations there must be an 
optimal concentration that results in benefit to man or the critical 
group in question. This can be demonstrated further by examining the 
existing epidemiological data associated with· known concentrations of 
fluorides in natural waters. Examination of population groups, 
particularly children, has shown that consumption of waters deficient 
in fluorides increased the prevalence of decayed, missing, and filled 
teeth (due to an increase in dental caries). It was also observed that 
populations exposed to naturally-occurring higber·concentrations of 
fluorides in water showed mottling of the enamel, a condition objected 
to by many because of its cosmetic effect. With ingestion of higher 
concentrations of fluoride, bone defects were observed and at very high 
concentrations death may occur. Between these two ranges of effects -
dental caries and the cosmetic effect of mottling -- an optimum level 
of fluorides can be identified for intake through the water route and 
has formed the basis of this most beneficial public health practice 
endorsed by the World Health Organization and others. The optimal 
concentration varies slightly, depending on the amount of water ingested, 
with somewhat lower concentrations recommended for tropic areas where 
there exists the likelihood for consumption of larger quantities of 
water. 

Control of the speoifio agents or oontaminants oontributing to 
the pollution of surface and ground waters can be initiated most 
effectively at the source of their use and release. One of the axioms 
of pollution control is that control be applied where the concentrations 
are the highest and that would be at the source. However, release of 
any amounts of material into the environment must be evaluated because 
of the potential for removal by sedimentation and adsorption on mUds, 
uptake and concentration by biota, and because of the possibilities of 
interaction between the residual agent and other substances introduced 
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simultaneously or dOlmBtream. It is necessary, in terms of characterizing 
the agent of concern, to assess its movement in the environment and the 
critical population group that could be affected Qy the agent in question. 
Thus, we must know the significance of the agent in relation to the 
ecological system in which it is found. Only in this way, can we trul1' 
assess the significanoe of the substanoes naturall1' present or introduced 
as point or diffuse sources into the water environment. Here, two of 
the examples cited earlier might be reviewed. 

'ftle exposure to cadmium occurred as a result of the release of 
this contaminant rro. industrial operations. 'ftle waters into which the 
wastes were released were used as irrigation waters in rice cultivation. 
The rice plant concentrated cadmium fran the water and people consuming 
the rice ingested wf'tioientl1' large quanti ties of cadmium and displa;red 
symptoms of cadmium poisoning. 'ftle situation with mercury was more 
complex. Again, indUstrial discharge was the source of the contaminant. 
Organic mercury was disoharged to the sea, where it was incorporated in 
the food chain of fish used as a source ot tood suppl;r b1' Japanese 
fisherman and their flllll1l1es. Stud1' of mercury oontamination in other 
bodies of water, including fresh waters, into which inorganic mercury 
was discharged and accUJallated in bottom sediDnts, showed that the 
inorganiC mercury could be converted to the organic form Qy bacterial 
action making it available for biological concentration. 

The objective of a health-oriented environmental pollution 
control programme is to promote better qualit1' of life b1' reducing 
pollution to the lowest level possible. A second objective is the 
prevention of environmental health hazards through control of input 
into the environment. To determine the extent of the problem there is 
a need for monitoring and surveillance. Economic costs are measured in 
several wa1's. One relates to the effect that speoific measures taken 
will have on reducing health effects and risks. These will be difficult 
to measure but relata in part to the oapaoit1' and effioienc1' of the 
individual in producing goods thus reducing their cost. The second 
aspect of cost relates actually to the cost of producing the particular 
product, the benefits derived 10call1' in terms of providing employment, 
livelihood, etc., as contraated to the costs the local people pay in 
the way of increased taxes, damages to.the local environment, etc., and 
the benefits received by non-local users of the prodUct but who do not 
share the blessings of a contaminated or polluted environment as a 
result of maintaining a competitive marketing position. Risks, where 
they are present, accrue first to the worker and secondly to the people 
in the viCinity of the release. However, instances can readily be cited 
where the parties damaged are not necessarily closest to the discharge 
points. but those SOllIe distance away. In assessing benefit vs. risk 
one has to examine carefully the risk being taken by particular groups 
involved directly or indirectly and whether the risks imposed are health 
risks or economic risks. 
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In summarizing this aspect. statements made in a WHO report2 are 
pertinent. Clearly. decisions ooncerning the degree and nature of 
pollution control and abatement require a comprehensive estimation of 
the costs and benefits involved. However. no completely satisfactory 
and objective means of arriving at such decisions is known. Three main 
reasons for this were pointed out in a Report of the Royal COlIIDission 
on EnVironmental Pollution.} 

"a) There are great practioal and theoretical difficulties in 
measuring all the costs and benefits of reducing pollution. 

"b) Even if all these difficulties could be overcome and all the 
data on costs and price collected. acceptance of the data as "true" 
measures of the relevant social costs would involve ethical rather than 
scientific Judgements and they would be influenced in conflicting ways 
by different aspects of our present legal. political and social framework •. 

nc) ••• an important consequence of measures to reduce pollution 
w111 be that SaM people w111 lose while others w111 gain. It 1s true 
that d1stributional effects of this nature are likely to follow from 
almost any economic measures but the special nature of pollution costs. 
that is. their "externality", is suoh that the distributional impact of 
measures to combat pollution is likely to be larger than usual and hence 
to have important political and social implioations." 

The report continues. n ••• the difficulties of obtaining precise 
scientific measures of the relationship between costs and benefits must 
not provide a pretext for failure to analyze individual pollution 
problema as carefully and quantitatively as possible •••• the difficulties 
as fOl'lllidable as they are, should not prevent us from reaching decisions 
aboUt the scale of abatement of pollution that is socially desirable ••• ". 

The issue raised in (0) above is that costs of meeting the adverse 
effeots of pollution are seldom paid completely by those who cause it. 
At this point. governments have to intervene in the process and allocate 
responsibility. In simple te1'll8 this can be done by two methods often 
used in combination: (1) incentives not to cause pollution; and 
(2) deterrents to prevent pollution from causing harm to others. 

'l'h1s subJeot will be discussed in muoh more detail in the working 
88ssion. 

2world Health Organization. Health Effects of Environmental Pollution 
Control: Planning and Implementat10n of National Progr~s. Technioal 
Report Series No. 554. WHO. Geneva. 1974. 

~oyal COIIIIIiss1on on Environmental Pollution. F1rst Report. Her 
MaJestyts stat10nery Office. London. 1971. 
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1. IN'mOOOCTION 

If we look at planning and management in its broadest sense, we 
are 1IIIDediately aware that this is an extremely broad area which to be 
effective must encompass numerous disoiplines such as planning, 
economics, sooiology, government, law, as well as the technological 
aspects. In our discussiOllll, water quality management oomprises the 
whole complex of aotivities inoluding research, engineering, 
co-ordination,and operation of faoilities as well as the legal, 
administrative, regulatory, inatitutianal. and 800ll0lllic aotivities that 
bear on the oontrol of water quality. Such management is carried cut by 
a variety of agencies -- both private and public -- which operate at all 
levels. A _ter quality management 8)'lltem. to be auoo8ssf'ul. must 
operate under a wide array of conatraints satisfying to the extent 
possible the often conflicting interests of many diverse groups, which 
include waste dischargers, regulatory agenoies. governmental agencies, 
conservationist groups. manufacturer's asSOCiations, sportsmen, 
recreational groups, and many others. Each has a different interest in 
water quality management, eaoh sees it from a different perspective, and 
eaoh presses for somewhat different obJeotives and goals. 

Since one of the main functiona of a water quality management 
system is to maintain and improve quality, the views represented by the 
various groups identified above must be oondenaed and alternative plans 
proposed that will satisfy inaofar as possible as many of the divergent 
views or interests as possible. Thus, as indicated by Ludwig and Storrsl, 
it Is seldom difficult to state that a water quality system is designed 
b maintain and improve water quality for aquatic life and recreation, 
but it is more diffioult to say that this will be done to the extent of 
available financing, or to say that the level of control will not be 
permitted to affect the looal economy or political structure too 
adversely. These are real faotors that IllUst be surveyed and aocounted 
for if rational management options are to be developed. 

Before one can prooeed. With the development of goals, objectives, 
or criteria for.water quality, it is neoessary to have some information 
on the qualities of water to be regulated -- ground and surface 
including lakes, rivers, and marine souroes. A classification scheme 
must be developed whioh identifies the specifio uses to which the various 
segments of the hydrological system will be utilized.. If surface waters 
are being classified. one has to define quality requirements for water 
supply, agriculture, industry, recreation, navigation, aquatic organisms, 

IructWig, M.F. and Storrs, P.N. Regional Water Quality Management, 
Journal Water Pollution Control Federation, 45(10):2065-2071 (1973). 
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fish and wildlife. etc. A second and more difficult step is to 
determine what parameters shall be used to characterize water qual! ty. 
We specify quality in terms of specific chemical and bacteriological 
parameters. but do these parameters actually identify the quality 
conditions in which we are most interested. Parameters such as 
biochemical oxygen demand. pH. temperature. dissolved oxygen. coliform. 
and solids content are often used. but do they really identify those 
factors significant in managing the biological and aesthetic aspects of 
the water. Sampling for biological organisms. since these respond to 
condi tions recurring over a period of time might be much more meaningful 
than a single sample of water for chemical. physical. or bacteriological 
analysis. Water qual1 ty parameters would reflect these considerations 
and concerns. 

Having obtained information on waterqual1ty. the next management 
and planning move would involve the designation of land use in relation 
to water quality requirements. This is more easily accomplished when 
developing new areas for housing. industrial parks. recreational areas. 
etc., than it is in tr~ case of existing operations. Effective land use 
plans were observed by the writer in Australia, Singapore, Malaysia. and 
Japan. where community development was planned in relation to industrial 
development. Location of compatible industries and housing developments 
will minimize in many instances the costs a~ociated with the cost of 
collection of waste waters. and may also improve treatability of some 
kinds of wastes. Opportunities for reuse of water can also be evaluated 
particularly if the land use plan calls for the location of clean water 
use (e.g., cooling water for power plants). upstream of industries 
requiring waters of partioular quality for their operations. 

The development of standards and regulations follows an evaluation 
of the water quality in a given area, region. or country. Regulations 
generally suggest enforcement so enforcement must be "included in the 
regulatory process. 

In a summary then and for purposes of discussion we can suggest 
that management of water quality would encompass at least the following 
components, and we should identify the role of the health agency and the 
other agencies involved in water pollution control. The areas are 
monitoring. surveillance. standards, control. and enforcement. A proper 
system of management would include other aspects as well but most 
importantly would provide a system of feedback for the continuous 
evolution and improvement of the system of control. 

Every water quality management system must concern itself with 
costs and the technical basis for control. Costs include more than direct 
monetary costs; they may also include effects on the economy and possible 
restrictions on certain patterns of activity. Along with the costs 
attempts should be mede to evaluate the benefits. Although difficult if 
not impossible for many situations, attempts should be made to use these 
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approaches OZ'~ .'·U..r approach to assist those making the 
appropriations and tht public to determine which of several alternative 
approaches might be most .. an1ngfU1 and effective in meeting the specific 
objectives indioated. Similarly, in many instances we find a lack of 
sound teohnica1 qasis for the establishment of water quality criteria. 
Ludwig and Storr/state that it is in the areas of defining biological 
and aesthetic charaoteristios that our knowledge is most deficient. They 
identify the following aeries of questions relevant to this matter. What 
are the characteristics of a stable, desirable ecosystem? What are the 
effects of changes in the pb;yaioa1 and chemical envirOnMnt on such an 
eoosystem? How oontrollable (and at what oost) are the most significant 
factors? What natural variations in the ecosystem occur and to what 
extent should one atte.pt to oontrol these variations? Answers to these 
and similar questions will provide the basis for establishing objectives 
that represent what a water quality management system should accomplish. 

The lack of personnel trained in the various aspects of pollution 
control is one of the min obstacles to developing and iJllplementing an 
adequate and meaningful prograDllle. Pollution control is not the 
prerogative of any one profession. and a multidiSCiplinary teM is needed 
and should include medicine (including epidemiology). engineering, the 
biological sciences, chemistry, the physical and mathematioal sciences 
(ino1uding statistics). operational research and systems analysis, and 
the social and behavioural scienoes. 

Personnel knowledgaable in industrial and agricultural processes, 
as well as land uae. are needed to recognize potential problems that will 
arise from improper siting of facilities from improper use of land and 
from an ignorance or lack of awareness for proper centrol procedures. 

The lack of personnel in health agencies knowlegeable in the 
public health implication of enVironmental health pollution was quite 
evident when several countries in the Region were visited in 1970. Part 
of this is due to the faot that public health progr&lllll8s are still 
oriented primarily around the concept of infectious and communicable 
disease control. Althaugh still a major problem in many countries, as 
evidenced by the M&h incidence of gastro-inte.stinal and parasitic 
disease, of mounting concern is the chemical pollution problem involving 
such substances as organic pestioides, chemical fertilizers, trace 
elements and other toxic chemicals, radioactive materials, etc. 

In trying to proVide adequate manpower to meet the health Dleds 
in water pollution control, health agencies must compete with private 
industry, which pays significantly higher salaries; with other 
governmental agencies, where manpower needs have been larger, and where 
personnel have greater opportunities for advancement; and with other 
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countries, who can attract the highly trained individuals by offering 
higher salaries, opportunities for research, specialized equipment and 
facilities, etc. 

Manpower needs must be geared to the role of the health agency 
in the field of water supply management systems. As stated earlier, 
the primary concern of the health agency is in the public health 
implications of water supply management. Personnel of sufficient stature 
are needed to participate actively with other agencies involved in water 
supply management, to identify the health implications of pollutants 
discharged from existing and planned facilities, to evaluate their 
significance to the economy of the country, and to reject actions that 
are not in the interest of the health and well-being of populations 
exposed to contaminants and pollutants from the technological, social, 
economic, or political science point of view. 

