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Abstract

TIns study assesses the costs and benefits of alternatIve polIcy optIOns for control of water
pollutIOn In the Kelam RIver In Colombo, Sn Lanka The cost of polIcy optIons for control of
BlOlogIcal Oxygen Demand (BOD) and chromIUm are estImated usmg the World Bank's DeclSlon
Support System for Industnal PollutIOn Control Results from the analysIs make It clear that costs
dIffer SIgnIficantly between the two polIcy optIOns of enforcmg current pomt source standards for
all mdustnes and Just meetIng ambIent water standards through more SOCIally optImal reductIons by
select mdustnes The study also demonstrates that It is technologIcally beyond the capaCIty of the
mdustnes currently located on the nver to reduce theIr BOD loads suffiCIently to bnng the ambient
water standard below the mimmum desIred level The study's conclusIOns imply a slnft m pnontles
and approach for the Central EnVIronment Authonty
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Executive Summary

LIke many polluted water bodIes m Sn Lanka's Colombo dlstnct, the Keiani RIver has not
escaped the unpacts ofa grOWIng populatIOn and economy Recent studIes conducted by the Central
EnVIronment Authonty (CEA)/ Umversity of Moratuwa on water pollutIOn m the Kelam River
(Bhuvendrahngam et at 1995) uses the CEA's "proposed mland water qualIty standards" to show
that (subject to samplIng and analytIcal uncertamties) levels of BIOlogIcal Oxygen Demand (BOD),
chromIum, lead, and fecal colIforms exceeded acceptable ambIent water qualIty standards

The tnunedmte ObjectIve IS to assess the costs and benefits of alternatIve poltcy optIOns for
control of water pollutIOn m the Keiani

Background

The CEA IS attemptmg to enforce complIance WIth establIshed pomt source concentratIOn
based standards Because mdustnes are the easIest IdentIfied of the pomt source polluters, reductIOn
m theIr effluents has been IdentIfied as the pnmary means of bnngmg water pollutIOn problems
under control It IS ImplICItly assumed m such an approach that If each of the pomt source polluters
could be forced to reduce theIr emISSIOns, the net effect on the Kelam RIver would be to bnng
ambIent water standards WithIn acceptable norms Yet, untIl the completIOn ofthe study referenced
above, the CEA dId not have the formal means of estlmatmg the relatIOnshIp between pomt source
emISSIOns and ambIent water qualIty Smce every watershed IS charactenzed by a dIfferent
aSSImIlatIve capaCIty, polIcy planmng WIthout thIs pomt-source-to-amblent-envlronment lmk
mcludes a conSIderable amount of guesswork WIth the CEAJNloratuwa study completed, It IS now
pOSSIble to model the relatIOnshIp between pomt source emISSIOns m the watershed and the qualtty
of the KelanI water body at dIfferent pomts m the nver ThIS modelmg e"{erCIse marks a sIgmficant
step forward m developmg a capacIty for basmg envIronmental polley on formal and estImable
models

Approach

The approach of the study IS to IdentIfY a number of dIfferent polIcy optIOns for controllmg
water pollutIOn m the Kelam RIver and then to estImate the costs and benefits of those alternatIve
optIOns To SImplIfY the analYSIS, we restrIct our focus to two major pollutants BOD and chromIUm
In each case, the pollutant levels m the Kelani sIgmficantly e"{ceed even the' mmimum qualIty"
CEA ambIent water standards ChromIum IS selected because It IS generated almost exclUSIvely by
mdustnes and thus represents a pollutIOn problem that must be resolved through dIrect mteractIOn
between the CEA and mdustry

v
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Results

ChromIUm

The results from the analysIs make It clear that there are sIgmficant cost dIfferences between
enforcmg CEA's current pomt source standards and ensunng only that requIred qUalIty standards
ofambIent water are maIntamed The long-run margmal costs to mdustnes of meetIng the CEA'S
pomt source efiluent standards IS $88,893, whIle the margmal cost ofreducmg chromIum pollutIon
Just enough to meet the ambIent water qUalIty standard IS only $1,452 Smce the most stnct ambIent
water qualIty for chromIum IS met at the relatIvely low margmal cost of $1,452, any addItIOnal
expendIture by mdustry beyond thIS pomt IS fundamentally mefficient (asSumIng there IS no
deSIgnatIOn ofthe nver body for whIch the chromIum levels need be lower than for "fish and aquatIC
lIfe") SInce It cannot markedly Improve the qUalIty of the nver

BIOlOgIcal O~gen Demand

The pnmary study area for applIcatIon of the BOD economIC model polIcy Issues was the
San SebastIan Canal PolIcy conclUSIOns, however, can be drawn for the Keiani RIver as a whole
The analySIS suggest that It IS technologIcally beyond the capaCIty of the mdustnes currently located
on the canal to reduce theIr BOD loads suffiCIently to bnng the ambIent water standard below the
mimmum deSIred level Even at rapIdlv nsmg margmal costs, mdustnes can remove only 200
tons/year, yet the e"Ccess load of357 tons/year IS beyond the technIcal capaCIty of the finns The
total daIly load of BOD In the San SebastIan CanalIS 1,800 Kg/day and the mdustry accounts for
only 10 percent oftlus total load Thus, even Ifmdustnes were to stop producmg BOD altogether,
It would have a mimmalimpact on the total BOD m the canal

Households, on the other hand, account for more than half of the total load m the San
SebastIan Canal A sewage treatment system has the potentIal for reducmg loads m the San SebastIan
Canal by an amount greater than the e"Ccess load and thus returnmg the canal's ambIent water qualIty
to an acceptable level

