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FOREWORD 

A prunary goal of thIs study was the promotlon of peace through sCIentIfic 
cooperatIOn between Israel and Egypt Tlus was an attempt to normalIze and enhance 
relatIOnshIps and demonstrate the utllIty and the benefits of the peace treaty between 
Egypt and Israel ThIS study succeeded 10 engagmg a number of hIghly quahfied 
sCIentlsts from Egypt and Israel and prOVIde them With the appropnate mIlIeu and 
mecharusm for SCIentIfic cooperatlon m a mutually beneficIal developmental project 

The tOPIC selected for thIs study IS Seafood Safety, whIch IS a major concern 10 nch 
and poor countnes ahke Research findmgs Will certamly enhance the awareness of 
polIcy and decIsIon makers With seafood safety problems and proVIde them With optIOns 
of regulatory approaches Needless to say, thIs study has helped to establIsh durable 
lInkages between EgyptIan and IsraelI mstltutIons and sCIentlsts and promoted hopes for 
contmued future cooperatIOn 

ThIs study was supported by the MIddle East RegIOnal Cooperatlon Program, The US 
Agency for InternatIonal Development AddItIOnal support was proVIded by the NatIOnal 
Instltute of Oceanography and Fishenes m Egypt, The Hebrew Uruverslty of Jerusalem m 
Israel, and The UruveIslty of MtchIgan m the USA 

It IS Important to acknowledge the leadershIp and gUIdance receIved throughout the 
study from Professor HIllel Shuval, Dr Badn Fattal, Dr Hussem K BadaWI, Mr Ahmad 
EI-Iblary, and Dr Sayed Z EI-Sayed 

Fmally, our Egyptian-Israeh team WIshes to dedIcate thIs final project report to the 
memory of the Co-Pnncipal Investlgator, Dr MohYI Easa, who passed away on January 
17, 1998 at the age of 48 Dr Easa has been a most dIstmgUIshed SCIentIst who IS well 
recogruzed for hIs studIes on fish parasItes 

May 29, 1998 

SubmItted By 

KhalIl H Mancy, Ph D 
Professor & ChaIr 

Department of EnVIronmental & Industnal Health 
School of PublIc Health 

The Uruversity of MIchIgan 



V~!lIme ! 

Forward 

CONTENTS 

PrOject Goals & Research Approach 
Surveys of Fish Contammants 
Chemical DepuratIOn Models 
Health Risk Assessment 

ExecutIve Summary 
IntroductIOn 
Goals & ObjectIves 
Research Approach 
MIcrobIal Pathogens m FISh 
ChemIcal Contammants m FISh 
ChemIcal DecontammatIOnJDepuratIOn Models 
Uptake & ElImmatIOn of Organophosphate PestICIdes 

by FISh (TIlapIa speCIes) 
FIsh DecontammatIOn - DepuratIOn Modelmg 
Assessmg Health RIsks from ChemIcal Contammants m FISh 
Seafood Safety Regulatory Approaches 

Volume II Depuration of Bacterial & Viral Contammants 
DlsmfectlOn usmg Hydrogen PeroXide & SIlver 
Survival of Hepatitis A ViruS & Seafood Safety 

1 - 15 
16 
17 
18 

20 - 64 
65 - 83 

84 - 135 

136-183 
184 - 204 
205 - 260 
261 - 267 

Survey of Heavy Metals and Microbial Pathogens m Fresh 
Fish m Israel 

Abstract 
Part I 
DecontamInatIOn ofFIsh by Water Change 

Part II 
A Prellmmary Results of TOXICIty of Hydrogen PeroXide (H202) and 

SIlver Ions (Ag+) on FIsh 
B DIe-off MIcorgarusms (E ColI, MS2 Phages and PolIo 1) by 

Hydrogen PeroXide and SlIver Ions 

1 The ActIve ReSIdual ofH20 2 and Ag+ Ions m DIfferent KInds 
of Water 
a At the Presence ofFIsh and Amng the Water 
b WIthOut the Presence ofFIsh and Amng the Water 
c Companson between the ReSIdual and ActIve H20 2 WIth 

Aerated Water 

3 
4 - 36 

37 - 98 



2 The ResIstance ofFIsh to DIfferent Levels ofH20 2 and Aerated 
Water 

3 The Die-OffKmetlcs of the DIfferent Microorgarusms In Clean 
and Mamtenance Water 
a DIe-Off KInetIcs of g Coh 
b DIe-Off KInetIcs of MS2 and POhOVIruS 1 

Part III 99 - 106 
SurvIVal of HepatItIs A VIruS (HA V), Pohovirsus 1, F+ 
bacterIophages and g Coh In PBS, Groundwater and 
Wastewater as It PertaInS to Seafood Safety 

Part IV 
MIcrobes and Heavy Metals Detected m Freshwater 
Aquacultured FISh Marketed In Israel 

Volume III TOXIC Metals In Fish from Egypt Coastal Waters 
Uptake and Depuration of Metals from Fish 
Metal Bioassay InvestigatIOns 

Chapter I IntroductIOn 

Chapter II LIterature CIted 

Chapter III MaterIal and Methods 

Chapter IV Results and DIScussIon 

I Field Research 
1 Level of Metals In FISh Organs 
2 Response ofFIsh to metals m dIfferent areas 

Part I The aVaIlabIlIty of metals to fish m the 
dIfferent sites 
Feedmg and habItat mecharusms 

107 - 120 

1 - 6 

7 - 27 

28 - 38 

39 - 108 

Part II 
Part III The lIPId contents ill the tIssues of dIfferent 

fish speCIes 
Part IV Uptake and retentIOn mecharusms for the 

metal at dIfferent SItes (A case study) 
3 Seafood safety In Egypt 

II Bioassay 
1 TOXICIty tests of metals (cadmIUm and copper) 
2 AccumulatIon and depuratIOn of metals 

A CadmIUm 
B Copper 

1I 

109 - 141 



Chapter V Summary 142 - 149 

Chapter VI References 150 -174 

ArabIc Summary 175 

FISh ParasItes m Egypt 
FISh VIral and BacterIal Contammants m Egypt 

1 IntroductIOn & Goals & ObjectIves 1 - 5 

2 RevIew of Literature 5 -74 

3 MaterIal and Methods 75 - 101 
I Parasitological exammatlOn (Encysted metacercaria) 

1 Samples 
2 ExammatlOn of fish for Encysted Metacercanae 
3 DlstnbutlOn of number of encysted metacercanae per gram muscles 
4 Expenmental mfectIOn of bIrds and ammals 
5 DetectlOn of trematodes from human 
6 PreparatIOn of permanent mountmg trematodes and Excysted 

Metacercanae for IdentIiicatlOn 
7 HIstopathology 
8 Effect of temperature on the ViabIlIty of encysted metacercanae 
9 Effect of clullmg and freezmg on the ViabIlIty of encysted 

metacercanae of TIl apia speCIes and NIle-catfish 
(Clana Lazera) 

II BacterIOlOgIcal exammatIon 

III VirolOgIcal exammatlOn 

4 Results 
I ParasItologIcal Results 

1 Chmcal and post mortem leslOns 
2 Prevalence of the encysted meacercanae 

ProhemlstomatIdae metacercanae 
HeterophYlde metacercanae 
Haplorclude metacercanae 

3 IncIdence of human mfectlOn WIth encysted metacercanae at 
Manzala Lake 

4 HIstopathologIcal findmgs m dIfferent organ and tIssues of 
fish mfested WIth metacercanae 

101 - 240 

5 Expenmental InfectIOn ofbrrds WIth encysted metacercanae (EMC) 

111 



6 MorphologIc characters of the mvestIgated trematodes 
7 Results of parasItologIcal exammatIOn m CaIro area 
8 Results of parasItologIcal exammatIOn of TIl apIa spp m Aswan area 
9 Results of parasItologIcal exammatIOn of muscle of TIlapla for 

encysted metacercanae m Manzala Lake 
10 Results of parasItologICal exammatIOn m Alexandna area 
11 PathologIcal changes m expenmental bIrds 
12 PathologICal changes m laboratory ammals 
13 Effect of heat on the ViabIlIty ofEMC 

II BacteriologIcal Results 
1 Results of bactenologlcal exammatIOn m Cruro area 
2 Results ofbactenologlcal exammatIOn offish from Aswan, 

source of water NIle (Hlgh-Dam) lake at March, 1994 
3 Results ofbactenological exammatIOn offish from Aswan, 

(HIgh-Dam) at JUfle, 1994 (followmg Rwanda war, pollutIOn 
resultmg from thousands of dead bodIes thrown mto the Lake) 

4 Results of bactenologlcal exammatIOn of fish from Manzala Lake 
5 Results of bactenologlcal exammatIon of fish from Alexandna area 

III VIrologIcal results (m aquaculture) 

DISCUSSIon 241-275 

Summary 276 - 282 

References 283 - 324 

IV 



EXECUTIVE SUMMARY 
(Tlus report IS dedIcated to the memory of Co-Prmcipal InvestIgator Dr MohYI Easa who 

dIed on January 17, 1998 at the age of 48) 

RATIONALE 

Due to mcreasmg awareness of the relatIOn between eatmg habIts and good health, 
consumers have begun to alter theIr dIets mcorporatmg foods nch m nutrIents, vitamms 
and protem ThIS trend has led to mcreased consumptIOn of seafood, perceIved as an 
excellent source of protem WIth propertIes whIch may reduce the nsk of cardIOvascular 
dIsease 

Seafood mcludes an array of products encompassmg lIterally hundreds of edIble 
speCIes that have lIttle m common other than an aquatiC ongm The US Food & Drug 
AchmrustratIOn defines the term "fish" to mclude all fresh and salt water finfish, 
molluscan, shellfish, and crustaceans ThIs study IS concerned WIth finfish only, both 
WIld-caught and farm-grown vaneties 

In recent years, worldWIde concern has evolved regardmg the safety of seafood 
Humans have found themselves at mcreased nsk of developmg seafood-borne Illnesses 
due to several factors, mcIudmg polluted waters, Improper handlmg and preparatIOn of 
seafood and hIgher consumptIOn rates of fish and shellfish 

ContammatIOn may result from mIcrobIal pathogens, tOXins, parasItes and tOXIC 
chemIcals mcludmg pestIcIdes and heavy metals In adffitIOn, Improper storage, shIppmg, 
handlmg and preparatIOn of seafood playa sigruficant role m spreadmg fish contammants 
VIa cross-contammation The Issue of seafood safety IS partIcularly relevant m the 
MIddle East, where seafood not only constItutes a sigruficant proportIOn of the 
populatIOn's dIet, but also contnbutes substantially to the fmanclal resources of the 
regIOn EconomIC conSIderatIons, coupled wrth human health concerns, warrant a need to 
mcrease awareness of health nsks assOCIated WIth seafood contarnmants, as well as 
reverse situatrons whIch have fostered the prolIferatIOn of contamInatIOn 

In response to these concerns, promment mstrtutIOns m Egypt, Israel and the Uruted 
States have Jomed forces to promote health and safety awareness and the preventIon of 
seafood contammatIOn ThIs mcludes guldelmes whIch wIll serve as the basIS for the 
development of regulatIOns whIch WIll assure consumers that the seafood products they 
purchase meet accepted mmimum standards for safety 

GOALS AND OBJECTIVES 

The overall goal of thIs study IS to promote seafood safety practIces m Egypt and 
Israel ThIs mcludes the awareness of the publIc health nsks of seafood contammatlon 
and the strengtherung of preventIon and control practrces 

The speCIfic ObjectIves of the study mclude the followmg 

Conduct a comprehenSIve reVIew of the lIterature to compIle eXlstmg publIc 
health cntena on seafood contammatIOn and develop a data bank for 
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contammants and blOaccumulatlOn-elImmatIOn rates In fishes and what 
mfluences them 

2 Screen representatIve samples of fish from dIfferent aquatIc sources for 
organIc and inOrganIC hazardous chemICal resIdue and pathogen levels, so as 
to IdentIfy problem contammants 

3 Assessment of the rates of ehmmatIOn of certain infectIous mIcroorgarusms 
(vIruses, mcludmg HepatItIs A VIruS and bactena) from contammated fish 
ThIS Includes the detennInatlOn of the effect of envIronmental and stress 
factors on the rates of uptake and release of mIcroorganIsms and storage SItes 

4 Determme the survIval of HepatItIs A VIruS In fish culture water and the 
Influence of envIronmental factors on dIe-off rate 

5 Assessment of the rates of ehmmatlOn (depuratIon) of problem chemIcal 
pollutants from contammated fish 

6 Develop mathematIcal models for predIctmg the rates of ehmmatlOn of 
chemIcal contamInants dunng depuratlOn In "clean water" and/or dllutlOn of 
contammants by growth m "clean water" and usmg "clean feed" followmg the 
wastewater growth 

7 Assess publIc health gUIdehnes and regulatory optlOns 
8 CommunIcate project findings to pollcy and deCISIon makers, the pubhc and 

the sCIentIfic commumty 

RESEARCH APPROACH 

The baSIC framework of thIS study was based on engaging a number of hIghly 
quahfied SCIentIsts and engmeers from Egypt and Israel to inVestIgate seafood safety 
Issues TIus mcluded the prOVISlOn of an approprIate mIlIeu for collaboratIOn, (b) 
specIahzed traInmg, e g m the areas of computer applIcatIOns and health nsk assessment, 
and (c) mecharusm for dlssemmatmg the generated mformatIOn to pollcy and deCISIOn 
makers as well as CItIzen groups, e g NGOs 

The mstitutIOnal framework of the study IS Illustrated m FIgure 1 The program 
commIttee, wluch mcluded the copnncIpal investigators and research leaders met twice 
per year Project pnncIpal mvestIgators were also members of the CooperatIve Manne 
Technology (CMT) Steenng CommIttee, whIch met once per year 

SpeCIalIzed trammg was offered to project SCIentIsts by the collaborating mstItutlOns 
Tlus mcluded methods for health nsk assessment and the applIcatIon of advanced 
computer techmques for data processing and modelIng purposes 

The dIstnbutIOn of tasks among the dIfferent collaboratmg InstItutIOns IS shown m 
FIgure 1 In general, research actIVItIes at the Hebrew UruversIty dealt WIth VIral and 
bactenal contammants m fish and rates of depuratIOn Professors Hlliel Shuval and Badn 
FattaI were pnmanly responsIble for research actIVItIes m Israel In addItIOn, they 
partICIpated m the plannmg and reVIew of research actiVItIes m Egypt 

Project actIVItIes In Egypt were under the supervISIon of Dr Hussein K Badawl and 
Mr Ahmad EI-Iblary from NIOF Research InVestIgatIOns m Egypt were largely dIrected 
towards the (a) assessment of the type and levels of contarrunants In fish harvested from 
the NIle and ItS trIbutarIes and the coastal zones of Alexandna, Port SaId and Suez, (b) 
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epIdemIOlogy of fish parasItes m the Lake Manzala RegIon, (c) effectIveness of fish 
preparatIOn practIces for the mactIvatIOn of mfectIOus parasItes, (d) detenmnatIOn of 
depuratIOn rates of certam chemIcals and pathogenIc bactena from contammated fishes, 
and (e) evaluatlOn of seafood regulatIOns m Egypt 

The overall coordmatlOn of research actIvItIes m both Egypt and Israel was the 
responsIbIlIty of Professor KhalIl H Maney from The UnIVerSIty of MIchIgan ThIs 
mcluded the plannmg and ImplementatIOn of traInIng courses, workshops and annual 
meetmgs 

OVERVIEW OF RESEARCH FINDINGS 

ReVIew of LIterature and Data Banks 
A comprehensIve reVIew of the lIterature on "Seafood Safety" was conducted ThIS 

mcluded natural and anthropogenIc contammants m seafood EmphasIs was gIven to 
contammants m finfish (m contrast to shellfish and crustacea), harvested from surface 
waters and aquaCUlture The reVIew also mcluded publIc health ImplIcatIOns of fish 
preparatIOns, marketmg and depuratIOn and decontammatIOn practIces The reVIew 
emphasIzed condItIons m Egypt and Israel 

All research groups m the USA, Egypt, and Israel have partICIpated m the lIterature 
reVIew WIth the aIm of establIshmg a data base ThIS mcluded seafood safety regulatIOns, 
standards, and gUIdelmes m the USA & Canada, Europe, F AO, Egypt, and Israel ThIS 
mformatIOn IS currently stored In Data Banks at NIOF-Suez and the UmversIty of Am 
Shams In CaIro 

Survey of FISh Contammants 
Survey of fish contammants m Egypt were conducted by MohYI Easa (mICrobial 

pathogens mcludmg bactena and parasItes), Dr Mohamad Shenf (pestICIdes), and 
Mohamad EI-Samra (tOXIC metals and PARs) FISh samples from Lake Nasser and the 
southern reaches of the NIle had the lowest levels of contammants Samples collected 
from the Delta, Northern Lakes and coastal waters at Alexandna, Port SaId and Suez had 
the hIghest levels of contammants ThIs pattern followed closely the mcreasmg pollutIOn 
burden from south to north, caused by the dIscharge of mumcipal, mdustnal and 
agnculturaI waste It IS mterestmg to note that fish reared m treated sewage effluents m 
the Suez Expenmental StatIOn was found to be of hIgher qualIty than fish harvested from 
certaIn locatIOns m Lake ManzaIa and the Delta regIOn 

Health Risk Assessment 
Assessments of health nsk resultIng from consumptIOn of tOXiC chemIcals m fish m 

Egypt and Israel were conducted The chemIcal contammants detected were largely 
pestICIde reSIdues and certaIn tOXiC metals, commonly found m agncultural dramage 
water and mdustnal waste effluents Except for certaIn "hot spots" the concentratIOns 
detected were WIthm mternatlOnal gUIdelmes The health nsk models and the health 
adVISOry gilldelmes used m thIS study were based on procedures used m the Great Lakes 
regIOn m the USA Dr MohYI Easa and Dr Mohamad Shenf supervIsed thIs work m 
Egypt, whIle Dr Badn FattaI was responsIble for the work m Israel 
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Results of these assessments were communIcated to EgyptIan authonties and 
summarIes were reported m the news medIa The mam pubbc health concerns WIth 
seafood safety contmues to be mICrobIal mfectIOus agents, mcludmg VIruS, bactena, and 
paraSItes The health nsk from consumptIon of chemIcally contammated fish IS 
mSIgruficant m companson to the acute mfectIOus dIseases caused by fish pathogens 

DecontammatIOniDepuratIOn StudIes 
Dr Badn Fattal at the Hebrew Umversity studIed the rates of elunmatIOn of dIfferent 

types of microorgamsms (g Coh, MS2 cobphage and POlIOVIruS 1 )from vanous fish 
tIssues Dr EI-Samra m Suez, Egypt studIed the depuratIOn of metals and PAHs from 
fish Dr Shenf was responsIble for the mvestigatIOns and the depuratIOn of pestlcide 
reSIdues Research results were reported m project workshops and some of the findmgs 
were publIshed 

FISh farmmg practIces frequently entaIl a depuratIOn or a decontammatIOn step where 
the harvested fish IS held m a clean water tank for a penod of tIme Our research findmgs 
mdicate that the rate of depuratIOn IS largely dependent on the type and concentratIOn of 
the contammant, the type of fish, water qualIty and enVIronmental factors, e g 
temperature For a gIven type and SIze of fish and controlled envIronmental condItIOns, 
rates of depuratIOn vary Widely for VIruses and bactena, as well as for tOXIC chemIcals, 
e g pestICIde reSIdues and tOXIC metals DepuratIOn rates are faster from the fish 
dIgestIve tract and the gIlls, than from other deep organs 

By SImply changmg the clean water, the tune requrred for actIve depuratIOn ofE ColI 
and MS2 Phage, from the dIgestIve tracts of Tiiapia and MugIl speCIes was shortened 
from 21 days to 6 days The addItIon of dIsmfectants to the water (e g 30 mg/l H20 2 and 
84 ppb Ag+) mcreased the dIe-away of certaIn pathogens, With no observed effects on the 
fish 

SImIlarly, the actIve depuratIOn of copper, cadmIum, and femtrothIOn (a common 
organophosphorus pestIcIde) vaned from 7 - 24 days 

Empmcal rate equatIons were applIed to the modehng of the depuratIon process, 
based on laboratory data These models Will be helpful m assessmg the feasIbIlIty of 
depuratIOn practIces A prelImmary conclUSIOn could be that effectIve depuratIOn Will 
take weeks and not one or two days as frequently practIced 

Regulatory Approaches 
EffectIve seafood safety programs, applIcable to both Israel and Egypt, should mclude 

(a) domestIC mspectIOns of seafood processors, (b) samplIng and analyses of local and 
unported fish and fishenes products, ( c) cooperatIve programs of trammg and tecbrucal 
support sponsored by the government and mdustry, Cd) research In support of the 
regulatory mISSIon, (e) pubbc educatIOn (e g advIsmg certam at-nsk populatIOns about 
consummg raw or partIally cooked fish), and (f) adoptIOn of mternatIOnal publIc health 
and safety gUIdelmes 

In Egypt, there are sIgmficant concerns based on the followmg 

Lack of effectIve legIslatIon and enforceable regulatIons for seafood safety 
(mcludmg productIOn, processmg and marketmg) 
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2 IncreasIng levels of contamInants m the canals, Delta Lakes, and coastal areas 
whIch are the sources of the majorIty offish harvested In Egypt 

3 FIsh farmmg practices are largely unregulated 
4 Government pollcy restrIcts the water avaIlable to fish farmmg, to lrngatIOn 

drrunage and coastal and mland lakes whIch are mostly polluted Use of 
ground water IS permltted mamly for fish hatchenes 

5 In the Lake Manzala reglon, fish parasltes are causmg sigruficant health 
problems 

For both Israel and Egypt, It IS proposed to adopt a preventlve approach for the 
control of seafood contammatIOn ThIS lS known as HACCP or "Hazard AnalYSIS CrItICal 
Control Pomt," where the rum IS to keep health hazards from occurnng or keep the 
hkehhood of theIr occurrence to a mlrumum ThIs IS not a government operated system, 
but rather lt IS the responsIbIlIty of the seafood mdustry It IS sCIence-based because ]t 
relIes on a knowledge of what the reasonable lIkelIhood of food safety hazards are for a 
gIven product and a process and what are the controls for those hazards The 
govenunent, through mspectIOns, venfies the adoptIOn of HACCP by Industry 
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RESEARCH SUMMARIES 

I MIcrobIal ContamInants In FIsh 
Dr Mohrl Easa, CaIro Umverslty, Egypt 
Foodborne paraslflc dzsease 

ThIS study addressed rrucrobIaI agents m fish, mcludmg bactena and parasItes 
An extensIve survey of fish harvested at dIfferent SItes m Egypt showed that the 
degree of contammatlOn mcreased from south to north and It IS hIghest m the Delta, 
northern lakes and coastal waters Levels of chemIcal contammants, such as 
pestICIdes and tOXIC metals were hIghest m samples collected from polluted SItes In 
Lake Manzala 

In depth InVestIgatIOns were conducted on foodborne parasItes transrrutted to 
humans from eatmg fish The most common fishbome parasIte m Egypt are the 
flukes (trematodes), e g Heterophyes heterophes The parasIte IS mamtamed m the 
aquatIC enVIronment as a result of the presence of susceptIble snaIls, m whIch larvae 
taken m by the mgestlOn of eggs, wIll multIply to release cercanae, mfectIve to fish 
The cercarIae penetrate the fish skm, enter the flesh to encyst, become a 
matacercanae, whIch IS the mfectIve form to humans The dIetary habIt of eatmg raw, 
partIally cooked, or partIally pIckled fish IS the pnmary mode of transmISSIon 

These mvestIgatlOns found hIgh rates of mfectlOn m some of the most common 
fish m Egypt, e g TIlapIa specIes and NIle-catfish, whIch vanes WIth season and 
10catlOn FIsherman commumtIes and VIllages m the northern delta exhIbIted hIgh 
rates of mfectIOn In such commumtles eatmg raw-salted fish or whole partIally 
cooked fish (BIsana) IS common DIsease complIcatIOns were most eVIdent m 
chIldren 

Laboratory expenments provIded quantItatIve data on methods of fish 
preparatIOns and theIr effectIveness In the destructIOn or mactIvatlon of the 
metacercane These practIces mclude frymg, gnllmg, smokmg, pIcklIng, etc 
Procedural gUIdelmes were developed, e g reqUIred temperature and tIme for 
mactIvatIOn of mfectIOus agents 

PublIcatIOns 

Ph D ThesIs 
1 PathologIcal Changes m Some FIsh Eatmg Mammals as a Result of ConsumptIOn 

ofFIsh Infested WIth Encysted Matacercanae 
TheSIS presented by Iman Bakr Mohamed to CaIro Uruverslty, Faculty of 
Vetennary MedlCme, Department of Pathology (1996) 

2 DIseases Due to InfestatIOn ofFISh WIth Metacercanae 
TheSIS presented by Amany Abdel-Rahman Abbas to Zagazlg Uruverslty Benha 
Branch, Faculty of Vet en nary Medlcme, Moshtohor, Department of Poultry and 
FISh DIseases (1997) 
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Master's ThesIs 
1 The Role of FIsh RaIsed m Sewage m the TransmisslOn of Food POlsonmg 

Orgamsms to Man 
ThesIs presented by Gehan Mohamed EI-MoghazI, CaIro UniVerSIty, Faculty of 
Vetennary Medicme, Department of HygIene and Zoonoses (1993) 

PublIshed Papers 

Mahdy , Olfal, A , Manal, A A and Easa M El-S (1995) 
ParasitologIcal and PathologIcal StudIes on HeterophYId InfectIOn m Tilapia spp 
From Lake Manzala, Egypt 
Egypt Journal of ComparatIve Pathology and ClInIcal Pathology 8(2) 131-154 

2 Shaaban, A I , TanlOs, A I , EI-Shater, M A and Easa, M EI-S (1995) 
BactenO!ogIcal exammatIOn ofFIsh and Water at Nasser Lake 
Egypt Journal of ComparatIve Pathology & ClInical Pathology Vol 9(1) 195-
199 

II Seafood Contammants m Israel & MIcrobial DecontammatlOn 
Dr Badrl Fattal, Hebrew Umverslty, Israel 

Mzcrobes and Heavy Metals Detected In Fresh Water Aquaculture Fzsh Marketed In 

Israel 
TIus study was conducted because of the mcreased use of aquaculture m Israel as well 

as other countrIes The organIsm Aeromonas (oppOrtunIStIC pathogen) was present at the 
hIghest level m both specIes of fish TIlapIa and Munl Overall, mIcrobes (Aeromonas, 
fecal cohforms and F+ cohphages) and heavy metal concentratIons (mercury, cadmIUm, 
copper and zmc) m the fish were WithIn IsraelI and InternatIonal lImIts However, 
preventIon of cross-contammatIOn of edIble tIssue by the dIgestIve tract and skm IS 
recommended 

Fzsh Grown m Fecally Contammated FIsh Pond 
Tilapia fish from commerCIal fish ponds In Israel were exammed for £. Coh and 

enteroCOCCI The digestIve tract contamed a rugher level of these two organIsms than the 
water In addItIOn, when these organisms were at sufficIently rugh levels In the water, the 
hver and tissue of the fish became contammated EhmmatlOn of the orgarusms was 
tested m starvatIOn condItIOns In a statIC tank The results mdIcated no apparent decrease 
III the level of orgarusms for the fish reared m fish ponds, yet there was an mcrease for 
artIficIally contamInated fish ThIS study shows that uptake and eiImmatlOn for 
artIfiCIally contammated fish IS dIfferent than fish reared m fish ponds over long perIods 
of time The prImary publIc health concern IS for the mdIviduals who handle and process 
the fish that are at nsk for Aeromonas wounds InfectIons 
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Impact of Water Qualzty on FIsh ProductIOn based on EgyptIan StudIes In Israelz 
Practzces 

StudIes were conducted m Egypt and Israel on TIlapIa fish specIes The studIes were 
focused on the qUalIty of fish productIOn from those reared m fish ponds supplIed wIth 
wastewater vs FISh ponds WIthout wastewater The results mdicated that the productIon 
of fish was greater m fish ponds supplIed WIth wastewater However, the wastewater 
should be dIluted WIth freshwater m order to evade negatIve effects on fish productIon 
MICrobIal assays mdicated that there was no dIfference between wastewater-enrIched and 
non-wastewater aquacultures for both ~ colI and Aeromonas FIsh obtamed from both 
sItes reflected the amount of Aeromonas that were m the water In addItIOn, the dIgestIve 
tract contamed a hIgher concentratIOn of bactena than the water m whIch they were 
grown 

Actzve DecontamInatIOn and DetectIOn of Mzcrobes and Heavy Metals In Fzsh Marketed 
In Israel 

ThIS study was conducted m two parts m order 1) to examme the efficIency of 
changmg the water, m the holdmg tanks, to reduce the level of mIcroorganIsms m varIOUS 
fish, tIssues, 2) to test for the presence of mIcrobes and heavy metal m fish marketed m 
Israel FIsh contammatIOn was accomphshed by seedmg 109

, 1011, 1010 cfu or pfu mIl of 
£... coh, MS2 colIphage and POlIovIruS 1, respectIvely, mto 100 I of water These 
microorgarusms were tested m the skm, muscle, lIver, spleen and the dIgestIve tract (DT) 
A smgle moculatIOn of the test microorgarusms was followed by 3-24 water change (tank 
volumes) and compared WIth selfpunficatIOn (control) expenments WIthOUt changmg the 
water In the decontammatIOn expenments, no mIcroorganIsms were detected m the DT 
5-6 days after moculatIOn, as compared to 11 - 21 days m the control expenments The 
results of thIs study mdicate that faster decontammatIOn of fish IS achIeved by repeated 
changmg of the water m the holdmg tanks and thus may lower the nsk of dIsease 
transmIssIOn by fish handlmg or consumptIOn 

In the second part, two speCIes fish Tzlapza sp and Mugzl sp , grown III fresh water 
aquaculture and marketed III Israel were tested for the presence of mIcrobes and heavy 
metals Samples of dIgestIve tract (DT), hver, spleen, skm and muscle were assayed for 
Aeromonas, Fecal coliforms, and F+ collphages DT and muscle were assayed also for 
enterovIruses The most frequent microorgarusm found was Aeromonas, followed by 
Fecal coliforms, and F+ colIphage In both fish speCIes, the hIghest concentratIOn of 
Aeromonas was present III the DT, followed by skm, lIver, spleen and muscle Fecal 
colzforms were not found III any of the muscles sampled Enteroviruses were not detected 
III eIther DT or muscle Even though our results show that both mIcrobIal and heavy 
metal concentratIons were WIthm the acceptable Israeh ranges, we recommend that 
measures be taken III processmg to prevent cross-contammatIOn of edIble tIssue by DT 
and skm Model for estImatIllg health nsk associated WIth eatmg fish cultIvated m 
polluted fish ponds to be developed Wlthm 3 months 

PublIcations 
1 Fattal, B , Dotan, A, Tchorsh, Y , Parpan, L And Shuval, H I PenetratIOn ofE ColI 
and F2 bactenophage mto fish tIssues In Viren und Piasmide m de Umwelt, eds J M 
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Lopez PIIa, E Seeber, K Jander StuttgartlNew York, Gustav FIscher Verlag, pp 27-38, 
1988 

2 iger, Y , Abraham, M, Dotan, A, Fattal, B And Raharmm, E Cellular responses In 
the skIn of carp mamtamed m organIcally fertilIzed water J FISh BIOI, 33 711-720, 
1988 

3 Dota, A , Parpan, L , Fattal, B And Shuval, H I MIcrobIal studIes of water and fish at 
EIn-Boquq wastewater reservOIr In EnVIronmental QualIty and Ecosystem StabIlIty, 4th 
InternatIOnal Conference of the Israel SOCIety for Ecology and Em Ironmental QualIty 
SCIences, Jerusalem, 1989, eds M Luna, Y Stemberger, and E Spamer Vol IV-A, pp 
529 -538 

4 Fattal, B, Eisawy, AM, Dotan, A, Shuval, H I and Mancy, K H Impact of water 
qualIty on fish productIOn based on Egyptian and IsraelI practIces Wat SCI Tech, 
21(3) 27 - 33, 1989 

5 Mancy, K H , Eisawy, A M and Fattal, B Comparative analYSIS of Yields of fishes 
grown m brackIsh and wastewaters m Egypt and Israel In EnVIronmental Quahty and 
Ecosystem StabIlIty, 4th InternatIOnal conference of the Israel SOCIety for Ecology and 
EnVIronmental QualIty SCIences, Jerusalem, 1989, eds M Luna, Y Stemberger, and E 
SpanIer Vol IV -A, pp 493-494 

6 Fattal, B, Dotan, A And Tchorsh, Y Rates of expenmental mIcrobIOlogical 
contammatlOn of fish exposed to polluted water Water Research 26(12) 1621-1627, 
1992 

7 Nasser, AM, Tchorsh, Y and Fattal, b DetectIOn of Aeromonas and microbIOlogIcal 
mdicators m fish marketed In Israel InternatIOnal Journal of EnVironmental health 
Research, 2 99-105, 1992 

8 Fattal, B, Dotan, A, Parpan, L, Tchorsh, Y and Cabelh, V J MICrobIOlogICal 
punficatlon of fish grown In fecally-contammated commerCIal fish pond Wat SCI Tech 
277-8,303-311,1993 

9 Nasser, AM, Tchorch, Y And Fattal, B ComparatIve SurvIval of .& Coh, F+ 
bactenophages, HA V, and POlIOVIruS 1 In wastewaters and ground waters Wat SCI Tech 
273-4,401-407, 1993 

10 Zuaretz-Peled, S, Tchorsh, Y, Nasser, AM, and Fattal, B ActIve mIcrobIal 
decontammatIOn of teiapla fish Int J EnVIron Health Res 6 63-66, 1996 

11 Chaouat, A, Tchorsh, Y And Fattal, B MIcrobes and heavy metals detected m fresh 
water aquacultured fish marketed In Israel ISEEQS Pub Jerusalem, Israel, Ed Y 
SteInberger, Vol VIB 644-647,1996 
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III ChemIcal Contammants & Fish DecontammatIOn 
Dr Mohamed ShereIf, Am Shams UmverSlty, CaIro, Egypt 

ChemIcal ResIdues zn Fzsh (Publzshed zn Wat SCI Tech Vol 32, No 11 pp 155 - 161 
1995) 
ChemIcal resIdues were analyzed from fish taken from two dIfferent sItes In Egypt One 
was from lake Manzala whIch receIves agncultural draInage and untreated sewage 
effluents and from the SES (Suez Expenmental StatIOns) where fish IS grown In treated 
sewage effluents Results mdicated that there were a hIgher concentratIOn of 
organochlonne pestIcIdes and heavy metals (lead, copper, Zinc, cadmIUm) present m Lake 
Manzala than m fish from the SES In addItIOn, lead and cadmIum levels from fish of 
Lake Manzala surpass InternatIOnal contammant levels for human consumptIOn 

Uptake and DepuratIOn o/Contamznants by Fzsh (Menofiya J AgrlC Res, vol 20 (1995) 
No 2 657-673) 
The uptake and elImInatIOn of the msectlcide femtrothIOn was exammed In TIlapia fish 
from the nver NIle Uptake was hIgher In larger fish compared to smaller fish 
ElImInatIOn of the msecticide In clean water occurred at the end of 15 days 

Effect 0/ EnVIronmental Factors on the Uptake and DepuratIon o/Chemicals 
The effect of envIronmental factors such as pH and salImty on tOXICIty, uptake and 
depuratIOn of the InSectICIde femtrothIOn on TIl apia fish from the nver NIle was studIed 
The results IndIcated that at low pH values there IS 
• an Increase In uptake of the Insectlcide 
• an Increase In accumulatIOn of the InSectICIde 
• an Increase In the tOXICIty of the Insectlcide 

FIsh Surveys 
StudIes on FIsh In Egypt mdicate that In certam locatIOn, the orgaruc chemIcals 

chlordane, endrIn and PCB exceed the most conservatIve mternatlOnal standards 
However, the metals CadmIUm, lead and chronnum levels were below mternatlOnai 
maxImum lImIts Mercury and selemum concentratIOns exceeded the llilllt but this was 
only found In one study and therefore data from other regIOns IS needed to gIve more 
conclUSIve results 

Uptake and DepuratIOn o/herbicides by fish grown zn the rzce-fish/arms 
ThIs study gIves some gUIdance on the accumulatlon of the applIed herbICIdes In nce 
fields and ill fish 

Modelzng 0/ ChemIcal Uptake and DepuratlOn Rates 
MathematIcal models were developed based on laboratory data These models could be 
used to estlDlate the rate and effectIveness of fish depuratIOn practIces 

11 



PubhcatIOns 

Sherelf, M M (1994) A comparatIve study of fish cultured In sewage-fed farms of Lake 
Manzala and fish grown In wastewater stablhzatIOn pond system m Suez, Egypt J 
Egypt Soc Toxlcol Vol 1227-32, January, 1994 

Shere If, M M (1995) TOXICity of some recommended herbICIdes to nee-fish culture m 
Egypt MenofiyaJ Agnc Res, vol 20, No 2643 -655 (ReceIved Nov 27, 1994) 

ShereIf, M M (1995) Uptake, accumulatIOn and ehmmatIOn of the organophsophorous 
InSectIcIde femtrothIOn (SumlthIOn) by the NIle tIlaphla Oreochromls nzlotlcuS 
Menofiya J Agnc Res, Vol 20, No 2657-673 (Received Nov 27, 1994) 

Sherelf, M M and Easa, M El-S (1994) HIstopathological alteratIOns In the CIChild fIsh 
Tzlapra zzllz exposed chromcally to the organophsphorus msecticide chlorpynfos J 
Egypt Soc TOXICOI Vol 13 13-16, July, 1994 

ShereIf, M M and Moaty, M A (1995) ConcentratIOn levels and accumulatIOn of heavy 
metals m NIle tIlapla grown In wastewater-fed fish ponds 2nd MIddle East Conf On 
Wastewater Management, CaIro, Egypt, 1 284-298, March, 1995 

Theses 

Lectures 

MSc 
StudIes on the uptake and depuratIOn of some pesticIdes by fish of 
economIc Importance 
MSc 
EnVIronment factors affectmg the elImmatIOn of pestICIdes by fishes from 
polluted areas 
PhD 
EnVIronmental, NutntIonal, and tOXIcologIcal studIes on some fish speCIes 
from fish farms In Fayoum Governorate, Egypt 

• Lecture entItled "EstImating the hazards and elImmatIOn of pollutants m the 
aquatIC EnVIronment" 2nd Conference On Arumal & Pollunon Orgaruzed by 
Cairo Uruverslty, Faculty of Vet en nary Medlcme, March, 1993 

• Lecture entItled "Low cost technologIes to reduce the tOXIC pollutants m fishes of 
Lake Mazala", 3rd Conference on food and tOXInS OrganIzed by Banha UmversIty, 
Faculty of Agnculture, May, 1994 

• Lecture entItled "EnVIronmental pollutIOn by pestICIdes How to protect our 
aquattc resources", 3rd Conference on EnVIronmental ProtectIOn IS a must 
Orgaruzed by Am Shams UruversIty, October, 1994 

• Lecture entItled "Seafood Safety and DecontammatlOn", 5th Conference on 
Agncultural Development Orgaruzed by Am Shams UruversIty, Faculty of 
Agnculture, December, 1995 
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ArtIcles In Newspapers 
• ArtIcle entItled "Paddy fields and contamInatIOn by tOXIC herbICIdes' AI-Ahram 

newspaper, May 1994 
• ArtIcle entItled "PollutIOn In EgyptIan lakes and ways of cunng" AI-Ahram 

newspaper, Jan, 1996 

IV MIcrobial and ChemIcal ContamInants In FIsh and DecontamInatIOn Rates 
Dr Mohamed EI-Samra, NIOF, Suez, Egypt 

AccumulatIOn and Eltmmatlon of Pathogemc Bactena by FIsh Tllapza Sp 
Tllapla mlotlCa fish speCIes were exposed to raw sewage and then analyzed for total 
aerobIC bactena, total cohforms and fecala colIforms Results IndIcated an Increase In the 
level of organIsms over tIme and when put In elImmatIOn tanks the level of orgamsms 
were reduced to theIr Imtial values or lower 

Metals, Protem, LIPId & PAHs m Flshfrom dzfftrent Egyptzan SItes I-Levels, II-Uptake 
& EltmznatlOn of CadmIum 
Muscles of the fish showed the lowest levels of cadmIum, lead, copper and ZInC and were 
WithIn the safe concentratIOn levels recommended by the F AO CadmIum and lead levels 
were hIghest In the gIlls of the fish willIe copper and ZInC levels were illghest In the lIver 
The results mdicate organ and metal speCIfiCIty 

FIsh Surveys 
NIle nver fish and fish samples from the MedIterranean Sea IndIcate hIgh levels of 
polycyclIc aromatIC hydrocarbons Tills IS found In polluted areas With heavy shIp traffic 
and IndustrIal/urban waste effluents 

V Health RIsk Assessment 
Dr Khalil H Maney The Umverslty of MIchIgan 

The health nsk, gIven In terms of the probabIlIty of InCIdence of dIsease was 
estImated utilIzmg the data from surveys of cheffilcal contamInants ill fish In Egypt and 
Israel Tills mcluded the follOWing steps 

Hazard IdentIficatIOn The determmatlon of whether a partIcular chemIcal 
contamInant poses a health nsk to consumers 

Exposure-Response Assessment EvaluatIOn of the relatIOnshIp between the 
magmtude of exposure and the probabIlIty that the potentIal health effect Will occur 

Exposure Assessment DetermInatIOn of the extent of exposure of consumers to the 
chemIcal hazard, based on the contammant levels, consumptIOn rates, duratIOn of 
exposure 
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RIsk CharacterIzatIOn DetermmatIOn of the probabIlIty of IncIdence of dIsease, 
Includmg uncertamty analysIS 

Research findIngs revealed that the health nsk from the consumptIOn of fish In 
Egypt IS generally wIthm lImIts acceptable elsewhere The exceptIOn IS WIth fish 
harvested from hIghly polluted areas (hot spots) where the calculated nsk was higher than 
acceptable levels m the USA and elsewhere (e g one In a millIon over a lIfetime 
exposure) 

RIsk models and theIr applIcatIOns for the assessment of health nsk from 
consumptIOn of contamInated fish were presented In a workshop In Egypt ThiS Included 
demonstratIOns of how to estImate advlsones for consumers and the development of 
standards and regulatIOns 

Vi SCience-Policy Lmkages & Regulatory Approaches 
Khalil H Mancy, The Umverslty of MIchigan 
Ahmad I EI-Iblary, NIOF 
Effectlve Management of Seafood Safety Should Incorporate HACCP-based PreventIOn 
Programs 

The estImated 1995 fish productIOn m Egypt was 407,141 metnc tons (mt), of whIch 
706% (287,456 mt) denved from manne and brackish waters (coastal areas and delta 
lakes), 142% (57,872 mt) from freshwater (the Aswan High Dam, the NIle, and Imgation 
and dramage canals), and 152% (61,815 mt) from fish farmmg (1, 2, 3) The total fish 
supply m 1995 was 547,952 mt (of whIch 26% was Imported) ThiS amounts to an 
average consumptIOn of 9 kg/cap/yr The Government of Egypt (GOE) alms to mcrease 
consumptIOn to 10 kg/cap/yr by the year 2000 

FIsh harvested from the northern coastal areas and the delta lakes exlublts hIgh levels 
of contammants, In companson to fish caught m the Aswan High Dam, the Nile nver, 
and ImgatIOn canals The mam reason IS water pollutIOn WIth sewage effluents, 
agncultural dramage and mdustnal waste Some of the hot spots are the coastal areas off 
Alexandna and Lake Manzala 

Aquacultural development has a hIgh pnonty In the GOE plans, whIch mcludes the 
mcrease of fish farmmg m varIOUS governorates However, the GOE polIcy prohIbIts the 
use of fresh water from the Nile and from ImgatIOn canals for fish farmmg In additIOn, 
the use of groundwater IS permItted mamly for fish hatchenes Water use for fish fannIng 
IS currently restrIcted to ImgatIOn draInage water (which contams vanable levels of 
contamInants e g pestICIdes, fertllIzers, and domestic and mdustnal waste) and coastal 
and delta lakes 

We have prOVIded the relevant authontIes m Egypt WIth research results mdicatmg 
that the reuse of treated domestIC wastewater IS hIghly preferred over the reuse of 
agncultural draInage water m fish farmIng These research findIngs were based on a full 
scale demonstratIon of the publIc health and economIC advantages of usmg treated 
sewage effluents for aquaculure-agnculture applIcatIOns The treatment of domestIC 
wastewater m Egypt should mclude the optIOn of reusmg these treated effluents 10 fish 
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fanmng applIcatIOns The effluents from the fish farms can be further used m ImgatIOn 
applIcatIOns 

FISh fanmng practIces m Egypt are largely unregulated In 1995, 17% of the fish 
farms were run by the government, and only 20% ot the remammg pnvate farms were 
lIcensed Sustamable development of fish farmmg m Egypt WIll largely depend on the 
close coordmatIOn of the polIcIes of the MmIstry of Water Resources & PublIc Works 
and the MIlllStry of Agnculture Fresh water resources allocatIOns should be based on 
mtegrated aquaculture-agrIculture systems, and cost-benefit analysIs TIus should mclude 
consIderatIOns for water quahty management and pollutIOn preventIOn 

An effectIve seafood safety program must mclude both the publIc and pnvate sectors 
as well as cltlzen groups (the consumers) Efforts should be made towards the gradual 
adoptIOn of the Jomt FAO/WHO Food Standards Program, developed by the Codex 
AhmentarlUs CommIttee on FISh and FIsh Products In addItIOn, the GOE should start 
adoptmg RACCP-based Seafood Safety program RACCP IS a "Hazard AnalYSIS CntIcal 
Control Pomt' nongovernmental management system It defines specIfic hazards and 
preventIve measures for therr control rather than relymg on end-product testmg, whIch 
has been proven to be mad equate elsewhere, e g the USA 

