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MISSION STATEMENT

The primary objective of the Global Environmment Facility /United Nalions Development
Programme/International Maritime Qrganizalion Regional Programme for the Prevention and
Managemenl of Marine Pollution in the Fast Asian Seas is to support the eflorls of the eleven (11)
partcipating goverrmernts in the East Asian region o prevend and manage marine pollution at the
nalional and subrezional levels on a long-term and selt-reliant basis, The 11 participating couniries are:
Brunei arussalam, Cambodia, Democratic People’s Republic of Kovea, Indonesia, Malaysia, Veople’s
Kepublic of China, Republic of the Philippines, Republic of Korea, Singapore, Thailand and Victnam. It
15 the Programine's vision that, through the concerlad efforts of stakeholders to collectively address
marine pollution arising fram hoth land- and sea-based sources, adverse impacis of marine pollution
can be provented or minimized without compromising desired economic development.

The Programme [rarnework is built upon innovaliive and effective schemes for marine pollution
management, lechnical assistance in strategic maritime seetors of the region, and the identification and
promotion of capability-building and investrent opportunities for public agencies and the private
sector. Specilic Programme strategies are:

= Lrevelop and demonstrate workable models onmanne pollulion reduclions prevention and
risk management;

+ Assistoountries in developing the necessary lesislation and lechnical capahility to implement
mternational conventions related 1o maring palhation:

= Slrengthen institutional capacity to manage marine and coastal areas,

= Dewvelop a regional network of stations for marine pollulion maonitaring;

+  Promote public awareness on and participation in the prevention and abatement of marine
paliution;

«  Facililate standardization and intercalibration of sampling and analytical fechniques and I
environment impact asscssment procedures; and

+  Promote sustainable financing mechanisms for activilies requiring long-term commitrients, {

The implementation of these strategivs and activities will result in appropriate and effective |
policy, management and technological interventions at local, nalional and regional levels, contributing |
to the ultimate goal of reducing marine pollution in both coastal and international waters, over the [
longer term,

. Chua Thia-Eng,

Hegional Programme Mangger
GEF/UNDP/IMO Regional Programme
for the I'revenlion and Management

of Marine Pollution in the Easl Asian Seas

N\ _ _ “




CONTENTS

by T (S e e o R L T e e e e e e S e il
Lisi anfgurrrk ................................................................................................................................ i
List of Boxes .. . X
List of Abbreviations am?' Acrm.! }rm? .............................................................................................. X
Acknowledgments ... _ xil
Executive Summary mm‘ He wmme'na’:mvm ................................................................................... XV

e O R e e n e e A A L o s o R T T e R T o B e e R B b B it s 1

DeRniton oF ey TERIS oo v s vt o e e s f s R T L b R B G 9
The Approach Here e 13
RSk PAthWAYE oo i i s S e i e T S S et Lot 15
Retrospeclive ASSESSIIEIIL ... ...ooooiiiiiiii ittt et a e e s e e 17
P I Ay e e L e L L L o L B e S e e e e 17
BRI e o e e e e e e e 21
Hmner S e AT o e e i e s e e S A e B 23
Implications for Choice of Fndpoinis in Prospective Analvsis i, 22
Prospective Analvsi® . ..ooovennnnnin i e e e 23

THBNE: R R T e 48



vi + Malacca Straits: Refined Bisk Asscssment

Diietrienis -ond CXPeen Demaiicl . o s i e s s U b oo e e i 45
O e A e R R e e e 51
Colifarms ... A3
Chl, Grease, Pefm!eumH}dmmrbum cdearBth 34
Comparative Risk (and Uncertainty) Assessments ..., 3
Tniroduction . 55
Comparative Aamccm&m ::r.f Rnfu; fo rhe ! nwmnmenr ﬁam Wm&:r—bamr
and Sediment-horne Substances ... 63
Comparaiive Assessment of Risks o F Fumcm Hme’:}? ................................................................ 67
Comparative Assessment of Risks from Lancd- and Sea-based Sowrces a7
Cambined Effects gf Multiple and Diverse Sowrops i, 68
Implications for Risk Management 3]
Aszessing Societal Riske s S e R G S e S T R R A e e 71
Formulation of an Action Plan and Qther Recommendations ... 73
Need for Definition of Leological Targets and Endpoinls ..o 73

Need for Definition of Thresholds (Standards & PNECs) . 74
N e e R e e T S i i S e A e L vy 74

Need forPaxposure Models &b i i s B s R S S B R R e 4
Needs in Humearn Health Risk ASSESSPERE | e 75
Need to Keep Under Review TWhat (s Monitored ... et ies e aamonas 753
NeedelarSocictal RiSEASSERsmEnt oo R A S e R S R R R 75
MumprarafildaorAreds for Buriherd clian s e R T3
Possible fisk Moanagementt ACHONS oo T
References ... e R R S R S e e s e b R T 7
APPEIIE L. oo o e R B R SR P #3
SSpnENanEE o e R e e e e R R R 80



List of Tafles =

Vi

LIST OF TABLES

Table 1.
Table 2.
Table 3.
Table 4.
Table 5.

Table 6.
Table 7.

Table §.
Tahle ©.

Table 10,
Table L1
Table 12,

Tahle 13,

Table 14.

Tabhle 15,

Table L6,
Tahle 17,

Table 18,
Table 19,
Table 20,
Table 21,
Tahle 22,

Table 23,

Retrospective Analysis of Declines in Key Habitats for the Malacea Straits ...
Summary of Retrospective Analysis of Decreases in Biodiversity i the Straits ...
Environmental Standards for Heavy Metals from Vanous Sources ...
Metal Concentrations in Water for 1985-1991 . : :
RQ, .5 for Mctal Concentrations in Water fmrn Djﬂl,n,nt Sms along the I:a:t f oast
l.'.‘lf the Straits |, :
Critical Sediment Cunu:ﬂlm[mns (mg,fkg] haqﬂd on ‘lr’lratl:r Quaht} Cl‘l[ul'lx.l fur Selﬂctad
Heawy Metale oo i s e s
Mutals in Sediments (pa/a) ..
Metal Concentrations in Sr.':dnnuula R A
Uncertainty Analysis for Metals m Qaﬂ.lmentq
Metals m Scafood (1.e., fish and shellfish)y :
Seafood Consumption Rates in the Littoral Smu,s Rmmrted fmm ‘»cxeral ‘murccs
Levels of Concern (g metal/e seafood tissue) Estimated for the Lowest
(44 g seafood/dav) and Highest (116 g Sn:e;fuud.-"da}f} Seafood Consumption
Groups in the Littoral Statcs... .
Worst-Case RQs for Tissue Metal Le". elﬁ Repm t:::d in }'-',. ﬂfxfe Tai:rlL T Q from the We-:t
Coast of Peninsular Malaysia .. i
Maximum Metal Tissue Levels Mm%ured in { nck]eq {’3‘3 lndmduals [:H..-l’ muml}
and Bony Fish (4-10 species and 12-36 individuals per metal) from Stations
on the West Coast of Peninsular Malaysia 5
Metal Tissue Levels m Amadara granosa frnm "v“lala,wsmn bltl.s Rj.,puru.x{ n Appe ndu
Dacumert 1-M
Measured Tissua Mctai J' A 015 in th- Tlgur men Penucm mrmﬂcz'on fmm Maimma
Tizzue Metal Levels in Molluses from Indonesia (Morth Sumatra)
Measured mn 1996 e
Measured Sediment and Bivalve Tissuc Concentrations of Hﬂavj,-' Metals from
Mudflats m Kuala Juru, Malaysia ...
Predicted Tissue Levels of Heawvy Metah !01 A nudam gmnﬂm bd.‘:l;d o1 Mu].sule.d
Sediment Concentrations |, .
Uncertainty Analysis for Human Htﬂth 1{1 skq ﬁom {"nnsumptmn oi Bony Flsh
Uncerlainty Analysis for Human Health Risks from Consumption of Cockles ...
Uncertainty Analvsis of Data from Appendic Documenrt 1-M on Metal Levels
in Anerdara granos from Different Sttesin Malaysia o
Uncertainty Analysis for Data Presented in Appendix Document XIT on Metal Levels
LI SRS THOIGAION (i 0hi 0 es srvesrnss e e s s sens sen smse menmnesnmsnpmsrresrras e paens

L8
21
26
26

28

38

34

39

40

41



vili = Malacea Straits: Refined Risk Asscesment

Tahle 24.
Tahle 25.

Table 26,
Table 27,
Table 28,
Tahle 24,

Table 30,

Tabls 31

Table 32,
Table 33,

Tabl: 34

Table 35,
Tahle 36.
Table 37.
Table 28,
Tahle 39,

Table 40,

Tahle 41.

[ablc 42,

Tahle 43.

Tabl: 44

Table 45.

Table 46.

Pesticide Concentrations in Water .. i
Pesticide Concentrations in Water ﬁum the ‘::lnk l{n er, Indum.mt in ng/ L
BT T T R e L TP PO OP PP PSP RPTPPPTTPPPS
Pesticide Concentrations i Scdiment s —
Oreanochloring Pesticide Levels in T|'~'.-1ue.'~1 nt a ‘v’;m»h 01 Nhnnf: Drgdnmms
Comparison of Mcasured Concentrations of Pesticides in Water with Huma.n
Health Critenia ..
Predicted Pesticide Cum.wtratmm fCrI Fl‘:]'l Tlsque b'ﬁt’d on ‘»‘ir'a.tu
CTn ez 18 £ 117e) el SOOI et e sl P e i et sV R R
Predicted Pesticide Concentrations in Fish lebuc hased on Sediment Concentralions
O T T O o oo e B S e A s V3 SR R e e S5 g
Predicted Tissue Concentrations (C, ) of Organochlorine Pesticides for Secafood
Derived from Arcas Meeting the Human Health Criteria for Water
Concentrations ...
Measured and Predicted BDD 1., a!uca fﬂt’ ‘»armua Rcmonq along lh{.- Slmlh "
Risk Quotients for Total Suspended Solids Estimated from Measured ;u1d Prcdlctad
vt ronme e i P OIS o oottt
Relative Contribution of TSS from Daﬁ‘erant Suurws Llserl o I:sum;u(, ol L G
Critical Water Concentrations for Hydrocarbons ..
Critical Sediment Concentrations for Hvidroca rbmm g EREC
Water Column 01l and Grease for Different Areas of ﬂl\.- Malm_m ‘atr‘uts ........ U
Spearman Rank Correlation Coefficients for Different Measures of Hvdrumrbon
Contamination inthe Straits of Malacca and the Straits of Johor ..
Petrozenic Hydrocarbons for the Malacca Straits and the Straits of Ju]mr
for Water Columm and Sediment ...
Assumptions and Results of Monte Carlo Rmmlaimn o Quanuﬁ 1,111. F'I Ohabﬂnv
that RQ Exceeds One for Different Measures of Petrogenic Hydrocarbon
Contamination in Water and Sediment ...
Sources of Petrogenic Ol to the Malacea Strails as Fstimated in Appendix
e ViecTar 23 | OO o s S e L e e e o B LT
Estimated Relative Contributions of Oil Contamination to the Straits from Land-based
T By S VL Tl vt S R 0 S i S s 8 S B K Bt s s
Average Risk of Accidents to Tanker Traffic m the Straits of Malacea,
FBRFETRIIE i s e s A A £ r e e T e R T R
Comparative Risk and Uncertainty Assessments for Ecological ntities Withm the Straits
of Malacca Fxposed to Watcr-borne Contaminants .
Comparative Risk and Uncertainty Asscssments for Ew]oq:ml !:-I]‘Lll.ll.,b "ﬁ Lthm the SlId][b
of Malacca for Sediment-associated Comtaminants ...
Comparative Rigks and Uncertainty Assessments for Human Health from
N T O e B e T T T B T o R WP TR T

2
43
44
45
46

46

&7



List of Fipures =~ ix

LIST OF FIGURES

Figure 1, Risk Pathwavs IMustrating Relationships Between Potential Causes of Human

Health and Envirommental Problems and Their Consequences in the Straits ... 16
Figure 2. Incidence of lmposex m Relation to Distance from the Nearcst Shapping Channdl ... 20
Figurc 3. Time Trends in Metal Concentrations in Water for Stations in Malaysia . e 27
Figurc 4. Average Bisk Quoticnts (transformed to logarithms) + 95% C Gntldmca I imits for

MEeEfalsin WalEr . comunnmnrer s s e S s s e 28
Figurc 5. Awverage Risk Quatients (transformed to logarithms) + 95% Confidence Limuts for

Mletals M SedIMETIES ... 30
Figure 6. Box Diagrams of Measured Environmental Concentrations fur Pesticides in Water

Fromy Malavstan Bivers i sasmssiamaiata s e sss i 42
Figure 7. Scatterplot Matnx Showmg Correlations among Pairs of Pesticides in Water from

Malaysian Rivers ............. . 43
Figure 8. Means + 93% C onhdenw Lmuh nf log !{Qq for PE‘TtICldE% i "'n-"mlbr trum ’\LLLL» 5141

I T o oo 4l
Figure 9. Comparison of mean log ROs for Total and Fecal Coliforms among Different T}'pcs

of Stations inthe Straits ... ... 53
Figure 10,  Companson among Different Malaysian SMLLs uf ln:_u:', RQ:. I or To'ﬂl a.nd ]"ecal

Coliforms at Recreational and Aquaculture Sites ., , .M
Figurc 11.  Time Trends in il and Grease Concenirations in l‘u’amr 1i0m D|[’rare:1t Malav%nn

B Ot Y R S S s 56

50

Figure 12, Percent of Total O1l and Grease Composed of Petrogenic Hydrocarbons .. .
Figure 13, Total Number of Tankers and Number of Tanker Aceidents in the 'i-:-’rlalh Betwaan
T ] Ly T 62
Figure 14, Latimated Risk of Tanker Aﬂcadmm as a Tunctmn of Inta[ \:Lilllbﬂl' uf Tdnkuru
Passing through the SITails ... e et 62




x * Malacca Straits: Refined Risk Asscssment

LIST OF BOXES

Box | Ky Terms e Tn Risk N eaBRIMBINS 1o i o a1 s o S e
Box 2 Some Examples of Different Approaches to Risk Assessment ...
Box 3. Tdentifying Possible Causes of Pollution in the Straits and Prioritizing Them ...




List of A bhreviations and Acronins =

X

LIST OF ABBREVIATIONS AND ACRONYMS

ASEAN
BCF
BOD
BQ
COoD
CTPUE
EEC

EU
GESAMP
GM
HELCOM
LOEC
MAFF
MEC
MEHRA
MEL
MPN
NOAEL
NOEC
PAH
PEC
PEL
PNAEL
PNEC
PNEL
RDA
RQ
SMEIS
STD
STW
TRT
TDI

TSS

US FDA

]

i

Agsociation of Southeast Asian Nations
bioconcentration factor

biochemical oxvgen demand

background quotient; MEC/background contanmunant concentration
chemical oxygen demand

catch per unit effort

European Economic Commission

European Union

Group of Experts on the Scicntific Aspects of Marmne Pollution
geomelric mean

Helsinki Commission

lowest cbserved elfects concentrations
Ministry of Agriculture, Fisheries and Food, UK
measured environmental concentration

maring cnvironmental high nisk arcas

measured cffects level

most probable number

no observed adverse effects lavel

no observed effects concentration

polyvevelic aromatic hvdrocarbon

predicted environmental concentration

predicted effects level

predicted no adverse cffccts level

predicted no-effects concentration

predicted no-effects level

recommended datly allowance

risk quotient: MEC{or PEC)YSTD (or Threshold)
Straits of Malacca Environmental Information System
standard

sewape treatment works

tributyltin

tolerable daily mtake

total suspended sohds

United States Food and Drug Administration




Acknowledpments = xiii

ACKNOWLEDGMENTS

This paper was prepared by Prof. Peter Calow, The University of Shefficld, Umted Kingdom and Dr. Valery
Forbes, Roskilde Lniversity, Denmark in partial fulfillment of a contract with the GEF/UNDP/IMO Regional
Frogramme for the Prevention and Management of Marne Pollution in the East Asian Seas. The work repre-
sents onc component of the Malacea Straits Demonstration Project, which was implemented in collaboration with
the pencrous assistance of several government departments and agencies in the three hittoral States of the
Malacca Straits. These efforts were coordinated by the Environmental Impact Management Apency (BAPEDAL),
Indonesia. Department of Environment, Malaysia; and the Ministry of the Environment, Singapore

'The contributions of the following are greatly acknowledged:

The faculties and staff of the Bogor Agricultural University, Indonesia, the University of Malava, Malaysia
and the National University of Singapore, Singapore who were aclively involved in the Malacca Straits
Demoenstration Project; and

Dr Mark Valencia, East-West Center, Hawan, USA and Prof. Thomas A. Grigalunas, Department of
Envirommental and Matural Besource Economics, University of Rhode Island, Kingston, Rhode Tsland, USA, for
their comments and suggestions in the risk assessment/risk managoment process.

Technical advice and support from Dr. Chua Thia-Eng and Dr. Huming Yu of the GEF/UNDP/IMO Hepional
Programme arc most appreciated. Technical assistance by Ms. Bresilda M. Gervacio, editorial supervision by Dr,
Leticia Dizon, copvediting and lavout by Ms, Maricel Bigal and cover design by Mr, Jonel Dulay are also approciated.

The Malacea Straits Demonstration Project is coordinated by Mr, 8. Adrian Ross, Senior Programme\@ Micer,
GEF/UNDPAIMO Regional Programme [or the Prevention and Management of Marne Pollution i the East
Asian Seas.



Execwiive Summary and Recommendations + xv

EXECUTIVE SUMMARY AND RECOMMENDATIONS

The Malacca Straits Demonstration Project was implemented as parl of the GEF/UNDP/IMO Regional
Programme for the Prevention and Management of Marine Pollution in the East Asian Scas for the purposc of:

|. Demonstrating environmental risk assessment-risk management as a viable framework for managing both
land- and sea-hased sources of marine pollution i subregional sea arcas; and

]

Packaging the approaches, methods and experience of the Malacca Straits for usc elsewhere i the East
Agian Seas region, where similar envirommental management 1ssucs are apparent.

The definition of environmental risk is “the likelihood that an ervironmerial condition caused by human
activity will cause harm to a target”. For the Malacca Straits project. the targets of interest were the Strails
ccosystem and the people living in the coastal arcas. In addition, the cffects of marine pollution on the social
welfare and economics of the hittoral States were also evaluated.

The Malacca Straits risk asscssment was conducted in two stages. First, an initial nisk asscssment was
implemented as a screening mechanism for identifying priority environmental concerns on a Straits-wide basis,
and the related data gaps and uncertainties. From the initial stage, the targets of mitercst were refocused to
himan health, habitats and commercial and non-commercial marine specics, In addition, the refined risk assessment
was conducted at two levels. Risks to the Straits as a whole were considered, in which the Straits were treated
as a single compartment and a single average exposure concentration was estimated, For selected contaminants,
risks to local areas within the Straits were estimated, by calculating local exposure concentrations in the vicinity
of specific human activities or natural resources.

This report provides information on the rationale of environmental nisk assessment, the methodology that has
been developed and applicd in the Malacca Straits initiative. the results of the work and recommendations for
improving risk assessment as a management tool in the Malacca Straits. The report also delyes into management
interventions, and provides some conclusions and recommendations for strengthening marine pollution risk man-
agement in the Straits.,

The following is a summary of the conclusions and recommendations from the Malacca Straits refined risk
asscssment. Appendix 1 contains the summary from the earlicr initial risk assessment.

1) From statc of the enviromment reports, risk assessment procedures were used to (a) ascribe likely causes to
damage identified in various natural resources; and (b) define likely harm to ecological systems and human
health from levels of contaminants either measured in or predicted for the Straits of Malacca, The former is
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4)

L]
e

8)

referred to as retrospective risk assessment and the latter as prospective risk assessment. Retrospective nisk
assessment mvolved insofar as it was possible a syvstematic analysis of evidence for both levels of damape
and presumed cavsalive agents. Prospechive nsk asscssment involved a comparison of exposure concentrations
with critical thresholds above wlich ecological or human health mpacts were likely, and these were summarized
in the form of risk quotients.

In terms of the retrospective nsk assessment, there was evidence for decline in mangroves, peal swamp
forests, coral reels, seagrass beds and soft-bottom habitats. Much of this could be ascribed to habitat destruction
but with the possible involvement of pollution as well. Coral reefs were probably being impacted largely from
increased sediment loads that were in turn related to mangrove removal.

Simularly, reductions in fish stocks could be largely aseribed to the impacts of overfishing, but again pollution
was probably a contnibutory factor, and loss of nursery sites as a resull of mangrove and peal swamp
removals was also of importance.

There was evidence of some gastromntestinal problems for human health that might be due to contanunation
ol sealoods harvested from the Malacea Straits, but clearly a wide range of causal factors could have been
opcrative here,

From a prospective risk assessment poinl of view, hkely problems for harm o ceological systems were
identitied for various heavy metals in the water column and sediment, pesticides, particularly in sedunents,
and also possible problems arising from suspended solids, Problems arising from either TET or nutrients
were nol identified, but both of these results were viewed with skeptism because specific responses in
taroets (i.e., respectively imposex in gastropods and eutrophication) were suggested m the retrospective
studies st

Specific attention was given to problems arising from oil and hydrocarbons for ecologmeal systems. The
analvses were carned out both for long-lerm exposure to materials deriving from land- and sea-based sources
and for short-term exposure following accidental spillages from oil tankers. On the former, cvidences were
lound for likely harmful effects especially from water column exposures, and nuch of these could be ascribed
to land-bascd industrial activitics, On the latter, the likelihood of accident was caleulated on the basis of
historical experience and, further, how the likelihood of ceological impact could be assessed for particular
circiumstances was illustrated.

For human health prospective risk assessment, likely problems were identified for human health arising from
the consumplion of both metal- and pesticide-contaminated scalood. The extent of these risks varied as a
result of differences in seatood consumption rates and from place to place and with the particular condition
of subjects (.., with respect to reproductive condition and age). Coliform bacteria also presented problems,
but largely for demmal exposure, and were therefore a hazard for bathers, The risk assessment gave no
indication that health problems might anse from oil and hydrocarbon cxposure, but in view of the high
concentrations of o1l and hydrocarbons throughout the Straits, it is believed that this should be given more
careful consideration.

Uncertainty analyses were carried out for all the prospective nisk assessments Lo varving levels of sophistication;
1.c.. ranging from simple inspection of the extent to which confidence limits around risk quotient values
overlapped the critical value, to Monte Carlo resampling procedures, which allowed quantification of the
probability that ROs exceeded cntical values. Varnability in all ¢lements of the risk assessment—measured
cnyironmental concentrations, predicted environmental concentrations and cntical threshold valucs—were
found to be mportant to a greater or lesser extent in all the assessments,
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9% On this basis, a number of general recommendations are made viz.;

a)
b)

c)

That regional agreement be reached between all littoral States on which standards should be used in
future risk assessments,

That coordinated regional monitoring programs be developed to enable high quality and mumally acceptable
MECs to be available for future risk asscssments,

That regionally agreed exposure models be developed for coordinated vse n future risk assessments,

10y On the basis of both retrospective and prospective assessmenis, a number of recomumendations are made
with regard to risk management:

)

The development of an agreed and coordinated approach between littoral States to mangrove clearance.
The development of rational implementation of contrels on fishing mtensity be agreed at a regional level.
The identification of a number of sites where immediate management action is required with regard to
heavy metals and mls and hydrocarbons,

For human health protection. food contammation from metals deserves serious attention, and pesticides
also require consideration, Here, monitoring for likely contamination should be more extensive and
restrictions on where food orgamsms arc colleeted need o be contemplated,

For human exposure to sewage infection, immediate measures need to be taken to prevent cxposurc on
the most contaminated beaches and with more long-term provision for improved sewage treatment.
All of the above (i.e.. 10a-g) bear primarily on the hkehhood of rigks arising from chronic exposure,
Accidental exposures will lead to acute effects, and this 1s particularly evident wath respeet to ol spalls,
Management strategics here could be designed to be more proactive reducing the potential for contact
between high nisk vessels and particularly vulnerable habitats,
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TERMS OF REFERENCE AND AIMS

Preamble

Describing and assessing states of the environment
arc central parts of covironmental protection. Yet
knowing what to measure and how to relate observed
changes cither to the conscquences of some
contaminating processes or to the implementation of
some environmental protection measure is far from
straightforward, largely because in a complex world, it
is often hard to identify specific causes and effects.
Several state of the environment reports have,
nevertheless, been compiled at various scales, from
global to regional, national and even very local with
environmental impact assessments at parbicular sitcs
invariably involving a report on state of the environment
before a project begins. Of particular note here, though,
are the state of the environment reports compaled for
other marine bodies such as the North Sea and Baltic
Sea (GESAMP, 1990; HELCOM, 1990; OSPARCOM,
1993).

All these reports tend to consider aspects of the
environment that arc convenigntly measured and to
Judge state either in terms of the presence of hazardous
substances or changes in selected vanables through time.
Apain, though, a problem with the latter approach 15
that it is often hard to pick up relevant and significant
changes in a naturally dynamic world, Noise often
overwhelms the obscrvations; and anyway change in
itself 1s only of importance if it is counter to the natural
dynamics,

The Malacca Straits Environmental Profile
{Chua et al., 1997) is a “snapshot’ of the state of the
environment of the Straits, The document was used as
the basis for an mitial nsk assessment. From the initial

risk assessment (including the wentification of data
gaps), additional follow-up documents (listed in
Appendix 2) were supplied by the littoral States which
contributed to the completion of a refincd risk
assessment, with particular focus on selected key 1ssues.

The risk assessment approach implies the
presumption that it is possible to specify the likely
consequences for human health and ecological systems
of human influgnces, often with regard to the chemical
quality of the environment. It 15 further often presumed
that there will be states of the environment, arsing out
of human influences in terms of processes and emissions
that are associated with low probability of harm to human
health and ecosystems. This implies that human
activitics can be managed to achieve these levels, often
without the need to Impose zeTo cMISSIoN requirements.
There is, therefore, an important distinetion to be made
between contamination (the presence of a substance
of human origin in the environment) and pollution (the
presence of a substance at levels sufficient to cause
adverse effects). As a further step, risk/benefit
approaches which are touched upon in this report,
reccognize that environmental protection measures while
bringing benefits to the environment can bring costs to
the economy. The possibility of taking these
considerations into account in establishing appropriate
control measures is outlined.

Risk and risk/benefit approaches also require more
precision in defining what it 1s that risk is assessed for
and henee what the targets are, what endpomits arc
therefore important, and consequently what should be
monitored in state of the environment reports. This is
not just a matter for science-1n defining natural states—
but for society at large—in defining what it is about those
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natural states that public wants and is prepared to
protect (Forbes and Forbes, 1994),

In the report thal follows, the second to the sixth
seetions provide backeround, with the fourth scction
translating the principles that are discussed into the
approach that has been used in the assecssment of
mformation, as provided in the Malacea Straits
Emaironmental Profile and supplementary documents.
I'he initial and refined risk asscssments are carried out
in the seventh to the tenth scetions. Conclusions and
recommendations are given m the last section, In
carrying oul this exercise, there were three main amms:
{1} to llustrate how to apply the risk assessment
approach; (2) to identify circumstances of high risk that
should invite urgent attention; (3) to identify arcas of
need m terms of information, measurement and possibly
research. Because of the nature of manv of the
ohservations and the limitations on key assumptions that
are cmploved as a basis of the work, a number of
conclusions may need revision in the light of mare
mformation, The analyses arc as systematic and as
transparent as possible to facilitate future amendments.

Project Outline
Ohjectives

1} 'To complete an initial risk assessment, utilizing
available information on sources, exposurc and
effects of land-based and sea-based activities, and
the pollutants derived thercfrom, on the living and
non-living resources of the Straits of Malacea.

2) To complete a refined risk analysis of land- and
sea-based sources of pollution and their effects on
living and non-living resources in the Straits, using
both the results of the imtial nisk assessment and
updated information from the three hittoral States
to produce a comprehensive document on
environmental risk asscssment of the Malacca
Straits,

The refined risk assessment focused on two priority
actrvities and contaminants in the Malacea Straiis, as
ilentilicd in the mitial risk assessment, namely:

a} Human health effects, by exploring further:

= fish/scafood consumption
+ contamination of fish/seafood by mctals,
pesticides and hydrocarbons

b) Ecological effects, by cxploring further
measurcd environmental concentrations for
hydrocarbons and hydrocarbon composition,
and their impact on the ceosvstem.

Only available secondary data from institutions
willun the three littoral States, IMO and regional bodics
wera input to the project (hsted in Appendix 2). There
wis oo primary data collection,

Work program outline for the initial risk
assessment

The work program for the mitial nsk assessment
consisted of:

1) Preparation of a draft report of the mitial nisk
characterization/uncertainty analvsis of the
Malacca Straits, highlighting:

a) major polluting sources and activities (land- and
sea-based) in the Malacca Straits and their
effects on living and non-living resources;

b) delineation of the assessment endpoints that arc
the most significant indicators of ecological,
human health and societal risk resulting from
pollutive land- and sca-based activitics;

¢) spatial and temporal scales of the assessment;

d) important mteractions between land- and sea-
based activities and interactions with living and
non-living resources in and along the Straits;

g} combined effects of multiple and diverse
stresses on the ecology of the Straits; and

f) the systematic effect of a catastrophic event,
namelv a shipping accident and the subsequent
spillage of oil andfor dangcrous chemicals, on
the ecology of the Straits.
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2} Identification of dala gaps/uncertainties in the

Lad

Malacea Srraits Exvironmental Profile which
necd Lo be addressed as part of a more
comprehensive risk characterization/estimation on
the Malacca Straits; and

Formulation of an action plan for completing a
comprehensive risk assessment of the Malacca
Strarts, ubhzing available expertise and resources
within the litloral States and the region, and leading
tor the development of a risk management program
for the subregion.

Work program outline for the refined risk
assessment

The work program for the refined risk assessment

consisted of the following steps:

1)

Feview and analvze available data as provided by
the littoral States, retrospectively and prospectively,
with a view to updating and/or verifying the
methodologics, conclusions and recommendations
of the mutial sk assessment, the primary focus being
human health (1.2, contamination and consumption
of fish/seatood) and ecological (i.e., hyvdrocarbon
impact on the ecosystemn) effoots,

Employ more sophisticated pollutant fate and oil
spill trajectory maodels, developed as part of the
lollow-on the Malacea Straits
Demonstration Project m the prospective analysis.
Divielop a serics of scenarios that can be mn using
the models or, alternatively, the scenarios analvzed
as part of the model development and
demaonstration; and

work in

lest techniques for improving uncertainty analvscs
and report the results,
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SOURCES OF INFORMATION

The maternial upon which the risk assessment was
based has been largely from the Malacca Straits
Fnvironmenial Profile (Chua ct al., 1997), hercafier
referred to as the Profile and documents with more
up-to-date information as histed in Appendix 2.
Reference to material from these sources shall be
specificd routincly as Profile Table, Profile Figure,
Profile p., and/or Appendix Document followed by
the list number {in Roman). Source references were
not cited again when they are listed either in the Profile
or the Appendix Documents. Much of this information
has been incorporated inte a comprehensive regional
database and GIS for the Straits, This is now known as
the Straits of Malacca Environmental Information
System (SMEIS), a Microsoft Windows based software
svstem. A description of the structure and contents of
SMEIS as well as a user manual can be found in the
two documents referred to at the end of our Appendix
Document hist (Le., nambers XTIV and XV).

Reliance has been made on the data, and (o some
extent standards, compiled wathin the provided literature.
The presumption has therefore been that the data used
within the risk assessment were reliable. There arc
techniques for assessing the reliability of data of thesc
kinds; in particular asscssing the methodology and
techniques used m their production (e.g., was good
laboratory practice followed?), sampling and
experimental design (e.g.. was there sufficient
replication?), statishical analysis and interpretation of
results (e.g.. were appropriate tests used and
approprate levels of significance applied?). These are
described in more detail in the Environmental Risk
Assessment Manual: A Practical CGiuide for Tropical
Feosvstems {(MPP-EAS, 1999a). Futurc mnisk

assessments will need (o address these issues more
systematically and rigorously. Because of the
methodology, risk assessment is very dependent upon
the reliability of standards, and which shall be discussed
again in this report.
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THE STRAITS

This section provides a brief description of the
seography, ceology and sociosconomic aspects of the
Straits as background to the risk assessment, It therefore
emphasizes features likely to be of importance in
influencing exposure and effects scenarios,

Bounded by three littoral States with broadly
differing economics, the Straits provide a natural
channel between the Indian and Pacific Oceans. In
consequence they are the second busicst shipping lane
n the world, currently with about 300 vessels passing
through per dav (Profile Table 4-6). At the same time,
the eurvhaline conditions, nch nutricnt levels, shelter
from strong currents and wave action, together with
high but uniform temperatures (see below) and adequate
tidal flushing contribute to high biological productivity
and diversity with a rich mix of fauna and flora from
both the Indian Ocean and Pacitic Ocean (Frofile chap.
.

