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twract. "lhe environmental p itnning principles described in this s.'.udy a problenraddress which many 
f.,d lWi ationls f ce at some point along their ind!-, lrializadion process; alarming levels of water 
S-, wiOa. iand orgaiiiza' ion t'conihit it cl' tivcly.ad limited backgwant, expcrii'e 

rapd pollution assCs-.nent nicthodology hIa,; recently developed 121,13]enabling suchbeen [1], 
.-- . to conduct \ at. ,le aste -ourccil entories within Ieasonable time, with few people and little 

r.-- lhe prescnt study dc.eibes how 10 W., SlIChinventory data n order to derive high priority waste ,r,lmeasures, Formulate :i cffective t.ntional strmtcg\ for imdutrial \,\a.te contro , organi/e meaningful
t , I eiidefluensurvev and water monitoring progitare. ;as cll as lay dow% n a rational laid-usc planning 

fori dustri I cxpall ioll. 

I. Introduction 

A pollution abatement strategy focussing only on liquid waste controls without simulla
:,.as consideration of the air emissions and solid waste problems is generally inade
.c.:at, soce, on one hand it does not ensire the ecotnomic viability of the individual plant. 
,'ilc the other does not ensure the most rational allocation of the eften limitedon 

rurces on a national level. 
,,scd on the above, outr present study, which deals only with liquid waste,, should 

- viewed as the first stage of an integrated env'ironmcntal planning exercise providing 
th: necessary input into the latter. 

D'veloping nations, in their initial pollution abatement efforts, concentrate on the 
czaz'tnctt of pollution control legislation, hoping, often unjustified, that this is the basis 
&,ie pollution control problcm. niti'illy, in the typical case, quality standards are set 
k-the receiving waters based on the desirable \vater usage. It is howver impractical 
No t 1o justify effluent treatment rCqUirenetts on individual source IsCd 11such 
:ndards. The next step is usually the adoption ofeffluent standards, which in the best 

art copies of those in industrialized countries. Such standards hc..ever do not 
?"cct the character of the locail problem, they arc usually muc'.i too strict, while the 
Claizalion which would be required for their implementation is often nonexistent. 

Norheless, to the e.tent that pressure i.; put into industry to implement controls, 
,is -pe'ut. The results are, however, most oflen disappointing, and an overall 

11.
ativc attiude is often encountered: 
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(a) Industry finds that it is impractical to try to meet the imposed stmdards, become 
less cooperative, builds poorly designed waste treatment facilities and does not operate 
them properly. 

(b) Politicians get the impression that normal waste control measu.res yield Poor 
results and radical measures, such as relocation of industries or limitation of the 
industrial growth, may be the only .olution for areas with pollution problems. 

(c) Public opinion reates industrial growth to degradation of environment. Thus. 
assessment of the economic benefits of in istrialization versus the degradation of 
environment, leads to a strong public opposition to further developnent.

Based on the above, it could be seen that the key to successful pollution control is 
the development of a truly effective strategy within the existin, economic, technical and 
organizational constraints. Once a pragmatic strategy has been developed, it is usuall, 
possible to start implementing it using available !-iws. New pollution legislation should 
be preferably enacted only after both the objectives and the strategy have been clearly
defined, for it should express precisely the soirit of the overall polltion abatement 
philosophy. 

2. Peculiarities in Developing Nations 

Environmental planning problems in developing nations present notable differences 
compared to the situation in industrialized nations. 

In many cases t - typical size of industrial operations is considerably smallercompar
ed to that in industrializcd nations. Fhis magnifies significantly the economic impact of 
the waste treatment requirements, since the treatment cost )r unit volume of waste (or 
per unit of product) increases as the size of the plant gets smaller. 

Waste treatment installations to function properly require skilled ope ators, which are 
not always available in developing nations. Thus, it is often beneficial to use simpler 
waste treatment technology that, that employed in the developed nations. In order to 
stress the importance of simple technology, it should be mentioned that even in the
 
United States, a 1977 study [4] showed that about 50°" of the biological domestic waste
 
treatment installations were n(;t functioning properly, and the main 
cause for this was
 
attributed to lack of operator training.
 

Furthermnre, a yreat portion of the technciogy and equipment is nornally imported.
 
straining the foreign exchange position 
of many developing countries. Utilization of 
simple technology reduces such foreign dependence allowing greater contribution 01 
local designers and contractors. 