Fmally, there eXIsts a pressmg need for publIc educatIOn programs to advIse 
consumers on how to mIlllIDlze the health rIsks from eatmg contammated seafood ThIS 
mcludes (a) advIsones on eatmg salted raw fish or Improperly prepared fish, (b) 
gUIdelmes for purchasmg, stonng and cookmg and (c) mformatIOn on the nutntIOnal 
values of seafood, economIC fraud and other matters related to the mdustry 
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INTRODUCTION 

Seafood mcludes an array of products encompassmg lIterally hundreds of edible 
species that have lIttle m common other than an aquatIc ongm The US Food & Drug 
AdmmistratIOn defines the term "fish" to mclude all fresh and salt water finfish, 
molluscan, shellfish, and crustaceans ThIS study IS concerned With finfish only, both 
wIld-caught and farm-grown varietIes 

Seafood IS nutntIOnalIy recogmzed for their hIgh protem content and It mcludes a 
higher percentage of ammo aCIds than any other anImal meat In additIOn, seafood has a 
low carbohydrate content and IS a rIch food source for many of the Important mmerals 
The protem content m seafood IS eaSIly digestlble and presents a healthy ahernatIve for 
meat consumptIOn The edIble portIOns of fish vary accordmg to speCIes, SIze, sex, and 
the fishIng season It ranges usually between 40% to 60% of the total fish size 

Seafood IS marketed eIther as a fresh or processed food Smce seafood IS a hIghly 
penshable food product, humans have dIscovered dIfferent means of preservatIOn to 
prolong the shelf-hfe of fish and mamtam ItS nutntlOnal value as an lInportant food 
source The first methods used for preservatIOns were refngeratlOn and freezmg m cold 
countnes and saltmg and drymg m tropIcal warm countnes The anCIent EgyptIans were 
conSIdered pIOneers m preservmg fish by saltmg and more recently many processmg 
techruques were mtroduced such as smokmg 

In recent years, worldWide concern has evolved regardmg the safety of seafood 
Humans have found themselves at mcreased nsk of developmg seafood-borne Illnesses 
due to several factors, mcludIng polluted waters, Improper handlmg and preparation of 
seafood and hIgher consumptIOn rates of fish and shellfish 

ContamInatIOn may result from mIcrobial pathogens, toxms, parasItes and tOXIC 
chemIcals mcludmg pesticides and heavy metals In addItIOn, Improper storage, shlppmg, 
handlIng and preparatIOn of seafood playa sigruficant role m spreadmg fish contammants 
via cross-contammatIOn 

There IS mcreasmg concern about the safety of seafood m poor and nch countrIes 
alIke In view of the Widespread pollutIOn of surface waters, seafoods mcludIng finfish, 
crustaceans and mullusks are frequently contammated With microbial pathogens, tOXInS, 
parasites, and tOXIC chemicals In developmg countnes, the health nsk attnbuted to 
seafood contammatIOn IS great Recent examples mclude the 1992 cholera epidemIC m 
Peru and the 1991 seafood pOlsomng cases In Cruro, Egypt 

Furthermore, fish farmmg IS growmg at an unprecedented rate throughout the world 
In Egypt and Israel, It IS the source of a good portIOn of the natIOnally marketed fish and 
It proVIdes sIgmficant economIC returns from the exportIng of certam types of fish Fish 
farmmg practices In Egypt were unregulated and decontammatIOn (depuratIon) practices, 
when applIed, could be meffectlve 

When evaluatmg the safety of seafood, It IS Important to assess the various bIological 
as well as chemical contammants m the fish and whIch mhablt the same waters m whIch 
they are bred Through mgestIOn, absorptIOn or penetratIOn, fish may become 
contammated or mfected With these mIcrobial agents WhIle many of these agents may 
pose a dIrect nsk to the fish, theIr effect on humans may be rrummal The reverse, 
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however, may also be true Some pathogens do not appear to adversely affect fish, but 
the fish may pass these pathogens on to humans, producmg dIsease or mfectIOn 

To detennme actual human exposure, varIOUS factors must be consIdered These 
mclude the qualIty of the water m whIch the fish were bred, the uptake or mgestIOn rates 
of the fish, the depuratIOn capacIty of the fish m relatIOn to the contammant, the organs of 
the fish whIch Will be consumed by humans and methods used In the handlIng and 
preparatIon of the seafood 

The Issue of seafood safety IS partIcularly relevant m the MIddle East, where seafood 
not only constItutes a sIgmficant proportIOn of the populatIOn's dIet, but also contrIbutes 
substantIally to the financIal resources of the regIOn EconomIc conSIderatIOns, coupled 
With human health concerns, warrant a need to mcrease awareness of health nsks 
assocIated WIth seafood contammants, as well as reverse SItuatIOns whIch have fostered 
the prolIferatIOn of contamInatIOn 

In response to these concerns, promment mstItutIOns m Egypt, Israel and the Umted 
States have Jomea forces to promote health and safety awareness and the preventIOn of 
seafood contammatIOn TIns mcludes gwdelmes whIch Will serve as the baSIS for the 
development of regulatIOns whIch WIll assure consumers that the seafood products they 
purchase meet accepted mimmum standards for safety 

GOALS AND OBJECTIVES 

The overall goal of thIs study IS to promote seafood safety practIces m Egypt and 
Israel TIns mcludes the awareness of the pubhc health nsks of seafood contammatIOn 
and the strengthemng of preventIOn and control practIces 

The speCIfic ObjectIves of the study mclude the followmg 

Conduct a comprehensIve reVIew of the lIterature to compIle eXistIng publIc 
health cntena on seafood contammatIOn and develop a data bank for 
contamInants and bIOaccumulatIOn-ehmInatIOn rates m fishes and what 
mfluences them 

2 Screen representatIve samples of fish from dIfferent aquatIC sources for 
orgamc and morgamc hazardous chemIcal reSIdue and pathogen levels, so as 
to IdentIfy problem contamInants 

3 Assessment of the rates of ehmmatIOn of certam InfectIOUS microorgamsms 
(VIruses, Includmg HepatItIs A VIruS and bactena) from contammated fish 
ThIs mcludes the determmatIOn of the effect of envIronmental and stress 
factors on the rates of uptake and release of microorgarusms and storage SItes 

4 Determme the SurvIVal of HepatItIs A VIruS m fish culture water and the 
Influence of enVIronmental factors on rue-off rate 

5 Assessment of the rates ofehmmatIOn (depuratIOn) of problem chemIcal 
pollutants from contammated fish 

6 Develop mathematIcal models for predIctmg the rates of elImmatIOn of 
chemIcal contammants dunng depuratIOn In "clean water" and/or dIlutIOn of 
contammants by growth In "clean water" and usmg "clean feed" follOWIng the 
wastewater growth 
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7 Assess publIc health gUIdelInes and regulatory optIOns 
8 Commumcate project findmgs to polIcy and deCISIon makers, the publIc and 

the sCientIfic commumty 

RESEARCH APPROACH 

The basIc framework of thIS study was based on engagmg a number of hIghly 
qualIfied SCIentIsts and eng meers from Egypt and Israel to mvestlgate seafood safety 
Issues ThiS mcluded the provIsIOn of an appropnate mIlIeu for collaboratIOn, 
(b )speclahzed trammg, e g m the areas of computer apphcatIOns and health nsk 
assessment, and (c) mechamsm for dlssemmatmg the generated mformatIOn to polIcy and 
declSlon makers as well as cltlzen groups, e g NGOs 

The InstItutIOnal framework of study IS Illustrated m Figure 1 The program 
comrrllttee, which mcluded the copnnclpal mvestlgators and research leaders met tWIce 
per jear Project pnnclpat mvestlgators were also members of the CooperatIve Manne 
Technology (CMT) Steenng CommIttee, which met once per year 

SpeCialIzed traInIng was offered to project SCIentIsts by the collaboratIng InstItutIOns 
Tlus Included methods for health nsk assessment and the applIcatIon of advanced 
computer technIques for data processmg and modelIng purposes 

The dIstnbutlOn of tasks among the dIfferent collaboratIng mstitutlOns IS shown In 
FIgure 1 In general, research actIvItIes at the Hebrew Umverslty dealt With VIral and 
bactenal contamInants m fish and rates of depuratIOn Professors HIllel Shuval and BadrI 
Fattal were pnmanly responsIble for research actIvIties In Israel In addItIOn, they 
partICipated In the plannIng and reVIew of research actIvities m Egypt 

Project activities m Egypt were under the supervision of Dr Hussem K Badawl and 
Mr Ahmad EI-Iblary from NIOF Research mvestlgatIOns In Egypt were largely dIrected 
towards the (a) assessment of the type and levels of contamInants In fish harvested from 
the Nlle and ItS tnbutarles and the coastal zones of Alexandna, Port SaId and Suez, 
(b)epldemIOlogy offish parasites In the Lake Manzala RegIOn, (c) effectiveness offish 
preparatIOn practices for the InactivatIOn ofmfectlOus parasItes, Cd) determInatIOn of 
depuration rates of certrun chemIcals and pathogeruc bactena from contamInated fishes, 
and (e) evaluatIon of seafood regulatIOns m Egypt 

The overall coordmatIOn of the research actIvitIes In both Egypt and Israel was the 
responsIbIhty of Professor KhalIl H Mancy from The Umverslty of MIchIgan Tlus 
Included the planmng and ImplementatIOn of tramIng courses, workshops and annual 
meetIngs 

A comprehenSive account of the study IS presented In thIS four volume report ThIS 
Includes the followmg contnbutIOns 

Volume I 
Project Goals & Research Approach 
Surveys ofFish Contammants 
ChemIcal Depuration Models 
Health RIsk Assessment 
Seafood Regulatory Approaches 
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EXECUTIVE SUMMARY 

Due to an mcreasmg awareness of the relatIon between eatIng habIts and good health, 

consumers have begun to alter theIr dIets, mcorporatIng foods nch m nutnents, VItamms and 

protem Tills trend has led to mcreased consumptIon of seafood, perceIved as an excellent source 

of protem and havmg propertIes wluch may reduce the nsk of cardIovascular dIsease WIth thIs 

growth 10 consumptIon has come mcreas10g concern regardmg the potentIal for seafood 

contanunatIon and dIsease outbreaks Some of the pnmary agents responsIble for seafood-related 

111nesses mc1ude naturally-occunng tOXIns, bactena, VIrUses and metazoan helmmtluc parasItes 

Wh.lle seafood-borne lT1toXIcants vary accordIng to sneCIes and reg!op, there are essentIally 

seven major toxms, ciguatera and scombrOId pOIsorung bemg the most common m the Uruted 

States Most toxms are produced by varIOUS speCIes of dmoflagellates and accumulate 10 shellfish 

or fish after the consumptIOn of these organIsms Through a process called bIO-accumulatIOn, 

tOXIn concentratIons mcrease as they move up the food cham WIth the result that the largest, most 

frequently consumed speCIes may be the most pOIsonous 

Bactena represent a pnmary source of contammatIOn for fish and shellfish AdulteratIon of 

these foods may result from vanous factors such as fecal contamInatIon of the aquatIc 

enVIronment, consumptIon of mdIgenous bactenal contanunants and cross-contammatIon of food 

dunng processmg or preparatIon DIscharge of human wastes mto surface waters results m fecal 

contanunatIon of harvest areas, willie poor sarutatIon and contact WIth mfected foods can also lead 

to seafood contarmnatIOn Because smular types of bactena may be Involved m both processes It IS 

often dIfficult to determme the ongm of adulteratIon Fortunately, many of these outbreaks can be 

controlled by treatIng human wastes and utIlIzmg better sarutatIon and processmg techruques 

These practIces are well-estabhshed m the mdustnahzed world, but many developmg countnes, 

1Oc1udmg Egypt, lack the mfrastructure to ensure that stnngent standards are met 

Naturally-occumng pathogens of the genera Vlbno are among the most common causes of 

seafood-borne bactenal dIsease outbreaks These orgarusms, endeIIllc to most aquatIc 

enVIronments, reach peak populatIons dunng the warm summer months They are often hnked to 
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the consumptIon of raw shellfish illnesses caused by Vlbno spp are usually self-lIrrutmg and not 

hfe-threatenmg m healthy mdlvIduals Raw shellfish consumptIon, however, IS hIghly 

dIscouraged among people WIth a chromc medIcal condItIon, as these populatIons may expenence 

much more severe mfectIons, especIally when V vulnificus IS Illvolved 

Vlfllses may also cause many seafood-related Illnesses, most of whIch are assocIated with 

the consumptIon of raw shellfish The HepatItIs A VIruS and Norwalk Vlfllses have often been 

ImplIcated m seafood-borne dIsease outbreaks and may be much more WIdespread than once 

thought IndIcators for VIral contammatIon, however, have proven madequate, due to the 

per~Jstent natllre ofvlfUses Moreover, Simple aCC1!r!lte dIagnostlc procedures are not WIdely 

avaIlable for Identlfymg the types ofvlfllses mvolved m outbreaks Consequently, VIral outbreaks 

are very dIfficult to IdentIfy and control 

InfectIons WIth parasitIc helrrunths, whIle faIrly rare III the Uruted States and many other 

countnes, are Widespread m several AsIan regions Raw fish consumptIon IS often responsIble for 

human mfectIon With cestodes, trematodes and nematodes It has also been lmked to 

gastroententIs caused by the protozoa, Gzardia lamblza In a parasItIc mfectIon, humans act as a 

host m the parasIte lIfe cycle, passmg the parasIte eggs or larvae m therr feces and consequently 

contammatIng water bodIes used for sewage dIsposal Humans, however, are not always the 

defirutIve hosts, and, as a result, parasIte eradIcatIon efforts may be more dIfficult 

Control measures to lnrut seafood-related mtmacatlOns mclude 

a) proper processmg and handlIng to reduce the mCldence of scombrOld polSOrung 

b) momtonng harvest waters for toxIgemc dInoflagellates 

c) closmg of harvest areas when necessary 

d) rapId and accurate methods of detectIng tOXIns m seafood products and 

e) restnctIng the ImportatIon/consumptIon of puffer fish 

RecommendatIons for lmntIng seafood-borne dIsease outbreaks mclude 

a) thorough cookmg of all seafood products 

b) better mdIcators for Vibno spp and VlfUses 

23 



} 

J 

c) adequate treatment and dJsposal of human wastes 

d) educatIon of consumers 

e) Improved processmg and sanItatIon, and 

f) decontanunatlOn/depuratIon of fish before marketIng 

Another Important alternatIve to controllmg seafood-related Illnesses IS the use of 

aquaculture for the reanng of fish and shellfish Ftsh farmed 10 controlled enVIronments are easIer 

to morutor In addItIon, pathogemc orgarusms can often be elIm10ated from the waters 10 whIch 

the fish are raIsed, YIeld10g larger, healthIer and safer seafood products 
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INTRODUCTION 

Seafood can serve as a velucle for the transffilSSIon of vanous disease-mducIng organIsms 

Fmfish or shellfish contaIDlnated wIth naturally-occunng tOXins, bactena, VIrUses or parrustes have 

caused numerous disease outbreaks ContaIDlnatIOn of seafood WIth mfectIous agents may be due 

to several factors, such as organIsms of fecal ongm m polluted water, naturally occumng aquatIc 

mIcroorganIsms, and Improper handlmg or preparatIon practIces (Ahmed ed, 1991) The last 

method of contaIDlnatIon IS generally the most common Seafood-borne outbreaks are often 

drrectly related to behaVIOral pracllces, such as the consumptIon of raw shellfish or raw fish Due 

to the nse m consumptIon of seafood, especIally such delIcaCies as sashIIDl, ceviche and green 

hemng, related outbreaks are takIng on a new Importance (HIgashI, 1985) 

AsseSSIng the health nsks from seafood consumptIon IS difficult due to the regIOnal 

dIspantIes between levels of envIronmental contaIDlnatIon, cultural practIces, varyIng degrees of 

SanItatIon and completely different methods of handlmg and prepanng seafood In the UnIted 

States for example, 105% of all food-borne dIsease outbreaks between 1978 and 1987 were 

attrlbuted to fish and shellfish consumptIon By companson, however, clucken IS 200 tImes more 

hkely to cause disease than contamInated fish and 100 tImes more lIkely to result m the death of the 

consumer SIgnIficantly, the consumptIOn of raw or partIally cooked shellfish IS 100 tImes more 

hkely to result m illness and there IS a 250 fold mcrease m the nsk of death (Nlghtmgale, 1990) 

LIkeWIse there IS regIOnal vanatIon m the types of pathogens of concern, due to local 

specIes or cultural methods of food consumptIon For example, mfectIon WIth the lIver fluke 

(Clonorchzs) IS related to the practIce of eatmg raw, partIally cooked, or madequately preserved 

freshwater fish Wlule the mCIdence m the populatIon may exceed 40% In certaIn areas of ChIna, 

the disease does not eXIst In Europe or the Uruted States (HIgaslu, 1985) Slffillarly, m Egypt, the 

pnmary mfectIOUS agent transmItted from freshwater fish IS the mtestmal trematode parasIte, 

Heterophyes heterophyes, wluch poses a threat when the mfected fish has not been adequately 
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cooked or cured The Incidence of Infection IS especially lugh dunng the penod surroundmg the 

"Sham EI NessIm" celebratIOn (HIgaslu, Umverslty of Mlclugan) 

Many feasible optlons eXlst to mmlmIze the nsks associated With the consumpuon of 

seafood RedUCIng pathogen levels In the enVIronment by treatlng domestlc wastes adequately IS 

an Important step, but may be Impossible to Implement on a worldwide basIS, especIally In those 

countnes WithOUt adequate finanCial resources Moreover, seafood IS often harvested In polluted 

waters and exported to other areas, thus spreadIng contamInatIOn to those reglOns In addltlon, 

there IS no genenc pollutant mdIcator that can predIct levels of all pathogens found In the harvesung 

regIOn For example, the measurement of fecal cohforms present l!l the water does not correlate 

With naturally occumng VzbrlO species, viruses or helmIntluc parasItes that mIght be present In the 

seafood (Elliot and Colwell, 1985) Smularly, ImprovIng sanItatIon by IntrodUCIng necessary 

changes In handlIng and proceSSIng procedures In all regions would be extremely dIfficult due to 

econOIIllC dIspantles and a lack of mfrastructure In many areas 

Depuratlon offers a potentlal altemauve for cleansmg fish and shellfish of bactenal and VIral 

pathogens pnor to consumptlon Studies have shown that transfemng hvmg fish and shellfish to 

clean water before processIng Increases the rate at whIch hannful bactena and VlfUses may be 

removed from the harvested specIes An ObVIOUS hmItatlon, however, IS that depuranon may be 

more effectlve for select pathogens and IS completely meffectIve for helmmthIc parasiteS and some 

J VlfUses In addIuon, studIes m Israel have shown that when fish were heavuy pollluted, 

depuratIon was not very effectIve (Buras et al ,1987) Thus, this procedure would neceSSItate the 
1 
r 
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use of addIuonal technIques to ensure that the safety of the food was adequate 
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FISH AND SHELLFISH TOXINS 

Naturally-occunng seafood-borne tmans have affected consumers globally Wlule these 

toXInS are found In vanous parts of the world, most cases of pOIsonmg seem to be hITIlted to North 

Amenca, ASIa and Europe Consequently, seafood-borne toXInS have not been a major factor In 

seafood-related illnesses In Egypt, Israel and other MIddle-Eastern countrIes 

Seven types have been recogruzed as the most Important cIguatera, scombrOId, paralytIc 

shellfish pOIsorung, neurotoxIC shellfish pOIsomng, dIarrhetIc shellfish pOIsomng, puffer fish 

pOIsonmg, and amneSIC shellfish pOIsorung (Ahmed ed, 1991) These tOXIns are partIcularIly 

_ 'lS!d1011S oecal.ase th.e)' cannot be delecrea by sensory mspectIon and are not mactI vated by heat 

Natural mtoXlcatIons, WIth the exceptIon of scombrOld pOlsorung, are regIOn-specIfic and often 

specIes-specIfic (See Table 1 for a complete summary oftoXln charactensocs) 

All of the toxms mentIoned above, WIth the exceptIon of that responsIble for scombrOId 

pOIsonmg, bIOaccumulate In fish and shellfish as a result of food cham magruficatIon and are, 

consequently, present m the orgamsms at harvest ScombrOId pOIsorung, wlnch has a WIde 

geograplnc dIstnbutIon and IS present m vanous fish speCIes, results from lIDproper handlIng 

procedures These procedures allow bactena to prohferate on the fish surface and subsequently 

convert free lnstIdme to lnstaITIIne m the fish ossues 
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Table 1 InformatIon on Diseases Caused by Natural Toxins and POIsons 
(Adopted rrom Ahmed ed 1991) 

Paralytic Shellfish Puffer F,sh POlsomng Daarrheuc Shellfish Neuroto:uc Shellfish 5combr! 
POlsonlnE (P5P) (PFP) C1Euatera POIsornn~ (N5P) POlsonmE (NSP) POlsonln 

Seafood Involved Mussels clams some Puffer or globefish Most common an Mussels clams scallops BIvalves and most Mahunal 
fish po,son an wgesllve (te[rodon) po,son In barracuda kalmIa tOXin an wgesuve gland plankton feeders bluefish, 
gland SIphon h ver gonads and roe snapper and grouper skipjack 

Source of po,son or ToXIC dmoflagellates May be produced by Not defirutely known Danoflagellates Dinoflagellate Bacten" 
toXIn Gonvaulax carmd/a fish some eVIdence poSSIble Gambl~rd/ScUJ DmophuI5 form D G)mnodmlum br~l wllh hlg 

(PacIfic) G lamormm from food cham IOX1CU$ aCU/1llll/J ta hlsudme 
(Atlanuc) 

Areas commonly found NW and NE Norlh Areas of PaCIfic around TropIcal ancas around HeaVIest around Japan Mostly west coast of Worldw 
Amenca. south ChJ Ie ChJna and Japan rare an world an U S mrunly and Europe no cases In Ronda Canbbean 
Norlh Sea anca. Japan U5 around F10nda US 

Method of I15Sl1y Mouse urnt IS rrurumum Use mouse essay for Mouse test (poor) RIA Mouse urnt mlmmum Mouse test ChemiC::; 
mtrapentoneal dose to PSP HPLC (speCIfic EU5A IRlInunologlcal Intrapentoneal dose to hlSt:lIrun 
!ali ID IS rrunutes tOXlClly 7 glkg mouse) suck test under !ali 10 24 hours (specific 
HPLC EUSA (speClfy development tOXlclly 10 mouse SOO 
toXICIty 7 glkg mouse) glkg) 

Type of po,son or tOXIn Neurotoxin punne NeurotoXin Slightly upld soluble oolyelher Ol:aclaJc 8c>d wnonhySls BrevetoXln hpld H ~"'J'U 
base very water soluble water sol uble mulucomponent toXIn soluble polyelher h,starrun 

substano -
Extent of U S and Local areas worldWIde Imponant seafood 10 Largest seafood HJgh morbIdity rate MasSIve fish kills Japan 10 
worldWIde problem few cases now Japan 100 cases SO problem 50 000 cases potenually worldWIde environmental problems some In 

deaths per year rare In per year <0 I mortahty problem none In U 5 
US 

StabIlity Stable to cooking most Stable to cooking stable Stable to cooking Stable to cooking Heat slable H""tstat 
stable at pH 7 and below between pH 4 and 9 

Symptoms of polsomng Numbness paralySIS Very snrular to PSP Abdorrunal pmn Abdorrunal pmn nausea Feeling of nausea from ltchmg 
In humans after eaDng death 2 12 warthea vorruung vonuung severe red ude spray sympton 

hours prognosIs good neurologIcal symptoms warrhea wltJun 4 hours symptoms like clguatera d,zzmes 
after 24 hours rarely fatal after eauDg rarely fatal from eaung bIvalves peppery 

Dangerous and lethal I mg (SICkneSS) Same as for PSP AcruaJ dose not knowD ACtual dose not known ACtual dose not known Dose Vat 

human dose per 100 g 2 mg or more (death) any amOUnllS dangerous IOwvldu. 
of cdJble meat 
Treatment No anudote aruficl3l No nnlldote arufiClal No effCCllve anlldote No specIfic treatment No specIfic treatment Unneoes 

respJrauon rest respJrauon rest manmtol may be durauon 
effCCllve ID acute cases 

Con[rOl mell5ures FDA hrrut 80 gil 00 g of Educallon on No harvesllng where None an U S close No estabhshed con[rOls Educauc 
ment nurnmum cases Idenuficauon of toXIC tOXIC fish are found shellfish harvest close shellfish harvest freshly c 
due to good speoes below]( 
mana~ement 

Remarks In most cases toXIC shellfish arc not detectable by organolepuc means It IS therefore Important that pracucal cherrucal or bIOlogIcal tests speCIfic for 
lhe detecuon of lhe to:u05 be developed Although not oJllhe listed wseases are problems In the United States seafood inspectors and processors should always be 
aware that toxlgemc wDoflagellates or other rrucroorganlsms producmg tOXIns that get mto fish aad shellfish may become estllbhshed 10 arell5 where fish nnd 
shellfish are harvested for U S consumpuon An example warthellc shellfish po,sornng IS not a problem ID the Uruted SIIIlCS but lhe wDoflagellate that produces 
!.he tOXIn may become established In shellfish areas that supply U S marl:.ets 

1 
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CIguatera 

Clguatera pOIsonmg IS endeI1llc to trOPICal Islands and areas WIth extensIve wann water 

reefs The toXIn, cIguatoXIn, IS thought to be produced by the dmoflagellateGamblerdzscus 

tOXlCUS, whIch IS assocIated WIth reefs and other benthIc algae (Bagrus et al ,1980) The predator 

fish Ingests the tOXIn, whIch then concentrates up the food chaIn as smaller fish are preyed upon by 

larger fish The largest, often most commercIally-desIrable, fish are also usually the most 

pOIsonous Over 400 specIes of fish have been assocIated WIth clguatera pOIsorung, but the most 

common speCIes Involved mclude ambeI]ack, snapper, grouper, barracuda, goatfish and other reef 

fish belongIng to the Carrang'dae (..AJ>~"1ed ed , 1991) hI Egypt, vanous specIes of fish havt been 

IdentIfied WIth the pOlson These mclude Tzlapla spp, Mugll spp, Chrysophrys auratus, 

Parupeneus spp, Solea bleeken Boul, Saczna aqUlbla, Argyropus spp, LatlS mlotlcus, 

Gerresoyena spp and Aconthurus spp (NagUlb et al , 1990) 

CIguatera pOIsorung IS often accomparued by both gastroIntestInal and neurologIcal 

symptoms Nausea, vOI1lltIng, dIarrhea, or abdomInal pams may occur WIthIn 3-5 hours of tOXIn 

IngestIon, whIle neurologIcal symptoms appear 12-18 hours after consumptIon and may last from 

1 to 82 days and, In some extreme cases, have lasted years Currently, no antIdote IS avaIlable 

though several remedies have been utIb.zed to reduce the IntensIty of the symptoms (Ahmed ed , 

1991) 

ScombrOId POIsornng 

ScombrOId pOIsornng occurs worldWIde and IS not hI1llted to fish from trOPICal areas FIsh 

WIth hIgh levels of free rustIdme In theIr tlssues are the usual sources of thIs illness Examples of 

such fish Include tuna, mackerel, boruto, malumahI, bluefish, Jack, hemng, sardIne and anchovy 

(Ahmed ed, 1991) Harvested fish may sometlmes be stored at lIDproper temperatures, facIhtatIng 

the growth of bactena on the surface HIstldIne, whIch IS naturally present at hIgh levels 10 the 

above-mentIoned fish, IS converted Into hIstamIne by an enzyme secreted by the bactena 

The IngestIon of hIstaIIllne IS reponsIble for the symptoms asSOCIated WIth scombrOId 

pOlSOrung The Illness IS charactenzed by a rapId onset of symptoms whIch mclude nausea, 
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vOirutmg, diarrhea, crampIng, headache, palpItatIOns, flushIng, tInglmg, burnmg, Itchmg, rash, 

edema and localIzed Inflammauon Fortunately, the dtsease IS usually self-hffilung and of short 

duratIOn Though treatment IS generally not requlfed, antJ-rustanune drugs can provide rehef 

(Ahmed ed, 1991) 

Paralytic Shellfish POiSOnIng 

Paralytic Shellfish POisomng results from the consumptiOn of bIvalve molluscs (clams, 

mussels, oysters and scallops) that have fed upon tOXIgemc dmoflagellates (Halstead and Schantz, 

1984) TOXIns are 1Ocorporated mto the flesh and stored by shellfish Blooms of the tOXIgeruc 

dmoflagellates may occur often dunng t}le warmer months These blooDS appear III many 

geographtcal regiOns and may result from the upwelling of nutrIents assocIated WIth the formation 

of the thermoclIne 10 the spnng or ItS destructlOn m the fall (Ahmed ed , 1991) Dunng these 

epIsodes shellfish become toXIC and may remaIn so for several weeks after the dInoflagellates have 

penshed Some shellfish may remam hazardous mdefirutely, neceSSItatmg the restrIction of 

I 
I harvestmg of some speCIes 

ParalytIC shellfish pOisorung IS potentially fatal, as the toxms mvolved are excepuonally 

pOisonous Symptoms, neurologIcal In nature, often appear wlthm an hour of consumpUon 

Severe cases may cause resplfatory paralYSIS and poSSIbly death wItlun 24 hours In nulder cases, 

symptoms may last a few days, but paUents usually recover completely The only treatment used 

J IS resprratory support, no anUdote IS currently avruJable (Ahmed ed , 1991) 

NeurotOXIC Shellfish POIsorung 
1 

NeurotOXIC shellfish pOIsorung results when shellfish consume another type of toxIgeruc 

dmoflagellate whIch causes the red ude Red udes occur sporadIcally ill the Gulf of MeXICO and 

the southern AtlantIC Blooms of the organism Gymnodmzum breve turn the water red, producmg 

massive fish kIlls Molluscs feed upon the tmugeruc Wnoflagellate and retam the toxm for lengthy 

penods 

Symptoms resulung from the consumpUon of tOXIC shellfish appear rapidly and mclude 

unglmg and numbness of the lIps, tongue and throat, muscular aches, gastroIntestInal upset and 
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<hzzness (Ahmed ed, 1991) IntoxIcatIOn IS generally not fatal, and symptoms are usually 

resolved wIthIn hours or days of onset Currently, no treatment IS aVaIlable 

Dlarrhetlc Shellfish POIsonmg 

Dlarrhehc shellfish pOIsorung results when people consume bIvalve molluscs whIch have 

prevIously fed on Dznophyslsjortll or D acumlnata (Edler and Hageltorn, 1990), as well as other 

dInoflagellates ThIs Illness IS common m Japan and becommg IncreasIngly common III Europe, 

although It IS not yet an Important cause of <hsease In the Uruted States 

Symptoms of thIs <hsease appear rapIdly, somehmes withm 30 mmutes of consumptIOn 

They mc111rle ruarrhea, nausea, vOmItmg, and abdommaI paI!, Dla...·ThetIc shellfish pOIsorung IS 

self-lImItmg, and symptoms usually subSIde WIthIn a few days m severe cases Presently, there IS 

no antIdote 

Puffer FISh POIsorung 

TetrodotOXIn, the causatIve agent of puffer fish pOIsorung, was ongmally thought to be 

produced by speCIes of fish belongmg to Tetraodontzdae (puffer fish) There IS now some 

eVIdence, however, that the tOXIn IS produced by mdigenous bactena and stored by the fish m Its 

tIssues and organs (Ahmed ed, 1991) Puffer fish are a delIcacy III Japan and, consequently, 

most of the pOIsonmg InCIdents have been reported there 

Symptoms assocIated WIth thIs illness are nearly IdentIcal to those of paralync shellfish 

pOIsorung nausea and vOffiltmg, subsequently followed by neurologIcal symptoms and, In severe 

cases, resprratory paralYSIS and death TetrodotoXIn may lead to death WIth the mgeStIon of Just 1-

4 mg Treatment IS supportIve, as there IS no antIdote 

AmneSIC Shellfish POIsonmg 

AmneSIC shellfish pOIsonmg was frrst clasSIfied m 1989 by Todd, followmg an outbreak In 

Canada The <hsease results from the consumphon of shellfish contaIrung a tOXIn known as 

domOIc aCId ThIs toxm IS produced by several vaneues of the <hatom Nztzschza pungens, wruch 

are consumed by mussels and clams dunng penods of blooms 
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AmnesIc shellfish pOlsorung IS charactenzed by vorrutmg, abdonunal cramps, dIarrhea, 

dlsonentatIOn and memory loss (Perl et a1 ,1988) Short-term memory loss has lasted for longer 

than a year In some cases, and degeneratIon of the hIppocampus In three fatallues was eVIdent 

Marufestauons of the dIsease appear more severe molder victoms, some of whom dIed In the 

Canadian outbreak (Ahmed ed , 1991) 

INFECTIOUS AGENTS 

BACTERIA 

Bactenal contanunatIon of seafood may ongmate from fecal conta!n.lraallon of harvestlng 

areas, IndIgenous bactena found m the waters, and cross contanunatIOn due to poor handlIng or 

processIng practlces DIfferent specIes of bactena can serve as mdicators of each source of 

contarrunanon For example pathogeruc bactena of the Vzbno genera are normally resIdent In most 

aquatIc ecosystems and, thus, do not necessanly indIcate fecal contammanon The presence of 

other species of bactena from the genera Salmonella, ShIgella and Campylobacter mchcate eIther 

cross contanunanon due to unproper processIng or the presence of fecal matenal In the waterbody 

In many cases It IS dIfficult to assess whether adulteratIon of the food occurred as a result of fecal 

contanunatIon In the enVIronment or poor sarutatIon dunng handlIng andlor preparauon 

Naturally Occurrmg BacterIal Pathogens 

Orgarusms belongIng to the genera VlbrlO, Aeromonas and PleslOmonas may InhabIt 

freshwater or estuanne enVIronments These bactena are generally not assocIated WIth fecal 

contarrunatIon but may act as pathogens under certaIn condItIons Bactenal populanons reach a 

maxImum dunng the summer, when water temperatures are lughest Reported cases of Illness due 

to consumptIon of seafood contammg these orgarusms also peak In tins season (Ahmed ed , 

1991) Species typIcally assocIated WIth seafood borne dIsease outbreaks are Vlbno cholerae, 

Vlbno parahaemo/ytlcus, Vlbno vulmficus, other VlbrlO, Aeromonas, and Pleslomonas 

Vlbno cholerae 
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Vzbrzo cholerae orgarusms are classIfied accordmg to the type of 0 antigen present 

Members of ° group 1 are responsIble for cholera outbreaks wlule strains from other 0 groups 

(non-O!) usually cause less severe Illnesses 0 group 1 strains were ongmally thought to be of 

fecal ongm Though this IS often the case mlarge outbreaks, there IS eVIdence that free hVIng 

strams of these bactena do mhablt manne enVIronments (Moms and Black, 1985) 

Vrrulent strains of V cholerae produce an enterotoXIn wluch, when released mto the 

mtestlnal tract, causes a severe debIlItating watery charrhea whIch can lead to dehydration and 

sometImes death when proper treatment IS not receIved The most InSIdIous of all types of cholera, 

cholera gravIs, IS farrly rare In developed countnes, but outbreaks 111 developlI"g countnes are ShU 

common Most seafood-borne cholera outbreaks are mIld WIth 4 to 100 asymptomatic cases for 

every documented case (Bart et al , 1970) 

In January 1991, a cholera epIdemIC spread to Peru, eventually extendmg to other areas of 

South and Central Amenca By July of 1992, over 553,000 cases and 4,700 deaths had been 

reported from 19 countnes In the hemIsphere (Swerdlow et al , 1992) Though contamInated water 

was the main vehIcle of thIs outbreak, there IS clear eVIdence that the epIdemIC was exacerbated by 

the consumption of a mannated raw fish rush called cevlche Seawater from a fishIng port 

regIstered a count of 9300 mpn VlbrlOll 00m! ThIs same water was also used for proceSSIng and 

c1eanmg harvested fish pnor to theIr consumption m ceviche (WHO, 1991) The PeruvIan 

PreSIdent even appeared on teleVISIOn, eating ceviche to reassure CItIzens that the consumption of 

raw fish was safe How many cases of cholera this led to IS not clear As prevIously mentioned, 

cholera poses a grave threat to developmg countnes due to both madquate waste treatment faCIlItIes 

and lack of stnngent sarutary practices WhIle cholera IS not a SIgnIficant factor In seafood-borne 

illnesses In Egypt and Israel, both countnes, as well as other MIddle-Eastern nations, are at nsk 

due to thelT proXlffilty to the current pandenuc Moreover, It IS probable that Egypt and lesser

developed countnes are at a hIgher nsk due to therr lack of mfrastructure to support momtonng and 

samtatlon actIVIties 
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Vlbno parahaemolytzcus 

Vanous straIns of V parahaemolytlcuS can be Isolated from VIrtually any manne 

envrronment The abIlIty to Induce gastroententIs In humans IS correlated to the orgarusm's abIlIty 

to produce a heat-stable hemolYSIn (MIyamoto et al ,1969) As most straIns do not produce tlus 

tOXIn, therr overall dIsease InCIdence IS qUIte low, although not mSIgruficant V parahaemolytlcus 

can reproduce very qUIckly at temperatures exceedIng 20°C and has been found to reach InfectIOUS 

levels (>105 colony formmg uruts) In shnmp and crabs wIthm 2-3 hours when stored at these 

temperatures (LIston, 1973) 

Vlbno vulmficuc; 

V vulmftcus IS also UbIqUItOUS In manne enVIronments and IS commonly Isolated from 

oysters harvested In warm waters These orgarusms are usually not asSOCIated WIth gastroententls 

but may cause septIcenua, especIally In mdivIduals WIth other underlymg condItIons such as 

CIrrhOSIS hemochromatosIs or In mununocompronused people (Klontz et al ,1988) InfectIons, 

though uncommon, may result In mortalIty rates wluch exceed 50% for people In the 

aforementIoned hIgh nsk categones (Moms, 1988) 

Other Vzbno SpeCIes 

Several other Vlbrzo speCIes have also led to human Illness as a result of the consumptIon 

of contanunated seafood V mlmiCUS, V holiisae, V fluvwlls, and V jumlssll have all been 

asSOCIated WIth dIsease outbreaks InfectIons WIth V mlmlCUS and V hollisae have almost 

always been assocIated WIth the consumptIon of raw shellfish, espeCIally oysters Cases InvolVIng 

these orgamsms however are rare and, thus, do not pose as great a health nsk as the other Vlbrzo 

specIes preVIOusly dIscussed 

Aeromonas 

Aeromonas speCIes, present m VIrtually all estuanne areas, are commonly Isolated from 

seafood, as well as other types of foods (Palumbo et al, 1989, Kaper et al, 1979) EVIdence that 

Aeromonas speCIes cause dIsease In humans, however, IS lIffilted and CIrcumstanual at best 

(Ahmed ed, 1991) Nevertheless, It IS Important to note that levels of Aeromonas were found to 
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be comparatIvely hIgh In a study conducted by the DIvIsIon of EnvIronmental StudIes at Hewbrew 

UruverSIty In Israel ******* Thus, the potentIal for Illness due to Aeromonas should not be 

19nored when fonnulatIng a program of seafood safety In the MIddle East 

Pleszomonas 

PleslOmonas shigellozdes IS common m freshwater but may also InhabIt estuanne 

envIronments (VanDamme and VandepItte, 1980) There IS eVIdence that there are few vIrUlent 

strams of thIs orgarusm whIch may cause gastroententIs In humans Pleszomonas shigellozdes 

InfectIons can usually be traced back to the consumptIon of raw shellfish, especIally oysters (KaIn 

and Kelly 1989) 

Recent studies show that certam straInS of thIs organIsm are able to grow at temperatures as 

low as O°C and, consequently, survIve refngeratIon In shellstock oysters (Ahmed ed, 1991) As 

the orgarusm IS sensiuve to a salt concentratIon hIgher than 5%, It IS unprobable that It would be 

responSIble for seafood-borne outbreaks m the MIddle East In general, Illnesses caused by thIs 

bactenum are rare, from 1978-1987, It accounted for less than 5% of all reported cases In the 

Uruted States assocIated WIth molluscan shellfish (Ahmed ed, 1991) 

Pathogens TransmItted vIa Fecal or Cross-ContammatIOn 

In many seafood-borne disease outbreaks, It IS dIfficult to determme the source of the 

responSIble pathogen DumpIng of untreated or partIally treated wastes mto bodIes of water IS 

commonplace throughout the world and IS often done In areas where fish or shellfish are 

harvested ThIs mcreases danger that fish catches WIll be contarmnated With orgarusms of fecal 

ongm Moreover, seafood may not be processed or cooked under sanItary condItIons, further 

mcreasmg the probabilIty of contammauon 

Certam bactena whIch adulterate other foods such as clncken can also contamInate seafood 

For example,Salmonella, Campylobacter, Eschenchza, Yersmla, ShIgella, Lzstena, Clostndzum 

and Staphylococcus have all been Idenufied as causal orgarusms m seafood-borne dIsease 

outbreaks 
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Salmonella 

Though there are several pathogemc specIes of Salmonella, the most vIrulent ISS typhl, 

the cause of typhOId fever Seafood-borne outbreaks of thIS dIsease are 10creasmgly rare In 

mdustnahzed natIons but stIll occur m less developed countnes (Aluned ed , 1991) In Egypt, 

wIdespread dIstnbutIon of S typhz, S paratyphl and other serotypes Important 10 gastroententIs 

Impbes that these bactena may play an Important role m food and seafood-borne Illnesses (HIgashI, 

UruversIty of MIchIgan) A study by Tawflk and Hegazi found that 11 sera-types of Salmonella 

sp were present 10 Isolates from 14 specis of freshwater and saltwater fish (Tawflk and Hegazl, 

1990) ThIs dIsease appears sporachcally m many regIons and may be enderruc In others 

The pathogen IS spread VIa the fecal-oral route, pOSIng potentIal danger In flsh harvestmg 

areas where domestIc wastes are dumped The contamInant may also be spread by poor hygIene 

dunng processmg ThIs route of contamInatIon IS espeCIally troublesome to control, as 1OfectIons 

may occur asymptomancally and, consequently, would be dIfficult to Identify In food handlers 

Salmonella specIes whIch are not responsible for typhOId fever have been Identlfled 10 

many seafood-borne dIsease outbreaks A study m Flonda foundSalmonella speCIes present In 

nearly 20% of all clams, crabs and oysters m the marketplace, regardless of the season (FraIser and 

Koburger, 1984) AsSalmonelia outbreaks are lmked to many dIfferent types of food, cross-

contammatlon from other contanunated foods dunng processmg or preparation IS a dIstlnct 

1 posSlbulty 

Camoylobacter 

Campylobacter JeJum, another orgarusm of predommately fecal ongm, has been Isolated 

from both marme and freshwater envrronments and Identlfled as the causatlve agent 10 Illnesses 

stemmmg from the consumptlon of raw shellflsh (Arumugaswamy and Proudford, 1987) Tills 

speCIes does not appear to survIve for long pen ods of tune In harsh environments (Franco, 1988), 

but the 1Ofectlous dose reqUITed to cause dIsease appears to be low, approXlITlately 500-800 

orgarusms (Black et al ,1983) LIke Pleslomonas shzgellouies, C JeJum appears to be senSltlve 
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to sodun chlonde, hITIltIng Its Importance In manne speCIes, especIally m partIcularly salIne areas 

such as Israel and Egypt 

EschenchUl 

Pathogeruc E cob mfect many people m less developed areas and VIrulent strams are often 

UbIqUItous (Ahmed ed ,1991) Because these orgamsms are transIIlltted by the fecal oral route, It 

IS suspected they have been Involved In seafood-related outbreaks, but presently there IS no data to 

confrrm thIs A study conducted at the Hebrew Uruversity of Jerusalem found E Cob numbers to 

be very lugh m at the EIn Boqeq Wastewater ReservOIr In Israel WhIle the numbers were at least 

100 tImes greater than those In stabIlIzatIOn ponds m the US, they were conSIderably 10.ve:- than 

those found In sIIIlllar ponds III Israel and Peru (Dotan et al ,1988) Nevertheless, these numbers 

stress the need to morutor E cob counts In attempts to regulate seafood safety In Israel, as well as 

other MIddle Eastern countnes 

Yersznza 

Yersmza enterocoiztlca has often been ImplIcated m food-borne dIsease outbreaks, but there 

are few documented cases of tlus illness beIng caused by consumpuon of contaIIllnated seafood 

StudIes of finfish and shellfish sold In markets, however, have found these bactena to be present 

m a sIgruficant number of samples A study III Texas Idenufied tlus specIes III 21 % of all blue crab 

samples (PeIxotto et al ,1979) Due to Its worldWIde dIstnbutIOn, It IS poSSIble that these bactena 

could pose a threat to the safety of seafood harvested m the MIddle East More research regardIng 

seafood contaITIIllatlOn WIth Y enterocolmca IS needed 

Shzgella 

Shzgella speCIes nonnally mhabIt the mtesunal tracts of humans, pnmates and, to some 

extent, other arumals (Ahmed ed, 1991) ThIs mdIcates that fecal polluuon of the aquaUc 

enVIronment or poor sarutauon dunng food handlIng are the mam routes of seafood contammaUon 

Involvmg thIs orgarusm (Blake and Feldman, 1986) Shzgella outbreaks assocIated WIth the 

consumpUon of contaITIInated seafood are well-documented m the Uruted States 
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The mfectlvIty of ShIgella IS exacerbated by the long SUrvIVal penods of many strams 10 the 

aquatic enVIronment and the low mfectIOus doses reqmred to cause dIsease (Flowers, 1988) 

Researchers have found that It may take as few as 100 orgarusms to mmate an 1Ofectlon 10 a human 

host (Dupont et al , 1969) 

Lzstena 

Listena monocytogenes has been consIstently Isolated from the feces of man and other 

organIsms (Ahmed ed , 1991) Tills speCIes can cause a wIde range of human dIseases, mc1ud1Og 

merungltls and pennata! dIsease (Lamont et al ,1988) TIus pathogen usually causes mfectIOns 10 

1 people wIth other underly10g Illnesses, but may also cause dtsease m healthy mdl.lduals (.Afl..med 

ed, 1991) 

There IS httle data lInkmg thIs organIsm to seafood-borne dIsease outbreaks. but It has 

frequently been Isolated from vanous types of seafood and, thus, may be an under-reported cause 

of Illness (Ahmed ed , 1991) 