Manv of these natural biological resources are
exploited along both coasts of the Straits. Chacf among
these are:

1} Fisherics that include both demersal and pelagic
species and involve a varicty of techniques; with
most fishing intensity apparcntly concentrated in
the NW half of the Straits:

2y Mangroves that are exploited extensively along the
entire lengths of the east and west coasts for imber,
and that are also being removed to make way for
aquaculture. Most of the mangrove swamps occur
on the Indonesian side of the Straits (about 0%,
Also of importance are seagrass beds that arc
abundant but patchy throughout, and corals that are

patchy and not very abundant in the Straits
themselves. The mangroves and seagrass beds
provide nursery grounds for many species of fish,
including commercially explotted ones. and so there
15 a relationship between the availability of these
habitats, fish stocks and sustainable vield; and

3) Extensive aquaculture on both cast and west coasts
also depends upon sound ceology, while at the same
time¢ potentially causing problems for the
enviromment through the release of organic wastes
and chemicals.

The human population densities on either side of
the Straits are sinular (about 11 million along the west,
about 10 million along the cast and about 3 million in
Singapore; Profife Table 7-1), but the major forms of
emplovment are different, with a predominant emphasis
on agniculture and fisheries topether with derivative
industries and thosc based on natural resources in
Indonesia, a mix of agrculture, fisheries and various
heavy and light manufacturing industries in Malaysia,
and an almost exclusive emphasis on manufacturing
and commercial activitics in Singapore. The provision
of sewage facilities also differs appreciably between
the littoral States, being very limited on the Indonesian
side, limited on the Malaysian side, but very complete
m Singapore,

There are roughly similar numbers of river
catchments on both Indonesian and Malaysian coasts
and so, with similar amounts of ramnfall, the presumption
must be that there are similar volume outflows and
runcffs from both coasts (a figure of 90 milhon m? per
vear is quoted for the Indonesian side; Profile
Table 2-2). However, the quality of these inputs 15 likely
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to ditfer with those from the west coast being influenced
by the agricullural econonwy, and those from the east
coast having more of an industrial guality.,

Land use activities, together with mangrove removal
are contrnibuting to increascd crosion, especially in the
NW half of the Straits and these, together with
contributions from river loads, agricultural runoff and
aquaculture, arc leading to increased total suspended
solids 1o the waler column of the Straits and
sedimentation with consequent impact on mangroves,
scagrass beds and corals through increased oxveen
depletion, light attenuation and physical cover.

It was caleulated that the total volume of the Straits
was aboul 10Ym?, so dilotion and removal of
contammant loads associated with flushing could be
consuderable. However, water movements are com plex,
with dominant surface movements from SE to NW.
Movements of sudiments, though, at least on the
Indonesian side, seem to be in the opposite direction
with erosion in the NW half and aceretion in the SW
half,

The high bul constant temperatures (26-30°C;
Profile chap. 2) within the Straits are likely to have
implications for both exposure to and effects of
contamiants. On the exposure side, the high
temperatures may mean increased rates of
biodcgradation and hence losses of contaminants
{compared to temperate systems). On the effects side,
high temperatures are likely to mean relatively rapid

rates of contaminant uptake and high levels of
metabolism as compared with temperate conditions,
under which most published ecotoxicological effects
have been measured.

The episodic rainfall events of high mtensity but
shorl duration (Profife chap. 2) arc likely to have three
consequences [or exposure and effects scenarios, First,
the episodes ol high rainfall are likely to be associated
with considerable conlamination from storm water
runott, involving bolh dissolved and particulate
materials. Sceond, the dilution eftect on salinity, causing
values to fall to as low as 6.8%. (Profile chap. 7) is
hkely to lead to osmotic stress in marme species which
mayv exacerbate the cffects of stress arising from
contaminant exposure. Third, reducing salinity will alter
the bioavailability of many contaminants (e.g., the
bioavailability of some heavy mctals, such as Cd,
increases with decrcasing salimty as an increasing
fraction of dissolved metal exists as free ions; Forbes,
1991).

In summary, the Straits represent a unique
ecological svstem with high productivity and diversity
and a rich mix of fauna and flora. The intricate
hydrodynamics together with complex interactions
within and botween the water body and land-based
activities complicate the understanding of the effects
of human activitics on the Straits. Following sections
on definition of terms and peneral approach, these
complex interactions are defined further beforc
proceeding to the detailed risk assessments,
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DEFINITION OF KEY TERMS

Environmental risk assessment involves estimating
the hikelihood of harm being done to human health and/
or ecosystems through factors emanating from human
activitics thal reach thair targets via the natural
environment, Hence, 1t usually combines an
understanding of the potential that factors have to canse
harm (hazard identification) with an understanding of
the likely levels of exposure in targets {(exposure
assessment).

A summary of defimitions of all key terms, modified

from van Leeuwen and Hermens {1995) is given in
T 1

Box 1. Key Terms Used in Risk Assessment.

There are two kinds of questions that can be
addressed using the syvstematic approach of
environmental risk asscsament:

Iy What evidence 15 there of problems with human
health, habitats and/or species in particular places
and what are the hlely causes? This s knovn as
Lhe retrospective approach and is akin to
epidemiolosy; and

2 What problems mught b caused o human health,
habitats and species by conditions that exist now
or in the firture? This is knonwn as the prospective
approach.

Effects assessment - The component of a rigk analysis concerned with guantifying the manner in which the
frequency and intensity of effects increase with increasing exposure to & substance.

Exposure assessment - The component of a risk analysis that esimates the emissions, pathways and rates of
maovement of 2 chamical in the environment, and its transformation or degradation, in arder 1o estimate the
concentrations/doses to which the system of interest may be exposed.

Hazard identification - ldentfication of the adverse effects that a substance has an inherent capacity to cause, or
in certain cases, the azsessment of a particular effect

conditions of exposures,

Risk - The probakility of an aoverse effect on humans or ecclogica systems resulling from a given exposure to a
tis usually expressec  as the probshity of an soverse effect ocournng, &.9., the expected ratio
betwesn the number of indviduals that would expenence an adverse effect in a given time and the total

substance,

number of indwviduals exposed to the risk factor

Risk assessment - A process that entails some or all of the following elements: hazard dentification, effects
assessment, exposure assessment and nsk characterization,
nsk resulting fram a specfic use or accurrence of a chemical incluging the determinastion of exposure/dose-
rasponse relationships and the identification of target populatons.
situations in which data ara limited) to fully quantitative fenen enough information is available so that probabilities

can be calculated).

It incluces the wdentfication of target populsticns and

It 1z the identifization and guantification of the

t may rangs from largely qualtative (for
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Clearly, the two approaches are related in that
prospective analyses provide a causal basis for
assertions made in retrospective analvses, and
retrospective analvses can provide a check on the
prodictions for prospoctive analyses and indeed help to
defing appropniate issues for prospective analyses.

Fisk assessment ought therefore to start by
wentifving what entities are a cause for concern and
hence are the objects of interest and ultimately of
protection. These defineg the assessment endpaints.
For example, if the inlerest 15 m a particular species
and its hikchhood of extinction, then the assessment
endpomts could be in terms of population densities of
that species and the population dynamics controlling
them. Bul these properties are often difficult to address
directly, so more often risk would be expressed in terms
of levels of contaminants known to cause adverse
affeers in standard ceoloxicologmeal test systems. These
measures, that act as surrogates for the entity that is of
prime interest, are known as measurement endpoints,

For prospective, but especially retrospective studies,
a range of measurement endpoints can be used from
ecosystem to molecular levels. Mceasurcments atl
suborganismic levels are often referred to as
hiomarkers and can be of considerable use as indicators
of exposure from both an ceological and human health
perspective (IEH, 1996). However., to be of use m risk
assessment they have to be demonstrably relevant to
the assessment cndpoints 1denlified for the targets.
Farcly 15 this test of relevance applied. We would
counsel against the indiscriminate use of biomarkers in

a risk assessment context simply on the grounds of
sensitivity and convenience (Forbes and Forbes, 1994).

A detailed methodology for both prospective and
retrospeclive sk assessmenl 15 given i MPP-EAS
{1999a).

Risk assessment can be carried out to various levels
of detail and sophistication, from a purely qualitative
level that involves descriptive technigues, to
semiquantitative scoring systems, to a fully quantitative
level that involves rigorous probabilistic statements over
specified time frames (Box 2). Considerations of
geographical scale are also important: the intercst may
be in very localized conditions and targets, regional ones
or global ones. Thus, the concern might be with a
localized population or habitat downstream of a
particular industrial emission site, all populations or
habitals 1 a subscnbed region such as the Straits, or
populations and habitats distributed on a global scale.

Assesaments of risk provide a hikclihood of
occurrence of some harm on the basis of an
understanding of all the variables involved. Rarcly.
however, 18 there complete understanding, and so there
are uncertainties about the likelihoods that arise out of
the analysis. Uncertainty analysis involves cstimating
the degree of vanability in estimabons of the probability
of effects. which again can be carried out either
qualitativelv {describing where the uncertaintics arc)
or quantitatively (using modeling 1o compute the range
of possible outcomes that might arise trom random
variation in the variables of the risk assessment),
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Box 2. Some Examples of Different Approaches to Risk Assessment.

-~
Assessment of nsks invalves combining understanding of hazard with exposure [see text). Here are some

axamples of how this can be achisved.
1. Scores

In an emvircnmental management system, managers are asked to assess each aspect of their production line
for potential to cause environmental problems {=hazard), and the extent to which their systems and procedures
would prevent this {=exposure). Using tables, sach is scored 1 [good) to 5 (bad), and scores are combined by
multiplication to give indices of risks of problems from the business to the environment. 25=very high, 1=very low
(Calow, P. and Streaffeild, C. 1385 OIY Cnvironmental Risk Profile. Sheffield Regional Green Business Club,
Sheflield, LK)

2. Ratios

These compare estimates of environmental exposure levels with estimates of likely effect levels. Then a ratio
of one over the other gves an index of risk. The bigger or amaller the ratio, the greater or lesser the chances of harm,
Whereas the probability of a ratic exceeding a selected value can be quantified, precise probabilities of harm
ocouring cannot be specfied, This approach iz used far the risk assessment of the Malacca Straits,

3. Probabhilities

If one can specify the frequency distributions of exposure concentrations and of effect concentrations, then
precise probahility statements of effects can be eomputed from the extent that one distribution overaps the other. If
the effects are in terms of morzlities in populations, or species extinctions, or impairment of ecosystem functions,
the probability statements would respectively be as follows: P of population size reduction of a particular magnitude,
P of reduction in biodversity {loss of a certain number of species), P of reduction in energy flow or cycling of matter,
or rate of decomposition etc, within an ecosystem. Here the P values mean probability of effect and could be
expressed as fractions or percentages. Frobabilistic assessments are the ideal, but are rarely achievable dus to
lack of data and/or understanding

Texts reviewing these and other technigues include:

Calabrese, E.J. and Baldwin, LA 1883, Performing Ecologica! Risk Assessmanis. Lewis Publishers, Chelsea, M|,
USa

Rodricks, J.W. 1882 Calculaled Risks. The Toxicity and Human Health Risks of Chemicals in cur Environment.
Cambridge University Press, Cambridge, UK.

Suter, 3. 1993, Ecological Risk Assessment  Lewis Publishers, Booca Ratan, USA,
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THE APPROACH HERE

Based largely on available mformation in the Frofile
and dAppendix Documents, both retrospective and
prospective analvses were carried out addressing
respechvely the following questions:

1} What evidence is there for problems with human
health, habitats and specics (including commercial
fish stocks) i the Straits? And what are the hkely
causes?

2} What problems mught be caused to human health,
habitats and species by conditions that exist now
or i the future?

The main categorics of targets in these contexts

WOTE:

1y Human health;

2y Hahitats (i.e.. mangroves, peat swamps, seagrass
beds, coral reefls, solt-bottom habitats), and

3) Species (1.e., commercial and non-commercial
maring species).

Appropriate assessment and measurement
endpoints were identified. The general philosophy was
todentify systematically each of the two mam clements

of nisk: potential harm (H) and likelihood of exposure to
potential harm (E), such that Risk = fiH)}E), where [
means “function of

The differences between different scales of risk
were distinguished. In particular, risks to the Straits as
a whole were considered (in which the Siraits were
treated as a smgle compariment and a single average
exposure concentration for the entire Straits was
estimated) and, for selected contaminants, risks to local
areas wilhin the Straits (in which, for example, local
exposure concentrations in the vicinity of individual rivers
were cshimated).

Uncertainty assessments were carried out. These
mvolved both qualitative and more quantitative methods,
For a more detailed description and explanation of
uncertainty analysis, see MPP-EAS (199%a).

Societal risks were dealt with separately, These
mvolvied considering how environmental degradation and
its control impact the economy. This nvolved nsk-benefit
analvses that draw upon the risk assessments: but they
mught also mfluence which risk assessments should be
done as societal priorities, They are also key in rigk
management.
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RISK PATHWAYS

For perspective, a qualitative indication of risk
pathways was considered to draw attention to key
issues, The risk pathwavs in Figure 1 illustrate the

complex relationships between the potential causes of

problems for human health and the environment and
their consequences in the Straats. The sources of hazards
arc ultimately related to economic and other social
drivers that are non-uniformly distributed among Lhe
littoral States. The consequences of pollution will have
knock-on effects to the economy, again not evenly
ameng the littoral States. But equally anv controls are
likely to have mmpacls on the economies of all that

depend on the Straits, both within and outside the littoral
commumily. These considerations ought not to influence
the wav the risk assessment 1z carricd out, but they
may mflucnce judgments about priorities for action and
hence at what issucs the risk assessment is directed.
Ultimately they will influence what management actions
are taken, when it will be important to welgh benefits
to human health and the environment with costs to the
economy. These considerations will never be far from
an analysis of complex risk pathways of igh cconomic
importance, involving a range of social, natonal,
governmental and commercial interests.
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RETROSPECTIVE ASSESSMENT

Introduction

The key ingredients of a retrospective risk
assessment are that:

1) targets and endpoints should be i1dentified as
precisely as possible;

2) sigmficant adverse changes should therefore be
identified;

3) possible causes of these changes should be
identified; and

4) possible consequences of the changes for
ecosystems and human welfare should be identified.

The distinguishing features of the approach are that
it should be systematic and transparent. In this scetion,
therefore, this discipline has been applied to information
provided for habitats and species. For each, the summary
inchudes: evidence for decline, attributed causes and
likely consequences, “Attributed” is emphasized because
in this section, those views presented on causation are
cxpressed in the Profile and the Appendix Documents.
With retrospective assessment, views about causation
are always based more on expert judgment and weight
of evidence than is the case in the experimental sciences,
Nevertheless, there are tests that can be applied to
improve confidence in these kinds of approaches (Suter,
1993: MPP-EAS, 1999a), but due to the lack of detail
in the data provided here, these have not been applied.
Therefore, the attributed causcs are treated as
hypotheses that will need to be considered further in
the light of the prospective analysis presented later and
the availability of more precise information. In what
follows, a distinction between habitats and biodiversity
is maintained for convenience, Clearly the two arc
closcly interrelated.

Habitats

Assessment here is usually in terms of the extent
and quality of living space for dependent specics. Extent
can be further classified into numerical (1.e., numbers
of patches) and arcal units. When the habitat matrix 1s
biological, its quality is measured in terms of the diversity
of species and/or the health of the constituent
organisms. Otherwise, it is measured in terms of abihity
to support usual ecological and human requirements.
Below, each of the main habitats listed m the Profile
and Appendix Documents are considered systematically
in terms of® evidence for decling, attributed causes and
likely consequences. A summary of the evidence
available for declines in key habitats and their ecological
and cconomic consequences 1s provided in Table 1. The
analysis is entirely qualitative, but indicates the relative
importance among habitats and littoral States.

Mangroves
Evidence for decline

From Profile Table 3,17 the area occupied by
mangrove forests along the Straits is 386,100 ha in
Indonesia (77.5% of total mangrove area), 111,409 ha
in Malaysia (22 4% of total mangrove arca) and 600
ha in Singapore (0.1% of total mangrove area). There
is indisputable evidence for decreascs in the total area
occupied by mangroves in all three littoral States, much
of which appears to be due to intentional exploitation or
removal of the mangroves. For Indonesia, it has been
estimated that 55% of the original mangrove arcas in
Sumatra remained by 1987 and only 29% by 1993
(Profile chap. 3). For Malaysia 17% of the mangrove
area was lost between 1965 and 1985 (Profile chap.
3); another estimate of loss is around 35% (Profile
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chap. 7: sce also Appendix
Document 1-M). For
Singapore, the percentage
of the coastline occupied
b mangroves has declined
from 10-13% in 1819 to
0.5% in 1993 (Profile
chap, 3). Approximalely
B 1% of the arca occcupied
bv mangrove forests in
Singapore was lost during
the last 20 vears {Profile
chap. 2)

Several species of

mangrove arc listed in
FProfile Table 3-18 and the

| Tahble 1. Rntrushﬂcéii-\r-é Analysis of Declines in Key H_abitgtﬁ f_or_ _t_h_e__MaIacca Strai_t_s.

| Habitat Areal Decreaze in Decrease in Ecelogical Ecenemic
| Type Extent Quantity | Cruality Consequences Consequences
| Mangroves | Large Large | Moderate | k! 2t
FPeat
swamps | Large Larga il o -
Coral reefs’ Small M1 Maoderate - nY ¥
Large
| Beagrass
beds Moderate | M| Maodarate # . '
Soft
| bottoms Large Mo Decrease | Moderate s .

Areal extant is an estimation of the relative abundance of each habitat type as lame, moderate, or small;
evidance reparted in the Profile for decreases in habitat quantity {ie., areal extent) and quality indicate a
large decrease, mederate decrease, minimal decreaze or no decrease. Judgments on the relative
seriousness of consequences for the ecolagy al the Straits or the economias of the littaral States are
indicated by number of stars {more stars = more sericusness). M| indicates that no information was

Appendic Documents (see
especially V1, Table 7.2),
but there is little information (and no quantitative
estimates) of any changes in species diversity,

Attribuled causes

On the Indongsian side of the Straits. the major
cavse of mangrove decline is clearance for brackish
water ponds (tambaks) (Profile chap. 3) and
overgxploitation for timber and charcoal (Appendix
Document 1-1). On the Malaysian side and for
Singapore, the main cause of mangrove loss has been
clearance for development (Profile chap. 3). Other
major causes of mangrove loss are: sedimentation (due
to poor upland management) and pollution {e.g., from
pesticides, oil, untreated sewage, ndustrial discharges)
(FProfile "lable 2-6). According to a review by Pelers
et al. (1997}, mangroves in general are not very
susceptible to heavy metals (because they are
immobilized as sulfides in the anacrobic sediments), can
be very sensitive to oil spills and are also susceptible to
herbicides.

Consequences

The destruction of mangrove forests has resulted
i (1) reduced prolection from coastal erosion; (2)
reduced protection from tloods and tvphoons; (3)
reduced nursery grounds for commercial and non-
commercial fish and invertebrates, wlich potentially has
ceonomic implications, as correlations have been found

pravided i the FProfile. & superscript 'S indicates information frem Singapaore anly.

between the cxtent of mangroves and fsheries vield
(Profile Fioures 3 20 & 2,21, (4) a loss of ertical habitat
for endangered species and for conserving biodversity
(Prafile Table 2-12 & chap. 3); and (5) possibly
coconomic conscquences for the tmber industry
{although these are limited. Profile Figure 3.18).

In conclusion, the greatest risks to the mangrove
lorests are associated with intentional clearance of the
mangrove arcas for other purposcs. The arca of the
Straits at greatest risk lies along the Indonesian side,
along which the mangroves constitute a relatively large
arca of coasthne, which, according to the figures above,
appear to be experiencing the greatest rates of declme,
and for which management programs to date appear to
be relatively meffective (e, compared to Malaysia,
Prafile chap. 3).

Peat swamp forests

Evidence for decling

The area cccupied by peat swamps in Sumaltra has
deercased from an original area of 7.3-9.7 million
hectares (about 23% of all tropical peat lands; Profile
chap. 2) to approximately 3.6 million ha (or
approximately a 30% reduction). The area occupied
by peat swamps along the west coast of Peninsular
Malaysia is approximately 299,145 ha, with about 77%
of this area described as “disturbed and logged-over”
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(Profile chap. 2). There were no exact figures provided
m the Profile of the area occupied by peat swamps in
Singapore (Profile Figure 2-9). However since they
tvpically cccur i connection with mangroves, this arca
15 relatively small.

Attributed causes

AL least in Indonesia, losses of peat swamps have
oeeurred largely from logging (there are manv
commercially valuable tree species), transmigration
programs and land conversion to rice, palm and coconut
plantations (Profile chap. 3).

Consequences

The consciuences of peatl svamp loss are likely Lo
bi: smlar to thoss for mangroves (see above) with which
they form a common ecosyvstem. In particular, the high
biodiversity of peat swamps has been emphagized
(Profile chap, 2),

Coral reefs

Evidence for declina

Coral reefs are found in smaller patches than in
other arcas in the ASEAN Region (Profile chap. 2).

However, there were neither estimates provided in the
FProfile of the total area occupied by coral reefs in the

Strarts nor of losses of coral reef area. Estimates of

caral reef condition for Indonesia did not include reefs
rom the Riau Archipelago (where most of the
Indomesian reefs m the Strails are concentrated), but
concluded that 42% of Indonesian coral reefs as a whole
were in ‘poor” condition, 29% were in “fair’ condition,
24% were in “good” condition and only 3% were n
‘excellent” condition. Appendiv Documernt 1-] mdicales
that there 15 better coral development in Eastern
Indoncsia compared to Western Indonesia due to more
favorable prowlh conditions. In Biau. the best coral
development occurs in the eastern entrance to the Straits
with = 30,000 ha (50-70% were in “good” condition).
According to Appendix Document 1-1, despite turbid
waler, Malacea reefs are growing relatively well i the
Faau Province. Fringing coral reef flats of Cape
Rachado represent the only surviving and growing coral
along the coastling in Peninsular Malavsia (4 ppendix
Documend TV), Coral reefs are found only in the South

Islands of Singapore (Appendix Document V), For
Malaysian coral reefs in the Straits, most were rated
as “fair’ (i.c.. defined as having between 24 and 49 9%
live coral cover). None of the stations received an
‘excellent” rating (i.e.. 75-100% live coral cover).
Stations around the island of Renggis were rated as
“pocr” (e, 0-24.9% hive coral cover), whercas corals
around the islands of Perhentian, Redang and Tenggol
were rated as good (le., 30-74.9% live coral cover)
(FProfile Table 2-8), Singapore’s coral reels were
described as “among the most stressed in Asia” (Profile
chap. 2). Specics diversitics in the coral reefs were
reported m Appendix Document 1-1. but there were
no analyses of changing diversity.

Attributed causcs

For Malaysia, sedimentation was rated as the
areatest cause of coral reef decling, followed by fishing
intensity and population pressures, then fishing damage
and pollution from various soutecs (Profile Table 2-9).
For Singapore, massive land reclamation has been cited
as the most serious cause of coral reef dechne (Profile
chap. 2). Pollution from metals, oil spills and pesticides
can have adverse effects on corals (Peters et al., 1997).

Consequences

The consequences of coral reef loss include reduced
physical protection (and hence increased erosion) of
shorelines, loss of hiodiversity (some ol which has
commercial value), redouced [ishery production and
economic losses from reduced tourism (Profile Table
3-26).

Seagrass heds
Ewvidence for dechne

The distribution of seagrass beds along the Malacea
Straits 15 reported as less cxtensive than o other
ASEAN waters (Profile chap. 2), but no quantitative
data on areal coverage (or losses thereof) were
provided in the Frofile. Seagrass no longer forms
gxtensive beds in Singapore, but occurs in isolated
patches (Appendix Document VIIT). Of a worldwide
total of aboul 530 known scagrass species, 12 were
recorded as occurring in Indonesia, 9 along the west
coast of Peninsular Malaysia and 11 in Singapore

R
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(apparently in the late 1950s; Profile Table 2-10). The
number of specics in Smgapore had declined to 7 by
the 1990s (Profile chap. 7).

Adtributed causes

The primary cause of seagrass decline appears to
be From intentional destruction lor conversion to coastal
aquaculture (Profile chap 2). Other major causes of
loss include natural disasters {such as storms and
disease), deposits ol mining spoils and tailings, excessive
deposition of silt in association with deforestation and
blast lishing (Profile chap. 2 & Table 3-26). Pollution
from metals, oil spills and pesticides can have adverse
effects on seagrass bods as well (Peters et al., 1997).

Cuonsequences

The most important consequences resulting from
the loss of scagrass beds are a reduction m buffering
ol wave action (possibly leading to mmcreased coastal
crosion), reduced stabilization of sediment (with
corresponding negative mpacts on nearby coral recfs
and mangroves). reduced biodiversity, loss of
harvestable mvertebrates, macroalgae and grass, and
loss of nursery grounds for fishes including some of
commereial mportance,

Soft-bottom habitats
Evidence for decling

The arca of the Straits covered by sandy and muddy
bottoms 1s reported as “extensive’ (Profile chap. 2),
but no exact figurcs for areal coverage were given in
the Profife {cf. Frofile Fipure 2-18). There is little
evidence that the total area of coverage of soft-bottom
habitats is declining, Changes of concern are mainly in
terms of the quality of this habitat particularly with regard
to its ability to support commercial and non-commercial
specics. Mo quantitative estimales of the diversity or
densitv/biomass of bentlue species were provided in
the Profile. Appendix Document XTT provides
measures of soft-bottom species diversity, but not any
information on changes over time. However, evidence
for a decling in the quality of soft-bottom habitats is
provided by examination of cffects on female
reproductive systems in gastropods in terms of pereent
female imposex. possibly caused by TBT pollution

(Frofile Table 7-26). There is a significant negative
correlation between percent imposex and distance to
the ncarest shippmg route (Figures 2a & b).

Figure 2.Incidence of Imposex in Relation to
Distance from the Mearest Shipping
Channel.
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ay For all species shown in Profle Table 7-26; Spearman
rank correlation coefficient (r )=0.641, P=0.05, df=12,
Least-souares regression: y=B8582 - 3.2 n=14; r2=0525;
p=0.003,

b} For Murex ccca; r=1, P<<0.05, df=2; y=91.8 - 3.75x,
n=4, r#=0.937; p=003Z

Allnbuted canses

Decreascs m the quality (ie., species diversily and
density/biomass) of soft-bottom habitats can be
attributed to two main causes: 1) physical disruption by
trawling, and there 1s some indication that the intensity
ot trawling has mcreased since the 1960z {Profile chap.
3); and 2) contamination of sediments from pollutants
from various sources {scc Prospective Analysis).

Conscquences

A decline i the quality of soft-bottom habitats has
had ceonomic consequences in terms of contamination
of marine food products (Profile chap. 7) and may be
a contributing factor in the observed decling in catch-
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per-unit-effort (CPUE) for demersal fisheries. An
economically important conscquence for sandy beach
areas 15 the negative impact on tounism (e.g., due to
increased amounts of tar). Observations from other
regions, such as the North Sea and Baltic Sca
(HELCOM., 1990; Clark, 1992) suggest that changes
in the composition and density of non-commercial
benthic communities arc likely consequences of soft-
bottom habitat pollution and physical disturbance, but
quantitative data for the Malacca Straits were not
included in the Profile nor in the Appendix Documents.

Biodiversity

Assessmenl cndpoints here ought to be in terms of

population density and species diversity. The density
measures possibly ought to relate to the sizes thought
by some to represent thresholds leading to inevitable
extinction, although this concept is not without dispute
(Caughley, 1994). Measurement of diversity is also not
without controversy, and here it is probably best to
consider species numbers only {Olsgard and Gray, 1993).
Table 2 summarizcs the results of the retrospective
assessment for biodiversity of non-commercial and
commercial species in the Straits.

Non-commercial species

Evidence for declhing

For non-commercial species there arc fow
quantitative data in the Profile or the Appendix
Documents, so the evidence for decline is somewhat
ancedotal: ‘the mereasing deterioration of environmental

conditions m the Straits and increasing human activitics
have resulted in changes of species composition, the
disappearance of other species, and the increasing
numbers of endangered specics”. Two indigenous fish
species (dlosa toli and Lactarius lactarius) were
abundant i the pre-1950s. The former is now cited as
rare and the latter extinet. Sitings of sting ravs have
decreased and dugongs that were onee commeon in the
Straits are now scarce (Profile chap. 7). A list of
threatened or protected specics associated with the
mangrove ecosystem is given in Profile Table 2-12.
Endangered species associated with the seaprass
ecosystem include the sea cow (dugong) already
mentioned, the green turtle and the rabbit fish (Profile
chap. 2). The RED LIST of Singapore cites 32 species
of fish, 13 specics of coral and anemones and 12 specics
of crustaceans declared extinet, and more than 30 other
speeics considered threatened (Profile chap. 7).

Attributed causcs

The major causes of reductions in biodiversity
include loss of major habitats and direct ecotoxicological
effects of contaminants of various kinds.

Consequences

Possible implications of reduced biodiversity, apart
from acsthelic and tourist attraction. include loss of
contribution to the stability and functioning of the
ecosystems of which the losl or now rarer species were
{are) a part, Howcver, these contributions are not
straightforward (Lawton, 1994).

Commercial species

Evidence for decline

Table 2. Summary of Retrospective Analysis of Decreases For pelagic fish in the Indonesian
in Biodiversity in the Straits. sector, a reducing CPUE has been
Biodiversity of; : Evidence Ecological | Economic observed (FProfile Table 3-15). Also, there
| forDecline | Consequences Consequences 15 evidence that fishermen arc moving their

Non-commercial | | ' activities from the Strails 1o other waters
Species Little II Lnknown Unknewn {Profile chap. 3). For the Malavsian side,
_ - there has beena fall in total catch and catch
Commercial ' rates, a fall in CPUE, and a fall i the ratio

| Species Much Unknown Considerable ol commercial to trash fish. On the other

decline is rated as “unknown', 'minimal’ or ‘considerable’.

The amount of evidence for decline gh.'er] in the Profile is rated as litle’ or 'much’.
The sericusness af ecolegical and economic consequences resulting from the

hand, catch rates (keg/h) of prawns have
apparently increased in Malaysia, prompling

"
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the comment that, “the allegations that the prawn
resources of the west coast of the Peninsula have
declined or has been depleted are unrealistic. It is more
acceplable to consider the up and down trend of the
stock as the resull of natral fluctuation” (Appendix
Deocument [-M).

The major cause of the decline m commercially
exploited species is overfishing, with catches exccoding
maximum sustainable vields for shrimp. demersal but
not pelagic lish stocks in the Indonesian portion (Profile
chap. 3} and for all categories of commercial fish from
thi wist coast of Pennsular Malavsia (Profile Table
3-16). This. at least tor Malawvsia, 15 associated with
more ¢lfeerive fishing methods and a marked increase
m the number of fshermen singe the 19605, A number
of species are taken from sofi-bottom habilats meluding
seaweeds, horseshoe crahs, shrimps, crabs, bivalves,
mastropods, sea cucombers and sea urching. There is a
multimillion dollar cockle mdustry along the west coast
of Malavsia (FProfile chap. 2). While prawn, tiger pravwn
and greasvback prawns are fished. Prawn fishenes
cxeced potential vield (Profife chap. 3). Approximately
14004 tonnes of sergestd shnmp {(Aeede) are removed
annually {(Profife chap. 3). Approxumately 8,000 tomes
of mangrove crab, Scylia serrata. are landed from the
mangrove arcas m Malaysia “The crabs are probably
overfished: the size of the crabs landed are usually
small’.

Also implicated in the reductions in biodiversity are
the losses of nursery grounds (discussed abowve) and
both chronic and acute pollution (for examples of the
latter, see Profile Table 7-23).