Stated more specifically, manpower knowledgeable in all aspects 
of community, industrial, and agricultural planning is needed who can 
identify the major sources of pollution or contamination, assess the 
public health implications of such discharges on the health and well
being of the population exposed, and propose optimal solutions taking 
into consideration the economics, social needs, and technology appropriate 
to the specific problem area. There is a further need to recognize the 
inter- or multidisciplinary nature of water supply management and to 
develop a strong co-ordinative approach to resolving specific problems. 

Technician-type personnel knowledgeable in the operation of 
control measures recommenled by others should also be developed. The 
best way in which this can be done is through on-the-Job-training or 
short schools involving actual contact with the kinds of problem areas 
in which the person will be involved. 

Research needs and new technology 

The first need, if it does not already exist, will involve the 
collection and analysis of samples of water which will provide 
information to develop a logical, meaningful, and productive set of data, 
and which will permit evaluation in terms of the specific objectives 
identified. A critical evaluation should be made as to whether 
conventional analytical approaches are meaningful in terms of responling 
to somr of the questions posed earlier and attributed to a Ludwig and 
Storrs, and whether the data generated from such analyses are of value 
in assessing water quality for the specific uses intended. There is a 
greater need for obtaining information of the effects of contaminants 
singly, and, although much more difficult in terms of interpretation and 
evaluation, to obtain data on their collective effects. To accomplish 
this consideration will have to be given to the collection of bottom mud 
samples as well as samples of water for biological or 11mnological 
examination. Along with this consideration of measuring the diversity 
index, carrying out bioassay studies should receive high priority. 
Furthermore, data should be collected on the uptake of trace substances 
(organic and inorganic) by the biota enoountered in the various surface 
waters examined to permit evaluation of environmental biomagnifioation. 
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Where treatment methodology is being suggested an evaluation 
should be made to determine whether treatment at the source of generation 
before environmental release is most appropriate or whether collection 
for central treatment of wastewaters or introduction to the sewer 
following pretreatment or directly are the more desirable alternatives. 
Where the sludges resalting from the treatment of the wastes contain 
toxic or potentially toxic substanoes these should reoeive special 
attention regarding ultimate disposal and it may be necessary to provide 
special storage or disposal faoilities for such waste sludges. Where 
treatment at the source or central treatment follOWing collection is 
provided recovery of materials or recyoling of wastewater should receive 
prime consideration. 

Beoause in some countries temperature conditions are such that 
biological treatment is facilitated. consideration should be given to 
simpler more direct treatment facilities. as for example. use of 
OXidation ponds or the oxidation ditch. Also. since some of the waste 
generated at agricultural estates are very high in organic matter. use 
of roughing filters or even auxiliary aeration facilities might be a 
more praotioal solution than complete biologioal treatment. 

Where discharge of wastewaters to estuaries and marine waters 
is reoommended there is a need to develop more information on the 
significance of bacteriological contamination from such off-shore 
disOharges on shellfish propagation. other biota and fish life. and use 
of the general area for recreation. In addition, uptake of trace 
inorganic and organic oontaminants will have to be evaluated as to their 
effects on the ecologioal system into whioh these materials are disoharged. 
One of the major oonoerns in some of the areas in the Region 1s the oontrol 
of oil spills from off-shore drilling as well as frOm discharges from 
vesse15 and to evaluate their effects on near shore eoologioal systems. 
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1. OBJECTIVEs OF WATER POLW'l'ION CON'IROL 

1.1 It would be appropriate to restate the pr1mary reasons for waw r 
pollution control. 'DIese inolude public health and the safeguard of 
water resources for da.estio, agricultural, commercial and industrial 
uses. There are other reasons such as ecolOgical, aesthetic and 
recreational for water pollution control. The latter reasons are 
becoming more important in developed countries but they are less urgent 
in developing countries where the primary demand for piped water supp~ 
is for household and industrial use. 

2. PRIORITIES 

2.1 Water pollution problems must be clearly identified and the 
progr_ developed in relation to the needs of the country or the 
regions of the country. Priorities of these various projects must be 
listed, having taken into account the technical feasibility and the cost 
effectiveness. It would not be realistic to expect water pollution 
control probleas and needs to be tackled or solved simultaneously. This 
is because there will always be constraints due to limited manpower, 
finance and other resources. It is more practical to have an integrated 
or co-ordinated planning with implementation of projects according to 
priority of the need. Basic problems of gross pollution can often be 
prevented or IDiUgated through better planning of land usage. This is 
a fuMa!M~tal concept of water IU.llAgement but it is often missed or not 
fully taken into ~ccount. 

2.2 Water pollution deals with the quality of the water: the 
prevention and control of pollution, the treatment, the use and re-use 
of water, and its final disposal. 

2.} When one talks of a water project, the physical aspects, that 
come to one's sind at once, are the prevention and control of pollution 
in the water catchaent; the engineering aspects of collection and 
treatment and delivery of purified water to consumers. The other aspects 
which may be less obvious but equally important are the organization, 
the laws. planning. design., and III&lI&gement that back the whole pollution 
control prosra-. 

,. DlSTITUTIOHAL ASPECTS 

,.l The unaseaent of water pollution control usually comes under c 

various authorities like the sewerage and land drainage authorities. 
public health and water pollution control departments. The 

. '" ~.: 

' .. ," 
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responsibilities of these technical aaencies are related but their 
activities are quite separate and distinct. The sewerage and drainage 
authorities deal more with the engineering aspects of water pollution, 
i.e. dra1naae, collection and treatment of waste, flood alleviation and 
the dispoaal of waste water. Pollution control depsrtllent deals with 
the discharge of wastewater from trade premises and factariesbefore it 
goes into the watercourses and sewers, i.e. at the stage before it 
becomes a water pollution problem. 

,.2 The activities of various authorities dealing with water 
pollution in a country are, saaet!.es, not co-ordinated;. each agency 
tends to work separately in accordance with its own priorities and, at 
t~s, leading to duplication of effort. It is for this reason that 
many countries have now tried to co-ordinate the activities of various 
agencies responsible for envirOl'llllSntal problellS. This is to ensure 
more effective management and less duplication ot responsibilities. 
Wi th this approach, the subject ot water pollution control could be 
dealt with in a proper perspective: preventing and controlling water 
pollution not only for public health reasons but also tor water resources 
and supply, drainage, aesthetic and recreational purposes. A central 
co-ordinating authority will be in a better position to monitor and 
evaluate policies and projects and provide teedback information on its 
programme and activities. 

4. ENVIRONMENTAL CONTROL AGENCY 

4.1 A number of countries including Singapore have set up a distinct 
environmental control agency or the Ministry ot the Environment to deal 
with environmental problems, of which water pollution control is one of 
its .aJor responsibilities. other countries like the United KinsPom 
have tormed regional water authorities to take over the functions of 
water, sewerage, land, dra1naae, fisheries and recreational .atters 
which were previously handled by numerous departments and local 
authorities. These functions are now integrated and rationalized within 
each regional water authority. 

5. PROVISION OF SEWERAClE FACILITIES 

5.1 The provision of seweraae facilities is by far the most important 
method of controlling water pollution in any population centre and from 
industries. It is technically more effective and economical ta have 
c~on sewerage systellS and to treat sewage in central treatment works. 
The unit cost of construction and operation of larger treatment works 
are also much lower than smaller plants. 
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6. 'mCHNICAL STAFF 

6.1 Most local authorities have some form of infrastructure for 
envirOl1lllental control. Examples of these departments are the public 
health, drainage ani sewerage or the water supply departments. They 
are staffed by professional ani technicsl officers of various disciplines 
such as public health doctors, engineers. chemists. hydrologists. 
scientists and others. These officers require specialized training as 
their basic disciplines say not be adequate to deal with the subject of 
environnental control or water pollution control. Where such training 
is not available locally. officers could be sent overseas for training. 
Consultants could also be invited to prepare reports ani train local 
officers. In addition. the services of Q~rcial consultants 
specializing in this field could be emplo;yed and. if not available 
locally. could be engaged from overseas to offer their services. The 
advantages of emplo;ying oonsultants are that technology ani expertise 
would be imparted to local officers who should be attached to them as 
their looal counterparts. 

6.2 Institutions dealing with water pollution control need not be 
large. If for 8117 other reasons. environnental control agencies cannot 
be integrated into a com.on authority. their aotivities could, at least, 
be co-ordinated by a central agency. This would ensure that the basic 
objectives of water pollution control ani other environmental programmes 
are achieved. 

7. IEGISIATION 

7.1 Water pollution control must be backed up by proper legislation 
as it is a field of public ooncern affecting the interests of the 
individuals. the public ani the government. The statute should set out 
its obJeotives, the powers, rights ani responsibilities of the government 
or the authority ani the rights ani duties of the general public in 
ensuring that water pollution is at least reduoed if not eradicated 
altogether. This must include the prOVision of effective drainage and 
sewerage services, maintenance ani repair watercourses, control over the 
collection ani disposal of wastes ani the prohibition ani prevention of 
aots which would pollute watercourses direatly or indirectly. The law 
must include the provisions on other environmental aspects connected with 
water pollution control. 

7.2 Water pollution control legislation will invariably came under 
the purview of the Minister in charge of the authority appointed to . 
ad8I1n1ster the legislation. The Minister aould have a cOlllllittee to 
advise him. The authority appointed under the legislation should be. a 
director or a oomadss1oner. The d1rector of water pollution control 
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must have broad powers and the authority to delegate certain powers to 
his subordinates or private individuals to carry out works authorized 
by the statute. The main or subsidiary legislation must spell out the 
procedures or the machinery for the benefit of the public. These 
procedures should specifY the standards and methods for application of 
relevant appeals or exemptions; methods of issuing various notices and 
orders; requirements for work to be done; application for mandatory 
orders from the courts; powers of authorized officers; use of documents 
in courts. 

7.3 The legislation must include adequate penalties for any 
infringement of the statute and the rights of the individual to appeal 
to the authority against notices and orders. 

7.4 The legislation should preferably be implemented through 
education, persuasion of the public and, as a last resort, enforcement 
of the legal sanctions. 

8. ADMINISTRATION 

8.1 It is important to have an effective administration within the 
authorities dealing with water pollution control matters. An effective 
administration must have trained personnel specializing in this field. 
They should not only be specialists but also be well-versed in their 
responsibilities, sensitive to the needs and priorities of water 
pollution control. 

8.2 The mode of administration varies from country to country but 
the basic approach to water pollution is similar. It is far better and 
more effective to start with the more obvious and common pollution 
problems from population centres. This must be done first and done 
well. These sources are relatively easier to deal with technically. 
The administration must promote health education among the population 
in order to gain support of the public for its water pollution programme. 

9. FORMULATION OF POLICIES 

9.1 The formulation of prasmatic water pollution control policies 
is a prerequisite to an effective administration. Policies alone are 
not sufficient. Administration must have the capacity to implement such 
policies which deal with the whole range of problems of sewerage, 
drainage. water resources and other environmental matters. Policies 
such as the provision of water supply and sewerage to all new housing 
estates. be it in the urban or population centres. shOUld be formulated 
and implemer.ted. It is not good enough to provide potable water to 
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premises without considering the effective removal of waste water and 
treatment of waste from these premises. It is c~ knowledge that 
sewage from human beings contain the organiame of enteric diseases such 
as typhoid, cholera and polio. The provision of modern sanitation 
removes this important source of infection from the household. If this 
very basic water supply and sewerage policy oould be implemented 
successfully, then a major objective of water pollution oontrol would 
have been achieved. 

10. IDENTIFICATION OF CCM40N SOURCES OF POLUlTI<BI 

10.1 It is very essential to identity and taokle oaamon sources of 
pollution. These could be grouped together under varioua headings, 
e.g. from population centres, agricultural sources, industrial centres 
and others. The size of the problem will depend on the land area, 
population density and distribution, size of faotories and the quantity 
of water used. &It for purpose of silDplicity, wastes from urban and 
industrial areas could be grouped together as souroes which could be 
III&ll8ged separately fran agricultural origin. Wastes from the latter 
source are more difficult to deal with because they are more spread out 
and away from population centres. On the other hand, sewage from 
population centres are more important from the public health point of 
view. It is therefore not uncalllllon for authorities responsible for 
water pollution control to deal with this problem first. 

10.2 Having a sewerage system does not automatically solve the water 
pollution problem. For example, Singapore has a sewerage system and yet 
the wateroourses are polluted. This is because sullage water, rubbish, 
trade effluent, and slop are being discharged into open drains. Until 
recently, only wastewater from the water closets has been discharged 
into the sewers. This is being put right and there is a progr_ to 
require all waste water except rain water to go into the sewers. The 
open drains should be used for surface runoff water only. 

10.3 To change this habit of throwing waste water and refuse into 
open drains needs public education, a function which any administration 
must undertake if it is to succeed in its task. Engineering solutions 
in themselves are not good enough without public support and co-operation 

11. ECONOMIC JUSTIFICATION 

11.1 It is often difficult to provide economic Justifications for 
th', various water pollution control projects in itself. Recognizing 
these proJects as part of an overall economic development and as a 
consc,!uential need of a better life, the justification for these projects 
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beoomes selt-evident. Water supply, sewerage, drainage, and other 
environmental projects must be regarded as oonsequential to land 
development whether for housing or for industrial development. Tbese 
services could be considered as necessary input to the infrastructure 
for economic developuent. This message must be presented effeotively, 
without getting involved in oost-benefit analysis, by the environmental 
agenoy to the IlPvernment departments dealing with eoonomio development 
planning and allooation of funds. 

12. FEASIBILITY STUDIES 

12.1 Water pollution oontrol projects suoh as sewerage, drainage and 
water supply are often bogged down on detailed studies and eoonomio 
justifioations. These details are important but they often slow down 
the implementation due to lack of technical information and therefore 
an early decision. Economic feasibility should not be the only oriteria 
for evaluating water pollution control projeots. The long-term soclal 
benefits should not be forgotten. Water pollution oontrol technol.ogy is 
well developed and is available for most of the oommon water pollution 
problems. An early deoision and the implementation of projeots have the 
advantage of reduoing oosts due to inflation • 
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1. INTRODUCTION 

National productivity and water quality are closely interrelated. 
Economic development is often accompanied by urbanization and 
industrialization and by intensification of agricultural practices. 
Urbanization concentrates human waste and brings the threat of water 
quality impairment due to runoff from areas with high population 
densities. Similarly, industrialization and intensive agricultural 
practices may be accompanied by waste discharges which offer a threat 
to water quality. 