1 Staphylococcus 

J 

Staphylococcus aureus IS a conunon cause of food pOIsorung m tne Uruted States, as well 

as other countnes It grows qlllckly m foods held at rrnproper temperatures, secretmg an 

enterotoXIn mto the food The 1OgestIOn of the toxm IS responsIble for the symptoms, whIch 

usually mclude nausea and VOffiltlng 

Because thIs bactena IS closely associated WIth human sian and 25-30% of all people carry 

enterotoXIn-producmg stra1Os, S aureus contaIIDnatlon of seafood occurs almost exclusIvely from 

1 poor hyglene/sarutatlon practIces dunng handlmg or preparatIOn (Ahmed ed , 1991) Thus, In 

less-1Odustnahzed countnes such as Egypt, where hygIene and sarutatlon methods are not 

suffiCIent. thIs orgarusm IS most hkely a common cause of food pOIsorung 

Ciostndium 

Closmdlum botulmum , an anaerobIC spore producer, IS the cause of botulIsm The spores 

of C botulmum are excepttonally persIstent, wlthstandmg temperatures that would macttvate 

lIvmg cells and other tOXIns The spores are UbIqUItOUS and, thus, readIly contamInate seafood 
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dunng processIng The spores germInate under anaerobic condItIons, produCIng the botulm tOXIn 

It IS the IngestIOn of the toxm whIch IS responsIble for the symptoms 

Most botulIsm outbreaks occur as a result of Improper canrung techruques, often performed 

at home, whIch do not mcorporate the proper tIme/temperature regImen to mactIvate the spores 

(Eklund, 1982) All seafood-related botulIsm cases reported ill the Uruted States have stemmed 

from Inadequate processIng or preservatIon techruques These IncIdents, fortunately, are rare, as 

botulIsm IS charactenzed by mortalIty rates as hIgh as 70% ill developed countrIes and IS probably 

greater m less developed regIOns (Ahmed ed, 1991) 

Closmdzum per{nngens, another anaerobIC sporeformer, has also often rA!en ImplIcated In 

food-borne dIsease outbreaks, usually as a result of contamInatIon from an mfected handler ThIs 

may also be the maIn route by whIch these orgarusms are mtroduced mto seafood C peifrmgens, 

however, has also been IdentIfied In freshly harvested seafood A study conducted m manne 

waters surroundIng Alexandna, Egypt found that the orgamsm was present m as many as 40% of 

the shellfish samples taken from hIghly polluted areas Data dIrectly lffiphcatmg these orgarusms ill 

seafood-related outbreaks IS lackIng, but It IS pOSSible that It IS an under-reported cause of mfectIon 

III consumers of seafood (EI-Sharkawl et al , 1982) 

VIRUSES 

At least 110 known entenc VlfUses have been Isolated and IdentIfied ill human feces 

(Melruck and Gerba, 1980) These VlfUses enter marme enVIronments when sewage IS dumped 

dIrectly Into the ocean or when It IS released mto waterways whIch connect to the ocean (Goyal, 

1984) Of these entenc Viruses, only HepatItIs A, Non-A, Non-B HepatItIs, Norwalk, 

AstrovlfUses, CabcIvlfUses and Small Round V lfUses have been epIdemIOlogically hnked to 

seafood-related disease outbreaks Other VlfUses may also act as disease-causIng agents ill 

seafood, but both the current methods of VIral IdentIficatIon and the mherent difficulty of 

dIagnosmg VIral disease outbreaks whIch occur months after exposure, lurut thIs lIst (De Leon and 

Gerba, 1990) Vrral concentratIons can reach very lugh levels, partIcularly In water-savIng 
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countnes lIke Israel and developIng countrIes, where esumated ranges of VlIUses m raw sewage are 

6,000 to 490,000 per lIter (De Leon and Gerba, 1990) 

Seafood-borne VITal outbreaks are almost exclusIvely assocIated WIth the consumptIon of 

shellfish (De Leon and Gerba, 1990) Very few VIral outbreaks have been attnbuted to the 

contammauon of finfish Shellfish are bottom dwellers and obtam theIT food by filtenng the water, 

ingestIng vlruses eIther directly or through partIcles of food to wluch the VlIUS are attached These 

VlfUses may remaIn vlable for long pen ods of tIme In the gut or mucus membranes of the shellfish 

Shellfish thus act as passIve earners for both VIruses and bactenal pathogens (Gerba, 1988) 

Hepatitis A VIruS (HAV) 

The first case of shellfish-related HA V InfeClIOn was documented m Sweden In the 1950's 

(Chver, 1988) Since, HA V has been routInely Isolated from waters contammated wah human 

feces and from the shellfish grown m these areas (Ahmed ed ,1991) HAV IS spread by fecal-oral 

contact and IS endenuc In many countrIes, including Egypt, where sanitallon IS poor and people 

lIve In crowded conditions 

HA V mfecaons are often consIdered the most senous type of VITal dIsease related to the 

consumpaon of seafood Seafood-related HA V outbreaks account for a large proporuon of all 

HA V cases m developed countnes One study conducted ill the southeast of England mdIcated that 

the consumplIon of contammated shellfish accounted for 25% of all HA V mfecaons m that part of 

] the country (O'Mahoney et al , 1983) 

HA V IS of partIcular lIDportance because It IS more resIstant to chlonne dIsmfecaon than 

bactena and can WIthstand lugher temperatures for longer penods of arne than most VIruses (WhIte 

and Fenner, 1986, Grabow et al , 1983, KeSWIck et al ,1985) HA V outbreaks can occur due to 

the consumpaon of raw or partIally cooked seafood or through cross-contammatlOn 

Non-A, Non-B, HepatItIS (NANB) 

LIttle mformaaon IS avatlable regardmg thIs type of vrrus It IS however known to be 

spread by fecal-oral contact and occasIOnally by person-to-person contact (Overby et al , 1983) 

Several studIes have lInked NANB Hepaaas to the consumpaon of raw shellfish Overby et al 
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(1983) reported that enteral NANB appears to be endelDlc In the MIddle East and Afnca 

Smlllarly, Alter et al , (1983) found that 12 5% of all NANB HepatItIs cases In BaltImore, 

Maryland could be attnbuted to the consumptIon of raw shellfish EatIng raw shellfish was In fact 

the second lughest attnbutable nsk factor In contractIng NANB HepatItIs behInd parenteral drug 

use 

Norwalk VIruS 

Norwalk VIruses are responsIble for up to 42% of all nonbactenal gastroententIs outbreaks 

ill the Umted States (Kaplan et al ,1982) These VIruses are fecally-orally translDltted and have 

been Isolated In manne waters and In samples of clams and oysters Norwalk VlfUses were first 

attnbuted to a shellfish-related gastroententIs outbreak In 1979, In AustralIa, where over 2000 

people were Infected natIonWIde (Gerba, 1988) Subsequent outbreaks InvolVIng shellfish In 

Flonda, and New York have also been lInked to thIs VlfUS (Gunn et al, 1982, Morse et al , 1986) 

A reVIew by Guzewich and Morse (1986) illustrated that shellfish-related gastroententIs outbreaks 

due to the Norwalk VlfUS contInue to be a problem ill the Umted States In most developIng 

countnes, anitbodies to the Norwalk agent are acquIred early In lIfe (Benenson, ed , 1991) 

Consequently, In many MIddle Eastern countnes, seafood-borne outbreaks due to the Norwalk 

VlfUS would most lIkely be ffilIDmal 

Astroviruses 

AstrovlfUses have been Isolated from the feces of chIldren suffenng from gastroententIs 

(Appleton and HIggInS, 1975) They were also assocIated WIth a shellfish-related gastroententIs 

outbreak at a naval base, whIch took place In two stages The first stage, caused by a Small Round 

VlfUS, caused symptoms whIch subSIded WIthIn four days Shortly afterwards, dIarrhea appeared 

agam WIth the silllUltaneous sheddmg of masSIve quantItIes of AstrovlfUses ill the feces (Caul, 

1987a) It appears that more studIes regardIng seafood contaIDInatIon and dIsease outbreaks 

caused by astrovlfUses are warranted 

CalIcivIruses 

41 



I 

I 
J 

} 

Human CallcIvlruses have been recovered from human feces and have been shown to cause 

diarrhea and vomIting In chIldren and flu-hke symptoms In adults (Cubm, 1987) A study by 

Cubltt (1987) showed that CalIclvlfllses can be transIIlltted by shellfish In thIs study, Illness was 

caused by the consumptJon of contanunated raw oysters and was charactenzed by a .hIgh attack rate 

among those who ate them 

Small Round VIruses (SRV) 

WhIle lIttle IS known about the charactenstIcs of the Small Round VIruS group, It IS 

belIeved that the group may encompass several dIfferent types of Vlfllses IdentJficatJon of the 

VIrUses requITes an electron rrucroscope These agents have been given several names by 

researchers, mcludmg the Snow Mountam Agent, Hawall Agent, etc (De Leon and Gerba, 1990) 

SRV have been IdentIfied as the causatJve agents m several shellfish -related gastroententIs 

outbreaks In one outbreak Involvmg oysters, there was a 79% attack rate among consumers, wIth 

nearly 69% of the people that ate Just one oyster also affected (GIll et a1 ,1983) Other outbreaks 

have been assocIated WIth the consumptIon of clams There IS some eVIdence that dual mfectlons 

WIth Norwalk VIruses can take place (Caul, 1987b) 

PARASITES 

Gzardza lamhlza 

GiardIasis IS a protozoan mfectIon pnncIpally of the upper small mtestlne Gzardza lamblza, 

the causatIve agent, IS asSOCIated WIth freshwater-borne eplderrucs of gastroententJs ill the Uruted 

States and worldwide Wlule the fecal-oral route of transIIllSSlOn IS well-estabhshed, debate eXIsts 

about Its potentJal to mfect seafood and be passed on to humans Symptoms mclude cramps, 

bloatmg, low-grade fever, weIght loss and chroruc diarrhea At least one outbreak of giardIasIS, 

however, has been traced to contammated salmon (Eastaugh and Shepherd, 1989) If the protozoa 

can mdeed be transrrutted to humans via seafood, tlus could be partIcularly problematIc m Israel, 

where raw salmon, m the form of lox, IS a popular dISh among the JewIsh populatIon In 

countrIes WIth adequate wastewater ftltratlOn processes, gIardIasIs does not pose a slgruficant nsk, 
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as the cysts are generally filtered out dunng treatment It should be noted, however, that 

concentratIons of chlonne used m routIne wastewater treatment do not WI Gzardza cysts, 

especIally when the water IS cold (Benenson ed , 1990) 

Helnunths 

Helnunths are often not consIdered an llTIportant source of human mfectIon m mdustnalIzed 

countnes WorldwIde, however, metazoan helnunthIc parasItes represent the most commonly 

acqUIred mfectIous agents from the consumptIon of fish or shellfish In Egypt, the pnmary 

InfectIous agent transnutted from freshwater fish IS the mtestmal trematode parasIte (HIgashI, 

UmversIty of MIchIgan) Moreover, m some countnes helmmthIc mfestatIon may reach levels as 

hIgh as 40% of the populatIon (RIm, 1982) 

VIrtually all mfectIOns mvolvmg these organIsms are assocIated WIth the consumptIon of 

raw, partIally-cooked or Improperly-preserved fish or shellfish For many, consunung seafood m 

thIs manner IS an mtnnsiC element of theIr culture, makIng It extremely dIfficult to promote 

modIficatIon of thIs behaVIOr Furthermore, m many countnes, mcludIng the Umted States, the 

consumptIon of raw seafood products may actually be mcreasmg as delIcacIes such as sashInu, 

cevlche and green hemng become popular (HIgashI, 1985) 

Helnunths contracted from seafood of concern to man can be broadly classIfied mto three 

groups Cestodes (tapeworms), Trematodes (flukes), and Nematodes (roundworms) 

Cestodes (Tapeworms) 

Two fish tapeworms commonly Infect man, Dlphyllobothnum latum and 

Dlphyllobothnum paczficum D [atum IS commonly found m fish m North Amenca, Northern 

Europe and Japan, whIle D paczficum mfects manne fish, WIth most cases occumng m Japan, 

Peru and ChIle (HIgashI, 1985) 

The lIfe cycle of both tapeworms IS slIDIlar and reqUIres two mtermedIate hosts pnor to 

human InfectIon Adult worms reSIdIng ill the human mtestmerelease eggs whIch are passed WIth 

the human feces Once m the envIronment, the eggs hatch mto larvae whIch then mfect a snaIl or 

crustacean Wlthrn the first mtermedIate host, larvae develop mto procercOlds whIch, when 
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released, can then mfect fish Humans or other mammals then consume raw or partIally cooked 

fish, completmg the CIrcle Adult wonns have reached SIzes of up to 10 feet 10 the host mtestme 

infectIon often leads to anenua because of the tapeworms preferentIal absorptIon of VItamm B-12 

(HIgashI, 1985) 

SpeCIes of fish commonly mfected WIth D latum mclude eel, perch, salmon, and lake 

trout, 10 Europe, salmon 10 Japan, and northern pIke, wall-eyed pike, burbot and salmon m North 

Amenca (HIgaslu, 1985) 

Trematodes (fluke~) 

Four types of trematodes mfect human hosts Clonorch,s smenSIS, Of)lsthorchls VIverrmz ~ 

Heterophyes heterophyes, and Metagommus yokogawal (HIgaslu, 1985) fluke mfectlOns related 

to seafood consumptIOn do not pose a sIgruficant health threat m most mdustnalIzed natIons In 

less developed regIOns, especIally ASIa, these parasites represent the most prevalent dtsease due to 

the consumptIOn of raw, parually cooked, or Improperly preserved freshwater fish In some areas 

of southern Cluna human ClonorchIs mfectIon rates are as lugh as 40%, wlule rural areas of South 

Korea have shown mfectIon rates of at least 11 % m school-age chIldren (RIm, 1982) 

The fluke lIfe cycle IS sinular to that of the tapeworm Adult worms lIve m the bile ducts 

and release eggs WIth the feces Eggs are consumed by susceptIble snaIls (Parafossarulus spp), 

larvae develop and multIply. forrnmg cercanae wluch are then released by the snaIls Cercanae 

attach to fish, burrow mto the flesh and become encysted metacercanae Metacercanae complete 

the cycle, mfectmg humans, as well as other hosts such as cats, dogs and other mammals Over 

80 speCIes of fish are susceptIble to mfectIon With the metacercanae (HIgaslu, 1985) One study In 

Egypt by Tawfik and Hassaruen found that of 14 specIes of freshwater, braclash water and salt 

water fish, five had encysted metacercanae (Tawfik and Hassaruen. 1990) 

Adult worms mhabit the bIle ducts for many years, potentIally leadmg to CrrrhOSIS of the 

lIver or cancer of the bIlIary duct H heterophyes and M yokogawal mfectIons are usually well 

tolerated, but InvasiOns of the VIsceral caVIty do occur, endangenng the lIfe of the host (Afnca et 

al ,1935) H heterophyes IS transnutted by eatIng fresh or brackIsh-water fish, such as mullet, 
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m a raw, salted or dned state Tlus trematode IS a common parasIte m the lower NIle valley near 

the MedIterranean coastlme and has also been Isolated m the anent and western IndIa (Ahmed ed , 

1991) In Egypt, infectIon wIth H heterophyes appears to follow a seasonal dIstrIbutIon, peakIng 

dunng the spnng penod surroundmg the "Sham El Nesslm" celebratIon, although the infectIOn IS 

present year-round (HIgashI, Umversity of Miclugan) M yokogawaz closely resembles H 

heterophyes and may be present m freshwater trout In the anent, the former SOVIet Umon, 

northern Sibena and the Balkans (Ahmed ed, 1991) 

Nematodes (Roundworms) 

There are four speCIes of nematodes commonly spread from fish to humans Gnathostoma 

spzmgerum, Capillarza phIlzppmensls, Amsakls SImplex and Phocanema spp (HIgashI, 1985) All 

are tranSmItted to humans through the consumptIon of raw or partIally cooked or preserved fish 

From a publIc health pomt of vlew,Gnathostoma spImgerum IS the most Important The 

orgarusm IS acqUIred through the ingestIon of raw or undercooked freshwater fish InfectIons WIth 

thIs organIsm have been reported m eastern and Southeast ASIa, as well as India and Israel (Ahmed 

ed , 1991) It IS pOSSIble that G spmzgerum IS responsible for Illness In other parts of the MIddle 

East, but may not be reported due to lack of suffiCIent data or InCorrect dIagnOSIS 

The lIfe cycle of G spmlgerum IS SImIlar to that of other fish-borne paraSItes Eggs are 

released Into the water through the feces of the host (human, dog, cat, etc) Larvae hatch from the 

eggs and are Ingested by the Cyclops crustacean, the first mtermedIate host ThIs crustacean IS 

then consumed by vanous speCIes of fish Once mSlde the fish, the larvae ffilgrate to the muscles 

and become infectIve larvae Human or other anImals are mfected when they consume the muscle 

(HIgaslu, 1985) InfectIOns m humans are charactenzed by the ffilgratIon of the worms from the 

stomach wall to vanous parts of the body including subcutaneous locanons on the thorax, arms, 

head and neck The mfectIon Induces a creepmg eruptIon and travelmg edema m the effected 

regIOns (Miyazaki, 1960) Vanous fish speCIes as well as cluckens and ducks may also serve as a 

source of mfecnon for humans (Daengsvang et al , 1966) 
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Capzllana phlllppmenSIS was first recogmzed as a human pathogen 10 1962 10 the 

PtulIppmes 1,700 cases were documented wlthln a span of SIX years (Cross and Bhrubulaya, 

1983) ThIs paraSIte IS transITIltted to humans through the consumpuon of small freshwater fish 

whIch have mgested the embryonated eggs The worm mhabIts the host's mtesunal tract where 1l 

causes severe dIarrhea, sometImes leadmg to death by dehydratlon Humans, however, are 

thought to be an mCIdental host (Cross and Bhrubulaya, 1983) Smce the mJtIal burst of cases, the 

mCldence of thIs dIsease has dechned rapIdly (HIgashI, 1985), although It IS not known why so 

many mfectIons appeared m one short penod of tlme Smgle cases have also been reported from 

Iran and Egypt (Benenson ed , 1990) 

Infectlons due to the parasites Amsakls SImplex and Phocanema spp have also been 

assocIated WIth the consumptIon of raw fish Hundreds of cases of anlsakIasls have been reported 

In Japan and the Netherlands (AsrushI et al, 1980, Van ThIel, 1976) 

The defimuve hosts of A SImplex and Phocanema spp are usually manne mammals 

I (seals, dolphIns, etc) Adult parasItes mhabIt the small mtestmes of the host and dIscharge eggs 
J 

I 

J 
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WIth the arumals feces The larvae hatch and are preyed upon by vanous crustaceans whIch are. 10 

tum. eaten by fish Larvae develop mto mfectlve forms 10 the mtesunal tract, organs and muscle 

tlssues of the fish FIsh are then consumed by humans or sea mammals to complete the cycle 

(Srruth and Wootten, 1975, 1978) Symptoms appear 10 humans when lOges ted wonns burrow 

lOto the walls of the gastromtesunal tract and cause severe abdommal pams, often mtmlckIng other 

cntlcal 10testlnal problems (OshIma, 1972) 

In all, over 160 dIfferent speCIes of manne fish can be mfected by A SImplex and 

Phocanema spp, mcIudmg such commonly harvested fish as tuna, salmon, hemng and mackerel 

(Osrurna, 1972) 
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HEALTH IMPACTS 

Fish and Shellfish TOXIns 

Naturally occunng tOXIns In seafoods cause many outbreaks each year and may be under

reported as a source of seafood-related Illness In the Umted States. seafood-related IntoXIcatlOns 

were responsIble for 17 8% of all food-borne dIsease outbreaks recorded by the Center for DIsease 

Control between the years 1978-1987 Most of these Illnesses were due to eIther ciguatera or 

scombrOld pOlSOnIng 

In ciguatera endeffilc reglOns of the Uruted States (HaWaII. Puerto RIco. Guam, The VIrgIn 

Islands and Flonda) 15-20 outbreaks InvolVIng 50-100 cases per year are reported StudIes 

conducted m the VIrgIn Islands. however. IndIcate that the InCIdence rate may be closer to 73 

caseS/1 0,000 populatlOn per year (Moms et a1 • 1982) There IS eVIdence that a sigruficant number 

of cases are not reported, nnplYIng that the latter number may be more realIstlc Ciguatera 

pOlsomng accounted for apprOXImately half of the recorded IntoXIcatlon cases m the Uruted States 

between 1978 and 1987 

ScombrOld pOlsomng appears to have a worldwIde dIstnbutIon Wlule It IS asSOCiated WIth 

wann temperatures, It IS not lnnIted to trOPICal or subtrOPIcal regIOns In the Umted States cases of 

thIs IntOXIcatIon were reported In 45 of the 50 states dunng the penod from 1978 to 1987 The 

Umted States Center for DIsease Control reports between 12 and 20 outbreaks per year resultlng m 

less than a total of 100 cases per year These numbers are most lIkely too low. as the dIsease IS 

generally m1ld, passes qUIckly and. consequently. IS not reported (Ahmed ed. 1991) 

ParalytIC shellfish polsomng appears to be hIghly regIOnal Cases observed ill the Uruted 

States, for example, have been lImIted to New England m the east and Cahforma, Oregon. 

WashIngton and Alaska on the west coast Over a 10 year penod from 1978-1987 a total of 282 

cases were reported by the Northeast TechnIcal Support Umt of the Uruted States Food and Drug 

AdmmIstratIon Though thIs dIsease can be qUite severe and pOSSIbly fatal. It IS poSSIble that mIld 

cases contracted by recreatIonI clam dIggers go unreported or are IllisdIagnosed 
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NeurotoXIc shellfish pOIson1Og IS 10timately tied to the red ude phenomena Morutonng 

areas where epIsodes occur and closmg affected harvest areas when the tIter of organisms becomes 

too lugh has proven very effectIve at IImn10g disease outbreaks m the UOlted States The last 

reported cases m the U S occured dunng a red tIde mCIdent 10 North Carolma from 1987 to 1988, 

In whtch 48 people were affected due to consumptIon of contammated shellfish (Ahmed ed , 

1991) 

DlarrhetIc shellfish pOIsorung has long been a problem 10 Japan and IS mcreas10gly so 10 

Europe Thts disease has not yet been IdentIfied 10 the US, but one documented case occured In 

Canada 10 1990 (Todd, 1989) The tOXIn responsIble for the dIsease has been found In waters of 

many different regIOns, IndicatIng the potenual for more WIdespread outbreaks 

Puffer fish pOIsomng IS not a common cause of Illness m fish consumers, espeCIally as 

most people who eat puffer fish are aware of the toXIC potentIal of therr meal OccasIOnally, cases 

anse In the Uruted States, seven were reported 10 Honda from 1951 to 1974 With three fatalIties, 

wrule at least another seven deaths were reported In Hawau (Ahmed ed , 1991) In Japan 

however, where fugu IS an exqUISIte delIcacy, 20-100 fatallues mse per year, despIte stnngent 

regulatIons controllIng marketIng and preparatIon of the dish (Ogura, 1971) 

A senes of outbreaks 10 Canada of amneSIC shellfish pOISOnIng occured between November 

and December of 1988 and 1Ovolved 103 cases WIth three fatalItIes Tlus dlsease has not been 

reported outSIde of Canada, but the orgarusm whtch produces the tOXIn consumed by shellfish IS 

present In U S waters 

InfectIous Agents 

infectIous agents found In seafood can be clasSified ill three ways (1) pathogens wruch 

routInely cause dIsease In healthy 1Odividuals, (2) opporturusuc agents wluch do not normally 

cause tllness In healthy adults but wruch may affect certam sllsceptIble subgroups (1 e cluldren, 

unmunocomprorrused mdivIduals) and (3 ) those lackmg conclUSIve eVIdence of pathogerucity 

(Ahmed ed , 1991) As detruled In the prevIOUS sectIOn, V cholerae, V parahaemo!ytlcuS, 

48 



Salmonella, HA V, Anzsakzs simplex, etc, can all cause dIsease In healthy mdIviduals V 

vulnificus rarely mfects healthy adults and IS more often assocIated WIth Illness In patients WIth 

other underlymg condItions such as CIrrhOSIS of the liver Aeromonas and PleslOmonas are often 

found m seafood, but there IS msufficlent data to ImplIcate these orgarusms In seafood-related 

dIsease outbreaks 

Illnesses caused by orgarusms In the first two categones may exhIbIt dIfferent seventIes 

Infections m healthy IndIVIduals are usually less mvasive and self-lImIting, whIle those In 

mununocompronused mdIviduals may be more severe and even lIfe-threaterung Thus, It IS 

apparent there IS a need for dIfferent strategIes to prevent dIsease outbreaks In the dIfferent 

populatIOn subgroups 

The mfectIous doses reqUIred by vanous pathogens to mItIate dIsease are also qUIte 

vanable For example some bactena such as S aureus must achIeve levels m the food of at least 

100,000 orgamsms/gram before enough tOXIn eXIsts to cause Illness (Ahmed ed, 1991) Other 

bactena, such as Shlgella, may only reqUIre as few as 100 orgarusms to IrutIate dIsease (Dupont et 

al, 1969) VIral and HelnunthIc pathogens theoretIcally can cause an Infection WIth Just one VIable 

agent Bactena, on the other hand, can grow m the contanunated food, WIth time and temperature 

abuse potentially leadIng to hIgher levels of bactenal pathogens over longer penods of tIme For 

example, the S aureus populatIon can, under proper condItIOns, double every 10-15 nunutes, 

resultIng m levels of organIsms greater than 100,00/gram (Potter, 1986) Nevertheless, the hIgher 

the dose of the mfectIous agent, the more lIkely It IS to result m illness 

Exposure to seafood contaIrung mfectIous agents IS a functIon of many dIfferent vanables 

The type of seafood consumed, the harvest area, the water qUalIty and the handlIng and processmg 

of the seafood all determme the lpvel of contanunatIon to whIch the consumer IS subjected For 

example, m Egypt, mfectIon WIth Heterophyes heterophyes IS hIgh dunng the "Sham EI NessIm" 

celebratIon TIns dIsease IS asSOCIated WIth Inadequately-cooked or cured fish On the other hand, 

illnesses related to madequately cooked BoultI fish (Tllapza notlca ) are not common, as these fish 

are not eaten raw (El-Zanfaly and IbrahIm, 1982) Because factors surroundIng the level of 
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contanunatlon to whtch the consumer IS exposed vary tremendously and the nsks assocIated wIth 

each type of pathogen are dIstmct, It IS dIfficult to detenrune the level of nsk assocIated WIth the 

consumptlon of seafood Surularly, It also becomes dIfficult to mandate comprehensIve water 

qUalIty or product safety standards (Ahmed ed , 1991) 

As VlbrLO populatIOns are hIghest dunng the wanner seasons, dIsease outbreaks due to 

naturally occumng VzbrLO spp often take place 10 the summer months Other factors whIch may 

lImIt or enhance the growth of these specIes mc1ude salImty and the presence of competlng 

orgarusms (fecal cohforms may compete wIth 1Odlgenous bactena) (Ahmed ed , 1991) Most 

Vlbno outbreaks are related to the consumptlon of raw shellfish 

Exposure to vIruses 10 seafood IS usually drrectly related to the consumptlon of raw or 

Improperly-cooked shellfish Those cases not 1Ovolvmg shellfish are pnmanly caused by cross 

contanunatlon dunng processmg, wIth the HepatItlS A VlfUS bemg the most common VlfUses are 

species speCIfic, and those that cause Illness 10 humans WIll not 10fect finfish Shellfish, on the 

1 other hand, act as passIve carners of the VIruses, whIch may be trapped 10 therr gut or mucus 

) 
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membranes SUrvIVal of vrruses m manne envrronments IS dependent upon several factors 

1Ocludmg, temperature, salmIty, ultraVIOlet mactlvatlon and the presence of suspended organIC 

matenals or sedIments to whIch VlfUses can adhere (Kapusc1Osla and MItchel, 1980) Low 

temperatures and the presence of hIgh quantltIes of orgaruc matenal ill the water help protect 

VIruseS from mactIvatlon (Block, 1983) As preVIOusly mentloned, the hIgh sodIum chlonde 

content 10 the MIddle Eastern waters IS a factor whIch lllTIlts the SurvIval of many potentlally

hannful vrruses 

Exposure to metazoan helm10tluc parasItes depends upon several factors mcludIng the 

presence or absence of 10termedlate hosts, human waste rusposal praCtIces and the presence of 

other non-human defirutlve hosts Most helmmtluc parasItes rely on several hosts to complete therr 

lIfe cycles, If any of these hosts can be eillrunated, the cycle can be broken ThIs, however, IS 

quite chfficult as there may be several substitute hosts Humans, for example, are an mCIdental 

host of the trematode Amsakzs szmplex, and thus, are not CruCIal to the SUrvIval of thls speCIes 
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LIkeWIse, dogs and cats are often mfected wIth the cestode Dzphyllobothnum latum and can 

perpetuate the lIfe cycle even when humans are not mfected TreatIng human wastes adequately 

before dumpmg them mto water bodIes could SIgnIficantly reduce the prevalence of these 

mfectIons S1Ill1larly, utIlIzatIon of molluscicides to kIll the snaIl mtermedIate hosts for a Simllar 

parasIte, Schzstosoma mansonz, has resulted m dIsease reductIons m affected areas 

In charactenzmg the health nsks assocIated WIth the consumptIon of seafood, It IS clear that 

the practIce of eatIng raw, partIally-cooked or Improperly-preserved fish and, partIcularly shellfish, 

poses the greatest threat to human health ThIs IS true m the Uruted States where raw molluscan 

shellfish account for less than 0 1 % of the seafood consumed but cause a far hIgher proportIon of 

reported outbreaks (RIppey and Verber, 1988) In areas of ASIa and the Middle East, however, 

raw or under-cooked fish IS responsIble for the hIgher mCIdence of paraSItIc helmmth mfectlOns, 

but shellfish also may cause other dIsease outbreaks 

Though the type of seafood aSSOCIated WIth Illness IS generally recogruzed, the etIologIcal 

agent may not always be clearly IdentIfied In the Uruted States, the mfectIous agent for the 

m3.Jonty of seafood-related dIsease outbreaks IS never clearly establIshed (RIppey and Verber, 

1988, CDC, 1989) A small percentage of these Illnesses may be non-mICrObIOlogIcal m nature, 

but many are probably due to mfectlOns WIth Norwalk or related VIrUses (Morse et al, 1986) A 

great deal of past outbreaks reported m the Uruted States have been charactenzed by sumlar 

mcubatIon penods and symptoms conSIstent WIth these agents DIfficulty m IdentIfymg these 

VlfUses, coupled WIth the fact that only a handful of labs m the Uruted States are capable of 

dIagnosmg these mfectIons, leads to a paUCIty of reported cases by Norwalk and related VIrUses 

Research by Morse et al, (1986) suggests that Norwalk and related agents may be the most 

common pathogens aSSOCiated WIth shellfish and cold water clams 

Pathogens contracted from shellfish consumptIon constItutIng the greatest threat to publIc 

health are HepatItIS VIrUses of unknown etIology and Vzbno speCIes mcludmg, V 

parahaemo!ytzcus, V vulnificus, and Non-O 1 V cholerae (CDC 1989) 
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Overall, the nsk of mfectIon from bactenal pathogens seems to be lower than that for 

VlIUses Studtes on the Gulf Coast m the Umted States, where consumptIon of shellfish would 

seem to be the lughest, mdlcate that Vzbrzo species cause apprmumately 5-1 case/l 00,000 

populatIon/year (Hoge et al ,1989) The number of Shigella and Salmonella outbreaks related to 

seafood IS dtfficult to ascertaIn, because It IS often ImpossIble to detemune the velucle of InfectIon 

In the vast maJonty of these outbreaks 

Assessmg the nsk from VIral contammated shellfish IS dIfficult due to teclunallurutations m 

IsolatIon and IdentIficatIon of VIral strams It IS also unportant to realIze that more cases of 

Hepatlus A Will be cIted as seafood-related In developed countnes because the dtsease IS not 

common In these areas, faclhtaung IdenuficatIon of the source of the outbreak In regIons where 

HepatItIs InfectIons (A, Non-A, Non-B) are endeITllc 11 IS much more dIfficult to assess from where 

the dtsease ongmated Moreover, hfetlffie Immumty IS conferred upon people prevIOusly Infected 

WIth HA V, hence outbreaks may appear more lmuted than expected 

ParasitIc mfecoons resultmg from seafood consumpoon In developed countnes are even 

more rare than bactenal or VIral-related outbreaks (Ahmed ed, 1991) RIsk factors assocIated With 

the contractIon of Helmmtluc parasItes, such as consummg raw or partIally cooked fish, are, 

however, nsmg m some areas Tlus may lead to an mcreasmg number of outbreaks m these 

countnes (HIgastu, 1985) Parasloc mfecoons In developmg areas such as the Middle East, 

} however, are solI commonplace 

In many regIons of ASIa, where most of the cases of parasloc Infecoons are found, 

reducmg the numbers of mdtviduals Infected wlll be challengmg In these locaoons, the parasIte 

!lfe cycles are well-establIshed and tradtoonal practIces are often mgramed Consequently, there IS 

IS a lug her probabIlity of helITllntbIc mfecoon when raw fish are consumed here, as compared to 

vrral or bactenal mfectlons The low mfecuve dose also contnbutes to the lugh prevalence of 

parasioc Infecoons 
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MITIGATION OF HEALTH IMPACTS 

FISh and Shellfish TOXIns 

There are many effective measures that can be taken to 111mt dIsease outbreaks due to toXlD

laden seafood It IS advIsable to momtor harvest areas for the presence of the tOXIgemc 

ctmoflagellates responsIble for producmg the tOXins When levels In the water exceed a certam 

lImIt, harvest areas should be closed untll the threat has dIsSIpated ThIs approach has worked 

very well In the Uruted States m the preventIon of paralytIc shellfish pOISOrung and neurotoxIC 

shellfish pOIsorung, but IS not hIghly effectlve m preventIon of clguatera or scombrOld pOIsorung 

In addItion to better morutonng of harvest areas, snnple and accurate tests to Identlfy tOXins 

In shellfish and fish need to be developed and Implemented on a WIde scale Domestlc and 

nnported seafood should be regularly tested for the presence of tOXInS Furthermore, mformatIOn 

and rapId detection methods should be made avaliable to recreational fishermen and shellfish 

gatherers to prevent outbreaks In these groups 

Puffer fish polsorung could be VIrtually ellmmated through bans on rrnports of fugu and 

restnctmg publIc consumptIon of thIs delIcacy People, however, are generally aware that these 

fish are pOIsonous, yet contInue to eat them Consequently, forbIddIng consumption of thIs 

potentially lethal food may not be feasIble 

As scombrOId poiSOrung IS a result of rrnproper handlIng procedures whIch lead to the 

formaoon of hIstamme In the tlssues of the fish, preventlon methods should focus on better 

sarutaoon CoolIng fish ImmedIately after capture would generally be enough to prevent growth of 

the bactena responsIble for the formaoon of hIstamme 

InfectIOUS Agents 

Many strategIes have been deSIgned to reduce the potenoal for contract1ng mfectlous 

dIseases from the consumpoon of seafood These range from SImple measures, such as cookIng 

all seafood thoroughly, to complex methods, such as IrradIatIng raw shellfish pnor to 

consumptIon Clearly, more appropnate methods of morutonng harvestIng areas need to be 
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developed and utthzed Techruques for hrrutIng wsease outbreaks wIll be dIfferent for each regIOn 

accordmg to Its uruque seafood-related pathogens Moreover, the means avrulable to a country to 

prevent and dIagnose outbreaks WIll cover an enonnous spectrum RIch countrIes, whIch serve as 

a market for seafood harvested m poorer regIOns, may find It worthwhIle to work WIth these 

governments m developmg comprehensIve momtonng networks and unIversal water quahty 

standards to reduce dIsease outbreaks m all regIons 

The smgle most Important step m reducmg the probabilIty of contracttng an mfectIous 

wsease from seafood IS to ensure thorough cookmg of all fish and shellfish Vlrtually all seafood

borne pathogens can be lolled or macttvated after a relattvely short exposure to a lugh temperature 

The cestode Dlphyllobothnum latum. for example can be mactIvated by heatIng the fish to a 

temperature of 56°C for Just five rrunutes (HIgaslu, 1985) HA V mactIvatIOn however. reqUIres a 

hIgher temperature (WhIte and Fenner, 1986) Almost all pathogens can be elImmated from 

seafood, gIven the nght combmatton of tIme and temperature The S aureus enterotoXIn, 

however, IS qUIte heat reSIstant, and may not be macttvated even under lugh temperatures Though 

thIs IS the sunplest and most practtcaI preventatIve measure to Implement, It IS wfficult for people to 

accept, as VarIOUS types of raw seafood are conSIdered delIcaCIes 10 many regIOns of the world 

Raw seafood wIll, therefore, contmue to be consumed despIte the lugher nsk of mfectIon 

EducatIng consumers about the nsks mvolved ill consuIIl1ng raw seafood may also prove 

an effectIve strategy Infonnatton campaIgns should focus on alertmg people of the vanous 

pathogens assocIated WIth seafood, proper handhng procedures, and seasons In wluch raw 

shellfish should not be consumed Health workers need to be especIally diligent 10 warnmg 

members of rugh nsk categones, such as those WIth chrOnIC dIseases or elderly and very young 

consumers, to aVOId raw shellfish enttrely, as the consequences of an mfectIon may be much more 

severe 10 these groups (Ahmed ed, 1991) 

Attentton also needs to be directed towards proper wastewater treatment methods, 

emphasIZIng the hazards mvolved m the dumpmg of human wastes m harvest areas Many of the 

pathogens found In seafood are of fecal ongm and could be reduced or ehmmated by proper 
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wastewater treatment The lIfe cycle of the cestode D latum, for example, IS largely dependent 

upon the human defImtIve host Adequate processmg of human wastes, however, could lead to a 

sIgmficant reductIon m mfectIons attIbutable to thIs organIsm In FInland, for example, the 

prevalence ofthIs dIsease declmed from 20-25% m 1952 to 1 8% m 1972, almost exclusIvely as a 

result of better sewage treatment (Von Bonsdorff and Bylund, 1982) There IS a SImIlar potentIal 

to reduce outbreaks caused by HA V, Salmonella, Shzgella, and other organISms as well Some 

parasItes and naturally occurnng Vzbno speCIes, however, WIll not be sIgmficantly affected by 

better sewage treatment practIces 

TradItIonal water qualIty mdlcators such as fecal colIform counts do not adequately predIct 

levels of mdIgenous VzbrIO spp, nor are they mdlcatIve of vrrus concentratIOns or SUrvIVal 

potentIal m manne water or shellfish Moreover, fecal colIform counts m shellfish may be elevated 

by the presence of mdIgenous specIes such as Klebszella pneumomae, whIch pose no threat to 

humans and may outnumber E cob by as much as 1000 to 1 (PaIlle et al ,1987) The fecal 

colIform count, m thIs case, would be of margInal relevance Clearly, new mdIces for measunng 

Vzbno spp must be developed and Implemented When mdlcators show hIgh Vzbno 

populatIons, as m the warm summer months, harvestmg areas should be closed and Illegal fishIng 

curtaIled SlIDllarly, measures of vIral contammatIon need to be developed whIch closely mIffilC 

the SUrvIVal ofRAV and Norwalk VIruses In the marme enVIronment and shellfish Vanous 

mdIcators of VIral contammatIon have been proposed, but all have proven less than Ideal Sobsey 

(1990), for example, found that HA V persISts for slgmficantly longer penods of tIme In clams and 

oysters than eIther E COlI or POlIOVIruS Thus, there IS a need for more research m thIs area 

In addItIon to better mdIcators of seafood-borne pathogens, new dIagnostIc methods to 

detect Vzbno spp, HA V and Norwalk VIruses must be developed RoutIne samplmg of seafood 

ill markets may help to prevent some dIsease outbreaks More Importantly, however, better 

dIagnosIs of seafood-related dIseases could help track the sources of the outbreak, thus preventIng 

future occurrences If rapId dIagnOStIc tests were available, It would also help clanfy the nature of 

dIsease outbreaks and proVIde more mSlght mto therr etIology 
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Reducmg chsease outbreaks by utIlIzmg better processmg technologIes IS another 

pOSSIbIlIty SImple measures, such as proper refngeratJon, may be enough to keep Vlbno and 

other bactenal pathogens from multIplymg m recently-harvested shellfish StudIes conducted by 

Cook and Ruple (1989), showed that bactenal counts m shellfish grew rapIdly when they were left 

unrefngerated on the decks of boats on warm days, even for short penods of tIme RapId coolmg 

procedures used ImmedIately after harvest have also shown prorruse m reducmg the growth of 

bactenal pathogens (Ahmed ed , 1991) 

Low temperatures are also frurly effectIve at reducmg the probabIlIty of contractmg some 

hehrunthIc parasItes InfectIve larvae of the cestode D larum were kIlled by freezrng fish at -18°C 

for 24-48 hours (Bylund, 1982) SImIlarly, other parasItes may be mactIvated by stonng fish at 

low temperatures for specIfic penods of Ume 

Bactenal standards for fish have been proposed by Buras et al , (1987) Muscle tIssue 

contammg 0-10 bactenaimlls consIdered to be very good qualIty, wtule those WIth counts of 10-30 

bactenalml would be medIUm qUalIty FIsh WIth muscle tIssue showmg counts above 50 

bactenalrnl should be rejected These gUIdelmes could be used to evaluate the qUalIty of both 

naUve and farmed fish WIdespread mspecnon of fish muscle samples could help reduce 

outbreaks TOXIC components, such as lustarnme, could also be evaluated and actIon taken to 

mmInuze the potennal for human mgestIOn of these contamInants 

As natural enVlfonments become more polluted, and mchgenous fish stocks become 

depleted, aquaculture will be mcreasmgly conSIdered as a VIable altemanve for rrusmg seafood 

Aquaculture offers the opportumty to control the enVlfonment and the pathogens to wluch the fish 

are exposed Tlus type of fanrung could help hrrut seafood-related chsease outbreaks and produce 

healtluer, larger fish for consumptIon 

Aquaculture, however, has to be performed m a sCIennfic manner m order to ensure control 

of fish pathogens wluch also can mfect humans Measures must also be adopted to prevent over

crowdmg and stress of the farmed fish, as tlus IS the most Important factor m bactenal and VIral 

penetrauon of fish nssues (Dotan et al , 1988) 
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When wastewater IS used In fannmg aCtIVItIeS, analysIs of the waste constItuents should be 

perfonned to hrrut fish exposure to exceSSIve bactenal concentratIons or harmful cherrucals present 

m the water StudIes by Dotan et a1 (1988) conducted In wastewater reservOIrS m Israel showed 

that fish grown under these CIrcumstances may harbor bactena m the dIgeStIVe tract at levels 1 to 3 

orders of magrutude hIgher than m the surroundmg waters Exposure to cherrucals, espeCIally 

detergents m the waters, IS belIeved to be the cause of these hIgh levels, as these contamInants 

exacerbate rrucrobial uptake by the fish 

Another approach for reducmg pathogen populatIons In seafood IS the use of rrradIatIon 

Gamma IrradIatIon of bve shellfish and fresh or frozen seafood IS very effectIve at reducmg Vzbno 

populatIons to safer levels Oysters rrradtated WIth 1-1 5kGy (105 rads) reduced lrutIal Vlbno 

counts of 106 to undetectable levels (GIddmgs, 1984, KIlgen et al ,1988) At thIS level of 

exposure, there was no sIgmficant organoleptIc detenoratlOn (KIlgen et al ,1988) Sirrularl y, 

parasItIc helrrunths wIll also be InactIvated at these levels, but some VlfUses may be more resIstant 

to radIatIon than eIther bactena or mfectIve parasIte larvae (potter, 1986) A study by DIgIrolamo 

et al , (1972) found that a 90% reductIon of pohov!fUS 1 was achIeved m raw oysters only after the 

oysters had been exposed to 4 kGy (105 rads) ThIs level of exposure, however, led to an 

unacceptable level of organoleptIc detenoratIon of the oyster 

Methods for hrrutIng the outbreak potentIal of seafood need not be so complIcated or 

expenSIve as those mentIoned above Less cost-IntensIve practIces, such as lffiIDedIate clearung of 

the seafood, may also help Much of the mcrease m the InCIdence of amsakiasIs, for example, can 

be attrIbuted to new processmg procedures Before refrIgeratIon, fish caught at sea were cleaned 

IffiffiedIately, removmg most of the worms whIch nonnally lIve m the mtestInal wall and other 

abdorrunal VIscera Presently, however, fish are cleaned and processed onshore, allowmg the 

larvae to rrugrate mto the muscle tIssue and subsequently mfect consumers of the raw product, 

'green hemng' (OshIma, 1972, Srruth and Wooten, 1975, HIgashI, 1985) 

57 



Smularly, many of the InfectIve larvae ofvanous nematodes can be InactIvated by 

mannatmg the raw fish 10 4% acetlc aCId for 5 5 hours (Daengsvang, 1949) Other chelUlcal 

treatments or methods of preservatIon need to be mvestIgated as well 

DepuratIon, a technIque used to reduce seafood-borne outbreaks, 1Ovolves plac10g lIve fish 

and shellfish 10 a controlled clean water enVIronment to perrrut them to cleanse themselves of 

ImpuntIes, 10cludmg bactena and vIruses DepuratIon rates vary accordIng to specIes, 

envIronmental condmons, specIfic types of pathogens mvolved and dIfferential uptake rates 

(RIchards, 1988) DepuratIon of tIlapIa, a popular fish among EgyptIan consumers, has been 

shown to be effectIve, especIally under condItIons of low bactena concentratIon (Buras et a1 , 

1985) ThIs same expenment also concluded that tIlapia was an unusually strong speCIes, capable 

of survIvmg lugher concentratlons of both chelUlcal and bactenal pollutants 

EVIdence demonstrates depuratIOn IS a useful technIque for remov1Og bactenal pathogens of 

fecal ongm OrganIsms such as E coiz, Salmonella spp, and others can be depurated frurly 

rapIdly and effiCIently under appropnate conrutIons For other speCIes, mclurung most of the 

naturallyoccumng Vzbno specIes, there IS lIttle eVIdence that depuratIon allows ehmmatIon of 

these orgarusms and may even facIlItate multIplIcatIon m shellfish (RIchards, 1988) 

Furthermore, depuratIon rates are not the same for VIruses as for bactena Sobsey (1990), 

reported that HA V persIsts far longer m oysters and clams than eIther E colz or POlIOVIrUS 

RIchards (1988), reported that Improperly-depurated shellfish have been ImplIcated In several 

seafood-borne VIral outbreaks, suggestmg It IS not relIable to assume depurated shellfish are safe to 

eat 

Generally, data 1OvolvIng depuratIon rates for HA V, Norwalk VIrUses, Vzbno spp and 

some other entenc bactenal pathogens IS lackmg Moreover, laboratory studIes may not accurately 

reflect naturally-occumng phenomena There IS some eVIdence to suggest that uptake rates may be 

lugher In natural enVl!onments, where orgaruc partIcles absorb VIrUses, and depuration rates occur 

more slowly (RIchards, 1988) Other complIcatIons Include the fact that depuratlon may not occur 

at a uruform rate, rates of cleanSIng decrease WIth tIme, and pathogens may only be reduced to low 
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levels rather than beIng completely elImmated from the organIsm (RIchards. 1988) Tills low level 

of contamInatIon may be acceptable for most bactenal pathogens. but would be unacceptable for 

VIrUses due to the low InfectIous doses requIred to cause dIsease 

DepuratIon may also be useful for remOVIng bactenal pathogens from fish FIsh lIvIng m 

waters where bactenaI counts exceed certam levels may have bactenal penetratIon of tIssues 

PlaCIng fish m waters WIth lower bactenaI counts has been shown to reduce bactenaI 

concentratIons In the muscle tIssues (Bartone et aI. 1990) HelIruntillc parasItes, however, are not 

affected by depuratIon 

For depuratIon to be used effectIvely. well-deSIgned flow-through systems are reqUIred 

Detruled mformatIon regardmg the speCIes of shellfish and speCIfic pathogens that Irught be present 

could then be used to determme whether or not tills procedure was valId and the tIme mtervals 

reqUIred for adequate cleansmg Moreover. bactenal concentratIon thresholds should be 

establIshed above whIch depuratIon would not be attempted Clearly, more studIes are needed to 

better explore the usefulness of tills optIon 
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CONCLUSION 

The nsks mvolved WIth the consumptIon of seafood vary greatly accordmg to where the 

seafood IS harvested, how It IS prepared and how It IS eaten In the Umted States and other 

mdustnahzed countnes, the mam threats from seafood are due to the presence of tOXIns, espeCIally 

cIguatera and scombrOld, and VIruses followed by naturally occumng Vlbno spp In raw shellfish 

In regIons of ASIa and the MIddle East, helmmthIc parasItes pose the greatest threat to human 

health due to the WIdespread consumptIon of raw or madequately-preserved fish 

StrategIes for reducmg dIsease outbreaks m all regIOns, however can be Implemented 

Through the regulatIon of harvestmg m areas charactenzed by hIgh numbers of toXIC 

dmoflagellates, the preventIon of fecal contammatIon of harvestIng areas and the establtshment of 

representatIve mdlcators of both VIruses and natural Vlbrzo spp, many dIsease outbreaks could be 

aVOIded WhIle altenng people's customs and tradItIons may not be feasIble, the consumptIon of 

raw seafood could be made safer WIth the establIshment of comprehensIve momtonng and 

mspectIon networks 
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Executive Summary 

Evaluatmg chemIcal and heavy metal concentratIOns m fish harvested from EgyptIan 

waters IS not a clear cut process Data concenung chemical concentratIOns III fish IS lackmg for 

many substances and IS mconslstent across regIOns AdditIOnally, when data IS avaIlable 1t IS 

dIfficult to compare these levels to accepted mternatIOnal standards because there IS generally no 

consensus as to what levels In the fish are safe For example cadnuum standards range from 005 

• 55 mg Cd/kg wet weIght of fish dependmg on \,'ruch cou .. ::rtry's staudard one cnooses 

Nevertheless for some chemrcals there has been enough data collected from most regIOns to 

detemune If a threat to pubbc health eXIsts 

Of the orgaruc chemIcals mvestIgated only chlordane, endnn and PCB levels exceed the 

most conservatIve mternatlOnal standards and then only mfrequently Heavy metal 

concentratIOns however pose more of a problem CadmIum, lead and chromIum levels III many 

fish samples were rugher than the mIrumum standards and In some cases lugher even than the 

maxImum lImIts Mercury and seleruum concentratIOns also exceeded the most conservatIve 

mternatIOnal standards In some cases but!lus mfonnatIOn comes from one study of the WadI EI

Kruyan Lakes and thus more data from other regIOns IS reqUired before any conclUSIOns can be 

drawn 

ORGANIC CHEMICALS 

Table 1 shows maxunum levels of organochlonne contammants In fish from EgyptIan 

fish harvestmg areas and table 2 Illustrates legal lumts for orgaruc compounds from VarIOUS 

countnes 

£8 
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Table 1 

MaxImum Levels (uglkg wet weIght) of Organochlorme Contammants 10 Fish From 

Egyptian Fish Harvestmg Areas (1981-1987) 

JttJIber 
Chlor- su. HepU-of 

location Ref~e Sallples Aldrln Dieldrin dane DOT Endrtn chI or HCI Undane 

~lten'.ne.n Sea 
Alexanc:trhll (1) 2 W.O. 11.0. 31 If.D. If.D. 
Abu Qtr Sly (2) ~O 20 11 157 12 5.3 1.8 29 
Port Said (1) 17 17 11.0. 119 9.0 If.D. 