Consequences

Posaible consequences of reduced biodiversity of

commercially-cxploited specics involve impacts on the
economy and contributions of lost or reduced fish
species to the ecology of the Straits coosystems (soc
abeove).

Human Health

The targets here arc obvious, The assessment
endpoints should be mn terms of inereased morbidity and
increased death rates. These nught be associated with
particular acute conditions, for example arising out of
spectlic accidents or with chronie exposure to long-
term and possibly lower levels of contamination,

Ewvidence for decling

Appendix Docuwment T-T stales that in Tndoncsia,
diarrhea was the sccond leading cause of death among
children under 3 vears of age. However, the number of
cases of diarrhea has declined by 28% betwean 1144
(3.230.3060 cascs) and 1996 (3,737,132 cascs). The
causes of pastromntestinal and other communicable
diseases have been atiributed to a lack of clean water,
deeent housing, carbage and waste disposal, and food
hyeiene. So causcs arc nol casily related to conditions
in the Straits per se (i.e.. ansing from scafood
consumption or dermal exposure to pollutants). Malaysia
reported a decling in the incidence of acute
gastroententis between 1991 and 1995, from 1,790 per
106,000 persons to 1,263 per 100 (00 persons.

Implications for Choice of Endpoints
in Prospeciive Analysis

Currently there are few gquantitative measures in
terms of endpomts that have dreet relevance to the
condition of the key targels, whether habatats, specics
orhumang, Hence, it will be necessary in the subsequent
analysis to work with measurcment cndpoints that bear
generally on the condition of the targets. Ths 15 a very
usual situation with environmental risk assessments and
often enlals comparisons of gencrabzed measures of
exposure with generahzed measurcs of cffeet. These
risk quotient techniques do not lead o precise statemenls
about the likelihood of effects (Calow, 1993), but they
do provide indices of risk that can act as a useful starting
point for more detailed analyses, and they are unsed
widcly in a regulatory context (Smith and Hart, 1994).
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PROSPECTIVE ANALYSIS

Introduction

A prospective risk asscssment should estimate the
likelihood ol adverse effects to appropriate targels from
environmental conditions that exist, or might exist, within
the Straits. This, therefore, mvolves comparing measured
or predicted environmental concentrations (respectively,
MECs and PECs) and for humans measured and
predicted exposurc levels (respectively, MELs and
PELs) with either adverse effects in targets, or with
critical, threshold no-effect levels of substances
Conventionally, these are referred to as no observed
effect concentrations (NOECs) for ceological systems
and no observed adverse etfect levels (NOAELs) for
humans. Techniques are discussed in more detail n
MPP-EAS (1999a). Here, how the technigques have
been applicd to the rigk assessment of contamination
within the Straits is indicated.

PECs often involve combinmg a level of release
from a source with presumptions about subsequent
distribution, dilution and breakdown of the substance
under considcration,

Hence:
PEC = f[distribution, dilution, breakdown]

where { means “function of”. There arc many more or
less sophisticated models that mcorporate these basic
features (Mackay, 1994), For the Strans, quoted
outflows of rivers are oflen taken as sources and PECs
are estimated on the following basis. To predict
environmental concentrations in the Straits (PEC, )
from information on land-dernved contaminant loadings,
an cxtremely simple, one-compartment model of the

svstem has been uscd. which takes into account total
dilution within the Straits, presumes thorough mixing
and hence 1gnores the complexities of distribution, and
(conservatively) ignores breakdown of contaminants,
Total volume of the Straits has been caleulated by
assuming a symmeinical geometrical configuration with
triangular cross-section, having an average width of
&0,000 m (33 nautical miles), a depth of 30 m and a
length of 1 x 10° m. This gives an estmated volume off
approximately 107 m?*, From the current speed of 1
knot (=1.%33 m/hour) specified in Profife chap. 2, a
flushing rate of once per 300 hours was calculated, or
approximately once per month, but conservatively. 1t
wag rounded down to L0 tmes per year, In consequence,
conservative cstimates have been taken with tespect
to volume and flushing so that PECs will be maxummized.
Flushing could be as high as 20 times per vear, but using
10 15 precautionary. It is further presumed that there is
thorough mixing, no backgrounds from other than the
river inputs reported in Profife tables and no removal
by cither biological, chenucal or physical means,

An alternative approach to predicting environmental
concentrations at points around discharges into the
Straits (PEC; ) is to presume that concentrations in
the discharges apply without dilution at the point of
release and therefore have local effects in the Siraits
al that level. In other words, environmental
concentrations in a river=local ¢nvironmental
concentrations in the Straits. Again, this presumes no
dilution, no muixing, no loss and no background from the
waters of the Straits.

The sources might be various kinds of facility on-
or offshore, such as refineries and tankers, and these
might be considered in groups (e.g., all refineries mn

—
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Simgapore) or as parbicular industrial plants and ships.
Releases from facililies such as these might arise durning
normal operations or by accident. These can be
summarized as follows:

PEC =

"apsratioal

f {amount produced or carried) (release)
|distribution, dilation, breakdown|

For cstimation of releases, ¢ither information given
in the Profile or the Appendix Documents (eg., as
operational actuvitics mvolving o1l releases from
shipping} or from standard scenanios of losses through
both controlled and fugitive sources in industrial
processes {European Commission, 1996) shall be used.
Note that the terms in [ ] are as before,

PEC = f (likelihood of accident) (amount of toxic
substance) |distribution, dilution, breakdown]

il

where the likelihood of accidents depends upon such
factors as the hikchhood of mechanical failure,
managemenl failures, adverse conditions, etc. and is
often treated in itself as the output of the risk assessment
(i.e. assessment of probablity of accident). This
approach i1s used in considering the likelihood of
accidents to shipping within the Straits. Note that the
terms n [ ] are the same as before.

For humans, the main concern has been exposure
through food ingestion. Here, the PEL depends upon
concentrations in food tissue. These are either derived
from direct analysis or, indirectly, from cxposure
concentrations to which food organisms {c.g., fishes)
are exposed;

PEL=f{PEC)(BCF)

where BCF=bioconcentration factor of the food
organism. As with PECs, PELs can refer to broad
groups of people, or populations in particular places or
in a particular subpopulation (e.g., identified by age, sex,
ete.). It should also be noted that if the PEL is defined
{e.z.. from acceptable intakes - sce below) the ertical
PEC can be defincd, and this approach is sometimes
used,

As already noted (see Retrospective Asscssment),
it 15 rarely possible to be precise about targets of effects,
or about those features of targets that should be

measured m the sk asscssment, One therefore rehies
on general assessments of likelthood of cffccts from
comecentrations of likely effectors. These are cither
derived from standards (STDs) often taken from the
FProfilelAppendix Documents or predicted no-effect
thresholds, predicted no-effect concentrations (PNECs),
predicted no-effect levels (PNELs) and predicted no
(adverse) offect levels (PN{A)FELs), Both STDs and
PNECs are calculated m similar wavs, Their basis is
toxicological and ecotoxacological effects information,
often from standard tests. Lowest no-cffeet or effect
concentrations are reduced by appropnate assessment,
or uncertainty, factors to an extent that in part depends
upon judgments about the quality of the data to give
STDs and PNECs. These factors arc supposed to take
into account uncertainties about extrapolation from a
limited number of spacies in laboratory conditions to
many species in more complex field conditions
(ECETOC, 1993). For humans, observed or predicted
no-effect levels ((PIN{O)ELs) arc divided by
uncertainty/safety factors to give threshold values
sometimes referred to as levels of concern (LOCs).
The basis of assessment factors used here is discussed
in ECETOC (1995) and MPP-EAS (1999a)

For the simplified ecological risk assessment, MECs
and/or PECs are compared with PNECs and/or STDs.
Ratios known as risk quotients (RQs) are used, where

__(MEC or PEC)
RQ"(FMECorSTD} )

For human health risk assessment;

_ (MEL or PEL)
(PNEL or LOC)

RQ (2)

This does not give a precise probability of adverse
effect. However, when RQQ is greater than or equal to
one (environmental concentration greater than effects
level), it is presumed that there 1s a hikclihood of effect
that increases with the size of the ratio. On the other
hand, when RQ is less than one (environmental
concentration less than effects level), the likelihood of
effect is low and not of concern, There are other more
complex and apparently more sophisticated ways of
carrying out risk assessments. but the data provided
are generally not detailed nor robust enough to allow
these approaches.
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There are uncertainties in both the denominators
and the numerators of the RQs; the PNECS, STDs,
PNELs and TDIs depend on the rehiability of the
ecotoxicological and toxicological data upon which they
are based and their relevance to the circumstances
under consideration; the MECs and MELs are
dependent on the reliability of sampling and analytical
techniques; and the PECs and PELs are dependent on
the assumptions incorporated into the models used in
making the predictions and the rehability of input data.
Sometimes, 1t 1s convenient to distinguish between
uncertainty due to lack of understanding (c.z., in the
derivation of PNECs and PNELs or in constructing the
models used to generate PECs and PELs) and thosc
due to stochasuc offcets such as variability among
sampling sites used m MECs and MELs. As already
noled, the most one can usually do 15 describe these
uncertainties and make gucsses as to their likely effects
on predicted risks. Tlus 15 especially the case with
PNECs and $TDs, Sensitivaty analvses can be used to
mvestigate the cxtent to which assumptions incorporated
mto the predictive models affect outputs. On the other
hand, it is sometimes possible to obtain an impression
of the effeets of the stochastic varability by examining
variances in the RQs and their components. When the
component elements are distinguishable, there are
standard methods for considering overall effects. Monle
Carlo estimations, or related resampling techniques, are
often emploved to estimate the vanance of derived
variables, such as ratios (van Leeuwen and Hermoens,
1993). This approach has been taken for several
contaminants in refining the risk assessments {e.g.,
heavy metals and human health).

Otherwise, vanability 1s examincd in ROs and used
to make judgments about the likelihood of particular
abserved values being greater than the critical threshold
of on¢ piven the stochastic unccrtainty in the
observations. For this purpose, all one needs to know is
if a given value of RQ signals a problem (greater than
1) or a situation of no concern. Since many of the mput
data {particularly MECs) tend to be skewed to the right,
and hence approach a log-normal distribution, 1t 15 more
accurate to estimate means and variances {of MECs
and RQs) following loganthmic transformation of the
raw data. In such cases. the entical value of R() will
be zera,

For certain substances that occur naturally, ie,
melals. there may be background concentrations. When

these were available, it was presumed that they were
from unpolluted arcas and a measure of contamination
(defined by GESAMP as “raised levels of the chemical
compared with natural background levels™: Olsgard and
Gray, 1995) was caleulated as the MEC, . divided by
the background concentration.  Although a high level
of contamination docs not necessarilv equate with a
high level of biological cffects, any substance present
in the environment as a result of anthropogemic activity
al concentrations greatly in excess of natural Tevels
deserves careful consideration.

Heavy Metals

Concentrations (MECs) of a vancly of heavy
metals in waler, sediments and biota from different
gtations in the Straits were presented in the Profile.
For this risk assessment, 1t was assumed thal these lovels
are representative of the Straits in general. Hence, they
are referred to as MEC_  and the risk quotients
derived from them as RQ, . These were compared
with sgveral different metal standards, namely, the
Malaysian mterim standard for marine quahty (Frofile
Table 7-3), the Indonesian required standard Tor fisheries
uses of maring waters (Frofile Table 7-4) and the
Danish standards for environmental water quality (MST.
1996), The latter are maximum [mts permitted in
Damsh waters and are equal to or lower than levels
permitted by the European Union. Also included (after
the initial risk asscssment) are further standards for
Malaysia, Indonesia and the People’s Republic of China.
Somc of these are reported as effluent and wastewater
standards and presumably refer to conditions al end of
pipe. The standards are summarized in Table 3.

Concentrations in water

Rask guatients for heavy metals measured in the
waters off the west coast of Penmsular Malaysia are
shown in Table 4. In addition to comparing the MEC,__
to various standards (from Table 3), a measure of
contammination was also caleulated by relating MEC,
to pubhished background metal levels from (presumably)
unpolhated waters. This is important for metals for which
there will be natural backpground concentrations. 1o
demonstrale contamination, it 1s therefore necessary to
assess the exlenl to which concentrations cxcced
background levels as mdicated by the BB ratios given
in Table 4.
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Metal

Hg
Ml

Mi

Fh

3n

Zn

Table 3. Environmental Smnq_q(qf_fnr_ﬂeaw Metals from Various Sources.
Table 7-3 Table 7-4 Danish Indonesian Malaysian Chinese
Std Std {EU} Liguid Effluent Stds for
Std Waste Discharges grades
A(B) 1 & (1)
100 50 S0{100) 50, 100
10 0.2 {10) 2.5{5W) 10 10{20) 5,10
500 1 50 50{50) 100, 500
100 1.0 {50) 2.8 1.000 200 (1,000) 10, 100
1.000 1,000
{5,000)
1 0.1§0.3) | 03(8W) 1 [ 5(50) 0.51
500 200
' {1,000}
8.3 100 200
(1,000%
100 02 (10} 585 30 100{500) 5,100
BE 2,000 1,000 100, 1000
{1,000)

Walues are given in pgfL. Standards from Profile Tabiz 7-3 represent Malaysian Interim Standards for Marine
Giualty. Mumbers for Proffe Table 7-4 indicate 'required’ concentrations, followed by “allowable' concentra-
fions in parentheses. Danish standards for Hg and Cd are specifically for seawater (SW); other values do
The Indonesian liguid waste standards lor biotic uss
are from Appendiy Cocwmant |-l Malaysian effivent discharges are from Appendix Document |-M and are
for catchment arsas (A} and for outside catchment areas (B). Chinese standards are from Append
Dooumeant XK1

not distinguisn beteeen freshwater and seawater.

Table 4. Metal Concentrations in Water for 1985-1991.

Highest i :
mean
Metal MEC RQ Tahla 71 RQ Nk Sid RQ Table 1.3 FES BG (pail) BO
(HalL)
As 8 {9 ? ? 008 4 1-1.5 &
cd 114 () avd 48 (-4 Y 0.004-0.011 28,500
Cr £2 (110) ? ? 0.12 b 0.15-0.5 413
Cu 34 (310) 34 T, 0.24 ¥ 0.06-0.2 567
Hag B 2] G800 227 G5 Y 0.0005-0.0025| 136,000
Pho 108 (8.8) 540 15 1 ¥ 0.001-0.0% 108,000

MECs and risk guetients {RQ, . s1 e for the west coast of Peninsular Malaysia.  The highest mean MECs are
fram Frofite Table 7-3. MECs in parentheses are from Appendix Documeant 1M and are for a range of Malaysian
stations measured in 1993 — they have not been used in the RO analysis. RQs are the highest mean MECs
divided by the apprapriate standard (Table 7-2, Table 7-4, or Danish Std.} as indicated. FES=the relative
frequency of samples exceeding the standard from Table 7-3; it is proportional ta the number of ¥'s.
BG=background values obtained from Laane (1992 BQ=highest mean valuehackground value.
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Results of the initial risk quotient analvsis (Table 4}
can be summarized as follows:

1) On the basis of precautionary assumptions (ie.,
using worst-casc scenarios with the highest mean
MECs), risk quotients for Pb, Hg, Cd and Cu gen-
grally exceed one.

2) On the basis of risk quotients, the order of degree
of risk 1s Hg = Cd = Pb > Cu. This is true regardless
of which standards arc used,

3) Interms of Profile Table 7-3 standards, Cd and Pb
exceed cnvironmental standards most frequently.

4) The degree of contamination in cxcess of natural
background levels decreases in the order Hg = Pb
= (Cd > Cu = Cr = As, which is fairly consistent
with the relative risks mdicated by comparing RQs.

More recent MECs from Singapore (Appendix
Document 1-8. for 1996), Indonesia (Appendix
Document 11, for 1991/92) and Malaysia (Appendix
Document 1-M, for 1992-1995) give no higher
concentrations than thosc in Table 4. The Malaysian
time serics suggest either no change or downward trends
{1.e.. Hg) but no upward trends (Figure 3).

Figure 3.Time Trends in Metal Concentrations in Water for
Stations in Malaysia.
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For Indonesia, river/estuarine concentrations for the
Siak River (Appendix Document 1-I} arc given as:

Pb, not detectable to 2 ng/L; Cd, not detectable to
4 pe/L; Cr, not detectable to 3 pg/L; Ni, not detectable
o | pg/l.

The relative risks of heavy metal pollution were
compared among different sites in the Straits from
MECs provided in Profile Table 7-7. and these are
shown in Table 5, The four metals for which STDs are
available (i.e., Ni. Cu, Zn, and Pb) significantly exceed
the critical log RQ value of zero (1.e, RQ=1: for an
explanation of the use of log R(), see below). as indicated
by the fact that their lower 95% confidence limits
exceeded zero, From these RQ, . copper consistently
is associated with the highest environmental risks with
R0s always exceeding 100 and in the Port of Smgaporc
greater than 1,000 (ef. RQ, ). This is probably due
to antifouling contaminants, Both mickel and lead also
have RQs exceading 10 at all sampling sites, and Zn
has RQs closc to or exceeding 10 at all sites. No single
site ranked consistently highest or lowest for all of the
measured metals, although Sentosa and Marma Bay
appeared overall to be the least polluted of all of the
siles.

Uncertannty analvsis

There arc two levels of uncerlamnty in these data:
{a) based on standards and (b) based on vanability in
MECs. The vanability in standards (Table 3) partly
reflects purpose for use. None of the standards added
after the mitial risk assessment exceed the standards
uscd in the mital nsk asscssment and the latter arc
presumed to be conservative

Variability across samples in Table 5 gives somc
impression of the vanability in MECs that might exist
generally in these kinds of data. An important question
concemns the likelihood that observed RQs do not differ
appreciably from the critical valuc of one given this
variability. Thus, it is important to ask whether values
appear to be above or below the cntical valuc, This
kind of question can be approached in a number of ways
(e.z.. Slob, 1994; van Leeuwen and Hermens, 1995),
but here a look at the distributions of RQs relative to
the critical value is warranted. Presuming a log-normal
distribution of measured concentrations and hence RQs
{which appears plausible on both theorctical grounds
(Slob, 1994) and from mspection of the raw data), the
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Table 5. RGQ s for Metal Concentrations in Water from DiﬁEﬂ.!;lt Sites alort;-; the East PECs

Coast of the Straits.

= | =] _ ;

Site B __|__£1Ii Cu Zn | Fb Using data from Profile
Fort of Singapore 108 11345 28 | Mo MEC Table 3-8 for river inputs of
Sentosa & Marina Bay 24 138 g 54 heavy metals on the wesl coast
East Coast 36 138 16 | 143 5 e
Johar Straits East 1685 T3 24 71 Df.l eninsular Malaysia, and
b Seraer s | 12 G890 q 54 using a one-compartment
Mean log RQ | 186 263 118 1,87 model. a PEC,___ (in pg/L) of
5% CL | 107 -2.24 2058-320( 090-1.48 1.55-2.19 Tx 1P forld ig {all mming {rom

Local RQs are based upen MECs given in Prafile Table 7-7 and using Danish standards given in
Table 3. Although MECs were pravided in the FProffe for Mn and Fe, there are no standards with
which to compare them (see Table 3, above) so they have been omitted fram this analysis. Mean
log Rls and their 5% confidence limits are shown at the battom of the table,

data were transformed and presented as mean log KOs
= 93% confidence limits in Figure 4. On the logarithmic
scale m these plots a value of zero 15 equavalent 1o the
critical value of RO=1. Although the distributions of
ROs were in general closer to normal following
logarithome transformation {untransformed distribubons
not shown), Cu and Pb remain somewhatl skowed
following transformation. Standard measures of
variability {e.g.  SEM, 953% CL, etc.) presume a normal
distribution and will misrepresent the truc vanability to
the cxtent thal the distnibulion deviates from normalily,
Although many significance tests are robust to
departures from normality, more sophisticated variance
estuimation techmiques may be required for data that
deviate widely from normality and that cannot be
substantially improved by an appropriate transformation,
For these data, despite moderate deviations from
normality, there is hitts question that the log BOs for all
metals are greater than zero.

Figure 4. Average Risk Quotients (trans-
formed to logarithms) * 95% Con-
fidence Limits for Metals in Water.
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All metals exceed the critical value of log RQ=0.

Klang). 404 x 10+ for Ph (maost
coming rom Mclaka), 2.6 for
Cu {all from Klang) and 334 x
1 for Zn (all from Klang) are
calculated. These give RQs
based upon Danish standards as follows: 0.002 for He,
0% for Cu, 0.007 for Pb and 0.004 for Zn, Henee, all
EQs, wilh the possible cxception of Cu fall well below
the critical value of 1. However, these figures may be
of limited value, OF more significance will be the
PEC,,, for mdividual nvers and in particular for Klang
and Mulaka Usimyg averapge outflow data from Profile
Table 2-3. a total annual cutflow of approximately 10"
Liyr is calculated. Using this figure and applving metal
loadings from Profile Table 5-11 gives the following
PEC . for the oulflow from the Klang River:
258 j.sz.-"L. for Cu and 0.08Y9 pe/L for Pb. Apain, using
Danish standards (Tablc 3) gives the following RQ,
of 0.9 for Cu and 0.016 for Pb. This analysis therefore
shows that there is a likely problem in terms of copper,
but not lead at the outflow of the Klang River, Profile
Table 5-9 shows that the Klang River has the greatest
density of manufactunng mdustry of all the coastal nver
basins along the west coast of Pemmsular Malavsia with
a total of 612 industrial units, of which 214 are metal
workings and 121 produce chemicals, Tt 15 also noted
that a 1996 survey (Profile chap. 7) “showced that, m
general, heavy metal contamination in coastal waters
was limited to certain areas close to industrial sites and
estuarics’. Flow rales were nol available for the
Melaka River and therefore similar caleulations for that
system have not been carned out.

Concentrations in sediments

Measurcd concentrations of heawvy metals in
sediments were presented in the Profile for a number
of stations {/rofile Tables 7-3, 7-6, and 7-8). They are
also reporled m Appendic Dociments I-5, -1, I-M and
XL To date, there are no generallv accepted sediment
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quality standards, and instead RO estimates were based
on water quality standards following van der Kooij et
al. (1991). Briefly, threshold water concentrations were
converted to critical sediment concentrations using the
formula:

(C'a'x sz}
C =

“red
I

()

where

(I_;_ = the threshold concentration of metal in wa-
ter (mg/L; here the water STD)

C,_, = thecritical concentration ot metal m sediment
(mg/ke)

K, = the solids-water partition coefficient (L/kg)

an empirically denved concentration ratio
between suspended matter:sediment (taken
as 1.3 for metals and 2 for oreganics, van der
Kooyetal, 1991}

Documents) are similar to those from the Frofile.
Appendix Document XII reports Fb concentrations
around Singapore ranging from 16 10 230 pefe and along
the west coast of Malaysia from 1 to 1830 pg/g, but no
further details regarding location or number of samples
in the high range were given. The very high valuc for
Cu represents one gite reported by Singapore
{Appendix Document 1-5). Ignoring this, the rank
arder for Profile and Appendix data sets are similar.
Therefore. the nsk asscssment based on the Profile
data was retained. Il will be clear that there is a
considerable amount of vanability in these data and
below. For the purposes of the mitial nsk assessment,
however, the focus was on the R(Qs based on the Damsh
standards and lowest K_ s since these contain standards
for most metals and are moderately conservalive {sce
hottom right column m Table 7). From this, the rank
order of metals interms of KOs (from highest to lowest)
15 Cu = N1 Cr > Zn > Pb > Cd with Cu and N1 having

Table 6. Critical Sediment Concentrations {mglkg) based on Water Quality

The presumptions are therefore that

Criteria for Selected Heavy Metals.

the system is at steady state and that the [ 1. Using Median | Mediank_ | G Gy B
chenucal partitions accordingly between | Lk |. | (Table7-3 (Table7-4) | {(OK STD)
water and sediment phases. and
furthermorc that it is I:he toxicant e ! 2 700

i 5 |Cd 130 870 17.4 (870) 275
concentration in porewater thatisthe sole | o 240 a6.500 163
source of exposure (cf. Forbes et al., |Cu 50 3,300 33 (198} 857
1996). The values of K for metals were | M9 170 13 1.2 (33.9) o
derived from Table 1 in van der Kooij et E;j . q% 42,700 ! a5 (276} 2,3?%11 ~
al. (1991) and are based on the Dutch | 7, 110 '. £278
Water Quality Database. As these : |
authors noted, ‘K values show a great I.Using  |LowestK, B | B g,
variability and depend on many LowestK,, (Table 7-3) | (Table 7-4) | (DKSTD)
physicochermical factors, e g, salmity, pH. | 5o 5 . 400
dissolved oxyeen concentration, etc. In | g | 50 [ 330 66(330] | 825
other countries, the K values may differ |Cr L 128 : 42,000 | B4
substantially from the ones presented m | Cu 12 800 8.0 {48) 23.2
Table 1°. Table 6 shows the median and | ':IQ 3:1 <1 £A148.3) 2‘33
lowest values of K_ reported in Table 1 | g 438 28200 58.4 (2,920) 1},535'
of van der Kooij et al. (1991) which were | zZn 52 | 3,010
used to estimate C_, values from the '

standards given in Table 3 (p. 26).

Table 7 calculates initial RQs from
the highest MECs m Profile Tables 7-5, 7-6 and 7-8
using the various standards calculated on the basis of
both median and lowest K_s (Table 6). Most of the
highest MECs from the new data {(dppendix

Values far K__ (Likg) were taken from Table 1 in van der Kooij et al. (1991} and water
quality standards are shown in Takle 3 {p. 26).

valugs greater than one. From the tables, it will also be
clear that the ranking of metals with regard to R() was
not dependent on whether lowest or median K5 were
used. Copper had the highest RQs in all scenarios and
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! Table 7. Metals in Sediments {uglg).

i I. Using Median Highest MEC RO R REY

| K. {Profile, Appendix) (Table 7-3) (Table 7-4) {Danish

! _ Standard)
As 26,13 . 0.0400
Cd 55,5 | 0.0060 0.3 0.03
or 65, 80 0.0007 036
Cu | 225, 50 {(1781) Q.0700 a5 240
Ha | Mo MEC
Pl 289, 40 210
Fi 134, 86 (250) 0.0030 18 006
Zn 428, 280 0.ov
Il Using Lowest Highesst MEC R RQ RQ

Median K_ {Table 7-3) (Table 7-4) {Danish
N Standard})

Ag 26 0.060
-d D 0.020 0.a 007
or 51 0.002 080
Zu 229 0.300 286 8490
Ho Mo MEC
Mi Fa1e] ) 360
Pb 134 0.005 ' 2.3 | .08
Zn 425 | 0.0

The highest MEC values from Frofle Tables 7-53, 7-8 and /-8 are shown for each metal, In additon, highest
MECs faund in the Appendy Docurments are also shown, ROs are calculated as the highest MEC {using the
Frofite values) divided by the sediment quality standards shown in Table 6. Rs were calculated using
both median and lewest ¥ s (from Table 1 in van der Koaij et al, (1991},

these were always greater than onc sxcepl when Profile
Table 7-3 standards were used. Lead and cadmium
had the lowest ROs (using Danish standards). and this
contrasts with the waler column siuation where Cd
and Pb had substantially higher R(s than Cu.
Explanations tor the lack of concordance between water
column and sediment data include (but are not hinated
oy (1) that water and sediment samples were taken
from different sites (ef Profile Tables 7-7 and 7-8)

and different metals were included in the two tvpes of

analysis (¢ Profile Table 7-7 omits Cr, As and Snm
water, whereas Table 7-8 omits Fe in sediment); {2)
that differences are associated with differences among
melals n their partiioning between dissolved and
particle-bound forms; (3) that sediment data are possibly
more variable among sites than are water column data
due to more restricted mixmye, effecls of organic matler
conlenl, particle size, ete.; 4) that sediments from some
of the stations may be periodically dredged.

Sediment R(), . calculated from all the MECs
i Pregile Tables 7-3, 7-6 and 7-8 are presented as
means L 93%, confidence limits (log scale) in Figure 5.
Measured covironmental concentrations exceed
standards for Cu and Ni at several sites giving RQ

Toxc=als

argater than ong, For Cu, the highest MEC was in the
Porl of Singapore with an RO} of about 6, and an even
higher RQ would be obtained for the high MEC given
m Appendis Document 1-5 as 1,781 pg/e. The high
valugs of Cu and Zn recorded by Smgapore have been
attributed to antifouling paints. For MNi. highest values
were found in the Riau stations with RQs ranging from
about | o 3.6,

Figure 5 Average Risk Quotients (trans-
formed to logarithms) * 95% Con-
fidence Limits for Metals in Sedi-
ments.
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Table 8 compares lowest and highest MECs with
background levels obtamed from Laane (1992), The
BQ 15 the ratio of highest MEC to background value
and shows a rank order from greatest to lowest of Cd
= (Cu = Zn > Pb = Ni = Cr. Tlas ranking differs from
the R()s based on standards. Differences boetwoon
standards and background levels mean that background
is often lower than the concentration that would cause
adverse offects, but somctimes may be higher than an
effect concentration if, madvertently, the background
site was polluted (c.g . Cr). Tnterlaboratory comparisons
of metal concentrations from North Sea sediments
(ICES. 1995y have shown that such methodological
factors as scparation of sediment into size fractions and
the type of acid used for cxtraction can have a
considerable  influence on measured metal
concentrations.

Uncertainty analvsis

There is clearly a great deal of variability in RQ
values depending on which water quality standards are
used and on whether median or lowest K| values are
used m the calculation, Moreover, another source of
variability anses from the MECs themselves. In Table
4, the relative importance of vanability 15 characterized
m each of these three clements by summarizing the
factor difference between minimum and maximum
valugs of these for each metal,

From equation 3, RO 15 written as

. h“:%{l A K's.w-}
r

MEC

RQ =
2 C

(4)
aerl
s0 alterations in any of the three elements defined n
Table 9 will have equal weighting in terms of changes
in RQ. Clearly, all three elements can introduce
appreciable variability into the calculation of RQs, but
from Table 9 by far thc most important source of
variability is due to the choice of different water quality
standards. This is further emphasized by Table 3, which
extends the range of possible standards from the mitial
risk assessment. Hence. this requires further clarification
in terms of which standards are most appropriate for
the Straits.

If onc could more precisely describe the
distributions of the vanability for each of the elements
afthe RO calculation, one could then use more rigorous

| Table 8. Metal Concentrations in Sediments.

| Metal Lowest Highest BG BQ
LR MEC _ MEC

las | 13 2w |

| Cd nd | 5 | 0204 | 275
Cr nd [ 69 1 60-90 1.2
Cu 4 | 228 |1540 153

| M 72 524 |

| Ni 11 | 88 A0-75 3.0

| Pb 14 | 134 20-40 67 |
Sn 13 54 0.04-0.2

Zn 21 | 428 |50-100 E.ﬁJ'

-
MECs are from Prafile Taples 7-5 7-F and 7-8 and are in
units of mgskg: nd=not delected  BG=background Sedi-
ment metal concentraticns abtained from Laana [1992)
Ba=highest MEChackground sediment value.

uncertainty analyses to consider the extent to which
this will lcad to variability in the RQs. For example,
Monte Carlo stmulations could be used to randomly
sample from the distributions (o caleulate a range of
R()s, and from this, one wouold be able (o predict the
likelihood that any specified threshold valuc 1s cxeecded.
Other technigues that associate variances from different
elements of the RO calculation include Slob (1594).
However, from the Profile only limmited information on
the extent and form of these variability distributions was
available and so only the first stage uncertainty analysis
that is summarized in 'Table 9 can be conducted.

Table 9. Uncertainty Analysis for Metals in Sediments.
Metal Water K_ 8 MECs
Chuality Stds,

A 34 | 20
Cd 50 [ 2.8 )
cr | 500 6.2 65.0
Cu o0 | 12 4 54 5
M | ¥=3

| N | 5 8.1
| Pt 500 I 74 a6
| Sn 42
Zn 4.1 204

P o - I
Maximum factor difference (maximumdminimum] for water quality
standards (Takle 3}, K 5 (from van der Kooif et al., 1831] and
MECs (from Profle Tables 7-5, 7-6 and ¥-8).