Successful implementation of any waste control strategy requires an adequate level 
of organization, experience and background work frcm the responsible pollution control 
authorities. Inefficiencies here, which often exist, should be seriously considered in the 
formulation of any effective strategy. 

From the above it could be seen that fundamental differences between developing and 
developed countries hamper the successful straightforward transplantatior, of method
ologies, design practices, legislation and standards from the latter to the former. Even 
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correct measures need appropriate time scheduling for their implementation and this is 
most effective if proper priorities are assigned.

The unsuccessful experience of many developing nations in their initial pollutionabatenlent efforts has created the need for a more systematic approach. The principlesdescribed in this vaper summarize the author's experience in this regard from his work,'iththe !Environmental Pollution Control Project-Athens and from his consulting
iissions to numerous developing countries as a WHO,UNEP, and Government 

consultant. 

3. Objectives of tue Initial Environmental PlanninA 

The main objective of the initial environmental planning is to provide a specific andrational solution to the immediate problems of the pollution abatement ,ithorities.Moreover, it establishes a better framework for the utilization ofthe rvailable manpoweraid labs, and facilitates the monitoring of their performance. More specifically, the 
major targets are the following: 
(1)Definition of high priority pollution control measures. 
(2) Deri' ation of a realistic and effective strategy for pollution abatement.(3) Derivation of basic land planning policies directing the geographic distribution 

of tile industrial expansion.
(4) Design of the most effective strategy, for monitoring thc cf th-nts and receiver 

w'ater quality.
(5) Contribution towards the development of'effective legislation by providing a clearstrategy and philosophy along with the required eflLuent standards.Before we consider in some detail the above points, we should examine first thecoilection of the necessary data .idinformation which are required for the formulation
 

of the environmental planning.
 

4. Inventory of Pollution Sources 
The most important information for the formulation of tie pollution abatcnieat strategyn the knowledge of the size and location of the pollution sources, well as, theasidentification of the receivers. The rapid pollut;on assessment methodology [I], [2], [3]ts the most appropriate, as it allows systematic collection and processing of easilyaccessible data, minimizes the manpower and ti,ae requirements, yields most of thereuired information, and it can provide an acceptable degree of reliability.


In addition to the data collected within the franework of the rapid 
 assessmentmethodology we would normally need more detailed information about each largeource This can be accomplished by rapid surveys in such key sources allowing
de-tailed caiculation 

more 
of the waste loads produced.

Based on our experience from a variety of situations, the number of major sources 
,r',-v fimited, even when a large number of plants operate. Thus for example, 5% of.existingplants may be responsible for more than 80% of the polluting loads 
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generated by industry. This is important for it allows the study teata to combine the rapid 
assessment techniques with a limited number of key visits in order to obtain quickly the 
kind of detailed information required for planning. 

5. Economic, Technical and Organizational Constraints 

In addition to the above inventory data a realistic environmental strategy takes into 
consideration the existing economic, technical and organiza!ional constraints. 

In the general case any waste treatment requirements must not impose an excessive 
burden so as to affect adversely the competitiveness and viability of industry, for 
otherwise the measures are impractical and very difficult to enforce. In the developing 
world this problem is more delicate since, as we have already mentioned, plants are ofte: 
of much smaller size and hen:c- the cost of treatment per unit of' product tends to be 
higher than that in industrialized countries. Under such circumstances .-j,.u ,ttC in-plant 
treatment of industrial wastes can be successfully imposed only on a rather lirnimel 
number of major polluting plants. Forttnatcly, these plants, as previously reported, are 
responsible for the bulk of pollution. 

The technical aspects associated with the proper maintenance and operition of the 
treatment installations is a very important constraint. Indeed, inadequate education and 
training of the operators and scarcity of scientists and engineers espec*illy in smnaller 
plants is a serious problem. The simplicity of treatment installations becomes most 
important, especially since operation of some treatment plant.; can be more sophisticat
ed than the opecation of the plant itself. Again, large plants are obviously in a betrer 
position to properly operate treatment installations. 

Finally, when planning any control measures we have to consider the capabliity 4 
the responsible authorities to have them enforced. It is well known that without the 
required expertize and facilities (laboratories, etc.) even rcasonab!e measures fail to 
produce results. Indeed, while industries are in the process of obtaining permits for 
construction or expansion, it is often possible to have the installation of some kind of'. 
treatment plant imposed on them. Since however the performance cannot be checked. 
the design is typically poor and the installation is rarely used. Thus, money is spent with 
minimal success. 