RecommendatIOns

Pnonty Issues and recommended actIOns are shown m Table A

VI
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Table A PriOrity Issues and Recommended Actions

The conclUSIOns to the study Imply a ShIft In pnonties and approach for the CEA WhIle the
ShIft at first may appear to be a fundamental ShIft of pnontIes, Implymg sIgmficant upheaval and
uncertamty, It IS llTIportant to note that there IS slgmficant precedent for the recommendatIOns bemg
made m thls study Regardmg the shlft from concentratlOn-based to load-based morutonng and from
surrogate measures to tOXICS, the expenences of a number of countrIes m the reglOn can be of
assIstance to Sn Lanka The use of hydrologIcal and economIC models to manage pollutIOn
problems has a long hIStOry and has become mcreasmgly accessIble and low cost as technology has
Improved ThIs study clearly reflects an urgent need for much hlgher prIonty and concomItant
actlOn to move ahead as soon as pOSSIble on development of approprIate mfrastructure to manage
major causes of pollutIOn m SImIlar water bodIes m Sn Lanka We belIeve that the hIghest pnonty
for CEA at the present, m lIght of the government's polley for mdustrIal growth, IS to rethInk ItS
pollutlOn momtonng and management strategIes and ShIft them toward the new VISIOn elUCIdated
here
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Prlonty Issue

Designate use of water bodIes

Pnorrtlze target pollutants

Enhance water quality mOnltonng and
standards

ConclUSIOns

Polley Implications/Recommended Action

Water pollution control strategies for an Integrated watershed
management approach
Use of water bodies within the watershed clearly desIgnated
before development of approprrate policies for them

A shift In emphasIs from surrogate pollutant measures to tOXIC and
refractory anthropogenic chemIcals

A shift In emphasIs from pollutant concentrations based on
pollutant load-based mOnitoring and standards settmg
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1. The Problem

Recent tunes have seen a prolIferatIon ofstones m our press about pollutIon ofwell-known
water bodIes Pollution of the Lunawa Lagoon near Moratuwa has all but caused It to dIsappear
Anecdotes abound about raw household sewage and mdustnal effluent bemg pumped mto the
Bolgoda Lake And the Kandy Lake emIts a noXIous odor on certam days that IS well-known to
those who lIve there

LIke these other water bodIes, the Keiani River has not escaped the Impacts of a growmg
populatIon and economy A recent Central EnVironment Authonty (CEA) / Umversity ofMoratuwa
study on pollutIOn and water qualIty m the Kelam River (Bhuvendralmgam et al 1995) uses the
CEA's "proposed mland water qualIty standards" to show that (subject to samplIng and analytIcal
uncertamtIes) levels of BlOlogical Oxygen Demand (BOD), chromIUm, lead, and fecal collforms
exceeded acceptable ambIent water qualIty standards

Faced WIth such pollutlOn, the mstitutlOnal response ofthe Government ofSn Lanka (GOSL)
VIa CEA has been to attempt to enforce complIance WIth establIshed pomt source concentratlOn
based standards Because mdustnes are the easIest IdentIfied of the pomt source polluters, reductlOn
m theIr effluents has been IdentIfied as the pnmary means of bnngmg water pollutIOn problems
under control It IS ImplICItly assumed m such an approach that If each of the pomt source polluters
could be forced to reduce theIr emISSIOns, the net effect on the Kelam River would be to bnng
ambIent water standards WIthm acceptable norms Yet, unt11 the completlOn of the study referenced
above, the CEA dId not have the formal means of estlmatmg the relatlOnship between pomt source
emISSIOns and ambIent water qualIty Smce every watershed IS charactenzed by a dIfferent
asslm11atlve capaCIty, polIcy plannmg WIthout thIS pomt-source-to-amblent-environment lmk
mcludes a conSIderable amount ofguesswork WIth the CEAlMoratuwa study completed, It IS now
pOSSIble to model the relatlOnsrup between pomt source emiSSlOns m the watershed and the qualIty
of the Kelam water body at dIfferent pomts m the nver ThIS modelmg exerCIse marks a sIgmficant
step forward m developmg a capaCIty for basmg envIronmental polIcy on formal and estImable
models

1
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2. Objective of the Study

The obJectzve of thIS study IS to buIld on the hydrologIcal modelIng work of the CEA and
Umversity of Moratuwa to understand and model the economzc zmpllcatzons ofenvironmental
policy declSzons The nnmedlate ObjectIve IS to assess the costs and benefits ofalternatIve polIcy
optIons for control ofwater pollutIon In the Kelam

The longer-term ObjectIve of thIS study IS to explore the potentIal for use of physIcal,
chemlcal, and economIC models for findIng SolutIons to enVIronmental problems We would hope
that such models also mlght asSISt In understandIng the relatIonshIp between envIronmental polIcy
declSlons and theIr Impact at the local level

3
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3. Methodology

3.1 General Approach

The approach of the study IS to IdentIfy a number of dIfferent polIcy optIOns for controllmg
water pollutIOn m the Kelam RIver and then to estImate the costs and benefits of those alternatIve
optIOns To SImplIfy the analySIS, we restrict our focus to two major pollutants BOD and chrOlmum
In each case, the pollutant levels m the Kelam sIgmficantly exceed even the "mimmum qualIty"
CEA ambIent water standards (see Table 1) ChromIum IS selected because It IS generated almost
exclUSIvely by mdustnes and thus represents a pollutIOn problem that must be resolved through
dIrect mteractIOn between the CEA and mdustry