Heavy metals and human health

It 15 possible 1o assess the risks to human health
from the consumption of motal-contaminated seafood
from information on per capita seafood consumption
rates and the tolerable dailv intake (TDI) rates for
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different metals. Tolerable intake rates for Cd, Pb, He,
Cr. Ni and As, as defined by the US Food and Drug
Administration (FDA). are shown in Table 10.
Maximum tolcrable intake rates for the cssential metals,
Cu, Fe. Mn and Zn were not found, but instead valucs
for the recommended daily allowances (RDA) which
arc widely available on nutritional supplements were
used. However, in deing this it should be noted that
exceeding an RQ of one for an csscntial metal is less
likely to causc a risk to human health than exceeding
an RQ of onc for a non-essential metal. In considering
the risks associated with essential metals, it 15 useful o
note that for Cr the maximum tolerable intake for adults
has boen set by the US FDA at 200 pgiday, whereas
recommended daily allowances for this mctal are 20
{1-10 yr) and 30 (adults) pg/day, Thus, for adults the
difference belween recommended mtake and maximum
tolerable intake is a factor o 4. In the absence of further
information, this shall be uscd as a general rule of thumb
for the remaming essential metals.

Daily intake levels of heavy metals can be
calculated on the basis of cstimated daily seafood
consumption and metal concenlration in seafood tissue,
under the assumption that scafood (i.e., fish or shellfish)
is the only sourcc of metal intake, as follows:

Daily Mctal Intake =
{Lg/person/day)

Daily Intake of Shellfish
{g/personfday) x Shellfish
Mctal Content (pg/s shellfish
tssue) (3}

Assessing human health risks associated with the
consumption of contaminated seafood can be performed
by companng the metal intake rates (equation 5) to the
tolerable daily intakes (Table 10):

Draily Metal Intake (pe/person/day)
‘Tolerable Daily Intake
(pg/personiday)

= RQ (6)

Table 10. Metals in Seafood (i.e., fish and shellfish).
Metal Source & Definition Intake Level

As US FDA, Tolerabla daily intake 130 ugfpersonfday

Cd s FDA, Mawirmum tolerable daily intake 55 pgfperscniday

Cr U= FDA, Safe and adequate dietary intake 200 pgfpersaniday

Cu Recommended daily allowance 5 mg/day: age 1-10 yr
15 mafday: adults

Fe Recommended daily allowance B mgiday: age 1-10 yr
14 mgfday. adults

Hag s FDA, Telerable daily intake estimated 18 ngfday

from FDA Acticn Level of 1 pprm.

fin Recommended daily allowance 1 maoiday: age 1-10 yr
2.5 mg/day; adulis

Mi US FDA, Provisional maximum tolerable 1.2 mg/personiday

daily intake

Pb LIS FOA, Provisional tolerable totsl intake g ugiday: age 0-6 yr
15pnfday. age T-adult
25 ugfday: pregnant women
7o ngfday: adults

Zn Recommended daily alowance 1 mg/day: age 1-10 yr
2 mogfday: adults

Tolerable or acceptable levels of intake for non-essential heavy metals were obtained from the US FDA
{http:!fvm.cfsan fda.qevil: recommended daily allowances for essential metals are values provided for
commercial nutritieonal supplements. The tolerable daily intake level for Hg was estimated from the US FDA
action level of 1 ppm assuming an average seafood intake of 16 gipersoniday (the USA average). Except
where indicated the figures are assumed to have been estimated far a 60 kg adult,
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Levels of concern, sometimes referred to as “action
levels”, represent limits at or above which the US FDA
will take legal action to remove products from the
market. On the basis of tolerable daily intakes of heavy
metals and cstumated scafood consumption rates, levels
of concemn for metal contamination of scafood can be
defined as follows:

Tolerable Daily Intake
(pe/person/day)

Seafood Consumption
{2 seafood/person/day)

_ Level of Concern
T {ug/e seafood tissue)  (7)

Thus, another approach for assessing risks
assoctated with seafood consumption 1s to divide the
measurad metal concentration in seafood tissue by the
level of concern for that metal. Alternatively, one can
divide the tolerable daily mtake of metal by the measurad
levels of metals in seafood to caleulate the maximum
level of scafood consumption that would not lead to
metal intakes above the tolerable Tevel,

Several estimates of seafood consumption rates m
the littoral States have bheen reported, and these are
shown m Table 11, Tt should be noted that
the values i Table 11 are nmuch higher

Appendic Document VII Worst case human health
risks can be estimated by comparing the highest
reported tissue metal concentrations with the levels of
concern for the high seafood consumption group. These
are shown in Tables 13 to 17.

From Table 13, it can be seen that the highest MELs
reported m Prafile Table 7-9 execed the level of concern
for the high seafoed consumption group for Cd, Pb and
Hg, but for the essential metals Cu and Zn only the
recommended daily allowance for 1-10 vear-olds for
Cu is exceeded. From these data, it 1s possible to
gstimate the maximum level of seafood consumption
that will not lead to a metal intake above the tolerable
level., For Ph, the highest MEL 1s 1.63 pgfe. Dividing
the TDIs for different age groups by the MEL, it 1s
estimated that voung children (-6 yr) consuming
scafood from areas with the highest MEL for Pb should
consume no more than 26 g of seafood per week,
Likewise, older children {7 yr-adult) should consume
no more than 64 g seafood per weck, pregnant women
should consume no more than 107 g seafood per week
and non-pregnant adults should consume no more than
322 g seafood por week,

than similar consumption rates reported for Table 11.5&3&:0? SConsumptiun Rates in the Littoral States Reported from
the USA, The latter were estimated by a HEVGHIE HOLICAR: :
Market Rescarch Corporation of America Littaral State Senfmdl Appendix
14-dav survey (MRCA, 1988) and gave G‘?"’“"‘ﬂ“"} Document
: . arso g

average and estimated 90th percentile |- op i
daaly intakes of molluscan bivalves by Ind;?aisr?gga 55 i
adults (18-44 vr) of 12 and I8 g/person/ | O PR, 44 Prafife
day, respectively. Average and 90th per- | Singapore 104 -5
centile intakes for crustaceans were 9 and Malaysia 68.5 I
19 gfperson/day, respectively, Malaysia, 1961-1983

e e " Segamat 116 [0

i o Fendang a4 [-11

Taking the tolerable daily intake rates Tg. Malim/Slim River op LM |

for the metals shown in Table 10 and ; |

dividing these by the lowesl and highest
seafood consumption rates from Table LI gives a sot
of levels of concern for the lowest (44 g seafood/day)
and highest (116 g seafpod/day) sealood consumption
aroups, and these are shown in Table 12.

Measured concentrations of heavy metals in fish
and shellfish from the west coast of Peninsular Malaysia
arc given in Profile Table 7-9 and in Appendix
Documents [-M and XII, and from Indonesia in

For the data shown i Table 14, levels of the
essential metals, Cu and Zn, were below the RDA, For
cocldes. mazdimum MELs for Cd and Pb exceeded the
levels of concern for these metals, For bony fish,
maximum MELs for Pb and Hg exceeded the levels of
concern for these metals. There was no single station
that had the highest concentration for all metals. For
example, Kuala Sepetang had the highest MELs for
Pb, whereas Sg. Besar had the highest values for Cd.
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Table 12. Levels of Concern {pjg metally seafood tissue) Estimated for the Lowest (44 g seﬁfm;dT!
day) and Highest (116 g seafood/day) Seafood Consumption Groups in the Littoral |
States. |

Metal | TOI {pg/perscniday) Leval of Concern Level of Conecern
(low cansumption group) {high consumption

) ) | group) |

As 130 2.95 1.12 '
Cd &6 1.25 047
cr 200 4.55 i 1,72
Cu A00 (1-10 yr) 9.09 3.45
2,000 {adults) l 45 45 [ 17.24
Fe 8,000 {1-10 yr) 181.82 ' 68.97
| 14,000 {adults) 318.18 12069
Hg 16 038 014
Mn 1,000 (1-10 yr) 2273 862
f 2,500 (adults) 56 A2 21.55
i 1,200 2727 10.34
Fi B (-8 yr) C.14 c.as

15 {7-adult) | £.34 013 _

25 {pregnant women) | 057 022 .
75 (adults) 1.70 .65

Zn 5,000 {1-10 yr) 113,64 4310 l
15,000 (adults) 340.81 129.31

human health.

Table 13. Worst-case ROs for Tissue Metal Levels Reported
in Profife Table 7-9 from the West Coast of Pen-
insular Malaysia.

Metal Highest MEL RQ (high
) consumption group) |
Cd 1.1 2.36
Cu .70 2.23 (1-10 yr)
0.45 (adults)
Hg 252 180
Ph 1.63 32805y
12.54 (7-adult)
[ 741 (pregnant women}
2.51 [adults)
2n | 337 Q.78 (1-10 yr)
0.26 {adults)

Original references fram which the data were abtained were
published in 1983 and 1936. MELs are in units of uogfg tissue.

Taking Pb as an cxample, it is estimatcd that
maximum scafood consumption rates for persons
consuming bony fish from Terengganu should not
exceed the following values: 65 giweek (0-6 yr); 162 gf
week (7 yr-adult); 270 giweek (pregnant women); 116
g/day (non-pregnant adults),

. 1 o —— —
Seafood lissue that has & metal content exceeding the level of cancarn is consldered to cause a risk to

With the exception of Cu and Zn for adults, the
average MELs shown in Table 15 for all metals at all
three sites exceed the levels of concern calculated for
the high scafood consumption group. It should be
cmphasized that the MELs reported in Appendix
Document 1-M (and hence used here) were means (+
SD) and not maximum values,

For Pb, which tended to have the highest RQs, it is
cshimated that Anadara granosa consumed from arcas
of the highest MELs (i.e.,, Kuala Juru culture bed)
should not excced the following levels: 9 giweek (0-6
vr): 23 piweek (7 yr-adult), 38 g/week (pregnant
women); 113 giweek (non-pregnant adults).

With the exception of Zn for adults the maximum
tissue levels in the tiger prawns are equal to or exceed
the level of concern for all metals for the high seafood
consumption group. For Pb, which tended to have the
highest R(Qs, it is cstimated that consumption of prawns
with the highest MEL should be very limited and should
not cxceed the following levels: 5 g/month (0-6 ve); 13
a/month (7 vr-adult), 22 g/month (pregnant women),
66 g/month (non-pregnant adults) (see Table 16).
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{ Table 14. Maximum Metal Tissue Levels Measured in Cockles (25 individuals per metal} and Bony
Fish {4-10 species and 12-36 individuals per metal) from Stations on the West Coast of
Peninsular Malaysia.

| aSpecimen Type Metal Station with Maximum R {high consumption group)

: Highest MEL MEL (Lafg)

| Cockles (Latin | Cd Sq. Besar, 1.1 2.36

name not given) Selangor
Cu Kuala 3.3 0.96 {1-10 yr)
Sepetang, 0.13 {adults)
Ferak
Hg 59. Besar, 0.128 0.91
Selangor
Fh Kuala 1.63 326 (0-6 yr)
i | Sepetang, 12.54 (7-adult)
' | Perak 741 (pregnant women)
| 2.51 {adults)
2n Juru, Mainland
Fenang 078 (1-10 yr}
33.7 0.26 (adulis)
Bony fish
{mixed species)| Cd Selangor 0.308 0.66
[ 0.93(1-10yr)
Cu Terengganu 3.225 P 019 (adults)
Hg Air Tawar 0.758 | 541
| 0.923(1-10yr)
Ph Terengganu 0.647 12.94 (0-6 yr)
498 (7-adult)
2.94 (pregnant women)
1.00 (adults)
Zn Selangaor 20.48 0.48 (1-10 yr)
016 (adults)

Data were cited in Agpendix Document -, Onginal source was published in 1986 Mote that the data for Pb
are from the same source as those cited in FProfile Table 7-9.

Both Cd and Ph exceed the levels of concern for
the high sealood consumption group. The mouth of
Sungai Asahan appears to be particularly enriched in
Pb, and for this reason bivalves should rarely, if ever,
be consumed from this area. The maximum MEL for
Hg is also close o or exceeding the level of concern,
whereas the maximum MELs for the essential metals
Cu and Zn are close enough to the RDA that these
probably do not pose a significant risk {see Table [7).

Appendix Document  XII reports Pb levels in
hivalves from the Straits in the range 2-7 ugg and in
tiger prawns (Penaeus monodon) in the range 0.06-
5.9 ng/g. Comparison with levels of concern in Table
12 indicates these tissue concentrations to be of concern.

Appendix Document 1-M provides heavy metal
sediment data for 1994 from culture beds of Anadara
grannsa. Relating these to the measured levels in
bivalve tissue collected from the same area can be used

to estimate a bioconcentration factor for each metal.
The estimated hicconcentration factors can be used to
predict the tissue levels of Anadara granosa at other
sites for which only sediment (and no tissue) data were
available. The results of these analyses are presented
in Tahles 18 and 19,

The PEC__ _calculations shown in lable 19 suggest
that persons consuming large amounts of seafood from
either ol these sites would be at risk in lerms of both
Cd and Ph. It is critical to note in this regard that the
Lekir sediments are within the maximum permissible
limits established by the Malaysian Government,

Uncertainty analysis

There are several major sources of uncertainty
invalved in assessing the risk to humans from consuming
metal-contaminated seafood. The first is uncertainty in
tolerable daily intakes, which may be adjusted as more
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Table 15 Metal Tissue Lewvels in Anadara granosa from Malaysian Sites Reported in Appendix

Site Metal

Fuala Juru, .

culture bed
As 128.33
Cd 073
Cu 3.84
Fe 965.90
Fb 464
Zn 113.64

Kuala Sepetang,_

Mean ME__ (parg)

R [high consumption group)

114.58
1.55
1.13{1-10 yr)
0.23 (aduls)
1429 (1-10 v
817 (adults)
§3.2 (0-5 yr}
35.85 (Y-adult) |
2118 {pregnant women) |
77 [aduls)
264{1-10yn
.88 [aduits)

culture bed
Ag Th.BG a7.73
cd Q72 1.53
Cu 4.08 1.18 (1-10 yr)
0.24 {adults) i
Fe 44312 642 (110 yn)
367 {adults)
Pl 1483 A2 6{0-6yn)
12,54 [7V-adult)
747 [pregnant womesn)
2.51 {adults)
Zn 7224 1.88 (1-10 vy}
058 {adults)
Kuala Juru, [
mudflat | I
A 150.81 134 .65
Cd 0.85 202
| Zu 545 1.58 {(1-10 yr}
| 0.32 [adults)
|  Fe 1332.43 19.32 (1-10 yr)
11.04 (adults)
Pl Mot reported
Zn 14544 FAT {1-10yr)

1.14 [adults} I

hote that in contrast to Tables 13 and 14, the reparted MELs are means and not maximum values, The ariginal
source of the tissue data was published in 1225, Metal tissue levels are means. The MELs for the mudflat are
for bivalves in the smallest size class reported (e, 012 g dry weight), which tended to have somewhat
higher MELs relative to larger size classes. Mate that the data for Ph are from the same source as those cited

in Frofle Table 7-9.

information becomes available regarding the toxic
effects of metals in humans. Many of the TDIs i Table
10 are based on an “average’ adull; tolerances may
vary widely as a function of age, weight, sex, etc. The
analysis assumes thal scafood consumption 18 the sole
zource of metal exposure; if other dietary sources as
wicll as non-dictary exposures are significant, total daily
intake of metals will be underestimaled. Finally, the
amount of scalood consumed is highly variable, but a

critical factar in determining tolerable levels of metals
in fish tissuc,

Urcertainty in standards

The question of standards 15 of particular concern
for Pb. Whereas the US FDA has defined relatively
conservative TDIs for Ph and distinguishes among
different age groups, standards for other countries vary
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—a valuc ncarly six Gimes higher than the US FDA
TDI for adults - and for a 10 kg child (about | vear

Table 16.Measured Tissue Metal Levels in the Tiger Prawn,
Penaeus monodon from Malaysia.
Metal | Maximum MEL Ra (high
| (uala) consumption graup)
Cd E.10 12.98
cr ’ h.60 3.20
Cu 28 33 2560 {1-10yn
512 (adults)
Fe 297 .40 4.37 (1-10 yr)
| 246 [adulls)
Mn 22.90 2,68 (110 yr)
1.06 {adults)
0.52 {adults)
M 11.80 | ¥8
Fo 32.00 G40.00 (05 yr)
246,15 [V-adult)
| 14545 (pregnant women)
| 48.22 (aculs)
Zn 8760 1.597 {1-10 yry

The data are from Appendiy Document X1l and were from a study in
which the prawns were reared in water with metal concentrations
‘about equal to the concentration found in water at the Ko-Melayan
hatchery/lnanam River. The original data are derjved from several ar-

ticles puidished in tha sarly 19505

considerably, The US FDA fipures were developed
using mformation on the lowest levels of Pb exposure
associated with adverse ¢ffcets (1.c.. neurobehavioral
and cognitive development).  They are calenlated as
the LOEC for each age group divided by 10. These
levels are meant to be applicd 1o short-lerm and chrome
exposures and not meanl lo apply to acute exposure
meidents. Pregnant women are considered to be at an
ncreased risk due to incrcased susceptibihity 1o b of
the fetus, especially during the peniod of neuronal
development,

Appendix Document X1 lists permissible limits for
Pl in seafpod, They arc in pg Phfs lssue: Spain, 5.0;
Malaysia, 2.0 Ttaly, 2.0; Chile, 2.0; Australia, 2.5, For
comparison, it is relevant to note that the US FDA lovel
ol congern for Phoin scafood 1s 1.6, This is based on an
cstimated seafood consumption rate of 16 g/day, Many
of the countries listed above are likely to have higher
sealood consumption rales than the USA (and therefore
should have loweer tissue limits to account for this), and
second. the consumption rates are likely to vary widcly
among countries sugeesting that similar permissible limits
for Phoin scafood tssue wall lead to widely varving Ph
mtake tales. Appendic Document X1 quotes a value
of 50 ue Pb per ke body weight per woek cstablished
as a provisional tolerable weckly mtake by WHO. For
a 60 ki adull, this would give a Pb intake of 429 pe/day

old) a Pb intake of 71 4 pg/dayv-a value 12 times
higher than the US FDA TDI for small children.

Although a scafood consumption rate of 116 o/
day for the high consumplion group is likely to be an
overestimale as far as children are concerned, the
analysis docs nol take mto account non-food sources
of vplake. Results of a survey of sealood
consumption rates in the USA indicatc that adults
{18-44 vears old) consume 2-3 umes as much
shelllish per dayv as 2-3 vear olds. If the relative
rafes of consumption also hold tor the littoral Statcs,
Uns would sugpest that children from 2 to 3 vears
| old in the low consumption group (44 ¢ seafood’

adult/day) would consume approxumately 15-22 g

sealood/day. and children 2-5 years old in the high

consumption group (116 g seafood/adult/day) would

consume approximately 39-58 i scafood/day. These

values can be comparcd lo the recommended

maximum scafood consumption rates given in the
Previous section.

An gpparcntly substantial source of Pb intake in
children 15 associated with the ingestion of non-food
materials (¢.g.. soil). Children under 3 years have been
shown to ingest about 30-100 mp of soil and dust per
day. In addition, part of the reason that children arc
more susceptible to Ph is that whereas adults absorb 5-
13% of ingested Pb, children absorb around 50% of
ingestod Ph

For the purposes of Malacca Strails risk
assesament, the US FDA TDIs for Pb have been
chosen as these are both recent and appear to be based
on farrly thorough toxicological information. Given the
serious toxicological consequences of Pb exposure,
particularly for children, it is essential that the standards
used by the littoral States be given morc thorough
evaluation,

Uimcerioiny in MELy

Maximum detceted concentrations of Ha, Pb and
Cd reported m Profile Table 7-2 all exceed the lovels
of concern. However, since Frofile Table 7-9 only
provides ranges, it was nol possible m the mitial risk
asscasment to determine how frequently fish tissue
cxceeds tolerable levels of heavy metals for average
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Table 17. Tissue Metal Levels in Molluscs from Indonesia [Ni.:;l-'.th Sumatra) Measured in 1996.

Species and Site

Metal

mouth of Sg.
Asahan

ag. Deli estuary

Anadara indica,
of Sg. Asahan

Lingia ungiis,
Sn. Deli estuany

Anadara granasa,

Anadara granoss, [

cd
Cu

Hg
Pb

£n

Cd
| Cu

Cd
cu

rrmutr'!

Ha
Fh

Zn

Cd
Zu

Ph

MEL {uglg)

3.74
506

013
39.39

574
590

0.20
41.26

454

1.82
1.96

2.42

RO (high consumption group)

]
147 {1-10vyn
025 [aduls)
0.93
TR7.80 (0-5 yr)
303.00 [7-adult)
178.05 [pregnant women)
60,60 [adults)
! 17 (110 yr)
| 039 {adults)

274
C.d1 (1-10 yr)
C.08 {adults)
35.8 (05 yr)
13.77 (7-adult)
8.14 {pregnant women)
2.75 (adultz)

12.21
1.71(1-10 yr)
.34 [adults)
143
82520 (0-5 yr)
317.36 {7- adult)
187.55 {pregnant women)
£3.48 [adults}
1.73 (1101
.98 {adults)

3.89
0.57 (1-10 yr)
0,11 {adults)
48.4 (0-8 yri
18.62 (¥-adult)
11.00 {pregnant women)
3.72 (adults)

Data are from Appsndix Dacement YW, There was only one MEL fpreé_ljlﬁa'bw éa"mean] repnfte-d for each

matal.

Table 18.Measured Sediment and Bivalve Tissue Concentra-
tions of Heavy Metals from Mudflats in Kuala Juru,

Malaysia.
Metal Sediment Anadara granosa BCF
MEC [ug'a) tissue {pgig)

cd 2,55 073 0.29

| Cu 40.8 3.89 0.10
Fe 11,485 865.9 0.08
Fb 438 4 66 41
268 11354 0.43

izn

The data are from 155485 and were repored in Appendc Dacument
I-M. BCF values were calculated as [C
this equatian differs from that used in van der Keoaij et al. (1991, eqgn.
7, but that the predicted tissue concentrations will be the same using

githar eguation,

I, ) 1t =hauld be noted that

and high fish consumers. It 1s noted that the Profile
states that “shellfish were relatively safe for human
consumplion. However, there 1s a common
percoplion among the more educated sector ... to
avoid shellfish, particularly the blood cockles, as a
precautionary mcasure against heavy metal
potsaning . Apparently this has an sconomic impact
on the cockle mdustry n Malavsia (Frofile chap. 7).

To take into account uncertainty in the cstimates
of risk, Monte Carlo simulations were performed in
which variability in both MELs and scafood
comsumplion rates were accounted for. The general
approach was to use the relevant scafood
cansumption rates to estimate levels of concemn,
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Table 19. Predicted Tissue Levels of Heavy Metals for Anadara granosa based on Mea-
sured Sediment Concentrations.
Metal Sediment MEC PEC,. .. RO (for high
consumption group)

Fredicted Tissue Levels for the Straits of Tuba;

cd 1.85 0.54 1.15

cu 528 0.53 QAS{1-10yn)

Pk 26.94 285 55,20 (05 yr)
21.14 [adults)

Zn 35.31 15.18 0.35 (1-10 yr)

Fredicted Tissue Levels for Lekir:

Cd &1 177 i

Cu 6.3 0.63 0.18{1-10 yr)

Pb 18 0.20 4.00 {1-10 yr)

1.43 {adults)
£n G4 2752 0.64{1-10vyn

Sediment MECs for the Straits of Tuba are from Appendiy Document |-M and are from 1595;
sediment MECs for Lakir ane from dppendix Documeant 1-M and are from 1554, The RGs are based
on levels of concearn estimated for the high seafoed consumption group (116 giday) shawn in Table

12

which were then fit to a umiform distribution {i.e., to
consider the minimum., median and maximum
consumption rates equally likely). However, 1t can be
noted that preliminary simulations with different
distributions showed that the choiee of distribution for
the consumption rates/levels of concern had little
influcnee on the resulting probability estimates, Since
most of the information on metal tissuc levels was from
the Malaysian side of the Straits, the range of seafood
consumption rates reported from Malaysia (Table 11)
was uscd. Specifically the consumption rates of 69, 98
and 116 g/day were considered to be equally likely and
to give a measure of uncertainty i the denomimator of
the RO}, With regard to MELs (ie., the numerator in
the RQ), onc of two approaches was taken depending
on how the original data were reported. For cases in
which MELs were given as mean + SD, these values
were used to gencrate a log-normal distribution of
MELs. For cases in which ranges of MELs were
reported, the data were fit to a triangular distnbution
with the minimum and maximum values providing the
edees of the distribution and the mcan (if reported) or
geometric mean, calculated from the range (if the mean
was not reported), representing the most likely value
for the MEL, Random samples (with replacement)
were taken from the distribution of MELs and levels of
concern 1,000 times to generate a sample of RQs. From
the resulting distribution of RQs, estimates (from the
area under the curve) could be made of the probabihity
that the R(} exceeded a given value (c.g., 1, 10 or 100),
All Monte Carlo analvses were performed using Crystal
Ball v. 4 (Deeisioncering Ine.).

Taking the data on cockles and bony fish shown in
Table 14, and using the Malaysian fish consumption ratcs
of 69, 98 and 116 g/day, the probability that RQ cxceeds
one was calculated for cach station separately. ‘To run
the Monte Carlo analysis, the MELs were fit to a
triangular distribution (with the reported mean for the
cockles or the caleulated geometric mean for the bony
fish, and the minimum and maximum reported values
providing the edges of the distribution). The three fish
consumption rates were used to calculate levels of
concern for cach metal, which were fit o a uniform
distribution. The results of the uncertainty analyses are
reported in Tables 20 (bony fish) and 21 (cockles).

| Table 20. Uncertainty Analysis for Human Health
| Risks from Consumption of Bony Fish,
{ Station Hag Pb . Pb
| Perak 68 0.5 g2
Selangar 48 0.2 !
Terengganu 4 |04 100

k. Kedah 0z | 08 18

P Pinang 10 10 | 87
ok Wersuji 2 | 1 | 100
Air Tawar 63 | 0.4 58

Walues shown are the probaniities that RQ exceeds ane
given the unsertainty in seafocod consumption rales and
MELs at 7 sampling stations in the Straits. For Pb, the
probabilities for adults and young children are shown;
prabability values far older children and pregnant women
are between these estimates. MELs ane fram Appendix
Documernt -0,



400 = Nalpeca Straits Eefined Risk Assessment

Table 21.Uncertainty Analysis for Human Health Risks from Consumption of stations at which Pb values were
Cockles. very high the levels of concern for
Station Cd Pb, i, LI Cd were not exceeded, suggesting
Batu Maung, Penang Island 31| 15 100 independent sources of input for
Juru, Mainland Penang <1 <1 5] these metals. Probabilitics that RQ
| Bukit Tambun, Mainland Penang sE | =] 2 associated with consumption of
Telok Tempeoyak, Penang Island =1 2 100 sackles  excesded ;
Jelutong, Penang lsland <1 <1 70 ! e ,""“" E’KGGEM B ; Pl WEIG
Sg Jejawi. Mainland Penang =1 - 1 a7 effectively zero for Cu, Zn and Hg
| Kuala Sepetang, Perak =1 33 100 at all stations {see Table 21).
| Lekir, Parak 95 RIS MNA
| Sg. Besar, Selangar B5 <1 100 : 5 i it
b seimide:. Selaan & o i Taking the morc recent d;LL:l on
Anadara granosa shown i Table

Walues shown are probabilities that RO exceeds ane glven the uncertainty in seafood
consumption rates and MELs at 10 sampling statians in the Strats. For Ph, the probabilities
for adults and young children are shawn; prabability values for older children and preg-
nant women are batween these estimates. Data are from Appendly Decument [-M.

At Perak. Selangor and Air Tawar stations there
was 4 very lugh probability that the bony fish tissue
levels exceeded levels of concern for He, Whercas
the likelihood that the levels of concern for Pb were
exceeded was very low for adults at all stations, it was
extremely high for voung children (0-6 vr). At five of
the seven sampled areas there was close to a 100%
likelihood that the 0-6 year-old level of concern for Pb
was exceoded. Probabilities that RO associated with
the consumption of bony fish exceeded one were
effectively zero for Cu, Zn and Cd at all stations

15, an uncertainty analysis was
performed by fitting the reported
tissue data to a log-normal distri-
bution and considermyg the Malaysian
sealbod consumption rates (69, 98 and 116) to fit a
uniform distnbution. As previously, a Monte Carlo
analysis (with 1,000 runs) of these data was performed
and the probability estimated with which the RQ, given
the uncertainty in both seafood tissuc levels and scafood
consumption rates, exceeded the values of 1, 10 and
100, In addition, since data were presented for different
size classes of bivalves and since thesc appeared to
vary in metal content, unceriamty m RQs was calculated
for the smallest and largest size classes separately. The
results of these analvses are presented in Table 22,

‘There was a high
probability that levels
of concern for Cd
were oxceeded at
Batu Maung, Lekir
and Sg. Besar, At
Kuala Sepetang, there
was a high probability
that the level of
concern for Pb for
adults was exceeded,
and at seven of the
nine stations for which
Pb was measured,
there was a TO-100%
probability that the
levels of concern for
Pt for young children
were exceeded, Tt
should also be noted
that at several of the

Table 22, Uncertainty Analysis of Data from Appendix Document I-M on Metal Levels in Anadara
granosa from Different Sites in Malaysia.

Matal Kuala Juru Kﬁala Sepétang Kuala Juru Kuala Juru
Culture Bed Cultura Bed Mudflat (small} Mudflat
| {large)
As 100 (100) [29]) 100 (100} [<1] 100 {100} [48] 100 (100} [5] |
cd 70 (1) [<1] 55 (=1) 98 (=1) 62 (<1)
[ Cu (1-10 yr) 18 (=1) 27 (=1) | 79 (<1} 18 (<1}
Fe (1-10 yr) 100 (49) [2] 100 (=1) | 100 (77) [<1] 100 (45) [<1]
Fe {adulis) 100 {123 [1] 100 {=1) 100 (28] [=1] 100 {=1)
Fb (08 yr) 100 {(100) [10] 100 (87) [2] A, MA
Pb (7-adult) 100 (989 [3] 100 {40) [1] MA T
Pb {pregnant) 100 (88) [1] 100 (8) [1] A, A
Ph {adults) 100 (4] [<1] 91 (1) [=1] MA NA
Zn (1-10yr) 89 (1) [<1] 88 (=1} 100 (=1) 100 {=1)
Zn {adults) 6 (=1} 1{=1) 26 (=1} =1

In the two mudfat samples “small’ refers o bivalves in the size class 0.12 g tissue wt and 'large’ refers to
hivalves in the size class 0.47 g tissue wi. Values presented in the table are probabilities that RQ excesds 1,
(10}, and [100] given the uncertainty in MELs (fit to a log-normal distribution} and fish consumption rates
(using 89, 98 and 116 giday fit to a uniform distrioution). Analyses were run only for those cases in which
RQs from Table 13 were greater than one.
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There arc clearly problems with As and Pb at both
Kuala Juru and Kuala Sepetang and a substantial
likelihood that the RQs exceed 10 (for As perhaps even
1003, Cd tissue levels also exceed levels of concern
with a high likelthood. Ttis also very likely that bivalves
from all three areas exceed the RDAs lor Cu. Zn and
Fe. particularly for children. For Cu and Zn, it appears
unlikely that the RDAs are exceeded by a factor 10,
However at Kuala Juru, Fe levels are likely to excecd
the RDA for children by a factor 10, which mayv pose a
sienificant health nisk. Despite the fact that metal levels
deercased with increasing bivalve size, these differences
had a relatively minor influence on the RQ estimates.
The largest effects were for Cd and Cu (for 1-1{) vear-
olds),

The mmportance of uncertainty in metal lovels Tor
Penaens monodon was examined (Table 16) and the
resulls are presented in Table 23

for Cd and possibly Cu for children which cxceeds the
RDA by a factor 10 with a 54% probability.

Much of the tissuc data upon which the risk
assessments were carned out were from the late 1980s
to the carly 19905, Following this, there could either
have been increases or decreascs tizaue
concentrations as a result of changing environmental
circumstances. More recent data were not available
on tissue concemtrations bul water metal concentrations
from Malaysian stations were obtained for the vears
19971993 {Appendix Documeni T-M). These data
were analyzed to consider if there wore any indications
of time {rends i the environmental concentrations to
which seafood specics would have been likely to
capericnce, Taking Pb as an cxample, an analysis of
variance (ANOVA) was performed on log,
transformed concentrations, This indicated that there
was a sipnificant difference among vears (P=0.02), but

multiple comparisons between pairs of

mn

¥Il on Metal Levels in Penaeus monodon.