:&It, in turn, water quality affects economic development -- fa,' 
a population must be healthy to be productive. In the past, protection 
from water-borne disease has primarily meant protection against agents 
of infectious disease. However, health protection through _ter quality 
control now requires concern for a melange of chemical agents of diseas' 
as well. Water quality control for improvement of national health in 
its broader sense also requires concern for water quality parameters 
which affect the aesthetic and recreational values of water resources. 

Economic development and water quality are also related by the 
fact that direct eoonomic value is associated with many water uses. 
Good examples are finfish and shellfish production from bodies of wa te; 
with quality SUfficient to accommodate those uses. 

However, the relationship between water quality and economic 
development is even more complex. Assooiated with eaoh level of water 
quality is a corresponding cost for achieving that quality. The cost, 
of course, becomes higher as higher water quality goals are sought. 
Thus, there is a need for considering economic implications when 
establishing water quality goals. 

In order to conceive and implement national programmes for WB.st

water management, it is essential that water quality goals and standards 
be identified. The technical considerations which guide the developmer+ 
of such goals and standards are called water quality criteria. 

Identification of water quality criteria, selection of water 
quality goals, and establishment of water quality standards are the 
subjects of this paper. As used here, and as frequently (but not 
invariably) used by others, the terms "criteria," "goals," and 
"standards" have the following meanings: 

Criteria: Water quality criteria are bases for judgment. They 
indicate the possible effects of the various 
constituents of water on various water uses, but 
involve no legal Judsment as to the proper level 
for any particular constituent. 



, 

Goals: 

Standards: 

2.1 General 
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Water quality goals or objectives are aspirations _ .. 
often for the future. 

Water quality standards have scme legal implication. 
They are established by governments and serve as 
the tools by which water quality goals ultimately 
are achieved. 

2. WATER QUALITY CRITERIA 

"A scientific requirement on which a decision or judsment may be 
based concerning the suitability of water quality to support a designation 
use" was the definition of water quality criteria adopted by an advisory 
committee on water quality for the United States Federal Water Pollution 
Control Administration (National Technical Advisory Committee, 1968). 
Using this definition, it becomes possible to consider water quality 
totally on a technical basis. The same water quality criteria are 
applicable to all countries and to all regions within countries. In 
contrast, consideration of water quality goals or water quality standards 
are complicated Qy the necessity of taking into account factors such as 
climate, econouw, geography, geology, and national policies. 

However, the impression should not be gained that considerations 
of water quality criteria are not complex. Water quality criteria do not 
represent a well-developed, stable body of knowledge. Instead, water 
quality criteria must continually adjust to new possibilities for water 
quality impairment ariSing from new industrial technology and improved 
understanding of existing sources of water quality impairment. Regrettably, 
technical understanding of the influence of possible constituents of water 
on the various beneficial uses of water has not kept up with expansion of 
industrial technology during recent decades (McDermott, 1973). 

Water quality criteria cannot be expressed without knowledge of 
the use to which the water is to be putl • Discussions of water quality 
criteria for various beneficial uses of water have been presented in 

INote, however, that there has been appreciable interest in recent 
years in developing a single index of water quality for judging water 
quality without regard to intended use (see, for example, Harkins, 1974). 
Such "indices reflect a composite value of selected pertinent water quality 
parameters. A water quality index may serve as a useful means of compar1ng 
genera: water quality from region to region, country to country, or time 
to time, but cannot be substituted for the use-oriented evaluation of water 
quality considered here. 
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detail by McKee and Wolf (1963). the National Technical Advisory Committee 
(1968). the United States Environmental Protection Agency (1973), and 
the National Academy of SCience (1974). Thorough consideration of such 
criteria is beyond the scope of this paper. but some of the criteria for 
judging water quality for various uses are briefly reviewed in the 
sections which follow. 

2.2 Potable water supplies 

Criteria for evaluating the suitability of potable water supplies 
have been promulgated for both the raw water source and the finished 
drinking water. 

2.2.1 Raw water qpality 

Standards for raw water apply only to waters which are treated 
prior to use. Drinking water criteria are more nearly applicable to 
ground or surface water supplies which are used without treatment. 
Criteria for judging raw water supplies might be thought of as drinking 
water oriteria adjusted to allow for reasonable removal of constituents 
of water during treatment. In their consideration of raw water standard~, 
the National Technical Advisory Committee (1968) assumed that coagulation, 
sedimentation. filtration. and disinfection would be provided prior to 
use. Other assumptions might be appropriate for other locations or 
other times. 

Two raw water constituents. whose concentration clearly is 
amenable to adjustment by treatment. are turbidity and pathogenic 
organisms. It is unreasonable to develop firm criteria for turbidity. 
because the amount of turbidity in raw water is not indicative of thp. 
difficulty of removing it. It is a~propriate. however. to consider raw 
water oriteria for indicators of pathogenic organisms. Their presence 
in significant numbers is indicative of fecal contamination. and the 
possibility of pathogens being oontained in the finished drinking water 
increases with increasing concentrations in the raw water. As an 
indication of the magnitude of numbers which have been conSidered. tr~ 
United States EnVironmental Protection Agency (1973a) proposed that a 
maximum acceptable coliform concentration in raw waters is 10 000/100 ~l 
for total coliforms and 2000/100 ml for fecal coliforms. 

Other raw water constituents such as ammonia and pH are of some 
importanoe because of their effect on the cost or effectiveness of watec' 
treatment processes. However. the many inorganic and organic chemicals 
which might affect the health of consumers are of greater concern. These 
raw water quality criteria considerations related to consumer health are 
essentially the same as described in the section on drinking water 
quality. and are not repeated here. 
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2.2.2 Drinking water quality 

Criteria 1'or Judging the quality of water for drinking might be 
categorized as relating either to the aesthetic quality of water or to 
health protection. The desirability of maintaining the aesthetic 
quality of drinking water (as measured by parameters such as colour, 
taste, and odour) cannot be ignored even in cases when economic factors 
would aeell to dictate otherwiae. Little would be accomplished by 
providing a safe drinking water if consumers preferred a more 
aesthetically pleasing (but less safe) alternative supply. 

Traditionally, drinking water quality has been Judged with 
regard to possibilities for transferring water-borne disease by 
considering bacteriological indicator organiBIIS such as the coli1'orm 
group. There ia evidence (Berg, 1964) that such bacteriological 
indicators are cOllpletely inadequate as indicators of the presence or 
absence of Viruses. Ll'dditionally, coliforms are not ad!.quate indicators 
of the protozoan, Endamoeba histolytica (Morris, 19(6) • .../ There is 
appreciable current research on identification of indicators more 
suitable for virus Lfor exaMple, bacterial viruses (Kott, et a1., 1974) 
and yeasts (Enplbrecht, et al., 1974)J, but none is in cOiiiaOri' use. 

In the absence of an adequate indicator for virus, there has been 
increasing interest in use 01' aeasurements of the residual disinfectant 
concentration as a measure of water quality related to infectious disease. 
Bean (1974) has indicated that the next revision of the United states Public 
Health Service Drinking Water Standards will include provision for 
substituting chlorine residual tests for coliform measurements. In 
addition to providing a better indication of the probable viral quality 
of water, chlorine residual lDeasurements can be conducted in less t~ 
than measurements for conventional indicator organiBIIS. 

Chemical constituents traditionally have formed a part of the 
criteria for judging the suitability of water for use as a potable supply. 
However, modern industrial technology and improved understanding of 
potential effects of chemical constituents of water on consumers have 

. produced a vast new arraz of chemicals to be considered in developing 
water quality criteria L.to illustrate, McDermott (1973) noted that the 
number of synthetic organic chellicals continues to grow at a rate of 
500 new compounds per yeail. 

Examples of these chemical substances which have become 
distressingly common in lIodern drinking water quality considerations 
include heavy metals, pesticides, radioouclides, chlorinated hYdrocarbons, 
polychlorinated biphenyls (PCB's), and polynuclear aromatic hYdrocarbons 
(PAH's). Many of these microchemical pollutants differ from the more 
familiar microbiological pollutants in that they display not only acute 
effe~ts but also, at lower concentrations, long-term manifestations. 
Indeed (as in the case. of radioouclides, for example), the major effect 
of concern frOll the standpoint of water quality control may be genetic. 
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Detailed consideration of criteria for Judging drinking water 
wi th regard to these chemical constituents is beyond the scope of this 
brief paper. Regrettably. detailed consideration of criteria for 
Judging drinking water with regard to many of these chemical constituents 
also is beyond the limits of current understanding. The difficulties of 
obtaining meaningful information on chronic toxicity to humans. studying 
synergistic and antagonistic effects. evaluating probable intake from 
non-aqueous sourc~s, and monitoring low but significant concentrations 
of the chemical c0nstituents in water all complicate the problems for 
control of microchemical contaminants in the natural environment, and 
are considered in the following seotion. 

2.3 Fish and wildlife 

Expenditure of money for oontrol of water quality for fish and 
wildlife often has been regarded as a luxury which is inconsistent with 
a desire to make maximum use of water resources for receiving waste 
discharges. Indeed. in the author's country. complaints are frequently 
heard concerning large pollution control expenditures "to protect a few 
Ii ttle fish." Yet. it has become increasingly apparent that. With the 
existence of modern chemical contaminants. fish and wildlife and their 
ecological relationships with man cannot be ignored in considering water 
quality criteria. Tragic experiences in Japan with the Minamata disease 
Llnvolving food chain concentration of mercury and human consumption of 
fish and shellfish (Bland and Shioto. 1914) (Environmental Agency. 1913)] 
serve to illustrate t.he point. In the United States. the Environmental 
Protection Agenoy (1913b) in proposing effluent standards for toxic 
pollutants indicated that in marine and estuatine water, standards were 
controlled by requirements fer fish and wildlife. For fresh waters. both 
the use of water for potable supplies and use fer fish and w.ldlife 
controlled the proposed limitation< on discharge of toxic materials. 

The chemical substances of concern with regard to biological 
magnification in food chains are generally the same as the persistent 
inorganic and organic toxic chemical constituents mentioned in the 
previous section on potable water supplies. Because these pollutants 
are not recycled naturally like many familiar consti t.uents of water, 
because they accumulate in food chains, because their effects may be 
chronic, and because often little is known about the concentrations of 
which their effects become significant, these "microohemical" oonstituents 
of water are extremely troublesome modern problems in water quality 
control. Only in reoent zears have criteria for some of these specifio 
toxicants been proposed LNational Technical AdVising Committee (1968). 
Environmental Proteotion Agency (1913) and National Academy of Science 
(191417. and other comparable toxicants may exist in waters receiving 
drainage from contemporary industrial, agricultural, and social activities, 
without having been categorized and studied. Some, like Ball~rud (1913), 
have adopted the attitude that total prohibition of nonbiod~gradable 
toxic materials is the only satisfactory criteria for aquatic syste ... 



- 67 - Annex jed) 

Other more traditional _aBUres of the suitabil1ty of water for 
fish and Wildl1fe continue to be of concern. Probably more money has 
been spent for rellOval of oxygen-c=ending materials frOll water than for 
any other water quality constituent. While rellOval of BOD helps preserve 
the aesthetic quality of receiving waters. the direct purpose is to 
aasure that the dissolved oxygen conoentration in reoeiving waters remains 
at a level (often taken as 4 to 5 mg/l) suitable for fish life. Other 
c!msiderat10ns. such as pH. tellpersture. Oil, etc. also deserve concern 
in establishing water quality criteria for fish and wildlife. 

Of special concern in the case of waters from which shellfish 
are harvested is the oontrol of pathogenic organiaaa and virus. Because 
shellfish concentrate disease agents and because they are often eaten raw. 
such conoern is Justified. As with potable waters, the coliform group of 
bacteria ordinarily has served as the ind1cator organi .. for Judging the 
quality of waters for shellfish cultivation. The United States Public Health 
Service shellfish water quality standards suggest a coliform concentration 
of 70/100 ml. The exact magnitude of the standard is less ilDportant than 
1s the realizat10n that it 1. IIOre than two orders of magnitude le.s than 
the magnitude Qf the oriteria suggested for raw water supplies for potable 
water systellS. 

2.4 Recreation and aesthetic enjgrment 

In general, water to be used for reoreation and aesthetic 
enjoyment .ust be free of substances such a. floating and settleable 
materials which are attributable to waste disoharges and must be capable 
of support life -- thus, the oriteria for the previous section are 
app11cable. Special consideration of the hygenic quality of water 1s 
appropriate where body contact (such as swillllling) is to be involved. 

Traditionally, enteric irxUcator organ1BIDS have been used as 
parameters for oontrol of recreational water quality. For example, the 
National Technical Advisory C~ttee (1968) suggested that the log mean 
concentrat10n of fecal oolifoI'IDS should not exoeed 200/100 ml and 1000/lOOml 
for primary""and secondary contact recreation, respectively. However, the 
epidemiological basis for using colifoI'IDS or fecal colifor.s for control 
of recreational water quality is tenuous. Woodward (1966) reviewed three 
epidemiological studies which indicated that eye. ear. nose. and throat 
ailments were the dominant illnesses of swimmers. Gastrointestinal 
upsets accounted for less than twenty per cent. of the complaints. 

2.5 Other uses 

Other water uses for which water quality cr1teria m1ght be 
considered include irrigation. livestock watering. power production. 
navigat10n, and industrial water supplies. To illustrate the type of 
cri ~.er1a involved, dissolved solids, toxic _terials. and sodium are 
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some water quality constituents of concern for irrigation. Gross solids, 
greases, and oorrosive substances affect power generation and navigation. 
Water quality criteria for industrial water supplies are as varied as 
industry, but have been considered in detail in publications such as 
McKee and Wolf (1963) and the National Technioal Advisory COIIIIIIittee (1968). 

3. WA'lER QUALITY GOALS 
, 

Unlike water quality oriteria, water quality goals differ from 
country to country and even fra. region to region. 'l\1us, specifio water 
quality goals oannot be discussed here. However, reasons for 
establishing goals and factors influencing the selection of goals oan be 
IDentioned. 