(3) 24 69 S.ft 298 70 18 28 
~~Ml 

I ISIIIlI. (1) 16 5 (\ 36 399 N.D. 11.0 
Suez (1) 17 71 M.D. 223 8.1 9.2 

led Sea 

Il.k~ (1) 21 ~ N.D. 964 M.D. 11.0 

I 
"'SseI' (1) 3 4.0 If.D. 19 7.0 W.O. 
Nlr,ut (2) 6 13 10 40 7.7 2.8 9.1 34 

(4) ., 135· 76· 
Idku (2) 3 3.4 1.3 4' 3.8 I.S 3.2 19 

I 9unIl1us 
"-null (1) 11 24 III D. 192 If.D. 59 

"Ue River 

I As •• n (5)· 10 If.D. If D. fI.D. 65· 16 JI.D. '2 
Assiut (5) 10 N.D. N.D. M.D. 139- 43 JI.O. 16 

I 
c.rio (5) 10 M.D. IC.D. IC.D. 87· 28 1C.0. 12 
El.-nsor, (5) to N.D. N.D. fI.D. 162- 45 IC.D. 13 
Farl5ltour (5) 10 N.D. 1.0. 111.0. 113· 35 110 16 I EdfiM (S) 10 N.D. fI.D • IIf.D. gs. 28 11.0. 15 

.anals 
El-M1twKJdt. (5) '0 It.D. M.D. " D. 199· 86 " D. 16 I Abo El-Chelt (S) 10 NO N.D. 11.0. 180· 52 

" 0 
.., 19 

80 SMples in study - ass.-ed 10/statlO11 (1) Nag\nb (1988) (2l Nabawl et al (1987J 
• Nean value (3) £l-Dlb and Badavy (1985) (4) Sadd et .1 (1981) 

I (5) Aly and Badawy (1984) 

I 
I 
I \ 09 

.lire. PCI 

lo~_ 

0.96 ~ 

11.0. 
12Q 

".0. 
111.0 

M.D 

'4.D. 
041 2: 

0.17 U 

K.D. 



Table 2 

Legal LImits For Hazardous Orgamc Chemicals m Fish and Fishery Products 

(mglkg wet weight). 

1tlD' It?Jca-

Ah:hnf CllO"'- 2,3,7,8 l'Qlta- d11(J1)- tnt fibla- Pant- T00-

ItT)' Dtel<rm mre mr mrs DtOCln ERhn d11(J" 2 tmzse ~ lll"dIrE HuCJl ,tn'eC tlnm PCBs Jh!"e Ol 

dl 0.1 o. t 5.0 5.0 20 0.1 0.1 0.1 0.1 0.1 0.1 0.1 2.0 c. t 

~ 2.0-

... (f1Ij)~ 
S.O 

0.5- 0.01 2.0- 0.01 O.Ot O.S 2.0 0.01 
1.0 5.0 

lid S.O 

ta"1an1s 5.0 

B'I 0.1 5.0 0.2 0.5 2.0-
S.O 

t21r14nt 1.0 

l.u 0.1. S.O 0.3 0.3 0.5 0.6 0.2 
0.3 

.aj States 0.3 D.l 5.0 5.0 25 0.3 0.3 0.3 0.3- 0.1 2.0 5.0 o 4 

~ 

1U\1IUI o. , 0.01 2.0 2.0 20 0.01 0.01 D2 0.1 0.1 0.1 0.01 0.1 1.0 0.1 

~ 1.0 D.3 S.O 5.0 2S 0.3 0.3 0.5 0.4 2.0 0.6 0.1 0.2 5.D 5.0 0 

rag/kg 

& Heptachlor epoxlde 

Legal 11.1ts exist for other organic C~lCils 
erencesi Nauen (1983). U.S. FDA (1982,1984) 
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Aldnn 

WIth the exceptIon of the NIle RIver Aldnn has been detected ill fish from all the major 

water sources In Egypt IncludIng the MedIterranean Sea (Alexandna, Abu QIr Bay, Port SaId), 

the Suez Canal (Ismaha, Suez), the Red Sea (Hurghada), and vanous lakes (Nasser, Maryut, 

Idku, Burullus, Manzala) FIsh from the MedIterranean Sea have shown levels rangIng from 17 -

69 ug/kg wet weIght of fish The lughest concentratIOn recorded In harvested fish was reported In 

the Suez canal where a value of 71 ug/kg wet weIght of fish was found The mean concentratIOn 

of Aldnn found m fish harvested m EgyptIan waters was 261 +/- 25 0 uglkg wet weIght offish 

Standards for Aldnn concentratIOns In fish from rune dIfferent countrIes range from 100 - 1 000 

ug/kg wet weIght of fish Therefore the values detected In fish harvested from EgyptIan waters 

are generally safe for human consumptIon 

Dleldnn 

Data for Dleldnn levels In fish harvested m Egypt IS generally lackIng, however values of 

11, 10, and 1 3 ug/kg wet weIght of fish have been recorded at Abu Qrr Bay, Lake Maryut, and 

Lake Idku respectIvely These levels are sIgruficantly below mtematIOnal standards whIch range 

from 100 to 1000 ug/kg wet weIght of fish and thus there does not seem to be any ImmInent 

danger from consummg fish contammg these levels of dieldnn 

Chlordane 

Chlordane was detected m fish at only two locatIons m Egypt Values of 56 and 36 ug/kg 

wet weIght of fish were detected at Port SaId and ill the Suez Canal at IsmalIa respectIvely 



Though chlordane contammatlOn of fish does not appear to be a WIdespread problem m Egypt 

the concentratIOn detected m fish at Ismaha exceeds the chlordane 

standard set by Gennany of 10 uglkg wet weIght of fish but IS safely WIthin the lImIts set by the 

Uruted States of 300 ug/kg wet weIght of fish More research IS reqUIred to better determIne an 

acceptable standard for chlordane contamInatlon of fish 

DDT(sum) 

DDT or Its denvatIves was found in tish from every locatIOn tested in Egypt 1 e, the 

MedIterranean Sea (Alexandna, Abu QIf Bay, Port SaId), the Suez Canal (Ismaha, Suez), the 

Red Sea (Hurghada), vanous lakes (Nasser Maryut, Idku, Burullus, Manzala), the NIle RIver 

(Aswan, ASSlUt Cruro, EI-Mansora, Faraskour, Edfina) and In Canals EI-MahmodIa, Abo El

Ghelt) The range of concentratIOns spread from 19 to 964 uglkg wet 

weIght of fish WIth a mean value of 183 5 +/- 205 9 ug/kg wet weIght of fish The hIghest 

concentratIOn was reported in fish caught In the Red Sea at Hurghada Though DDT or ItS 

denvatlves IS ubIqUItous m the EgyptIan enVIronment the concentratIOns do not exceed the 

lowest legal hmit as set by Gennany or Denmark of 2000 ug/kg wet weIght of fish 

Endnn 

Endnn concentratIOns In fish have been studIed extensIvely m the NIle basm, m the two 

cana1locatlons (EI-Mahmodla, Abo EI-Ghelt), but data IS lackIng from the Suez Canal, the Red 

Sea, Alexandna and the folloWIng lakes, Nasser, Burullus and Manzala Endnn concentratIons 

ranged from 38-86 uglkg wet weIght of fish The hIghest value was reported from the El

MahmodIa Canal and the mean value for all the SItes tested m Egypt was 355 +/- 252 ug 
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endnnlkg wet weIght of fish Accordmg to Gennan standards for endnn concentratIOns In fish 

every level above 10 ug endnn/kg wet weIght of fish would be unacceptable If thIs standard was 

used In Egypt every fish sampled except for fish caught at Lake Maryut or Lake Idku would be 

unacceptable for human conswnptIOn If the U S standard of 300 ug endnn/kg wet weIght of fish 

was applIed all samples would be consIdered safe 

Heptachlor 

In most are~ of Egypt where fish was testeo for heptachlor It was not detected In areas 

where fish dId show thIs chemIcal the levels were low rangmg from 1 5 to 9 0 ug heptachlorlkg 

wet weIght of fish The hIghest value was found In fish harvested from the MedIterranean Sea at 

Port SaId These values however all fall below the conservatIve Gennan standard reqUITIng less 

than 10 ug heptachlorlkg wet weIght of fish and thus the samples pose relatIvely lIttle nsk to 

consumers 

fIexachlorobenzene 

FIsh were not tested for thIs compound m the NIle basIn, Lakes, Nasser, Burullus and 

Manzala, the dramage canals, the Red Sea, nor the Suez Canal EXIstmg data shows a range of 

3 2 - 18 ug hexachlorobenzenelkg wet weIght of fish These values however should not be reason 

for concern as they are all sigruficantly below the lowest legal lImIt of 200 ug 

hexachlorobenzenelkg wet weIght of fish set by Sweden More data may be useful III 

detennmmg If thIs IS true for all areas of Egypt 
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Lmdane 

LIndane was found In FIsh caught from most regIons except for the Red Sea, Alexandna, 

Ismaha, and Lake Nasser The range of concentratIOns was from 9 2-76 ug hndanelkg wet weIght 

of fish, the hlghest value was reported from Lake Maryut The average value was 24 88 +/- 18 9 

ug IIndane/kg wet weIght of fish LIndane standards of less than 100 ug lmdane/kg wet weIght of 

fish were the most strIngent as set by Canada All samples taken from EgyptIan harvest areas 

easIly confonn to these resmctIOns and thus there IS lIttle threat to publIc health 

Mlrex 

ConcentratIOns of mlrex In fish have not been evaluated m the NIle nver basIn or adjacent canals 

Mirex levels of ° 96, 0 41, and 0 17 uglkg wet weIght of fish have been found m fish harvested 

from Abu Qlr Bay, Lake Maryut, and Lake Idku respectIvely Standards for muex concentratIOns 

In fish range from 10 to 100 ug mIrexlkg wet weIght of fish Clearly the levels detected m fish 

harvested m Egypt are well below even the most conservatIve mternatIOnal standards and there IS 

thus lIttle cause for concern In theseareas 

PCBs 

PCB concentratIOns of fish have only been InvestIgated at four locatIOns m Egypt The 

four sItes, Abu Qlr Bay, Port Srud, Lake Maryut, and Lake Idku YIelded fish WIth concentratIons 

of 90, 1200, 22, and 18 ug PCB/kg wet weIght of fish respectIvely Though these levels are 

safely under the most conservative standard of 2000 ug PCBlkg wet weIght of fish It would be 
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useful to determme PCB concentratlOns In fish from the Nile nver and adjacent canals as well as 

from the Rea Sea to ensure that all fish taken from these waters comply Wlth this standard 

HEAVY METALS 

Table 3 summanzes heavy metal concentratlOns m fish taken from the WadI EI-Ralyan 

Lakes, table 4 Illustrates legal llIDlts of heavy metals In fish and fishery products from selected 

countnes 

Table 3 
ConcentratIOn of Heavy Metals In FIsh (Tzlapla zlllz) of WadI EI-Ralyan Lakes 

(ng/dry g) 

Organ and tIssue Year Pb Hg Se Cd eu Zn 

Whole body 1 37-44 38-49 36-4 1 07-13 22-02 52-02 
2 50-78 3 5-5 0 56-60 08-12 3 8-4 7 64- 9 1 
3 69-89 30-4 1 29-4 1 03-1 3 47-53 25-88 

Muscle 1 3 1-50 2 9-3 7 3 3-3 8 05-12 1 3-20 4 1-85 
2 43-88 24-38 57-63 05-1 2 29-40 52-92 
3 5 1 -72 23- 30 1 4-5 0 01-1 1 34- 53 1 8-14 1 

SIan 1 158-255 182-200 146-168 10-24 128-143 168-19 1 
2 13 5-14 8 211-254 13 9-21 2 07-13 145-16 1 189-224 
3 146-18 1 252-271 12 1-189 03-15 168-172 13 4-15 9 

Head,taIl and fms 1 224-256 95-10 1 58-64 16-22 150-18 1 56-68 
2 277-3 1 1 73-82 72-79 1 9-2 4 141-163 78-92 
3 279-308 50-60 45-61 1 8- 38 75-100 65-98 

Internal organs 1 I 1 9-259 65-15 1 97-10 1 1 8-48 11 0-144 52- 15 9 
2 164-304 72-10 2 60-82 1 3-23 16 1-182 63-21 3 
3 143-283 35-44 3 5-4 1 1 7-2 8 142-20 1 56- 184 

Skeleton 1 58-60 11 1 - 122 39-45 01-09 45-61 89-94 
3 46-55 152-169 2 1-30 01-07 68-80 34-4 1 

Taken from Saleh et al (1988) 
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Table 4 
Legal L .. mts for Hazardous Elements ID Fish and Fishery Products 

(mglkg wet weIght) 

Country Sb As Cd Cr Cu Pb Hg Se 
Australia I 5 1,1 52 02-55 10-70 15-55 05,1 1,2 

Brazil 53 

Canada 35 5 53 

Chile o 12,1 05 10 2 05,3 
Denmark 5 
Ecuador 10 5 
Fmland 5 2 

, 
1-

France 5, 7 
Gennany 5 5 1 
Greece 74 

Hong Kong 1 4-10 2 6 5 
India 1 10 5 53 

Israel 5 
Italy 2 73 

Japan 3,43 

Netherlands 05-] 5,2 ] 03 

New Zealand 1 1 30 2 53 2 
Phlhppmes 3 5 54 
Poland 4 10-30 1-2 30-50 
Spam 5 
Sweden 1-2 13 

SWitzerland 1 5 
Thalland 2 20 5 
Umted ] 20-
Kmgdom 10 
Umted States 13 

USSR. 2-1 
Venezuela 1 <LOD-I 10 2 1- 5 
Zambia 35-5 100 5-10 2- 34 

1 Ltmlt vanes aong states 
2 Inorganic 
3 Total 
4 Methyl 
References Nauen (1993), U S FDA (1982, 1984) 
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Lead 

FIgure 1 shows the frequency dIstrIbutIOn of lead levels In fish flesh from EgyptIan fish 

harvestmg areas Lead IS a common contanunant found In fish harvested In EgyptIan waters FIsh 

taken from the Red Sea area have lead concentratIons rangIng from 1 i -323 mg Pblkg wet 

weIght of fish The mean level IS 6 73 mg Pblkg wet weIght fish FIsh from the MedIterranean 

Sea showed a range from 1 9 - 5 6 mg Pblkg wet weIght fish WIth a mean value of 3 07 mg Pblkg 

wet vvelght fish \Vaters of tt~e NIle and adjacent canals YIelded fish WIth concentratIOns from 

o 92 - 19 6 mg Pblkg wet weIght fish InternatIOnal standards for lead levels m fish range from 

o 5 - 10 mg Pblkg wet weIght fish An appropnate standard range mIght be from 0 5 - 5 0 mg 

Pblkg wet weIght fish (Nnagu, 1993) If a protectIve standard of 2 mg Pblkg wet weIght fish IS 

used then data from a study by NaguIb (1988) showed that 93, 78, and 84 percent of all samples 

from the Red Sea, the MedIterranean Sea and all freshwater sources respectIvely, exceeded thIs 

IImlt ThIs study mdicates that lead contamInatIOn of Seafood may be a senous problem m 

Egypt 

Another study by Saleh et al, (1988) Illustrated that older (and usually larger fish) had 

hIgher lead body burdens and that lead was not dIstrIbuted evenly throughout the fish The 

hIghest concentratIons were detected m the head, tall and fin regIOns, followed by the skID and 

Internal organs The muscle tIssues of a fish showed the lowest concentratIOns and thus eatmg 

only thIs portIon of the fish may reduce the exposure to lead 

Mercury 
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Data regardIng mercury contamInatIOn of fish harvested from EgyptIan waters IS farrly 

lImIted Saleh et at, (1988) found mercury concentratIons In fish from the WadI EI Rmyan lakes 

to range apprmomately from 3 - 5 mg Hg/kg wet weIght fish (the ongInal data was for mg 

Hg/kg dry weIght) InternatIOnal standards regulatmg mercury m fish 

range from 1 - 1 0 mg Hg/kg wet weIght fish There IS eVIdence that mercury IS absorbed by the 

body more readIly than lead because mercury often eXIsts In a methylated form m the fish 

(Nnagu, 1993) The appropnate standard depends upon whom consumes the fish and how often 

It IS consumed A standard of 1 0 mg Hg/kg wet weIght fish ImplIes that 227 g of such fish can 

be safely consumed by a typIcal 70 kg male m one week If condItIOns vary from thIs Ideal then 

the standard should be revIsed accordmgly Although the values gIven fall m between the range 

of standards, the paUCIty of data regarchng concentratIOns of mercury m fish makes It dIfficult to 

determIne the degree of hazard to whIch consumers are subjected to from other fish taken from 

EgyptIan waters 

As WIth lead, data from Saleh et at , (1988) suggests mercury IS not stored uruformly m 

all the tIssues of the fish The hIghest levels of mercury were detected III the sIan and skeleton 

Removmg the sIan before consumptIOn may reduce thIs source of exposure 

Seleruum 

Seleruum contammatIon of fish harvested from EgyptIan waters has only been studIed by 

Saleh at al, (1988) for the WadI EI Rruyan lakes Levels were found from 029 - 060 ug Se/kg 

wet weIght of fish InternatIOnal standards for seleruum range from 50 -2000 ug Se/kg wet 

weight of fish Seleruum levels reported from these lakes are well below eIther of these standards 

but more data from other areas IS reqUIred to ensure that there are no hot spots 
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Selemum also appears to be predommantly stored m the fish skm and thus removal of thIS 

component may reduce exposure to thIS compound 

CadmIum 

FIgure 2 Illustrates the frequency dIstnbutIOn of cadmIUm levels m fish flesh from 

EgyptIan harvestmg areas CadmIUm levels m fish were reported from the Red Sea., the 

MedIterranean Sea and freshwater sources In the Red Sea values ranged from 0 13 to 1 0 mg 

Cdlkg wet weIght of fish WIth a mean of 035 mg Cdlkg wet weIght of fish Levels m the 

MedIterranean Sea ranged from 0 14 - 0 56 mg Cdlkg wet weIght offish wIth a mean of 0 30 mg 

Cdlkg wet weIght of fish Freshwater fish concentratIOns were slIghtly hIgher rangmg from 0 0 -

1 7 mg Cdlkg wet weIght of fish WIth a mean of 0 41 mg Cdlkg wet weIght of fish There IS no 

consensus m the mternatIOnal lImIts of cadmIUm m fish, the values show an extreme range from 

o 05 - 5 5 mg Cdlkg wet weIght of fish A conservatlve hmIt may be preferable to protect human 

health If a standard of 1 mg Cdlkg wet weIght of fish was adopted most of the fish samples 

would be acceptable for human consumptIOn but advlsones nay still be necessary because 

approXImately 2 -5% of all samples could exceed thIs IImlt 

CadmIum dIstrIbutIOn m fish appears to be more unIform than for the other metals 

preVIOusly mentIOned There IS thus no practIcal way to reduce cadmIUm exposure from fish 

consumptIon but smce levels are relatIvely low thIs IS not a major concern 

ChrOIruum 

FIgure 3 shows the frequency dIstrIbutIon of chromIUm levels m fish 'flesh taken from 

EgyptIan fish harvestmg areas Chrorruum contarmnatlon of fish m the Red Sea., MedIterranean 
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Figure 2 

Frequency Dlstnbutaon of CadmIUm Levels In FISh Flesh 

From EgyptIan Fish Harvestmg Areas (1986-87) 
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Frequency Distribution of ChromIUm Levels In Fish Flesh 
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Sea and m fresh water fish has been reported by NagUIb ( 1988) Red Sea levels from 0 0 - 7 2 

mg Cr/kg wet weIght of fish were repo~ed wIth a mean of 1 26 mg Cr/kg wet weIght of fish 

ConcentratIOns found m MedIterranean fish were generally lower WIth a max filUm value of 0 95 

mg Cr/kg wet weIght of fish, the mean was 0 26 mg Cr/kg wet weIght of fish Freshwater levels 

of 0 - 5 0 mg Cr/kg wet weIght of fish were recorded WIth a mean of 0 73 mg Cr/kg wet weIght 

of fish The only reported standard for tlus metal IS 1 0 mg Crlkg wet weIght of fish from Hong 

Kong Iftlus number IS an acceptable standard then apprOXImately 37, and 20 percent of all fish 

samples taken from the Red Sea and freshwater sources respectIvely exceeded tlus hmIt 

ChromIum contammatIOn m Egypt may therefore be a problem, but more research may be 

needed to determme an adequate standard 

Copper 

Data for concentratIons of thls element m harvested fish IS lackIng but a study conducted 

by Saleh et al , (1988) found levels of copper from 0 02 - 0 53 mg Cu/kg wet weIght of fish m 

the WadI El Kruyan lakes Because InternatIOnal standards for copper start at 10 mg Cu/kg wet 

weIght of fish, these copper levels are not currently a concern In these lakes but other areas 

should also be mvestIgated 

Zmc 

Zmc levels In the WadI EI Rruyan lakes as reported by Saleh et al , (1988) ranged from 

002 - 091 mg Zn/kg wet weIght of fish Standards from other countrIes consIder ZInC levels 

above 30 mg Zn/kg wet weIght offish to be hazardous and thus these levels are 

of no concern However, levels III fish from other areas must also be mvestIgated to ensure that 

locally contammated SItes are not causmg problems 
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CONCLUSION 

Contmued mvestIgatIOn of contanunant levels IS warranted especIally WIth regard to 

heavy metal concentratIons In fish harvested from vanous waters AddItionally Egypt needs to 

evaluate chemICal standards and adopt levels that protect human health and at the same tIme take 

Into account the specIal conditIons present In Egypt Lead concentratIOns seem to be qUite hIgh 

In some regIons especIally pans of the Red Sea and vanous freshwater sources Areas WIth hIgh 

contammant levels "hcmld be restrIcted to fislung RemedIal efforts and pollutIOn prevention 

measures also should be Incorporated to reduce contammant levels 
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Abstract 

There are three general approaches for reducing the levels of chemical contaminants In 

aquatic organisms that are centered around the pharmacokinetics of uptake and clearance of a 

chemical and blOdllutlon of tOXIC reSidues by growth These Include, 1) reduction of the 

concentration of the chemlcal1n water, 2) allowing contaminated organisms to depurate In clean 

water and proViding them with uncontaminated food and 3) Increasing the growth rate dunng the 

uptake and lor depuration phases to dilute the contaminant concentration In the organism In this 

section of the report research effects to model the depuration and biological processes IS 

presented 

The overall depuration rate IS taken to be a first order rate process This IS combmed 

with a zero order Intake rate to provide a Simplified model which could be used to start the 

chemical depuration expenments 

A detailed discussion of the kinetics of the rates of bloaccumulatlon and depuration of 

chemicals In fish IS given In the appendix 
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Potential Public Health Problems From Chemical Contammants 

The Hidden Threat 

Throughout the world chemical contamination of food IS an Issue of growing concern 

This IS more eVident In the case of seafood where organisms are continuously exposed to highly 

complex mixtures of hydrocarbons In fuel oils, pesticides herbicides heavy metals and other 

exotic organic and inorganic compounds With worldwide Industry uSing about 65,000 chemical 

compounds and around 1,000 new compounds being Introduced each year, there IS a mynad of 

possible combmatlons of chemicals that may directly or indirectly find their way Into wastewater 

(U S GAO 1988) Currently one would be hard-pressed to find surface water, Including that 

used In any type of aquaculture, that IS free from pollution Because of numerous reports on the 

contamination of aquatic environments and the Importance of seafood In the human diet, 

aquatic organisms reqUire speCial attention 

Metallic and organic toxicants entering a pond In wastewater or leached from pond 

fixtures and equipment (Boydon and Romenal 1975) may affect fish and shellfish survival, or at 

sub-lethal concentrations they may Impair their growth It IS Important to note In this diScussion 

that water pollution Will exhibit a more harmful effect on aquaculture than natural aquatic 

systems because the cultured species have a limited capacity to adapt, avoid or escape 

pollutants It IS pOSSible that very low levels of contaminants may not vIsibly affect fish and 

shellfish growth and survival yet via bloaccumulatlon these low concentrations could pose a 

public health to consumers and thereby affect the viability of the sewage aquaculture Industry 

(Little and MUIr 1987) 

The potential health hazard from consumption of organisms which have been harvested 

from chemically contaminated sewage could most likely no be human tOXICOSIS from large doses 

of toxicants over a short penod of time (Brock, 1986) Rather It IS qUite likely that the consumer 

would be exposed to law levels of an indeterminable number of hazardous substances over an 

extended penod of time With no observed effects for years However, their lifetime nsk of 

disease such as cancer would be Increased (Cordle. 1981) 
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The magnitude of the public health threat may be substantial SCIentISts do not know the 

human health nslrs from exposures to 90 percent or more of all chemIcals that get Into the 

envIronment since It IS dIffIcult for them to develop dIrect relatIonshIps between levels of many 

chemIcal contaminants and human Illness Because of these uncertainties, the potentIal hazard 

of these chemIcals remaInS unclear (U S GAO, 1988) 

Hypothetical Approaches to Show Potential Problems 

Some examples of xenoblotlcs whIch may not threaten fIsh and shellfIsh growth, 

survIval, or reproductIon, and yet bloaccumulate to levels whIch could pose a public health 

problem, can be provided by uSing two simIlar hypothetical approaches 

The first approach Involves comparmg the maxImum acceptable toxIcant concentration 

(MATC) or hypothetIcal tOXIC threshold concentratIon for aquatIc organisms to a crIterIa level In 

water which IS set to protect humans from undue nsks form seafood consumptIon (U S EPA, 

1986) for example, the MATC for PCBs uSing fathead minnows has been reported to be 

between 1 1 to 15 ugll (McKIm, 1985) thiS IS substantIally higher that 0 079 ngll for water whIch 

IS the U S EPA CrItena concentratIon that may result, via bloconcentratlon, m 10-6 lifetIme rIsk 

of Increased cancer inCIdence from consumptIon (Table 1) 

Table 1 General Information on Health Aspects, Fish Survival, and Legal LImits For 

Hazardous Compounds In Fish and Fishery Products 

Pnonty Known MATC2 U S Cntena Cone 1 4 US World 

Compounds PollutanJ Cal'Clnogen ugll Rsh Consumpbon, ngI1 mwg mglkg 

Aldnn Y Y 079 3 1 10 
Dl6ldnn Y Y 076 3 1-10 

Chlordane Y Y 48 3 01-3 
DDT Y Y 36 1 5 024 50 20-50 

DOTs Y Y 

DIOXIn Y Y 000014 25 (nglkg) 20-25 
Endnn Y N 14- 30 10000 3 01- 3 

Heptachlor & Y Y 086 184 29 3 01 - 3 
Heptachloro-

epoXlde 

Hexachloro- Y N 74 3 2 5 
benzene 

Kepone 3 4 1 - 4 

LJdane Y Y 91 -235 NE NE 1 2 
Malathion N N NE 1 5 
Mlrex N N NE 01 - 1 
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Pnonty Known MATC2 U S Cntena Conc 1 4 US World 

Pollutant Carcinogen ugJ1 Fish ConsumetJon n~ m~g mg/kg 

Parathion N N NE NE 1 2 
PCBs Y y 1 1 15 079 20 10 50 

Toxaphene y y 025 299 73 50 1 50 

Vinyl chloride Y Y 525000 NE 01 

Element 

Antimony Y N 45 mg NE 10 15 

Arsenic y y 175 ng 1 10 

Arsenic 111 y Y NE 

ArseniC V y Y NE 

cadmium 
y N 1 1 80 H 10 0 ug NE o 55 

Chromium III N N 3433 mg NE 10 

Chromium VI Y N 

Copper Y N 95 1044H 

NE NE 10 100 

Lead 
y N 313 Lo3 H 

50 0 ug NE 5 10 

Mercury (methyl) N 
y 07 93 146 u9 10 1 1 0 

Selenium Y N 100U ug NE 05 20 

Zinc 
y N 260 

136SH NE NE 30 1000 

1 US EPA (1986) OValue for water and fish mgeston 

2 McKim (1985) H = Hardness dependent 

3 Nauen (1983) US FDA (1982) US FDA (1986) Y=Yes 

4 Risk level for carCinogens = 10-6 N=No 

N E = Not established 

The second approach IS more direct and Involves looking at the levels accumulated In 

organisms dunng chromc bloassays where no observed effect IS reported For example, McKim, 

et al (1976) observed that brook trout could accumulate methyl mercury to levels which 

] exceeded legal limits Without affecting the fish's survival, growth, or reproduction Similar results 

have been reported for mlrex (Skea et ai, 1981) these examples show that chemical 

contamination of organism IS not always apparent and that there IS a need foe chemical analYSIS 

of tissues to determine If there IS potential public health threat from their consumption 

What are Acceptable Levels for Contammants In Seafoods? 

The acceptable levels for contaminants In seafood depends upon what levels of nsk an 

agency group society or person IS Willing to tolerate These levels are not permanent They 

may change due to public pressure, Increased knowledge about the tOXIC effects of 
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may change due to public pressure Increased knowledge about the tOXIC effects of 

contaminants, or Improved techniques In determining risk The following dlscusslor IS 

constructed to Illustrate different degrees of concern over the consumption of contaminated 

seafood and how these concerns relate to what are conSidered acceptable levels The purpose 

of this diScussion IS to show that In certain cases sewage-aquaculture systems may need to be 

modified to meet different Ideals 

Compliance with legal limits IS probably at the top of the list of concerns with 

management personal and regulators However, these limits will vary from place to place 

because people are different and are Willing to accept different nsks, and also because the 

database and method of calculating legal limits vanes Levels of contaminants In wastewater

cultured organisms would not meet legal limits If these products were sold In other countries 

Hence there would be a need to modify these wastewater aquaculture systems If the products 

were sold somewhere else 

There may be potential public health hazards, even though a nation's legal limits are 

met, or If one place adopts the legal limits of another (e 9 , the Marianna Islands use U S FDA 

Standards) For example when the U S FDA sets action levels or tolerances, they make 

generalizations about consumers and their consumption patterns, e g , 6 5 g of seafood are 

consumed by a 70 kg make per day (U S EPA 1980) Average consumption rates for portions 

of the US population may vary from 6 to 100 g seafood/day and hence the nsks from seafood 

consumption are not evenly dlstnbuted throughout the population (Suta 1978, SRI 1980, Puffer 

et al 1982) Also, legal limits may not take Into account senSitive subgroups In a population 

Eating contaminated seafood before and during pregnancy, even In small amounts, may result In 

substantial developmental problems In the exposed fetus and In nursing children Also, young 

children who are not yet sexually mature may be espeCially senSitive to the effects of chemical 

contaminants (National Wildlife Federation 1989) Therefore It IS often difficult to determine. 

based on legal limits that a sewage-aquaculture system will produce a product that IS acceptable 
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for human consumption by an entire population This further Illustrates the need for options to 

reduce contaminant levels In wastewater grown organisms 

Even If local standards are set for contaminants In seafood less assumptions are made 

about the consumer and sensitive subgroups are considered there stili may be a need for 

further reduction In contaminant levels before the seafood may be considered unquestionably 

safe and acceptable for human consumption 

Seafood can be simultaneously contaminated by many chemicals Little IS known about 

the tOXIC effects of some of these chemicals and tOXIC Interactions between chemicals Thus, 

the magnitude of the risk due to consumption of the seafood IS unknown The total risk from all 

the chemicals present In seafood may be higher than the nsks that calculated, usually 

IndiVidually, for the known toxicants 

For carcinogens the levels In any medium should theoretically be zero for maximum protection 

of human health However, thiS may not be feasible and thus residue levels are chosen that may 

result In a small (e g 10-6) Increased risk of cancer over a lifetime Since most of the models 

used to determine these nsks are linear at low dose (U S OT A 1979) any significant decline In 

contaminant levels should translate proportionally Into reduced risks 

Given the aforementioned problems It would be responsible product stewardship to keep 

tOXIC residue levels as low as pOSSible Again, thiS shows the need for options to reduce 

contaminant levels In wastewater-grown organisms 

Ways to Reduce Residue Levels m Cultured AquatiC Orgamsms 

In order to emphaSize the Importance of reducing contaminant levels In cultured 

organisms as a means of reducing nsks from their consumption, It IS of value to conSider other 

pOSSibilities for lowering these risks 

One way to reduce nsks from consumption of contaminated cultured aquatic organisms 

IS to eat less of them However, thiS might Increase nsks from other disease like malnutrition 

from InsuffiCient protein Intake or It might Increase nsk of heart problems Another way to 
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reduce nsks from consumptIon of these organisms IS to use food preparatIon and cooking 

techniques whIch lower the CO'ltamrnant levels ThIs could be an effectIve approach but It would 

be diffIcult to get universal compliance because IS some places there would be problems related 

to Information diSSeminatIon and the changing of personal habIts and local customs The most 

effectIve approach to reduce risks from consumptIon of contamInated cultured aquatic organisms 

would be to reduce reSidue levels In these organisms 

The ways rn which reSidues levels In cultured aquatic organisms can be reduced are 

centered around the pharmacokrnetlcs of uptake an depuration of a chemical Pnor to descnblng 

the pharmacokrnetlcs It IS necessary to define what uptake routes are gOIng to be considered 

An organism WIll obtarn ItS pollutant from eating contaminated food and also from breathing 

contaminated water The potential for reSIdue accumulation by fish and shellfIsh through the 

food charn IS usually assumed to be relatively Inslgmflcant, Ie, < 10% (Macek, 1979) However, 

rn certarn cases exposure through the food charn IS likely to occur only for chemIcals which are 

very lipophiliC, Ie, Pow> 105 (Bruggeman et al 1988, Thomann, 1989) Hence, for many 

chemicals and aquatic organisms bloconcentratlon from water IS adequate to describe 

accumulation of chemical reSidues 

Bloconcentratlon IS often modeled by conslderrng It to be a balance between two kinetiC 

processes, uptake across the gIll membrane from water and depuration from the organism (also 

referred to as clearance) Both processes generally can be satIsfactorily descnbed usrng first 

order krnetlcs WIth the uptake rate dependent upon the contamrnant concentratIon In water, and 

the uptake rate constant and the depuration rate a function of the reSIdue level rn the organism 

and the depuratIon rate constant ThiS can be mathematIcally described by the follOWing 

where 

Ct = (k1/k2) Cw (1-ek2 T) 

Ct Cw = contamrnant concentratIon rn fish and water respectIvely 

k1' k2 = uptake and depuration (d -1) rate constants, respectively 

t = time 

93 



J 

At steady state the ratio Cf/Cw IS called the bloconcentratiOn factor (BCF) and equals k1/k2 

(Neely 1979) 

The residue level IS an orgamsm at any given time will depend upon the contaminant 

concentration In water, duration of exposure uptake and depuration rates, as well as the growth 

rate which facliltates a blodllutiOn of accumulated residues (Spacle and Hamellnk, 1985) 

Extensive environmental factors such as biomass and organic content of the water and 

sediments may have and Influence on residue levels In organisms by reducing the availability of 

a toxicant for uptake (Vanderford and Hamehnk, 1977 Ellgehausen et al 1980) Also, mtenslve 

environmental factors hke temperature can affect accumulated residue levels (Macleod and 

Pessah 1973 Reinert et al 1974) 

There are at least three approaches for reducing the levels of contaminants In aquatic 

organisms 1) reduce the concentration of the tOXIC constituent In water by decreasing direct 

Inputs Implementing pretreatment or maintaining a high orgamc content and/or biomass In pond 

water or sediments 2) depurate the organism In 'clean" water and provide "uncontaminated" 

feed, and 3) mcrease the growth rate dunng uptake and/or depuratton phases 

Depuration of Residue Levels 

Biological Half-lives 

The feaslblilty of depuration to significantly reduce contammant levels In fish heavily 

depends upon the clearance rate constant or the biological half-hfe In thiS study, the depuration 

of toxicants follOWing the Introductton of fish Into clean water Will be descnbed predominantly by 

a first-order smgle compartment model with the understanding that thiS IS a mathematical 

construct of a multlcompartment system which may at times follow a non-first order clearance 

(Spacle and Hamehnk 1982) Dependmg on the exposure level and the mode of elimination, 

models with blphaslc second order or Mlchaehs-Menten kinetiCS may at times prove to be better 

chOices (Spacle and Hamellnk 1982) If ellmlnatton occurs through passive diffUSion at the gills 

or other membranes first-order kinetiCS are generally appropnate The clearance rate of a 
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foreign chemical from an organism changes with time and this can be mathematically 

represented by the following differential equation 

(2) 

When Integrated this becomes 

(3) 

Where (Ct) IS the concentration of the chemical In the organism at time (t) of depuration and 

(CO) IS the Initial concentration at the beginning of depuration (t=O) The elimination rate 

constraint (k2) In units of tlme-1 IS determined from the slope of the hne 

(4) 

The first order eliminatIon rate constant (k2) IS a proportionality constant that relates rate of 

elimination and amount In the organism For first order elimination the biological half-hfe, t1/2' IS 

determined by k2 as follows 

(5) 

The chemical's biological half-hfe will often be used to descnbe the elimination of the 

toxicant from fish because It IS an easily understood parameter by laymen as well as SCientiSts 

Furthermore, for first order elimination t1/2 can be directly converted to the depuration rate 

constant (equation 5) Also either of these descriptions, t1/2 or k2' can be used to determine the 

time reqUired to reach a percentage of steady state accumulation of BCF (Zitko, 1977, Spacle 

and Hamehnk, 1985), 

Ie, (6) 
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The k2 can be used to calculate the time reqUIred by a fish to achieve the BCF level, but not the 

magmtude of this level Knowlrg the time to reach steady state may be of value for some 

chemicals (espeCially those With long t1/2) when determining the trade off between the growing 

time of fish In contaminated water verses the degree of tissue contamination Although the 

biological half-life of a substance IS very useful for comparing the retention of chemicals and 

time to steady state, the feasibility of uSing depuration In order to lower residual levels to 

acceptable values Will also highly depend on the extent to which a substance exceeds the 

deSired level since the elimination rate IS concentration dependent (equation 2) 

Ways to Predict Biological Half-lives 

Approaches for predicting biological half-lives may be divided Into Inter-chemical 

predictions (predicting k2s for unknowns uSing one of theIr phYSical propertIes and relationships 

between that property and k2s of known compounds) or Intra-chemical predictions (predicting 

k2s for a given compound uSing relationships between that compound and experrmental 

variables) 

There eXIsts no simple formula for predicting, for all chemIcals, their biological half-lives 

For some non-metabolized non-polar organic contamInants, negatIve relatIonships have been 

established between these chemicals n-octanol/water partitioning coeffiCIent and theIr depuration 

rate constants (Ellgehausen et al 1980 Konemann and Van Leeuwen, 1980, Spacle and 

Hamellnk 1982) ThIS concept was expanded upon by Gobas et al (1986) and Barber et al 

(1988) to Include In their models, along WIth the phYSiochemical property of the chemical, 

biological attributes of the fish These relationships are useful for making predictions Within a 

homologous senes of compounds and generalizations about thiS relationship for other chemIcals 

(e g elimination rate constants are extremely low for ·super hpophlhc" compounds) They 

cannot be applied to other hazardous substances where metabolism plays a deCISive role In 

excretIon (Southworth et al1980 Southworth et a11981) or when the chemical does not have a 

partitioning coeffiCient (e g metals) While these models are useful for a rough estimation of 

the depuration rate constant for some untested chemicals, they often contain large errors of a 
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magnitude or more, and thereby they are not much use for accurately predlctmg depuratIon rates 

In the "real v.orld For thIs purpose Intra-chemIcal models uSIng tested chemIcals are needed 

rather than mter-chemlcal models 

Ideally In order to accurately estImate the bIological half-hfe of hazardous substances m 

the "real world· laboratory experIments should Include many experImental varIables (e g , fIsh 

specIes, fIsh weight water temperature, etc) Unfortunately thIs IS not economIcally feasIble 

Uptake and/or depuratIon experIments are usually conducted Independently by dIfferent 

researchers to answer specIfIc questions related to a chemical (e g, K1 k2' BCF) uSIng 

convenient fIsh and envIronmental condItIons whIch are conducIve to survival This lack of 

standardized test condItIons has often resulted In discrepancies In the lIterature on bIological 

half-lIves and other pharmacokmetlc deSCrIptors (e g BCF) ThiS fact, along with at times the 

qualIty of research has created a lIterature database that, at fIrst glance, one would be hard

pressed to use to make certaIn predictions from ThiS IS especially so when a statement might 

Influence deCISion makers For example, the half-life of hexachlorobenzene has been reported 

to be 5-12 days (Neely et al 1974, Sanborn et al 1977, Konemann and Van Leeuwen 1980) and 

around 200 days (Nllml and Cho 1981, Numl and Palazzo 1985) One could rather safely say 

that the half-life for hexachlorobenzene IS between 1 week and a months ThIS degree of 

accuracy may not be adequate for certaIn types of decIsions, especially when money and time 

constraints are considered, like In the case of depuratIng chemically contaminated cultured fIsh 