Table 23.Uncertainty Analysis for Data Presented in Appendix Document |

years (Fisher’s LSD test) showed that
1994 was significantly greater than both

1995 and 1992, Henee, there is no obvipus

Metal Avg. RQ Probability that RC = 1 {10} [100]
| cd 56 100 (2} [<1]
Cu (1-10 y) 6.6 100 (54) [=1]
Cu {adults) 19 38 (=1)
| Cr | 10 &0 (=1)
Fei{1-10wvr | 1.2 51 [=1]
Fe [adults) Qv 3B (1 [=1]
Mn (1-10 yr} 1.1 ' 83 (=1}
Mn (adults) 0.4 ' =1
Ni | 05 =1
Pb (0-6 yr) 240.3 100 (100) [99]
Pb (7-adult) 56 1 100 (100) [48]
Pk {pregnant} 55:5 100 {100) [4]
Pb (adults) 187 100 (98) [<1]
Zn{1-10yr) | 08 15 {=1)
£n (adulls) 0.3 : =1

The avg, RO was estmated by dividing the geometric mean MEL by the action level
associated with a fish consumption rate of 98 giday. To caloulzte the prabability that
1 {10) [100], MELs were fit to 3 tnargular distribution with the range
giving the minimum and maximum values and the geametric mean the mast likely
yalus, Uncertainty in fizgh consumption rates was estimated as in Table 22,

RO exceeds

As was the casc for most of the other scafood
tissuc, Pb was the biggest problem. and the average Pb
level in shrimp exceeded the level of concern for young
children by L00 times with a probability of close to 100%.
Levels of concern for other age groups were exceeded
by 10-fold with a probability of 100%. With the
exception of Zn, Mn (both for adults) and N1, the
likelihood that the levels of concern were excecded was
high for all remaining metals. This 13 of most concern

trend, cither increasing or decrcasing, with
time and this therefore sugpests that
trends would have been unlikely in tissue
concantrations, Figure 3 sugpests a similar
conclusion for the other metals. Hence,
there 15 no reason (o beliove that the risk
asscssment carried oul on the older tissue
data should not be applicable as well,

Dermal exposurc

There could be risks to human health
from dermal cxposure to metals, c.g.,
through bathing. And indeed the Annex
in the EC bathing water directive (EEC,
|976) indicates that standards for As, Cd,
Cr{¥I). Pb and Hg are wo be gpecified,
but to date this has not heen donc,

Pesticides
Concentrations in water
Levels of organochlorine pesticides in sclected

Malaysian rivers were reported in Profile Table 7-10
and for Indonesia in Profile chap. 7. There was no
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information given in the Profile for concentrations of
other types of pesticides, although 1t appears that
substances other than organochlorines are used (see
Profile Table 5-12). Also. Appendix Document (I-T)
reports that carboturan is used widely on rice ficlds in
Indonesia, and its potential ¢lTects are of concern. Data
in Appendix Documents (I-1 and -M) were no newer
than those from the Profile. Hence, it has been
presumed that they are meorporated in the Profile data,
and no new analyses have been carried oul.

This analysis is based upon the worst-case
assumption of Tittle dilution of walers passing from nivers
into the Straits, Both highest and median values were
taken because the distributions of observations among
ndividual rvers suggest the presence of a few high-
concentration “outlicrs” with the rest approximating to
a normal distribution (Figure 6), but with considerable
variability as indicated by the CVs which for four of
the five pesticides exceed 100% (Table 24). The highest
MECs thercfore represent very worst-case scenarios,
It is also noted that levels quoted in Profile chap. 7
from a 1991 survey for endosulfan and heptachlor in
the Klang River were less than the median values quoted
in Table 24. Concentrations for aldrin also quoted in the
same survey range from 0.005 to 0,061 ng/l., which
compare with a standard of 8 ng/L from Profile Table
7-11, indicating no cause for concern.

Another way of looking at the data in Table 24 15 to
take the median values as representative of general
conditions within the Strairs, MEC,, .. and the highest
values as indicative of parlicularly polluted sources,

MEC, .. tsee below)

Using median MECs and Danish standards all RQs
are greater than one, except for dieldrin, and arc a factor
ol about 10 lower than RQs calculated using highest
MECs. Usmg median MECs and aquatic lifc standards
only endosultan and DDT had RQs greater than one
and, apart from DDT, these ROQs were a factor of about
1) lower than those based on maximum MECs, Using
highest MECs, all nsk quotients exceed ong.

‘The concentrations of several of the pesticides were
significantly correlated (Figure 7) indicating that certain
rivers were contaminated with more than onc
organochloring compound. In particular, the Bernam
River contained the highest concentrations of -HCH.
heptachlor and t-DDT, and the Sclangor River contamed
the highest concentrations of t-endosulfan and dieldrin.

Figure 6.Box Diagrams of Measured
Environmental Concentrations for
Pesticides in Water from Malaysian
Rivers.
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Table 24. Pesticide Concentrations in Water.
Pesticide Median Highest Aquatic | Ri,, Danish ] RQ,,
| MEC[CV] MEC Life Std. Std.

t-HCH 30 [1.7] 320 130 25021 10 32
t-Endosulfan 47 [1.1] 310 10 3147 1 | 310 (47)
Hegptachlor 16 [1.3] 120 (=10} 2 (0.3 4 0 4
t-0DT 59 [0.7] 180 4 48 (14.8) 2 g5 (29.5)
Dieldrin 411.2] 47 8 5905 | 10 47 (0.4)

environmental concentration. Cv=coelficiant of varistion. ROs were calculated by dividing the highest MEC
(Median MEC) by sither the Aquatic Life Standard (Profle Tablke F-1=Ra,, or the Danish Envirznmental
Standard{Table 24)=RQ . MECs and 5TDs are in units of ng/L.
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Figure 7.Scatterplot Matrix Showing Correlations
among Pairs of Pesticides in Water from Ma-

laysian Rivers.
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The bow diagrams shown along the diagonal represent con-
cantration distributions identical ta these shown in Figure .

For the Indonesian side, there are no comprehensive
estimates of pesticide residucs in coastal waters.
However, measurcd pesticide concentrations i water
from the Siak River (quoted in Profile chap. 7) and the
risk quotient gstimates are shown in Table 25, These
data m general do not give cause for concemn, even on
the basis of highest MECs. Aldrinis a possible exception,
but here, the range of recorded values was from 0004
to 8.17 ng/l., and from the Profile there was no
mdication as to the relative frequency of values in the
sampling program,

Lincertainty analysis

As was the case for heavy metals, there are two
sources of uncertainty in the cstimates of nsk from
pesticides i water: {a) bascd on standards; and (b)
based on vanabihity in MECs,

With regard to standards, the differences here were
not as great as for heavy metals, but the aquatic lifc
standards {rofile Table 7-11) and the Danish standards
varied by up to a factor of 12 with the Damish standards
generally the lower of the two (except for dieldrn, Table
24

One measure of among-site variability in pesticide
concentrations is the coefficient of variation. which as
shown in Table 24, i between 70% and 170% of the
mean. Again, an imporlant question concerns the
likelihood that observed R(Q)s do not differ appreciably
from the critical value of one given this vanability, A
similar approach was taken as for metals, log-
transforming the data, and presenting them as means +
3% confidence limits in Figure 8. On the logarithmic
scalc i these plots a value of zero 15 equivalent to the
critical value of RQ=1. Despite the considerable
variation among samphing sitcs, these plots indicate that
(using the more conservative Danish standards) the log
ROs exceed one for DDT (e, ROQ = 10), exceed zero
for endosulfan and heptachlor, and overlap zero for
dieldrin and HCH.

PECS

From Profile Table 5-15 (DDT use in Malaysian
coastal areas bordering the Straits) and assuming that

Table 25.Pesticide Concentrations in Water from the Siak River, Indonesia, in ng/L Published in
14996,

Pesticide GM MEC Highast MEC Log RQ, ., Log RQy .
pR-00T 015 0.71 -1.43 : -0.75
Endrin 058 11.17 -1.38 | -0
Dieldrin 020 1.4 -1.60 | -0.7E
Aldrin .37 87 -1.15 | 8]
Heptachlor 0.03 0.38 -3.30 I -2.22
Endosulfan .53 315 -1.28 | =080
gamma-HCH 0.21 214 -3.26 [ -2dS

M MEC=the geomatric mean af the measured enviranmental concentrations caloulated flrum the ranges cited
in the FProfile in units of ng'l. RQs are based on Aguatic Life Standards (Freffe Table 7-11) and calculated for
both median and highest MEC=s. The critical value of log RO is zero.
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Figure 8 Means * 95% Confidence Limits
of log RQs for Pesticides in Wa-
ter from Malaysian Rivers.
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Pesticide
Leg Ras for all pesticides are greater than or
equal to the critical value of zero.

25% emulsifiable concentrate means 250 g a1, per liter
and that 90% (Pimentel et al., 1991 of the pesticide
applied washes off into the Straits, either via river water
or cven dhreetly, using the
one-gompariment model, a

Table 26. Pesticide Concentrations in Sediment.

where

C,.; = the critical pesticide concentration n sediment
(ng'ke)

C_  =water quality criteria for the pesticide (pg/L)

£ =fraction of organic carbon in the sediment
(taken as 0.03)

K, = the octanol-water partition coefficient for the
pesticide {L/kg)

r = empirically derived concentration ratio betwoen

suspended matter:sediment (= 1.5 for metals
and = 2 for organics}

On the basis of the aquatic life standards reported
in Profile Table 7-11, critical sediment concentrations
of organochlorine pesticides ( Table 26) were calculated.
These critical concentrations were compared to the
highest and geometric mean (GM) MECs from Profile
Table 7-12. As indicated m Table 26, RQs for all
pesticides are well above the critical value of one when

PEC of 4 ng DDT/L is

Hirails I Higest Critical
calculated. This compares - MEC Sediment
with a median MEC of 59 | "= | L9 | G ) GmuEq) | concentrain | M
ng/L. It is mteresting that | (pg/kg) (Hakg)
these two figures are within | pp-DDT 6.11 4 | 5302 (275) 79.4 670 (35
snsraiiiateb A ardie af: |Endnn 419 14 143 (31.6) 3.4 424 (9.3)
e ieiapeiaaing | Dieldrin 478 8 | 4,374 (187) 74 5911 (25.3) |
TRAgHace, Ad-Rany B0 - [ R . 4.84 & | 4,374 (477 8.6 508.6 (55.5) |
PEC should be increased by | Heptachlor 4.02 &0 243 (15.8) 77.0 32 (0.2)
a contribution from the |Endesulfan-l| 313 10 | 1,448 (309) 0.2 7.240 (1,545.0)
Indonesian side which, given | gamma-HCH| 358 130 | 1,378 [52.5) 7B | 1813 [6.5)

its  emphasis on an
agricultural economy, is
likely to be at least cqual o
or possibly greater than that
from the Malaysian side,

Concentrations in sediments

As for metals, there are no generally accepted qual-
ity criteria for pesticide concentrations - sediments,
Howewver, following van der Kooy et al. (1991), onc
can calculate sediment threshold concentrations from
published water quality criteria according to the equa-
trom:

Co-C xf x K =100 /r (%)

Lag K, values were abtained from the Pesticide Properties Database (hitp/iwww.arsusda gov’
ppdb2.html). For some compounds, K 5 were nat available but were caloulated from average K
values given in the database. MEC values are taken from Frofle Table 7-12. Highest MEC values, as
well @z geametric mean (GM) MEC values, were used in RO calculations.  Critical sediment concen-
tratians are based on equation 8 with ©_ values from the Aguatic Life Standards in Profile Table 7-11,
RO=MECCritical sediment concentration.

hased on the highest MECs; all but heptachlor have
ROs exceeding 10, and endasulfan has an RGQ = 1,000,
FOs based on GM MECs excecd one for all pesticides
except heptachlor. The relative ranking of RO)s differs
to some extent depending on whether highest or GM
MECs are used. However, 1in both cases endosulfan
has an R} an order of magnitude greater than the other
pesticides, with dieldrin and aldrin having the next
highest RQs and heptachlor having the lowest RO,
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Uncertainty analysis

There are several sources of uncertainty in this
analysis. As was the case for heavy metals, the choice
of water quality standard will influcnee the estimated
critical sediment concentration. The aguatic life
standards from Profile 7-11 were chosen for
calculations. However, as Table 24 indicates, these
standards can vary by over an order of magnitude
comparcd (o ¢, Danish Environmental Standards.
Published K s can vary widely (e.g., the log K__ for
dieldrin was reported to range from 3.692 to 6.2;
hitp:/fwww.arsusda. gov/ppdb2 html), and the choice of
K _ will also influence the eritical sediment
coneentration. For compounds in which a range of K s
was reported (i.e., for dieldrin, endrin and heptachlor),
the geometric mean of the reported log K was
selected. For some compounds (i.¢., aldrin, DDT and
lindane) only a list of K s was reported. For these
substances the average K was taken and multiplied
by 0.6 to estimate K__ (van der Kooij et al., 1991}, A
standard f__ of 0.05 was used to calculate C_,. Sandy
sediments with less than 3% organic carbon will have
lower critical sediment concentrations than cstimated
in Table 26, Fmally, there 1s uncertainty in the RQs
arising from variability in the MECs, As only ranges
were reported in Profile Table 7-12, ong cannot assess
the frequency with which critical sediment
concentrations were exceeded.

and heptachlor. The level of concern for DDT is § pg/
g in fish, and that for gamma-TTICH (1., lindane) ranges
between 0.1 and 0.5 pge for a vancty of foods (no
level specifically for fish) (http:/fvm.cfzan fda.gov/
~Irdffdaact txt). As levels of concern for endrin and
endosulfan could not be found, a value of 0.3 pg/e was
used for these substances. The US FDA levels of
concern are based on US average fish consumption
rates (about 16 g/day), which give tolerable daily intakes
of about 80 pg/day for DDT, |.6-8 pg/day for gamma-
HCH and 4.8 ug/day for the romaiming pesticides. If
these values are recaleunlated on the basis of lowest
fish consumption rates from the littoral States {about
44 p/day), they give the following levels of concern: 1.8
pe/e for DDT, 0.04-0.18 pgfe for gamma-HCH and
(.11 pg/z for the remaimng pesticides. For mdividuals
in the high consumplion group (i.e., 116 g/day, Table
11}, estimated levels of concem would be (.69 pe/e for
DDT, 0.01-0.07 pp/p for gamma-HCH and 0.04 pg/e
for the remaining pesticides,

Comparing the scafood tissue data with the levels
of concern for the high consumption group indicated a
numbcr of samples with BOs exceeding one, and these
are shown m Table 27

The Profile (Table 7.11) provides human health
criteria for chlorinated pesticides in water. These are
compared to maximum MECs from west coast

Pesticides and human

! Table 27. Organochlorine Pesticide Levels in Tissues of a Variety of Marine Organisms.

health — . - : -
Pesticide Species, Year Tissue Level RQ (high
There was no infor g | i o
< = T
: : " Lindane Fish, 1977 0.001-0.012 | 0.14-1.2
mation in the Profile ; |
s ; e f ° ! Lindane Bivalves, 1985 0.017 ; 0.24-1.7
regarding the concen- | pjaigrin Shrimp, 1985 0.094 { 2.35
trations of pesticides in fish | Dieldrin Crabs, 1085 0232 , 5E
or shellfish tissue, How- | Dieldrin Polychaetes, 1985 0.057 | 142
ever, Appendix Docu- Dieldrin Bivalves, 1985 0.052 ' 1.3
o TN reporte d | Lindane Bivalves {Perha wiridis), | 0.181 | 26-181
i i F i i 1992
tissue values for avariety of ) ingane Oysters (Crassostrea | 0.028-0.086 0.4-6.6
species and pesticides from belcharal), 1992*
Mam}.-sja" stations | Lindane Trichogaster 0.01-0.1 | 0.14-10
irichopterus, 1982
rw-endosulfan Trichogaster 513 1282
The US FDA has seta | : :
* : trichopterus, 1982
level of concern in fish of p-endosulfan Trichogaster 1.70 I 425
(1.3 pe/e for dieldrin, aldrin trichopterus, 1982

A
Tissue levels are from Appendix Documents -M and V. Values are shown anly for those samples in which
RO was close fo or excesded one. For most values the survey year is shown.
“Year ariginal reference published, survay year not given,

e ___________._
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Table 28. Comparison of Measured Concentrations of Pesticides in Water with Human Health
Criteria.
Pesticide Human Maximum RQ Maximum RQ Siak
Health MEC from Malaysia MEC from Estuary
Quality Malaysian Rivers Siak Estuary,
Criteria Rivers {ngiL) Indonesia
ingiL) | {ngiL)
Lindane 2.000 | 2o 0.18 | 1,10° 056
| Endosulfan| 10,000 310 0.031 | S50 0,06
| Heptachlor 50 120 24 | 130 268
oot 100 180 1.9 | 1470 1.7
Dieldrin 20 | 47 235 __| 5790 289.5

“value iz for fotal HCH

Malavsian rivers (Profile Table 7.10) and to maximum
MECs measured i the Si1ak Estuary in Movember 1995
(Appendic Document 1-1). The highest concentrations
ol all pesticides in the Malaysian rivers are from cither
Sgr. Bormam or Sg. Sclangor,

Risks (o0 humans from consuming fish can be
estimated mdirectly given information on tolerable daily
intakes ol pesticides and bioconcentration factors
following van der Kooy clal. (1991):

(':H-H
e o 9
Warer BC'F { }
or
. Co k. ..x 102 % £
C = : (10}
= BCF xr
where
I3 measured concentration of pesticide in
waler (ng/L)
C,_, = measured concentration of pesticide in
sediment (ngfkg)
BCF = bioconcentration factor (Likg)

fraction of organic carbon in the sediment
{Laken as 0.05)

K, = octanol-water partition coefficient (L/kg)

€., = predicted concentration of pesticide in fish
tissue (ng'ki)

I = empincally derved concentration ratio be-

tween suspended matter:sediment (= 1.5
for metals and — 2 for organics)

Using these cquations, the concenlrations of
pesticides 1n fish tissues can be predicted from water
or sediment concentrations and compared to the level
of concern for the pesticide,

Table 29 shows the predicted concentrations of
pesticides in fish tissue based on measured water
concentrations [rom Table 24 and estimated BCFs for
cach pesticide (estimated as K x 0.05, van der Kooy
et al, 1991} caleulated using equation 9. RO in tlus
case can be calculated as the ratio of the predicted
concentration of pesticide in fish tissue/level of concern
for the low {44 ug scafood/day) and high (116 pg
seafood/day) consumption groups. Fish consmmed from
areas of the highest water MECs would excead the
levels of concern for both low and high scafood
consumption groups for all pesticides with the excephion
of endosullan, Fish consumed from areas of median

Table 29.Predicted Pesticide Concentrations for Fish Tissue based on Water
Concentrations (see equation 9).
Pesticide BCF (Likg) c,., (Lgig) RQ,, RQ,,,
Median, High Median, High | Median, High
. |
gamma-HCH 180 0008, 0.081 i o £ | 06, 61
Endosulfan &7 0003, 002 003, 0149 . 0.08, 052
Heptachlar 4154 0088, 0.49% oG, 454 | 165, 12,48
ooT Gd4.412 3.800 12238 | 208 B72 | 551 17.74
Dieldrin 303 0012, 0142 0 011, 1.29 | 0.3 WSS

Hurman health ROz were calculated as the rafia of fish tissue concentrationvlevel of concern for each
pesticide for low (44 giday) and high (116 giday) seafood consumption groups. For gamma-HCH
levels of concern of 0.04 and 2.01 for the low and high consumpticn groups, respectively, were
used, Coresponding values for the remaining pesticides were: endosulfan, heptachlor and dieldrin,
.11 and 0.04; DDT, 1.62 and D.62. Calcylations were made using MECs frarm Table 24, Median and
highest ., values were calculated using equation 9 with median and highest water MECs, respec-

tively.
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MECs arc predicted to have tissuc concentrations
exceeding the level of concern for the high consumption
group for DDT and heptachlor but only for DDT for
the low consumption group.

Table 30 shows the predicted concentrations of
pesticides in fish tissue based on measured sediment
concentralions from Table 26 and caleulated using
equation 10, RQs are agam calculated as the ratio of
the predicted concentration of pesticide in fish tissuc/
level of concern for each pesticide and scafood
consumption group. With the exception of DDT;

Uncertainty analysis

These estimates clearly demonstrate the importance
of accurately estimating fish consumption rate for
deternuming the human health risks associated with
ingesting comtaminated scafood. Other sources of
uncertamty include additional dietary and non-dietary
routes of pesticide exposure as well as uncertamties
involved in estimating water and sediment
concenfraiions,

The general approach used thercfore 1s Lo compare
worst-case intakes with precautionarv. tolerable

levels of concern for low (44 giday} and high (116 giday) seafood consumption groups. Levels of concern as
in Table 29. BCF values wers estimated as K, ® 0.05 {van der Kealj et al., 1931).

standards. Verv often

Table 30.Predicted Pesticide Concenirations in Fish Tissue based on Sediment Concentrations | this will overestimate

(equation 10). long-term intake, by

Pesticide c,, (ualg) RQ,, | Ra,, focusing on worsi-casc

Median, Highest assumplions aboul n-

| take: 1.e.. individuals

DoT 0.882, 17.480 0.500, a.4600 1.300, 25.340 : s -

' ; ; consume high levels of

Endrin 0102, 0464 4220 | 2560, 11.500 {._0] it 1‘1':} level r

Dieldrin 0.608, 14.188 5.500, 128.960 15.160, 354.700 13h with gh levels o

Aldrin 1.548, 14186 14.080, 128.950 38,700, 354 640 | conlamination. Henee

Heptachlor 0.050, 0.7B8 71480 1.240, 18700 | tlus does not take into

Endosulfan 0.996, 4.666 5.080, 42.420 24.900, 116640 | gecount variable con-
gamma-HCH 070, 4468 4240, 111.700 17.000, 446 800

sumption and residue

heptachlor and endnn for the low consumption group,
all pesticides exceed the levels of concern m terms of
both median and highest predicted tissue levels.

It is interesting to note that the rank order of
pesticides in terms of risk depends upon whether tissue
concentrations are predicted from water or sediment
concentrations. This probably reflects differences in
partitioning of the different pesticides between water
and sediment phases

Using the human health critena for pesticides
water from Profile Table 7.11 and equation 9, the
maxumum concentrations of pesticides can be predicted
in seafood tssue denved from waters meeting the
human health criteria. These are shown m Table 31
and compared to the levels of concern for low and high
consumption groups. This analvsis sugpests that
although human health enteria for water may be fulfilled,
there may nevertheless be risks associated with the
consumption of maodcrate to large quantities of fish or
shellfish from such areas.

levels that may occur in
nature.

| Table ¥1.Predicted Tissue Concentrations (C,_ ) of

| Organochlorine Pesticides for Seafood Derived

| from Areas Meeting the Human Health Criteria
for Water Concentrations.

Pesticide BCF g R@, | R,
| (Likg) {uolg) | |
ooT G4 412 .44 : 354 | 833 :
Endrin 7id 0.05 045 | 125
Dieldrin | 3013| o008 | 055 | 15 |
Aldrin [ 3,459 0.0y | 0G4 | 1.75 |
Heptachlor ! 4159 0.21 1.91 525
Endosulfan &7 067 810 | 16.¥5
Lindane 180 038 G5 38.0

Rs were estimated for the low and high seafood consumption
groups by dividing the predicted tissue concentration by the
level of concern for each consumption group (from Table 12)
{see Table 30).

Simulation technigues can be used Lo lake this
vartability into account, As already noted, the tradinonal
methed involves Monte Carlo technigues. The Ministry
of Agriculture, Fisheries and Food (MAFTF), UK is
currently assessing an alternative techmoue for usc in
evaluating pesticide contamination on fruit and
vietables called Latin Hypercube. In this techmique,
sampling is stratified from known probability distmbutions
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of consumption and food unit contamination, Tt thereby
defines permutations of consumption and residue levels
that can be taken into account in making predictions
about likely exceedance of thresholds at any one meal,
to predict the likelihood of acute as well as long-term
exposure. Because the Latin Hypercube technique
involves stratificd sampling, it requires fewer iterations
than the Monte Carlo method. Clearly, although this
approach has been developed in the context of pesticide
contamination, it could also be used for other kinds of
contammation including heavy metals (see above).

Dermal exposure

There could be nisks to human health from dermal
exposure to pesticides, e.g., through bathing, And indeed
the Annex in the EC bathing water directive (EEC, 1976)
indicates that standards for parathion, y-HCH and
dicldrin are to be specifiad, but to date this has not been
done.

Tributyltin
Concentrations in wafer

LIsing an cnvironmental quality standard of 2 ng/L
(as set m the UK; Langston, 1996), it is clear that all
concentrations of tributvltin (TBT) in water samples
from the west coast of Pemnsular Malaysia as recorded
in Profile Table 7-25 are in excess of this; and R(Q
vitlues range between approximately one for 8g, Buloh
to 140 for Port Klang (South Port Arca). The
distributions of concentrations and log BEQs appeared
normal with Port Klang detected as an outlier (log
ROQ=2.15). A surprising ohservation is that levels for
open waters (four sites recorded m the Table), although
on average higher, were not significantly different from
levels for port arcas (six siles recorded in the Table):
mean for open water=440.2 (£ 40.7=58D) ng/L; mean
for Ports=75.5 (L 102.2=8D) ng/L; 1 =0.76, P > 0.03),
Clearly, there is considerable variability in both sets of
data with the highest value from Port Klang (South Port
Arca) and the lowest from Pulau Jemor, but nevertheless
with considerable overlap between both kinds of area.
Excluding the Port Klang cuthicr, the mean log RO was
L28 (95% CL=1.14-1.43) for the remaining stations.

Concentrations in sediment

In contrast with water columm values, there are no
quality standards set for TBT in sediments other than
to prevent levels from increasing (Langston, 1996).
However, based on available evidence, chronic
exposure to approximately 0.1 pg TBT/g scdiment dry
wt represents potential problems for survival of
sediment-dwelling molluscs, and above 1 pg TBT/g sed
dry wt even (oleranl polvchactes seem to be at risk
Waite ¢t al. {1991) produced a classification of degree
of contamination of UK sediments in areas used for
recreational vachting and designated the limit for lightly-
contaminated sites as greater than 10 ngfg scd dry wt,
medium-contaminated sites as greater than 60 ngfe sed
dry wit and highly-contanunated sites as preater than
300 ng/p sed dry wt. Even presuming a high
water;sediment ratio of 30%., the levels of TBT in
sediments as recorded m Profile Table 7-24 were well
below 0.1 pg TBT/g dry wt and ranged from about 1 to
60 ng/s dry wt, classifying them as no more than lightly-
contaminated sites according to the above criteria. This
is surprising since scdiments are thought to represent a
polentially long-lasting reservoir for TBT with half-lives
of the order of 1-3 years {in acrobic sediment) to
possibly decades {m anaerobic muds) {Langston, 1996),
The analysis suggests, therefore, that determining the
extent to which there may be nisks associated with TBT
contamination, especially in sediments, needs morc
careful attention, perhaps through more intensive
sediment monitoring of TBT i sediments emphasizing
closed areas (¢ g., harbors) and major shipping lanes.
Analyvses of a number of gastropod species along the
southcastern Malacca Straits (Malaysian side) indicated
a substantial incidence of imposex which was related
to distance to the nearest shipping roule (see Figure 2)
and which was particularly high at the southernmost
stations in the vicinity of the Strait of Johor (Swennen
clal.. 1996). Since TBT is the only pollutant presently
known to cause such reproductive abnormalitics, these
ohservations provide strong evidence for significant
TET pollution.

TBT and human health

There are no formal standards for tissue
concentrations of 'THT for bivalves and fishes, but
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information in the literature suggests that tissue
concentrations less than 1 pe TBT/g tissue dry wt are
unlikely to have adverse biological effects (Waldock,
1994: Willows, 1994) and it is assumed that human
consumption of seafood from watcrs meeting the water
quality standard for TBT will not adversely affect human
health (Zabel ct al., 1988). Swennen ct al, (1996)
reported 7% imposex in gastropods from Anadara and
Paphia fishery arcas ncar Kuala Selangor, and Tong
et al, (1996) found significant contamination with TBT
in Anadara granosa, Paphia sp. and Perna viridis
from the fish markets in Kuala Lumpur and Petaling
Jaya. Even presuming a high water:tissuc ratio of 10:1,
the TBT concentrations from Tong et al. (1996) and
shown in Profile Table 7-25, for bivalves sampled from
markets arc all well below the threshold of biological
effects for the organisms sampled, ranging from less
than 3 ng/g dry wt to 23.5 ng/g dry wt, and such
concentrations are presumably not hazardous for human
consumption. However, it is noted that the Profile
(chap. 7) states that, ‘the presence of TBT in the Straits
mav have a serious implication with respect Lo
accumulation in food fishes and shellfish, which are
staple foods. In view of its possible serious human health
and economic mmplication, the use of TBT requires
special contral”

In conclusion, despite indications that measurcd
concentrations of TBT in water and sediments arc
relatively low, there is evidence for biological effects
{i.e., imposex in femalc gastropods) of the type usually
associated with TBT pollution. Therefore, further study
of the environmental fate and ecological/human health
cffects of this substance 1s necessary.

Nutrients and Oxygen Demand
Nitrogen and phosphorus

Using loads quoted for Malaysia in Profile Table
5-8 and for Singapore in Profile Table 5-5, a PEC___
of 1.8 pg/L for mtrogen and 2.6 pg/L for phosphorus
was calculated using the one-compartment model.
MECs for these nutrients from Profile (chap. 2) are
0.98 pg/L for nitrogen and 0.42 pg/L for phosphorus
(both maxima for surface water). It is encouraging that
these are within the same orders of magnitude.
Concentrations reported in the Siak River (I-I) arc

considerably higher than these: 37-150 ug/L for
NO,-N; 1.5-8 pg/L for NO,-N; 7-18 ng/L for PO -P .
There has been much debate over critical nutrient levels
for the marme cnvironment, but there would appear to
be no straightforward relationship between either
nutrignt concentrations or WP ratios and eutrophication
(Gray, 1992). However, the following values have been
recorded for apparently unpolluted open walers:
PO 0.5-0.9 uM; NO, +NO, : 6-12 uM {Morth Sea
Task Force, 1993). Nutrient valucs for the North Sea
in winter range from 70 to 560 pg/l. for NO_-N with
most in open water tending to 100, and from 12 to 28
ug/L for PO ,-P with most in open waters less than 20
(Eisma, 1987). The People’s Republic of China uses
standards of 100-300 pg/L for nitrogen and 15-45 pe/L
for phosphorus in coastal seas (Appendix Document
XI). Indonesia uses a waste standard for biotic use of
10,000 ug/L NO, and 60 pg/L for NO; no standards
were shown for PO

The risk asscssment therefore suggests that nutrients
are unlikely to causc ecological problems. On the other
hand, there are signs of eutrophication within the Straits
(Profile chap. 7), and so this suggests that a more
detailed risk assessment should be carried out.

Oxygen (BOD, COD and dissolved oxygen)

Biochemical oxvgen demand (BOD) measures the
amount of dissolved oxygen required to oxidize
biodegradable organic compounds. Chemical oxygen
demand (COD) measures the amount of dissolved
oxygen required to oxidize organic compounds that are
not biclogically degradable (Frankel, 1993).
Observations from the coastal waters of the west coast
of Peninsular Malaysia give BODs ranging from 1.33
mg/L to 9.95 mg/L; however ‘most other stations show
levels between 3 to 4 mg/L’. On the castern coast of
North Sumatra, the BOD values ranged from 3.3 to
56.6 mg/L. This kind of range for Indonesia is confirmed
in Appendix Document VIL Here, valucs are reported
between 0.4 and 400 mg/L, but most arc less than 30
mg/L. The BOD levels at four sampling stations mn the
Bengkalis Straits of Riau ranged from 8.14 to 13.64
mg/L. with the highest levels usually found close to
industries or sewaege outfalls (Profile chap. 7). From
Appendix Document VII highest values are associated
with ports; and it is implied that offshorc BOD is
negligible.
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PECs mg/L as an mlerim standard, the RQs are calculated as
shown in Table 32. EMucnt standards arc quoted as
ten times Uns (Appendix Docements 1-8, I-M and X).

but dilution in the receiving waters is presumed.