Water quality goals reoently established in the United States 
serve to illustrate the nature of 8Uoh national targets for oontrolling 
water pollution. The Federal Water Pollution Control Aot Aaendments of 
1972 proclaiMd that "it is national policy that the discharge of toxio 
pollutants in toxic amounts be prohibited." "it is the national goal 
that wherever attainable, an interim goal of water quality which provides 
for the proteotion and propagation of fish, absllfish, and wildlife, and 
provides for recreation in and on the water be achieved by 1 July 1983" 
and "it is the national goal that the discharge of pollutants into the 
navigable waters be elillinated by 1985." While it _st be noted that 
unanillous agreement with the national goals does not exist, the goals 
serve as the baaie for developing pollutional control strategies and 
water quality standards until they are modified by legislative action. 

Establian.ent of 8Uoh water quality goals requires a critical 
asses8JDent of national priorities. Factors suoh sa oosts, population 
trends, present and future water U888, indUstrialization, econaaic 
re80uroe8, and other faotors_st entsr into suoh Judpents. While the 
8etting of water quality goa18 and 8tandardS does not lend itself to a 
rigorous c08t-benefit analysis, 8uch an analysi8 taoitly is involved in 
the e8tablist.ent of any water quality obJeotive8. '!bat is, to set a 
water quality goal i8 to illpute a cost-benefit relationship (ThoIIIa8, 
1964) (Starr, 1969). 

In faoing the challenge of determining water quality goals in 
developing oountries, it would see. that IRlch could be learned fra. the 
experienoes of .are highly developed nations. One lesson is that the 
developaent of national goals is highly desirable so &8 to permit an 
effioient, consi8tent, and .oo-ordinatect approach to water pollution 
control. Another .1JBportant lesson is that future goa18 should be 
identified even though it is not expected that _Jor iaprovementa in 
water quality can be aohieved 80on; Such long range planning would 
permit developaent to take place with an eye toward the ccmpl1catlons 
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1IIpoaed by fUture' pollution control policies. ExaIIples of failure to do 
this in developed oountries are InIMrous and have lIIpeded present 
pollution control efforts. To illustrate, urban s~ater drainage 
systems have been devised without regard for the fact that, sa.. day, it 
may be neoessary to retain or treat sto~ater in order to meet water 
qual1ty goals. S1III1larly, past developllllnt of industry without adequate 
regard to water pollution control preblellB has hallpered efforts to 
control industrial wastewater disoharges. For exaaple, desired 
segregation of certain wastes from the discharge from a factory is cften 
plQ"sically difficult after the factory has been built. Additionally, it 
often has been found that different basio industrial prooessing techniques 
or different raw materials would have been seleoted at the t1lle that an 
industrial facility was established. 

Another lesson which probably is in the process of being learned 
in aore highly developed oountries is that the entbLul1.aam for 1IIIproved 
environ.ental quality and for public partioipat1on in pollution oontrol 
matters should not lec to the estsblilliwent of unrealistic goala. 
Stold.nger (1971), for _ple, has desoribed s~ tecllll1oall¥ indefensible 
envir~ntal stemsrds which have been 1IIp~ted in recent years, and 
has urpd. that standsrds not be developed which are urmecesaar1ly severe 
or not baaed an docu.ented, soientifio faota. 

4. WA'mR Q.UALI'lY STANDAIIOO 

Having considered the technical basis for Judging the quality of 
water for various uses (water Quality criteria) and having d1soussed the 
establialaent of objeotives (water quality goals). it remains to consider 
meana for aohieving the desired water Quality. Water quality standards 
are the legal baBes for aoh1eving water quality goals. 

While water quality goals refer to the quality of water bodies 
such as rivers, lakes, estuaries, and oceans, the nOl'll&l means for 
achieving the goals is to regulate the qual1 ty of discharges into the 
water bodies. Tbis indirect control mechanism is the source of most 
diffioulties in establishing water qual1 ty standards. Readers w11l be 
familiar With the cl .. sic debates concerning stream vs. effluent 
standards, and they are only br1efly mentioned here. 

Use of stream standards (those baaed on specification of the 
dedred quality of receiving waters) 18 the most economical way of 
achieving water Quality goals. Requ1red wastewater treaWent is 
establ1shed in-an optimal, but non-unifol'll, manner. Polluters in 
sensit1ve locations or with read1ly treatable wastes would be required 
to provide extensive treatment, While others (perhaps small industries 
and munioipalities) would have minimal treatment requirements. Because 
of the inequities involved. stream standards don't work well with most 
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governmental arrangementa. A possible means for making'stream standards 
usable 1s to establish a regional or national authority which assesses 
charges to all wastewater discharges, but spends the Bloney in a manner 
which meets the desired stream standard at least overall cost. A 
variation which has received a great deal of attention in acadeBlic and 
econanic circles is a systeBl of "effluent ohanges" (see, for example, 
FreeDJan, 1972). With this SysteBl, industries or DJUnicipalities could 
discharge whatever they wished to discharge, but they would be charged 
on the basis of the amounts of various constituents in their effluents. 
Presumably, by controlling the price for discharging various wastewater 
constituents, the quality of the reoeiving water oould be maintained at 
any desired level. 

Most often, it has been considered that the canplexity and 
potential inequity of stream standards precludes their use, and effluent 
standards (those based on specification of the required quality of 
discharges into receiving waters) have been adopted instead. Effluent 
standards are adDIinistratively convenient but economically inefficient. 
They nonnally inVOlve rather uniform standards for all discharges and 
are, thus. equitsble but do not preserve receiving water quality at 
lowest cost. However, even with effluent standards, adDIinistrative 
problems arise. This is beoause it is diffioult to develop uniform 
effluent standards for industrial wastewater from totally different 
industries. To deal with this difficulty. the "best practicable means" 
approach has sometimes been adopted (World Health Organization, 1972). 
This approach involves establishing effluent standards for each type of 
industry on the basis of an assessment of the technology which is 
available in praotice at a cost conaistent with national goals. The 
approach requires that some authority decides what constitutes best 
practicable technology for each type of waste disoharge. Current United 
states pollution control legislation is based on "best practicable" 
effluent standards. and it will change to a "best available" basis in 
1983. 

International stream and effluent standards do not exist (and 
it is. of course. debatable whether or not they should exist). 
International Standards for drinking water are appropriate. and they do 
exist (World Health Organization. 1970. 1971). 

Many iDlportant consideratiOns have been anitted from this brief 
disoussion of water quality standards. PretreatDlent standards for 
industries discharging wastes to public sewerage systems, standards for 
the mixing zone in the immediate proxiDIity of waste discharges. and 
consideration of non-point souroes (like urban and agricultural runoff) 
are among the factors deserving additional attention. 
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5. SUII4ARY 

Water quality criteria are tecbnical baaell tor Judging the 
suitability ot water for various u.... Pre .. n~ understanding of the 
effects of -.n;r "aicrocheJlical" contaminants and ot virus render 
available water quality criteria leas reliable tban is de.ired. 

Water quality goals depend on national aspirations. It is 
desirable that this be identified so that water quality control 
progr_s can develop in an orderly fashion. 

Water quality lltandards provide the legal _ana tor achieving 
water quality goal.. Adminilltrative probleaa plague the establishment 
of water quality standard •• 
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1. INTRODUCTION 

It is estimated that 70 per cent. of the population of developir,,~ 
nations are rural dwellers and 30 per cent. are urban dwellers (World 
Health Organization, 1974). However, if present trends continue, these 
percentages will be reversed by the end of this century. A change of 
this magnitude will produce dramatic challenges for those involved with 
wastewater management. The simple pit privey and Similar devices which 
are economical and effective means of controlling basic sanitation in 
rural areas are not feasible in urban environments. Instead, means for 
wastewater collection and treatment which are appropriate to urban areas 
must be provided which are effective in controlling basic sanitation and 
avoiding environmental pollution. The techniques developed must not 
only be technically effective, but also must be economically efficient' 
in order that they can be implemented during the period of intensive 
competition for funds which might be expected to accompany economic 
development. 

It is assumed that there is no need in this paper to develop 
~rguments for the necessity of effective wastewater management in urban 
areas. Indeed, economic development cannot be expected to take place 
if the productivity of the population is impaired by water-borne disease. 
And, the potential for explosive disease outbreak is particularly 
significant in the urban areas of countries where water-borne disease 
already is endemic. 

It is, however, appropriate to remind readers that in addition 
to the familiar infectious diseases which have always been of concern 
in the control of human wastes, modern waste management also requires 
concern for persistent chemioal contaminants with long-term effeots on 
human health. Additionally, it should be noted that with economic 
development will come increasing desire for water quality which not only 
protects human health but also accommodates water uses such as recreation 
and aesthetic enjoyment. These considerations, which are discussed in 
a companion paper (Dick, 1975), must be kept in mind as plans for urban 
wastewater management are developed. 

While this paper concerns treatment techniques for achieving 
water quality goals, it should be noted that some of the best means for 
working toward water quality goals do not involve treatment. As an 
example, effective land use management might minimize water quality 
degradation from non-point sources of pollution. Similarly, alteration 
of an industrial process might eliminate a pollutant and the need for 
treatment facilities to remove it from wastewater. As an additional 
example, proper planning might result in location of wastewater producers 
in areas where their impact on the water environment is not severe. 
These and similar techniques for eliminating wastewater discharges, 
reducing their volume, improving their quality, or minimizing their 
environmental impact deserve high priority in overall programmes for 
wastewater management. 
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2. CANDIDATE TREA'D4ENT TECHNIQUES 

One of the greatest challenges in oontrol of water quality in 
developing oountries i8 to oonceive wa8tewater treatment techniques 
which are responsive to the 8peoifio needs of developing countries. It 
is not to be expected that these need8 Will be the 8_ in eaoh oase. 
Thua, no single type of wastewater trea"tMnt i8 optimal for all 
applications. 

Faotors which influence Judgements on the proper type of 
treatment for particular applioations include the type of wa8tewater to 
be treated, applicable water quality 8tandardS, land availability, 
present and future availability of funds, aoce8sibility of specialized 
equipment and part8, anticipated level of oompetence of operational 
per80JUl81, and expectations with regard to future expansion of the 
treatment faoilities (to increase capacity and/or to upgrade the degree 
of treatment). Many other oonsiderations milSht be envi8ioned for 
particular applications. 

SOlIS type8 of waste treatment syste.s whioh II1ght warrant 
consideration for application in developing oountries are briefly 
desoribed in the 8eotions which follow. To delimit the di8cus8ion, 
consideration i8 re8trioted to systelu for trea1aent of oonventional 
munioipal waste8 frOID water-carriage waste colleotion 8Y8tems. A more 
thorough discu88ion of treatment technique8 would include consideration 
of means for treating the wide variety of water-borne wastes of 
indu8trial origin and means for acoomplishing higher degree8 of removal 
of Waste8 water constituent8 (such a8 nitrogen, phoSphOru8, biochemical 
OX7gen demand, suspended 80lids, and pathogenio orgen1sms) than are 
achieved by ordinary 8econdary treatment. Control of urban runoff, 
management of waste8 from livestook and crop produotion, and con8ideration 
of alternatives to water-carriage syste .. of wastewater oolleotion also 
are not inoluded in this brief paper. Similarly, po8sibilities for 
waste treatment within receiving 8tre ... (tor example, by supplying 
aeration devices) or for teohnique8 for 1I1n1111zing the effects of waste
water discharges (such as low-flow aU/Pl8ntation) have not been 
considered. 

2.1 Prima17 trea"tMnt 

Simple sedimentation of munioipal wastewaters in settling basins 
or Imhoff tanks aooomplishes about 50 jl8r cel:lt~ removal of' suspended 
solids and 30 per cent~ removal of BOD •. ' .Primary treatment facilities 
offer the po88ibility ot a staged prosr- of pollution abatement 1n 
that they fol'll a part ot conventional oomplete treatment faoilities. 

Significant disadvantages are associated with conventional 
primary treatment, however, and these disadvantages uy be especially 
severe in developing countries. One disadvantage is that primary 
treatment produoes an appreoiable sludae trea"tMnt and disposal problem. 
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A second disadvantage is that pr1mary sedimentation and associated 
sludge treatment and disposal facilities make use of appreciable 
equipment and capital and thus share the disadvantages of conventional 
secondary treatment techniques which are discussed in the following 
section. Use of Imhoff tanks reduces equipment requirements, but 
construction of Imhoff tanks is complex and expensive. 

2.2 Conventional seoondary treatment processes 

The trickling filtration prooess and, espeoially, the activated 
sludge process have become very common means for municipal wastewater 
treatment in many developed countries. Indeed, the activated sludge 
process has much to CClllllll!nd it. A skilled treatment plant designer can 
attain a high rate of removal of organic material per unit volume of 
tankage, and a skilled operator can oarefully control performance of 
the process to achieve a consistently high quality effluent. Land 
requirements are minimal, and substantial variations in prooess design 
can be made to accOlllDodate particular wastes. 

It must be remembered, however, that the activated sludge process 
evolved in countries in which labour and land are expensive, sophisticatpd 
equipment and replacement parts are readily available, highly trained 
operating and laboratory personnel are relatively plentiful, and funds 
are available for capital expenditures. To the extent that these 
circumstances do not describe conditions in developing countries, the 
activated sludge process may not be the best method of wastewater 
treatment for uniform appl1ca,tion in developing oountries. 

Having thus questioned the applicability of conventional waste 
treatment processes for solution of water pollution control problems in 
developing countries, it is necessary to note that in some instances, 
suoh processes may represent the best choice of treatment alternatives. 
However, in such cases, it is important that selection be based on 
rational analysis of looal conditions and not on the basis of prevailing 
practices in other countries. In cases where some special oonsideration 
is due wastewater techniques. of the type developed to serve the needs 
of developed countries, specific attention might be given to processes 
involving use of oxidation ditches and aerobic lagoons. Treatment by 
use of rotating biological contactors makes use of principles similar 
to other biological wastewater treatment techniques but significantly 
reduces power requirements. These are modifications to the conventional 
secondary waste treatment process Which m1ght afford econaDio advantages 
in specific instances. 