Scheme for Determmlng Which Model to Use 

When makmg a deCISion on what model and kinetiCS IS most appropnate to descnbe the 

ellmmatlon of a foreign substance from the fiSh, the follOWing scheme, USIng Information from 

Spacle and Hamellnk (1982) shall be followed For persistent, apolar, lipophilIc compounds, 

which are ehmlnated by passive diffUSion, first order kInetiCS shall be chosen to descnbe the 

ellmmatlon If a chemIcal IS elImInated predomInantly by a metabolic pathway that Involves 

enzyme systems, then the clearance may follow Mlchaells-Menten kinetiCS ThiS can be 

Identified by the half-hfe Increasing WIth reSIdue concentrations and the kinetiCS shiftIng form 
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zero order to first order as the residue level declines and the enzyme system changes from a 

satl.!iated to an unsaturated states In this case the kmetlcs used to descnbe the data will 

depend upon which relationship IS slgmflcant (P<O 05) and best fits the data The exception to 

this rule for chOice of kinetics occurs when the experiment IS conducted for a time period less 

than the half-life In this case It IS difficult to distinguish first order from zero order clearance If 

eVidence from other experiments suggest that the kinetics follows first order clearance then this 

will be selected over zero order elimination even thought the latter may fit the data 

If only two data POints are reported for the elimination phase, the selected kinetiCS model 

will be one that IS consistent with similar studies on the chemical 

If two or more compartments eXist which clear at different rates, thiS can be Identified by 

the half-life increasing with decreasing concentrations Some researchers have tried to descnbe 

thiS phenomena by use of concentration dependent second order kmetlcs (Ellgehausen et al 

1980) Since thiS model Implies that residues become more persistent as they decline, which IS 

mechanistically difficult to account for (Spacle and Hamilton 1982), a two compartment model 

emplOYing first order kinetiCS Will be used to desCribe the blphaslc data 

Variables Which Affect Depuration 

Variables which affect depuration are tabulated and discussed In Appendix A Vanables 

Include such factors as (1) chemical and fish species (2) fish size (mltlal weight before uptake 

and average weight dUring depuration) (3) exposure and elimmatlon duration and temperature, 

(4) media analyzed (whole fish muscle or elimination of water), (5) the Imtlal level of the 

toxicant In the organism or ItS muscle tissue at the beginning of depuration and (6) lipid content 

A comprehensive list of factors which may affect elimination rates IS given In Table 2 below Not 

all of these factors are Included In the compiled studies because some of the factors are only 

rarely looked at 
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Table Two List of factors that may affect laboratory derived elimination 

Experimental Methodology 
Exposure duration 
Elimination duration 
Water renewal time 
Dose level 
Model selection 
Growth compensation 
Preexposure to chemical 

Exposure Route 
Food 
Water 
Other (injection, Intragastncally, etc) 

Chemical 
Species 
Properties 
Interaction of accumulated contaminants 
Calcium concentration In the water 

Biological 
Species 
Tissue 
LIpid Content 
Egg and sperm maturation & 
spawning and sex 

Related to Metabolism 
Weight 
Temperature 
Ration (starved or fed) 
Ventilation volume 
Oxygen concentration 
Fish behavior (actiVity) 

Since growth can proportionally reduce reported half-lives based on concentration It IS 

of value to elaborate on the Implications of increasing body sIze HistorIcally It has been 

assumed that the change In fIsh weight dUring a laboratory study IS small and has Inslgmflcant 

effect on the chemical half-life, but this IS not always the case When the depuration phase of an 

expenment IS qUite long, as may be the case for very lipophIlic compounds, substantial growth 

dilution may be occurnng along wIth eliminatIOn Both of these processes Will facilitate a 

reduction In the contaminant level In the fish If they occur sImultaneously this Will result In a 

higher calculation of K2 or lower estimate of t1/2 than that produced by elimination along unless 

one of the follOWing procedures IS followed 

1) Fish are depurated under a maIntenance diet that does not result In growth A 4% 

ration IS considered a maintenance ration for many fish (Hastings 1969) ThIs may be an 

appropnate approximation (FIsher et al 1986) or may not be appropnate (Argyle et al 

1975) In either case the level of the toxicant can Significantly affect the growth rate 

(Argyle et al 1975) So It may be difficult to determine If there IS growth based on ration, 
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2) Growth IS measured and the half-life determination IS corrected for the Influence of 

growth dilution (e g , Nllml and Cho 1981 Branson et aI1985), 

3) Body burden IS measured by either mOnltonng a radioactive, non-metabolizable 

substance In a live fish or by monltonng the decline of the amount of substance In whole 

fish or tissues by multiplYing the contaminant concentration by the weight of the fish or 

tissue 

The clearance of xenoblotlcs from biological systems IS a complex dynamiC process resulting 

from the Interplay of several parameters which not only Include properties of the compound 

Involved (such as solubility and structure) but also charactenstlcs of the biological system (lipid 

content weight species age sex etc) environmental Influences (temperature dissolved 

oxygen, etc ), and behaVioral patterns (e g activity) 

In spite of the compleXity of reactions and processes Involved In elimination of a 

substance and the confounding Influence of Internal and external factors which affect the 

elimination rate It IS Important to determine If Simple relationships can be established between 

experimental varrables and a chemical's ability to be eliminated These relatIonshIps could aid In 

extrapolating laboratory date to dIfferent fIeld condItions 

Statistics and Relationships 

According to Norstrom et al (1976) the clearance of a chemical from the whole organtsm 

should be directly related to turnover of the tIssue components, WhICh, In tum should be related 

to metabolic rate or some other specles-speclfrc tIme-dependent, and definable fractIon, such as 

body size and/or adipOSity RelatIonshIps between the depuration rate constant and such 

varrables as ratIon, temperature and weIght all of which can mfluence metabolic weight, mayor 

may not show a metabolic dependence of chemIcal depuratIon 

Excellent examples of these relatIonships are prOVIded for methyl mercury (Fagerstrom 

et al 1974 Sharpe et a11977 Rodgers and Beamish 1982) Collectively these studies suggest 

that the depuration of methyl mercury IS not stnctly dependent on metabolic rate and may be 

specIes speCifiC Regardless of the mechanism a number of these studies show a strong 
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dependency of depuration on weight (DeFreitas et al 1975, Sharp et al 1977) There IS little 

eVidence In the literature to either cont~adlct or confirm thiS type of dependency for most othe~ 

chemicals Norstrom et al (1977) and Thomann and Connolly (1984) showed that the 

dependency of PCB elimination rate constant on body weight IS consistent With their findings 

From a very preliminary investigation uSing some of the data that has been compiled for thiS 

proposal, relationships have been established between body weight and depuration rate 

constants ThiS indicates that thIS approach shows promise In revealing some very useful 

information However, the extent to which other experimental vanables could Influence 

elimination may be difficult to assess at the present time because of limited Information available 

on a contaminant With different half-lives over a range of experimental variables 

Beyond the field application of relationships between experimental variables and 

clearance rates the relationships could help to better delineate to what degree k2 relationships 

may aid In refining inter-chemical comparisons based on phYSicals properties (e g , log P-Iog k2) 

by normaliZing the data (e g , k2 for 100g fish) Also, relating the clearance function to fish 

weight, or some other parameter would proVide valuable information for clearance models used 

In thiS study as well as models concerned With predicting pollution accumulation In the 

environment (e g Norstrom et al 1976) 

Blodllutlon of ReSidue Levels 

The blodllutlon of contaminant levels In fish tissue by growth In ·cleanh water uSing ·clean" food 

IS modeled by Incorporating a growth function Into the previously mentioned Single compartment 

models (Branson et al 1985, Spacle and Hamellnk 1985) A mathematical deSCription of 

incorporating growth Into both linear and exponential short term «1 year) growth models IS given 

In AppendiX 1 

Those Industrial and agricultural compounds that have half-lives which may range Into 

years, such as mlrex PCBs, and methyl mercury (Skaar et al 1981, Nllml and Oliver 1983, 

Ruohtula and Mlettlnen 1975) can only undergo slgmflcant reduction In tissue levels In a 

reasonable penod of time by growth dilution The prior chOice of an appropnate growth model to 
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study this effect IS cntlcal The time required for growth dilution of a chemical contammant to 

half Its cnglral concentration could vary dependmg upon the model (linear or exponential) by a 

factor of as much as 1 44 If only the Initial growth rate (day 0 - day 1) IS considered or If a 

percentage/day figure IS converted to a growth rate and Inserted Into these models 

Another Important consideration when studYing the effect of blOdllutlon on residue levels 

IS the selection of fish growth rates and setting the conditions for those factors which Influence 

growth rates Fish growth IS the difference between metabolizable energy (calones consumed x 

assimilation effiCiency) and respiration reqUirements (standards metabolism + specific dynamic 

action + active metabolism) Many of the aforementIOned vanables that determine growth are 

themselves affected by other factors such as temperature, salinity, food availability, fish size 

etc Because growth rates are controlled by various biotic and abiotiC factors which often are 

Interrelated It IS of value to assume a set of conditions so as to Simplify things Making 

assumptions when dealing with aquacultures can be done with more certainty that In nature 

because these systems can be manipulated by feeding and not allOWing the fish to reach 

maturation For example growth rate can be related to and to a large degree, controlled by the 

feeding rate and food conversion effiCiency (100 x weight gain/amount of food) Thereby, thiS 

reduces the Influence of a number of phYSiological and environmental variables on growth 

The maximum phYSiological growth rate IS a condition where food availability (quality and 

quantity) Will not limit growth (Hepher 1978) ThiS occurs when fish consume the maximum 

ration (see Figure 1 at the top of the next page) The maximum growth rate can be achieved by 

a fish as long as food a particular nutrient or unfavorable environmental conditions (e glow 

o 0 ) do not limit growth (Hepher 1978) ThiS growth rate can be malntamed for the fish m a 

pond up to the Critical standing crop, the biomass at which IImltmg factors come Into play ThiS 

level can be extended by satisfYing the limiting factors Temperature can also greatly Influence 

the growth rate (Brett 1979) 
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Figure 1 Maximum Growth Rate 
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FeasibIlity of Depuration and Blodllutlon to Decontaminate Fish as Determined by Size, 

TIme, and Cost Constraints 

In order to determine the feasibility pf depuratlon~growth to lower fish residue levels, 

market Size, time, and cost constraints must be considered The main factors (output vanables) 

that need to be determined are (1) The ~ for a set percentage of the fish population to reach 

speCific chemical concentration level, (2) the average weight of the fish at the end of the 

process, and (3) the cost of prodUCing the fish The values for the three factors (time, weight, 

and cost) wJlI need to be compared to "criteria" values to determine the feaSibility of the process 

Based on this companson, and the Initial contaminant levels and risk Information, one of three 

deCISions can be made First, a deCISion can be made on whether to go ahead and depurate the 

fish pnor to marketing for human consumption Secondly, a deCISion can be made not to 

depurate the fish In order to market them for some other use (e g , ammal feed, fertilizer, etc) 

Or, a deCISion can be made to Simply discard the fish 
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Desired Level 

The desired level will either be a legal limit or a lower value that has been determmed by 

risk analysIs The risk analysis-derived values will be estimated uSing realistic exposure 

Information (e g consumptton of y) and for noncarclnogens, Reference Doses (RfD's) which are 

conceptually similar to Acceptable Dally Intakes (ADI's) The desired level for carcinogens will 

be determined uSing a linear dose response model, an acceptable level of risk (e g , 10-6 excess 

lifetime risk of cancer) exposure Informatton and carCinogen potency factors (a "'s) Integrated 

Risk Informatton System (IRIS) Wilt be used as the primary source of Information for RFD's and 

O*'s Some RFD's and O*'s are I1sted In Table 3 and examples of risk models can be found In 

Appendix 2 Based on the aforementioned factors, management may also pick a value between 

the legal I1mlt and the risk analysIs value because of economic considerations 

Table 3 Information on Risk from Consumption of Hazardous Organic Compounds and 
Elements That Have Legal Limits In Fish and Fishery Products 

Human Threshold Cntena Human Cancer Cntena 

Compound/Element Known RfD' Uncertalnty2 TMRC a 4 

Carcinogen mglkwday Factor mg chemlcaUkg Potency Factor 

body wtlda:( 

Compounds 

Aldnn Y B73E 8 1145 

Dletdnn Y 329E B 3037 

Chlordane Y 769E 7 13 

DDT Y 119 E 7 B422 

DOTs Y 
Dioxin Y 
(237 BTCDO) 

Endrtn N 000045 1000 

Heptachlor Y 222 E 7 45 

Heptachtoro-

epoxlde 

Hexachotorbenzene Y S8BE 7 17 

Kepone 

Undane Y 754E7 1326 

Malathion N 
Mirex N 
Parathion N 
PCBs Y 230 E 7 43396 

Toxaphene Y 884 E-7 1131 

Vinyl Chtonde Y 435E 7 23 

104 



CompoundfElement 

Elements 

Known 

carcInogen 

Human Threshold Cntena 

RfD 1 Uncertalnty2 
mglkgfday Factor 

AntImony N 0042 100 

Arsemc Y 
Arsenic III Y 
ArsemcV Y 
cadmIum N 0005 10 

ChromIum III N 5 1 1 000 

ChromIum VI N 00482 500 

Copper N 
Lead N 
Mercury N 000158 1 000 

Selemum N 001 10 
Zinc !l.J 

Human Cancer Cntena 

TMRC 0,4 

mg chemlcaVkg Potency Factor 

bodywVday 

1 RfD (Reference Dose) or ADI (Acceptable Dally Intake) = NOAEL or LOEAUuncertalntyfactor 

2 UncertaInty factor A safety factor for exptrapolatlng from ammals to man etc 

3 TMRC (TheoretIcal MaxImum RESIdue ContnbutJon) or RAI (RIsk ASSOCIated Intake) calculated for excess tumor 

inCIdences = 10-6 

4 0 (Cancer Potency Factor) TMRC x 0' = Excess tumor inCIdence 

(mg chemIcal! (excess tumor 

kg body wVday) Incldence!mg chemIcal! 

kg body wVday) 

Reference State of Wlsconson (1989) 

Size 

The size cntena IS determmed by the market size of the fish and/or fish maturation ThiS 

IS a somewhat fleXible value and could be a range (e g • 150-250g) 

The time cntena Will depend upon the aquaculture system It must be at least as long as 

the duration required for depuration of pathogens and no longer than the time reqUIred for the 

next crop to grow out or complete a phase of growth In other words, the ongomg production 

should not be mterrupted by thiS phase 

Cost 

The cost associated With depuration and growth Will be compared to the market pnce of 

fish to determme If the process IS economically feaSible The cost requirements for feed Will 

depend upon such vanables as depuration time, fish Size, growth rate, food conversion ratiO, and 

umt feed price Formulas that may be used to calculate feed-related costs and feedmg rates are 
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provided In Appendix 1 It should be noted that the feed costs for the extensive sewage 

aquaculture phase will be very low because natural flora and fauna provide the feed, so virtually 

all the feed costs will denve from the depuration phase On the other hand labor requirements 

and associated costs will be relatively high for the sewage growth phase but probably not for the 

depuration phase If It IS assumed that the added tasks do not put an excessive burden on 

personnel 

Problems With Extrapolation of Laboratory Data to Field Data 

Extrapolation of laboratory data to field data Include problems such as species vanablhty 

and temperature differences Less eVident field problems, such as multiple chemical exposure 

Interactions can Influence depuration rates (Macek et al 1970, Mayer et al 1970 Denison et al 

1985, CUVIn and Furness 1988 Wicklund et al 1988) 

The Importance of Field Studies 

The Importance of performing field studies to practically test clearance rates and the feasibility of 

depuration to reduce risk from chemically contaminated fish cannot be overemphasized 

Specific populations dependent on a seafood diet Will continue to be at risk from chemical 

contamination until practical knowledge IS gained about seafood chemical contammatlon ThiS 

report provides state of the sCience information about the practical application of modeled 

depuration and biological dilution processes data and represents an Important step towards 

protectmg the public health 
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Appendix I 

SImple Ways to Estimate Feedmg Rates and Feed Related Costs for Depuratmg and 
Feedmg Sewage-Grown FISh 

USIng the Exponential Growth Model 
W -w at t - oeo 

AssumptIOns I) Food ConversIOn RatIO (FeR) = Feed used by fish IS constant 
WeIght gamed by fish 

2) Temperature and salInIty are constant 
3) Maximum growth rate and cnucal standmg crop are constant 

Per fish esUmates 

Area esumates 

Yleld 

Druly feedIng rate as a fractIOn of fish rate = g x FRC 
Weight gaIn In tlme(t) = W t - Wo = Wo (egLI) 
Amount of feed/fish = FRC(W t - W 0) = FCR w o( egL I) 
Cost of feed/fish = amount of feed/fish x urut pnce of feed 

= FCR (W t - W 0) urnt pnce of feed 
= FCR Wo (egt - I) urnt pnce of feed 

Depuratlon cost/kg fish = FeR pnce/kg feed 
Growth 10 sewage followed by depuratIon cost/kg fish (assume cost of 
sewage = 0) = FRCCWt...:...Yio.l pnce/kg feed 

W
t 

-

= per fish estimates x fish/area e g fishfha 

= welght grunlfish/tlme x fish/area e g kglhalday 
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Appendix I 

Settmg Desired Levels for Carcmogens m FISh 

1) Set RIsk 
2) Calculate RAI, Total lIfetime dose, FISh lIfetime dose, and FISh concentratIOn 

RAI x Q* = RIsk RISk ASSOCIated Intake (RAJ) 

Q>I" (Cancer Potency Factor) 

RAJ = Total LIfetIme Dose (mg chern ) 
Body wt (kg) x LIfetime (days) 

Total LIfetIme FISh 
Dose = LIfetIme 

Dose 

+ 
Food 

LIfetime 
Dose 

+ 
Water 

LIfetIme 

Body weIght 
LIfetIme 

ChemIcal 
= ConcentratIOn 

(mg/kg fish) 

= 
(mg/kg food) 

= 

Contact 
x Rate x 

(kg fish/day) 

x x 
(kg food/day) 

x x 

mg chern /kg body wtJ day 

excess tumor InCIdence! 
mg chem./kg body wtJday 

excess tumor InCIdence 
(10-5 or 10-6 or 10-7) 

avg consumer body wt 
avg consumer hfe expect 

Exposure Absorpuon 
DuratIOn x EffiCIency 
(days) (ratIo) 

x 
(days) (ratIo) 

x 
Dose (mg/ml water) (l water/day) (days) (ratIo) 

+ 
AIr = x x x 

LIfetime (mg/m3 aIr) (m3 rur/day) (days) (ratIo) 
Dose 

FISh Total Food Water AIr 
LIfetIme = LIfetIme - LIfetIme - LIfetIme - LIfetIme 
Dose Dose Dose Dose Dose 

FISh = FIsh 
ConcentratIOn LIfetIme / [Contact Rate x Exposure DuratIon x AbsorptIon EffiCIency] 

Dose 

113 



1 

J 

Appendix I 

Settmg DesIred Levels for NonCarcmogens In FISh 

1) Calculate Maximum Perrrussible Intake Intake from Fish and Fish Concentration 
Maximum Pernusslble Intake = AD! x Body WeIght 
(rng chern Jday) (mg chern J[kg body wt x day]) (avg consumer-kg) 

Intake from fish (mglday) = Max Pernusslble mtake Intake form other sources 

Fish concentratIOn 
(mg chern /kg fish) 

= Intake from fish (mgJday)/ConsurnptJOn (kg fish/day) 

DepuratIon Models that Include a Growth DIlutIOn Component 
FIrst Order 5mgle Compartment Depuration Models 

With ExponentIal Growth Incorporatedl 
dC/dt = -(k2 + g) C 

Followmg 
Integration 
Ct = Coe-k2t 

In Lmear Form 
LnCt = InCo -(k2 + g)t 

BIOlogICal Half-LIfe 
T 112 = In2/(k2 + g) 

Exponential Growth Model 
dW/dt = Wg 

Followmg Integration 
Wt = Woegt 

In Lmear Form 
In W t = In W 0 + gt 

WIth Lmear Growth Incorporated2 

WdClDt + CdW/dt = -k2CW 

SubstitutIOn and IntegratIon 
Ct = Coe-~t 1(1 + gt) 

Ln2 = k2t + In(l + gt) 
(solve for t) 

Lmear Growth Model 
dW/dt = Wog 

Co = Concentration of cherrucal In fish at the end of uptake 
Ct = Concentration of cherrucal m fish at time (t) 
kZ = DepuratIOn rate constant (d-1 ) 
Wo = Weight of fish at end of uptake 
Wt = Weight of fish at time = t 
g = Growth rate constant (d-1 ) 

1 Spacle and Hamehnk (1985) 
2 Branson et al (1985) 
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APPENDIX 2 

BIOACCUMULATION MODELS 

The overall model for bJ03CCumulatJOn IS m the form of a dIfferentJal equallon wluch when 

solved should gIVe eIther a concentrauon of the contamInant m the fish or a whole body burden Sources 

have also transfered the concentration to a lIpid basiS m the fish to more accurately Isolate the long-term 

storage compartment for contammants The terms m the dIfferential equation as sununenzed from lhe 

lIterature are 

1) uptake Via gIlls 

2) uptake byadsOJptlOn to the body 

4) elmunallon by excretion from lhe gdls 

5) eiunmatlOn by defecatIOn 

6) loss from "growth dJiul1on' 

7) loss from bIOtransformatIOn 

8) reproducuve loss 

The approach for modelmg each of these terms IS not always COnslStant and some models have not 

mc1uded every one 

UPTAKE 

The uptake of perslstant contanunants from a fish's environment to Its l1SSues IS governed by 

etlher absorpuon onto the gdls or by mgesbon WIth the poSSible adchtJOn of adsorptJon to the body In the 

fIrst case the contammant dIffuses from the water across the gills mto the body Followmg consumpllon 

of cOnlammated food the chemical transfers from the gut mto the body AdsorptJon occurs at the skIn 

passmg through to the bssues beneath Each of these processes has Its own tenn m the blOaccumulatlOn 

model Due to theIr lugh bpld solubIlIty contammants are then concentrated m tISSUes WIth large bpld 

contents The processes of mtake from food and water are assumed to be addJuve m the model but 

competitIOn IS poSSible [1) (although tJus latter porot has not been pursued m the lIterature) The rate of 
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uptake IS mfluenced by a cham of other parameters startmg With the water temperature wruch affects the 

respxratory rate and calone mtake each of wluch mfluence the metabohc rate wluch m bIm factors mto 

the rate of uptake [] ] 

One of the questIons that a bloaccumulalJon model may answer IS what IS the relatIve 

unponance of food and water m the accumulallon process nus questIon was not answered adequately by 

lab and microcosm stuwes which gave mconslStant results relative to one another Factors affectmg the 

relalJve unponance of the two roam exposure routes mclude Species locale food web and the phYSICO-

chemical properues of the contammant [12] Several studies have determmed the relatlve contnbullOns of 

food and water m the blooccumulatlOn Drocess for different fISh food sources and contanllnants 

A plateau test which exposes the fISh With a constant concentrallon unlll steady slate IS reached 

can delermme thls relatIVJty by mcludmg three groups of orgarusms One group of fish would have only 

contrunmated water as a cherrucaJ source while another would also have a contammated food source A 

thud group Without any contammated source would act as a control [1] "Lmear addItiVity" 15 expected 

for the combmed mtake of contammated food and water [4] 

The two basiC methods avru.lable for fitung mtake rate parameters are regressIOn analYSIS and 

estJJTlallon from expenmenlatlon Data IS scarce for lon2-tenn rate constants These constants are 

cbfficullto calculate m the lab are poorly understood and have not usually been determmed [2] Long 

term kmellcs 10 general have not been adequately descnbed although two-compartment kmetlcs have , been shown to be better than one compartment [2) 

J UPTAKE FROM WATER-UPTAKE BY Gll 

The mecharusm of uptake operatmg at the g111 membrane 15 passive diffuSion across a 

concentrallOn gradient The non polar contanunant molecules must cross through a hpJd bllayer 

Proteinaceous pores WIll allow compounds through WJth a molecular weight up to about 100 (1) The 

overall process can be descnbed by FickJan diffUSIOn 

AC 21 area x temnerature ~c = change m 
dIstance concentralJon 
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The countercwrent blood flow at the gllI site creates a large concentration gradient The uptake of a 

contammant at the gIll membrane IS dIrectly affected by the avaJlability and pet'Slstance of the 

contammant m water nus blOavallablluy of contammants WIll be dIScussed later ResplTatlon rate and 

other factors are also unportant for detenmrung the rate of uptake for a contamInant at the gills It 

appears that the uptake rate constant remams relauvely constant over a Wide range of blOconcentrauon 

factors (BCFs) held by contanunants [IJ 

In order to detennme the uptake rate constant for transport across the gIlls an accelerated 

blOconcentra1Jon lest IS prescnbed After four days the rate constant IS calculated by a non-lmear least 

squares method from concenttatlOn data. If It may be asSl.!-tyled !har the uptake rare IS constam for all 

contammants than the value ca1culated by this method should be uruversally apphcable However thIs 

test faIls to account for non-Ideal processes mcludmg a model based one more than one compartment 

Thus there IS a problem WIth accuracy for long-tenn exposures [1] A rough detenmnatJOn of the uptake 

rate constant (kl) can be made by expenment when the concentration m the water (Cw) and the 

depuratIon rate (k2) are known From a uptake expenment a plot of the fISh concentratIon (Ce) versus 

1 - exp( -k2t) should result m a straIght Ime With a slope equal to II Cwlk2 Smce the concentration m 

water and the depuration constant are known, the uptake rate can be estunated [13] 

GIven enough data about the fish and Its enVIronment and usmg tYPiCal literature values an 

accurate representation of uptake at the gIll can be constructed for the model The most crucIal 

parameters are the respIration rate of the fish the oxygen conccntrabon In water and the dIssolved 

cherrucal concentratIOn m the water Some addItional parameters, for whIch the treatment vanes m the 

lIterature must also be supphed to complete the uptake tenn The basiC oullme of the tenn IS 

Uptake =kuC 
where ku = the uptake rate constant 
and C = the chenucal concentratIOn m water 

Dependmg on the dIfferential vanable the tenn s unJlS may be somethIng hke {jlg/g(w)-day g(w) = wet 

welght(of the fish] which could be multIplIed by the weIght of the fish m order to detemune a total body 

burden A lIpid-normalIzed uptake (for a chemical concentration on a liPId basIS Ul the fISh) may be 
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descnbed by the relatIOn ku = k'u!p where t'u IS the ongmal uptake rate and P IS the fracuon of lIpId m 

the fISh by weight [11] 

The uptake rate constant can be predJcted more accurately for natural settmgs by basmg It on 

physIOlogy and cheJrucal charactenSllcs COJUlolly used the ratiO of mass ttansfer coeffiCIents for oxygen 

and the chemIcal of concern to develop an uptake rate constant m adchtlOn to the respIration rate and 

oxygen concentrauon m water [6] The representation IS as follows 

KUI = (KLIIKL10!>(r'/cQ!> where 
Kul=transpon across gtll to blood [L/day g{w)], 
C02=oxygen conc m water [gIL] 
r'l=respuauon rate [g of 02/g(w) day] 
KL1/KL102=tne ratio of mass IranSfer coeffiCients for the chemIcal/oxygen 

The rntlO of mass ttansfer coeffiCIents may be denved from lIterature values (If avatlable) 

developed from the charactenstJcs of the chenucaJ and the phYSiology of the arumal Olherwlse estUMtes 

could be obtamed from measurements of the chemIcal and oxygen uptake effiCIenCIes when the uulla1 

body burden IS zero SrudJes measunng these coeffiCIents have shown them to be equal for 10gKow values 

between 3 and 6 [6) Data from vanous sources has mdlcated that the maxunum uptake effiCiency IS 

reached at a 10gKow of about 6-7 [11] 

The respuatlon rate as a funchon of the weIght of Ihe fISh (W) and the temperature of the water 

(1) can be represented as follows 

R = pWlexp(pT) [6] 

nus relatlOnsJup can be detennmed by the regressIOn of data from laboratory resplrauon studies The 

oxygen concentration m water and the dIssolved chemical concentrallOn m water may be measured 

dtrect1y to complete the dala need for the uptake rate 

Thomann has presented a sbghtly dlfferent verslOn of the uptake rate coeffiCient wluch mcludes a 

i:JraJ"lsfer effICiency parameter and an oxygen-based respUCltJOn rate (11] Wuh the assumption that 

WIth r as Ihe reSplT3110n rate on an oxygen basiS [g of 02/daykg(lp)] 
then ku = r'E/co 
and reJalmg r to r (day-!) thru r = (aocaclawdP)r 

The uptake rate may be calculated from the equation 

120 

I 
I 
I 
I 
I 
I 
I 



ku = (aocacrE/awdPCO> where 
ku = uptake rate 
30c =the oxygen 10 carbon rabO, 
ac = the carbon/dry wt rallo 
r = the standard respuabon rate 
awd = the welldry wt ratiO 
E=efliclency of transfer of the chenucal 
p=fractlOn bpld weight In the fish 
Co as the oxygen conc (kg/L) 

The respiration rate as With the preVIous model IS dependent on the fish weight and was fonnulated m 

the present model as 

r = 4'w-r, where for w Ig(w)] 

nus relatlOnslup may be given specIfic value ranges of 4' and r for rouune metabobsm The transfer 

effiCIency E, IS related to Kow and IS somewhat analagous to a blOconcentratJon factor The value of E 

wluch has and can be determmed by studies vanes for different ranges of Kow The route descnbed by 

tlus effiCiency IS balanced between transpon through an aqueous dIffuSion layer (where water solubIlny IS 

a factor) and through a bpld membrane A rugher ventJlatlOn volume (translated as respITabon) reduces 

ihe effiCiency E, due to Increased dIffuSIOn dead space and a shuntIng away of mspU'ed water from 

resplI'atory surfaces [11] GIven typical values for each of these parameters IncludIng the remamder 

which should be avaIlable to the modeler tu should be on the order of 103(w-1'/p)E [11] 

A method which models bIOlogIcal processes of respu<llJon a hule more Ul depth to detenrune 

gIll sorpllon was presented as pan of a lake ecosystem model by Letmg [16] In addIllon to the water 

contammant concentrallon tlus model Included the volume of wmer passmg through gills the volume of 

blood passIng through the gIlls. the concentration of the chemical In blood and a partlborung coeffiCient 

between blood and water nus last parameter could be denved expenmentally or, If the chermcals are 10 

the same class us value IS assumed to be constant In relmion to other panlborung coeffiCIents In the body 

bssues such as between water and bpld The volume of water passmg through the gIlls IS dependent on 

factors prevIOusly seen namely the concentratIOn of oxygen In water and the resp1I3l1on rate In addlbon 

a coeffiCient of correlabon between oxygen uptake and respIralIOn (g 02/g respITed) and the wlthholdmg 

effiCiency of oxygen by the gills fIll In the rest of the data needed for a detenrunauon of the volume of 
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water transfered [161 Dependmg on fish sIZe on the order of 10-1000 L/day of water 15 processed by the 

gills [13] 

The respuabon rate m ttus fonnulatlOn as with the preVIous models IS dependent on the 

temperature and bIOmass but also assumes a relatiOnstup With a consumptIOn rate a starvatIOn rate and a 

dal1y consumption rate For more m depth modelmg slUdtes these parameters could also be mc1uded 

For brevlly S sake tlus model IS not shown here 

UPTAKE BY ADSORPTION TO BODY 

LIttle h:ls beel' aCl'e to study add.::m~ of chemicals to the body ouree" o· r:;i- b 1 Jhs route but 

tllere 15 a possibilIty that there may be some sigruficance m sonte cases [16] TIlls process 15 unportant for 

rrucroorgarusms due to therr hIgh surface area-to-volume TatlO but generally tJus IS not an effiCIent route 

for reaclung cnucally tOXIC areas mother orgarusms The appropnate modelmg method IS to employ the 

Freundhch equation where 

X/m = KCn 
x=conc of chenucal 
m=mass of adsorbent 
K=measure of extent of adsorption (a soJublllty-J) 
C=equlhb conc 
n=coeff wtuch deals withe nature of the adsorbent 

TIus relabon has also been used detenrurung pesticide fate on SOil surfaces [J] [16] 

UPTAKE FROM CONSUMPTION 

BJomagruficatJon accounts for the lugh TallO of contammant m the fish compared to the water 

due to the mcrease of fish contarmnant level VIa consumplve uptake It IS an unportant pan of the overall 

blOaccumulauon process One explamanon for the cause of blOmagruficauon 15 the that food dIgestion 

causes a fugacity mcrease 10 the gastromtestmal tract [4] The generation of tlus hypothesIZed chemical 

gradtent 10 the gut of the arumal15 caused by preferenual hpld breakdown [J 1] BlOmagruficatJon JS most 

unportant for very hydrophobJC slowly cleanng norunetabolJzmg chemicals The physlOlogJcal process 

of food uptake rebes on vanable chem15try The concepts ofOOm diffUSIOn and spectal transport apply to 
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gastromtestmal tract absorption There IS a l.lpoprotem membrane transport mechanIsm across the gut 

wall of the orgarusm and mto the blood stream A SImple representatIOn of consumptIOn whIcn does not 

mclude food-cham effects may look JJ.ke 

EF'tefd where 
E=the absorpuon effiCIency 
efd=the concenlratJon of chemical m food 

Ft=1W t = food consumed by and orgarusm m a week 
W t=flSh weIght 
f=feedmg rate 

The rate of food consumpbon can also be estImated based on the rate of energy usage as foHows 

rate of food consumption e lJ = o..~)(R1 + GI)/a. (or Ft as above) 
a=fractlon of energy assmulated or food assImdatlon effiCiency 
A,=calonc densIty of antma1's tissue 
Aralonc densIty of prey 
R=metabohc rate or respuatlOn tate 
G=growth rate 

TIus method apphes to pelagiC feedmg ammals whereas the food consumption for depoSIt feedIng 

arumaIs should be based on carbon Instead [6J The absorption effiCIency or assumlauon effiCIency as 11 IS 

somebmes called can be detenruned by stucbes whIch measure the chemIcal concentration at the end of 

an exposure penod (WIth the only source of the contammant bemg the food) The assImIlabOn effiCIency 

may eIther be constant or for more hydrophobIC chemIcals will vary as a functIOn of KOIoV m much the 

same reJatlonshIp as m gin transfer The trend shown m studIes IS to mcrease to 10gKow -5 5 and then to 

decrease [11] The partIcular food affects the amount taken up dunng COnsumptiOn. The amount 

assurulated IS the dlfference between consumptIOn and defecation 

Respuallon rate can be calcuJaled as preVIously descnbed m the waler uptale secbon 

In a control1ed envuonment the mfluence of the samplIng and feedIng sceneno may be seen m the results 

Dlscontmuous feedmg rates coupled With penodlc sampImg wIll result m a sawtooth paltern 1Jl a graph 

comparmg the concentratIon of the chemical m the orgarusm WIth tIme [2] The feedJng rate IS expected 

to fall With mcreased fISh volume [4J 
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A more detaJ.led model of consumption mwcates dlfferenual uptake based on a vanable feedmg 

rate and on food preferences 

n 
SUM] = 1: W(IJ)*Bj 

,F] 

n 
SUM2 = 1: W(IJ)*Cj 

Fl n 
CONSUMl1 = CMAX(1)*B1 *SUM2*[1 - BMIN.t 1: BlQI + SUMI where 

)=1 
Creonc of pest m j 
CMAXI=max consump rate of predator (g/g/day) 
BI=blOmass of predator 1 Ullake (gIm3) 
W(JJ)=preference ofpreclator for j prey (urutless) 
BMIN=mm food level before feedIng occurs (~3) 
Q=half-saturatlOn coefficient for feedrng (glm ) 

EUMINATION (DEPURATION) 

The overall rate constant Ul tandem With the uptake effiCiency compnse the key parameters for 

modelmg bJ03Ccumula11on Cont.anunants are released from the fish by exchange back out through the 

gdls from defecatIOn and prunanly from the female gender through gonadal Joss The contammam 

concentrallon m orgarusms may also be lowered by melabohsm mto daughter products and by an mcrease 

Ul hPld content causIng "growth ddutlon" Many biooccumulataon models mcorporate tenns for growth 

sex reproduclIon and bIOtransformation but some contrnwctory results have been to date Uldlcatmg the 

need for further mvesttgatJon of these processes [2] The routes of elumnatlon of chemical contammants 

U1 aquatIC organslffiS are affected by such factors as temperature 
waterchenuslry 
bssue damage 
preexposure to tmtlcants 
and the presence of competmg chemIcals 

These are addillonal factors to the ones presented m the models seen here and must also be taken mto 

consideratIOn to detenrune changes Ul the chemical S pathway wluch may affect a model s abllity to 

prediCt lbe d(..gree of bJOaccumulauon The rates of elunmauon as With uptake are affected by 

parameters specIfic to the fish rncJudmg the metabolic rate wtuch m turn IS delennrned by the 

respuauon rate and caJonc mtake by the fish and by the SIze and lJpld content of the fish The overall 
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rate of ehmmatlon IS lughJy dependent on 10gKow and more cherrucal IS removed by metabolISm than the 

gills WIth mcreased lIpId partltlOrung [4] A vanety of empJflcal equations have been suggested relatmg 

the overalJ depuratIon rate to Kow A sunphfied relation IS found under the assumptIons of zero growth 

steady state and a lIpld-nonnalIZed BCF equal to the oclanol-water coefficIent GIven rhese assumptions 

the excretIOn rate should equal rhe rauo of uptake rate over the Kow for the contanunant nus also 

assumes that the same mecharusms occur through the lIpoprolem membranes m excretIon as WIth uptake 

[II] Sljm et al found that the ehmmatlOn rate constants are mdependent of the lIfe stage of the orgarusm 

[2] 

Expenments may be conducted to detennme the overall depuratIon rate constant One method IS 

to dose the fish ax a constant exposure concentratIon (either water or food) untLl a steady state IS obtamed 

and then transport the fish to a clean enVlTOnment to IDIllate a depuratIon phase Assummg a sunpllfied 

model of depuratIon 

inC = InCo - ~t 

then t I{2 = InO 51kd 
where C = the concentraUon m the fish or the whole body burden 

Co = concentrallon/body burden at the start of the depuratIOn phase 
k(j = the overall depuraIlOn rate constant 
t = urne m the expenment 
tI{2 = depuration half-life 

USDlg the tangents/slopes to the uptake curve IlC/llt k<J may be estImated TIus depurauon rate constant 

may represent the addItIve processes of elurunauon and blOtranSfonnatlon To also mclude a growth 

dIlutIOn term mto the depuratIon rate constant It IS neecesaT)' to use the Joganthm of the concentratIOn 

rather than the whole body burden 

A non-Imear Jeast squares regression procedure can also be used to estunate k(j assummg the 

relatlOnslup 

Clew = BCF[I-exp(-~t)J 
C=concentranon of contammant m fish 
Cw=concentratIon of contammant m water 
BCF=the predetermmed blOaccurnulatJon factor 

then for pomts of data 

j 
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Ic<J may be solved numencally uSing the denved equabon 

However these are not muque solutions and the broad assumptIOn IS made thal the food and water 

elumnatlOn rates are flJ'St-order and Identical An accelerated blOconcentratlOJl test over four days IS used 

for the above detennmabons and as mentioned earber In the uptake sectlon tlus falls to account for non-

Ideal processes wruch conceptually. have more than one compartment [I] Long-tenn depurallon rate 

constants have yet to be developed sausfaclonly The plateau test for blOCOnCentrabon proVldes an 

estunate of the depurabon rate constant but IS expen"s·ve !as'lllg one month or J110re 2!ld thus may 'teed 

to be corrected for growth In the fish {II 

EXCRETION 

In a more focused modebns procedure the net process of depuration would be dmded mto 

severnl tenns descnbmg me mdJVJdual processes separately Excreuon may be Jsolated as a separate tenn 

or more accurately It would be subdivided by route Into loss Via the gills and loss VIa defecallon The 

excretIOn rate IS analagous to the sunphfied relatlonslup mvolvmg the depurauon constant as mentioned 

above 

KI = KUIINI 
for KUl = rate of uptake 

KI = excreuon rate 
NJ = fL1Kow = BCF 

and fLl=bpJd fracuon of the arumal 

The phYSiology belund excreuon IS as follows Contanunant matenal that was taken m but not 

accumulated In tissues IS excreted Also excreted are accumulated chemicals m tissues dunng rouune 

metabolic processes growth and starvation These processes have been modeled usmg bIOlogical 

parameters specIfic to the fish under study An assumption IS made that the breakdown of fatty tlSsue 

results from endogenous resplJ'aIlon 1D1der starvation conditIOns OtherwISe excretion IS related to 

standard metabol.Jsm and speclfic dynamIC actIOn [16] Study results show that one would expecl the 
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excretion rate to be lower for larger fish due to decreased respU'atlOn and for the most pan a greater ratIO 

of volwne to membrane area [111 

LOSS FROM GILLS 

Removal of the contammant from the orgarusm s body burden at the sae of the gills IS by passive 

elunmatlon Stucbes have shown dus SIte to be most Important for compounds wlllch are slowly 

transformed and non-polar 

LOSS FROM DEFECA nON 

The other organs of unportance for ehmmatmg tOXIC agents from the ~garusm U'clude lhe Lye. 

gaI1bladder and the ladney The fIrst two organs process polar chemIcals and metabohtes and sometunes 

hold the chemlcallhrough enterohepallc cyelmg AnalYSIS ofbue IS unportant for determmmg the fate of 

the contammant m the tissues Contammants above a molecular weight of around 400 are elunmated m 

bIle willie the rest exlt WIth the unne A good deal of vanatlOn IS found amongst specIes PhYSICO-

chemzcal properues of the contammant are unportant for detenrurung the rate of excretlon mto the unne 

VIa the kJdneys [11 Fecal ehm1l1allOn IS parually responsIble for the hnutallon on BCFs WIth mcreasmg 

Kow such that an mcreasmg fecal ebrrunatlon lowers the slope of the relauonstup [6J 

DefecatIon may be represented as the loss asSOCIated With a partIcular prey that 15 not absorbed m 

the orgarusm s gut. It can be determmed by the amount of pesticIde consumed m the prey muluplIed by 

the mverse of the assnmlatJOn effiCiency of consumpuon (proporuon not absorbed m gut) A formulatIon 

by Leung follows 
n 

DEFb = 1: CONSUMIJ *E(IJ) 
r-1 
DEFIJ=rate of pest Joss lhru defecatIOn (glm3~y) 
CONSUMIJ=rate of consumptIOn of pestiCide assoc wi prey, J (g pestlg fish/day) 
E(IJ)=proporuon of pest not absorbed m gut (g pest defected/g pest consumed) 

GROWTH RATE AND LOSS FROM GROWTH DaUTION 

Growth IS usually assumed to be a fU'St-order elunmauon process but It can change phYSIO]Oglcal 

propenles whIch mfluence blomagruficallOn kmeucs A "growth cbluuon" of the chemtcal concentration 

occurs due to an mcrease m lJpld weight of the orgarusm Conceptually growth dtluuon IS surular to 
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metabolISm The growth rate effect IS to dOmmale the "Joss" of chenucal at Jugher Kow values due to the 

mcreased mass of the bpld pool 

The growth dIlutIOn affects rests by reducmg the time to steady state and reducmg the depuration 

half-lIfe However studies show thaI steady stale IS not always reached for growmg fISh [2] The growth 

dllutJon term IS used for tesung m the field but lab BCF stuwes may use a mamtenance diet for zero 

growth [11) As menuoned before a growth correction term may be neecessary for the plateau method of 

testmg blOconcentratlon 

Growth ~s a mal or CONro' Of' me b·oJT'agn.fcauon of slc .. ly ehnUral .. i1a~mg hydrophobic 

compounds The lower the elurunatlOn rate constant <kd + km} the greater IS the conblbuuon of growth 

dllutlOn to overall elunmatlon Ckd + km + g) ThIS effect IS unponant when companng different bfe 

stages [2] SIJm et al found growth wlutlon co be the only unportant process m modeling the 

blO3Ccwnulallon of lugher chlormated biphenyls [2] A study of northern pJke m ScandmavJa partly 

attnbuted lower pollutant levels m fish mhabumg lakes wuh higher productivity to the lugher growth rate 

of the pike In these lakes [5] One study showed a reduction In sunple bpld-based paruorung by a factor 

of 2-5 due to the effect of the growth rate [11] 

The term for growth dilution may appear as a rate constant multiplied by the concentrallon or 

body burden of the contarmmant In the orgarusm. gC It may also be Incorporated mto the overall 

depuration rrue constant or the elunmallon rate constant (k = ktJ + km + g) as above The growth rate 

constant can be calculated from a growth equatIOn 

dW /dt = W oexp(gt) 
dW Idt = growth rate 
W= weIght 
W 0 = weight at the start of the growth penod or lest 
g = growth rate constant 
t = tune 

Growth rates are determmed from field analYSIS Across a general food cham the growth rate 15 

approxunated by 

G= ow-~ 
where for w [g(w)] l) IS -0 002 at lOoC and ~ vanes from 0 2-0 3 
accordIng to a study by Thomann [J J] 
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The ranges m coefficIents are functions of the specJiic orgarusm and ecosystem condmons When 

modelmg the chemical conc on a bpld basiS m predator orgarusm 

G= net growth rate (day-I) of dIe lIpid wt (wlp) of dIe orgarusm 
= (dwlnldt)/wlp = (dwidt)/wp 
wp = iile total weIght of the orgarusm 

For a constant bpld fracbon over tune the growdI rate can be related to the respuabon rate and the food 

assurulatlon effiCiency by 

G=aC-r 
r=orgamsm respuauon rate(day-l) 
a=food assumlabon effiCIency 

LOSS FROM BIOTRANSFORMA nON 

BlotransfonnatlOn IS a functIOn of a tOXIC substance s aqueous solubllJty WIth degradatIon 

occunng m an aqueous state [16] DetoXIficauon may be Important m decreasmg storage and 

accumulauon of tOXIC chenucals m the food cham ThIs process may be very complex mvolvmg reactions 

such as 
OXidatIOn (abphatlC and aromauc) 
hydrolysIS (ester and amIde bonds) 
dealkylatlon (C-R or N-R bonds) and 

dechJonnallons 
reduction 
aromatIC nng cleavage 

So]ubllJty m lIpIds stores contammants away from detoXIficauon Sites A bIOdegradabIlIty mdex (B I ) 15 a 

measure of the rano of polar to nonpolar pestiCIde fractIOns m a model ecosystem and IS gIVen here for 

some typIcal values 

10g(B I) - 1 4J + 0 87 log (H20 solublhty) [16J 

Another mfonnauve mdex IS the 

%parent compOlmd = 41 1086 + 40 79010 [J6] 
a=~etconstant 

In general not enough IS known about the temporal aspects of toxIcant elunmauon m orgarusms to be 

represented accurately 

Polar metabohtes are ehmmated With greater ease and m a dIfferent manner than other daughter 

compounds Rad10labelmg IS used [0 determme the rate of metabolIte ehmmallon. Metabolites ehmmate 
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at a dJfferem rate than therr parent compounds The case when the rate constant for metabohte 

elunmauon IS much less than the overall depuratIon rate constant IS a SIgnal for perststant metaboltzed 

residues A study on PCB elmunauon showed that bJotransformauon was the most unportant ehnunallon 

process for some congeners [2] In general blOtransfonnabon may be dommant m the ehmmallOn of very 

hydrophobic. slow ehmmatmg chemIcals Rate constants for blotransformatlon can t always be quanufied 

but those compounds WIth a lugher degree of elumnatlon than expected With a certaIn hydrophobICity may 

mdlcate a degree of bJotransformanon 

BlO!:"3:'.sformaLon IS generally assumed to be 111M order and mdepenclent of the concemratlon 

and the age of the fish POSSible exceptIons and other factors affectmg the rate are concentratIOn 

dependency dependence on envrronmentaJ parameters vanallon by specIes and a lugher rate m adullS 

than m young fISh [2] However blOtransfonnatJon can be esttmated m mdivldual SludJes Correlauons 

between blOconcentralJon and physIcal propenles are poor for chemicals that are readdy metaboltzed by 

fish r 13] A generalIzed term for blOtransformabon follows 

BTRANS = CON • TOXD 
BmANS=pest transformed thru bIOlogIcal processes (g/m3/day) 
CON=peSI conc Wm 3) 
TOXD=% pest cleared by detox (day-I) 

REPRODUcrIVE LOSS 

Lower half-bves of chenucaJs have been seen m females reJauve to males nus may be because 

of the greater mass of bpld-mtenslve matenal lost With lhe female gonadal excreuons or from transfer to 

the offspnng before eXit from the fish Reproducuon IS a frequently recumng process JJ1 females WIth a 

zero-order elunmallon rale constant Due to Its tugh lipid content the change m gonadal mass changes 

the fish weight and the pesuclde storage Because of elunm.atJOn via the offsprmg bloaccumulatlon data 

cannot be transfered between males and females QuestIons about unponant charactensucs wluch may 

affect tJus process are 

Is the flsh vlparous? 
Wha! JS the gestation llITle? 