Table 1 Select Proposed Inland Water Quality Standards

Drinking Water
WIth Simple FIsh and AquatiC

Parameter Umt Treatment Life MinImum Quality

Total chromium (Cr) 1-19/1 max 50 2 50

BOD (5 days 20° C) mgtl max 2 4

BOD IS selected not only because It IS one of the most Important determmants of envIronmental
qualIty, but also because Its sources are conSIderably more varIed than chromIUm, bemg generated
by households, mdustnes, and even natural systems The CEA's response to problems of BOD
pollutIOn thus represents a much more complex set of Issues than the chromIUm case The
CEA/Moratuwa study found that only 8 percent of the BOD load m the Kelam RIver can be
attnbuted to mdustry, With the remamder commg from household sewage and a number ofnon-pomt
sources (e g , from natural systems and farmlands)

The polIcy optIOns e'{ammed for reducmg levels of chromIUm and BOD dIffer slIghtly The
analysed polIcy optIOns for reducmg levels of c1zromlllm are the followmg

3 11 PolIcy OptIOns ChromIUm

1 Enforce Complzance WIth EXIstmg CEA Pomt Source E.fJ1uent Standards Under thIS
optlOn we calculate the costs to mdustry (addltlOnal enforcement costs of the CEA are not
calculated) of reducmg theIr pollutIOn levels to meet the CEA pomt source standards

2 ReqUIre that Industry's Total E.fJ1uent Levels are Reduced SuffiCIently to Jl1eet Amblent
Water Qualzty Standards for "FISh and AquatIC Llfe "Under thIS polley, an mstItutIOn

5



would be IdentIfied and gIven the mandate to ensure that the ambIent water qualIty m the
Kelaru was the gmdmg pnnciple m deterrmnmg the allowable amounts of pollutIOn that can
be emItted mto It No restnctIOns are placed on the effluents of any smgle finn, so long as
the total effluents entenng the nver do not push pollutIon levels above 2 IJ.g/I, the maxImum
allowable level for fish and aquatIC lIfe

3 Reqlllre that Industry's Total Effluent Levels are Reduced Sufficlently to MeetAmblent
Water Quallty Standards for "Drmkmfl Water with Simple Treatment" Sumlarly to
optIOn 2 above, no restnctIOns are placed on the effluents of any smgle finn, so long as the
total effluents entenng the nver do not push pollutIOn levels above 50 Ilg/I, the mmomum

allowable level for dnnkmg water WIth sImple treatment

The poltcy optIOns explored for reducmg levels ofBOD are the followmg

3 1 2 PolIcy OptIOns BOD

1 Enforce ComplIance with £.'Clstmg CEA Pomt Source Effluent Standards Here we
calculate the cost to all IdentIfied pomt sources of complIance WIth eXIstmg standards

2

3

Meet Ambient Water QualIty Standards Vza ReductIOns by Industry Only Under thIS
optIOn, the burden ofreducmg BOD levels is gIven to mdustry, who must reduce theIr BOD
output suffiCIently to meet the ambIent water qualIty standard

Meet Ambient Water Qllalzty Standards Vza InstallatIOn ofa Sewage Treatment Plant
Only Under thIS optIOn, mstallatIOn of a sewage treatment plant IS assessed as a means of
reducmg BOD levels to acceptable standards Costs are estImated usmg data from SImIlar
sewage treatment plants along WIth populatIOn data from the study SIte

I
I
I

4 Meet Ambient Water Quaitty Standards Vza InstallatIOn ofa Sewage Treatment Plant alld
ImtzatIOn ofa Non-pomt Source PollutIOn Program Although speCific costs cannot be
estimated WIth thIS polley optIOn, some conclUSIOns can be drawn about the potentlal for
pollutIOn management usmg the optlon

The 'mirumum qualIty" (4 mg/l max) ambIent standard is used for all of these BOD polley
optIOns

3 2 ModelIng Framework

To model these polley optIOns, the CEAlMoratuwa model of the Keiani River IS taken as a
startmg pomt The developers of this model measured the ambient water quality levels of the Kelant
River and estImated the pollutant loads (pomt source and non-pomt source) dIscharged to the nver
The CEA/Moratuwa modelmg team establIshed a water qualIty model for the Kelam River
mImIckIng ItS dose-response behaVIOr, where the dose was the e'(ternal pollutant and the response

6
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was the resultmg water qUalIty level encountered m the water body The fundamental relatIOnshIps
of the model were gIven by the Water qualIty AnalysIs SImulatIOn Programme (WASP), WhICh IS
generally used to help mterpret and predIct water qualIty responses to natural phenomena and man
made pollutIOn for vanous pollutIOn management declSlons I

To examme the economIC lIDphcations of alternatIve polIcy optIOns, the World Bank's
DeclSlon Support System for Industnal PollutIon Control (DSS/IPC) was used The DSS/IPC allows

the user to stIpulate an ambIent water qualIty standard and then to compute the costs that would be
reqUired for polluters to reduce theIr emISSIons sufficIently for the ambIent body to meet the
standard The model uses long-run margmal cost functlons for dIfferent InternatIOnal Standards for
Industnal Ciassificatlon (ISIC) codes to estImate mvestment costs necessary to reach reduced loads
for a gIven firm The costs ofpollutIOn reductIOn mvestments are denved from mternatIOnal market
pnces for known pollutIOn reductIOn technologIes and are lInked to the phySIcal and chemical
processes typIcally used by dIfferent mdustnes Use of the DSSIIPC m combmatIOn WIth the
CEA/Moratuwa models therefore allows the user to calculate the mvestment costs reqUIred by
polluters to meet a vanety of ambIent water qualIty levels 2