Conventional wastewater treatment processes are described in 
detail in many standard texts Liee, for example, Metcalf and Eddy (197217. 
and these descriptions are not repeated here. It should be noted, 
however, that a problem which plagues all conventional treatment proces~'> 
(including both biological and chemical-physical treatment processes) is 
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the accumulation of sludges. Satisfactory reclamation or treatment 
and disposal of these residues poses a problem as difficult as wastewater 
treatment itself. Indeed, nearly half of the expenditures associated 
wi th conventional treatment are for sludge handling (Dick, 1972). 

2., Waste stabilization basins 

Waste stabilization basins offer an economical means for wastewater 
treatment which is SUitable for qany applications in developing countries. 
Depending on their design, stabilization basins may involve differing 
types of biological waste treatment. The potential for confusion is 
further increased by use of a variety of terms (ponds, lagoons, etc.) 
to describe the treatment technique. Unless otherwise indicated, the 
term "waste stabilization basin, II used here refers to the most camaon 
types of stabilization basins -- facultative basins. 

A facultative waste stabilization basin is commonly an earthen 
basin containing 1 to 2 m of wastewater. The term "faoultative" refers 
to the fact that both aerobic and anaerobic biological processes take 
place in the basin. In the upper portion of the basin, oxygen is 
produced by photosynthetic organisms (algae) whioh msJre use of the sun's 
energy, nutrients contained in the wastewater, and carbon dioxide 
produced by microbial oxidation of organics in the wastewater. The 
oxygen produced by the algae is used in turn by aerobic or facultative 
organisms in oxidizing organic waste constituents and potentially 
odorous ccmpounds produced in the anaerobic part of the basin. At the 
bottom of a facultative basin, anaerobic conditions exist because of 
high concentrations of decomposing organiC material (solids from the 
wastewater and sed1mented algae, bacteria, and other organisms), because 
insufficient light penetrates to allow photosynthetic oxygen product10n. 
and because oxygen from the atmosphere cannot diffuse through the water 
fast enough to maintain aerobic conditions. 

As extrelllEls in the spectrum of stabilization basin designs. 
basins heavily loaded with concentrated organic wastes might be anaerobic 
throughout their depth, or basins might be designed with a shallow depth 
to allow only aerobic biological activity. Such variations in basin 
design were described more completely in a World Health Organization 
Monograph on "Waste Stabilization Ponds" (Gloyna. 1971 ). 

Waste stabilization basins have only in recent decades become 
a common type of wastewater treatment. However, applications have been 
numerous, and the technique may be regarded as a well-proven method of 
wastewater treatment. By 1968, there were about 3500 stabilization 
basins in operation in the United states (Federal Water Quality 
Administration, 1970). Ninety per cent. 'of these installations serve 
municipalities with less than 10 000 people, but if land is available. 
nothing prevents use of stabilization basins for large cities. 
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Climate is a major design variable for waste stabilization basins. 
Waste stabilization basins are being operated successfully in climates 
ranging from tropical to artic. However, it is important that the organic 
loading per unit area be controlled at values which are compatible with 
expected rates of photosynthetic oxygen production (a function of solar 
radiation) and b~ odegradation of organic material (a function of temperature). 
Canter, et a1. (1969) concluded that, in mild climates, BOD rellOvals in 
excess or-901per cent. could be achieved with five-day BOD loadings of 
200 lb/acre day (224 kg/ha/day). Gloyna (1971) sumarized various 
techniques for establishing the design loadings on waste stabilization 
basins, but generalized that loadings might range from less than 9 kg 
BOD/ha/day in frigid areas with seasonal ice cover to }50 kg BOD/ha/day 
in tropical areas with no seasonal cloud cover. Comparable values for 
the population served per hectare based on Gloyna's aSSUlDptions ranged 
from less than 200 to 7000, and liquid retention t1mes ranged from 
over 200 to 17 days. 

While waste stabilization basins cannot be re~ed as means for 
absolute disinfection of wastewaters, appreoiable reduotion in 
concentrations of pathogenic organisms and indicator organisms occurs. 
Canter, et a1. (1969) found that the relDOval of coliform organisms varied 
inverselywith BOD loading/unit area/day. However, with an organic 
loading of 100 lb/acre day (112 kg/ha/day) and a 24-day retention time, 
coliform reductions exceeded 99 per. cent. 

Operation of waste stabilization basins is simple, and, indeed, 
this is one of the _jar advantages of the procesil. The fact that 
stabilization basins do not produce waste sludges is a major reason for 
the simplified operation. Operational tasks include maintenance and 
protection of dikes and control of rooted vegetetion (by control of 
depth and by cutting at the waterline). 

Perhaps the major disadvantage of waste stabilization basins as 
a form of wastewater treatment is the fact that algae are contained in 
the effluent. These algae frequently represent an aesthetic nuisance 
because of their colour, but, more importantly, they may present a 
significant demand for oxygen when they are biologically degraded in 
receiving waters. Arrangement of basins in series reduces the algal 
content of the effluent, but if a high degree of removal is required, 
treatment of effluent is neocassary. Treatment of stabilization basin 
effluent by techniques such as coagulation, sedimentation, and filtration 
is complex and expensive and would negate the advantages of using 
stabilization basins. Reoently, some reports have appeared concerning 
possible means for removing algae from stabilization basin effluent more 
economically. O"Brien, et al. (1973) described a submerged rock filter 
and an upflow flyash filter for algae removal, and Middlebrooks, et a1. 
(1974) have oonsidered the use of intermittent sand filters, landdisposal, 
and other methods. Possible use of algae removed from stabilization 
basins or use of algae-laden stabilization pond effluent as sources of 
protein or nutrients in terrestrial or aquatic animal food production 
operations warrants consideration (McGarry, 1971). 
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2.4 Intermittent sand filtration 

The intermittent sand filtration prooess of wastewater treatment 
would seem to be a method deserving more attention than it normally 
reoeives -- espeoially for applloation in developing oountrles. 
Intermittent sand filters oan be oonstruoted by stripping topsoil to form 
embankments around the filters. grading the filter bottom to the looation 
of open-jointed tile underdralns. imbedding the underdrains in about 
300m of stone and gravel. adding 60 to 90 om of sand with an effeotive 
size in the order of 0.2 to 0.5 mm. and adding a dlstrlbutlon system for 
applylng wastewater. A min1mwD of three filters might be used to assure 
intermittent operatlon. 

Loading rates for intermittent sand filters depend on the nature 
of the wastewater applied. Marshall and Middlebrooks (1974) Indioated 
that as a rule of ~b. raw (sore~ned) s.wsse is applied at a rate of 
20 000 to 75 000 gpa.d (31 to 115 m"/ha day). settled sewage (inoluding 
Imhoff and septio tank effluent) at 40 000 to 150 000 gpad (61 to 
230 m3/ha day). and effluent from biologioal wastewater treatment plants 
at 200 000 to 800 000 gpa.d (310 to 1200 ri'/ha da7). 

The extent of BOD reduotion is a tunotion of the applioation 
rate. filter depth. grain size. and other variables. but ordinarily 
exoeeds that acoomplished by any of the other treatment processes 
oonsidered in this paper. A very high degree of removal of ooliform 
baoteria also is aohieved. 

Maintenance consists primarllY,of assuring that application of 
sewage is"truly "intermittent," removing a mat of organic material, and 
loosening the filter surface at infrequent intervals L!!arshall and 
Middlebrooks (1974) llention an experimental filter whioh operated for 23 
years wlthout removal of surface _teriaY. Operation of intermittent 
sand filters is not unimportant. however. for nuisanoe oonditions can 
be produoed by inadequate attention to the need for intermittent 
operation. 

The simplioity of oonstruotion and operation. the absenoe of 
meohanloal equlpment. and the hlgh effiolenoy of interalttent sand 
filters would seem to quallfy them for oonsideration in seleotlon of 
treatment processes for certain installations. Regrettably. capltal 
costs mlght be expected to be apprecla_17 greater than those for waste 
stabilization baslns. 

2.5 waste application on land 

Waste appllcation to land is as old as man. and organized 
',ewage farmlng" has been traced by Pound and Crl tes (1973) to the 

" : ,:-teenth oentury. There is 11 ttle question of the capabil1 ty of so11 
br. tems to satisfactorily receive oontrolled quantities of municipal 
wastewater (although care must be taken to govern the oontent of 
substances such as heavy metals and nonblodegradable organic compounds). 



Annex 3(e) - 82 -

Valid concern for the effects of land application of raw sewage 
has frequently been expressed I..ror example, by Shuval (196921. However, 
reports of successful aPElication of raw waste on land without health 
proble_ have appeared Lsee, for example, Parker'.! (1973) description of 
the land disposal system for Melbourne, Australi!l. A recent report of 
a World Health Organization Meeting of Experts indicated that sewage 
farming "is no longer reoa.ended as a method of disposal" (World Health 
Organization, 1973). 

It means oould be developed for applying sewage to agricultural 
land while maintaining assuranoe of protection of the health of 
agricultural workers and individuals associated with the agricultural 
products, then land application would seem to be an attraotive possible 
solution to the problem of wastewater IlllUlagelllElnt. If such health 
proteotion oannot be achieved, then land applioation of effluents from 
wastewater treatment prooesses remains aa a viable IIIEIthad for disposal 
of effluents. 

It should be noted that arguments totally parallel to those 
conta1ned in the three previous paragraphs can be developed for use of 
wastes in aquaoulture. That is, it is possible to use wastes beneficially 
in aquaoulture, but potential health problems exist (Shuval, 1969). If 
means oould be developed for aasuring proteotion of human health, such 
praotioes would be attractive alternative techniques of wastewater 
management. 

Tendencies toward urbanization in developing oountries oreate 
new challenges for oontrol of water pollution. It would be a mistake to 
adopt techniques for wastewater management from urban areas in other 
oountries without oritioal evaluation of the unique requirements of 
developing nations. Waste stabilization basins and intermittent sand 
filters are examples of wastewater treatment prooesses which might deserve 
particular attention for particular applications in developing nations. 
If means could be developed for proteoting publio health, direot use of 
sewage in terrestrial or aquatio food produotion would be extremely 
attraotive means for JDanaging munioipal wastes. 
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1. DEFINITION OF MONITORIID 

The Intergovernmental Working Group on Monitoring or Surveillanoe 
(IGWGM) defined monitoring as a system of oontinued observation, measure
ment and evaluation for defined purposes. Monitoring programme may be 
designed to provide information about environmental variables including 
their possible effect on man and his well-being, and, more specifically, 
to ensure that the various deoisions, inoluding regulatory and other 
measures, oan be taken. 

The EARTHWATCH is a major programme which the Governing Council of 
t.he United Nations Environment Programme (UNEP) is developing. The 
Global Environment Monitoring System (GEMS) is oonoeived as one of the 
four oomponents of the EARrHWATCH Programme; other oomponents being 
evaluation, research, and exohange of information. The EARTHWATCH itself, 
whioh is equivalent to environment assessment; is one of the three major 
components of UNEP; the other two being "Management of the Environment", 
and "Supporting Acti vi ties" • 

2. OBJECTIVES OF MONITORIID 

In an inter-agency report prepared for the 1971 Meeting of IGWGM. 
trle following obJectives of monitoring were recognized: 

( a) to detect and provide an early warning of significant changes 
in the environment; 

(b) to study levels and trends of environmental factors for 
the purpose of deciding and planning corrective action; 

(c) to check on the complianoe with established environmental 
quali ty of ori teria and standards; 

(d) to check on the effioiency of control systems and corrective 
measures; 

(e) to survey and study the effeots of environmental changes, in 
partioular on man's health, on natural resouroes, and on human 
acti vi ties; 

(f) to study the effects of speoific human acti vi ties on the environfller, t 
for the purpose of deciding on the necessity of changing some of 
these activities. 
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The IGWGM itself subsequently adopted the following objectives for 
GEMS. olearly related to those envisaged in the inter-agenoy report: 

"to provide the information necessary to ensure the present 
and future protection of human health and safety and the wise 
management of the environment and its resources by: 

(al (i) increasing quanti taU ve knowledge of natural and man
made changes in the environment and of the impact of 
these on man's health and welfare; 

(11) increasing understanding of the environment and, in 
particular. of how dynamic balance is maintained in 
ecosystems. as a basis for managing resources; 

(b) providing early warning of significant environmental ohanges 
(including natural disasters) in order that protective 
measures may be considered; 

(c) making it possible to oheck the effeotiveness of established 
regulatory mechanisms and to plan optimal teohnologioal 
development." 

3. MONITORING PARAMF:l'ERS 

Prinoipally the monitoring parameters should be oorresponded to 
the parameters which are oonsisted of the water quality oriteria or 
standards. beoause the essential oharacteristics of monitoring oan be 
an operation oonourrent with the identification step. If monitoring 
prooedure is not sound. the oriteria or standards will be unable to 
prove active. 

(a) Major oategories of pollutants 

In the report of Seoretary-General. UNESCO. '{ May 1971. titled 
The Sea, Prevention and Control of Marine Pollution, the categories 
of pollutants were as follows: halogenated hydrocarbons. petroleum 
and its derivatives, other organio chemioals. nutrient ohemioals 
(inoluding those in sewage and from agrioultural sources), inorganio 
chemioals (particularly heavy metals). suspended solids, radio-active 
substanoes, and thermal pollution. 

Halogenated hydrocarbons constitute a olass of synthetio ohemioals 
whioh have oome into widespread use in both industry and agriculture. 
Of the halogenated hydrooarbons produo<id at present, the following have 
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so far been detected in the marine environment: DDr. BHC. deldrin. 
endrin. and polychlorinated biphenyl oompounds. In most instances. 
these have been disoovered in the sea during essentially random surveys, 
but many other halogenated hydrocarbons known to be produced by man have 
not yet been investigated. 

Predatory marll;e animals are especially susceptible to chlorinated 
hydrocarbons: their food chain accumulates and retains most of the 
pesticides ingested, although may be broken down to other forms. Results 
of reoent studies with insecticides and marine organisms demonstrate how 
serious these pollutants may be for the marine ecosystem. Concentrations 
that are not sufficient to kill insect pests may, however. inhibit pro
ductivity of phytoplankton. badly damage crustaceans and the eggs and 
larvae of some molluscs. induce deleterious changes in the tissue compositior 
of molluscs and bony fish. 