How many eggs are produced? 
What IS the amount of vltellogenm produced? 

and How many hatchlmgs per year? 
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Part of the dIscrepancy between genders anses from the amount and nature of the gonadal products For 

males the genunal ussue IS -2% of the body weIght, whereas for females It may COnsIst of up to 15% of 

the body weIght and has a rugher fat content than male gonadal products [5J The process of gonadal 

en1argement and sudden loss WJth contaIned contammants IS cyclJc and specIfic for the type of fish [16] 

Some species show on1y slIght differences m gonadal product sheddIng between the sexes at least for the 

penod of sheddIng The temperature, photo penod and water level are all enVIrOnmental cues for the 

onset of spawrung The basIC term may be represented as 

Rkrn where 
R = a tngger vanable 
kr = zero order reproductlOn 
n = concentratIon or body burden of chenucal m the orgarusm 

IMPORTANT FACTORS INFLUENCING TERMS IN MODEL 

FOOD CHAIN EFFECTS 

A typically assumed food cham route m an ecosystem for transfer of chenucals to edIble fish IS 

phytoplankton => zooplankton => small fish = large fish = human consumptIon 

In fugacity terms the fugacIty mcreases With the tropruc level The COncentralIOn of the predator due to 

food mtake would be expected to be greater than that of the prey under condmons of low excretIOn and 

lugh food assurulatlOn effiCIency TIus elevated concentratlon IS a funcuon of the energetIcs of the 

orgarusm (food conversIOn effiCiency respJ1'abon and growth) and the charactensucs of the chenucal 

(assumlauon effiCIency and excrebon rate) In terms of the BAF 

N2 = Nw2 + f21Nwl 
N3 = Nw3 + f32Nw2 + f32f21Nwl 
N4 = Nw4 + f43Nw3 + f43f32Nw2 + f43f32f21 Nwl 
where fl I-I = ~ 1-1 [CI 1-1/(1(1 + G.)] 

N) = the BAF at tropruc level) 
NW) = the BCF (water only) for tropluc level) 
(XI )_ I = the chemIcal assmulatJon efficency 
CI 1-1= consumpUOnrale ofpredatofl on prey I - I 
KI = the overall depurauon rate constant 
G) = the growth rate of the orgarusm 
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Thus the parameters mentioned above are apphed to each arumal m the food cham The basic effect of a 

food cham IS to mcrease the BAF at each IrOpJuc level Dunng steady state, N/Nw>I mdacates Ih.a1 food 

cham accwnulatlon has occurred Models have shown that above log P -5-6, food IS the dommant source 

of cherrucallo the food cham Assurulallon effiCiency IS then a controlhng model parameter [6] 

The bloconcentrallon of chenucals from water by algae zooplankton. and the hke can lead to 

food cham accumulallom m fISh at the top of the pelagIc food cham The uptake of chemicals by 

mac rom vertebrates such as obgochaete wonns from contammated sedunents and deUltus can lead to food 

cham accumulatIOn m fish at the top of the bentJuc food cham [13] The latter fj .. h c!a.sslficauon lends [0 

have a greater chermcal concentrallon than the ronner due to the much lugher concentrauoflS found m 

sedunents For log P of 5-7 calculated and observed field concentration factors m lOp predators mwcated 

slgruficant (I -2 orders of magrutude) observatiOns above calculated field BCF values m Thomann s study 

(11] Also above log P = 7 food cham effects are sensitive ID the chemIcal assmulatlon effiCIency and 

phYIDplanlton BCF 

As With uptake from water the chemical concentrallon can be represented on a bpld basiS m the pred 

BCF DETERMINA TION 

Estunatlon of the bJoconcentratlOn factor (BCF) from properties of the cherrucal can be essentw 

m detennuung the uptake and depuration constants The BCF IS equal to the ratIO of the concentralJon at 

sleady-srate to the concentration m water nus rabO mcJudes alJ of the rate constants m the model 

Several values have been given m the literature relaung log BCF to the loganthm of the octanoVwater 

partillorung coeffient log P The mfluence of olher factors (protem non-lipid orgaruc malter) 15 

presumed to be small [II J The reasons for the use of a hpld based chemical concentratlon are that bpld 

par1Jtlorung IS of len favorable m orgarusms such that the concentralJon tends to vary With lJpld content 

Eslunates of log P have been measured d.1Iectly or taken from estabiJshed relatJOnslups WIth the water 

solublIlty S of the compound Some literature values are taken from Spacle and Hameltnl 

log BCF = 0 7610g P - 0 23 and log P = 5 00 • 0 67010g S 

The overall uptake rate IS found to be relatlvely constant over a WIde range of P values wJu.le the overaJl 

depuration rate IS lughly dependent on log P [1] Dunng a plateau test the steady state BCF can be 
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measured dlrectly [I] The BCF can be estunated by measunng the chemIca] concentrabon m fish at 

steady state after exposmg the fISh for the appropnare length of tIme to a constant chemIcal concentratIon 

m the warer [13] In addItIon to the steady-state approach. BCFs can also be calculated by a Janettc 

approach for chemIcals WIth a known half-hfe m the orgarusm [13] The two approaches gIve smular 

results for short half-bved compounds but sIgruficantly dIfferent results for compounds WIth longer half

bves PredICtIons based on lab BCFs for long half-hfe chemIcals may be too low where contanuna1ed food 

IS the major chemIca] source [13] 

The log-log relaltonsh.lp between bu)Concentrauon a!'d hydrcprcb e'l} breaks down for medIum 

to Iugh molecular weIght solutes wluch blOcOnCentrale sbghtly or not at all [3] SpecIfically the standard 

equatIOn for the relatlOnslup between BCF and P gIven above breaks down for log P greater than 6 glvmg 

a maxtnlUm log BCF of -5 5 [3] nus can be a problem for compounds such as most PCB congeners 

wluch have log P > 6 [125J The reason for thIS dIsruptIon IS partially attrIbuted to a lack of bpld 

solublhty Unfortuneatly bpld solublhty data IS generally unavaIlable In another perspectIve the 

assumptIon that octanol can be used to approxunale bPlds may be mcorrect because the thennodynamIcs 

for eqUlhbnum parttllorung between warer and fish lJpld and between warer and octanol may not be 

surular [12] An explamatIon for tIus effect IS that hydrophobes tend to be large wluch gIves them 

dIfficulty m caVIty formatIon m bPlds Their SIze may also give them trouble passmg through the glll 

membrane [3] Thus size may be more unponant than hydrophobICity For an mcteasmg molecular 

weIght "'thpld mtreases more rapidly than 'Yoclanol and the BCF (1'watehhpld) decreases when 'YhPId 

mcreases more rapIdly than water wluch IS essentially the case Banerjee and Baughman showed that the 

mcluslOn of an octanol solubllny term IS able to help the relatlonslup (r=0 95 for tested compounds) [3] 

nus IS a more practIcal alternative to rmdIng a better hpld Substlfute The tenn IS a solute activIty 

coefficient wluch stDnulares l1pld behavIOr by combuung more than one oclanol-related propeny The 

resultmg fonnulatIon IS 

10g(BCF) = c3 + c4Jog(Kow) + c510g(Soclanol) + c6(mp - 25) mp=meltmg pomt 

The mellmg pomt tenn allows for both Ilqulds and sohd by usmg a meltmg pomt=25 for bquJds ThIS 

formulatJon IS more practIcal than usmg some other malenal such as membrane vesSlcle data Smce the 
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Soctanol temt IS evolved omy through correlalJon It should be confmned mdependently by expenment 

and mcluded among other factors affecung blOconcentral:1on such as growth dllullon metabollsm and 

dlfferences m solute blOavallability An assumptlon IS made for tlus solutIOn that the structure of the bpld 

mallu leads to strong solute nomdeahty [3] 

Other explamanons for lumts on BCF WIth mcreasmg Pare mcreasmg feca] elumnauon as 

menuoned earlier and a decrease m freely dtsso]ved chemical due 10 complexalJon With dtssolved and 

collOldal orgaruc mailer [6] nus latler effect IS dependent on the concentration of orgaruc matler m 

~ater and wJI te expanded more m the $CtuOJ' ein bJOdVduablbty Other proposed correlatIons mclude 

added quadratic tenDS to acc01mt for stene factors as well as terms of metabohsm [12 5} Compounds 

metabolIzed by the fIsh also do not correlate well With P 

LIpid solubIlIty IS a subset of the types of panlonmg that can be modeled m fish The afflruty for 

any tISsue m fISh can be detenruned by the phyclco-chermcal charactenstlcs of toXiC chemIcals The 

amount accurnulaung can be detennmed from lhe partluon coeffiCient between the predommant tissue of 

accumulatIOn and blood (16) 

BIOA VAn.ABH.1TY 

In order to be taken up by the fISh d1reclly VIa the gill or mdJ.reclly through the food cham a 

xenoblot!c must be m wssolved fonn m the water Facrors wtuch may reduce the dissolved fractIOn 

mcJude 
1 )adsorpnon to suspended sohds 
2)adsoprtJOn to sedunents 
3)adsorpuon to hurnIC acIds & other macromolecules 
4)fonnauon of COllOlda1 SUspensIOns 
S)chelallon 
6)comp]exauon 
7) loruzallon [1] 

The hpophllhc nature of compounds With a tugh BCF also facultates thelT partltlorung mto the orgaruc 

fractIOn of sedunenlS or suspended sollds reducmg thelt blOavmlabduy nus may be modeled as 

K=CalCw Koc = K/fractlon of org conlent 
K = concentrauon factor for adsorption to seds or sod 
Ca = concentraIlOn an sedunents or SOil 
Cw = concentration m water 
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Koc = conc factor nonnahzed for the org content of soil 

The humIc acid level helps detemune the blOa .. aI1able f-aebon In the warer column Another fonnulatlOn 

delennmes the wssoJved concentratIOn of contamInant In the water dIrectly 

Cw = CtI(1 + KpwX) where 
Cw=<hssolved concentratIon, 
Cr=total concentrallon 
K~-partltlon coeff. 
X=sorbent concentrauon 

where Kpw JS relaled to Kow and Koc 

The latter relation uses Y such that KpwX = Kow Y Y = cone of suspended organIc carbon [4] The 

wssolved fracuon can be an unport.ant dete"r.unm:mn m b·cacc .... numuon Not Included In thts 

detenrunatlOn IS the poSSible dependence of resIstances on dlffusJVJty of the chemIcal In water and orgaruc 

mewa [4] The study of pike In ScandInavIa mentIOned before also attnbuted reduced contamInant levels 

In fish to produCtlVlty due to a lugher turnover tune and sedunemauon of partIcles namely phytoplankton 

to wluch the poIJutants are adsorbed A greater amount of humIC substances In lakes also Jowers the 

concentratJon SInce humus adsobs pemstant compounds rendenng them less aVaIlable for uptake [5] For 

uUhty's sake the substrate should by characlenzed accordIng to %orgaruc matter and panIcle SIZe [1J 

The dissolved chemIcal In the waler column IS the source for both gill sorpuon and for the base of 

the pelagIc food cham (phytoplankton) The amount of chenucal dissolved In the sedunent IS the major 

source for the base of the bentluc food cham [6J The sectIon on blO3CcumulatJon showed the unportance 

of the concentratIOn of orgaruc matler JD the water In decreasmg the amount of the freely dIssolved 

chemIcal A depressed phytoplankton BCF affectmg the food ch31n model may be due to the use of total 

wssolved raIher than blOavaIlable dissolved cheffiJcal In the BCF calculatIOn [6] 

AGE AND FAT CONTENT 

Due to unportant phYSIOlogIcal wfferences separate hfe stages of each upper level SpecIes should 

be modeled separalely The proportIOn of fat Increases WIth the age of the fISh wluch has a large unpact 

on the blOaccumulatton rates of orgaruc compounds However 11 IS assumed that adult fish are of the 
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most concern for human consumplJon The fish age affects uptake rates due 10 vanatlOns In metabolJc 

rates consumptIon rates food preferences. and several other parameters [16] 

There JS a genernJ lrend for a lesser degree of blomagruficalJon In earher stages compared to 

older flsh as determmed by the changmg uptake and elunma1Jon m each hle stage [2] 

The protem coment of fish tends to stay frurly constant. whlle the far content fluctuates wJdely 

dunng the year and IS also detenruned by the growth stanza of the flsh Vanallon m fat content occurs 

due to food avadablhty and quality, seasonal and hormonal cycle age and general phySlOlogJcaJ 

conmllon nus vanatJon Illav cause a change !."I tl>e accumulation rate Dependmg on me specJes and 

reproductive status there may be some chfferences m fat content between the sexes as seen earher [16] 
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Uptake, AccumulatIOn and ElimmatIon of the Organophosphate 
InsectIcide FenitrothlOn (SumithlOn) by the Fish Tilapia (Oreochromls 

ndotIcus) 

PestIcIdes and chelD.J.cal compounds contammate aquatIc envIronments through both 

dIrect and mdirect methods Pomt source contammatIOn, ongmatmg from factones, sewage 

discharge areas and other mdustnal actIvItIes, are relatIvely easy to IdentIfy and control 

Nonpomt sources, mcludmg agncultural run-off and atmosphenc deposItIOn, also contnbute 

SubstantIally to water pollutIon but are more dIfficult to IdentIfy and control 

Excess use of vanous pestIcides m agnculture leads to hIgh levels of contaID.J.natIon due 

to run-off of these substances Water sources, mc1udmg fish ponds, whIch are located closer to 

agncultural areas typIcally dIsplay hIgher levels of reSIdue from these chemIcals PestiCIdes and 

other chelD.J.cal compounds pose acute and chromc hazards to the aquatIc organIsms, producmg 

deletenous effects for mdigenous fish and mvertebrate populatIOns 

The followmg sectIOns hIghlIght findIngs regardmg chelD.J.cal contannnatIon of fish 

exammed m Egypt and theIr rates of depuratIon The contannnants exammed mclude the 

organophosphate InsectICIde femtrothIon (surmtruon), polycyclIc aromatIc hydrocarbons, and 

vanous heavy metals 

FENITROTIDON 

FemtrothIon (surmthlOn) IS one of the organophosphate InsectICIdes used extensIvely to 

control agncultural and woodland pests Sources of contamInatIon of the aquatIc enVIronment 

With thIs pestICIde mclude arrcraft, atmosphenc drift, erOSIon and surface runoff FemtrothIOn 

mhIbits the actIVIty of acetylcholmesterase (AchE) and IS lethal to vanous fish specIes at 

concentratIons rangmg from I to 5 mgJL (Johnson 1980) 

In thIs study, researchers attempted to evaluate, under laboratory conditIons, the 

processes of uptake, blOaccumulatIon and elImmatIon of femtrothIon by the fish Tllapla 

(Oreocmomls mlotIcus) In additIon, the SCIentIsts mvolved ill the study attempted to determme 

the relatIonshIp between these processes and fish body SIZe 

The Insectzcule 

FerutrothIon (SunuthIon) o,o-DlIDethyl 0-(4-rutro-m-tolyl) phosphorothIoate (punty 

hqwd concentrate 50%) 
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The FISh 

The fish, Oreochromls mlot1cus, were obtaIned from one of the recommended hatchenes 

near Carro The study exammed two SIze of fish 30-40 mm and 60-70 nun In length These fish 

were acc1unated for two weeks to the laboratory enVIronment Dunng tlus penod, the fish were 

fed a commerCIal dry pellet food, the same food used m all expenments InvolVIng ferutrotluon 

The fish were then acc1unated for another week to the glass aquana (50 x 35 x 35 cm) used In the 

expenments, at a constant temperature of 27°C 

The Experiments 

1 Acute TOXICIty Test 

J 

) . 

The median lethal concentratIon (LC50) of ferutrotluon was measured WIth a statiC test 

(USEP A, 1982) usmg a senes of concentratIOns With three replIcates Separate water controls 

were used Fmgerhngs of Or mlotlcuS were placed In the aquana and receIved no food for the 

duratIon of the test (96 hours) InvestIgators recorded mortalItIes at four hour mtervals for the 

first day and at 24 hour mtervals for each day thereafter FIsh were consIdered dead when there 

was no movement of the operculum, at whIch pomt the dead fish were removed The value of 

the LC50 was computed usmg the problt analysIs method of Fmney (1971) 

Uptake and Ehmmat10D Test 

Tlus test was carned out In glass aquana filled With aqueous solutIons conta.m.mg 

concentratIons eqwvalent to 111 00 of the LC50 of femtrotlnon The renewal exposure system 

was used to conduct the uptake and elunmatIon expenments Test solunons and control water 

were renewed penodlcally (usually 24 hour mtervals) by transferrmg the test orgarusm to 

dIfferent chambers WIth freshly-prepared matenaI or by remOVIng and replacmg the matenal m 

the ongmal contaIners Each of the three aquana contamed 15-20 fish, where they were raIsed 

for 15 days and then transferred to clean water for another 15 days CommercIal dry feed was 

gIven once a day (4% offish body weIght) throughout the expenment 

At each samplmg tune (1, 3, 7, 10 and 15 days), two fish were washed With runnmg tap 

water, weIghed and analyzed for cheIDlcaI reSIdue At the same tune, water samples were taken 

and subjected to reSIdue analYSIS 
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ResIdue AnalysIs zn Fzsh - ExtractIOn 

For each fish sample, 10-40 g of fish were blended twIce m a sorvall omm nnxer, after 

addmg 109 of sochum sulfate anhydrous and 50 ml of acetomtnle Th.J.s nnxture was filtered 

under a vacuum usmg Whatman glass filter paper The extract was then concentrated by rotary 

evaporatIOn 

ResIdue AnalysIs zn Fzsh - Clean-up 

The concentrate (resIdues) were dIssolved m hexane, then transferred to a 125 ml 

separatory funnel and extracted three tImes WIth 25 m1 portIons of acetomtnle The acetorutnle 

extracts (lower layer) were combmed and concentrated agam III the same manner as earlIer 

mentIoned The resIdues were dIssolved m 2 ml of acetone for gas-hqwd chromatography 

mjectIons ExtractIOn and clean-up procedures followed those developed by Kanazawa (1982) 

A Vanan 3700 GLC equIpped WIth flame IornzatIOn detector (FID) was used WIth 

follOWIng operatIon condItIons column - glass column (4 mm ID and 2 m length) packed WIth 

3% OV -17 on 8011 00 chromosorb W , oven temperature - 200°C, detector temperature - 300°C, 

mjectIOn port temperature - 300°C, carner gas - rutrogen at a flow rate of 40 mlImm 

Reszdues zn Water (USEPA 1974) 

A 50 m1 water sample was extracted three tImes WIth 25 m1 POrtIOns of methylene 

chlonde m a 25 ml separatory funnel The nnxture was then shaken VIgorously for one mInute, 

and the two layers were completely separated The methylene chlonde extracts (lower portIon) 

were collected and combmed m a round bottom flask The solvent phase was then poured 

through a sodIUm sulfate anhydrous column, and the extract was concentrated by rotary 

evaporatIon The dned extract was dIssolved m 2 0 ml of acetomtnle for GLC mjectIons A 

V man GLC, eqwpped WIth flame IornzatIon detector, was used under the same operatIng 

condItIons as outlmed earher 

Results 

The statIc 96 hour LC50 of ferutrothIon to O. mlotlcus was calculated to be 4 0 mgll 

Uptake Phase 

The uptake phase IS the penod durmg whIch fish are exposed to the chemIcal FIgure 1 

and table 1 portray uptake and e1ImmatIon of swmtinon by the two SIZeS of fish exposed to 40 

ugll (11100 of LC50) of femtrothlOn InsectICIde concentratIons m fish mcreased gradually untIl 

day 10 and nearly reached eqUlhbnum at day 15 of exposure FIsh tIssue showed resIdues of 

241 mg/kg m small fish and 305 mglkg m larger fish Thus accumulatIon (resIdue 
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concentratIon m the fish tIssue dIVIded by that m the water) was 60 for the small fish and 76 for 

the larger ones 

DepuratlOn (EhmmatlOn) Phase 

DepuratIon of chemIcals IS a process whereby a chemIcal contammant IS elmunated from 

the fish As dIsplayed m FIgure 2, when the fish were transferred to a clean water envIronment, 

ferutrothlOn concentratlOns In the fish declmed gradually At the end of the 15 day exposure 

penod, the small fish contaIned 0 03 mglkg femtroth1on, wlule the large fish contaIned 0 04 

mg/kg DIfferences were not sIgmficant between large and small fish at the end of the 15 day 

eilmmatlOn penod (see table 2) 

ReView of Other StudIes 

Sundaram (1973, 1974a) found that Sumrtluon concentratlOns decrease rapIdly In natural 

water and dIsappear Wlth1n hours to days Lockhart et al (1973), In therr studIes on stream

caged rambow trout exposed to 275 g/ha SUmItbJ.on spray, reported that reSIdues In rambow trout 

averaged 0 5 mglkg In the 24 hour penod after spraymg Peak reSIdue values In the fish were as 

lugh as 1 84 mglkg, but these declmed to less than 0 02 mglkg In four days At a level of 10 

mglkg-food, brook trout growth and food converSlOn effiCIency are not affected (WIldlsh and 

LIster 1973) Green et al (1984) found that the uptake of the organophosphate acephate by 

rambow trout from water was rapId and reached eqwbbnum concentratIons In 5 to 8 days 

ElmnnatlOn of 50% of acephate from the fish reqUIred 1 37 to 2 43 days 

Korn (1973) reported that channel catfish exposed to 28 mglkg per week by diet 

elurunated reSIdues of carbaryl rapidly after they were placed on a carbaryl-free dIet for 28 days 

ReSIdues remaIned constant for 28 days m fish preVIously exposed to 025 mg of carbaryl per 

hter In therr bath for 56 days 

J The InSectIcIde dlflubenzuron accumulated from the water mto the tIssues of the bluegill 

sunfish at levels up to 80 fold WIthIn 24 hours when the fish were exposed to concentratIons of 

10 Jlg/l (Schaefer et al 1979) The fish, however, degrade and elmunate dlflubenzuron 24 to 48 

hours after exposure Ohkawa et al (1980) reported that fenvalerate was taken up mto carp fish 

more slowly than DDT ReSIdues were readIly excreted whIle DDT reSidues persIsted 

When Kanazawa and TOmIZawa (1978) exposed the freshwater fish topmouth gudgeon to 

20 ~g!l of CNP (2,4,6-trlchlorophenyl-4'-mtrophenyl ether), CNP concentratIOn In the fish 

mcreased and reached eqwhbnum after 7 days After transfemng It to clean water, the fish 

slowly excreted the CNP, decreasmg levels to 0 115 mglkg after 7 days 

DuangsawasdI and Klaverkamp (1979) concluded that the LC50 value for ferutrothIon 

was approXllllately 600 to 1000 tImes less than that for acephate m rambow trout Tb.Is 

J dJiference m tOXICIty IS probably due to the dlfference m solubility of the chemIcals m water and 
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fat Femtrotlnon IS lIpId-soluble, wlnle acephate IS water-soluble SasakI et al (1982) reported a 

blOconcentratIon factor (concentratIon of the chenncal m the fish/concentratIon of the chenncal 

m water) of 50 for femtrothlOn m kIllIfish exposed to 800 Ilg of femtrotlnonll for 10 days The 

blOconcentratIon factor for coho salmon exposed to 560 Ilg of femtrotlnonll for one day was 16 

(Bull 1974) 

GIam et al (1974) observed a relatIonship between the SIZe of the fish and reSIdues, 

especIally In highly contammated areas BoIleau et al (1979) noted a sInnlar relatIonship 

between age and reSIdue concentratIons m pike from the Rlcheheu RIver m Canada Shannon 

(1977) found that large catfish accumulated greater concentratIons of dIeldnn m muscles than dId 

small catfish after 28 days of exposure to the InsectICIde 
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Metals, Protem, LIpid & P AHs m Fish From Different EgyptIan Sites 
Leve!s, Uptake & EhmmatlOD of Cadlum 

METALS, PROTEIN, LIPID AND P AHs IN FISH 

In order to IdentIfy problems assocIated WIth chemIcal contammants, researchers m the 

Seafood Safety and FIsh DecontammatlOn Project screened representatIve samples of fish from 

dIfferent sItes for chemIcal resIdues The sItes selected represent the full spectrum of degrees of 

envIronmental contammatIon and exposure m Egypt Samplmg took place at the folloWIng sItes 

1) Lake Manzala I - mIxed lake and MedIterranean Sea water, 

2) Lake ManzaJa 11- southern part of the lake, winch IS most contarnmated, 

3) Lake Manut m the Alexandna regIon - complex, heavIly-polluted lake, receIvmg many 

dIfferent types of mdustnal, agncultural and sewage wastes, 

4) Lake TImsah at the mIddle portIon of the Suez Canal -lake ecosystem affected by sewage 

water and other pollutants from slnps crossmg the canal, 

5) The NIle RIver - relatIvely Ingh concentratIon of contanunants, 

6) FIsh ponds In the Suez Experunental StatIon - sewage wastes treated VIa stabIlIzatIOn 

ponds, 

7) MedIterranean Sea at Port SaId - heavIly contammated sea sIte In the lIDIDeruate VIClIl1ty of 

the waste sources 

TzZap:a sp were collected from the first SIX SItes, wlnle MugzZ sp samples were collected 

from the Port SaId SIte Both speCIes are bottom feedmg fish 

Based upon the work plan for the proJect, researchers chose to measure levels of metals 

(Cd, Pb, Cu and Zn) m organs of the fish samples collected from the above sItes In addItIon, 

uhhzmg the GCIMS techruque, they analyzed polycychc aromatIc hydrocarbons (PAHs) and 

total hydrocarbons m the muscle of Scomber Japomcus of the Gulf of Suez SCIentIsts also 

measured the protem and lIPId content of fish muscle from the sItes 

Metals 

AnalysIS Technzque 

Fish samples were weIghed, measured and chssected m order to separate the organs 

(muscle, gllis and lIver) Accordmg to methods recommended by the FAO (1976), sub samples 

were chgested m concentrated H]\lU3, dIluted to a specIfied volume and then measured usmg an 

atOmIC absorptIon spectrophotometer (Buck SCIence, model no 200A) Data obtaIned were 

expressed m ppm net weIght 



Results 

FIgures 3-6 show levels of metals m organs of fish collected from the vanous sItes 

CadmIUm ana lead concentratIOns exlubIt therr lughest levels m the gIlls of fish, WIth one 

exceptIon In whIch Cd concentratIOn IS lughest m the lIver of Mugzl sp collected from the 

MedIterranean Copper and ZInC levels, on the other hand, are hIghest m the lIver of the fish 

Tlus Illustrates organ and metal-specIfic accumulatIon wluch IS m agreement WIth recent 

lIterature (FuJIse 1988) Muscle tIssue shows the lowest values for all metals 

Lead In the muscles of fish collected from the MedIterranean and the northern regIOn of 

Manzala Lake shows values less than 0 1 ppm, whIle other SItes reveal levels rangmg from 0 125 

to 0275 ppm CadmIum levels, however, show no vanatIon (2Q 03 ppm), WIth the exceptlOn of 

levels observed m Tzlapza from the Suez fish ponds, where levels were 0 085 ppm HIgh levels 

of copper were found m the muscles of fish collected from the MedIterranean, reflectmg the 

effect of heavy water traffic upon pollutant levels ConcentratIons of each metal seem to 

correlate WIth the pollutlOn sources and enVIronmental condItIons of the area m wluch they are 

found 

Absolute maxlIna of lead and ZInC were found m the muscle of TzZapza sp collected from 

MarIUt, whIle the absolute maxImum value of cadmIUm was found m the muscle of Tzlapza from 

the Suez fish ponds 

CalculatIng the ratIon c/w (where c IS the concentratIon of Cd m the muscle of TzZapza 

sp, and w IS the fish weIght) produces consIderable changes m the pattern of metal vanatIon 

between dIfferent areas (see figure 7) MaxIIna of the ratIo c/w were observed m the Manut 

ecosystem, hIghlIghtIng the heavy pollutant levels of that lake 

Levels of the four metals m the muscle are WIthIn the safe concentratIons recommended 

by the FAO (1991) Table 3 shows the level of metals m the muscle offish from the vanous 

EgyptIan SItes The levels reported m thIs table are WIthIn the range of levels reported mother 

studIes 

Total Hydrocarbons and Polycyclic AromatIc Hydrocarbons (PAHs) 

AnalysIS Technzque 

50 grams of fresh samples of fish muscle were dIgested by KOH m CH30H and refluxed 

for one hour WIth 15 m1 ofn-pentane (Farrmgton and Mederos 1975) The combmatIon oflugh

resolutIon capIllary gas chromatography and hIgh-performance mass-spectrometnc IdentIficatIon 

of compounds was used under the condItIons Illustrated m the accompanymg figures 
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Results 

IdentIiicatlOn of mdiVIdual hydrocarbons was carned out by Com-GCIMS usmg a 

!-!ewlett-Packard Model MS-5988 Senes of P AHs were measured and quantIfied usmg the mass 

fragmentographIc profiles (see figures 8-11) 

Due to Its severe 011 contammatlOn, the Gulf of Suez was chosen as a site from whIch to 

collect fish Researchers collected Scomber Japomcus from 3 locations Am El Sukhna, the 

unmechate VIClnlty of the 011 exploration area of Petro Bel Company, and the southern regIOn of 

the Gulf of Suez The figures Illustrate that the muscle tIssue of fish collected from the 011 

exploratlOn area have accumulated many vanetIes of P AHs of lugh molecular weIght The most 

abundant PAHs found In fish muscle at tlns locatIon are Dlbenzo cronene, Benz[a] 

antbracene/crysene and I-methyl dibenzo [a,h] anthracene The other two locatIons showed less 

vanety and lower concentratIon of P AHs m the fish muscle tissue The present data are smular 

to that present m other work (Gnmalt et al 1984) In the coastal zone of Spam 

FIgure 12 shows that fish samples from the Mechterranean Sea at Port Srud contam the 

hIghest levels (I 9 42 ppm) of total hydrocarbons EI Samra et al (1982) reported that heavy slup 

traffic had adversely lIDpacted the area Moreover, mdusmahzatlOn of Carro and Gtza has 

rendered the NIle River an enVIronment heavIly contamInated With od and Its denvatIves ThIs 

would explam the lugh levels of hydrocarbons found m the tIssue ofNlle River fish 

Carcmogeructy of vanous P AHs has been demonstrated m rodent skIn tests AnalYSIS of 

P AHs ill tissues generally mdIcates that levels should be qUIte low m the most commonly

consumed fish products (GESNvfP 1993) 

Total Protem and LIIUd Content 

AnalysIS Technzque 

The total protem content m the fish muscle was determmed accordIng to the method , J developed by Peters (1968) Total lIpId content was earned out accordIng to the method 

specIfied by Krught et al (1972) 

Results 

FIgure 13 shows that total protem content of fish muscle exlnblts non-slgmficant 

vanatIon at the dIfferent sites The values of total protem ranged from 59 to 82 gm%, while 

those oftota! lIPId vaned from 0 38 to 1 29 gm% 
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UPTAKE AND ELIMINATION OF CADMIUM 

The work In task 3 of the Seafood Safety and FIsh DecontammatIon Project IS devoted to 

assessmg the rate of elImmatIOn of chemIcal pollutants from contammated fish In order to 

determme these rates, SCIentIsts undertook long-term expenments to study the uptake and 

elImmatIOn of cadmIUm The expenments took place under controlled conciItIons In the bIOassay 

laboratory In the Suez branch of the NatIOnal InstItute of Oceanography and Fishenes 

CadmIUm was selected due to Its UbIqUIty, hIgh tOXICIty and abIlIty to accumulate In 

aquatIc organIsms CadmIUm uptake from water can take place VIa eIther passIve dIffusIOn 

through the gIlls or through the body (Del Ramo et al 1993) 

Experiment 

LIve fish of TzZapza sp were caught and acclImated to laboratory condItIons for one 

week, after whIch tIme the expenments began Groups of actIve and healthy fish of 7 ciIfferent 

SIZes were placed m glass tanks contammg 1 ppm of cadmIUm ImtIal concentratIOns of 

cadmIum were measured m the entIre body for small fish and m dIfferent organs m the larger 

fish Researchers calculated the mean value of concentratIons and found that the standard 

deVIatIon was WIthIn the accepted IImlts 

FIsh were removed from the contaIners at ciIfferent tIme penods to measure Cd 

concentratIons m the muscle, lIver, gIlls and whole body Usmg the statIc-renewal procedure, 

actual concentratIons of Cd m pooled water samples were determmed at the begmnmg and after 

24 hours of exposure before water removal 

The elmnnatIon expenment began after 30 days of accumulatIon, when the alIve and 

actIve fish were transferred to tanks contammg clean seawater The same procedures were 

followed as those Implemented In the uptake expenments 

Results 

FIgures 14-15 show cadmIUm uptake m drfferent organs, as well as uptake and 

elImIDatIon for the entIre fish CadmIum accumulated most rapIdly m the gIlls AccumulatIon 

durmg the first 48 hours showed a 12 fold mcrease over the InItIal concentratIon, although the 

other organs (muscle and lIver) showed no response to cadmIum uptake durmg the same penod 

After a 30 day penod, cadmIUm levels m the gills had mcreased 65 fold over the InltIal 

concentratIon, whIle that m the lIver had Increased to levels as hIgh as 8400 fold No saturatIon 

was recorded m the gIlls or lIver tIssues after 30 days 

No response was recorded m the muscle durmg the first 10 days of the expenment After 

tins penod, a rapId mcrease (55 fold) was observed up to day 20 The uptake rate slIghtly 
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decreased to 21 fold over the Irutial concentratIon after 30 days It appears that these results were 

due to detoxIficatIOn processes 

In the whole fish, cadrmum mcreased 37 fold m the first 24 hours over the IruUal 

concentratIon Accumulanon, however, reached a plateau between the first and fifth day and was 

then followed by a rapid nse to day 30 Figure 15 shows that, after a rapId cadmnun uptake m 

the whole fish, the eiImmanon from the tIssue was slow Whole body concentratIOns reached 

438 ppm after a 24 hour penod and then decreased at a slow pace to 1 82 ppm after 20 days of 

depuratIon 
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Table 1 

F,at'! S'1ze 

50-70 ffiffi 

Table 2. 

Mean resIdues (mglkg) and uptake offemtrotlnon by Q. mlotxcus 

exposed to 40 J.1g femtrotlnonll for 15 days 

T",~ (days) from beg,nn,ng of exposure 

1 3 7 10 15 

o 75 1 02 1.90 2."0 2 "1 

t 05 1 80 3 0" 3 05 

Mean resIdues Cmg/kg) and elImmatIon offemtrotlnon by 0. ru10ucus In clean 

water folloWIng 15 days of WIthdrawal from exposure to 0 04 mg femtrotluonll 

F,sh s,ze T,me (days) from end of exposure per10d 

1 3 7 10 15 

35-"0 mm 2 08 1 60 0.58 0.19 o 03 

60-70 mm 1. 75 0.S5 o 28 0.04 
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o 04 mg ferutrotlnonll for 15 days 
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Table 3 

Level of metals m the muscle of fish from vanous SItes m Egypt 

Spe:Ies l.ocatJon Cd Pb CU In Re!erences 

IllaRla Sp Manzala o 015- 0 055 o 225- 0 700 1.013-1 475 S 225-7.29 AOOu-Doma (1990 J 

TllapJa Sp Karlut o 06-0 093 o 9 - 2 425 0.88 - 1 56 6 143-6 973 AOOu-Donla (1990) 

K:.:: ] SF Re::l Sea - 7.14 16 75 15 56 Abdel-SalaJl (1981) 

M .. :: 'I SF lSt311a - 3 54 - 13.04 ll- Deak (1990) 

H.~!l 51:",11 Suez Sa) o 13 o 54 o 530 15 28 £1- JIOselh} 1193)) 

1112;:la SF ~~n2ala 1 o 031 o OB6 o 523 4.038 Pr~ent study 

1112t 1a SF Harlzala 11 o 027 o 176 o 446 6.48 Present studJ 

TJ]2F'2 SF Harlut o 0'5 o 2iS o 550 B 271 Present stu:ly 

jjlap3 SF 7etsah o ~J2 o 234 o 620 3.185 Present stUJ1 

!l1ar'2 Sr; ~lle o 019 o 12, 0373 3.537 Present stud) 

Tllat!: S~ Suez P::J:l ODe, o 234 o 238 4.610 Present stud), 

J ~ .. ~I' S~ Port SaId o 02 o 058 1 362 5.584 The present studJ 
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EFFECf OF WATER PH AND SALINITY ON THE TOXICITY, 
UPTAKE AND DEPURATION OF THE ORGANOPHOSPHORUS 

INSECTICIDE FENITROTHION (SUMITHION) 
BY THE NILE TILAPIA OREOCHROMIS NILOTICUS 

MOHAMED M SHEREIF 
Department of Plant ProtectIon, Faculty of Agnculture, 

UnIVerSIty of Am Shams, Cairo Egypt 

INTRODUCTION 

The effect of pesticides on fish IS mfluenced by a number of 
envIronmental factors which may Increase or decreas the tOXIC effect of 
mese cnemlCals to fish As a consequence, the extent of uptake and 
depuratIOn of pesticides by fish could be altered EnVIronmental factors 
that may affect the tOXICity, uptake and depuration of pestIcIdes by fish 
mclude temperature, pH, dissolved gases, dIssolved salts, turbidity, 
alkalInIty, orgamc compounds, salInIty and hardness 

Literature reveals some conflIctmg data concemmg the effect of 
such environmental condItIOns on the tOXICity, uptake and depuration of 
pestICIdes by fIsh In a prevIous study (ShereIf, 1995), a pOSItiVe 
relatIOnshIp was found between the uptake of the organa phosphorous 
msectlClde femtrothIOn and NIle tllapla (Oreochromzs mlotzcus) from a 
solutIOn contam1Og 40 ug femtrothIOn/l This study IS an attempt to 
evaluate, under lab conditIOns, the effect of hydrogen Ion concentration 
(PH) and sahmty on the tOXICity, uptake and depuratIOn of the 
organophosphorus InsecticIde femtrotluon by Nile tIl apia 0 mlotlcus 

MATERIAL AND METHODS 
I. The Fish. 

The NI1e tllapla Oreochromls mlottcus was selected as a very 
common and popular fish 10 Nile and Its trIbutarIes and In EgyptIan fish 
farms Fmgerhngs (mean weIght SSg, mean length 3 5 cm ) were 
obtamed from one of the recommended hatchanes near CaIro They were 
acclImated for two weeks 10 the lab Dunng thiS penod, fish were fed a 
commerCIal dry pellet food at 4% of their body weIght The fish were 
acchmated for another week 10 glass aquarIa (SO x 35 x 35 cm ), filled 
WIth 50 I of water before exposIng them to femtrothlOn 
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II. The Pesticide FemtrothlOD 

ChemIcal Name 
Alternate Names 

Pnncipal Use 
Punty 

O,O-DImethyl O-(4-mtro-m-tolyl) phosphorothIOate 
AccothIOn, Agrotruon, Bay 41831, CAS 122-14-5, 
ENT-25715, Fohtmon, MEP, Methyl-mtrophos, 
Novatruon, Nuvanol, SumlthIOn, Cytel, S-5660 
Insecttcide 

40% (Ee) 

III Acute tOXICIty BlOassays· 

The values of statIc 96h-LCso were detennmed for femtrothlOn 
(SumithIOn) accordmg to procedures developed by Standard Methods 
(1986) A senes of concemranons of ferutrothion WIth the adjusted values 
of pH and salImty (three replIcates and controls) were used PestIcIde 
was added to the aerated test medlUm 45 mmutes before the fish tIlapla 
were placed No food was provIded dunng the 96 hrs of the test 

MortalItIes were recorded at four hours mtervals for the fIrst day 
and at 24 hour mtervals for each day thereafter Fish were considered 
dead when there was no movement of the operculum, and dead fish were 
removed Immediately after death 

IV ChroDlc TOXICity BlOassays 

Chromc tOXICIty bIOassays were performed m glass aquana (50 x 
35 x 35cm) filled WIth 50 I of water and 40 ug femtrothlOn/l With the 
adjusted values of pH and sal1mty ThIs concentratIOn IS 1/10 of the acute 
tOXIC value (400 ugll) prevIOusly detennmed by the author (Sherelf, 
1995) The renewal exposure system was followed where the test 
solutIOns and control water were renewed penodlcally (usually at 24-br 
mtervals) 15-20 fingerlmgs of NIle tliapia were placed m each aquanum, 
WIth three replicates for 15 days, then transferred mto clean water for 
another 15 days CommercIal dry pellet food was provIded to fIsh at 4% 
of theIr wet body weIght 

V. pH and SalInIty: 

The pH was adjusted to 5 (acIdIC range), and 9 (alkalme range) by 
addItIon of concentrated hydrochlorIC aCId (HCI) or saturated solutIOn of 
sodlUm hydroxIde (NaOH), respectIvely The pH was usually measured 
45 mmutes after NaOH or HCI IS added pH values were measured and 
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momtored by a pH meter PrelIm mary experIments showed that these pH 
values were not tOXIC wlthm 96 hrs to tllapla After acclimation (96 hrs), 
fish were transferred to aquana fllled wIth water of the Identical pH values 
but contammg 40 ug femtrothIOnll 

Sahmtles 10 test aquana were adjusted to 8% and 35% by addItIOn 
of pure sodmm chlonde (NaCl) Sahmty values were measured usmg Ee 
meter The fingerhngs of tdapla were slowly acchmmated to salImty values 
before exposure, then transferred to aquana conta1Omg the same salImty 
values and 40 ugll of femtrothlOn 

VI. Residues of femtrothIOn 

At esch samplmg t.me (1, 3, 7, 10 and 15 days), two fish were 
taken, washed with runnmg tap water, weighed, and analyzed for pestIcide 
residues In muscles (the edible part) Water samples were taken at the 
same samplmg time and subjected to residue analysIs 

The extraction and clean-up procedures of femtrothlon In fish and 
water samples followed those developed by Kanazawa (1975) and 
USEPA (1974), respectively A varIan 3700 GLC eqUIpped WIth flame 
lomzatlOn detector (FID) was used for the detection of femtrothIOn 10 fish 
and water samples 
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RESULTS 

Data In Table (1) and FIgure (1) show that the tOXICIty of 
femtrothlOn to NIle ttlapla Increased wIth the decrease of pH values The 
96-h LC50 of femtrothton for Nlle tiiapia was prevlOus]y recorded as 400 
ugll usmg NIle water (Shere!f, 1995) Thts value Increased at pH = 5 2 
(280 ug/l), while It decreased at pH = 9 1 (480 ugll) 

The uptake of femtrothlon by the fish was more pronounced at the 
lower values of pH ( pH = 5 2) than the other two values of pH (Table 2) 
It IS noticed that concentratIOns of femtrothlon m fish muscles Increased 
gradually u'lt,Ie day 10 and nearly reached equlhbnum at day 15 of 
exposure However, the muscles of the fish exposed to femtrothlon at the 
lower pH accumulated greater concentratIOns than dId muscles at hIgher 
pH (Table 2 and FIgure 2) Accordmgly, the accumulatIon factor (resIdues 
of femtrothlon m fIsh muscles dIVIded by that In water) for fish exposed at 
pH = 52 was greater (71) than those fIsh at pH = 68 (60) and pH = 9 1 
(57) (Table 2) 

When the fIsh transferred to clean water, femtrothIon concentratIOns 
m fIsh dechned gradually at the dIfferent pH values (Table 3 and FIgure 3) 
DIfferences In reSIdues after depuratlOn of femtrothIOn from fish were 
InsIgmficant (P < 0 05) between fIsh exposed to femtrothlOn at the 
different pH values 

II Sallmty-

The tOXICIty of femtrotruon to NIle tIl apIa was most lugher at the 
hIghest salImty value (35% ) than the other two values (fable 4 and 
Figure 4) Thus, the accumulatIon factor was comparatIvely hIgher for the 
fish exposed to the pestIcIde at the higher water salImty than those at the 
lower sallmty (8% ) or Nlle water (Table 5 and FIgure 5) 

On the other hand, there was no general trend In the effect of water 
sallmty on the depuratIon of femtrothlOn from fish (fable 6 and FIgure 6) 
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Table (1) Acute TOXICIty data of femtrotruon to 

o mloucus In dIfferent pH values 

pH value 96-hLCso 

52 280 ugll 

68 (Sherelf, 1995) 400ug!1 

91 480 ugll 
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-
Table (2) Mean residues (mg femtrothlOn/kg fish) and 

uptake of femtrothlOD by 0 mloncus exposed 

to 40 ugll at different pH values 

pH TIme (days) From the begmmng of AccumulatIon 
values exposure period Factor 

1 3 7 10 15 
52 100 147 235 285 285 71 

68 (Sherelf,1995) 075 102 190 240 241 60 

91 070 098 165 225 226 57 
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52 

Table (3) Mean resIdues (mg femtrothlOnlkg fISh) and 

depuratIOD of feDltrothlOD by 0 mlotlcuS ID clean 

water folllowmg 15 days of wIthdrawal from 

exposur to 40 ugIJ at ddTerent pH values 

pH Tlme (days) from end of exposure penod 

values 1 3 7 10 15 

225 1 75 090 059 029 

6 8 (Sherelf, 1995) 208 106 058 019 003 

91 201 162 079 032 006 
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Table (4) Acute tOXlClty data offemtrothlOn to 

o mlotzcus In different water sabmtles. 