From the above it would appear that for the initial phase of the enviro.raental 
planning it i- necessary to restrict waste treatment requirements on a small number of 
key plants since only then we satisfy simultaneously the existing economic, technical and 
organizational constraints. 

In conclusion we could say that the pollution source inventory yields data which are 
necessary for establishing rational priorities in the waste treatment and monitoring 
requirements. Consideration of the economic, technical and organizational constraints 
shows where to draw the line so as to be successful in the implementation. 

A,
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6. High Priotity Waste Control Measures 

puring the inventory work it is often possible to identify relatively simple measures 
which can result in significant reduction of the pollution loads with small cost. For 
cxample: 

(i) Establishing a scheme, which can be a simple one in the initial stages, for the 
collection and disposal ofsludges and toxic or hazardous effluents can have a significant
impact on the water pollution control efforts. This should provide acceptable solution 
to the disposal of sludges from wastewater treatment iacilities, ofoily and toxic sludges
from storage of petroleum crude and products, of toxic concentrated solutions from 
certain types ofproduction processes such as car battery manufacturing, electroplating,
manufacture of chemicals such as pesticides etc. As a rule, absence of such a scheme 
results in significant direct or indirect water pollution.

(it) Enforcement of proper operation on ,.isting wastewater treatment facilities in 
major polluting indu.:rics could result in significant and immediate reduction of indus
trial pollution. 

(iii) Separation and proper disposal of concentrated, toxic or hazardous wastes can,
under certain conditions, yicld an immediate, low cost and drastic reduction of water
pollution. 'or example, separate disposal of spent solutions from electroplating baths,
and of the blood and paunch fiom slaughterhouses, along with collection and recycling
to the refinery ofthe spent lubricating oils from car service stations has reduced the toxic,
oil, and BOD loads originating from an industrial area by roughly 30"',, nearly 100% 
and 80% respectively. 

(iv) Sometimes modification in the process or in the utilization of raw materials, forc.Nample, substitution of cyanide baths in electroplating operations, also result incan 

reduction ot" pollution.
 

(v) Striking cases or large polluters without any waste treatment, for example an
alcohol disillery plant. may be good candidates for high priority control actions. 

Generally, higlh priority waste control measures are ve-y significant since through
them we can achieve noticeable results withia a very short time. At the same time we 
oh' in the highest possible benefit to cost ratio. 

Once the high priority rnea.-ures for a given situation have been derived, \%e only need
 
a limited verification before "'e can proceed into the implementation. Thus, it is possible
 
to start our pollution control activities in a 
fatirly edrly s:age before the completion of 
the environmental planning process. 

It should be stressed that the formulation ofthe high priority measures is not as simple
as it may sound. The success of this important step depends very heavily on the skill 
and ex-erience of the study team. 

7. Waste Control Strategy for Existing Industries 
We have seen that simultaneous satisfaction of the prevailing economic, technical and 
organizational constraints in developing nations can be accomplished through careful 
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selection of a small number of key sources on which to impose waste treatrnm 
requirements. This is the principle based onlwhich we can proceed to develop systernati. 
cally our strategy. 

'For industries discharging int, tile sewer system of a city we can take adva,,taue
the'central treatment plant, if any, for combine, .,eatment. Of course, the quantity an 
character of such effluents must t. uitablc for combined treatment but this is not a
problem for most small and medium size plants within large cities. The advantace el 
this case is the low cost of the combined treati.ient (tile size of the treatment plant ii
big, thus the cost oer unit volume of waste is small). Moreover, the highest possiN
operating reliabi!ity along with the lowest supervision requirements from the pollutico 
control authorities are obtained. 

Some of the industries connected to sewer systems will be required to have i'i-Site 
pretreatment for their wastes. It is important to limit such pretreatment requirements
only to industries with toxic or hazardous wastes, and among those to further select the 
large ones. 

The effluent standards for such industries connected to domestic sewer systems can 
be fairly simple. Limits for toxic and haza1rdous components can be comnon for ,ll
types of industry. However, for cach type of industry the minimum plant size subject
to such rcstrictionS must be specified. The inventory data along with an overview of the 
existing economic, technical and organizational constraints can lead fairly quickly into 
a realistic set of standards that express precisely the most cfitctive policy for each
 
particular situation.
 