Oil pollution is the almost inevitable consequence of the massive 
use of oil and petroleum in the modern world. The toxicity of oils and 
oil products depends on their composition and on environmental factors. 
The most immediate danger oomes from the volatile fractions. but the 
denser oomponents of oil present other long-term risks inoluding the 
possibility of causing cancer. Apart from direct toxic effects, marine 
life can be endangered by the depletion of oxygen supplies in the water 
during the breakdown of spilled oil. Man suffers from oil pollution 
by the spoiling of ameni ties and the loss of seafood either killed or 
tained by the pollution. 

The other organic chemicals includes synthetiC and naturally 
occuring organic ch':micals released in sewage and industrial wastes 
and other harmful organic chemicals. mainly marine biotoxins. produced by 
phytoplankton in response to pollutants. Some organic pollutants 
can act as intermediaries in bringing largely insoluble pollutants into 
the water. Organio ohemicals also oan have a direct effect on marine 
life although their diversity prevents any stereotyping of these effects. 
Valuable seafoods and products can be lost. 

A considerable number of inorganic Chemicals. many of them metals, 
have been either implicated in marine pollution or are considered to be 
potentially serious pollutants. Marine organisms oan convert some 
inorganio wastes into harmless components. but many more ohemioals are 
both persistent and toxic. Meroury and several of its aompounds are 
oonverted into a more toxio form (methyl meroury) by organisms and also 
are accumulated during movement within the marine food chain. 

An increase of nutrient ohemicals - either from agrioultural run-off, 
sewage disposal or industry - will stimulate the growth of marine phyto
plankton. As a result, blooms of plankton may oocur. along with excessive 
growth of other species. When this abundance of plant material decays. 
it consumes oxygen. producing mass mortality among fish and other animal 
life, and thus may spoil coastal amenities and fishery resources. 
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Over-fertilization (eutrophioation) and its e1'1'eots are a partioular 
danger in the semi-enolosed waters of river estuaries since these reoeive 
the high nutrient load from industrial and domestic sources inland. 

The pollution problems presented by suspended solids are olosely 
related to those oaused by nutrients. Organic debris 1'rom sewage and 
industrial wastes can contribute to the over-f'ertilization or ooastal 
waters and prevent the natural puri1'ioation process that normally kill 
Pathogenio miorobes oontained in the sewage. In addit10n. suspended solids 
can have purely physioal effects. changing the habitat with a layer of 
soft sediment. suffooating animals unused to turbid oonditions and reduoing 
photosynthesis by outting down the sunlight penetrating the water. 

The release of highly radio-active materials into the environment 
has been largely avoided. The ultimate storage or high level radio
active waste on land and in oontainers sunk deep in the ocean. and the 
disposal of liquid low level waste in ooastal waters make radio-aotive 
pollutants appear to be or less oonoern oompared to other oategories of 
pollutants. However. some conoern has been expressed over the slight 
triokle or radio-active substanoes into the oceans beoause or the abUi ty 
of marine organisms to retain and acoumulate radio-active elements. 

Thermal pollution has oreated through disoharge of oooling water 
trom electric power generators and other industrial plants into coastal 
waters. Although the warm effluent oould be used to enhance the growth 
rate of marine organisms or even to improve coastal amenities. it has 
ocoasionally proved harmful. 

(b) Criteria for asSigning priorities 

In the development or GEMS. a priority of the first phase was 
recognized to establish the capability for monitoring in the environment 
a seleoted group of pollutants and other related environmental factors 
of international signifioanoe whioh were considered to be deserve pr10rity. 
The oriteria for assigning priorities include the following: 

(i) The severity of actual and potential effects on man's 
health and well-being and on climate or on terrestial 
or aquatic eoosystems. taking 1nto aaeount the stability 
of the systems involved; 

(ii) The persistenoe and resistanoe to degradation in the 
environment and aooumulation in man and the food ohains; 

(iii) The possibility of chemioal trans1'ormation in physical 
and biological systems. resulting in secondary substanoes 
more toxio or more harmful than the parent compound: 
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(iv) Ubiquity or mobility; 

(v) Aotual or projeoted oonoentration trends in the 
environment and/or in man; 

( vi) The frequenoy and/or magnitude of exposure; 

(vii) The feasibility of measurement at given levels in 
various media; 

(viii) The potential value of the information for assessing 
the state of the environment; 

(ix) Suitability. beoause of generalized distribution. for 
uniform measurements within a global. regional or 
sub-regional programme within the framework of GEMS. 

The oriteria listed above applied to a seleoted group of pollutants 
and were acoordingly ranked in the priority order indioated in Table 1. 

With respect to other related environmental faotors it was reoognized 
that many of them were related to pollutante and that they should be 
monitored in order to support a pollutant monitoring programme. To 
assist those engaged in the design and development of pollutant monitori~ 
programme. other related environmental factors were examined and oate
gorized as follows: 

(i) Those which serve as indioators of pollution when a 
pollutant itself is not easily measurable - indireot 
moni toring. Monitoring of these factors may. therefore. 
be desirable under oertain oonditions. These indioators 
oan be grouped as follows: indioators of water quality, 
suah as ooliform b8l:lteria. BOD/COD. dissolved oxygen. 
(transparency). and algal growth and primary produotivity 
of algae. 

(11) Those parameters the measurement of whioh is appropriate 
to enable the interpretation of pollutant monitoring 
data. inoluding. as appropriate: 

Seleoted meteorologioal parameters; 

Seleoted hydrologioal parameters; 

Seleoted geophysioal parameters; 

Dietary intake and oomposition; 
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Resistance to pesticides; 

Factors describing the state of the climate; 

Radio-active fallout and its effeots as a result 
of atmospheric nuclear explosions. 

TABIE 1: US! OF PRIORITY POWJTANTS Y 

Priori ty Order Pollutant Medium EI . Type of 
Progr~e y' 

I SO + suspended particulates Air .y I R 
R~io-nuolides (90Sr + l37Cs) Food - I R 

oy Air I 
II 3 

man~1 DIJI' and other organo-chlorine Biota, I R 
oompounds , 

Cd and compounds h Food .!!/, man, water I 
III Ni trates. ni tri tes _I Drinking water, food I 

NO, N02 Air I 

Hg and compounds Food .Y, water I R 

IV Pb Air, food il I-

CO2 Air 

V 
CO Air I 
Petroleum Hydrocarbons Sea R 

VI Fluorides Fresh water I 

Asbestos Air I 
VII As Drinking water I 

Food Y Mycotoxins I R 
VIII Microbial cont8l!linants Food .!!I I R 

Reactive hydrocarbons Air I 
. 

~ThiS list should be reviewed periodically. 
_I Measurements in air should include measurements in precipitation where 

,appropri ate. 
c/~ . -;1',I = impact; R = regional; B - baseline. 
~Ood includes animal feed. 
iJ,:lObal distribution high in the strastosphere. low in the troposphere. 
-' ,Concerns zone in the stratosphere • 

B 

B 

B 

--

.§/ In designing the programme, oonsideration should be g1.ven to including 
~Ood monitoring. 
i~o adequate techniques available for multi-media analyses of nitrosamines. 
- In designing the programme. consideration should be given to including 

regional stations. 

I 
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4. SAMPLrNl 

(a) Sample size 

The size ot sample required for any given determination is related 
directly to the conoentration of the meaeurement parameter in the sample 
and to the amount of material required for an accurate analysis. Usually 
better results oan be obtained it the alUllple volume 1e large enough to 
allow measurement, but it is desirable to deorease the sample volume 
because of the colleotion, transportation and 1mId11ng problems. The 
ultimate restraint is the lower limit of preclsion and accuracy of the 
analyt;l.oal method. 

(b) Sample number and frequenol 

The number of samples and the frequenoy of sample colleotion required 
for a re~sentative value at each sample station are related directly to 
the variabiU ty of the par_ter being monitored and to the level of statis
tioal signifioance specified. 

If the frequency distribution of obeervations 1s generalized as the 
geometrically normal distribution, the probabllity jF(njj corresponding to 
occurrenoe of the measured mean values lying between M(l - e) and mel + 6) 
will be given by Equation (1) as I 

(H' - H +d:)[ilTa-

1 5 F(n) .-

/2'rc (H' - H -d.., )/nflY 

u 2 
exp[ - "2 1 du (1) 

where x is the observed value. y = log x, m is the true mean, n. is the 
sample number, O'is the standard dev:l.ation, M = log m, M' + tL = Log m(l + e), 
u2 _ Ln(y - M17/0"'2 and Y - LS. ii/no --

An example of COD observations is the YODO River at HIRAKATA Station 
with m = 15.9 ppn andd - 0.196 in the summer, and m .. 4.31 ppm and.,.. = 0.099 
in the autumn. Therefore. ,in order_to jiet a reliable mean COD value corres
ponding to 9o.Il of the probab;l.Uty LF(nl/. and of which error is less than 
10 or 2~ of the true mean. 52 or 13 samples ;l.n the summer. and 14 or 3 
samples in the autumn reciprocally should be required on the basis of 
Equation (1). 

II 
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5. INS'lRUMENTATION 

With increased demand for rapid measures of water quality useful in the 
management of aquatic systems, increased reliance by necessity will be placed 
on physical and chemical determinations which oan be obtained in a short 
period of time. These requirements pose speoial sampling problems which 
probably will be met by continuously reoording the output of such devices 
as the polarographic oxygen sensor and the speoific ion sensors ourrently 
under development. 

The methods of continuously measuring, which are being used at present, 
can be classified into the following three categories: 

(a) The method in which the sensor is submerged in the sample water; 

(b) lhe optical method whioh is led in the stream into a flow oell 
and observed light densities of transmission, soattering, and 
refleotion; 

(c) lhe automatio chemioal analysis. 

Among the method (a), developments have been made conoerning various 
types of sensors to assess pH, di~sol!ed ~ge!:!! o~uoti~ty, amper!1ure, 
o~~ation reduction potential, Cl , F , CN ,S ,Na, Cd ,NH ,Pb • 
Cu ,eto. Automatio monitors whioh were made by making a unit by combining 
several of these sensors are being used as the instrumentation on site. 

lhe method (b) includes turbidity metre, phenol monitor, oil monitor, 
eto. The method (c) includes the development of the automatio analysis 
instruments for BOD, COD, TOC, TOD, mercury, chromium, lIIIIIIOIlia, etc. 

For remote sensing purposes, oil films with a thickness of 100 microns 
can be deteoted using dual polarized radiometres, 1 mioron using radar 
imagery, and 0.1 microns using multispeotral imagery in the ultra-violet 
region. However, remote sensing is less effeotive than the eye in detecting 
surface oil. 

Because of the fact that the major item whioh causes the pollution of 
water is organic substances. during the initial stage of monitoring instruments 
development in Japan. the emphasis was used to be placed upon the measurements 
of BOD and COD. However. along with the introduotion schedule for the dis
charging load regulations, the emphasis of the instrumentation development 
shift to TOC or TOD measurements. FUrthermore, along with the intensification 
of water quality management. the emphasis is being shifted to the development 
of instruments for measurement of speoifio pollutants. 



Annex J(f) - 94 -

All the instruments Which are now being put in use for actual measurement 
operations are not easilYeperatable without attendant for a long period of 
time. This difficulty is especially conspiouous in the sampling operation. 
There are many oases at present in Which a mioro-strainer is installed by 
means of which the sample water is pumped up into the holder while taking 
an overflow in order to feed the sample to the measuring unit, however, in 
this case there have been frequent cases of plugging of the tube. Otherwise, 
when employing a sensor, the spoiling thereof and the automatic cleaning 
difficulties are causing problems in many oases. In the oase of automatic 
analyzers, the charging of test agents involves a considerable extent of 
diffi culty • 

6. MONITORING PROORAMME 

Figure 1 shows a conceptional framework based on the report Waste Management 
and Control by the Committee on Pollution NAS-NRC (Publication No. 1400 NAS-NRC, 
Washington, D.C., 1966). In this context, the definition of criteria is recog
nized. the scientifio data evaluated to derive reoommendations for characteristic 
of water speoific uses. The fundamental point of departure in evaluating cri
teria for water quality is also recognized that the assignment of a level of 
quality is relative to the use man makes of that water. 

The distinction between criteria and standards is important, and Figure 1 
is to clarify this distinction that must be recognized. 

As a first step in the development of standards, it is essential to establish 
SCientifically based recommendations for each assignable water use which is 
specified in recreational and aesthetic waters, public water supplies, fresh 
waters, marine waters, agrioultural waters and industrial water supplies. 
Establishment of recommendations implies aocess to practical methods for 
detecting and measuring the specified physical, chemical, biological and 
aesthetio characteristics. Moni toring the essential characteristics can be 
an operation concurrent with the important identification step. If adequate 
criteria for reoommendations are available, and the monitoring programmes are 
sound, the fundamentals are available for the establishment of effective 
standards. It is at this step that political, social and economio factors 
enter into the deoision-making process to establish standards. 

On a technioal point of view, it is required for planning the monitoring 
to have the two important considerations Which are the measurement of signi
ficant parameters and the collection of representative samples, compatible 
basis in several media - water, sediment and biota as appropriate. For most 
monitOring of water quality it is impossible to measure all variables, and 
usually it is necessary to limit analysis to Just a few selected parameters. 
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CRITERIA 
Qualities and quantities, 
based on scientific deter
minations, which must be 
identified and may have to 
be controlled. 

for speCific 

uses in ) 

Recreational and 
Aesthetic Waters 

Identification 1 pathway 

IDENTIFICATI ON 
Analytical methods (chemist, 
biologist. engineer, 
recreational speoialists 
and others) 

FEEIEACK I 
MONITOtIN:l 

Deployment of measuring 
instruments to provide 
criteria and information 
for assessment and control 

STANDtROO 
Definition of acceptable quality 
related to unique local situation 
involving political, economic and 
social factors and including plans 
for implementation and questions 
of water use and management 

Public Water Supplies 
Fresh Waters 
Marine Waters 
Agricultural Waters 
Industrial Water Supplies 

~e operation needed for 
detecting and measuring 
characteristics of water; 

~e chronological and spatlal 
sampling operations neede~/ 

FIGURE l: Conceptual Framework for Water Quality Management 

In general, the monitoring sites should be intended to assess impact 
of human activities to aquatic environment,' and to determine background levels 
and trends of water quality in relatively wide-scale environment. 