SalImty Value 96-hLCso 

Nile water (Sherelf, 1995) 400 ugll 

8% 380 ugll 

35% 350 ugll 
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-
Table (5) Mean resIdues (mg feDltrotblOn/kg fisb) and 

uptake of femtrothlOD by 0 mlollcuS exposed 

to 40 ugll at different water sallDltles 

Water Tune (days) From the begmnmg of AccumulatIOn 
SalImty eXPQsure~nod Factor 

1 3 7 10 15 
NIle Water * 075 102 190 240 241 60 

Qat.. 085 100 180 238 240 60 v'v 

35% 095 138 218 259 260 65 

* (Sherelf, 1995) 
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Table (6)' Mean residues (mg femtrothlOn/kg fish) and depuration 

of femtrothlOn by 0 nzlohcus In clean water folllowlDg 15 

days of withdrawal from exposur to 40 ug/l at ddTerent 

water salImtIes 

Water Tune (days) from end of exposure penod 

sahmty 1 3 7 10 15 ~ 

NIle water * 208 106 058 019 003 

8% 215 163 072 028 005 

35% 225 180 095 053 017 

* (Sherelf, 1995) 
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DIFFERENT TYPES OF CONTAMINANTS 

MIcrobIal Agents (Pathogens) 

Pathogens can be classIfied as rrucro or macroparasites (Dobson & May, 1987) The 
fonner mclude vIruses, bactena, fungI and protozoa They are charactenzed by theIr 
small SIze, short generatIon tImes and theIr abIlIty to multIply withm an mfected host On 
the other hand, macroparasites of fish mclude helrrunthes, acanthocephalans, crustaceans 
and agnathans (Wootton, 1990) 

WhIle they filter many lIters of water per hour to satIsfy theIr nutrItional needs, fish retam 
suspended partIcles to whIch are attached II11croorganisms, some of wluch may be 
pathogeruc The concentratIOn rate between the water and the fish dIffers accordmg to 
many factors mcludmg the partIcular rruCrobial agent and the specIes of fish In fact, the 
major factors of SIgnIficance for fish contarrunatIOn and dIsease are the suSCeptibIlIty of 
speCIes to a partIcular pathogen present, the VIrulence of the pathogemc agent, and also 
the enVIronmental condItions whIch may trIgger epizootIcS PhYSICal and environmetal 
stress have an Important Impact m the mamtenance of healthy CondItIonS for fish (for the 
water hardness, pH, temperature, among other parameters) On an other hand, the 
susceptIbIlIty (or the reSIstance) of the fish speCIes to the actIon of the dIsease agent IS 
governed by Its phYSIcal bamers, ItS exposure condItIOns, and ItS age Among the 
phYSICal bamers are the sIan, scales, and mucous membranes whIch all 111mt the entry of 
mfectuous and parasItIc agents Fmally, adequate nutntIOn IS VItal for the rapId growth 
and the VIgor needed to cope WIth a vanety of pathogens 

Bacterza 

These ffilcroorgamsms may not cause dIsease m the fish themselves Rather, the fish may 
serve only as an host subsequently transrruttmg the dIsease to humans who consume the 
contarrunated fish The role of the fish as the vector of transIDlssIOn IS partIcularly 
Important, due to the pathogen's abIlIty to survIve and multIply Witlun the gut, mucous, 
and tIssues of the fish (Issa, 1993) AccordIng to the pOSSIble sources of contarrunatIon, 
we may dIstmgUlsh between 

• naturally occumng bactenal pathogens, generally not assOCIated WIth fecal 
contarrunatIon Vibno cholerae, Vibno parahaemolyticuS, VIbno vulmficus, other 
Vibno, Aeromonas, and Pleslmonas 

e pathogens transrrutted VIa fecal or cross-contarrunatIon Salmonella, Campylobacter, 
Eschencrua, YersIma, ShIgella, Listena, ClostndlUm, and Staphylococcus 

Vzruses 

Of the entenc VIruses, only HepatltIs A, non-A and non-B HepatItiS, Norwalk, 
Astrovrruses, Calciviruses, and Small Round Vrruses have been presented to be 
epiderruoiogically lInked to seafood-related chsease outbreaks ThIs lIst IS lmllted by the 
dIfficulty to Identify the agents and to make an accurate dIagnOSIS -the dIsease generally 
occurs months after exposure-

Shellfish are more ImplIcated than finfish 
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Macroparasltes 

Some macroparasItes may have complex lIfe hlstones In WhICh the fish IS only an 
IntermedIate host, and the paraSIte only becomes sexually mature when the Infected fish 
IS eaten by another predator WhICh IS then the defimtIve host Wlule most paraSItes are 
found In a range of sItes wIthm the Internal organs of fish, some are attachmg themselves 
to the external surface of the fish, such as the gIll filaments or fins 

FIsh may be host to an ImpressIve number of protozoans and macroparasltes Any 
IndIVIdual fish carnes only a sub-set of the paraSItes that Infest that partIcular speCIes 
Another Important feature of many macroparaslte speCIes IS theIr uneven dIstnbutIOn 
wltlun the fish populatIOn Most fish may carry none or only a few parasites, but a few 
fish are heaVIly Infested (Wootton, 1990) In such case, the effects of the parasIte are not 
spread approXImately equally across all members of the fish populatIOn, but only a small 
propOrtIOP of !11.dIVlduals In the popojl~tlon are eJl'posed to heavy mfestatIOns 

The followmg parasItes have been espeCIally documented dunng the performed studIes m 
Israel and Egypt GIardIa lamblIa, and three groups of Helrrunths (Cestodes or 
tapeworms, Trematodes or flukes, and Nematodes or roundworms) 

ChemIcal Contanunants 
Shenf & al proceeded to a "ComprehenSIve revIew of lIterature on cherrucal pollutant 
reSIdues, uptake, accumulatIon and ehrrunatIon by seafood and fish" (Progress Report of 
Nov '83) DIfferent sorts of water contarrunants may have phySIOlogICal effects on fish 

Inorganzc tOXIcants 

Metal bIOavrulabIllty IS mfluenced by phYSICal, cherrucal, and bIOlogIcal factors m the 
aquatIC envIronment PhYSIcal factors mclude temperature, phase asSOCIatIon (solId, or 
dlsolved), phYSICal adsorptIOn, sequestratlon by OcclUSIon wltlun a solId phase, or 
depOSItIOn Cherrucal factors compnse those mfluencmg the metal specIatIOn at 
thermodynarruc eqUllIbnum, presence of lIgands and complexatIOn kmetIcs, lIPId 
solubIlIty, and phase transItIons such as those assocIated WIth preCIpItation, 
copreCIpltatIOpn, or chenucal adsorptIon Both organic and Inorgaruc speCIes are mvolved 
In these phenomena A large vanety of bIOlogICal factors can also modIfy the metal 
bIOavrulabIllty, whIch mclude trophIc InteractIOns, blocherrucal or phYSIOlogical 
adaptation, IIllcrohabttat unlIzatIOn, fish size and age, as well as partlcular speCIes 
charactenstlcs 

The tOXICIty of weak InOrganIC aCIds and bases, such as hydrogen sulfide, cyamde, and 
ammoma decreases WIth pH for aCIds and mcrease WIth pH for bases The pH In the gIll 
nucroenvlronment also has a role In determmmg thIs relatlon 
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Orgamc toxIcants 

The fate of organIc cherrucals In the aquatIc envIronment IS generally controlled by the 
asSOCIatIOn or InteractIOn of the cherrucal WIth the organIC matter already In the water 
OrganIC cherrucals that are freely dIssolved In the water, and not bound to or asoclated 
WIth orgamc matter, may undergo dIffuSIOn-controlled processes such as volatilIzatIOn, 
dlffusIOn between sedIment and water, and bIOconcentratIon In lIVIng organIsms On an 
other hand, those whIch are assocIated WIth organIC matter In the water are subject to 
other processes such as settlIng, resuspensIOn, depOSItIOn, filter feedmg, and dIetary 
accumulation 

:MECHANISMS OF CONTAMINATION 

MIcrobIal Uptake by Fish 
(from ShuvaI & aI, 1994) 

Pathogens are lIkely to penetrate the fish tIssues despIte the fish defense system 
The penetratIon occurs through the skIn, mouth, gIlls, and thIn epIthelIUm (Sruezko, 
1974) WIth exposure to hIgh pathogen concentratIOns, penetratlon through the gall 
bladder, the stomach caVIty, and even the eyes IS pOSSIble (Munro, 1982) 

The penetratIOn of the dIfferent mIcroorganIsms In the fish organs largely depends 
on the concentratIOn of these mIcroorganIsms In the water where the fish IS grown When 
the concentratIon of these IIllcroorgamsms reaches beyond certaIn threshold, they mIght 
even reach the muscle When thIs happens, the fish partIcularly shows SignS of hIgh stress 
(Buras & aI, 1987) 

PenetratlOn through the skzn 

The fish outer layer of skIn IS covered by a thIck layer of mucus willch prevents 
the adsorption and growth of llllcroorgamsms wIthIn the skIn However, skIn wounds 
allow for penetratlon of bactena, VlfUses, and fungI 

PenetratlOn through the mouth and the dzgestlve tract 

Water and partIcles reach the stomach through the mouth Bactena, VlfUses, and 
protozoa enter the fish In the same manner Some enter through the IntestIne and then 
pass from the dlgestIve tract (DT) to the mner organs such as the spleen, the lIver, and 
the kIdneys (Sruezko, 1970, Buras & al, 1985, Fattal & al, 1992) In the DT, there IS a 
hIgh concentratIOn of phagocytes whIch present the first bamer to foreIgn bodIes that 
Invade the fish After entry In the esophagus, the IIllcroorgarusms can reach the blood 
stream or the lymphatIC system, and from there they enter the vanous lymphatIc organs 
In the lymphatIc organs, further phagocytIc actIVIty IS takIng place Then, those who are 
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no yet phagocytIzed and are still In the blood stream can reach other tIssues (DIgIrolamo 
& al, 1975) 

Canzomer (1971) assumes that the penetratIon IS based on two dIfferent but 
related processes FIrst, It may be from contamInated food mto the DT In thIS case, the 
bactena or VIruses reach the DT, pass through It, and are excreted In the feces Second, It 
may be by a long term exposure to small numbers of ITIlcroorganIsms In thIS case, the 
ITIlcroorganIsms remaIn m the DT and In the lymphatlc organs They WIll not be released 
qUIckly and, therefore, wIll stay In the DT for long penods of tIme 

PaIn (1986) suggests the eXIstence of cleanlmess cells called haemocytes WhICh 
capture Inlcroorganisms from the DT and transfer them to other tIssues The 
phYSIOlogICal system whIch IS responsIble for thIs phenomenon may be dIfferent In 

dIfferent speCIes of fish and thIS has Important pubhc health ImplIcatIOns 

Penetratzon through the gzlls 

StudIes have shown that 2 h after exposure of carp to VIruses, they could be 
detected In the gIlls and , 5 d later, could be found In the blood system (Ahne, 1975) It 
appears that the type of cells whIch eXIsted In the gIlls serve as proper pathways to the 
blood system (ChIlmoczyk, 1980) 

Defense mechamsm of the fish 

It can be dIVIded mto the phYSIOlogICal system and the Immune system (EllIS & 
al, 1976) 

The phySIOlogIcal system IS composed of the skm and of a tluck layer of mucous 
whIch prevents the adsorptlon and growth of mIcroorganIsms on the skm ThIs layer 
protects the skm cells from mechanIcal, bIOlogICal, and chermcal wounds and proVIdes a 
selectIve tranSmISSIOn of metabolItes and pathogens between the fish and the 
enVIronment (Krovacek, 1987) 

The Immune system mcludes lymphocytes, granulocytes, and phagocytes all of 
whIch are found In the skIn, gIlls, DT, and the lymphatlc organs These cells attack the 
ITIlCrObIOlogical mvaders The lymphatlc organs (e g, spleen and kIdneys) destroy the 
dIfferent antIgens In an effiCIent manner (Lamers, 1985) In fact, the lymphatlc organs 
that are most actlve 10 dIstanc10g foreIgn mICroorganISms are the spleen and kIdneys 
These organs have the hIghest concentratIons of macrophages and lymphocytes (Buras & 
al, 1980) The phagocytIc cells In the lymphatIC organs represent the fish potentIal InItIal 
defense mechamsm (Buras & al, 1987) 

Chermcal Uptake by FIsh 

Three mechamsms have been proposed to explam how a chemIcal passes across a 
cell membrane (a) pasSIve dIffuslOn through the membrane, (b) filtratlon through 
membranous pores, (c) speCIalIzed transport systems that carry water-soluble and large 
molecules across the membrane by means of a camer 
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Cell membranes are essentIally lIpoprotems wIth aqueous pores through WhICh 
water-soluble molecules can pass Most membranes have an electncal potentIal that may 
effectIvely preclude the ready penetratIOn of charged chemIcal specIes Thus, It appears 
that the absorptIon of a chemIcal depends on Its phYSIco-chemIcal propertIes, molecular 
SIze, shape, degree of IOnIZatIOn, and lIpId solubIlIty 

PassIve dIffusIOn IS conSIdered to be the pnnclpal mechanIsm by whIch chemIcals 
can cross cell membranes The rate of passIve dIffusIOn of a molecule IS proportIOnal to 
the concentratIon gradIent across the membrane, the membrane thIckness, the area 
aVaIlable for dIffusIOn, and the dIffusIOn constant (La Du & al, 1972) The rate of passage 
IS related dIrectly to the lIPId solubIlIty (BrodIe, 1964) However, smce absorptIon 
reqUIres passage through an aqueous as well as a hpo-phase, the absorptIon of a chemIcal 
wIth an extremely low solubIlIty In water may be Impeded In spIte of a hIgh hpid-to
water partItIon coeffiCIent The passIve dIffusIOn also depends on the extent of IOnIZatIOn 
and the lIPId solubIlIty of the IOnIzed and nOnIonIzed speCIes (BrodIe, 1964) 

FIltratIon IS a process by whIch a chenucal passes through the aqueous pores m 
the membrane, and IS governed by the Slze and the shape of the molecule The bulk flow 
of water across the membrane produced by an osmotIC gradIent or hydrostatIc pressure 
can act as a carner for chemIcals 

SpeCIalIzed transport processes are needed to explaIn the transport and kmetIc 
behaVIOr of large, lIpId Insoluble molecules and Ions Two types of carner-medIated 
transport systems have been recognIzed actIve transport and facilitated dIffuSIOn The 
carner m both systems IS some component of the membrane that combmes WIth the 
chenucal and asSIStS ItS pass age across the membrane It has a lImIted capaCIty and when 
It IS saturated , the rate of transfer IS no longer dependent on the concentratIon of Lhe 
chenucal and assumes zero order kmetIcs Structure, conformatIon, SIze, and charge are 
nnportant m determInIng the affinIty of a molecule for a carner SIte, and competItIOn for 
carner SIte WIll occur 

ActIve transport IS a carner-medIated transport system whIch moves a molecule 
across a membrane agamst a concentratIon gradIent or, If the molecule IS an lon, agaInst 
an electrochemIcal gradIent It reqUlfes the expendIture of metabolIc energy and can be 
mlnblted by pOlsons that mterfere WIth cell metabolIsm 

FaCIlItated dIffuSIon IS a carner transport mecharusm by whIch a water soluble 
molecule IS transported through a membrane down a concentratIOn gradIent No apparent 
energy IS reqUIred and metabolIc pOlsons WIll not InhIbIt thIs process 

Uptake and EIlDlInabon of XenoblObcs** (from Heath, 1995) 

(a) - The route by whIch a foreIgn chemIcal IS taken mto a terrestrIal arumal for 
the most part do not apply to fish ThIs IS because several constraInts are Imposed on the 
ammals by the aquatIc enVIronment where they lIve m One of the most cntIcal IS the 
matter of obtaIrung suffiCIent O2 A fish must breathe roughly 20 tImes more of Its 
respIratory medIUm (1 e water) than a terrestnal anImal (usmg rur) to obtaIn the 
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eqUlvalent amount of O2 Therefore, the g1l1 tIssue (whIch IS the maIO pomt of entry for 
dIssolved substances) WIll be exposed to a far greater amount of selected pollutants than a 
terrestrIal ammal breathIng rur Furthermore, the gIlls have a countercurrent blooclJwater 
flow system, very thIn epIthelIal membranes, and large surface areas, these features all 
faCIlItate the uptake of matenals from the water and theIr transfer to the blood 

There are four possIble routes for a substance to enter a fish absorpllon onto the 
gIlls, IngestIOn WIth food or WIth dnnkIng water, and adsorptIOn to the body at the skIn 
GIlls and food vary greatly as routes of exposure, depending mostly on the aVailabilIty of 
the consIdered substance (1 e , whether It IS concentrated In the food or dIssolved In the 
water) The Importance of skm vanes WIth the SIze of the fish and tOXIcant, and accounts 
more for small fish because of the large surface to volume rallO 

Then, the dIstrlbutIOn mto varIOUS organs IS Influenced by the route of uptake 
XenobIOtlcs that enter the cIrculatIOn VIa the gills can be rapIdly dIstrIbuted throughout 
the body to all organs In fact, once It IS absorbed VIa the gIlls or gut, a chenucal IS 
usually bound to a orotem and then transported by the blood to eIti'er a storage pomt 
(such as fat) or to the hver for transformatlon andlor storage If transformed by the lIver, 
It may be stored there, excreted m the bIle, or returned to the blood for possIble excretIon 
by the kIdneys or gIlls, or stored In extrahepatIc tIssues such as fat On the other hand, 
xenobIOlIcs that are absorbed Via the 10testme wIll pass first to the bver Via the hepatIc 
portal system, where some metabolIsm or sequestenng may occur 

Thus, the concentratIOn found In dIfferent organs after enVIronmental exposure 
for a partlCular tlme depends on several SImultaneous dynanuc processes The total body 
burden of a foreIgn cherrucal WIll be a weIghted average of all the tIssues, wluch may 
dIffer from each other In concentratIOn of thIs cherrucal by orders of magmtude 

(b) - DepuratIon of foreIgn chenucal IS usually measured by allOWIng the 
contarrunated fish to reSIde m non-contarrunated water for some speCIfied penod of tlIne 
and then reSIdue analYSIS IS performed on the whole body or speCIfic tIssues The latter 
kInd of analYSIS are far more mformatIve smce the rate of depuratlon vanes greatly 
between dIfferent tIssues and this IS related to theIr relatlve abIlItIes for metabolIc 
transformatIon of the cherrucal 

It IS dIfficult, If not ImpOSSIble, to draw many generalIzatIOns regardmg the 
excretIon of foreIgn cherrucals In fish because these compounds are so dlverse and the 
fish IS endowed WIth several excretory modes (gIlls, sIan, mucus, bIle, feces, unne) 
However, It does seem safe to state that the lIposoluble xenobIOtIcs are usually 
metabolIzed 1Oto hydrosoluble form before excretIon, and the products of such 
metabolIsm are largely excreted VIa the bIle ancIJor unne The gIlls can be an Important 
mode of eXIt for small compounds that reqUIre httle If any bIOtransformatIOn before 
excretIon, thIs IS presumably a pasSIve dIffuSIOn process 
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MATHEMATICAL MODELS 

Krauss & HIlI have presented the possIble models for all the terms fOrmIng the 
overall bIOaccumulatIOn of a contammant m fish As summanzed from the lIterature, 
these dIfferent terms are 
• uptake VIa gIlls 
• uptake by adsorptIOn to the skm 
e uptake by mgestlon (sometImes called "food-cham accumulatIOn") 
~ elImmatIon from the gIlls 
e elImmatIon by defecatIOn 
• loss from growth dIlutIOn 
e loss from bIOtransformatIon 
t) reproductIve loss 

The approach for modelmg each of these terms IS not always consIstent, and some 
models have not mc1uded every one 

To focus on the elImmatIon process, we shall consIder the sImplest model, whIch 
IS a one-compartment open model 

where ka and lee denote respectIvely the rate constants for absorptIon and ehnunatIon 

In usmg thIs model, It IS assumed that the chermcal eqUIlIbrates WIth all tIssues to 
whIch It IS dIstnbuted sufficIently rapIdly to preclude kmetlc dIfferentIatIon by the 
technIques bemg used to charactenze ItS movement m the orgarusm 

Bemg pnnclpally mterested III the depuratIon process, we shall also assume that 
the rate of elllmnatIon of a gIven contalTIlnant IS proportIonal to Its concentratIon III the 
conSIdered organ And we shall adopt the most commonly used mathematIcal model, 
wIth zero order mtake and fIrst order e1unmatIon Thus, the concentratIOn m thIs organ 
will be descnbed by apparent first-order kmetIcs 

dC(t) I dt = -ke C(t) 
where C(t) IS the concentratIon at tIme t and lee IS the rate constant for ehmmatIon 

The solutIon of thIs dIfferentIal equatIon gIves, when C(t) IS the concentratIon of the 
chermcal III the orgarusm at tIme t of the process and C(O) IS the IrutIal concentratIon at 
the begmnmg (tIme t = 0) 

C(t) = C(O) exp( -ket) 
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DECONTAlVIINATION I DEPURATION 

Summary of the Experiments 

Pathogen depuratlOn 

Zuaretz and Nasser (1993) were performmg a study on Tiiapia hybnds (Sarotherdon 
aureus X S nzlotlcus) The malO purpose of theIr research was to evaluate the 
depuratIon rate of fish organs and to learn the effect of actIve depuratIon on these organs 
Water samples and fish tIssues (skIn, muscle, lIver, spleen, and dIgestIve tract DT) were 
assayed for three dIfferent mIcroorgarusms E colI, MS2 bactenophage, and POlIOVIruS 1 

The study Included 3 major controlled laboratory expenments (1) ContarnmatlOn 
kInetIcs (2) FISh punficatIOn (3) FISh depuratlon, by contmuous water change 

e Expenment (1) 
ThIs expenment was performed m two parts 

The first part lasted 24 h, dunng whIch the three types of mIcroorganIsms were 
moculated once In the fish water tank It was mtended to determme the concentratIon 
of the vanous mIcroorganIsms m dIfferent fish tIssues after one moculatIon 

The second part lasted 15 d, and conSIsted of 11 moculatlons of these three chfferent 
mIcroorgalllsms 10 the fish water tank It was conducted to determme the 
accumulatIOn and perSIstence pattern of the test mIcroorgarusms m dIfferent fish 
tIssues dunng the 14 d penod when the mIcroorgarusms were seeded to the water 
every 24 h 

t> Expenment (2) 
ThIs expenment was performed to evaluate the self punficatIon rate of the chfferent 
fish organs It lasted 21 d dunng whIch the three Inlcroorgamsms were each 
moculated once mto the medIUm 

III Expenment (3) 
ThIs expenment was conducted to evaluate the effect of contInuous water change on 
the perSIstence of the tested mIcroorgarusms m fish organs It lasted 5 d dunng whIch 
the fish were fed druly (1 % of body weIght) Two tanks were used Tank A contammg 
clean and contmuously aerated water, and Tank B m whIch the mIcroorganIsms were 
moculated once and whIch was contammg the fish stock for the expenment Itself 
Every 3 h, 100 I of clean water from tank A passed through the tank B, and trus was 
consIdered as one water change 

Chemlcai decontamznatlOn 

(a) - PestICIdes reSIdue 

Sherelf and al (1994) attempted to evaluate, under laboratory CondltlonS, the 
process of uptake blOaccumulatlOn, and elImInatIOn of ferutrothIon by the fish Tllapla 
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(Oreochromls mlotzcus) In addItIOn, the relatIOnshIp between these processes and fish 
body SIze was assessed 

After determmatIon of the medIan lethal concentratIOn (LC50) of femtrothIon 
wIth a statIc test (USEP A, 1982), the uptake and ellIIllnatIOn expenments were earned 
out aecordmg to the renewal exposure system Test solutIOns and control water were 
renewed penodIcally, usually wIth 24 h mtervals The fish were raIsed for 15 d m glass 
aquana contaInmg the aqueous solutIOn of femtrothIOn at a concentratIOn eqUIvalent to 
the LC50, and then transferred to clean water for another 15 d CommercIal dry feed was 
given once a day, at 4% of fish body weIght, throughout the expenment 

At each samplmg tIme, two fish of dIfferent SIze were washed WIth runnmg tap 
water, weIghed and analyzed for chemIcal reSIdue At the same tIme, water samples were 
taken and subjected to reSIdue analYSIS 

(b) - Metals and P AHs 

In an other study (Dr El-Samra & al, Task 3 of the Seafood Safety and FIsh 
DecontarrunatIon ProJect), the rates of uptake and elImInatIOn of metal contamInants were 
assessed by usmg cadmIum ThIs metal was selected because of ItS ubIqUIty, hIgh 
tOXICIty, and abIlIty to accumulate m aquatIC organIsms 

LIve fish of Tzlapza sp were caught and acclImated to laboratory condItIOns for 
one week at the begmnmg of the expenments Groups of active and healthy fish of 7 
chfferent SIzes were placed for 30 d m glass tanks contaImng 1 ppm of cadmIum InItIal 
concentratIons of cadmlUm were measured m the entIre body for small fish and m 
different organs m the larger fish The mean value of concentratIOns were calculated For 
the expenences, fish were removed from the contamers at chfferent tIme penods to 
measure the Cd concentratIons m the muscle, lIver, gIlls, and whole body Usmg the 
static-renewal procedure, actual concentratIons of Cd m water samples from the medlUm 
were determmed at the begmmng and after 24 h of exposure before water removal 

The decontammatIon expenment started after the 30 d of accumulation, when the 
alIve and actIve fish were transferred to tanks contaImng clan seawater The same 
procedures as those Implemented m the uptake phase were followed 

ExperImental Results and Modehng 

Pathogen depuratwn 

& Expenment (1) ContarrunatIon KmetIcs 

We shall not conSIder herem the results of these expenments, Since they are attemptmg to 
present the fish contarrunatIon kmetIcs whIch do not constItute our purpose (as It IS stated 
In the mtroductlOn sectIOn) 
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• Expenment (2) FISh Punficatlon 

In each case, we shall get an approxImate value of ke WhICh corresponds to the model for 
C(t) by consIdenng the concentratlon of the consIdered rrucroorgamsm In the DT, where 
also It has each arne a slgmficant value 

TABLEl·Nu 

EschenchUl coil 

meratlOn ot:' E Cob m different organs of fin fish dunn!; Expenment #2 
t (h) In water DT Spleen LIver Muscle Skm 

0* 0 0 0 0 0 0 
24 710 57 31 019 0 031 
48 160 53 056 0042 0 025 

96 34 35 0 0 0034 
120 019 
144 0014 

192 0004 025 0 0004 0 0 
216 0002 

480 0 0004 0 0 0 0 

NOTE all the reported numbers are to be multlplJed by 103 

(*) mdlcate the moculabon of nucroorgarusms performed dunng the expenments 

FIGURE 1 • DepuratIOn of the DT from E Coil dunng Expenment #2 

E coli In DT (Exp #2) 
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The model for E coh In tills expenment gIves an approXImate value ke = 0 02 WIth a very 
marked detemunatton coeffiCIent (R2 = 094) 
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TABLE2-Nu 
MS2Phage 

meratlOn of MS2 Pha[?e m different organs offin fish dunng Expenment #2 
t (h) In water DT Spleen LIver Muscle SIan 

0* 0 0 0 0 0 0 

24 61 088 0 0002 0 013 

48 0028 005 0 0008 0 0008 

96 0024 0005 19 051 0 011 
120 0 
144 0 

192 0 0 0 0 0 0 

216 0 

480 0 0 0 , 0 0 0 

NOTE all the reported numbers are to be multIplIed by 103 

(*) mdicate the moculatIon of Dllcroorgamsms performed dunng the expenment 

FIGURE 2 - DepuratlOn of the DT from MS2 Phage dunng Expenment #2 

MS2 In DT (Exp #2) 
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The mathematIcal model for MS2 phage III tlus expenment YIelds a relatIvely good 
apprmamate value (WIth R2 = 0 937) of ke = 0 07 

197 



TABLE3-Nu 
PO!lOvlrus 1 

meratlon oJ' PollOvlrus 1 m different organs of fin fish durmR Expenment #2 
t (h) 10 water DT Spleen LIver Muscle Skm 

0* 0 0 0 0 0 0 
24 36 2 0 054 0 015 
48 28 15 65 014 0 0077 

96 011 1 0 027 0 0 
120 0045 
144 0 

192 0005 005 0 0 0 0 
216 0 

480 0 0 0 0 0 0 

NOTE all the reported numbers are to be multiplied by 103 

(*) lDrucate the lDoculabon of nucroorgamsms performed dunng the expenment 

FIG URE 3 Depuratzon of the DT from POllOvzruS 1 durzng Experzment #2 

Pohovlrus 10 DT (Exp #2) 
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In tills expenment, accordmg to the model, POlIOVIruS 1 IS gIven an elImmatIon rate of 
approxImately ke = 0 03 
However, thIs approxlmatlOn IS less adequate than for the other ITIlcroorgarusms In the 
same type of expenence (With R2 = 0 78) 
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• Expenment (3) FIsh depuration 

meratzon of E Call zn different organs offin fish durmg Expenment #3 TABLE4-Nu 
Eschenchuz coil # change I L (h) In water DT Spleen LIver Muscle 

0 0 0 0 0 
0* 1 70 
0 12 0105 0488 0 0114 0 
0 24 007 0 0 0 
3 36 0002 0135 0 0001 0 
8 48 0 0047 0 0 0 
16 72 0 0004 0 0 0 
24 96 0 0 0 0 0 

NOTE all the reported numbers are to be multIplIed by 103 

(*) mdIcate the moculatJon ofnucroorgamsms performed dunng the expenment 

FIGURE 4 - Depuratwn of the DT from E Colz dunng Expenment #3 

E coh In DT (Exp #3) 
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The model seems to be truncated and does not consIder the part fittmg before the fust 
water change In fact, abnonnally, the obtaIned values IndIcate that no mIcroorgarusm 
was present anymore In the fish before the first water change and , then, they got 
contamInated agrun 
However, we can always observe that In thIs expenment, the apprmumate value of the 
depuration rate IS Ice = 0 10 WIth a coeffiCIent R2 = 0 998 
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TABLES-Nu 
MS2Phage 

meraUon of MS2 Phage En different organs of fin fish dun~K Expenment #3 
# change t(h) In water DT Spleen LIver Muscle 

0 0* 0 0 
0 1 14000 

0 12 140 2800 13000 38 
0 24 56 66 1600 250 
3 36 26 0315 0 0143 
8 48 0 0023 0 0 
16 72 0 0 0 0 
24 96 0 0 0 0 

NOTE all the reported numbers are to be multlphed by 103 

(*) mrucate the moculatIon ofmlcroorgamsms perlormed dunng the expenment 

FIGURE 5 - DepuratIOn of the DT from MS2 Phage dunng Expenment #3 

MS2 Phages In DT (Exp #3) 
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The model for MS2 phages m tills expenment glves approxlmately Ice = 0 32 
(wIth R2 = 0 96) 
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TABLE6-Nu 
POllOl'lrUS 1 

meratzon of PolIOVIrus 1 En dzfferent organs of fin fish dunng Expenment #3 
# change t (h) In water DT Spleen LIver Muscle 

0 0* 0 0 0 
0 1 767 
0 12 1 64 0 3 0 

0 24 333 58 0 26 0 
3 36 0087 071 0 0 0 
8 48 0006 032 0 0 0 

16 72 0 0 0 0 0 
24 96 0 0 0 0 0 

NOTE all the reported numbers are to be multIplIed by 103 

(*) mwcate the moculatIon of Dllcroorgamsms performed dunng the expenment 
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Accordmg to the model deduced from the expenment (cf FIGURE 6 below), we would 
have for POlIOVIruS 1 m trus expenment a depuratIOn rate of ke = 0 15 In tlus case, the 
preclsJOn would be relatIvely good (wIth R2 = 0 96) 

FIGURE 6 Depuration of the DT from POlrOViruS J durmg Experzment #3 

PohoVlrus1 In DT (Exp #3) 
300 

250 

0 200 
0 
0 150 T"" 

>< 100 

J~ ... ~ ?t r*" t r ~r - _: ~ -_t& ). 
y = 2?2 47e.() 15. 

Ff~095B9 
50 

0 

0 10 20 t (h) 30 40 50 

ChelDlca) decontalDlnation 

(a) - PestIcIdes resIdue 

TABLE 7- 'l1pta/(f. of !Jemtrotliwn 
t (d) 1 3 7 10 15 
SIze 1 075 102 19 24 241 
SIze 2 105 1 8 245 304 305 

The orgaruc msectlCIde (ferutrotluon) concentratlons In fish Increased gradually 
untIl day 10 and nearly reached eqUlltbnum at day 15 of exposure, dunng the uptake 
phase FIsh tIssue showed resIdues of 2 41 mglkg In small fish and 3 05 mglkg In larger 
fish Thus, accumulatIOn (ratIO of the concentratIOn In the fish tIssue over that In the 
water) was 60 for the small fish and 76 for the larger ones 

Agam, we shall not attempt to model the uptake phase 

TABLE 8 - Elzmmatwn 0 £ Femtrothwn 
t (d) 1 3 7 10 15 
SIze 1 208 1 6 058 019 003 
SIze 2 242 1 75 085 028 004 
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When the fish were transferred to a clean water enVIronment, femtrothIOn 
concentratIOn In the fish decreased gradually At the end of the 15 d penod, the cheffilcal 
resIdues In both SIze dId not show a sIgmficant dIfference 

FIGURE 7 - DecontammatlOn from F emtrothlOn oj smaller fish 

C) 
.lI: -C) 

E 

Elimination of femtrothlon (with size 1) 
3T-----------------------~ 

25 

2 

1 5 

1 
~~ .... 
.0:-

~ 

05 -~ 
0 

0 5 

y = 3 7205e.() 3077X 

Ff=09817 

t (d) 
10 15 

In tills expenment, the model for the fish of smaller SIze gIves to the depuratIOn rate a 
value of approxImately ke = 0 31 WIth a relatIvely good adequacy (R2 = 0 98) 

FIGURE 8 - DecontammatlOn from F emtrothlOn oj larger fish 

Elimination of femtrothlon (with size 2) 
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The model for the same expenment, but done tills tIme WIth the fish of bIgger SIze, gIves 
to the depuratlon rate the value of k' e = 029, WIth the same range of adequacy (R2 = 
0965) 
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(b) - Metals and P AHs 

The expenences showed that Cd accumulated most rapIdly In the gIlls 
AccumulatlOn dunng the first 48 h showed a 12 fold mcrease over the mltIal 
concentratlOn, although the other organs (muscle and lIver) showed no response to Cd 
uptake dunng the same perIod After a 30 d penod, Cd levels m the gIlls had Increased 65 
fold over the InItIal concentratlOn, willIe that m the lIver had mcreased to levels as lugh as 
8400 fold No saturatIOn was recorded In the gIlls or lIver tIssues after 30 d 

No response was recorded m the muscles dunng the first 10 d of the expenment 
After thIS penod, a rapId Increase (55 fold) was observed up to day 20 The uptake rate 
sbghtly decreased to 21 fold over the initIal concentratIOn after 30 d It appears that these 
results were due to detoxIficatIOn processes 

In the whole fish, Cd Increased 37 fold over the mmal concentratIOn dunng the 
first 24 h However, the accumulatIOn reached a plateau between day 1 and day 5 and 
was the'l follO\ved by a rapId nse .mtll daj 30 

After thIS rapId uptake In the whole fish, the ellllunatlon from the tIssue was slow 

CONCLUSION 

The expenences willch have been conducted, along WIth the mathematIcal models 
we have denved, allow us to observe a trend concernmg the reactIons of the fish relatIve 
to the chosen mIcroorganIsms (E coh, MS2 bactenophages, and POlIOVIruS 1) In fact, In 
the two senes, the bactenophages always have the hIghest elImInatIon rate after they get 
In the DT, followed by the POlIOVIruS 1 Eschenchza cob has the lowest elunmatlOn rate, 
traducmg theIr tendency to remaIn longer m the DT once they are Ingested by the fish 

Furthermore, the expenences done WIth ferutrotluon show that the elImInatIOn 
rate of a contamInant IS not sigruficantly mfluenced by the fish SIze Such result seems to 
not confirm the role played by the "surface to volume ratIO" dunng an exchange WIth the 
external enVIronment 

However, such results obtamed from laboratory studIeS do not allow us to draw a 
frrm conclUSlOn regardmg the effectIveness of the studIed methods If they were brought 
on field These expenments mIght be refined and would benefit m accuracy from other 
field InveStlgatlOn 
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INTRODUCTION 

Assessing the human health risk associated with consuming fish and shellfish harvested 

from chemically contammated waters IS of great Importance for the protectIOn of human health 

For thIs reason, the establishment of public health gUIdelines and advIsories for seafood 

consumption In Egypt and Isreal, IS one of the main objectives of the Seafood Safety Study 

Based on derived risk assessments health advIsories can be Issued to the public regardIng 

consumptIon of fIsh known to be contamInated wIth tOXIC substances Unfortunately, In many 

cases advIsory decIsIons are currently made on very little testing data for a particular body of 

water Considerable uncertainty results as to the public health Implications from exposure to 

chemical levels Identified In seafood 

Adequately assessing risk through toxicologIcal analysIs and the application of 

appropriate models IS the Critical first step upon which public health protectton measures, such as 

regulatIons and adVISOries pertaining to fish harvesting and consumptIon practices, can be 

based In every case It IS essentIal that adVISOry deCISIons be made on the baSIS of protecting 

the publIc and yet be compatable With the envIronmental health and socioeconomic factors 

pertinent to the region 

In general, for risk assessment to be meaningful for a partIcular region, several 

characteristics of that region must be explored First, It IS necessary to 'derlflfy the ).ces Of ~ISh 

In the fish harvesting areas relevant to the regions, With speCial consideration to the types of 

seafood most highly consumed by the population Second, It IS cntlcal to analyze the tOXICity 

and pollution levels of the water In which fish harvesting takes place Finally, It IS Important to 

acknowledge that each region has cultural and economic differences In the amount of seafood 

consumed and their methods of preparation and handling Each of these characteristics, along 

With the average size (body weIght In Kg) of the populatIon or populatIOns targeted for health 

gUidelines, IS necessary for an accurate risk assessment 
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A data bank on fish contamination and the resultant public health Impacts IS In the 

process for being established for Egypt and Isreal As It IS not yet completed, for the pupose of 

thIS paper where we could, we extracted relevant data from eXIstIng literature to serve as 

examples for the risk anaylses procedures At other times, natIonal data from the United States 

IS presented It IS Important to note that these data serve only as examples, as Egypt and Isreal 

WIll want to establish gUIdelines speCifiC to theIr regIons and their people SometImes It IS 

benefIcial to examIne policy already In place to serve as models For thIS reason, when 

applicable, examples have been provided from the Department of Public Health FIsh 

Consumption Advlsones for the State of MIchIgan 

The follOWing IS a summary of procedures used In assessing the health nsks posed by 

consumptIon of contaminated fIsh These procedures are based on those establIshed by the 

United States EnVIronmental ProtectIon Agency (U S EPA), set forth In theIr gUIdance manual 

Assessmg Human Health RIsks from ChemIcally Contammated Fish and ShellfIsh 1 AddItional 

rnformatlon, partIcularly concerning the applicatIon of risk assessment to policy development, 

comes from Sport Caught Fish ConsumptIon AdVisorres Philosophy, Procedures, and Process 

Issued by the MIchIgan Deptment of PublIc Health, Center for EnVironmental Health SCIences 

However the procedures and Information have been adapted to be applicable to the speCifIC 

circumstances and needs of Egypt and Israel 

QuantItatIve fisk assessment IS an Important OUt complicated sCience ThIS report was 

put together In order to create an awareness of the complexitIes of risk management and risk 

anaylsIs It IS the Intention that thiS report should be used as an educatIonal tool and WIll 

hopefully prOVIde Interest for the development of health and national gUIdelines for safe seafood 

consumptIon 

1 U S EnVIronmental ProtectIon Agency AsseSSing Human Health Risks from ChemIcally 
Contaminated Fish and Shellfish EPA-503/8-89-002 Washington, DC September, 1989 
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Qvervlew of Risk Assessment and Risk Management 

The objective of a risk assessment IS to estimate the probability that exposure to a given 

tOXIC substance will produce adverse health effects Because direct measurement of human 

health nsks IS not usually feasible risk assessment IS an Invaluable tool that utilizes Information 

on exposure and toxicological data combined with uncertainty analyses, to arrive at an estimate 

of risk The potential health hazard from consumption of contaminated fish will most likely not 

be human tOXICOIS from large doses of toxicants over a short period of time Rather It IS qUite 

likely that the consumer would be exposed to low levels of mdetermlnable number of hazardous 

substances over an extended period of time with no observed effects for years Risk 

assessment then IS particularly useful for Identlfymg these long~term human health nsks (e g 

diseases such as cancer with long latency penods) posed by relatively low concentrations of 

tOXIC substances In the environment or food supply A risk assessment IS comprised of the 

following steps 

• Hazard Identification Qualitative evaluation of the potential for a given substance or 
substances to cause health effects In humans or animals 

• Dose-response Assessment Quantitative estimate of the relationship between the 
dose received and the probability of an adverse health effect 

• Exposure Assessment Characterization of the populations exposed to the substance 
of concern the environmental transport and fate pathways of the tOXIC agent, and the 
frequency duration and magnitude of the exposure dose 

• Risk Characterization An estimate of risk based on the quantitative and qualitative 
results of the first three steps of the risk assessment 

Figure 1 depicts the conceptual structure of a quantitative risk assessment 
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Applications of Risk Assessment 

The objective of risk assessment IS to estimate the probability of adverse health effects 

from exposure to a tOXIC agent It 15 particularly helpful for estimating potential health nsks from 

long-term exposure to relatively low levels of contamination The information from risk 

assessment provides the SCientific baSIS for public policy and regulatory deCISion-making 

Estimates of human health risks obtained through risk assessments often provide the rationale 

for government regulations gUidelines or environmental criteria Risk assessments can be used 

to Identify and Prioritize tOXIC contamination problems that pose unacceptable nsks to public 

health Risk assessment can also form the baSIS for public information and adVISOries deSigned 

to minimiZe public health Impacts by InfluenCing human behaVior, thereby modifYing exposure or 

consumption patterns Risk management, on the other hand, IS the process of defining what 

constitutes an acceptable risk and establishing appropriate control measures Risk management 

deCISions are based on information obtained In the risk assessment as well as on other 

economic social political and technical considerations That IS, risk management deCISions 

must be made by exammg both the risks and benefits (eg POSitive health effects, mcreased 

economy etc) associated With fish consumption Together risk assessment and risk 

mangement comprise risk analYSIS 

For example, the Michigan Deptment of Public Health exercises risk mangement when 

Issu,ng a seafood ao .ISOry Not only does the Mlcnlgan Department of Public Health consider 

the quantitative risk assessment but also the available control and monitoring technology, cost

benefit anaylSIS acceptable risk policy analysIs and social and political factors Other concern 

are how the advlsones Will be publiCized how they Will be modified With the mtroductlon of more 

data and how they can educate consumers to reduce their own exposure to contaminants by 

utiliZing certain preparation and cooking methods Michigan also assumes different health risks 

for nursing mothers, pregnant women and children Egypt and Isreal may fmd the Michigan 

model helpful for developing their own seafood adVISOries Of course theirs will be dependent 
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on their own particular criteria systems for contaminants for what constitutes a health nsk, and 

would also Include economic social, and cultural factors specific to each country 

One of the primary purposes of completing a nsk analysIs IS to prevent exposure to 

significant quantles of chemical agents potentially harmful to human health Another purpose of 

risk analysIs IS to Insure the quahty and wholesomeness of the seafood entering Egyptian and 