To calculate a PEC,_ . all BOD loads are
summed and all sources meluded (domestic, agricultural
and industrial) for coastal inputs from Malavsia (given
m Profile Table 3-8), Singapore (Profile Table 5-5)

|Tnh!a 32.Measured and Predicted BOD Values for Various

and Indoncsia (Profife Tables 5-2 and 5-7). On this Regions along the Straits.
basis, a total input of 3 x 1(F tonnes/vr to the Straits Source BOD (mglL) Log RQ
was calculated, which from the one-compartment _Malayséan West
model gives a PEC,  of 0.03 mg/L. This is low | Coast (full range) 3.64 0.25
compared with the MECs. However, here it is Malaysian West
probably more appropriate to consider local offects E::tstcLr_';;s;fsttféﬁﬁséﬁummm 1%‘?3? ! ggg
of discharges and therefore to make REC:. .. Sangkall.s LStraits A~ Risi 1051 072
calculations . Mean + CL for RQs

based on MECs 0.51 [+0.31)

Amother possible way of calculating the domestic | PECa. 0.04 g .

For all MECs, a geometric mean BOD was calculated from the ranges
diven (Proffe chap, 7). The PEC, . was estimated using a simple, one-
compartment mocel of the Straits  ROs were caloulated using a stan-
dard of 7 mg/L.

cantribution to-BOD to obtain a PEC,,_ would be
tfrom the cffective population of the litloral States
(say approximately 20 million for Indonesia and

Malavsia with Singapore excluded becausc of the

provision of good STW) multiplied by the average

BOD production, 1.5 x 10" mg/personivr, as taken from
Profile Table 5-2, which also TIVES a P]:'Csmu of 0.3
mg/L. In makmg this calculation, the data quated for
Indongsia were used but it was noted that these were
for a coastal population of 110.76 million. It was
presumcd that this refers to the coastal population for
Indonesia as a whole. rather than for the coastal
population for the Malacea Straits (which is taken 1o
be about 10.9 million; Profile chap. 2). It was noted
from Profile chap. 5 that in 1989 the total coastal loading
from sewage discharge for Malaysia, Indonesia and
Smgapore was about 3,000 tonnes per day, and was
expected Lo merease to 6,000 tonnes by the year 2000.

From the calculations from Profile Table 5-2, it is
estmated that an average BOD production per million
of about 40 tonnes, wlnch multiplying by the estimatc
of total littoral population (20 million) gives 800 tonnes
per day. It1s presumed, therefore, that the levels quoted
in the Profile for 1989 and 2000 represent coastal arcas
m general and not specifically the Malacea Simits.
Clearly, were this presumption to be incorrect, the
predicted BOD would increase by about § or 6 times,

A PNEC/STD could not be found for BODs in
estuaring/marine circumstances. However, for rivers.
it is noted that those with a BOD of < 2 mg/L arc
considered not polluted (Clark, 1992). Hence, taking 2

Henee, the mean RO for the MECs significantly
exceeded the critical value of zero. with all of the
individual values above zero. However, it is unclear how
unbiased the samples were upon which this conclusion
is bascd in terms of the Straits ag a whole. The
uncertainties associated with the choice of interim
standard and the interpretation of the PEC value sugpest
that a more thorough analvsis 1s required of tlus kind of
conlamimation

The data for COD were more limited, and for the
eastern coast of Morth Sumatra ranged from 108 to
766.1 mg/L and for the Bengkalis Straits of Riau from
2016 to 32.64 mg/L (Profile chap. 7). A coastal COD
of 80-100 mg/L is quoted for Indonesia (Appendix
Document V). An offluent standard for COD of 30
mg/L is uscd by Singapore (Appendixc Document X)
and of 30 mg/L by Malaysia (I-M). Hence, presuming
as for BOD, this should be reduced by a factor ten to
represent dilution, RQs would be greater than ong,

The data for dissolved oxvgen were even more
limited with a range of 0,78 to 6,93 mg/L from a survey
of 43 stations along the Straits and a report from routing
surveys by the Malayvsian DOE between 1989 and 1994
of “some arcas” with DO content between 1 and
2 mgil,




Praspective Anafysis « 57

Total Suspended Solids

I'he interim standard for total suspended solids
{(I's5) adopted by the DOE in Malaysia 15 50 mg/L.
This was applicd to the data quoted from routine survevs
conducted by the DOE in Malavsia (quoted in Profile
chap. 7) and the data in Profile Table 7-2. However, it
15 noled that Appendix Docuwmenr 1-1 reports that
suspended solids as low as 6 mg/L can significantly
impact respiration of hard corals,

To caleulate PEC, . . total inputs from Malaysia
{given in Profile Table 5-8) and Singapore (Profile
Table 5-3) were used to give a valuc of 288,554
tonnes/yr. There were no data in the Profile for
Indonesia, Data in Appendix Document T-1 suggest a
5 m tannes/yr input for Indonesia, but it was unclear
how much of this was of relevance for the Straits,
Presuming that Indonesian sources generate as much
again as Malaysia and Singaporc gives a lotal of about
6 x HP tonnesfvr. Using the ong-compartment model,
this translates into a PEC___ of about 0.1 mg/L..

Log RQs are summarized in Table 33 For MECs
from Frofile Table 7-2. log RQs approximated to the
crilical value of zero, signaling cause for concem,
However, the log RQ from the PEC, . was
considerably less than zero. 'This 15 not surprising
because the PEC_
cantributions from the Indoncsian side nor any
background levels in the Straits themselves dueto, e
erosion or dredging. On the other hand, a considerable
amount of uncertainty associated with the MEC data
from Profile Table 7-2 15 noted, as indicated by the
tact that three out of the seven stations sampled
exceeded the interim standard m less than 50% of the
samples. From the routine surveys conducted by the
Malaysian DOE, TSS ranged from 100 mg/l up toa
maxtmum of 1,395 mg/L sving log BAOs as indicated in
Table 33. Dow (1995, cited in the Profile) reported
that maost stations in the Malaysian routing survey were

|Table 33.Risk Quotients for Total SuspErldE&.EﬁE{E“E;HI‘.H-ﬂtEd from Measured and

Predicted Environmental Concentrations.

neither took account of

cloge to the mlerim standard. On the other hand, mean
T5Ss from Malavsia reported in Appendix Documerny
I-M from 1992 to 1995 range between about 200 and
F00 mg/L.

Tt was also unclear as to how the mterim standard
had been caleulated. A PNEC for TS8S should take into
account anumber of biological considerations. Potential
ceological effects of TS5 include reduced light
penetration (which may have a negative impact on
photosynthetic organisms including corals), reduced
visibility, destroved spawning arcas, reduced food
supplics, reduced plant cover, anaerobic conditions
caused by trapped organic matter, flocculent planktonic
algac, adsorption or absorplion of organic molecules
and 1ons, adsomption of oil and toxic components, and
impaired respiration causcd by particles floating and
blocking glls (Framkel. 1995). The intenm standard might
underestimate the effects of suspended solids on corals
(Appendix Document 1-1), Silt particles also (rap
toxicants and so enter food chaing of imporlance to
hutnans (Profile chap. 7).

Relative importance of defined sources of T8S

On the presumption that TSS does create
environmental risks it will be necessary to quantify
contributions Trom the major sources, as a basis for
management and prioritization. OQur FEC, | was based
on inputs from domestic sewage and industrial sources
from the Malaysian side and Singapore, Therc are two
other possible approaches to csimatng the domestic
contnibution, 1.¢.. by multiplving the effective littoral
population (currently about 20 million excluding
Singapore because 1t has good STW) by either (1) the
fecal production per person or (2) the average T'SS per
person. On the basis of the latter, and taking TSS
loadings from Profile Table 3-3, and adjusting to a total
littoral population of 20 million (which assumes that TSS
per capita on the Indonesian side is similar to that on
the Malavsian), together with the one-compartment
model gives a PEC___ for
domestic inputs of 0,02 mg/1..
From Profile Table 5-3, one

Data Saurce |

can also calculate a PEC

Log RQ T.oizal
|Based on range of values from for selected rivers. Highest
|routine DOE Malaysia survey {Profile) about 0.3-1.5 PECs were from the Klang
Based on FProfile Table 7-2 mean 0.21 {+0.285=08%CL) and Perak Rivers, calculated
Based on PEC,,,, 2T by taking loadings (i.c., mass
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to river) and dividing by the average annual flow rates,
which were estimated from data given in Profile Table
2-3. The PEC for Klang 1s thus 16 mg/L. and for Perak
2.2 mg/L. Both of these figures are considerably greater
than the PEC,__ but are still below the internim standard
of 30 mg/L, However, for the Siak River on the
Indonesian side loadings are reported of mostly =50
mg/L and often =100 mg/L {(Appendix Document V1),
This 1s equal to or greater than the standard and sugeests
a bigger contribution of suspended solids from the
Indonesian side.

Another possible major source of suspended solids
18 from the aguaculture industry, and it might be
necessary to predict a maximum likely generation of
solids from a particular area of culture and/or to assess
likelv gpeneration of solids from existing arcas. One way
ol doing this could be on the basis of production fipures
as follows: presume thal energy and water contents of
food and tissue are the same. then it is possible to use
cnergy conversion efficiencies (Calow, 1%77) to
compute fecal production rates from tissuc praduction
rates viz. (1) presume that production (P) represents
40% of absorbed intake (A) of food (hence, P/ 4=A);
{2} presume that 80% of food ingested is absorbed so
that 20% of mgested food 15 lost as feces (F), henee
0.2I=F and therefore A=4F: 4F can be equated with P/
()4, so that F=0.6P In other words, an amount
cquivalent to 60% of production is lost as feces, and on
the assumption that these do not decomposc, 60%
production can be taken as the maxinmum contribution
to suspended solids. Taking data from Profile Table 3-
5 for brackish water pond fishenies of Sumatra and from
Profile Table 3-10 for brackish water production in
Malaysia, both for 1993, a production level of 39 x 10
mg for Sumatra and 90 x 10" mg for Malaysia is
caleulated giving approximately 129 x 0% myg in Lotal,
which, by applying the usual one-compartment model,
would maximally contribute 0.013 mg/L to the total
suspended solids in the Stramts., Assuming that the
suspended solids measurcments (Profile Tables 3-5 and
5-8#) and the aquaculture achivitics (Profile Tables 3-3
and 3-10% are both representative of the conditions Lo
date, one can say that aguaculture is contributing a
maximum of aboul 13% of TSS and probably
considerably less than this. Clearly, as the intensity of
the aguaculturc activity on both sides of the Straits
changes, this situation is likely to change. Also, these
calculations do not take into account the contribution of

wasted food materials lost from aquaculture fhcilites
and these may be as great, if not greater than fecal
losses,

Another sipmficant source of suspended solids 1s
apricultural munoff (e.g., from pig farms). Profile Table
5-14 sugpests that about 35,000 tonnes/vr of TSS goto
river from approximately 0.5 million pigs, sothe potential
contribution of TSS per pig per vear is approximately
0.1 tonne. From Profile Table 5-13 and information
the text, the tolal pig population for the west coast of
Malaysia is about 2.5 mullion, giving a total TSS loading
into the Straits of 250,000 tonnes/yr. This gives a
contribution to TSS in the Straits of 0.025 mg/L., not
taking account of contributions from pig farms in
Indonesia and Singapore,

Table 34 summarizes the PECs for TS5 derived
from various sources and compares them with a
PEC . The mdividual components account for ap-
proximately 6% of the total PEC. As will be clear from
the table, one source of difference 15 that data from all
littoral States have not been consistently used: and an-
other is that contributions from industrial sources have
been ignored. Caleulations from FProfile Table 53-8 on
West Coast Malaysian inputs suggest that these could
account for about 30% of total TSS mput.  Interest-
ingly, the textile industry alone seemed to have a 38%
contribution.

Table 34. Relative Contribution of TSS from Different
Sources Used to Estimate PEC,_ .

Saurce-Specific PEC Data Used

PECs [mgiL}
PECmm a1 Frem all States
PEGL. .02 From all States
HECE 0.025 Indonesia and Malaysia
BEC, e 0013 Largely Malaysia

The other important comparison is between PEC
and MECs for the Straits. "The latter are generally close
to or greater than the interim standard of 50 mg/L.
Hence, there is a considerable difference here, that has
to suggest an addibonal substantial source of suspended
solids, From the retrospective analysis. there are
indications that this is associated with mangrove
deforestation.



Prospective Analysis « 33

In conclusion, therefore, there i1s considerable
uncertainty in these risk assessments both in terms of
the vahdity of the interim standard and the MECs and
PECs. Much of the variability in the MECs might be
described as stochastic and due to variation in conditions
among sites and among sampling occasions, The
uncertainty associated with some of the assumptions
used in calculating the PECs has already been
discussed. There is, of course prima facie evidence for
concern, and this needs following up with a careful
consideration of the standard, the momtoring program
and the assumptions incorporated mto the PEC.

Coliforms

Colitorm counts for marine waters, agquaculture sitcs
and recrcational sites on the west coast of Pemnsular
Malaysia from mid- to late 19805 to early 19%0s are
summarized, respechvely, m Prafile Tables 7-18, 7-19
and 7-20), No more up-to-date data were given in the
Appendiz Documents, A fecal coliform standard of
100 MPN/T00 ml was adopted as used by the Malaysian
DOE and quotcd in the bathing water Directive of the
EU (EEC, 1976). The total cobform standard of 500
MPMN/100 ml was taken from the annex of the EEC
Directive (1976). It is also of interest to note that the
EEC Directive gives interim standards for total and fecal
coliforms, respeetively, as 10,000 and 2,000 MPN/10O
ml. Moreover. the EU Directive om the quality required
of shellfish waters (EEC, 1979), designed to “contnbulc
to the high quality of shellfish products directly edible
by man’. specifics a guidehne standard or fecal
coliforms of 300 MPN in the shellfish flesh and
intervalvular liguid noting, however, that ‘it is essenlial
that this valuc be observed in waters in which lve
shellfish directly cdible by man™. Singapore appears to
use a standard of 1,000 MPN (Appendiz Document
[X). Taking the most strict guidelings for total and fecal
coliforms, respectively, as 500 and 100 MPN/100 ml,
the raw data i Profile Tables 7-18, 7-19 and 7-20 are
converted to risk quotients. Figure 9 shows means and
confidence limits (after the usual logarithmic
transformation, see above) for the various categories
of sites,

It 1s surprising that the risk quotients for coastal
marme waters were all appreciably above the critical
log RO={), Even noting that the percentage excecdance
of standards in individual samples ranged between 36

Figure 9. Comparison of mean log RGs for
Total and Fecal Coliforms amang
Different Types of Stations in the
Straits.
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Errar bars represent 959% confidence limits. A
dashed line iz drawn through the critizal log EQ
valua of zero. 'Coastal refers o coasial sites
reported in Frofile Table 7-18; “Agua’ refers o
aguacuiture sites on the west coast of Peninsular
Malaysia reparted in Frofie Table 7-18; 'Rec’ refers
fo recreational sites an the west coast of Peninsular
Malaysia reported in Profle Table 7-20.

and 76, presumably ndicating some variability in samples
taken at different times and hence introducing stochastic
uncertainty, there is still, in general, considerable cause
for concern. The average log RQ for both total and
tecal coliforms al aguaculture sites did not differ
significantly from zero, whercas average log RO lor
total coliforms, hut not fecal coliforms, at recrealional
siles was Jess than zero,

Average coliform concentrations at recrcational
and aquaculture sites in different Malaysian states are
shown in Figure 10. Applying analvsis of vanance to
coliform counts among states as recorded in Profile
Table 7-20 for recreational sites, significant differences
were found for both total coliforms and fecal coliforms
{total coliforms: ANOVA; F=477, P=0.015; fecal
coliforms:; F=6.17; P=0_006) among sitcs. In hoth CASCE,
RQs for the Penang heaches were significantly higher
than Melacea: for fecal coliforms, Penang beaches were
significantly higher than all other beaches (Tukey post-
hoc comparisons; P < 0.05). Omtting the Penang data
and recalculating average log ROs for the other states,
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Figure 10.Comparison among Different
Malaysian States of log RQs for
Total and Fecal Coliforms at
Recreational and Aquaculture
Sites.
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Measured concentrations of coliforms are from Sro-
file Tables 7-19 and Y30, Error bars represent SEM
and a dasned line is drawn through the critical leg RQ
value of zero

w value for total coliforms of 0832 (903% CL=1,07 -
-(h.60) and a value for fecal coliforms of -0.469 (95%
CL = -0.73 - -0.20) was found: 1.e., both now
sigmificantly less than the critical threshold value of log
RO=0. On the other hand, there were no significant
differences among aquaculture sites in the different
states interms of either total (ANOWVA; F=2 36 P=0.|5)
ar fecal coliforms (ANOVA: F=2.11; P=0.18).

Counts Tor Singapore walers {(Strait of Johor and
Strail of Smgapore) were below the critical count of
10 MPMAGO ml for more than 70% of the sites
{Appendiv Document 1X),

0Oil, Grease, Petroleum Hydrocarbons
and Tar Balls

All these substances comprise very complex
mixtures of thousands of organic compounds with
different behaviors and hence different possible cffeels
on marine life and ultimately human health. Once
released into the environment, all of these compounds
arc subjeel o continuous and variable changes due to
biological degradation, photooxidation, ete, There arc
also background levels of hvdrocarbons, for cxample
arising from natural hiosynthetic processes. Hence,
both the summary data given in Profife Tables 7-13 to
7-16 and the standards quoted m Profife chap. 7 from
FAO and Marchand el al. (1982, cited in Abdullah
and Samah, 1996) (sce Appendix Document 11) have
to be treated with some caulion. For the refined risk
asscssmenl, the focus 15 on the most up-to-date data
available from Appendic Docwmernt 1 Tor water column
and sediments in both the Malacca Straits and the Strait
ol Johor, Here, a distmetion 15 made between “oil and
grcase representing both biogenic and petrogenic
substances and specifically “petrogenic hvdrocarbons’
measured m terms of both crysene equivalents and Seligi
crude oil equivalents,

Critical concentrations

Table 33 summarizes critical concentrations ohtained
from vanous sources and of relevance for asscssing
risks from hydrocarbon contamination within the
Malacea Straits,

The standards used are more conservative than
most and have been estimated in the following way. As
quoted in rofife chap, 7, mesocosm studics have shown
that sublethal effiects can be observed at hyvdrocarbon
concentrations as low as 20 pg/l. in Myilus edulis.
Reductions i diversily and changes in size structure of
phyvtoplankton and zooplankton were observed at
concentrations down o 73 pe'L. Also, as far as the
standards are concemned, it can be argued that many of
the hydrocarbons of concern for marine ecosystems
will be polveyelic aromatic hydrocarbons (PAHs).
These are relatively resistant o degradation and so are
likely 1o accumulate relativi to other fractions, especiallv
n scihments. Much of the oil entering the marine
environment (especially that from land-based sources)
consists of vsed oils which are enriched in PAH
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Table 35. Critical Water Concentrations for Hydrocarbons.

Malaysian water guality criteria for class

Malaysian water guality criteria for class
waters, emulsifiable & edible oil, sensitive
agquatic spacies

Agquaculture, hatchery mineral cil, sensitive
agquatic species

il & grease, recommended standard for

| Malaysia

GESAMP criteria to prevent tainting and
sublethal effects to embryos and larval
invertebrates, ol components

LOET dissclved & emulsified oil products,
henthic crustaceans, fish, phytoplankion
(FPatin, 1882)

Florida Dept. of MNatural Resources (1982}
for protection of recreation, fish & wildlife

ASEAN marine water crteria for oil & grease
(water soluble fraction)

For most sensitive species, for cil & grease

FAC hydrocarbon content in ‘unpoliuted’
waters

Lowest 86h LT
by 1,000

{Betton, 1894) divided

=

Standard mg/L Source
Malaysian water guality criteria far class | |
watars, very sensitive aquatic species | Background Appendix Document |l

waters, mineral oil, sensitive aguatic species| 0.04

|
Appandix Documant |l
I

I

|7

|

| Less than 0.01

Appandix Documant |l
Appendix Documeant |

1 Appendix Document ||

|
[ 0.01

Appendix Document X

0.01 Appendix Documant X

I =5 Appendix Docurmernt X
0.14 Appendiy Documeant X
0.0 Appendix Document X
00025 Appendix Docoment ||
0.0m Calow and Forbes, 19497

{(GESAMDP. 1993). These compounds tend to be
extremely toxic, and many are known carcinogens
{Neff, 1979). On this basis, it 18 noted from Kennish
{1994} that a lowest LC, value for PAHs is between
50 and 300 pe/L for marine fauna, Applving a safety
factor of 1,000 would therefore give a PNEC of
approximately 0.1 peg/L (of. FAO standard of 2.5
pe/L). Now, taking a log K __ of 5 (which is
representative of the larger, more persistent PATT, NedT,

1979} and applving cquation 8 gives a PNEC for
sediments of .15 mg/ke dry wt (cf the value of 100
mg/kg attributed to Marchand et al., 1982 cited in
Abdullah and Samah, 1996). Morcover, the latter has
to be put-in-the context of reported values in the
literature of 100 mg/kg total PAH for heavily polluted
stles and background measures Tor the abyssal plain of
(1.055 mg/ke and for Alaskan marne scdiments of
0.005-0.113 mg/kg (Kennmsh, 1994).

Taﬁle 36 Critical Seﬂimeni Ennceﬁirailnns for Hydrocarbons.

Standard malka Source
F&C hydrocarben content in
‘unpolluted” sediment 100 Appendix Document |l
Background, abvssal plain
(kennish, 1294} 0.055 Forbes and Calow {(1997)
Eackground, Alaskan marine
(kennish, 1994} 0.005 Forbes and Calow {1997)
FMEC for il and hydrocarbon 1:5 Forbes and Calow {(1997)
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Trving to calculate a PNEC for oils is ¢ven more
problematic. But it is noted from Betton (1994) that
45% of the data on oil ecotoxicity in the literature
mdicates 96h LC. values between | and 10 mg/L.
Taking a precautionary approach and applving an
application factor of 1.000 to the lowest value gives a
PNEC of | neL.

In the light of all this variability m PNECs, for the
mitial risk assessment a valuc of | pg/L was chosen for
both oil and hvdrocarbons and a value of 3 me/ke for
sediments, However, following dppendix Document
I, it seems more approprate for the Refined Risk
Assegsmenl (0 use a standard of 1 mg/L for total oil
and grease with the lower standard being vsed only for
hydrocarhons,

MECs

First ol all, comparmg the critical concentrations
referred 1o above with all the reported data in the
Frofile mdicates substantial pollution in terms of bath
oil and hvdrocarbons. This appears to be true not only
lor sites spectfically selected around offshore oil ficlds
and refineries (Frofile Tables 7-14 and 7-13), but also
for coastal waters off the west coast of Peninsular
Malaysia (Profile 'Table 7-13) and other sclected sites
in the Malacca Straits (Profile Table 7-16). From
Profife Table 7-13, there would appear to be no obvious
time trends m hydrocarbon pollution of water column
and sedimments between 1992 and 1995, Although
averape levels appearcd lower for 1993 as comparead
to 1992 {mean water column 1995: 23,3 pe/L
{(=21.0=5D. n=11), omutting the outlier for Kukup; mean
water column 1992 60,7 =108.9=8D, n=9; mean
sediment 1995 67 8 =64 98=5D, n=12; mean sediment
1992 1390 £80.29=5D, n=9), there was considerable

variation in the data and ditferences were not significant
{(P=0.05 for all comparisons). Dividing these average
MECs by the critical water (1 pg/L) and sediment (3
Lg/e) concentrations, respectively, gives an RQ of 23
for both water and scdiment (using average MECs for
1995). Also, it 1s noted that in Profile chap, 7
hydrocarbon concentrations for the Riau Archipelago
have been reported to reach as high as 1.000 or cven
11500 peil. The maximum RQs for the Riaun
Archipelago would thus be greater than 1000,

A further consideration of the risk assessment was
made using the most up-to-date data summarized in
Table 37, Applving the oil and grease standard of 1
mg/L to the means gives a range of RQs from 0.0032
to 3.8, However, inspection of the ranges indicates that
the RO} can rise appreciably above one. Figure 11 plots

from Different Malaysian Stations.

Figure 11.Time Trends in Oil and Grease Concentrations in Water
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Data are from Appendix ODocument [-M, The solid line is a locally-weighted

scalterplat smooth (LOWESS) and is a robust indicator of trends.

Table 37. Water Column Oil and Grease for Different Areas of the Malacca Straits.
Location & Year | Water Column Oil Appendix
B & Grease {mg/L) (mean + range) Document
Malacca Straits coastal watars &
estuaries along Malaysian side, 18980s 068 {(0.1-2.4) I
Straits of Johor, 1990s 1.07 (0.3-3.5) 1
Malaysian States along
Mzlaceca Straits, 1282-1985 3.28 (NC-10.3) [-Pf]
| Siak River, Indonesia, 1995 (0.8-252) I-I
Siak Estuary, Indonesia, 1985 (0.5-9.8) -l
Straits of Singapore, 1986 0.0032 (0.0025-0.0043) -5
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MECs for different Malaysian States between 1992
and 1993 (from Appendix Document 1-M). This further
illustrates the extent of both temporal and spatial
variability, Robust trend analysis, shown by the solid
Iing in Figure 11, suggests a possible increase in time in
average MEC between 1992 and 1993 and a leveling
off after 1993 Further consideration of this vanability
will be given in the analvsis of uncertainty below.

From Table 37, it 15 interesting to note that the
concentrations within the Siak Raver arc generally much
greater than those in the estuary itself. and this strongly
suggrests that the land-based sources are important

contributors o conlaminalion within the Straits,

The most detailed analysis in terms of'oil constituents
15 given i Appesdic Document 11 terms of total oil
and grease and petrogenic hydrocarbons. Here, data
were also given on sediment concentrations, as well as
waler column congentrations This survey included the
Strait of Johor, as well as the Malacea Straits, and inall
cases the former were more contammated than the
latter. However, correlation analysis indicated that therc
was little or no correlation between water column and
sediment contammeation or (at least for the Malacea
Straits) between total oil and grease and petrogenmic
hvdrocarbons (Table 28). The two measures of
sediment petrogenic hvdrocarbon contammation did

correlate significantly, bul there was soll a considerable
amount of scatter in the relationships. Mean
concentrations for petrogenic hvdrocarbons from this
surviey arc sununarized i Table 39,

Applying the most stringent standard of 1 pg/L to
the mean water column MECs gives RQs all in excess
of one. Bul there was congiderable variation indicated
by the ranges, and less strimgent standards could have
been applied. Similarly, for sediments applyving the meost
stringent standard of 3 mg/ke to sediment MECs mives
ROQs cqual to or greater than one, Again, the ranges
suggest considerable vartalion and a less stringent
standard could have been applied. These issues will be
considered further in the uncertainty analysis below,

Lncertainty analysis

EQs based upon means generally gmive cause lor
concern but this approach hides a considerable amount
of apparently unsystematic uncertainly belwoen silis
and through time, Such variability is not unexpected for
these kinds of data given that they can be influenced
b local events (such as the disposal of o1l from a passing
vessel shortly before a sample was taken) andfor the
complexily of digpersal of oil through water currents.
On the presumption that vanability m the data sets
reflects this variability in some average kind of way,

Table 38. Spearman Rank Correlation Coefficients for Different Measures of Hydrocarbon |

Carrelation l

Contamination in the Straits of Malacca and the Straits of Johor,

Malacca Straits

Straits of Johor

o, p nr,p

Crysene. Water vs. Sediment

Seligi Crude: Water vs. Sediment
YWiater Oil & Grease vs. Cryseng
Vilater Cil & Grease va. Seligi Crude
Sediment Crysene vs, Selig Crude

[ata are from Appendis Document 1.

G2, 0.2, =0.03
52, 0015, =0.05
78, 0073, =005
79,-0.087, =0.05
62, 0.408, =0.01

21, 0.201, =0.05
21, 03056, =0.05
31, 0.454, =0.05
31, 0522, =0.01
21, 0.895, =0.01

n=sample size: r=Spearman rank corelation caefficient; p=probability level

Table 39. Petrogenic Hydrocarbons for the Malacca Straits and Straits of Johor for Water Column '

and Sediment.

Sample Type

Average Concentration
{Range); Crysens Equivalents

Average Concentration
[Range) Seligi Crude Ol

| Malacca Straits, water 1.53 (01-7.0% aned {1.5-188.4)
Johor Straits, water 2770 [0-135) 44810 (5-2795)
Malacca Siraits, sediment 3.04  (0.05-9.51) 6987 (548-703.88)
Joher Straits, sediment 841 (0.71-387) T2.01  [14.26-182 82)

Data are from dppendix Document | Units are pofl far water and mgikg for sediment. '
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mphications for risk assessment are now explored using
Meonte Carlo simulations. The output of these will be a
probability statement that a sample taken from any point
within the Straits will be likely to exceed one and hence
lead to ecological harm.

This techmique is first applied to the water column
oil and grease MECs measured between 1992 and 1995
m sclected Malaysian States (Appendix Document I-
M}). This incorporates the spatial and temporal variability
illustrated in Figure 11. As in the previous section, a
smgle standard of 1 mg/L 15 applied. The MECs were
fit to a log-normal distribution (mean 3,28 mg/L;
sd=2.85), and the distribution was sampled 1,000 times
with replacement. On this basis, the probability of RQ
bemg greater than one was 90%. It was noted that
there was a possible difference between samples taken
in 1992 and later vears. The 1992 MECs may have
lowered the estimates of RO for other vears. Hence,
rerunning the analysis excluding the 1992 MECs, giving
an adjusted mean MEC of 3 93 {sd=2 99) results in an

adjusted probability of R being greater than one off

5%, Therefore. n both cases the likelihood of any waler
column sample causing harm is considerable.

The Monte Carlo uncertainty analysis was also
applied to the data on petrogenic hydrocarbons for water
and sediments in the Straits of Malacca and the Strat
of Johor from Table 39, Here, again a log-normal
distribution of MECs was presumed and for the water

Table 40. Assumptions and Results of Monte Carlo Simulation to Quantify the Probability that
RQ Exceeds One for Different Measures of Petrogenic Hydrocarbon Contamination in

Water and Sediment.

column account was taken of possible vanability in
standards by applying a range between the low of
1 pg/L and the Malaysian water quality criterion for
class Il waters of 40 pug/L. Similarly, for sediments a
range of standards was considered from a low of |
mg/kg and the FAO standard of 100 mg/kg, For both
waler and sediment, 1t was not possible to assign relative
likelihood of applicability to diffcrent values for the
standards and so as a default, it was presumed equal
likelihood and fit to a uniform distribution for the Monte
Carlo simulation, The results as probabilities of R(Js
being greater than once are summarized in Table 40.
The likelihoods of RO bemg greater than one were
alwavs greater for Johor Strait than for Malacea Strails.
Concentrating on Malacca Straits, the probability of the
water colurmn RO exceeding one was 60% for crude
oil cquivalents but 2% for crysene equivalents, Similarly,
for sediment the probability was 51% in terins of erude
oil equivalents and 2% in terms of ¢rysene equivalents.
50, on this basis, the risks of any sample of either water
or sediment having an RO of greater than one, and
henee causing harm are considerably less than for total
o1l and grease. This is a significant poinl because
notwithstanding the chowee of standards, some would
arguc that the petrogemic components of oil arc
appreciably more important than total ol from an
ceotoxicological pomt of view. It is also important to
note that some would arguc that scdiment contamination,
because of its persistence, should be taken more
seriously than water column contamination. The results

Type of MECs MEC Avg (sd)
o (M@l or mglkg)

| Malacca water, a
Cryseng units 1.53(1.43)

Malacca water,
Crude oil units
Johar water,

30.92 (29.23)

Crnysens Units 2771 (42.70)
Johar water,
Crude ail units 44913 (B22.71)

Malacca sediment,
Crysene units
Malacca sediment.
Crude oil units
Johor sediment,
Crysene units
Johor zediment,
Crude ail units

3.04 {2.59]
G867 (101.45)
841(813)

12,01 {57.58)

PNEC Probability that RQ
(Hail or mgika) exceeds ane (%)
1-40 2 |
1-40 80
1-40 46
1-40 a4
1-100 2
1-100 51
1-100 8
1-100 86
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here would suggest that risks from water column and
sediment are mn similar ranges. I 1s possible, though,
that the water column nisks could be reduced more easily
and rapidly than the sediment risks,

Conclusions including consideration of human
health risks

Notwithstanding the uncertamty referred to in the
above scclion, the risk assessment would indicate a
prima facie cause for concern. This would thercfore
argue for the development of more rigorous and thorough
monitoring programs for the future that take appropriate
account of the complexily of oil-related compounds,

Many of the “oily substances”, ther derivatives and
breakdown products are hazardous to human health as
carcinogens and general poisons. In addition, tainting
of fish has been reported to occur at il exposures as
low as 10 pg/l and may oceur withm hours of exposure
(GESAMP, 1993). This can have economic
consequences by restricting areas or species suitable
for commercial fishing, The high MECs for the Straits
m general and particular places suggest possible risks
to humans from dermal and dictary exposures.
However, one 1s unable to carry out more detailed
assessments of the kind applicd for metals and pesticides
until more 18 known aboul the dentity, distributions and
levels of specific o1l compounds. Knowledge of the
compositional characteristics of a hydrocarbon mixture
can aid in identitving the kind and dogree of hazard for
human health (c.g. larger PAHs such as
benzola)pyrene are known to be potent carcinogens),
as well as in identifying the source of the contamination
(.., 1itis possible o disinguish raw oil from used engine
vil en the basis of the PAH content). Used enging oil
comprises a primary component of the total
hvdrocarbons entering marine areas from ships, fishing
boats and land-based discharges, So, if these sources
of hvdrocarbon contamination are high, combustion
products, such as PAH, will comprise a relatively high
fraction of the total amount of hydrocarbons in marine
samples (GESAMEP, 1993,

Grven the wmformly higher oil contamination in the
Strait of Johor compared to the Malacea Straits, it is
important to note thal Appendic Document 1-8
mdicates that aquaculture production by Singaporc is
mainly in the Strait of Johor and that 3% of seafood
comsumed 15 from aquaculture species.