(s) Impact monitoring network 

The impact monitoring sites which is associated with the former, are 
conceived as the GEMS. Impact Monitoring Sites. These sites should be intended 
to provide warning of environmental deterioration and possible harmful effects 
to man and his well-being, and basically to provide a continuing systematic 
appraisal of immediate and near-term impacts of human activities on the environ
ment. 
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'!he essential parts of the impact monitoring include networks for 
monitoring of urban water pollution, sources of pollution and river inputs 
to ocellJl. 

(b) Baseline monitoring network 

'!he baseline monitoring sites being associated with the latter as 
mentioned above, are conceived as the GEMS Referenoe Sites. Prinoipally. 
those are intended to take stock of the environmental trends and oondi tions, 
especially for assessing long-term impacts of human activities to the 
environment. 

Furthermore, the lack of capability to analyze environmental samples 
for pollutants in a precise end accurate manner is frequently the limiting 
factor in implementing effective monitoring programmes. '!herefore, it is 
required urgently to link the exi.t1ng laboratories end scientists concerned 
wit.h water pollution research. end to facilitate the conduot of experiments 
for development of analytical and sampling methods and for intercalibration 
and standardization. For this purpose, it has been recOlllllended that a net
work of Pollutant Analysis Laboratories should be .stablished as a central 
part of the GEMS. 

7. WATER QlJALITY MANAOEMEm' INFORMATION SYSTEM 

• A fUndamental ooncern when implementing oomprehensive water quality 
management programme is the proper management of data and information to 
ensure its availablli ty to all users for interpretation of data and for 
assessment of the environment. 

For managing data or informations, the us.fulness of advanoed oomputer 
teohniques inoluding on-line oontributes to soientists, managers and other 
data users to establish an effective dialogue with appropriate data systems. 

As a first step in the establishment of the data mllJlagement information 
system, it is essential to analyze the user requirements for water quality 
data and to develop oharacteristios of data base oomponents. Preliminary 
oonoepts for data base organization and indexing should be disoussed extensively. 
and a number of required data files should be identified. 

A significant portion of the conceptual design effort should be devoted 
to analyze alternatives to the above characteristios in order to meet the 
design objective. whioh is to produce a conceptual design of the system that 
will provide maximum utility to the users and that. within the available 
resouroes end technology. will be the moat cost-effective. Major alternative 
system operations are as follows: centralized/decentralized operations. 
manual/automatic operations, and index and storage media. 
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The International Referral System for souroes of environmental information 
(IRS) will form part of the UNEP and will act as a world-wide switchboard 
mechanism between users and information souroes. A partioular users will be 
given a seleotive listing of names, addresses and attributes of those information 
sources most likely to satisfy his information needs and to help him in solving 
his environmental problems. 
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1. INTROIUlTION 

One of the most important among the new realities that civilized 
man has been forced to confront in recent times is the yin-7U1S condition 
of excess-scarcity. Exoessi ve population and/or excessi w deJllllllds are 
more and more rurming into both relatiw and. absolute limitations. Thi.s 
is particulsrly true of water resources even in those areas of the world 
which are wet and hwa1d. 

Many human struotures, cities, ~s, settlements, are SIIch that in 
most oases the resources with1n the immediate oonfines of those 
structures are inadequate to lllllilntain their funotions ••• they must draw 
upon the resOllrces of the BUrroundings. On the global scale this is 
reflected in the so-called economic inter-dependence of nations and 
blocks of nations whUe on the scale of interest to the planner, this is 
reflected in the interdependence of the various urban and rural components 
of the society. Population growths in both the rural and urban areas, as 
well as the increasing lewIs of agrioultural and industrial activities, 
have led to demands on water resources such that in many regions, the 
limits to the currently avaUable resources haw been or are rapidly being 
reaohad. 

When SIIch a condition obtains the need for the managellBnt of these 
resources become imperative if we are to use these optimally. 

2. THE FlIIDAMENTAL BASES OF WATER MANAGm4ENT 

In setting up a water resouroe managemsnt structure that is imbedded 
in a specific regional planning matrix, there are certain concepts from 
various diciplines that should be considered if that management structure 
is to be really effective. 

First of all there are the rnysico-chemical conoepts which include 
among other things the laws of conservation of matter and of energy and 
the second law of thermodynamios. There are also those concepts from 
fluid dynamics that define the behaviour of water and air and. those 
concepts from the biological sciences that define the behaviour of living 
things. All of these determine more or less the absolute limits of the 
behaviour of phySical systems. 

Next there are the technological capabUitiesand limitations that 
define what among the pnysioally possible can be achieved technologically. 
One notable example during recent years is the idea of reverse osmosis. 

concepts from economics enable consideration of which among. the 
technologically feasible actions in water quality managellBnt can be 
afforded by the society. In developing countries these concepts can be 
among the most significant that must be considered in a water quality 
management structure. 

• 
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Finally socio-political concepts must be cons1dered since any plan 
must operate w1thin a definite soc10-polit1cal structure. 'l'he planner 
must be aware of the extent to wh1ch th1s structure can accolllllOdate any 
proposed act10n. 'l'hus, although conceptuall:v certain limitations to the 
ownersh1p and to the use of land may be 1mposed, the ex1st1ng soc1al and 
politioal structure misht make it praot1call:v impossible to do so. 
HOMlver, since socio-political structures are to a great extent malleable 
this constraint may be that of a time lag for acceptance of certain • 
concepts. One example of such a concept 1s the restricted davelopment 
of coastal and estuarine areas. 

3. WATER QUALI'lY MANAClDIENT PLANNING 

Robert C. Ward of Colorado State University 1dentifies the three 
phases of water qualit:v management planning as S1mulation, Analys1s and 
Evaluation. In the simulation phase the quality and quantit:v of water 
!"esources and demands are taken into account. In the analysis phase the 
temporal behaViour of both the supplies and the demands are projected, 
while in the evaluation phase the various problems that are identif1ed 
during the second phase are assigned possible solut10ns which are then 
evaluated for costs and benefits. 

The strategies most often resorted to are those that optimize single 
and 111.11 tiple use as MIll as re-use of water from various sources. 
(Relativel:v little use is made of the alternate strategies that minimize 
the use of resources, except perhaps in extremel:v ar1d areas and in 
experimental "eco-habitat" projects.) Tools for such strateg1es include 
1) control of supply; 2) control of USB; and 3) control of qua11t:v. 
Projects such as dams, irr1gation wells and canals, waterShed preservation, 
are all more or less primar1ly concerned w1th the control of water supply 
(or oversupply in the case of flood control projects), whereas pollution 
control and sewerage projects are primarll:v means of controlling quality. 
Cont!"ol of use 1s a more difficult act1vit:v to identify, but such 
activities as zoning, deSignation of f1shing grounds and fish-ponding 
areas, and defining irrigation d1str1cts are essentially of this nature. 

In the mixed urban..rural environment found in most areaa where water 
quality management planning is undertaken, water auppl:v and pollution .control 
are often the most important concerns. Water supply science and engineering 
in non-desert areas are well estab11shed dioiplines and are more or less 
generally applicable. on the other hand pollution control act1v1ty is 
highly sensitive to the socio-economio matrix. Its application enta1ls a 
proper reading of both what the societ:v is willing to accept as inconveniences 
(assuming that the needed information has been exchanged and thought about) 
and what the economic system can absorb as costs. 

On the larger scale of the ragional planner and the land use planner, 
pollution control becomes less important wh1le control of supply and use 
move to more dominant poSitions of concern. 

II 
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4. LAND USE PLANNING, URBAN-RURAL PLANNING, AND 
WATER QUALITY MANAGEm:NT 

Because of the basic natures of most water resources and their various 
users discussed above, controlling the spatial (and often the temporal as 
well) relationship between the supplies and users often turns out to be a 
powerful tool for optimizing the efforts towards good water quality manage-

ment. 

'D1is is quite obvious in the practice of limiting human settlements 
in watersheds for the preservation of the quality of potable water supplies. 
Entirely independently of the need to keep the tree cover, limiting 
population densities in the area prevents the situation where the assim11a
t.1ve capaa1ty of the so11 is so exceeded that the quality of the water 
drawn from the watershed goes down. 

In urban-rural planning, control of the interaction between domestic, 
various levels of industrial, and various levels of agricultural and 
fishing activities can to a large extent make the attainment of optimal 
use of water muclt easier. One concrete strategy which embodies this 
philosophy is the concentration of a suitable combination of industries into 
industrial estates. The effect on the ease of treating wastewater and 
preventing the pollution of waterways can be quite dramatic especially in 
the context of increasing energy costs. A similar practice in setting up 
relatively high denSity housing and dwelling units greatly simplifies the 
problems of severing and sewage treatment, with a similar effect as the 
setting up of industrial estates. 

Control of the intrusion of industrial activities into agricultural 
and fishing activities, and of agricultural into fiahing activities are 
two other examples of how urban-rural planning may mesh into water 
quality managenent. These are particularly important in many areas in 
Southeast Asia. 

On the sane philosophy but on a vastly Wider scale, land use 
planning can help optim1ze the utilization of such water resources as 
lakes, rivers and river systems, coastal and estuarine systems. In the 
developing countries of Southeast Asia the initial aims of such planning 
seems to be 1) to prevent the diminuition of available supply and 2) to 
prevent natural accolllllOdation capacity from being exceeded to keep water 
supply quality up. Except in a very few cases there is no great effort 
at the recovery of resources. 

5. IMPLFMENTATIOO IN SOtmlEAST ASIA 

Incorporating water quality managel)lent concepts in urban-rural 
planning and land use planning and implementing them in developing countries 
like the Philippines, Indonesia and Tha11and is difficult and is bound to 
remain so in the next few years. 
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One reason is the relative scarcity of people properly trained to 
think in terms of the concepts discussed above at all levels, from the 
municipal to the national planning and implementing agencies. It is true 
enough that talent can always be imported, especially in large important 
projects 11ke the Mekong Delta project in Indochina and the Laguna Lake 
Development project in the Philippines, but to be really effective, both 
planning and execution require a constant "fine_tuning" at all levels for 
which indigenous talent is a practical necessity. 

Another reason is economic. Planning is a relatively expensive 
process and, except for economic planning, is relatively new in the region. 
Moreover, strategies worked out in the area of water quality management 
often entail direct economic costs. In a region where the thrust is for 
faster economic development, these expenses make the whole process of 
incorporating water quality managellllnt concepts into local and regional 
planning less than attractive. 

It would seem therefore that an educative process is needed, both 
to produce the people who can handle the necessary planning concepts and 
those who appreciate the need for such concepts in planning. '!his is 
basically a societal response that is needed and this will require a 
certain amount of time. Fortunately, although many difficulties 
remain, the initial responses have already been made. 
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'l.'be World Health Organisation has been verT active in the field 
of water pollution control since its inception. and has continually 
assisted MII_ber atates in evaluating the extent of their proble .. and 
in developing haalth oriented water pollution control pro~s. 

Sa.e ongoing WHO activities in the field of water pollution 
control are .-rized in this paper WIder three -Jor ~ areas: 
the develo.-ent of criteria and standards for water qual1t7. the 
establ1a1aent of water qual1 ty _ani toring systa... and the prOllotion of 
water pollution oontrol. 'l.'be into~tion presented has been. to a large 
extant. extracted rro. various existing WfI) doc~nts and publ1cations. 

l. WATER QUALITY CRI'l'ERIA AND STANDARDS 

A ~ber of activities are going on in several WHO regions aimed 
towards the appl1cstion of envir~ntal bealth Criteria to regional and 
national _ter pollution control prograaaes including specific case 
studies. Peraistent subetances in water and other enviroraental lIIIIdia 
are continually reyiewedl • health effects of coastal waters used for 
recreational purposes are studied. and working groups on standards and 
methods in water qual1ty control are being convened. 

1.1 Drinking water standards 

'l.'be International Standards for Drinking Watez"2 were first 
publ1shed in 1958. The latest edition. publ1shed in 1971. is in the 
process of revision and the fourth edition is expected to be completed 
in 1977. 'l.'be intention of these guidelines is to propose a minimal 
water quality require .. nt consistent with haalth protection which lie 
within the reach of all countries at the present time. 

1.2 Criteria for coastal waters 

Several :rears ago WHO initiated studies on the publ1c health 
aspects of coastal pollution to ascertain the existing and potential 
health hazards associated with the use of polluted coastal waters •. A 
prelt.1nary report of an expert _ting in o.tend. 1972. has been issued} 
and a final report is being prepared. 'l.'be develo ... nt of coastal water 
quality criteria has also been initiated ~ the Joint Group of Experts 
on Scientific Aspects of Marine pollution4 (GESAMP). Recegtly a joint 
WHO/FAD report on fish and shellfish hTgiene was published • 

1.3 WHO environ.ental health criteria prOgr .... 

". _in obJ.ctive is to prepare. in close collaboration with 
Mellber States. criteria docu.ents. 1. ••• internat10nal crit10al reviews 
of .xisting knowledge on .xposure/.ff.ct and exposure/response 

• 
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relationships for environmental pollutants and other hazards6. 

Environmental health criteria documents will provide scientific 
information on which to base national standards for environmental 
quality with respect to human health. They will also be used as a basis 
for the review of the International Standards for Drinking Water and 
other WHO guidelines on the quality of environmental media and conditions. 
These inolude surface waters. food. ambient air. work environment and 
others. This programme has received considerable financial support from 
UNEP. 

2. MONITORING OF WATER QUALITY 

Assistanoe in monitoring of water quality in rivers. lakes and 
coastal waters has been provided to -.ny Member countries through WHO 
regional offices. In the European Region, the projeot on monitoring of 
water quality in the Danube river basin. initiated with UNEP support. 
is in progress. A regional project on environmental pollution monitoring 
in Latin Amerioan countries is under consideration. with UNDP support. 
Other regions have also initiated programmes in water quality monitoring 
on national and transboundary water bodies. 