3.3 UnderlyIng EconomIcs of Costs and Benefits

The mvestments made by polluters to reduce pollutIOn levels represent "deterrence costs"
and therefore prOVIde a proxy for some of the benefits of pollutIOn reductIOn Other benefits and
costs not mcluded m the DSSIIPC may also be associated WIth changes m pollutIOn levels The
general categones under whIch economIC costs and benefits can be IdentIfied as a result of changes
m water (or other ambIent) pollutIOn are productIVIty, amemty, and human health (OECD 1995, 39
40) AmemtIes refer to Issues such as contact and non-contact recreatIOn, aesthetICS, etc ThIs study
does not make an attempt to formally estImate any of these categones

When defimng the "costs' ofpollutIOn control, the DSSIIPC model places pnmary emphasIS
on long-run margmal costs as opposed to total or average costs Long-run margmal costs are
calculated usmg total mvestment costs, the mterest rate, number of years for whIch the pollutIOn
control machInery Will be functIOnal and effluent parameters The emphaSIS IS on the margmal costs
that anse between choosmg between one pollutIOn management optIon and the next

7
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4. The Study Site

The Kelam RIver IS the thrrd largest nver m Sn Lanka The nver ongmates m the central roll
country ofthe Island and flows m a mamly westerly drrectlOn unnl1t reaches the sea at the northern
lImIts of the CIty of Colombo The nver basm, whIch IS located entIrely In the wet zone of the
country, has a catchment area of2,280 sq kIn and an annual runoff of 5,500 mIllIon cubIC meters
(MCM)

The Kelam RIver Itself IS formed by the confluence of two smaller nvers, Kehelgamu Oya
and the MaskelIya Oya These two nvers are dammed further upstream, formIng Castiereigh and
Mousakelle reservOIrs, respectIvely, both of whIch are constructed and utIlIsed for the purpose of
hydro-electnc power generatlOn ApprOXImately 3 kIn upstream of Hanwela, the Keiani RIver IS
JOIned by a small tnbutary called the Wak Oya, whIch IS dammed further upstream formmg the
Kalatuwawa and Labugama reservOIrs, the 1ll1tal water supply sources for the CIty of Colombo The
rIver loops around the northern lImIts of Colombo before flowmg out to the sea

The rIver segment between Glencorse and the sea mouth (mcludmg sIgmficant tnbutanes)
was selected as the broad model area ThIs IS presently the area WIth the most mdustnal actIvItIes
and IS ofVItal Importance to the area of Greater Colombo due to the presence of Ambantale Water
Intake and Treatment Plant provIdmg potable water to Its mhabitants

For the purposes ofthIS study, the San SebastIan Canal was selected as a Sub-SIte The canal
IS part of the Colombo canal system and dIscharges storm water, mdustnal effluent, and sewage
collected from a large urban area mto the Keiani RIver Via the north lock sItuated Just upstream of
Victona BrIdge The land adJOlmng the canalIS home to a huge shanty settlement, where people lIve
m condItIOns where sanItary and waste dIsposal faCIlIties are non-eXIstent A large number of
mdustnes are present along the canal banks, utilIsmg the canals for hqUld waste dIsposal The
collectIve result of these mfluences makes the San SebastIan Canal the most polluted water body m
the CIty of Colombo

9 I
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5. Results

5.1 ChromIum

Results to the chromnlIn analysIs are shown grapmcally m Exlnbit 1 Smce the Kelanl River
already meets the ambIent standards for "dnnkmg water With llmited treatment," the margmal cost
to mdustry m meetmg that standard under pollcy option) IS $0

The more strIkIng results from the chromIUm analysIs anse from a comparIson of pollcy
optIOns 1 and 2 Results from the analysIs make It starkly clear that there are sIgmficant cost
dIfferences between enforcmg CEA's current pomt source standards and ensunng only that hIgh
quallty standards ofambIent water qUalIty are mamtamed The long-run margmal costs to mdustnes
ofmeeting the CEA's pomt source effluent standards IS $88,893, whIle the margmal cost ofreducmg
chromIUm pollutIOn Just enough to meet the ambIent water qualIty standard IS only $1,452 Smce
the most stnct ambIent water qualIty for chromIUm IS met at the relatIvely low margmal cost of
$1,452, any addItIOnal e,<penditure by mdustry beyond thIS pomt IS fundamentally mefficient

-0- Via Industrial Investment -"- Via Sewage Treatment
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Exhibit 1 Margmal Cost of Controlling Pollution In San Sebastian Canal
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(assummg there IS no desIgnatlOn of the nver body for whIch the chromIUm levels need be lower
than for "fish and aquatIc hfe") smce It cannot markedly Improve the qualIty of the nver

5.2 BIOlogIcal Oxygen Demand

5 2 1 PolIcy ConclUSIons

The pnmary study area for applIcatIon of the economIC model to BOD polIcy Issues was the
San SebastIan Canal Some polIcy concluslOns can be drawn for the Kelam RIver as a whole

The margmal costs of pollutIon control by Industry and by sewage treatment are shown m
ExhIbIt 1, as IS the excess load m the canal The excess load IS the amount of the pollutant that
needs to be removed before the deSIred ambIent water standard IS reached, In thIS case 4 mg/l The
graph, and the data underlymg It, strongly suggest that It IS technologIcally beyond the capacIty of
the Industnes currently located on the canal to reduce theIr BOD loads suffiCIently to bnng the
ambIent water standard below the deSIred level Even at rapIdly nSIng margInal costs, Industnes can
remove only 200 tons/year, yet the excess load of357 tons/year IS beyond the technIcal capacIty of
the fIrmS