For industries in industrial zones the most beneficial policy can 
be the optiniition

of the combined treatment alon 
 wlith the careful selection of pretreatment requiremr ,is 
as for industries connected to domestic sewer systems. 

Among industries discharging d'rectly into the receivers we must very carefully selet t
those that are responsible for the bulk of pollution, the efllucnts of which must be treated. 
The number of such industries must be necessarily limited so that again the existing
economic, technical and organiz;,tional constraints are satisfied. 

The effluent standards in this case should vary from industry to industry (a tannery
for example must have diflerent standards than a dairy and should apply only for
industries larger than a minimum specified size). It can be seen that such standards
 
cannot be copies of those employed in other countries. Instead they should express

absolutely a realistic strategy, which satisfics 
 best the local needs within the existinl
 
constraints.
 

The escalation of the imposed measures 
 in time, an important element of the waste 
control strategy, can be achieved both for industries connected to domestic sewer 
systems and for those discharging directly into the receivers through progressive re
duction of the specified minimum plant size, above which treatment is imposed. Along
with that, a progressive relaxation of the treatment requirements may be found necessary 
as we deal with smaller and smaller plants. This way, we ensure that the first waste 
treatment installations arc to be imposed on the most important sources, and in the 
course of time, always on the most important of the remaining ones. 

1 
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8. Organization of an Effectise Waste Monitoring Program 

"he initial target of the waste measuring program is to improve the accuracy of the rapid 
lssessment results, since in the latter case the estimate of the waste volumes and loads 
i based on the accumulated experience from the operation of other similar processes 

Ind on statistical averages [2]. We should however realize that such an improvement 
isconditional and to illustrate this we should consider the following: 

(a) Many industrial operations do not have a constant operation. Their process 
.:tivities follow cycles which last from a few hours (e.g. 8-hr cycles in textile mills) to 
afew days (e.g 4 to 7 day cycles in tanneries). Moreover, there are annual cycles with 
seasonal or irregular variations (e.g. fruit and vegetable canneries or textile mills process-

Tumore wool in the winter and nore cotton in the summer). During these cycles the 
rate and characteristics of the wastes may change appreciably and hence, man) samples 
and careful work is required to provide accurate results. 
(b)Sampling and analysis itsclfcan be subject to considerable errors, especially when 

new labs are involved and toxic substances are neasurcd. 
Based on the above we could say that hasty waste sampling and analysis does not 

necessarily improve the accuracy of the rapid assessment results. Our exl.erience shows 
me contrary. Thus, in order to got better results we must be prepared to devote the - 
necessary effort and to make a systematic plan for every sourcc we measure. 

Obviously, as a great number at industrial waste sources normally exist, tile amount 
o0"work required to surv, y properly all sources in a given area becomes prohibitive,, 
especially under the lab and skilled personl limitations which often exist in developing 
nations. This problem can be solved only through careful planning of an effective 
monitoring programi. 

Indeed, through the rapid assessment of the waste sources we )a c d ita about the 
total waste loads generated and the contribution of each individual key industiy. it is 
thus relatively easy to set priorities in our waste survey program concentrating first on 
,he large polluters. We have already scen that in most cases a small number of key 
sources account for the bulk ,fthe pollution problem. Thus, within a short time we can t 
monitor reliably the streams that cause most -f the problem, while relying on the rapid 
assessment results for the great number of s arces ,he combined contribution of which 
is of sccondary importance. It should be noted ihat careful monitoring of key sources 
provides first hand data for the plants that are the most likely receivers of waste 
treatment restrictions. Thus, we are in general agreement with the overall planning 
objectives. 