An analysis of relative contributions from land-
and sea-based sources

A consideration of water column MECs recorded
for oil and grease from different Malaysian States
between 1993 and 1995 {Appendiz Document 1-M)
suggests an average level of approxamately 4 me/L.
(Figure 11}, Companson of total oil and grease with
petrogenic hydrocarbon concentration from the samc
sample (Appendiz Document 1) sugoests that the
fraction of total o1l and grease composed of petrogenic
hydrocarbons can vary widely from 0015 10 99% (Figure
12} Thig 15 not surprismg given that samples from
different sites will have received contamination rom
widely different sources. The distribution summarized
in Figure 12 is obviously skewed and the best descniptor
is the median, This mives a value of 6% total oil and
grease comprising petrogenic hydrocarbons,

Figure 12.Percent of Total Oil and Grease Composed
of Petrogenic Hydrocarbons,

L 1 | | 1 i i 1 I
o100 21 31 40 50

Pament Petrogenic

Data are from Appendi Document || and are for slations in
the Malacca Straits and Johor Strait

On average, 4% of ol and grease contamination
within the Straits 1s likely to be from non-petrogenic
sources, e.g., from natural sources and the palm oil
industry, Tt 1s morc hikely that the non-petrogenic sources
are more biodegradable than the petrogenic sources
and are therefore of less concern, In what follows, the
petragenic ol componenls arc the focus in considering
relative contributions from different sources, In this
analysis, it is presumed that 6% of the average total oil
and grease contamination of 4 mg/L provides a
rcasonable average MEC for the petrogenic
hvdrocarhons in the waters of the Malaceca Straits, i.c.,
this is equivalent to about 0.2 mg/L. In considering
possible sources of this matenal, one can distinguish
between land-based, sea-based and offshore activities.
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Appendiz Document 11 provides a very rough
estimate of discharges per vear from these sources that
are of relevance for the Straits (Table 41). This totals
approximately & 480 tonnes/yr which, for convenience,
15 rounded up to 10,000 tonnes/yr. According to these
Agures, most of the contamination comes from land-
bascd sources (approximately 60%0) with the largest
simgle source beine used lubrication oils (i.e.. from petrol
stations and industrial machinery). The sea-based
sources generate approximately 30% and here
according to this analysis shipping accidents are a
dominant source, Offshore activitics were of lesser
imporlance over the period of the analvsis.

‘Taking the rounded total of 10,000 tonnes/vr and
applving the one-compartment model gives a predicted
crvirommental concentration from these sources in the
waler column of 100 pg/T (e, 50% of the tolal average
MEC). and hence a substantial contribution to the
overall contamination.

Another major potential source of contamination
nol apparently included in the analvsis is due o
operational losses from petrogenic industries and m
particular relinerics and production installations, One
can caleulals a contribution from refimng by usmg data
in Profile chap. 4 together with standard emission
factors taken from the ET7 Techricol Guidance Notes
For New and Existing Chemical Substonces
(European Commission, 1996). The total volumes of ol
mvolved in the refining process are quoted as Tollows:
for Indonesia, 127 300 barrels per day (bpd); for
Malaysia, about 300,000 bpd; for Singapore, 1.11 x 107
bpd. This 15 cquivalent to a Ltolal of 5.1 malhon tonnes!
day or about 2 x 10 megfvr The BU Guidance Notes
sugeest that (.03% of the total volume refined is likely
Lo be lost as emission lo waler. Informalion i the
literature suggests that 30% of that in the emission is
likely to be lost (o evaporation and decomposition within
7 days of release (Jensen, 1983), and it 15 presumed,
conservatively, that 0% of the emission will persist
the water column. It is noted that similar factors have
been used in Appendix Document X1, Applying these
standard Factors and using the one-compartment model,
4 prediction of an environmental concenlration from
refining losses 15 0.05 me/L. Given that most of the
retining industry is concentrated in Singapore at the
castern ond of the Straits, it becomes problematic as to
how much of the enussions from there are hkely Lo

4—

enter the Straits or pass mto open waters. Understanding
the distribution of oil pollution from these kinds of sources
requires a detailed understanding of the hydrodvnamics
of the Straits,

Most of the oil production seems to be from
Indonesia (Frofile Table 4-24), with about 580 million
barrels/yr and about 20 million harrels/vr from offshore
activities—giving a total ol about 600 million barrcls/yr,
These amounts arce similar 1o those involved in refinimg
{total of 350 million barrels/yr) and so applving a sumlar
ratiomale would give approximately the same predicted
environmental concentration of approximately
0.05 mg/L.

Table 41. Sources of Petrogenic Oil to the Malacca Straits
as Estimated in Appendix Document Il.
Saurce Approximate Estimated
Quantity {tonneshyr)
Sea-bazed
Oty waste water
fram vessels 400
Fishing boats 700
Shipping accidents 1,800
Offshore
Exploration accidants 300
Exploration discharge a0
Land-bazed
Crude ail terminals 400
Refineries deballasting 500
| Used lubrication 2,500
Almospheric 800
| Natural 8OO
| Totai 5480

These data apaly largely (o the first half af the 1990s,

The total contnibulion Lo contammnation from refining
and production 15 100 pgf/L. Addmg this to the cstmaled
inputls from othcr sources (Table 41) gives an overall
total of 200 pg/L and hence accounts for the average
MEC for the Straits. Table 42 summarizes relalive
contributions from dilTerent sources and indicates that
by far the most important sources are land-based.
Refineries and production mstallations and their
contributions are likely to increase as both these
industries expand.

Accidental discharges

According to the analvsis n Table 42, the overall
contribution of contamination from accidental spillages
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Table 42.Estimated Relative Contributions of Qil Conta-
mination to the Straits from Land-based and |
Sea-based Sources.

| Approximate Percentage

Source | Contribution to Average
[ MEC of 200 ugil
Sea-based 16
Opearational 8.9
| Accidents a5
Land-bazed 78
Used Qi 15
Refineries Deballastingl 3
Refineries Operations 24
il Production G
Rest 10
| Offshore i}

to the average MEC for the Malacea Straits is probably
less than 10%/yr. However, because the local impacts
can be considerable and also because of the high profile
nature of these cvents, risk asscssment associated with
these sources were considered in more detail. For
mangroves in particular, it has been shown that o1l from
tanker spills can remain in mangrove sediment and
cause ecological damage for many vears after the spill
(c.o, Burns et al,, 1993},

In thig analvsis, it is important to distinguish between
two knds of nsk: one 18 the probability of an accident
pecurring and the other is the probability of that accident
causing harm to ecological systems. In a sense, these
represent respectively probability of exposure to
contamimation from accident and probability of harmful
effect and so at least in principle these two probabilitics
could be combined to give an overall assessment of
risk ansing from these sources. The ke ¢lements in
cach kind of risk can be summarized as follows:

L} Probability of an
accident occurring

= finumbecr of vessels, age of
vessels, tyvpe of vessel, time of
dax, weather conditions, width
of shupping channel, presence
of navigational aides, human
error, etc.)

2} Probahility of an =
accident causing
ceological damage

Mamount of oil spilled,
likelihood of oil reaching
critical habitats, composition of
the oil when it reaches its
targel, acute threshold for the
target system, chronic
Lhreshold for the target
svstenl, exposure time, clc.)

In principle, it should be possible o caleulate the
probability of an accident occurring prospechvely from
knowledee ot all the functional relationships summarized
in the above cquation, However, this kind of complete
understanding of the silvation 15 remote and hence
probabilities dertved from historical analvscs of actual
rates of accidents happening within the Straits arc the
only option,

The amount of total shipping tratfic through the
Straits has increased over recent vears (Frofile Table
4-6). Presumming that a constant percentage of this
(about 33%) comprises tankers (Profife Figure 4-3),
the number of tankers passing per vear from 1982 (o
1993 has been calenlated. Then using data in Profile
Table 6-3 the relabonship between tanker traffic and
nurber of casualties is analvzed. Both the number of
tankers and the number of tanker accidents increased
with time in the period from 1982 to 1993 (Tigure 13),
but because of the understandable scatter in the data
on aceidents, there is only a weak correlation between
tanker traffic and number of tanker accidents (r=0).44,
n=12, P=0.13}. In other words, 2 1% of the variability in
tanker accidents can be explained from the variability
in number of ships alone. Nevertheless, computing a
risk of accident as number of tanker accidents/total
number of tankers passing through the Straits and
plothing this against number of tankers passing through
the Straits (Figure 14), it is found that risk as a
pereentage of the number of tankers passing through
the Straits per vear is relatively constant at (0.029%,
(£0.03=95% CL). Onc could also have caleulated these
rigk values from Profile Table 4-8_ but thus only meludes
data starting from 1987, However, the mean risk based
on this smaller data set was 0.026% and henee close to
the first estimate, These data represent total casualties
and appear to take no account of sizg or seriousncss.
Between 1982 and 1993, there was an average of 4
casualtics/vr {95% CL=1.9-6,1). From frofile Table
f-12. 1t 15 noted that between 1975 and 1993, there were
(0.8 major oil spills/yr (=1,500 tomes or 53,000 barrels)
in the Straits. However, between 1982 and 1993, the
frequency reduced to 0.4 major spillsfyr. Taking this
latter figure, this means that of the total casualties/yr
over this period, approximately 0.4/4=0.10 or around
10%% were major oil spills. This means that, fairly roughly,
the likelihood of a major oil spill is 0.0029% of tankers
passing through the Straits. These data are summarized
in Table 43. Worldwide rates of serious casualties to
nil/chemical tankers {6,000 gross tons and above) was
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Figure 13.Total Number of Tankers and Mumber of Tanker Accidents in the Straits between 1982
and 1993,
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Curves represent locally-weighted scatterplot smooths (LOWESS) of the data points and are robust
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Figure 14 Estimated Risk of Tanker Accidents
as a Function of Total Number of
Tankers Passing through the
Straits.
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A5 indicatad by the nen-significant linear regression
through the data points, risk is independent of tanker
numbear and averages approximately 0.0289%
(20.015=5EM).

an average of around 2.6%/vr until 1980 and from 1980
to 1988 approximately 2.2% (IMO, 1989), and thesc
are therefore considerably higher than the figures. For
tankers of the size 100 to 5,999 gross tons, the average
rate since 1978 15 1. 26%%T with virtually no changes
over the vears 1983-1989 (IMO, 1989). However, these
data are not directly comparable wath this calealation
because they represent a percentage of tankers and
not a percentage of tanker vovages.

Extrapolating from this time period, one can say
that the absolute number of accidents is likely to
increase with time as the level of traffic inereases. On
the other hand, this is problematic because it is clear
that the level of accidents depends upon age and design
of vessels, and these are likely Lo change as
management practices change (Profile Figures 6-2 and
6-3). The likelihood of an accident at sea 15 cssenlially
cuivalent to the likelihood of the marine environment
being exposed to oil pollution through this source.

SMEIS (Appendix Document X1V & XV)
contains a subroutine for predicling the fate and cffeet
of a spill from a vessel, given information on the rate of
oil discharge. time and position of the spill and wind
speed and direction. It estimates the mnpact of an oil
spill on coastling habitats by calculating the pattern of
spreading, losses due to evaporation, dissolution of the
il slick into water and hence the area coverage, surface
concentration and time of impact along a stretch of shore
along the coast. By combining this information with
eritical effect concentrations and mformation on the
economic value of coastline habitats, 1l 1s possible o
estimate the degree of ceological impact In monetary
units, The critical effect concentrations are based upon
long-term, chronic cxposure and may therefore be
conservative, On the other hand, with short-term, acute
exposure, there can be post-exposure responses that
would need to be taken mto account, and in any event
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Malacca, 1982-1993.

Table 43. Average Risks of Accidents to Tanker Traffic in the Straits of

assessment, For example, routing
controls might be based upon an attempt

there can be long-term exposure consequences from
oil spills in particular habitats (e.g., mangroves: Burns
ctal, 1993). In developing the risk assessment madels,
these turther complexities need to be incorporated, but
that will require further rescarch effort into the nature
of the cxposure and the ecological responses associated
with particular spillage scenarios.

Risk management procedures, although well
developed within the Straits {(Profile chap. 6) are
somowhal reactive, being mtended to deal with accidents
once they have occurred, However, SMEIS contains
an inventory of oil combat cquipment and its
containment capacity. It also contains locations of
different agencies equipped with oil spill facilitics and
their capacitics for contamment {Appendiz Dociment
XV). Usmg this and additional information, it is possible
to envisage more proactive systems based upon nisk

Numbers/Year _ Per Hundred Tankers lo keep nsky vessels (=f(size)
Risks of Teotal Casualties| 4 (85% CL=19-8.1} ! 0.029 (cargo)(age)) away from vulnerable sites
Risks of Major Spills 0.4 : 0 0020 {Marine Environmental High Risk Arcas.

scnsu Donaldson, 1994). Usmg the oil
spill trajectory madel, it should be possible
to explore the potential ccological
damage from different oil spill scenarios associated with
particular routing aptions,

It is noted in Profife chap. 7 that there are no
published records of dangerous goods being shipped
through the Stratts. Thus, 1t 1s nol possible Lo assess the
potential significance of chemical spills due to shipping
accidents.

QOif releases from other sources

For the marine enviromment m general, the primary
inputs of oil are believed to occur from land-hased
sources, and in particular from refinerics, municipal
wastes and urban runoff (GESAMT, 1993} The
rcfineries are addressed above, but there were no data
in the Profile on the other sources, Thesc, therefore,
deserve further consideration.
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COMPARATIVE RISK (AND UNCERTAINTY)
ASSESSMENT

Introduction

Comparing risks across different contammants on
the basis of nisk quotients has to be carried out with
some caulion for al least four reasons:

17 Relationships between the differences m threshold
levels and exposures, and effects to both ecological
svstoms and human health are unlikely to be erther
linear or independent of contaminant.

2y Belatonships between the differences in threshold
levels and exposures and ceological ellocts, even
within families of contaminants are unlikely to be
lingar or slandard from one ceological entity to
another (1.¢c.. the same RO lor different
contaminants could have different meanings)

3) The RO analvses are based on chronic responses
and do not take account of the elfect of episodic
incidents at particular places.

4y The relative priority of effects and hence of the
agents causing them s not just a matter for scienee,
but also raises broader societal 1ssues and
perceplions, This is why comparative risk
assessment often mvolves judgments from panels
of experts and other stakeholders (SETAC, 1994).

Yoo, the RO analysis can provide some initial insights
nto relative risks. A procedure suggests itself from the
convenhons emerging from the EU new and existing
substances assessment and management legislation
(European Conmumission, 1996). Thus, if the EQs for
any substance are less than 1, there are no immedhate
causes for concern. On the other hand, i ROQs are
greater than 1000, mmmediate nsk reduction measures

are suggested. Bebween these extremes risks require
more consideration, possibly with a more detaled risk
asscssment, and with increasing urgency as vaiues
increase in order-of-magnitude bands. On this basis,
comparative risk profiles for the contaminants 1o terms
of ecological entities and human health have been
constructed in Tables 44 to 44,

In thesc tables, lines represent general conditions
in the Straits with their extent relecting either difterent
valucs Tor different species of contaminants andfor
uncertainiics, Points represent highest valucs al
particular places.

Comparative Assessment of Risks Lo the
Environment from Water-borne and
Sediment-borne Substances

These are summarized in Tables 44 and 43,

Far water-bome substances, all categories have
ROs that exceed | and so all gencrate cause for
concern. Highest valucs in the Straits, indicating most
pressing need for further altention are associated with
some metals, pesticides and oils. Local “hot spots™
inviting immediate action involve copper. TRT, BOD
and oils.

For sediment-borme substances, the situation is
somewhat different with the pesticides and especially
endosulfan m need of moest immediate altention and
action. As noted above, there is skepticism about the
values for TBT (because biological effcets likely to
resull from TBT exposure (i.c., imposex) have beon
recorded in the Straits) and it is believed that more
monitoring is necessary here.
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Table 44. Comparative Risk and Uncertainty Assessments for Ecological Entities |
~ Within the Straits of Malacca Exposed to Water-borne Contaminants. |

Caontaminants =1

Ris

1-10

10-100

100-1000

=100

Metals

Cu

Festicides |

TBT

BCD

TS5

Dils and
Hydrocar-

bons

Lines show the range of RQs determined in the praspective analysis and based an MECs

given In the Proffe. Selected compounds or sites having particularty high RCis are indicated

with filled circles,

Table 45. Comparative Risk and Uncertainty Assessments for Ecological Entities |

Within the Straits of Malacca for Sediment-associated Contallr_i_nants_.

R
. - Al W

Contaminants =1 1-10 10-100 1001000 | =10d00

Metals - '
| Cu
| Pesticides Dieldrin = L]

Aldrin * [Endosulfan

'TaT )

Oils and j =
| Hydroear-

bons I

Lines show the range of RQs determined in the praspective analysis and based on MECs
given in the Profle. Selected compounds or sites having particularly high RQs are indicated

with filled circles.
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However, all these conclusions need to be judged
agamsl the background of considerable uncertainty.
Unecertainty analyses have been performed taking into
account variability in hoth MEC2/PECs and standards
to the extent possible, In general, these analyses
demonstrate the nced for betler measured
environmental concentralions, more robust exposure
madels and a more thorough understanding of critical
cffcels levels for tropical marine ecosystems, Where
the variability has been quantifiable, the probabilitics
have been calculated of RQs cxceeding the critical
value, In other circumstances, worst-case

Comparative Assessment of Risks from
Land- and Sea-based Sources

Inthe Profile. it is stated that 60-70% ol the maring
pollution is derived from the Tand, TTowgver, 11 1s hard to
be this precise because the relative contributions of each
source can be measured in more than one way: as
loadings: from the degree of contamination above
background: i terms of risk contributions; in terms of
rolative effects on marine ecosystems,

scemanios have been adopted.

Table 46. Comparative Risks and Uncertainty Assessments for Human

Health from Various Contaminants.

Comparative Assessment of Risks to | o
Moitias Healtk cnnmminants! =1 1410 10-100 100-1000
|
These are summarized in Table 46, . ' |
Copper
All suggest that exposures lor cortain groups |
in certain places can give cause for concern and | Zine ..—'
require further attention, with some urgency. [ | :
Cadmium
There are uncertainties with all of thgse I
conclusions i terms of both the extent and I i
variability of contamination of the shellfish, and | -2ad | '
the extent to which they form parl of the local ! : - |
dict—something that 15 likely to varvy with both Mercury ]
geography, age class and sociogconomic group. ' T
All these sources of uncertainty deserve urgent | lron
attention. As a firsl step, some of these sources = |
of uncertainty were explored using Monte Carlo
simulation, These analyscs indicate the | Chromium
imporlance of seafood consumption rates and age- '
specific standards as important elements of | Manganese
uncertainty, o 1
: : e ; Mickel
Ihere were insufficient data to estimate the | ——8M— i | ==
risks (o human health from TBT and oily I ; |
substances. However, the simation with regard ~ Arsenic
to oil products is problematic. Tt is belicved that |
the high levels in general, and the especially high  Pesticides
levels in some places ought to give grounds for '
concern about possible implications for human | ~ e o
health through both dermal and dictary exposure.

Uncertainty here 1s largely due to 1gnorance about
the kinds of substances that might be involved
and hence their levels. Apgan, 1t s felt that tus
deserves urgenl altention.

Linas show the range of RQs determined in the prospective analysis and
based on FECs.
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Judged in terms of the comparative risk profiles,
though, it is clear that land-based activities are the most
important source of problems Tor the Straits’
ceosvstems. Thus, contaminants with {almost)
exclusively land-based sources are the melals, posticides
and BOD. The only contaminant that 1s almost
exclusively of sea-based origm 15 TBT. hls and
hydrocarbons might come from both sources bul the
analvsis (see section on “(il Releases from Refining
and Production”™) suggests that the land-based sources
are dominant. Much of the TS5 comes from land-based
activities. bul most 15 associated with littoral activities,
especially involving the clearance of mangroves.

Combined Effects of Multiple and Diverse
Sources

In principle, it ought to be possible o consider
combined effects on tareets trom diverse stressors by
combinmyg sk quoticnts, but this raises fwo not unrelated
issues that have yvet to be resolved. The first 18 concerned
with how effects Trom difTerent sources are likely to
combing: addibvely or by more complex positive or
negative svnergism. The second, already alluded Lo
abowve, is interms of the form of'the relationship between
ROy and relevant effects in targets, On the presumption
of additisaty (for which there 15 growing cvidence of
generality, Doi. 1994) and hinearity between R(Qs and
gffects, then combimng ROQs would simply invalyve
summation;

Combined RO {Index of impact) = Rx — ROy +
ROz etc.

And there are some examples of combined impact
indices being caleulated in this way; for example, for
purposcs of integrated pollution control in the UK
(HMILP. 1993). Clearly, the assumption of simple
combination {embodied m the plus signs of the above
cquation) is morc likely to be reasonable for some
oroups of substances than others {Donkin, 1994}, and
within rather than between species of chemmcals,

However, on the basts of the simphificd assumptions,
it is clear that the overall risks from combined sources,
even within metals and pesticides could be very

considerable, This is especially true of particular sites
near o the outflows of contaminated rivers, industrial
sttes and harbors . Suimilarly, combaned risks from various
contaminants to the health of people living m various
parts of the littoral States could be considerable; for
example, from the combined effects of metals or
pesticides in the diet.

It 1% also worth noting that, as for lumans, other
targel specics or habitats could be singled out for
treatment 1if something about their specific sensitivities
15 known with regard to comtaminants and their exposure.
It would then be possible to caleulate specific RQs, say
for mangroves or fishes, and consider the separate and
combmed effects of different contaminants. In goncral,
this kind of detail is not available, which 15 why BQs
based on standard ceotoxicological tests were used and
are presumed Lo reflect effects in ceological systems
in general. However, more specific approaches are
bemnning to be made,

Implications for Risk Management

This comparative assessment suggests some
immediate implications for risk management that are
summarized for convenicence.

1} Immediate action is sugeested for the metals—but
sources will have Lo be identified Tor action, and
this 15 not immediately obvious for Hg,

2y TSS presents a problem for ceological svstems and
from the retrospective analysis, it would seem that
the most obvious need for control here is with respect
to mangrove clearance.

3) Oils and hydrocarbons are a cause for concern—
and the analvsis suggests a need for controls on
refineries, which should melude details of their
location and operation (see SMEILS, Appendix
Documernt XV). It should be possible to attain a
better understanding of the relative importance of
various sources of oil and hydrocarbon
contamination from a more detailed analysis of the
specific compounds prescnt {GESAME, 1993),
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4} Pesticides are a worry because they mav be

L

persistent {e.g., in sediments) and are often applied
by nonskilled operatives, Diffuse sources are
always more difficult to manage than point sources,

Assessment of the potential health effccts from
contarminated shellfish and fish requires thal more
aftention be oiven to diets and their control.

6)  Coliform counts suggest that sewage pollution 1s a
problem in many places. The ultimate solution will
be m terms of the provision of beller scwage
treatment. but this is costly and long term. More
immediate consideration cught to be grven to bathing
restrictions and controls on collection of marine life
for food.
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ASSESSING SOCIETAL RISKS

Societal risks refer to the likelihood of impairment
of aspects of social welfare and the economy arising
out of environmental condibons within the Straits,

The risk pathways in Figurc 1 make it clear that
deterioration i environmental conditions within the
Strails can have important impacts on human health
and wealth generation through, for example, impacts
on fisheries, cxploitation of other ecological resources,
such as mangroves and tourism. The subsequent risk
analvses, both retrospective and prospective, have
demonstrated mpaimment of fisheries and mangroves
and the possihility of serious risks to habitats and
biodiversity in goneral from vanous contaminants, with
likely mplications for productivity and vield of the
ecological resources and negative cffects on tourism.

Even more generally, the likelv risks to human health
mdicated by the prospective risk asscssments from a
number of contaminants can lead lo a deterioration in
the quality of ives of peoples of the Straits, loss of output
and mcreasing pressures on the health care and welfare
systems. Again, there arc also serious implications for
Lourism.

All these nsks have erther been assessed in terms
of population density and species diversity measurcs or
as risk quotients that arc presumed to relate to
likelihoods of impacts on these. To gauge the
seriousness of cach and their relative importance in
socictal terms, it will be necessary to translate them
into units that reflect socictal impacts. These are usually
taken to be monetary units. Thus,

Societal risk = f (likely loss or impairment of
entity){economic valuc)

where “value’ is not intended as an “absoluts’. bul as a
measure of socictal necds and preferences ina situation
where resources are limited. It is usually judged by
willingness to pay for the entity at risk in real or
imaginary market places.

On this basis, values have been put on human lives
{Quasim, 198%) and good health (Krupnick and Cropper,
1989}, and on specics, such as fish and lumber, that are
traded commercially (Pearce and Moran, 1994) Tt is
more difficult to put values on ecosystems and
biodiversity n general, but techniques are being
developed to get indications of willingness to pay for
these kinds of entities and their protection from “game
playing” techniques involving imaginary market places
{Pearce and Moran, 1994,

Agamst all these nepatives to the economy arising
out of the deterioration in environmental conditions in
the Straits has to be set the positive contribution Lo the
ceonomy of the aclions and activities causing the
environmental problems. These, like the negative effects,
can be valued, but in fact by more classical ceconomcs,
mvolving both producer and consumer surpluses and
supply and demand considerations. Thus, in principle, 1t
1% possible Lo value both costs (to the environment ) and
benefits (to aspects of the economy), and to consider
the balance between the two in coming to policy
decisions (UK Govt. /Tndustry Working Group, 1993).
And indeed this can be carricd oul al a number of levels,
for example:

1}V Involving particular risk pathways - ¢ g, balancing
the ecological value of bamming a particular pesticide
agammst the cconomic costs m terms of food
production and employment;
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2} Involving particular projects - ¢.g., balancing the
ecological gains of not allowing the construction of
a refinery or tourist development in a particular place
against the cost to the local ceonomy from lost
employment and revenue.

3)  Making national accounts reflect not only standard
relationships between income and expenditure in
GDP/GNP (Profile Table 7-1), but also the using
up of man-made capital {i.c., that which is usually
referred to as “capital’) in net accounts (NDP &
NNP) and, more radically, the using up of natural
capilal {1.¢.. valued ecological resources) as ‘green’
national accounts (gNDP & gNNP). Various
governments and international bodies are currently
experimenting with these ideas and methodologies
{Pearce, 1993},

It is also important to note that the central
presumptions of the sustainable development approach
are: (a) that these costs and benefits can be made explicit
at all levels; and (b) that modes of cconomic
development can be identified that maintain a balance
between environmental costs and economic benefits
over the long tenm.

There is not sufficient economics information in the
Frofile for these ideas to be developed further here,
and 1t will also be obvious that many of them are not

without controversy. Nevertheless, the following
recommendations are made:

1y Careful consideration needs to be given by all the
major playvers in the Strails, governments and
ageneics, (o the 1ssues asociated with societal risks.

2) At the heart of assessing societal risks is the need
for appropriate valuations, Most of thosc that exist
have been developed from North American and
Western Furopcan perspectives. Their relevance
For the Straits needs carcful appraisal, and it is very
likely that adjustments will be needed,

3) Models need to be developed that flesh out the
economics lmks in the risk pathwavs indicated in
Figure 1, and from which rigorous and transparent
cost-benefit analyses can be carried out of the kinds
suggested above,

4) Consideration should be given to the extent to which
the using up of natural capital within the Straits can,
and indeed should, be reflected in the national
accounts of the hittoral States.

A significant start has bcen made with the
development of these approaches in the GEF/UNDE/
IMO Regional Programme for the Prevention and
Management of Manne Pollubion i the East Asian Scas
(see MPP-EAS, 1699b).
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FORMULATION OF AN ACTION PLAN AND OTHER
RECOMMENDATIONS

The purpose of the Profile has been to provide an
inventory of resources n the Malacca Straits, with
special reference to pollution risks and to identify
information sources which could serve as a basis for
the SMEIS (dppendix Document XV). Risk
assessmenl takes the process from a state ol the

environment inventory to a more detailed analysis of

pollution risks and suggests possible needs for
management action.

The approach hercin has been based upon risk
asscssment principles and practices, and in making
recommendations, the presumption is made that further
developments will be similarly risk based. As is made
clear throughout the report. the key clements of such
an approach are that targets (and hence endpoints) are
clearly defined, that appropriate sensitivity thresholds
are identified and defined, and that cxposure scenarios
are specificd. Fach of these issues 1s treated in tumn,
first for ecological systems and then for human health
indicating where the prioritics for action are beheved to
be. As i the body of the text, 1ssues for societal nisks
are treated separately. Finally, although it has not been
part of the remit to make recommendations on
management matters, a number of management
“signposts” have emerged and are summarized as well

Need for Definition of Ecological Targets and
Endpoints

Throughout the exercise. the pomts are made that
defining targets for protection depends both on scientific
and societal issues: i.e., in terms of what conditions
should be protected to maintain vital resources (e.g.,
how much mangrove forest is needed to maintain a

sustainable fishery?) and in terms of where sociclal
preferences and prionties are {c.g., in terms of
conserving particular species or habilats because of
their appeal for tourism). These issues need
consideration, discussion and debate within the context
of the Strauts.

Obvious targets for attention were identified in the
retrospective risk assessment, but there it is noted that
more attention needs to be given to how impacts are
judged in terms of both quantitative and qualitative
aspeets of the tarpets. Views about decline in ecological
resources were often based on anecdotal evidence, and
causation was often attributed subjectively. In particular,
species losscs fall into this category.