One reason mdustrIes alone cannot resolve the San SebastIan Canal BOD problems IS
explamed by the pIe charts In ExhIbIt 2 The small pIe on the left represents the total dally load of
BOD In the San SebastIan Canal As shown there, Industry accounts for only 10 percent of thIS total
load Thus even If Industnes were to stop prodUCIng BOD altogether, It would have a mInImal
Impact on the total BOD m the canal

Households, on the other hand, account for more than half of the total load In the San
SebastIan Canal The margmal costs for BOD reductIOn VIa Investments m sewage treatment are
shown on the nght-hand SIde of ExhIbIt 1 Clearly, Investment In a sewage treatment system has the
potentIal for reducmg loads m the San SebastIan Canal by an amount greater than the excess load
and thus returnmg the canal's ambIent water qualIty to an acceptable level

It must be kept In mInd that there mav be an error In the calculatlOn ofland values for the
sewage plant WhIle the land pnce used to calculate land values In the model IS assumed to be
correct, the polItIcal problems Involved m cleanng settlement to establIsh a waste treatment plant
may dnve up costs conSIderably

12
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Household
51%

San Sebastian Canal
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A summary of the effectIveness of the four BOD polley optIOns m reachmg a common goal
IS shown m Table 2 Each polley IS tested agamst whether It has the potentIal of reachmg the

Exhibit 2 Sources of BOD at Selected POints on the Kelam River

5 2 2 ImplIcatIOns for the Lower Kelam RIver

WhIle the DSSIIPC model was not applIed for BOD to the Kelam as a whole, some
ImphcatIOns from the San SebastIan model can be extended to the larger nver FIrst, Just as
mdustnal effluent IS relatIvely mSIgmficant compared to other pollutIOn sources m the San SebastIan
Canal, so too are both mdustnal effluent and household effluents mSIgmficant when compared to
non-pomt sources m the flver as a whole The larger pie on the nght-hand SIde ofExhIbIt 2 mdicates
the total BOD load m the lower Kelani RIver As shown there non-pomt sources are estImated to
account for 82 percent of the total daIlv load whIle mdustnal and household sources account for
only 8 and 10 percent respectlVely Thus, although mvestments m sewage control m the San
SebastIan IS a vIable means ofcreatmg suffiCIent ambIent water qualIty m that water body, they are
lIkely to be mefficient when consIdered alone, as a means of bnngmg down BOD levels m the
Kelam as a whole Rather, some combmatzon ofnon-pomt source control measures and pomt
source control measures WIll need to be sought if the pollcy decIsIOn of the government IS to
sIgnificantly reduce BOD zn the Kelanz
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Table 2 Expected Water Pollution Polley Effectiveness

San Sebastian Canal
Lower Segment of

Keram River

Details of Pollcy* Policy has potential to achieve stated goal?

1 Enforce Industnal compliance with BOD POint
source effluent standards

2 Meet ambIent water quality standards via reductIons
by mdustry only

3 Meet ambient water quality standards vIa
installation of a sewage treatment plant only

No

No

Yes

No

No

No

4 Install sewage treatment plant and Initiate non-point Yes Yes
source pollution programs

*Goal of Poltey BOD levels In water body fall within mInimum quahty (4 mg/l) standards of CEA

ambIent water qualIty goal stipulated at the top of the table The mformatIon m the table
demonstrates the lffiportance of assessmg whether a pollcy has the techmcal capaCIty of reachmg a
stated goal before embarkmg upon It

As the table makes clear, resolutIOn of BOD pollutIOn problems m the San SebastIan Canal
can only be resolved VIa mvestments m sewage treatment, perhaps m combmatIOn also \v1th
enforcement of some mdustnal complIance With pomt source standards If the government
mamtams the de facto goal ofreducmg BOD sIgmficantly m the larger Kelam RIver (a goal whIch
IS called mto questIOn below), then It must begm embarkIng on non-pomt source control programs

53 TechnIcal Results Pertammg to Use of the DSSIIPC Model

A number of constramts were IdentIfied In usmg the DSSIIPC model Most Importantlv It
was noted that the deCISIOn support system uses quIte SImplIfied water qualIty models for ItS
calculatIOns CalculatIons of BOD loads also presented problems The CrItIcal BOD load IS
calculated on the baSIS of the mmimum reqUIred DIssolved O'(ygen (DO) level Target BOD level
(ambIent BOD standard) IS not conSIdered m calculatmg the cntlcal BOD load In fact the system
(DSSIIPC) does not calculate the maXImum BOD level encountered m the nver but only calculates
the BOD level at the pomt of the rIver where the cntlcal DO level (mIU1mum DO) IS encountered
Fmally, the nver BOD model mcorporates only the upstream boundary condltlon and does not
conSIder the downstream boundary condItIOn m Its calculatIOns ThIS lImItatIOn mhIbits the model
from mcorporatmg the background effect (due to non-pomt source run off) m the calculatIOns
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5 4 Results Summary

Summary data for chromiUm and BOD are shown m Table 3 Results to the analysIs are
organIzed by the pollutants

Table 3 Summary PollutIon Load Data for BOD and Chromium

Pollutant and Current Load Ambient CntlcalLoad Excess Load Percent
Water Body (tons/yr) Standard (tons/yr) (tons/yr) Excess Load

BOD In San Sebastian 1 821 4 mgll 1464 357 196%
Canal

ChromIum (Cr) In 177 2 I-Ig/l 142 035 197%
lower Kelam River

15
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6. Conclusions, Implications, and Next Steps