Advantage of the rapid assessment results can be also taken in order to define the 
parameters which are necessary to measure for each kind of plant during the waste 
survey exercise. This can reduce considerably the overall survey cflbrt, while i:nproving 
the completeness of the results. it should be noted that in practice we have often 
encoUntered the situation where the waste of many plants have been measured through 
grah samples analysed for a standard set of parameters irrespective of the kind oI, 
p'ocess involved. Thus, BOD might have been measured in electroplating process 
samples and heavy metals could have been sought in wastes from dairies. 
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9. Organization of an Effective Receiver Water Monitoring Program 

The data collected in tile course of the environmental planning exercise, cspecially'thoefrom the rapid assessment, allow the organization of effective monitoring programs fQrthe waste receiving waters. Indeed, information about the discharge points and t1,distribution of the polluting loads is available by the planners, and th-s co,!pled ,,v
more general considerations about the character and importance (current or intendtuse) of the receiver waters provide the basis for organizing rapidly a rational ionitorinprogra! .. In this, the key sampling locations, the parameters to be measured and even.the sampling frequencies can be specified realistically within the existing constraintsIt should be pointed out that in most cases of water survey programs, even ' exntensive ones, there is not a direct innut of inventory results into their planning. Th'could be explained by the fact that invcfltories and water surveys are usually pertormrnby different services and by people with different backgrounds without adequate contact
and overall coordination. 

10. Rational Location of New Industries 
The derivation of a landplanning policy for the industrial activity is fairly complex aspolitical, economic, technical and environmental criteria are to be considered. From thewater pollution point of view, the results of the rapid assessment methodology camprovide valuable input as they yield the magnitude of the expected pollution loads inthe 
early planning stages.

In conjunction with the above information, consideration of some simple iules, such
 as the following, goes 
a long way towards the derivation of an environmentally sound
 
policy:


(a) Surface waters are usually the most sensitive waste receivers and they b.come
 aa ever more valuable national asset. Creation of industries with potentially significant

discharges into such waters should be avoided. However, if other factors prevail, theexistence of the economic, technical and organizational requirements for adequate waste
water treatment must be ensured.
 

(b) Heavy industries, even if they can meet (becatse of their size) environmentalrequirements, ofter, attract smaller industries around as a result ofthe avai!able business.skilled labor and infrastructure. These secondary plats could end un creating significant and difficult to control problems, unless care is taken in time to have them located 
in appropriate industrial zones.

(c) From the liquid wastes point of view, the best location of smaller and mediumsize polluting plants are sewered areas. As we have seen, combined treatment of suchindustrial and domestic wastes is economically advantageous, while providing oper
ational reliability.

(d) Small industries with similar toxic or hazardous wastes should be groupedtogether so as to maximize the possibilities for combined waste treatment or pretreatment. This is the only practical way for such small plants to effectively control their 
effluents. 
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11. The Environmental Planners 
nie of the most significant drawbacks in the environmental program of most developingrtions is the lack of a coordinating body entrusted to formulate the environmental 

,lic. and supervise its implementation.
This body should lave direct authority over the woi k produced by each environmen

rg service. Close contact and cooperation with each service ill generate all informationr,4uired for a comprehensive environmental program. Within the framework of the,- ram the operation of all services can be coodinated in the most effective way and 
th-ir progress can be monitored and evaluated.

Relatively few people are required to staff such a body. Quite clearly however, their
-aliber must be the highest available as their work will leave a long lasting impact. 

12. lInplementationi/Prof)lenis and Politics 

Even the best of the pollution abatement strategies cannot be fully implemented unlessthe government truly wants it so. For it should be willing to impose the proper measuresor the large firms and to support with loans and subsidies, especially the smaller ones.What is more, it should be prepared to spend whatever sums of money will be requiredfor foreign imports and overcome the fear that such pollution control eflbrts will slow 
oWn industrial growth.
"lis fear is indeed real and is expressed by the dominatine role of the economicministeries over the pollution control activities. 
In most cases, the most important element that convinces politicians to overcome thea,,e drawbacks and proceed with m1aningfyUl pollution abatement programs is theruhlic awareness of the pollution problem. Once poulIon issues get continuous andigh publicity and once public concern or discomfort reaches accute levels, then conditons are 
 truly ripe for real action. Of course, some restricted pollution abatement
a3:ivity may always exist for political and economic 
reasons (in order for example to

maintain acceptable sea water quality in touristic areas) but this often falls too short to 
sol'e the overall problem.


It may be interesting to note that effective action to combat pollution of ofe sort (e.g.
.i pollution) often sensitizes the public and the government to effectively tackle all kinds 
o pollution problems. 

From the above it would appear that pollution controi in developing countries.naerallv not preventive. Once conditions 
is 

are ripe, pollulion control authorities are ina crisis having to develop strategies and implement measures in the shortest possible
time. It is under those conditions, now present in Greece, that the proposed methodol-
OK.' can provide maximum help. 
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