All this leads to the obvious recommendation that a
carcfully designed and coordinated program of
momnitoring of ecological resources should be developed
for the Straits. Variables for asscssment need to be
agreed upon and sampling programs should be clearly
designed. Data from these programs need to be
assessed and stored in a coordmated way,

In the context of endpoints it is worth reiterating
that a wide range is possible, from ccosystem to
molecular levels. It has become somewhat fashionable
to usc physiological and molecular ones (ie.,
biomarkers) since these often improve sensitivity.
However, from a risk assessment perspective, that m
itself ought not to be a defining crtenon. Relevance to
targets is much more important and ought to be used as
a critical test of appropriatencss. Biomarkers might,
nevertheless, be of considerable importance in exposure
asscssment,
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Need for Definition of Thresholds (Standards &
PMECSs)

An important aspect of prospective risk assessment
s the 1dentification of appropniate and relevant standards
and PNECs. Tt has been illustrated how choice of
standard can importantly influence results and hence
conclusions for metals and pesticides i water colunn
and scdiments. Most of these standards and PNECs
ar¢ hascd upon literature information that is largely if
not ¢xclusively from temperate systems, These data
need carefil consideration wath regard to their relevance
for the Straits, and here due regard needs to be given
to international and regional activitics on the review of
ecotoxicological information and methodology for
appheation within the tropics (Peters ct al., 1997). In
any event, agreement of appropriate standards for the
Straits needs attention and agam ought to be coordinated
so that i carrying out risk assessments all plavers arc
using the same standards as a basis, and that this is
done lransparently so that revisions in the lisht of
developing insightls are facilitated.  The development
of a register of agreed standards for the Straits is a
possible solution that is revised and wpdaled in a
coordinated way on a regular basis,

Very peneralized risk assessments have been
conducted for ceological conditions within the Straits.,
But the samc methodology could be applied to more
specific targets, whether habitats or specics. provided
that appropriatc PNECs can be defined. This will require
ecotoxicological data that are more specifically related
to the targets. These kinds of data are slowly being
gathered (2.g., Peters el al., 1997) but more work will
be required

What has been said with regard to the
ecotoxicological thresholds also applies to the partition
cocfficients used in this report in calculating the
standards for scdiments. Again. it was illustrated how
uncertainly here can lead to considerable uncerlaimty
in the risk assessment. These coefficients are sensitive
le conclitions and will need to be applicd with care for
tropical systems. Standardized guidance for application
to the Straits would again be helpful. However, it would
be more advantageous to derive sediment quality
slandards dirgotly usmg ecotoxicological test systems
that ar¢ appropriate for conditions within the Straits,
and 1t i1s suggested that some attention be given to this
by all the interested partics,

Need for More Confidence in MECs

The uncertamty analyses revealed much variability
in MECs that leads to considerable uncertainty in both
Straits and local risk asscssments for all contanunants.

This was described as stochastic variability, but
potentially, it derives from a number of sources:
analytical procedures, design and implementalion of
sampling programs and natural variability, In measuring
environmental concentrations of contaminants, it is
imporlant to use agreed state of the art techniques; to
take, store and analyze samples in a standardized way
according to good laboratory practice; and to collect,
collate and store data in a way thal is easily available to
all interested partics. Once more, this hinges on
agreement belween major players in the Straits with
regard to standardization and the sharing of ¢ffort and
mformation. A register of agreed techniques, that can
be updated, would again be helpful.

Meed for Exposure Models

PECs, bath for the Straits and for more local
scenarios, are likely to be needed in prospective risk
asscssments to cross compare with MECs, for example
lo test their gencralily, and to make predictions about
impacts in advance of release of a substance or a now
development at whatever scale. Their use was illustrated
with a simple ong-compartment model of the Straits.
This likely needs considerable revision.

Clearly, more realistic models are required, and these
need considerable understanding of the hydrodynamics
of the Straits as a whole and of particular parts of'it. To
quantify the impacts of land-based pollutant sources on
the coastal resources of the Straits, numerical models
have now been developed and incorporated into SMEIS
(Appendix Document XV), The flow rate and
concentration of different pollutants discharged by
several nivers have been used as input for the modeling
of pollutant dispersion. The model consists of first a
momentum jet model for assessing initial entrainment
and throw distance perpendicular to the coastline prior
to long shore drift, In the long shore dispersion phase a
simple 2-D Gaussian model is adopted. Based on
established mixing parameters the pollutant centerline
concentration and sideways distribution arc assessed.
For a given concentration of pollutant the coastline
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inpact distance exceeding appropriate threshold values
can be computed,

Likewise to assess the impacts on coastal resources
of o1l released after an accident at sca a subroutine has
been mcorporated into SMEIS (Appendix Docroment
XV, This takes accounl of the quantity of oil released,
its spreading, evaporation, and dissolution and from these
predicts the lensth of coastal resource impacted. By
takimg mto account the kind of resource that is exposed
and appropriate ecotoxicological threshold values, the
ecological impact can be assessed in terms of monetary
losses,

Contamination and pollution from agriculture 15 a
serious concern, and predicting environmental
concentrations lrom this source will require the
development of understandmg and models concerning:
practice. ramfall, soil propertics, groundwaler and river
flows and a host of other features. This will be a
consilerable challenge but experience from it may well
lcad (o pointers on management praclices conceming,
for example, where and when to spray to minimize
impact.

Needs in Human Health Risk Assessment

[n terms of human health, there are uncertainties
with both thresheld effect values and exposure
mformation. As far as threshold offcets values ate
concerned, for somo conlaminants there is a
considerable amount of information covering a wide
range of age classes. However, for many, the threshold
values have only been cstablished in an interim way
and most of the information 15 on adults rather than
VOULZED 488 Sroups,

The most important sources of uncertainty,

nevertheless, arc for diclary composition and levels of

contamination in different foods. The former requires

the collection, collation and ready availability of

information on average diets for different groups in
different parts of the Straits. The latter requires a more
extensive survey of dietary contamination, taking into
account not only the average concentrations but also
the likelihood of high doses m particular units of food
leading to acute poisoning,

Meed to Keep Under Review What Is
Maonitored

In carrving out this risk assessment, attention was
restricted to substances listed within the Profile and
Appendix Documents, while bemg aware that this is
unlikely to represent the complete wiverse of substances
likely to be of mmportance to both ecosystems and human
health in the Straits. For example. the view is expressed
that specific derivatives and breakdown products of ails
will be important; pesticides other than erganochlorines
are likely to be of significance, cle. Yel it would be an
impossibility, and a wasle of valuable resources to
consider all possible comtaminants. In Box 3, an algorithm
is suggested for narrowing down a prionty list of
substances for consideration within the Strails.

Meeds for Societal Risk Assessment

Socictal risks are mterpreted as the likelihood of
impairment of aspects of social wellare and the
gconomy arising out of environmental conditions within
the Straits. There are a number of ways that the
cconomy can be impacted by deteriorating
environmental conditions, but attention was drawn to
ways that environmental protection measures can have
nepative effects on the economy at least in the short
term. This leads to considerations of balancing benefits
with costs and allempling to optimize these to achicve
sustainable development. The kev rccommendations
here are that appropriate and relevanl valuations are
developed, cepecially for human lives and ecological
benefits and that these be internalized into both
appropriate micro- and macroeconomic modcls (eg.,
MPP-EAS, 19949b),

Summary of Major Areas for Further Action

From Tables 44, 45 and 46, and taking into account
the data gaps identified in the scctions “Need for
Definition of Ecological Targets and Endpoints™ to
“Meeds i1 Human Health Risk Asscssment”, the
tollowing recommendations are made for prionitizing the
needs for giving further attention to:
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Box 3. Identifying Possible Causes of Pollution in the Straits and Prioritizing Them.

-

as low or zero priority.

employed.

1. Search international lists of hazardous substances,

2. Identify contenders for a Straits’ pricrity list by considering if any substance from #1 is
likely to arse from industnal activities in and around the Straits. Most will be rejected

3. Are thosze from #2 recorded within the Straits?
If yes. proceed to initial risk assessment.
If no: is this because there have been no attempts to monitor?
If ne: discard as low or zero priority.
If yes; is the substance likely to be persistent?
If no: discard as low pricrify
If yes. design monitering program.
If not detected: discard as low or zero priority.
If detected: proceed to initial risk assessment.

4 From initial risk assessments decide on need for further action using criteria

Water column impacts on ecological systems:
metals, oils and hydrocarbons are of primary
CcONCern.

Scdiment impacts on ecological svstems: pesticides
are of cutstanding importance.

Human health impacts: metals, especially Pb, Hg
and As, pesticides and coliforms arc all of
importance, but there is also ignorance surrounding
oilg and this oives cause for concern,

These prionties are, of course, expressed in terms

of contaminants. but of ultimate concemn 1s {arc) thear
source{s), especially from a management point of view
vz

1)

2)

The sources of metals, larsely industrial presumably,
need to be identilied and their relative contributions
to general and local conditions necd to be assessed.
For example. industrial outputs along the River
Klang deserve attention, and the Port of Singaporc
is a particular concern,

The sources of TSS from the analysis m order of
importance are: loadings associated with mangrove
removal and deforestation > industrial activities =

3)

4)

6)

pig farming = domestic outputs = aguaculiure,
These priorities need further consideration on the
basis of future anticipated trends in littoral
deforestation, agricultural practices, population
inereases and the provision of more effective
sewage treatment throughout the littoral States, and
the development of aguaculture.

A major source of oils and hydrocarbons from this
risk asscssment is petrolenm refining and this is
likely to be of mercasing significance if the industry
expands. However, contamination from municipal
wastes and urban runoff could be appreciable,

The sources of TRT are obvious.

The sources of pesticades are also obvious, but the
challenges of carryving out more refined risk
asscssments here are likely to be considerable.

The sources of coliforms arc also obvious,

Finally, it is important to remember that the

ecological risk asscssments are based on  generalized
R() analyses. It may become necessary to make these
morc specific. Thus, the retrospective analyses indicated
clear delenioration of some habitats:
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I} mangroves and peat swamps
2y seagrass beds

and some species
l} commercial fisheries

These were largely ascribed to physical removal
for biomass and Lo make way for other developments.
However, the results from this nisk assessment point to
the possibility of chemical impacts 1.c., signaled by the
generalized RO} analvses. To make these assessmenls
more precise and to judge their importance relative to
the other sources of delenioration, it will be necessary
to carry out more focused and m-depth studies using
effeets thresholds and exposure scenarios more
specifically related Lo the targers,

Possible Risk Management Actions

Prioritics for risk management are signposted by
both the retrospective and prospective assessments.

From the retrospective analysis, allention is drawn
to the following needs;

1y The loss of mangroves, peat swamps and seagrass
beds. Notwithstanding the need for further analysis
here, it is clear that an agreed and coordinated
approach to clearance would be helpful.

2y The declining fisheries. Agam. il 15 clear that an
agreed and coordinated approach to the rational
implementation of controls on fishing intensity by
using appropriate models to sct levels and possibly
quotas would be helpful,

gonsidered in the light of more objective and

sysiematic assessments of risks of extinction and
the valucs put on them by public and legislators.

From the prospective analysis, the following needs
urgent attention:

[} For ecological impact, BOQs greater than 1,000
should invite immediate action. ‘Lables 44 and 45
point b the problem of copper contamination in the
Port of Singapore and of oils and hyvdrocarbons in,
for example, the Siak Estwary, Riau, Rangsang
Island. Sumatra; Port Klang, Malaysia; Johor Strat,
TSS at Pantai Sungai Lurus in Johor and TBT at
Port Klang are also contenders. Endosulfan in
sediments also falls mto this category,

2y For human hcalth protection (lable 46), food
contamination from metals deserves serious
attention, but pesticides also require consideration.
Here, momitoring for likely contamination should be
more extensive, and restrictions on where food
organisms are collected need 10 be contemplated.
Similar immediate measures may need (o be taken
to guard against sewage pollution, with more long-
term provision of improved sewage treatment in
Malaysia and Indonesia.

All of the above bear pnmarily on the likelihood of
risks arising out of chronic exposure. In addition, there
will be certain situations, namely accidents, in which
acule cffizets will be of primary importance. This has
already been discussed interms of accidental spills from
oil tankers i the Straits. Management actions here are
well developed but could be made more proactive by
developing response strategies that formally incorporate
information on, for cxample, the type and volume of
cargo, age of the vessel, proxmmty of critical habitats,
gurrent regime, weather and possibly other factors.
Management strategics could be designed to minimize
the potential for contact between high-risk vessels and
particularly vulnerable habitats.
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APPENDIX 1

FExecutive Summary of Initial Risk Assessment

The mitial risk assessment of the Malacca Siraits
is Tocused on the elffects of land-based and sea-hased
activitics, and the contaminants deriving from them, on
living and non-living resources of the Straits of Malacea,
including ecological, human and societal components.
The Malacea Siradis Favironmental Profife (1996)
wis lhe primary resource document for the mital risk
assessment, The Profile was completed as part of the
Malacca Straus Demonstration Project, a component
of the GEF/UNDPIMO Eegional Programme for the
Prevention and Management of Marne Pollution in the
East Asian Scas. The Profife provides an inventory of
natural resources m the Straits with special reference
ta pollution risks. compiles existing management policics,
slralegios, practices and initiatives taken by major
players, and identifics pollubion sources and activities.

In this report, environmental risk assessment is
defined as follows: estimating the likelihood of harm
being done to wdentified largets as a result of factors
emanating trom human actrvity, but reaching the targels
through the environment, Tt therefore combines an
understandmg of the potental that faclors have (o causc
harm {(hazard) with an understanding of levels of
exposure. Two kinds of (related) questions have been
asked: what evidence is there for harm bemng done Lo
appropriate targets in the Straits (referred to as
relrospective asscssment); and what problems might
conditions known Lo exast, or that might exast i the future,
cause tor tareets (prospective assessment)? Adltempls
are made to identify the most relevant endpoints for
assessment, though very often i 1s necessary to use
surrogates. These are referred to respectively as
assessment and measurement endpoints,

The sk asscssment approach mmplics that it 1s
possible to use scienbific techniques Lo spocify hkely
consequences for targets of human influence. Usually
the chemical quality of the environment is considerad.
Further, 1t 15 often presumed as part of this approach
that there exast states of the cnvironment ansiog oul of
human actions that are associated with low likelihoods
of adverse offects, and that human activities can be
managed to these levels, often wathout noed for zero
emission requirements. This therefore sugpests an
important distinction between contamination and
pollution, which was followed during this project, Asa
further step, nisk/bencfil approaches, which arc also
alluded to in the context of societal risk assessment,
recopmize that environmental proteetion measures, while
bringing bencfits to the environment, can bring costs 1o
the cconomy. The possibility of wanting to balance
benefils and costs m pursiing policics of sustainablc
development 15 raiscd.

In the retrospective assessment, information given
m the Profife on the stale of habitats, bodiversity and
human health has been svstematically revicwed,
Endpoints preferably should have been in terms of
biommass density and dynamics, population density and
dynamics and species diversity for the ecological
systems, and morbidity and mortality for human health,
Howeever states were recorded more ancedotally, and
canses of decline were attributed somewhal
subjectivelv—with little information given on the state
of health of peoples in the littoral areas of the Straits.
As far as the ecological systems were concerned, there
were clear indications of decline in mangroves, peal
swamps, scagrass and commercially exploited fish
species. Most of the declines were attributed, reasonably,
to physical removal for biomass or o make way for
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other developments. Nevertheless, the prospective
analysis suggests that deteriorating chemical conditions
cannot be excluded as contributory causes and this
needs further attention (below),

The development of a carcfully designed and
coordinated program of monitoring of major resources
al risk 15 recommoended, with varables for assessment
being apreed and with the collection, storage and
analysis of data being coordinated, possibly in a
centralized way, between all contributory partics.

The aim of the prospective analysis was to estimate
the probabalities with which activities, and the emanations
trom them, are likely to cause problems for human health
and coological svslems in and around the Straits. More
precise nformation 1s required on fates, exposures and
effects than are available n the Profife. The nsk
gquolienl approach was generally used in which ratios
of environmental concentrations (either measured or
predicted) and effects threshold levels wiere compared.
Ouotienls above one signal hkely problems, whereas
those below one signal that problems are unlikely—in
neither case can a precise probability be assigned (o
these values. Measured cnvironmental concentrations
wire gleaned from the Profile. as were some of the
threshold values. Others were derived from the
lterature,  Predicted envitonmental concentrations
were obtamed from a one-compartment maodel of the
Straits, uging simplificd assumptions aboul volume and
hvdrodyvnamics.

Development of more soplusticated models for the
Strails as a whole and tts parts are recommended as a
martter of urgency as models will be of considerable
tmpartance i carrying oul mors detailed nisk
assessments. In carrving out the initial prospective risk
assessment using available inputs, a distinetion i scale
13 made between assessments for the Straits as a whole
and assessments for more local situations.

Risk quoticnts cmbody g considerable amount of
uncertainty: in the environmental concentrations. as
stochastic variability in measurements made at ditferent
places and at different tmes; m the predictions, based
on the lack of information on the geometry and flow
regimes of the Straits: and m the thresholds, from lack
of relevance to the targets of mterest. As far as the
latter are concerned, at least for the ecological systems,

a major source of uncertainty is the extent to which
ecotoxicological data, derived from temperate systems,
is applicable to (ropical systems. It is recommended
that this be reviewed. and that a register of standards
be developed by the major playcers m the Straits to
facilitate future risk assessments,

In principle, the extent to which uncerlainty from
all sources aftects the confidencs thal can be put in the
risk gquoticnts can be precisely computed if the variances
associated with each component can he delined.
Lncertainty analvses require random samphng from
these distributions and thal, m um, build up likely
distributions of risk quoticnts. The Profile containg
msufficient information on variances to facilitate such
analyses. Instead examination of likely cffcets of
variance i measured concentrations was conducted
by inspecting th conseguent effects on the distributions
of risk quotients. These turnad out gencrally to follow
lognormal distributions, and so compansons were mads
between log transformed quotients and zero {equivalent
to a quotient of one) uzing standard statistical and
araphical technigques. The variabihity of standards were
laken inlo account by assessing the effects of
differences between those quoted in the literature on
quortients,

Another source of uncertamty here was with regard
to standards for sediments. Mo standards were
avallable, and so estimates were made from water
column levels using partition coelTicients for the
appropriate substance. However, these arc sensitive 1o
covironmental conditions and so need to be verified for
approprateness of use within the Straits,

In carrving out the initial prospective risk
assessments the worst case scenarios tended to be
taken: highcst measurcd concentrations; lowest dilutions;
and most sensitivie threshold values. This is m the spirt
of the precautionary principle and 15 justifiable,
especially when uncertainty is considerable. Tt should
b possible 1o beeome 1ess cautious as understanding
of the uncertamty improves and one moves from the
semiquantitative approaches used in the initial risk and
uncerlainly asscssments Lo mors gquanlitative and
probabilistic techniques.

It should also be said that m carrving out the mmtial
prospective risk assessments, general ecological quality
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was considered, rather than the quality for specific
habitats, ecosvstems or species. In other words
threshold effect values were used, derived from gencral
ecotoxicological tests, To be more specific would require
standards thal wore more precisely related to tareets,
and 1t is recommended that effort should be put into
derrving such standards.

Using nisk quotients, a comparative prospective
assessment was carried out for both ceological and
human health  ¢ffcers and  the following
recommendalions are made on the bhasis of the
assessment:

1. For water-column nnpacls on ceological svstems,
further attention 1s rated in decreasing order of
importance as follows: a number of metals, but
especially mercury as a gencral contanunant. and
n certam locales, copper; total suspended solids;
oils and hyvdrocarbons: tributyltin, in specific places;
pesticides, biochemical oxygen demand and nutnents
not being especially important.

2. For sediment impacts on ccological sysiems,
pesticides are of outstanding importance, followed
by oils and hydrocarbons, with metals in certain
places

3. For human health impacts, coliform pollution needs

attention. Pesticide and metal contamination of food
alsoneeds consideration. A special effort is required
to determine the extent to which ghellfish and fish
make up dictary intalkes in the httoral States and the
varability in contamination of shellfish and fish
tissues from place to place and time to time. Dermal
exposure to these contaminants is possible but not
of great importance. Risk assessments could not
be carried out on oils and hydrocarbons due to lack
of detail on likely exposurcs (o specific substances,
cither through the food chain or dermally. Many of
the possible hvdrocarbons involved are known fo
b hazardous. Given the hagh levels of conlanunalion
throughout the Straits. especially at particular
locations, urgent monitoring and the development
of more detailed risk asscssments 1s recommended.

Finallv it 15 important to remember that all risk
assessments are based on information of cxposurc
provided mn the Profile. There are two caveals thal are

necessary here. First the data have been accepted as
given without question. It is believed that these data,
and those collected in future, ought to be judged more
critically, and recommendations arc made on how this
might be donc (¢, i terms of good laboratory practice),
Second, 1t 15 behieved that the contaminants singled aut
for consideration do not represent the universe of
comtaminanis that ought to be considered for risk
assessment within the context of the Straits. Tt is
suggested that a procedure for cost-cffeetively
developing a more comprehensive priority list of
contarminants for the Straits be implemented.

The recommendations listed above are expressed
in terms of contaminants, but of ultimate concern,
capecially from a management pomt of view, are their
BOUTCES.

1. The sources of melals are largely obvious, but
mercury, Lthat 15 a general cause for concern, needs
more consideration,

2. The sources of tolal suspended solids in order of
mmportance are estimated as—mangrove removal
and land-based lorestry, various ndusinal activities,
pig farming, domestc outputs and aquaculiure. A
re-evaluation of these priorities is recommended in
the light of more refined nisk assessments and also
i the light of future anticipated trends in such
activities as littoral and land-basced deforestalion,
agricultural practices, demographic changes, the
provision of more extensive sewage treatment in
Malaysia and Indonesia, and the development of
the aquaculture sector, T is suggested thal predictive
risk assessment models can be employed to provide
decision-makers with information on the likely
impacts of such developmenis.

Lad

For oil contamination, it is estimated that a major
source is the refining industry, and this is likely Lo
be of increasing importance as the industry
expands. A simple model has been formulated
whereby the impacts can be predicted and
managed. The model needs further development
to make it more realistic. It is noted that other land-
based activities could be making significant
contributions, and expericnce clsewhere suggesls
that municipal wastes and land runoff are of
importance. Further consideration is neaded for the
Straits,
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4. The sources of tributyltin and of the coliform
contamination are obvious,

o |

The sources of pesticides are also obvious.
However, making predictive models of impacts on
the Straits from agricultural activities is likely to be
challenging, because of the diffuse nature of the
sources, and the complexitics of environmant
between sources of pesticide application and the
Straits as the ultimate sink. Advice is given on how
such models might be structured and a suggestion
15 made that attention be given to model
construction.

All the prospective risk assessments described
abovi are concerned with long-term and chrome events.
Accidents at sea can lead to acute exposures followed
by chronic contamination. As far as oil tankers are
coneerned, 1t 13 not belicved that accidental events arc
unporiant with regard to contanunation in the Straits as
a whole. Sinularly, normal vessel operations that lead
to oil losses are not believed to have a Straits-wide
mmpact. However, local exposures can be of
considerable importance ccologically, The Profile
mndicates that the provisions for management of oil spills
are good within the Straits. Nevertheless, it is helieved
that more needs to be done in terms of accident
avoldance and recommendations are made in terms of
route management, based upon an assessment of risks
associated with carriers {g.g. on the basis of their size
and age) and the prosamity of marne covironment high
risk arcas.

Most of the analvses have been carried out on
substances m 1solation. Nevertheless the possibilities
of combmed effects from multiple and diverse sources
are considerable for all targets. The concern is discussed
in the report, but the poant 1s made that rescarch wall be
needed to resolve issues on the nature of the syneroy,
it any, between toxicants, and on the relationship
botween the risk quoticnts and the exlent of adverse
ecological effects. This 15 not just a matter for the Straits
but for the ecotoxicological community in general, {n
the basis of simplified assumptions, it is clear that the
overall risk from combined sources, even within the
metals and pesticides. could be very considerable for
some if not all ecological svstems. Similarly the
combined risk from various contamimants to the health
of people living in various parts of the hittoral States

could be considerable, e.g. from the combined eifects
of metals and pesticides in the shellfish diet.

No recommendations arec made on risk
management, but a number of arcas are signposted by
the analvses. The relrospective assessment indicated
a need for coordinated aclion to control of the loss of
mangroves, peal swamps and seagrass beds and of the
fisheries. The prospective analyses suggested a necd
to address pollution in local areas (rom metals, total
suspended solids, oils and hydrocarbons, tributyltin, and
pesticides (cspecially endosulfan) m sediments.  For
human health protection, shellfish contanunation from
both pesticides and metals is highlighted, with the
possibility of restricting permissible shellfishing arcas.
Similar immediate measures may neced to be taken o
auard against sewage pollution, vath the more long-term
provision of betier treatment facibitics being important.

Societal risks have been interpreted as the likelihood
of impairment of aspeets of social welfare and the
ceonomy ansing oul of envirommental conditions within
the Straits. How the economy can be adverscly affected
by deteriorating cnvironmental condibons is illustrated,
but attention 15 also dravwn to ways that environmental
protection measures can have negative offects on the
ceomony, al least m the short term. The development
of cost/benetit models are proposed and it is indicated
how these might be used to eflact at both microcconanue
Ievels, ez, in deciding if a particular development
progect should proceed, and at the macroeconomic level,
@.g., in adjusting national accounts to incorporate
depletions in ecological capital. All depends crucially
on the development of appropriate valuabions, A slarl
has been made on valuation of resources, but is largely
focused on the srtuation in North America and Europe,
It 15 recommended that scrious consideration be givin
by major plavers wathin the Straits to the relevance of
environmental economics and to the development of
valuations, e g, for human health and ecological entities,
that arc locally appropriate.

Finally a recurrent theme running through the
recommendations is the importance of agreed and co-
ordimated achion betwesn all major plavers, ¢z, m lerms
of monitoring; methodologies; standards; the collection,
collation and storage of data; the prioritization of further
programs of risk asscssment and the necessary
supporting research; and the prioritizalion of
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management programs.  The development of a suitable
forum whereby this can be facilitated will be of
considerable importance.

Summary of Recommendations

1.

Tk

Development of a coordinated moniloring
program for patural resources, For the sake of
a more precisc invenlory of the quantity and quality
of natural resources, and targets and appropriate
endpoints for measurement and assessment, a
coordimated monitoring program Lo collect and
collate data 15 recommended. The proazram could
involve the regular updating of the frrviroamental
FProfile and should build on existing monitoring
programs [section 11.2].

Developmeni of a coordinated monitoring
program for chemical contaminants. It is
recommended that a more systematic and
coordinaled approach to measurmg environmental
concentrations of chemicals, especially with regard
ta sediments, be developed. Building on existing
programs, this should mvolve the standardization
ot analvtical procedures, the development of
cffcclive sampling programs, and the analysis of
the temporal and spatial scale of variability in
measured concentrations [scction 11.4].

Development of exposure models. The further
development of exposure models for the Straits as
a whole and for parbicular portions and/or sources
15 recommendead. The madel For the Straits would
need to incorporate an understanding of its
hvdrodyvnamics.  Models for soorces of
contammants would need to incorporate knowledge
of production volumes, release scenanos and the
distribution and decomposition within the
environment |sections 8.1 & 11.5].

Harmonizaiion of critical effect concentrations.
The harmonization of critical effect concentrations
(e, water and sediment quality standards;
predicted no-effect concentrations) of likely
relevance in the Straits [section 11.3] is
recommended. This could be a component of the
Regional Programme’s proposed Environmental
Atlas for the Straits.

L

f,

10

Detailed risk assessment of meialy in water. For
water column contamimants it 15 recommended that
a more refined risk assessment be carried out for
metals (o clarnfy sources and exposure levels, The
initial risk assessment indicates that mercury and
copper should be given speeial attention. Only by
identifying sources will it be possible to develap
effective management programs [scelion 8.2].

Determinaiion of sources and critical effect
levels for suspended volids. 1t is recommended
that a more detailed analysis be made of the relative
contributions of suspended solids to venfy the
comelusions thal various land use practices and
mangrove forest clearance activitics arc mosl
significant, with industrial and domestic mputs of
lesser sipmificance. The eritical threshold for
suspended solids effects needs more consideration
|scetion 8,67,

4l and hydrocarbon contamination, 1t is
recommended that more needs o be known aboul
the composition of o1l and hydrocarbaon
contamination in the Straits. Only with this
understanding can cffects levels and likely mpacts
be assessed. The conclusion, based on available
data and using default assumptions, that land-bascd
sources of oil and hvdrocarbon contamination are
more important than normal operational activitices
associated with shipping necds to be verificd
[seetion 8.8].

A risk-hased strategy for avoiding ecological
impacts from oil spills. Acadental oil spills can
have bath short-term and long-term consequences
with considerable cconomic and ccological
importance m local areas. A nsk-based stratepy
that attempts to minimize exposure of sensitive
habitats [scetion 8 8.6] is recommended for
comstderalion.

licological risks from nutrients. The initial risk
asscssmenl was nol able (o consider nutricnls in
detail. Possible signs of eutrophication indicate that
a more detailed risk asscssment is required [scetion
85

Muore refined risk assessment of pesticides in
sediments, 'The mital nsk assessment was based
upon theoretical considerations of the manner in
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which chemicals partition between sediment and
water. These considerations need verification.
There was considerable vanability in measured
sothment concentrations. and more cxtensive and
carefully designed sampling programs [scetion 8.3]
are needed.

Human  health effects from  marine
contaminants. It iz recommended that a more
detailed assessment be carried out on the likely
nnpacts of maring contaminants, especially metals,
peshicides, coliforms and possibly hydrocarbans, on
human health. More needs to be known about the
diets of people living in the littoral States and the
eutenl and vanability of shellfish contamination
|[sections .2, 83 87 & 88

. Further consideration of causes of decline in
commercial fisheries. Tt 1s rceommended thatl a
review of methods for asscssing fish stocks and
sustainable vields be completed. The mitial risk
assessment indicates that overfishing is the main
cause of declming stocks, but the effects of other

human activities involving habitat destruction and
pollution cannot be excluded. There is an urgent
need for developing rational methods for managing
fishing intensity [scetion 7.3.2]

. Benefit-cost analvsis as an infegral part of the

Fisk monagement program. It 15 recommended
that in all instances where risk management is seen
to be necessary, the costs and henefits of alternative
management strategies should be considered. In
assessing benefits from improved management,
attention should be given to the damages avoded
Lo resources and uses of the Straits. The initial risk
assessment suggests that mangroves and fisheries
should be given particular attention.  The full
quantification of costs and benefits and hence the
development and application of appropriate
valuation technigues are an appropriate objective,
Although tlus 1 unlikely lo be possible in many
circumstances, gqualitative comparisons based on
listings of costs and benefits can provide helpful
insights |section 10],
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APPENDIX 2

Fxira Documentation Provided by GEF/UNDP/
IMO Regional Programme for the Prevention and
Management of Marine Pollution in the Fast Asian Seas
to supplement information m the Profile

Listed 1 lext as Appendiv Document:

[11.

IV.

Y11

WIII

Preliminary information on Singapore (I-5), Ma-
lavsia (I-M), and Indonesia (I-1}, supphed prior
to Johor Bahru Workshop November 1997, con-
tained in references [V to IX

Abdullah, AR and CW, Wang, Editors. 1996,
(il and Grease Pollution in the Malavsian Marine
Environment. Instituie of Advanced Studies,
University of Malava, Kuala Tumpur, Malaysia.

Low, K.8 and Y N. Phua. 1998 Impact Asscss-

ment of Coastal Water Pollution n the Straits of

Malacca. Draft Report,

Database and GIS of Marine and Coastal
Resources in West Coast Peninsular Malaysia
{(February 1998). Draft Report

Database and GIS on Maring Pollution Sources
n West Coast Peninsular Malaysia (February
1998, Dralt Report.

Database and GIS of Marine and Coastlal
Resources in East Coast Sumatra {January
1998). Draft Report.

Database and GIS on Marine Pollution Sources
on the East Coast of Sumatra. Draft Report.

Database and GIS on Marine and Coastal
Resources on Singapore, February 1998, Final
Report.

X1

XIL

XL

XIV.

XV,

Diatabase and GIS on Marine Pollution Sources,
Singapore, February 1998, Final Report,

A 20-vear forgeast model for pollutant loading
mto the Malacea Straits from Singapore, February
R

Report on the Training Workshop on Land-based
Oil Discharges to Coastal Waters: Ecological
(onsequences and Management Aspects,
UNEP/EAS, August 19946,

ASEAN Marine Environmental Management:
Quality Criteria and Momiloring for Aquatic Life
and Human Health Protection, 1997,

Draft Description of the il Spill Trajectory and
Pollutant Fate Models for the Malacca Straits,
LO9%.

Chong, V.C., A Sasekumar, SM. Phang and
M N Jaafar. 1998 Maring and Coastal Resource
Mapping for the Strants of Malacca. GEF/UNDP/
MO Regional Programme for Prevention and
Management of Marmne Pollution in the East
Asian Scas,

Low K.S., YN. Phua, C.K. Lee, M.N. Jaafar
and WA, Wan Zabari, 1998, Development of
Regional Database System and GIS for the Straits
of Malacca. GEF/UNDP/IMO Regional
Programme for Prevention and Management of
Marine Pollution in the East Asian Scas. Draft
Report.
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