6.1 EconomIc ModelIng and EnvIronmental Management

The current study has used the World Bank's DSSIIPC model along WIth the CEA/Moratuwa

WASP model (see Bhuvendralmgam et a1 1995) to show that economIC and hydrologIcal models
can be effectIvely used to assess the cost unplIcatIons ofalternatIve water pollutIon polIcIes In spIte
of a number oftechmcal constramts, the model was relatIvely easy to mstall and apply In Itght of
Its effectIveness m assessmg the costs and benefits of alternatlve pollutIOn control polICIes, It IS
strongly recommended that the further testzng and applzcatlOn of economzc models, such as
DSSIIPC, be done zn otlter watersheds ImtIaI pnonty should be gIven to the Bolgoda Lake and
Lunawa Lagoon water systems m the Ratmalana-Moratuwa mdustnal area and the la-ela Canal and
Dandugama Oya m the Jaela-Ekala mdustnal area Both are regIons ofmdustnalimportance WIth
sIgmficant actual or potentIal pollutIOn Impact on the local populatIOn Other areas that mIght be
conSIdered for follow-up appltcatIOns of the model mclude the Negombo Lagoon and the Kalu
Ganga, although the water quahty of both of these water bodIes IS mfluenced mamly by non-pomt
sources Smce cost reductIOn for non-pomt sources WIth DSSIIPC cannot be estImated, however,
water bodIes where pollutIOn comes predommantly from pomt sources should be gIven pnonty Any
follow-on appltcatIOns of the model should be preceded or accompamed by parallel mvestment m
data collectIOn

Potential further apphcatIOns of models such as that developed here are numerous and
mclude the follOWIng

• Supportmg the development of natIOnal, regIOnal, and local actIOn plans for
management of mdustrial pollutIOn

• Reonentmg the development ofenVIronmental momtonng systems by IdentIfymg the
pollutants and the locatIOns that should be momtored more closely

• Glvmg analytIcal support and transparency In the deSIgn of pollutIOn preventIon
strategIes, such as enVIronmental Impact assessment, land use plannmg, and senSItIve
areas management

• Educatmg non-speciahsts III the potentIal economIC lffipact ofenvIronmental pohcles
on mdustnal actIVIty m a gIven area (SebastIan and de Konmg 1996 11-12)

It may be espeCIally effectIve to use the DSS/IPC model for supportmg the educatlOn and
engagement of non-speclahsts ill the pollutlOn management process Because the model places the
pollutlOn debate m terms anyone can understand (rupees and general water quallty), It can be
effectlve m engagmg broader partICIpatIOn m the development of envIronmental pollcy Pollcy
makers can show how changmg effluent levels at the household and firm add up to changes m
ambIent water qUalIty and how ambIent qualIty mIght be better managed The CEA should conszder
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uszng tlte model, or one lzke It, to e.xplazn the gravIty ofpollutIOn problems to other govemment
offiCIals or local cOmmUnitIes, or to JUstIfy why they are takIng one approach over another

6.2 Water PollutIon and Human Health

In spIte of ItS potentIal applIcatIons, the model can estImate only a narrow range of pOSSIble
envIronmental costs and benefits 3 EgregIOusly mIss10g from the model's assessment of costs and
benefits IS the lack ofany health functIOns At present 10 Sn Lanka, there IS a VIrtual absence ofdata
WIth whIch to understand the human cost of tOXIC water pollutIon In such water bodIes as the

Lunawa Lagoon, where tOXIC pollutants are bemg released, It IS Imperative that dose-response
relatIons/ups be establzshed vIa prImary data collectIOn It IS troubl1Og to note 10 Bhuvendral10gam
(1995) that lead levels m the Kelarn RIver remam above proposed ambIent water qualIty levels, even
at the Ambatale water 10take pomt 4 The potentIal Impact oflead and other tOXIC pollutants must be
estImated If models, such as the DSSIIPC, are to prOVIde well-rounded polIcy-makmg support

6 3 LInkIng PollutIOn PolICIes to Major PollutIOn Sources

Bhuvendral10gam et al (1995) demonstrated that 10dustnal pollutIOn IS relatIvely
unImportant 10 determining the level of BOD 10 the Keiani RIver ThIS study has gone further to
show that, at least for the hIghly polluted San SebastIan canal, mvestment 10 a sewage treatment
system IS more cost effectIve than industrIal Investments In pollutIOn reductIOn eqUIpment 5 The
CEA must begIn dISCnmInatmg more carefully 10 Its IdentIficatIOn ofpnonty polluters Rather, they
should recognIze that more cost effectIve solutIOns6 to pollutIOn problems can often be foulld m
efforts to control household and non-pomt source pollutIOn than m purSUIt of mdustnal polluters

The study also showed that even large mvestments m mdustnal and household pollutIOn
control would have a mInImal effect on BOD levels m the Keiani RIver, where non-pOInt source
pollutIOn accounts for the maJonty of the total load If reductIOns 10 surrogate measures, such as
BOD, contInue to be conSIdered as the pnmary goals of the CEA, then the strategy for water bodIes
such as the KelanI should be re-directed toward non-pomt source control In the near term It IS
recommended tltat small-scale studzes be laullched to zdentify major /loll-pomt pollutLOIl :,Oli/ ces
In the case where non-pomt source runoff contnbutes signIficantlv to the pollutlOn load pohcles
leadmg to optImal applicatIon of agro-chemlcals (such as pestICIdes and fertIhzers) may contnbute
sIgmficantly toward pollutIOn reductIOn