2.1 WHO environmental health monitoring programme 

Environmental health monitoring programmes are intended to 
provide information for the assessment of human exposure to environmental 
a~nts and the aSSOCiated effects on human health; make possible the 
assessment of progress made towards defined environmental health goals; 
indicate the complianoe with the relevant regulations; and may serve as 
an alert and warning system7 • 

The media that require monitoring for a~nts that may adversely 
affect health include food. air. water. the home and the work environment. 
In view of the limited resources available. the initial programme efforts 
will be conoentrated on a few pollutants of primary importance to health. 

2.2 WHO water quality monitoring programme 

With respect to the aquatio environment. the environmental health 
monitoring programme covers three distinct areas: (i) inland ground and 
surface waters. (ii) community and individual water supplies. and 
(11i) coastal waters. 

Major components of this programme are8 : 

to strengthen water quality monitoring programmes in 
Member countries; 
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to improve the validity and comparability of water quality 
measurements; 

to assist in establishing and operat.ing a global water 
qualit.y monitoring system. 

2.3 Guidelines for water quality monitoring 

Several guides and manuals are being prepared by WHO Headquarters 
and regional offices to provide the Member States With teohnical 
doouments that. can be used in national water quality mOnitoring programmes: 

(i) Guidebook on water qualit.y surveYS9; 

(11) Principles and guidelines on coastal _ter qualit.y 
monitoring for public health purpoaeslO; 

(iii) Manual on analysis for _ter pollut.ion cont.rolll; 

(iv) Intercalibrat.ion of _thods for chemical analyses of water12. 

3. CON'ffiOL OF WATER POLLUTION 

Since it.s incept.ion one of the prime tasks of the Organization 
was to provide assistance to governments in the evaluation, formulation 
and implementation of programmes13for the provision of community water 
supply and _ste disposal facilities inoluding the training of the 
manpower required, the preparation of training lII8llUals and guidelines 
for preventive measures and control, the promotion of applied research 
and development studies aimed at the adaptation of existing technology 
to maximize available resources, and to assist. in the t.ransfer of 
technical and soieptifio information on oa.munity water supply and wastes 
disposal systems. 14, 15, 16 

3.1 Guidelines for the control of industrial wastes 

The first document in this aeries attempted to identify and 
evaluate the problem in general terms, and to provide advice on how to 
carry out the survey and institute programmes of industrial wastes 
control. Specific guidelines11 with respect to _stes of the following 
types of industries were prepared: dairies, cane-SUg/lr iD1uatry, 
livestocks, pulp and paper manufacturing, metal finishing, tanneries, 
breweriea, and cotton textile manufacturing. These individual guidelines 
will be oonsolidated into a monograph on public health implications of 
industrial waste practice during 1915. 



•. 

• 

- 109 - Annex }(h) 

}.2 Guide to water quality !!!IU!ageJDent 

With the assistanoe of the WHO Collaborating Centre for SUrfaoe 
and Ground Water Quality a first draft of a technioal guideline for 
water quality management was prepared18. The guidebook Will include 
seotions on publio health aspeots of water pollution. water quality 
criteria and standards. pollution abatement technology. water quality 
surveys and monitoring programmes. Planning and forecasting prooedures, 
and institutions and organizations. Later in 1975 a group of 
consultants will review and finalize the guide. Publication is foreseen 
for 1976. 

3.3 Coastal water pollution oontrol 

Within the fraJDework of the Joint Group of Experts on the 
Scientifio Aspeots of Marine Pollution (GESAMP) a working group on 
coastal water pollution Will be established in April 1975. 'lbeir 
obJeotive will be to study the soientifio aspeots of methods of reduoing 
or preventing the release of harJllt'ul substanoes into ooastal waters. 

Regular WHO training courses on ooastal water pollution are 
supported by DANIDA. * The next course. in 1976, will cover the following 
topics: sources of pollutants. marine biology and ecology, effects of 
coastal pollution, sampling and analytical teohniques and monitoring, 
prevention and control of ooastal pollution. and planning for water 
qual1 ty management in coastal areas. 

}.4 Health aSpects of water pollution control and management 

A programme is in preparation on the approaches that can be used 
to assess the existing or rising health-related pollution problems and 
the basio raechani81118 that can be used in dealing with them; and to 
provide scientific and technical knowledge on the controls whioh can be 
used in the speoific abatement of discharges to the envirOl'llll8nt of 
pollutants of special health significance. 

4. PROORA/4IIE IMPnl4ENTATION 

Direct assistance to Member countries is aocomplished 
individual projects on environmental pollution oontrol. Many 
are finanoed by UNDP with WHO aoting as the executing agency. 

*Danish International Developilll8nt Agenoy. 

through 
of them 
'!!he UNDP 
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has also been a valuable source of support in pre-investment aotivities 
and the nUllber of govel'l1lMnt requesta for such assistance has increased 
steadil7' Some projects on water pollution control have also been 
imple_nted urner the WHO/IBRD Co-operative Prosra- &lid through loans 
provided by the various regional benka. 

WHO Regional Offioes pl~ • major role in ada1n1stering oountr;y 
projects and providing various kims of teohn1cal ... 1atance to the 
respeotive Mellber Stetes. The7 have also initiated a maber of studies 
of specific regional interest, suoh .s .anitoring of water qualit7 in 
international rivers or coastal _ters. The soope and struoture of WHO 
regional aotivities, of oourse, differs trOll region to region. 

ACICN~ 

The author is great17 imebted to Mr G. Ozolins. SoienUst. 
Control of EnViroJaental Pollution &lid Huards, DiVision of 
Environmental Health. WHO, Geneva. for his IIOSt valuable advio. am 
help during the preparation of this paper. 
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PlNrteen report. on lIater pollutlO1l prepared by partlclpanta of 
re.peativ. aOllDtrl •• have been reaelved to date. BecaUII. of the .in 
of the aOllbSned page. of the .. reporta, they will not be dlatrlbuted 
but ..... rthel ••• 11111 be availabl. tor mUll dlll'1D8 the aell1Dar. 
~ reporta ren.at the re.ult ot hard ettarta of particlpanta and 
aorre.pm41nsly cOlltain .1Sn1tloant data and 1nto~tion of the varlOUB· 
cOlIDtrle. within the Region. However, the detalla are volumlnOUB 
indeed and tor the purpoae of the .-ry report. pertinent 1 te_ have 
been extracted and -.rized into the attached table. 

2. COMoIEN'l'S 

2.1 '1he tourteen aowatrle. repreaented in the •• lIIinar haft a total 
population ot abollt 24' II1l11on. Prom. revi ... ot the cOllDtl'J reporta. 
it oan be .tated that the _Jor pollution proble_ are aaaoo1ated with 
eltp&lllS1na aar1oulture, rapid urbani&ation, heavy industrialisation and 
explod1nc population growth. Revl.1ona to current legialatln, 
lnatltutiOl\&l and adm1nSatratlve arre.ns:-nta are needed in .01IIII 
countrl_ to reneot a broader coverage of envlrOlllllental protection 
needa in .wJ.tlon to the traditional public health and pollution 
oontrol pros:ra-•• 

The rapid urbanization of pr1lllary <iltle. in the Region 18 1ndioated 
by hish urban population in oerta1n cOIIDtrie.. All example •• S1nppore 
with an IIrbaD. population oOllJlria1ns; 8~ of the total paople 18 cloaely 
tollowed by Autralla (S,.). Hong Kong (~). Macao (8oJ'), and New 
Z.alalld (Bo.I). However. in oOlll!.trle ... Laoa and Papua New Gu1nea. 
the rural population oonatltute IIOre than 90lC of the people reneot1ng 
their rural ban. The average population denaity (per aqU&re kilometre) 
vari •• tram a h1&h ot 1600 (Maoao) to a low of 1. 7 (Australia). 
Iatere.t1ngly •. the Kowloon Pen1naula ot Hong Kong has the h1s;he.t urban 
d.nalty (110ft than 200 000 per .quare kl10llllltre) and Australia which has 
one of the lowe.t average daRa1ty neverthele •• ~ high in the 
proportion ot oltlz.na liv1ns; in urban oentre. (S,.). 

2.2 Econa.1o develop!!Bt 

As;r1oul t_ .till dominate. the economy ot mo.t oOllDtriea. although 
rap1d.ly upand1ng urban oentre. reflect the rate of industrialisation in 
oertain oOllDtrle.. Needle •• to .ay. Japan 18 the moat heavilt'" 
induatr1al1Hd oowatl'J in the area with an annual GNP of .,19 billion 
(1912). The eoonom!a plana of moat oOllDtrie. are direoted to industrial 
expuwlona and th1a one factor should s:1ve ri.e to oonoern for industrial 

• 
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... te pollutlon. 'l'h8 GNP l!!!: oaplta ahown on the table in aome reapects 
refieota the caaparatlve trend in eoonom.c developalent 1.ntli.-'&rea of 
lnduatrial IP'OIfth. although It 1a not anabaolute _ure.nt: --, 

Agrioulture in aome OOlDltri" 1a oause torpollutlC11l oonci"l'ri-l~ 
the t01'll ot pestlclclee. tertUlsers and ani-l ... tea. 'l'Mtr.aitl'Onal 
backJard ra1a1ng pip and poultr,r oc:.ab1Ded wlth the 'szW1;h otlarse' 
o~ro1al teedlots have given oause tor pollutlC11l whioh haa cletled 
econo.1o solutlon to date. 

2.3 Le!S1alatlon and 1natltutiCllla 

All cOlDltriea reportecl the exiatence ot pollutlon oCllltrol laws 
althoush some reoogD1Hcl the need for leglalatlon to update thelr 
authority and prosr--a. MoISt oountrlea reportecl leg1alatlon ot 
recent date refiect1ng the 1II0re oOlDprehenalve approach to pollutlon 
cOlltrol whioh incorporatea envlroDlll8ntal cona1cleratlona. 

2.4 Proejramme imple-.nts tlon 

btallation of lIIOclern aewerage syatem main a _Jor neecl,in 
moat oountrles although lIIOclern facl11t1ea have been conatructed 1n 
some oOlDltriea. For.aIIT oountriea. a .. age oolleotlon syate_ raMin 
the prlary need at this stage of their developalent. These neecla are 
be1ng purauecl v1gorously in some countrlea but in others. national 
prloritles have slowecl oonstructlon of neeclecl facillties. 

Water quality standards (effluent/recelv1ng water) setting and 
entoro~t prosr-s are part of moat oOlDltry progra_a.: although 
the vlaor ot 1mple-.ntatlon varles. Correspond1ngly. lIIOclern IIIOIl1toring 
and .urvel1lanoe programmea have recelvecl good support in aome oountrles 
bUt 1n others theae prosra-s have clependecl on tracl1tlonal publlc 
health approaches. 'l'be neect tor vigorous IIIOIl1torlng. surveillance and 
lIIOclern data 1nto~tlon ayate_ la recognlzed to support pollution 
control prosra-s. 

2.5 M!gpaWer clevelopment 

Moat COlDltri .. have prosra-s to train profeaalonal personnel at 
collep level. Where 1nd1genoua acadelll1c 1natltutlona are not avaU. 
able. lOllS-term f'ellowah1p prograDea _1nly through internatlonal 
assistance are avaUable tor profeaalonal tra1n1ng. In aOllle countries. 
trainlng at national health 1natltutea of' publlc health techniciana 
haa provldecl atrong aupport to pollution prosra-a. Short-term 
tra1n1ng progr&llllllea are also avallable at acae countrles to update 
prof'eaalonala with recent technlcal advancements .. well .. tracl1tlonal 
aubJect matters . 
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2.6 AM .. roh 

Research in water pollution hae been low-keyed in IIIDst countries, 
a1thouch .-lv_eel prosra-s are 111 existence at the more 1nclustr1aU.eel 
o_triM. Where local re_roh are unclenlay. they are usually cl1rected 
towU'da soll1t1on to speoifio 1nd1gen0\l8 prob1e .. areas rather than to 
clVpUoateor cOllpete with the vut research efforts acoompUshed to date 
or 1Jl prosress 111 other parts of the wor1el. 

• 

• 
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SUIM\RY OF WATER POLLt11'I<»I' PRlGRAIM!:S* 

Po~t1CID Groe. 

Xl06/denaitJ 
National Pollution Pollution 
Product control Prilal'l control IIulpow.r 

(sq. ka.) _ urbal1 US$/cap lIsla1atiCll1 ag·1107 entorc •• nt .. t~1nI tra1n1na .RuMrob 

AWltralia 12.912 8, '96' Yes DS: Y •• Yes Ye. Y •• 
Camb.Ddia .... 7.0/585 35 - Y •• f«)H - - Yes -
Fiji 0.6/31 }2 m Yes** MOH Yes Yes - ., 

Guam 0.1/220 ., 2400 Y.s EPA Yes Ye. Yes ., 

Hong Kong 4.0j}900 82 1100 Ye. ** VAR Yes Ye. Y •• Y •• 
Japan loB /282 71 3100 Yes EP Yes Ye. Y .. Yell 

, 
Macao 0.'/16 ()()( ** Dill - - - -

,... 
~ 

Ma1ayala 9.911, 
0 "a 500 Yea DOE - Y •• Y •• Ye. 

I 

New Zealand ,.0/11 80 2 870 Y •• lMIA Ye.,: Y .. Y •• Ye. 
fapua New Guinea' 2.5/5.5 10 - .. * MOO ' .. \. - - -
Philippine. 40.0/135 }O .219 Ye. NPCC Yell Ye. Ye. Y •• 

0 

Republic ot Korea ,1.0,'}20 48 51' Yell KlH Ye. Y •• Ye. Y •• 
Singapore 2.2/3750 85 - Ye.** I«E Y •• Ye. - -
South Viet-Nam 19.5/110 36 - .... MOll - - Y •• -

-- ----

.. 
Data trom COlDltry reports (1975) and/or United Nations Statistical Yearbook 1971. 

f 
.r: 

* .. Revisions under consideration. 
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