6 4 PrIOrItIZIng Target Pollutants

At present, the CEA emphaSIzes the Importance of reductIOns m surrogate pollutant
meaSllres- such as BOD, ChemIcal Oxygen Demand (COD) and suspended sohds-as Its strategY
for reduc10g pollutIOn SInce these surrogate measures are affected bv both human and natural
processes, however, they may not be the best pnontv for a pollutIOn management strategy ThIS
study has shown, for example, that BOD pollutIon levels 10 the Kelaru RIver are a functIOn pnmanly
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of non-pomt source processes When the effort to control BOD IS pursued wIth Industnes, the
paradoXIcal sItuatIOn has arlsen m whIch mdustnes mtroduce more tOXIC metals mto theIr effluent
stream because such metals may lower theIr BOD levels and thus theIr effluent concentratlons

On the baSIS of thIS study, we argue that a shift m emphaSIS from surrogate pollutant
measures (whIch are affected by natural processes as well as human) to tOXIC and refractory
anthropogenic c1temlcals (whIch result dIrectly from human actIVItIes) would serve tlte mterests
both oftlte affected populatIons and the CEA By theIr very defimtIOn, tOXIC pollutants pose a
greater threat to human populatIOns than do the bIodegradable substances captured by the BOD
measure The CEA would also stand to gam from makmg reductIOn In tOXIC pollutants a pnonty
The publIc, after all, would have an eaSIer tlme understandIng the threat of tOXIC chemIcals (the
effects of whIch can be portrayed graphIcally and VIsually) than the effects ofmgh BOD or COD
levels (whIch cannot be captured In a SIngle Impact) Though the CEA should contmue to momtor
BOD and COD as rough checks on effluent qualIty, they need not tIghtly momtor and enforce the
standards relevant to these parameters for mdustnes dlschargmg to large water bodIes Certamly,
a ShIft m pnontles toward momtonng of tOXIC chemIcals would mvolve greater laboratory and
momtonng costs, but the potentIal benefits to human health would very lIkely outweIgh the costs
Furthermore, fundmg for laboratory and momtonng Improvement under the EnVIronmental ActIOn 1
Program (EA1P) mIght be used to begm thIS process

6 5 Water BodIes and TheIr DeSIgnated Uses

Two pomts are made eVIdent from the study (1) that water pollutIOn planl'llng IS
strengthened when Itfocllses on mtegrated and dIscrete watersheds and (2) that the uses ofthe
water bodIes m these watersheds must be clearly deSignated before approprzate polzcles can be
developedfor them

FOCUSIng on dIscrete watersheds benefits planners because It allows them to take mto account
the umque phySIcal and hydrologIcal charactenstics of each watershed and the consequent
applIcabIlIty ofmodels to them The type of land use encountered m a watershed plays a major part
m determInIng the background qualIty of the waterbody WhIle smaller water bodIes are mfluenced
pnmarIly by pomt source emISSIons contnbutIng eIther blOdegradable orgamc matter In the case of
Belra Lake or by pomt source emlsslOns, whIch are tOXIC and refractory In the case of Lunawa
Lagoon Large water bodIes such as the KelanI Ganga and Kalu Ganga, on the other hand are
dommated by watersheds that are vegetatIve m nature In such watersheds, non-pomt source
emISSIOns generally determme the background qualIty of the waterbody Hence, It would be more
effectIve If plannmg occurs separately for these dIfferent types of watersheds

Just as watersheds dIffer m theIr baSIC characterIstICS, so too do the uses of water bodIes m
those watersheds dIffer Thus IdentIficatIOn of appropnate polICIes for chromIUm control m the
Kelam must be a functlon of the agreed upon use of the Kelam watershed as well as the aSSImIlatIve
charactenstlcs of the waterbody Itself ChromIum levels m the lower Kelam e"{ceed the CEA's
proposed ambIent water qualIty levels for "fish and aquatIC lIfe" but are acceptable If the rIver IS to
be used for "dnnkmg water WIth lImIted treatment" It IS ImperatIve, if ambIent water qllalzty
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standards are to have any relevance for plannmg, that the CEA and other partner mstltutlOns,
perhaps under the leaders/up ofthe natIOnal Water Resources Councli, begm deslgnatmg uses
ofwater bodies wlthzn select waters/zeds Methods for the engagement ofthe general publIc In these
processes have been well documented at SItes around the world 7

6.6 ConcentratIon Versus Load MonItorIng

The CEA's pomt source momtonng data, and mdeed Its pomt source pollutIOn standards, are
based on concentratIOn ofpollutants m the effluent stream rather than the total load of pollutants
Allowmg mdustnes' pollutIon levels to be measured on the baSIS of the concentratIOn gIves them
mcentive to dtlute theIr effluent streams Just enough to meet the requIred levels Such dIlutIOn, beIng
contrary to water conservatIon, often calls for pumpIng of addItIOnal groundwater at a tIme when,
as the NatIOnal EnVIronmental PolIcy notes, "ground water IS beIng extracted WIthout concern for
the permanent lowenng of the water table and the IntruSIOn of salt water Into coastal aqUIfers"
(MffEWA 1997, 14) Equally Important for management purposes, It IS the pollutant load (and not
the concentratIOn of the pollutant) that degrades the qualIty of the reCeIVIng water body In lIght of
thIS situanon, we recommend that tile CEA sWltclz lmmedlately from concentratIOn-based to load
based momtorzng and standards

AdmIttedly, load data costs more to collect Measurements are taken over a penod from 5
to 30 days rather than the SIngle VISIt measurements used for concentratIOn data Yet we would
argue that the mvestment In Improved base InfOrmatIOn IS essentIal If the sorts of nver bodv
modelmg done m Bhuvendralmgam et al (1995) or economIC modelmg done here are to be e,<:tended
to other nver bodIes In addItIOn, load data at firm level IS an essentIal prereqUISIte to applIcatIOn
ofeconomIC InCentIve measures pertammg to effluent charges, tradeable permIts, and a number other
economIC Instruments (see dISCUSSIon below)

6 7 EconomIC IncentIves for PollutIOn Management

The recent NatIOnal EnVIronmental Polley makes an explICIt call for the Increased use of
economIC Instruments and mcentlves" for waste mirumizatIOn In partIcular, It calls for the use of

load-based EnVIronmental ProtectIon LIcense (EPL) fees Steele and Hassan (1995) exammed the
potentIal for mtroduction of effluent charges They recogmzed that effluent charges and tradmg
concepts has sIgmficant potentIal for applIcatIOn but not In an InstItutIOnal context m whIch
enforcement was not takmg place Thus an essentIal condmon to IntroductIOn of economIC
mcentives for pollutIOn management IS the enforcement ofwell thought out regulatLOl1s

Modelmg efforts of the sort attempted here can be partIcularly helpful m mtroducmg
economIC InCentIves for water pollutIOn management The aggregate long-run margmal cost curves
generated here can be used to set mItral rates for load-based EPL fees The model developed here
for the Kelam sub-catchment can be used as a test basm for the mtroductIOn of these fees as well as
an assessment of the unpact of fees on water qualIty Were estImates of health and amemtv costs
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at dIfferent ambIent water qualIty levels aVailable, they could be used to conduct a more
comprehenSIve benefit/cost analysIs of pollutlOn polICIes than allowable at present

Table 4 Summary Matnx of Pnonty Issues and Recommended Actions

A summary of the study's conclusIOns and unphcatIOns IS presented below In Table 4

6 8 ConclusIOn Summary

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ConclUSions

DeSignate use of water bodies

PrioritIze target pollutants

Enhance water quality momtorlng and
standards

Polley Implications/Recommended Action

Water pollution control strategies for an Integrated watershed
management approach
Use of water bodIes wlthm the watershed clearly deSignated
before development of appropriate poliCies for them

A shift In emphaSIS from surrogate pollutant measures to tOXIC
and refractory anthropogentc chemicals

A shift In emphaSIS from pollutant concentrations based on
pollutant load-based momtorlng and standards setting
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7. ConclusIon

ConclUSIOns to the study Imply a shIft mpnontles and approach for the CEA WhIle the smft
at first may appear to be a fundamental shIft of pnontles, Implymg sIgmfIcant upheaval and
uncertamty, It IS Important to note that there IS sIgmficant precedent for the recommendatIOns bemg
made m this study There eXIsts a sIgmficant body of hterature malang the case for the apphcatIOn
of economIC mstruments to pollUtlon management Regardmg the smft from load-based to
concentratIOn-based momtonng and from surrogate measures to tOXICS, the expenences ofa number
of countnes m the regIOn can be of asSIstance to Sn Lanka The use ofhydrologIcal and economIC
models to manage pollutlon problems has a long hIstory and has become mcreasmgly accessIble and
low cost as technology has Improved (see Bower, et al m Delaware RIver and Tokyo bay, for
e'(ample) We belIeve that the lughest pnonty for CEA at the present, In lIght of mdustnal growth,
IS to rethInk Its pollutIOn momtonng and management strategIes and shIft them toward the new
VISIOn elUCIdated here
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8. Endnotes

1 WASP IS a dynarmc compartment modelmg program for aquatic systems The tIme varymg
processes of advectlOn, dlsperslOn, pomt and dIffuse mass loadmgs, and boundary exchanges are
represented m the basIC program The basIC pnnciple behmd the formulatIOn of WASP is the
conservation of mass and momentum The water volume and water qUalIty constItuent masses bemg
studIed are tracked and accounted for over tIme and space usmg a senes mass and momentum
balance equatIOns Further InformatIOn on the WASP model can be obtamed m Ambrose, Wool, and
Martm (1993)

2 The DSS/IPC contams a default database for emiSSlOn factors, water, and solId waste
assocIated With mdustnal process, the technologIes applIed m mdustnal processes or the backup
technologIes used to control pollutIOn, and generalIzed pollutIOn abatement cost functlOns for those
technologIes The system also has the fle,,<:IbilIty of allOWing users to change default database
parameters to SUIt local study condItIOns and momtored data A full e,,<:planatIOn of the processes
used m the DSSIIPC can be found m SebastIan and de Konmg (1996)

3 AVOIded health cost m cleamng up the San SebastIan canal by mstallmg a sewage collectIOn
and disposal system is estlTI1ated to be Rs 1 6 Mn per annum In additIOn, amemty benefits, such as
fishenes, recreatIOn etc , should also be taken mto conSIderatIon

4 It IS recommended that an mtensive study be conducted m conjUnctIOn WIth the CEA and
NatIOnal Water Supply and Dramage Board (NWSDB) on non-pomt source run off bnngmg m
contammants (especIally lead) near Ambantale water mtake The study should concentrate on a
penod ImmedIately after a storm when the IlDtial flush of storm water bnngs the accumulated
contammants to the water body

5 The cost estImates for a sewage treatment plant mcluded above are underestImated m that
they do not mclude the human and fmancial costs of resettlement away from the waterbody and the
proposed plant

6 InstallatIOn of sewage collectlOn and dIsposal system properly deSIgned and constructed
storm water dramage system, mcludmg perhaps artIfiCIal wetlands, etc

7 See, for e"<:ample, Bower and Takao (1993) and Spofford et al (1976)
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