Isreah markets Wholesomeness refers to food that IS fit to eat, that IS clean and 

uncontaminated, and that has been stored In a sanitary environment (Martian, 1988) GUidehnes 

and tolerances for certaIn reSidues In fish should be estabhshed as they have been for other 

agricultural food products ContamInants In seafood Include not only chemicals and heavy 

metals, but also pesticides, parasites, microorganisms, viruses, filth, toxins, and other foreign 

matter 

In addition, the results of the risk assessments from this study can be used to establish 

water quality standards for the Nile Delta area including lakes, Manzaka, Borullus, Edku, Marlut, 

and other fishery sources such as the Aswan High Dam ReservOir Combining information on 

the degree of health risk posed by the contaminant With the bloconcentratlon factor (BCF) of that 

chemical In the reSident speCies, a water quality criterion can be established The 

bloconcentratlon factor IS defined as the ratio of the concentration of the chemical In tissues of 

the organism to the concentration of the substance In the water The crltenon should represent 

the upper limit concentration of contaminant in the water that Will prevent an unacceptable level 

of the chemical from bloaccumulatlng In the fish 

HAZARD IDENTIFICATION 

Preparation of a pubhc health advIsory of any type reqUires conSideration of a number of 

factors which can be grouped Into several categories exposurelhazard Identification, toxIcity 

evaluation, medical evaluation human exposure assessment and public health conSiderations 

Each of these Will be looked at In turn Information Ideally reqUired for development of a publiC 

health advIsory IS summed up In table 1 
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Table 1 Information Ideally Required for Development of a Public Health Advisory 

Exposure IdentIfIcation 
a) Identification of Contammants Present 

Matnces In which found (flsh/water/sedlments/alr) 
Location found (area speclflClwldespread) 
Sources of contamlnant(s) 

b) Estimate of contammant concentrations (mean and range) 
Relationship between concentration, age and size (In the case of fIsh) 
DIstributIon of contammant within the matrix 
Trend of concentration (Increasing/decreasing) 
Source reduction controls taken 

" TOXICIty Evaluation 
a) Nature of contamInant 

Chemical properties 
Bloaccumulahon/bloconcentratlon characteristics 
BiochemIcal Interactions, metabolism, and degradation 
Perslstance and environmental fate 
Bloavallabllity 

b) Toxicological modes of actIon 
Reported acute/chronic effects In ammals and hUrT'anss 
BenefiCIal effects vs adverse effects 
Metabolic breakdown products and theIr toxIcIty 
Site and type of tOXIC effect 
Effects of interactions wIth other compounds 

III Medical Evaluation 
a) Reported exposure experiences 
b) Medical outcomes - long term or short term 
c) Reported and potential health effects 

IV Human Exposure Assessment 
a) Number of people potentially exposed 
b) Locatlon(s) 
c) Range of exposures among exposed populations 
d) Contaminant concentrations measured In human tissues and flUids 
e) Dose measurements 

V Public Health ConsIderations 
a) SelectIon and use of risk prediction models and end pOInts for estImates of disease 

outcome probabilItIes 
b) ApplicabIlity of eXisting gUidelines pOliCies, opinIons or acceptable dally Intake gUides 
c) Judgement of health benefits and health risks 
d) PreparatIon of an adVisory/risk commUOIcatlon 
e) Issuance of adVISOry through effectIve channels 

Source MDPH Sport Caught Fish ConsumptIon AdVISOries Philosophy. 
Procedures. and Process 1986 
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The first step In the rrsk assessment process IS to Identity the contamrnants of concern 

and their potential adverse health Impacts Nearly one thousand chemical compounds have 

been Identified rn the Great Lakes aquatic environment Although we do not yet have as much 

Information on the Nile Delta area, we know that many of these chemical compounds, such as 

lead cadmium, mercury, PCB's, pesticides and petro/rum degradation products, have been 

Identified rn the Nile Delta area and other major Egyptian fish harvesting areas SpeCifically, a 

current study on the River Nile has IdentIfied the tOXICIty levels of SIX Industrral effluents 

(magnesium cadlum, copper, Iron, lead and zinc) pollutrng the rrver (Abdel-Hamld, 1993) Other 

chemical contaminants of human health Importance are listed rn tables 2-3 These tables should 

Just be used as a gUide for the types of compounds which should be conSidered for the purpose 

of developing fish consumption advlsones Although some of these chemicals are naturally 

occurrrng at very low concentratIons, at high levels of pollution the potential senousness of 

chemical contamination of seafood and the magnrtude of the pub/rc health threat could be 

substantial 

Once IdentIfied tOXICIty profIles are prepared for each contaminant, either based on 

eXIsting data or by conducting additional tOXIcological analyses Several crrtena eXist for the 

IdentIfIcation of contamInants of concern 

• HIgh levels of persIstence In the aquatIc envIronment, 

;;; High b.oaccumulatlon potentIal 

• Proven or suspected high tOXICity to humans, 

• Known sources of contaminant In areas of Interest, 

• High concentratIons In prevIous samples of fish or shellfish taken from the areas of 
Interest 

InformatIon and data on tOXICIty, bloaccumulatlon potential and persistence can be obtarned from 

hterature and data bases e giRlS RTECS HSDB CHRIS, OHMTADS, T R I POLTOX 
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Table 2 A Llstmg of Chemicals Found In the Great Lakes Which May Impact on 

Human Health In the Event of High Local Contamln~~~n 

A Extr~ly toxlC chemicals (LOso <50.g/kg) 

Aldr," 
ClrUofur~1n 

/01eldr1n 
"2.3.7.8-Tetrlcl,lorodibenzOc.lOx in (2.3.7.8.-TeDO) 

Endosul fan 
[ndrin 
Ethion 
hethyl llercury (chlorlde) 
Oxychlordane 
Toxaphene 
1.1.2-Trichl 01"'0- 1.2 .2-tr1f1 uoroethane 

B Very toxic chemicals (LDso SO-sOO ~9 oral/kg) 

Anihne 
Bromochl QrOt thane 
Carbon disulphide 
Chlordane 
2-Chloroan11lne 
4-Chl oroan11l ne 
o-Cresol 
DDT 
Oluinon 
1.2-D1br~Dethane 
1,2-01 cl.l orobenzene 
2.3-01chlorobut4~1ene 
2.4-0ichloropheno~acetlc acid (2,4-0) 
1.3-01chloropropene 
2.3-Clchloropropen~ 
Oi phenyl an" ne 
H-tthyllml ine 
Furfural 
a-Hex4chlorocyclohexlne 
,-Hexachlorocyclocyclohexane (Lindane) 
Hexachlorobutadiene 
Mirex 
Pentac h 1 oropl.enol 
Phenol 
Photo~11 rex 
TetrachlorDethane" 
1.1.2.3-Tetr.Chloropropene 
2,4,s-Trichloropheno~.cetic .cid (Z,4.5-T) 
Ylnyl Brc.1de 
Yif\Yl ehl 01"'1 de 

C l:lelllent5 whfch fOnl toldc COCIpounds (LOu <500 IIIQ ~1"41/rs.g ) 

Arsenic 
C.cD1Uil 
Cobllt 
Lead 
Mercury 
Nichl 
Silver 
Yanadha 

(trf ox 1 de3+ ) 
(chloride) 
(cobaltousZ+) 
(.lky1 4+) 
(elellent.l0) 
(aceuteZ+) 
(n1trlte3+) 
(trtox1.3+) 

Source MDPH, Sport Caught FIsh Consumption AdVISOries PhIlosophy. Procedures. and 
Progress 1986 
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Table 3 Chemicals Found in the Great Lakes with Known Effects in Mammals 

CHEMICAL NAME 

PESTICIDES 

Aldrin 
Chlordane (total isomers) 
2,4-Dichloropheno~acetic acfd(2,4-D} 
DDT (DOE, 72-55-9 and DOD, 75-54-8) 
Diazinon 
Dieldrin 
Endrin 
Heptachlor 
Heptachlor epoxide 
Lindane (y-hexachlorocyclohexane) 
Methoxychlor 
Mlrex (and photomlrex, 39801-14-4) 
Sl1vex 
Toxaphene 

HALOGENATED HYDROCARBONS 
i 

Polychlorlnated blphenyls 
Trlhalomethane (chloroform) 

(bromoform) 
(bromodlchloromethane) 
(chlorodlbromomethane) 
(lodod1chloromethane) 

ELEMENTS 

Arsenlc 
Cad1um 
Chromlum 
lead 
Mercury (methyl) 
SelenlUnl 
S1 her 

ETHERS 

2,3,7,8-Tetrachlorodlbenzod1oxin 

CAS NO. 

309-00-2 
57-74-9 
94-75-7 
50-29-3 
333-41-5 
60-57-1 
72-20-8 
76-44-8 
1024-57-3 
58-89-9 
72-43-5 
2385-85-5 
93-72-1 
8001-35-2 

1336-36-3 
67-66-03 
75-25-2 
75-27-4 
124-48-1 
594-04-7 

7440-38-2 
7440-43-9 
7440-47-3 
7439-92-1 
115-09-3 
7782-49-2 
7440-22-4 

174C-Ol-6 

* Monltorlng based on concern for human health. 

Source MDPH, Sport Caught Fish Consumption AdvIsories Philosophy. Procedures. and 
Progress 1986 
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TOXIcity profiles summarize the following information for the chemicals of concern 

• Physical-chemical properties (e g , vapor pressure, octanol-water partition 
coeffiCients), 

• Metabolic and pharmacoklnetlc properties (e g , metabolic degradation products, 
depuration kinetics), 

• Toxicological effects (e g , target organs, CytOtOXICity, carcinogenicity. mutagenicity) 
according to speCifiC uptake route of concern (I e , ingestion) 

DOSE-RESPONSE ASSESSMENT 

After the potential hazards of each contaminant of concern have been Identified, the 

relationship between the dose of a substance and Its biological effect must be determined 

Dose-response investigations are used to Identify the toxicological potency of a substance, which 

IS a quantitative measure of Its potential to cause a speCified health effect 

Dose and Exposure 

Exposure IS defined as the "contact by an organism with a chemical or phYSical agent" 

In the case of human exposure to contaminants In fish or shellfish, the exposure IS via the oral 

route through Ingestion The dose IS defined as "the amount of chemical uptake by an organism 

over a speCified time as a consequence of exposure" A distinction must be made between 

mgested dose which IS the amount of the contaminant taken In through Ingestion, and absorbed 

dose which IS the amount of the chemical that IS assimilated by the organism through absorption 

across the IInrng of the gastrointestinal tract Exposure level or exposure concentratIOn IS the 

concentration of the chemical In the edible tissue of the fish or shellfish, usually expressed In 

mg/kg wet weight Calculations for estimating the absorbed dose are given In the section on 

exposure assessment 
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The Dose-Response Relationship 

The dose-response relatIOnship for carcinogens IS thought to be fundamentally dIfferent 

than that of non-carcinogens, the difference being that carcinogens do not have a demonstrated 

threshold level This ImplIes that even at extremely low levels of exposure there IS a risk of 

cancer Non-carcinogens, on the other hand, generally exhibit a threshold level below which no 

adverse biological effects are observed This threshold level IS called the No-Observed-

Adverse-Effect-Level (NOAEL) A nonzero mean response value can represent a NOAEL If that 

value IS not statIstically different from a zero (no response) value The Lowest-Observed-

Adverse-Effect-Level (LOAEL) IS defined as the lowest dose that results In a statistIcally 

slgmflcant health outcome 

follows 

ToxIcological potency IndIces for carcinogens and non-carcInogens are defined as 

• The Carcinogenic Potency Factor, also referred to as a slope factor, IS a measure of 
the carcinogenic potentIal of a gIven chemical, estimated as the upper 95 percent 
confIdence limIt of the slope of a straIght line calculated by the linearized multistage 
procedure Or more sImply put IS the excess tumor Incldences/mg chern /kg body 
wt/day 

• The Reference Dose (RfD) IS an estImate of the dally exposure to the human 
populatIon mcludmg sensitive groups, that IS unlikely to cause an appreciable risk of 
adverse health effects over a lifetIme RfDs are conceptually sImIlar to Acceptable 
Dally Intakes 

EpIdemIological or clinical data are the preferred sources of mformatlon on tOXICity, but because 

that type of mformatlon IS not avaIlable for most substances, data from animal studIes are Widely 

used In the absence of human data, animal data from the most sensItive species or from the 

species most sImilar to humans should be used 
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CarcInogenIc Potency Factors 

The hneanzed multIstage procedure, given below can be used to derrve the 

carclnogemc potency factor 

where 

R{d) 

ql values 

d 

k 

(1 ) 

= Excess lifetime risk of cancer (over background at dose d) 

= CoefficIents {kg day/mg (I e the Inverse of dose units)] 

= Dose (mg kg-1 day -1) 

= Degree of the polynomial used In the multistage model 

This model assumes that carcinogenesIs results from a senes of interactions between the 

carcInogenic chemIcal and DNA, wIth the rate of InteractIons linearly related to dose Other 

models Include the loglt problt single-hit and Welbull models (Food Safety Council 1980, 1982, 

Hogan and Hoel 1982 Cothern et al 1986) For hIgh doses the models produce very sImilar 

results, but at low concentrations the linearized multIstage procedure and the SIngle-hit model 

produce hIgher estimates of risk 

To Implement the I,nearrzed multistage model, It must first be fitted to the data on tumor 

incIdence vs dose The maxImum linear term consIstent with the data IS calculated, whIch 

defines the hnear portion of the dose-response curve at low doses The coeffICient of the 

maxImum linear teim (q1*) IS set equal to the slope of the dose-response function at low doses 

q1- IS usually calculated as the upper 95% confidence limIt of the estImate of q1 In Equation 1 

The resulting q1* serves as the upper-bound estImate of the Carcinogenic Potency Factor, or 

slope factor 

To estimate the plauslble-upper-IImlt risk for low level exposure over a lifetIme, the 

followIng equation IS used 
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where 

R*(d) = q1*d (2) 

R*(d) = Upper-bound estimate of excess lifetime risk of cancer 
(Ie excess tumor Incidences) 

q1 * = Upper-bound estimate of carcinogenic potency (kg day mg-1) 

d = Dose (mg kg-1 day -1) 

The value of q1 * should not be used as a upper-bound potency estimate at high levels of 

exposure because the slope of the function at high doses could differ signIficantly from that 

which was calculated for the low dose range 

With the above equation one can easily estimate the quantitative risk of excess cancers 

In a population for various exposures to a specific carcinogen For example, PCBs have a q1, 

cancer potency factor of 434 (EPA, 1989) When the dose, Ie the exposure, to PCBs over a 

lifetime IS 65 x 10-7 mg PCB/kg/day, then the upper bound estimate for excess lifetime cancer 

IS 28 x 10-6 «65 x 10-7) X (434» That figures represents 2 8 excess cases of cancer In a 

population of 1 000000 exposed to 65 x 10-7 mg PCB/kg/day over a lifetime of seventy years 

If that exposure was to Increase to 98 x 10-6, then the quantitative risk of excess cancers would 

Increase to 425 «9 8 x 10-6) X (434)) excess cases per 1 000,000 exposed 

When baSing the carcinogenIc potency factor on aOlmal data, extrapolations must be 

made either based on body weight or surface area differences between the experimental 

anImals and humans The U S EPA prefers the use of the surface area extrapolations 

Reference Doses 

While the carcinogenic potency factor (I e , slope factor) IS used to estimate the health 

risk from carcinogens, the reference dose (RfD) IS used to predict effects caused by exposure to 

non-carcinogens The RfD IS usually based on the threshold or no-effect exposure level 

demonstrated through ammal bloassays ThiS threshold level corresponds to the NOAEL (or the 

LOAEL If the NOAEL IS indeterminate) The RfD IS calculated by applYing an uncertainty factor 
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which generally ranges from 1 to 1000 The purpose of the uncertainty factor IS to take Into 

account Interspecles vanatlon dlffenng levels of sensitIVIty within the human population, and 

variations between different bioassay procedures For example an uncertainty factor of 1000 IS 

based on combining a factor of 10 to account for anlmal-to-human extrapolation, a factor of 10 to 

protect sensitive indiViduals and a factor of 10 to account for use of a LOAEL In place of a 

NOAEL 

More information on established RfDs and CPFs can be obtained from vanous 

databases, such as IRIS and HSBD (Hazardous Substances Databank) 

EXPOSURE ASSESSMENT 

The exposure assessment IS the process of determining how much of the contamlnant(s) 

of concern the human population IS exposed to It entails determining the fate and transport 

patterns of the chemical In the environment characterizing the human populations that are 

exposed to the chemical and calculating the frequency, magnitude and duration of the exposure 

Exposure assessment pertaining to consumption of contaminated fish and shellfish Involves 

conSideration of the factors listed below The Information IS useful In constructing an exposure 

profile tYPical of the exposed population and for setting the course for subsequent stages of the 

analysIs 

• Concentrations of the contaminant Irl the aquatic species of concern, 

• Potential transfer of contaminant from source to the human population via fish and 
shellfish 

• Harvesting and consumption patterns dietary factors and other characteristics of the 
exposed population 

• Numerical values to be used In model applications, such as absorption rate and rate of 
consumption 

• Purpose of conducting the assessment e g development of regulatlons or 
consumption adVISOries assessment of health Impacts of local enVIronmental 
contamination etc 

223 

I 

-



Measurement of Contaminant Concentrations In Fish and Shellfish TIssues 

General gUIdelines and Issues Involved In the measurement of contaminant levels In fIsh 

and shellfish will be discussed In this section Including sampling procedures and analytIcal 

protocols It should be recognized however that the deSign of any gIven study Will be largely 

dependent upon the type of assessment (for example, IS the focus on sports or commercial 

flshenes or on fIsh purchased In the marketplace), the objectIves of the study (e g , regulatory 

purposes for use In sports fishery advlsones public health Impact assessment, etc) and the 

means and resources available for use In the study 

Samplmg DeSIgn 

Sampling of fish and shellfish can take place either at the source or In the marketplace 

Samples taken from the source can either be obtained from commercial fishermen or directly 

from the aquatic environment by study personnel uSing vessels other than commercial fIshing 

boats Techniques for marketplace sampling are beyond the scope of this diSCUSSion In any 

case proper handling, storage and documentation procedures should be used If samples are 

obtained from commercial OUtfitS an observer or technician should be on board to ensure proper 

handling and documentation Sample documentation should Include sampling location, speCies, 

size weight sex, reproductive status, time and date, and preservation technique 

The concentration of a contaminant In tissue samples IS rererred to as the 

bloaccumulatlon survey Bloaccumulatlon IS the "uptake and retention of a contaminant (e g a 

potentially tOXIC substance) by an organrsm I In cases where the tissue concentration IS greater 

than the concentration levels found In the surrounding aquatic environment the bloaccumulatlon 

IS called bloconcentratlon 

Developing an analytic study deSign requires defining the follOWing parameters 

• ObJectives, 

• Target species and size or age class 

• Sampling station locations 
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• Sampling times, 

• Type of sample (e g grab vs composite cooked vs raw, fillet vs whole organism) 

• Sample replication strategy, 

• Analytical protocols and detection limits, and 

• Methods for the statistical analysIs of data 

Other considerations that should be part of the study design development Include the 

spatial and temporal characteristics of harvesting (e g , seasonality, species compOSition, types 

and size range and catch rates) and harvesting and food preparation methods that could effect 

exposure levels An appropriate statistical model should be selected, and stratified random 

sampling should be used when pOSSible With equal numbers of randomly assigned samples for 

each stratum-treatment combination The study should Include sampling and analYSIS of species 

from control or reference areas and a comprehenSive quality assurance/quality control program 

should be Implemented 

Detailed information regardJng sampling procedures can be found In Phillips (1980), 

Green (1979), Tetra Tech (1985b c 1986b) Phillips and Segar (1986), and Gilbert (1987) 

EnVIronmental and Exposed PopulatIons Factors 

A complex web of Inleractlons between an array or enVironmental factors and the 

characteristics of the exposed population greatly Influences the degree of exposure that occurs 

EnVironmental factors Include conventional water quality (e g salinity pH, temperature, 

suspended solids) habitat location (e g proximity to contaminant source, depth of habitat, etc ), 

contaminant concentrations In water and sediments, species available for harvest (dependent 

upon migratory patterns fisheries management practices, etc), organism activity and feeding 

patterns seasonal biological cycles (e g reproductive cycle) In relation to seasonality In 

contaminant Inputs, organism size age weight and the lipid concentration In the tissues 
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Charactenstlcs of the exposed population which Impact on exposure level and Interact 

with environmental factors Include harvesting practices (e g locatIOn, timing, methods), 

methods of preparing fish for market and consumption, types of species and size consumed, and 

what parts of the organism are consumed 

Target Species 

The selection of target species depends on the objectives of the study For example, 

target species selection would differ for a study that aimed to perform a comprehensive analysIs 

of all harvested species vs one that was focused on determining the typical exposure case 

represented by the dommant harvested species Similarly, charactenzlng the worst-case 

exposure scenario from a specified location would reqUire a different species selection rationale 

than would a study seeking to determine the spatial distribution of a contaminant uSing an 

Indicator species The advantages and disadvantages for each one of these study approaches --

comprehensive species analysIs typical exposure case worst-case speCies, and spatial pattern 

indicator species -- should be taken Into consideration dUring the study design process 

Considerations for selecting appropnate Indicator species Include 

• Target species should be harvested by the exposed population, or should be 
representative (In terms of contaminant concentration) of the primary harvested 
speCies, 

• Species snould be representative or a specifiC study area Ideally, they would be 
relatively non-mobile by nature, or physically restricted by a dam, waterfall, etc, 

• Species should be relatively abundant and easy to obtain and large enough to proVide 
sufficient tissue amounts for analysIs, 

• Concentrations of contaminants In the water should be reflected In the concentrations 
found In the target species 

• Species should have a weak or non-existent ability to metabolize the contaminant of 
concern, 

• Contaminant interactions should not Significantly reduce the usefulness of the species 
as site-specific indicators even when the contaminant compOSition IS expected to vary 
from site to site 
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• Target species should be useful In assessing the effects of contaminant uptake over 
time. 

• The species selected should have a high bloaccumulatlon potential factor, especially 
for worst~case analyses 

Samplmg LocatIons 

Field samples can be obtained either from commercial fisheries or the Investigators can 

conduct Independent harvesting missions to obtain samples One advantage of obtaining fish 

from commercial OUtfits IS that the samples are directly representative of the population of 

Interest Ie. they are representative of the fish and shellfish that are consumed by the public 

However the potential for contamination or insuffiCient documentatIon IS far greater than If the 

sampling IS conducted by the study team Independent sampling also allows for the collection of 

suffiCient quantities of each particular specIes size. age group, etc reqUired for vanable~speclflc 

stratified analYSIS When conducting Independent sampling. every effort should be made to 

simulate commercial harvesting procedures In collecting the samples In additIon, samples 

should be taken from a closely matched aquatic habitat In a reference (non-contaminated) area 

for comparison purposes 

Sampling stations can be arranged In a variety of probability sampling deSigns as 

depicted In Figure 2 Simple random sampling means that each organism In a sample area has 

an equal chance of being picked and the selection of an organism does not Influence the 

selection of any other organism ThiS IS appropnate where there IS no observable pattern of 

contamination In the area under study StratIfied random sampling Involves random sampling 

Within non overlapPing strata. and IS useful when distinct geographiC areas Within the study area 

differ according to contaminant level or composition Two-stage sampling Involves random or 

systematic subsampllng Within primary units that have been randomly selected For example, 

fish could be selected randomly from the aquatic enVIronment, and then subsamples of the 

tissues obtamed could be randomly sampled for analYSIS Cluster sampling refers to the 

collection of groups of organisms rather than Individuals and analYZing the contaminant 
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concentratIon In all members of the group It IS sImIlar to random sampling, but IS based on 

clusters of organisms rather than indivIduals SystematIc sampling IS sampling done according 

to a speCIfied pattern, such as the grtd pattern depicted In the Illustration Grtd sampling IS 

particularly useful for IdentifYing environmental contaminatIon from pOint sources, and has been 

successfully achIeved by uSing caged mussels as the Indicator specIes Finally, random

sampllng-wlthln-blocks IS a combination of random and systematIc sampling 

The U S EPA recommends the use of a combination two-stage and stratified-random (or 

stratlfled-gnd) sampling strategy for use In exposure assessment studIes of flshertes 

contaminatIon The two stages refer to Individual orgamsms and edible tissue samples 

StratIficatIon can be according to harvest area, speCIes, Size, and other varrables as appropriate 

Tlmmg of Samplmg 

DeSign of the sampling procedure should take Into conSideratIon timing of the harvest 

season as well as the bIological cycles of the target species Bloaccumulatlon can be 

SIgnifIcantly affected by biological cycles such as reproduction and In the case of crustaceans 

molting 

Sample Types 

Tre ;;rel,lSIOn, senSitiVity and represematlveness or an exposure assessment IS greatly 

Influenced by the kind of tissue that IS sampled, and whether composite or Individual samples 

are used In the laboratory analyses Composite sampling means comblntng subsamples of 

tIssues usually from several organisms of the same species which were obtained from the same 

location, Into a composite sample which IS subsequently analyzed ThiS IS a cost-effective 

approach particularly when the procedure IS expensive and the target organtsms are readily 

obtained It IS necessary In cases where the organrsms are too small to proVIde sufficient 

amounts of tissue for indiVidual analysIs The result of composite sampling IS an estimate of the 

average concentration of the contaminant In indiVidual organisms found In that area at that time 
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The major drawback of composIte analysIs IS that It IS not possIble to accurately assess 

the vanablhty and range of concentratIons In IndIvIdual organIsms In a study area LumpIng 

together tIssues from sample organIsms will mask any indIvIdual vanatlon whIch could otherwIse 

serve as a sIgnal that contamInatIon IS Increasing, or IS hIghly locahzed 

Rohde (1976) and Tetra Tech (1986b) proVIde a means for estImatIng the varIance 

among IndIvIduals In the populatIon If the vanance of the composite samples IS known, based on 

the assumptIon that replicate observations from individual and composite samples are normally 

dlstnbuted The equation IS as follows 

where 

Var X = n (Var Z) (3) 

Var X = vanance of the mean of indiVIdual samples from all composItes 

Var Z = variance of the mean of composIte samples, 

n = number of subsamples constitutIng each composite sample 

It IS Important that the subsamples are of equal mass (I e , the same amount of tIssue IS used 

from each organism In creating the composIte), or the varrance of the composIte samples can 

Increase slgmflcantly 

Two varratlons on composIte samphng are 'space-bulkIng" and "tlme-bulklng" Space

bulkIng means taking tIssue subsamples from organIsms collected from several locations and 

combInIng them for analysIs Tlme-bulkmg means creatIng a composite from subsamples of 

organIsms taken from the same locatIon but at dIfferent times Because exposure assessments 

are usually based on averages over tIme tIme-bulkIng may be appropnate In some Instances 

Space-bulkIng may also be useful In some cases, but the apphcatlon of eIther strategy should be 

carefully evaluated because Important InformatIon on spatIal and temporal variations can be lost 
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Sample Preparation 

SpecIfic protocols for sample preparation should be estabhshed and consistently 

followed The protocol should address 

• Type of tissue used, (e g , fillet, whole organism, Internal organs), 

• Location of tissue In the organism, 

• Removal of any or all skin fat, shells or scales, 

• Cooked vs raw samples including cooking method If applicable, 

• Homogenization method, 

• Minimum sample mass required for each analysIs 

The part or parts of the organism used or whether the whole organism IS used, will affect the 

applicability of the exposure assessment Most humans consume the fillets and not the Internal 

organs of fish Sampling tissues taken from Internal organs, which In general exhibit higher 

contaminant concentrations may lead to a relatively high estimate of exposure Cookmg 

methods too can affect the concentration or composition of the contaminants through 

decomposition or transformation processes caused by heat 

EPA recommendations Include conducting a pilot study and consulting gUidance 

manuals to aid In the selection of an appropriate sample preparation procedure, and to assess, In 

most cases samples of the raw edible portion of the organism 

Sample Rep/Jcatlon 

In most cases, five replicate samples of indiVidual organisms are reqUired to achieve 

minimal statistical power Replicates greater than ten In number generally are not cost

beneficial Replication IS necessary for uncertainty analyses (I e , assessing the precIsion of the 

mean concentration estimates) and for conducting vanous statistical tests 
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Selection of Detection Limits and Analytical Procedures 

Analytical methods may be selected based on the need to achieve a certam level of 

detection associated With a relevant minimum risk level or as speCified by rrsk managers or 

government gUldelmes Financial conSiderations also play a large part m deterring which 

analytical procedures will be used The analytiC detection limit IS selected based on the 

objectives and needs of the particular study, the financial resources available, and the eXisting 

technology for detecting and quantifying the contaminants of concern 

Qua/tty AssurancelQualtty Control 

A comprehenSive QA/QC program should be established as part of the study design it 

should Include 

• Study obJectives, 

• Project organrzatlon and personnel, 

• QA objectives for preCISion, accuracy and completeness for each type of 
measurement, 

• Summary of sampling procedures (e g , sample containers preparation, preservation). 

• Forms for documenting sample custody, station locations, sample characterrstlcs, 
sample analYSIS request, and sample tracking durrng laboratory analYSIS, 

• Detailed descrrptlon of analytical methods, 

• Calibration procedures for chemical measurements. 

• Internal QC checks for analytlcallaboratorres, 

• Performance and system audits for samplrng and analYSIS operations, 

• Preventive marntenance for eqUipment, 

• Procedures for data management, data QA reView, and data reportrng for each kind of 
measurement, 

• Corrective actions 

• Procedures for QA/QC reporting and responsible national and local officers, 
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StatIstIcal Analyses 

Tissue concentration data should Include sample size estimates of arithmetic mean 

concentration range and variance (I e 95% confidence Interval or standard error) Geometric 

means are useful when only estimates of tissue burden or exposure dose are needed, but 

anthmetlc means are necessary to compare exposure estimates With RfDs and to calculate the 

nsk of chronic health effects because long-term consumption calculations Involve an averaging 

process If data IS available on the composition of the diet (I e , the proportion of each species 

consumed), mean tissue concentrations and variances may be calculated for a mixed-species 

diet 

The one-way ANOVA or the multlfactor ANOVA analyses are useful for testing for 

differences In tissue concentrations between species between locations or between sampling 

times For small data sets for which ANOVA cannot be used, other models such as the 

Wilcoxon rank sum test for two treatments or the Kruskal-Waills test for multiple compansons 

can be applied and hold the added bonus of being relatively insensitive to a few missing data 

POints Time series analyses can Identify trends In long-term data sets (EPA, 1989) 

Tissue concentration observations often fall below the detection limits In such 

Instances the means and variances for the concentrations should be calculated both by uSing 

the detection limit as the value for undetected observations and again by uSing zero as the 

concentration value This method IS preferred because It proVides a range tor the estimated 

values 

DeCiding what contaminant concentration value to use In estimating exposure, which IS 

ultimately used In estimating risk IS essentially a risk management deCISion The EPA 

gUidelines discourage use of the upper 90-95% confidence limit values because the resulting 

estimates of risk may be unreasonable high particularly when the cumulative effect of other 

conservative estimates throughout the process are conSidered, such as the use of high-range 

estimates of ftsh consumption rates The EPA recommends use of anthmetlc mean 
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concentrations of contaminants In the edible portions of the fish or shellfish tissue for estimating 

exposure 

Sources. Transport, and Fate of Contaminants 

Exposure pathways are the routes via which contaminants are transferred from the 

environment to aquatic speCies, and subsequently passed on to humans Analyzing the sources, 

transport mechanisms and fate of contaminants IS necessary for IdentifYing these pathways, and 

ultimately for assessing the risk to human health posed by environmental contamination 

Because data on the transport and fate of environmental contaminants IS often limited or 

nonexistent mathematical modeling IS often used In these analyses ModelIng IS particularly 

useful In assessing the movement of contaminants from the environment Into the tissues of fish 

or shellfish AnalYZing the flsh-to-human transport of contaminants IS usually more 

c;tralghtforward because information on fIsheries practices and human consumptIon pattems are 

more readily available 

ModelIng IS useful In assessIng the spatIal and temporal dIstributIon of contaminants In 

fish and shellfIsh It IS also Instrumental In IdentifYing sources of the contaminatIon, and In 

developing approprIate control or remedIal measures 

When InformatIon on tIssue concentratIon IS lacking, mathematIcal models can be used 

to estImate the contamInant concentratIons In aquatic species based on observatIonal data or by 

modelIng the amounts and dlstnbutlon of the chemicals In the water and sedIments Laboratory

derIved bloconcentratlon factors (BCF) are Instrumental In estimating tIssue concentrations 

based on ambient concentrations Spatial and temporal distributions are Important for IdentIfYing 

hot spots or seasonal fluctuations (EPA 1989) 



AnalysIs of Exposed Populations 

A key component of the exposure assessment IS Identifying and charactenzlng the 

exposed population, and arriving at an estimate of average consumption ThiS process Involves 

the following steps 

• Identify potentially exposed populations and map the location of fisheries, 

• Charactenze the potentially exposed populations by dividing them Into subpopulatlons 
based on age sex and ethnrclty Determine the size of the population and each 
subpopulatlon, 

• Analyze population activities such as harvesting frequency, seasonal and dally 
patterns of harvest activities, and time per harvest tnp Identify the type of activity, 
e g fishing crabbrng, clamming (Note these considerations pertain to recreational 
flshenes only), 

• Analyze the catch/consumptron patterns for the total population and for each 
subpopulatlon by collecting information on the numbers and weight of species 
harvested the number of consumers shanng each catch, the time srnce last meal of 
locally harvested species the parts of the organrsm that are consumed, and the 
methods of food preparation 

• Estimate the anthmetlc average consumption rate by species and by total catch for 
the total exposed population and for the subpopulatlons 

Estimates of consumption rates can be based on extensive data gatherrng on local 

harvesting and consumption patterns or can be based on national averages or assumed values 

The former method should be used whenever possible, but time, financial and methodological 

constramts make uSing the Ideal process sometimes Impractical or Impossible Consumption 

patterns are frequently estimated by annual fish production diVided by the number of fish 

consumers In the population The more accurate the data, the better the quality of the rrsk 

assessment but very good health advlsones can be Issued when the limitations of the data are 

considered Another approach which eliminates the need for exhaustive research on actual 

consumption patterns IS to calculate the exposure and health nsks for all possible consumption 

levels and present the mformatlon In a graph ThiS IS particularly useful for supplying Information 

to the public, as individual consumers can then Identify their estimated nsk based on their 
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personal consumption patterns A third approach would be to Identify an "acceptable rIsk- level 

and then provide gUidance on how much of specific species of fish and shellfish an individual 

could safely consume without exceeding that level 

Catch and Consumption Analyses 

Assessing consumption patterns can be accomplished through field survey methods, 

food diarIes or consumer dietary recall, or can be based on eXisting national or regional dietary 

informatIon Average consumption rates should be expressed In glday and meals/year Meals 

per year In the United States can be calculated from grams per day by assuming an average 

meal of 150 g (033 Ibs) It IS estimated that In Egypt 8 kg fish/capIta/year IS consumed ThIS 

may be translated to 22 glday or 52 meals per year based on an average meal of approximately 

150 g of fish These figures are Just estimates and may not reflect recent changes In local 

seafood consumption Nor should they be used for nsk ananlysls without further investIgation 

Average consumption rate for recreational fIsherIes can be arnved at as follows 

• For each successful harvesting trrp, calculate the harvest (weight and number) for 
each specIes per household 

• Calculate the mean harvest weight consumed per person per tIme by dIvIdIng the total 
haNest weIght for each specIes by the number of consumers In the household and by 
the time elapsed (In days) since the last meal of species from the same location was 
consumed Multiply that value by a factor to account for the difference between 
haNest weight and prepared (cleaned) weight (Landolt et al 1985 prOVide factors of 
o 5 for sqUid and crabs 0 3 for fiSh, and 1 0 for shucked clams Local data IS not 
currently available for these factors and will require further Investigation mto cultural 
differences In prepanng and eating seafood) 

• Calculate mean consumption rate per person by geographic haNest area, by 
subpopulatlon and by total exposed population 

236 



The model for the mean dally consumption rate (lljk) for fishery species I, subpopulatlon j, and 

area k IS 

(4) 

where 

Illkl = Mean dally consumption rate of species I for subpopulatlon j, 
area k, and household I (kg/day) 

Nllk = Number of households (successful harvest trips) for species I, 
subpopulatlon I, and area k 

WIJkl = Weight of species I harvested by household I of subpopulatlon J 
In area k (kg) 

PI = Proportion of cleaned edible weight of species I to total 
harvested weight 

HJkl = Number of people In household I of subpopulatlon I In area k 

Tiki = Time elapsed since last meal by household I of subpopulatlon J 
In area k (days) 

Summary calculations on consumption rates across subpopulatlons, species or areas 

can be made but It IS Important to remember that an overall mean derived from the mean dally 

consumption rates for indiVidual specIes IS not an accurate representation of diet pattems for 

populations with mixed-specIes diets To calculate mean consumption rates for mixed species 

dIets, all Iljkl should be summed across species wIthin households before mean consumption 

rates are calculated across households 

Where detailed Information on catch and consumption patterns IS not available and the 

purposes of the study do not warrant extensIve investigation mean consumption rates can be 

based on eXisting standard values 

US EPA has used a value of 65 g/day for national average consumption of fish and 

shellfish from estuanne and fresh waters and 20 g/day when saltwater species are Included 

Values have been shown to range up to 165g/day In some studies (EPA, 1989) 
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Exposure Dose Determination 

Estimates of chemical Intake (dose) are obtained by combrnlng the Information on tissue 

concentration with the average consumption rates Model for single-specIes and mixed-specIes 

dIets are gIven below 

Smgle-specles DIets 

where 

CalculatIon of chemical Intake from a single-species diet IS as follows 

W 

(5) 

Effective Ingested dose of chemical m from fishery specIes I for 
human subpopulatlon J rn area k (mg/kg day averaged over 
a lO-year lifetime) Same as dose lid" In Equations 1 and 2 

= Concentration of chemical m rn edible portion of species I In 

area k (mg/kg) 

= Mean dally consumption rate of species I by subpopulatlon J In 
area k (kg/day averaged over 70-year lifetime) 

= Relative absorption coefficIent, or the ratio of human absorption 
efficiency to test-animal absorption efficiency for chemical 
m (dimensionless) 

= Average human weight (kg) 

Values ot subscrrpted terms may be averages or uncertainty Interval values (e g, 95% 

confidence Intervals) depending on the exposure scenario being used such as worst-case or 

average-case scenarios Absorption coeffiCients (Xm) are assumed to be 1 0 unless data 

indicates otherwise The term Xm can also be used to transform the dose from an Ingested dose 

to an absorbed dose, If that coeffiCient IS available and the purposes of the assessment warrant 

It Average body weight (W) IS generally assumed to be 70 kg for the "reference" man used by 

the U S EPA In ItS calculations 

An example for calculating chemical Intake can be found In the sectIon ISSUing Health 

AdvIsories 
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MIxed-species Diets 

Because of Interpersonal variations In the amounts and types of species consumed In 

any given population the estimation of chemical exposure In a mixed-species diet IS complex 

Nevertheless the following method can be used to arrive at an estimate 

where 

(6) 

Effectrve exposure dose of chemical m from a mixed-species diet eaten by 
mdlvldual human h In subpopulatlon J m area k (mglkg day averaged over a 
70-year lifetime) 

= Average consumption rate of species I by individual h In subpopulatlon J In 
area k (kg/day averaged over a 70-year lifetime) 

Other terms are descnbed as above 

The average exposure dose for mixed-species diets IS 

where 

(7) 

= Average effective exposure dose of chemical m from mixed-species diet for 
subpopulatlOn J In area k (mg/kg day) 

= Number of persons In subpopulatlon J In area k 
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RISK CHARACTERIZATION 

Durrng the nsk charactenzatlOn stage of a risk assessment, the Information from the 

hazard Identification, dose-response and exposure assessment stages IS coalesced Into an 

estimate of the probability and extent of adverse human health effects associated with 

consumption of contaminated fish and shellfish In general, carcinogenic risk and non

carclnogemc risks are handled separately 

The risk estimate IS quantitative, but numerical estimates of risk should never be 

presented without prOViding information about the assumptions, uncertainties and procedures 

that were used In generating the estimate In particular, It should be made clear whether the risk 

estimate IS a realistic assessment of nsk, or whether It was based on a senes of conservative 

estimates and thus IS very unlikely to represent true risk A summary of the methods and 

assumptions used In the first three stages of the risk assessment should accompany the risk 

characterization as well as the welght-of-evldence claSSification and other supporting 

information 

Carcmogenlc Risk 

Carclnogemc risk IS expressed In one of three ways The first method of expression 

utilizes the Umt Risk which IS the excess lifetime risk correspondmg to continuous lifetime 

exposure to a unit carcinogen concentration, such as 1 mg of carcinogen per kIlogram of edIble 

fish or shellfish tissue The second way risk can be expressed IS as the dose or concentratIon 

that corresponds to a given level of risk ThIs presentation of risk IS often found In gUidelines 

that establish maximum allowable concentratIOns for a given medIum based on what IS 

conSidered acceptable risk The third means of expressing carclnogemc risk IS based on 

indiVidual or population-based risk Upper-limit estimates of excess lifetime cancer risk are 

expressed as probabilities for indiViduals, and as the number of expected excess cases per 

population measure (e g per 100,000 people) per generation for populations 
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The plausible upper-limit to excess lifetime cancer risk at low doses for a smgle-specles 

diet IS estimated as follows 

where 

R*IJkm = 

q1"m = 

(8) 

Plausible upper-limit risk of cancer associated with chemical m In fishery 
species I for human population J m area k (dimensionless) 

Carclnogenrc Potency Factorfor chemical m [(mg kg-1 day-1 r 1 ] estimated 
as the upper 95% confidence limit of the slope of a linear dose-response 
curve 

Exposure dose of chemical m from species I for subpopulatlon J In area k 
(mg kg-1 day-1) 

This equation IS only valid for estimated risks below 10-2 (one m one hundred) Calculatmg the 

upper limit nsk for mIxed-species dIets follows the same general procedure, but the average 

eHectlve dose (EJkm) obtained from Equatron 7 above replaces the species-specific dose (EIJkm) 

used In EquatIon 8 All EIJkm are calculated as In the exposure Dose DeterminatIOn In Exposure 

Assessment 

Noncarcinogenic RIsk 

The ratio of the estrmated chemIcal Intake to the RfD provIdes an estImate of 

noncarcinogenic nsk 

where 

RfDm = 

(9) 

Hazard Index of a health effect from Intake of chemical m 
associated with fIshery species I for human 
subpopulatlon J In area k (dImensionless) 

Exposure dose of chemical m from species I for 
subpopulatlon J In area k (mg kg-1 day-1) 

Reference Dose for chemical m (mg kg-1 day-1) 

When exposure from all possible routes IS taken Into consideration the estimate of total 

exposure replaces EIJkm In the equation and the resulting hazard Index IS compared to 1 0 to 
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evaluate chemical hazard Values of this total exposure hazard Index greater than one Indicate 

exposure that IS of potential concern and hazard Increases as the values Increase However 

the hazard Index IS not an estimate of risk 

Because the hazard Index derrved from Equation 9 IS for chemIcal Intake associated With 

consumptIon of only one species fIsh or shellfish and does not take Into consideration 

consumption of other specIes or exposure from unrelated sources, values of HIJkm do not 

Indicate overall risk To obtain a hazard Index for a mixed-species dIet the average effective 

dose (EJkm) for mIxed-species diets can be used To account for exposure In addItIon to that 

resultIng from fish and shellfish consumption, the sum of the exposures from all sources should 

be compared to the RfD If thiS type of information IS not available, an alternative method IS to 

assign a relatively small fractIon of the RfD to Intake from consumption of contaminated fIsh and 

shellfish, and use that fractIon as the denominator In the hazard Index equation (Equation 9) In 

place of the RfD The resulting Index could then be compared to 1 0 to determine the potential 

for concern More research IS needed In evaluating hazard from total exposure 

Chemical Mixtures 

AsseSSing risk from chemical mixtures IS nearly ImpOSSIble In most cases due to lack of 

information on speCifiC effects and concentrations of contaminants and an inSUfficient 

unaerstandlng of the mYriad pOSSible synergistic or antagontstlc effects However, the addltlve

rrsk or response-additive model has been used to provide a rough estimate of upper-limIt risk It 

entails adding up the upper-limIt risks for carcinogens or hazard Indices for noncarclnogens 

Noncarclnogenrc risks should only be summed for chemical that affect the same target organ 

The additIve-risk method IS primarily useful for comparative uses, e g , comparing fisheries In 

dIfferent locations Because It IS not generally feaSIble to test fish or shellfish tissue samples for 

all potentially tOXIC chemicals, the chemical mixture fisk estimates should not be Interpreted as 

the total chemical risk associated With ingestion 
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PRESENTATION AND INTERPRETATION OF RESULTS 

In this section formats for the presentation of risk assessment results are provided, as 

well as gUidance In documenting assumptions and uncertainties contained within the estimates 

Interpretation and application of the results IS the purview of risk management and IS beyond the 

scope of this diSCUSSion 

Presentation Format 

Risk assessment results can be presented In tables or graphs All final estimates should 

be rounded to one significant digit or an order of magnitude If appropriate Supporting 

information including assumption and uncertainties should appear In text adjacent to the table 

or graph Individual and population-based estimates of risk should be presented as plausible 

upper limits based on the stated exposure conditions and assumptions Examples of a summary 

table and a summary graph are shown In Figures 3 and 4, respectively 

Uncertainty analysIs such as sensitivity analYSIS, can be performed In a spreadsheet for 

presentation In tabular form by calculating exposure estimates for low, mid, and high values of 

key van abies Spreadsheets also allow for presenting exposure and risk information associated 

With more than one consumption level as shown In the example If a graphic format IS used. 

uncertainty analYSIS can be achieved by speCifYing the probability distributions for key vanables 

GraphiC presentations can Include plots of estimated risk vs consumption rate, plots of 

estimated risk vs contaminant concentration In edible tissues, summary maps of risk estimates 

for different locatIOns or sampling stations and histograms of risk by fish speCIes, human 

subpopulatlon or geographic location UncertaInty can be IndIcated graphIcally by plotting lines 

corresponding to maximum and minimum concentrations, as well as the mean values 
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Risk Companson 

Interpretation or risk assessment results for fish and shellfish consumption can be 

facilitated by the use of comparrsons either with the same species from a reference (non-

-
contaminated) area or by comparing the risk associated with the fish or shellfish wIth that of 

consuming alternative foods This comparative approach IS extremely useful for provIding the 

public with a sense of perspective regardIng the potential risks ConsIstent methods, 

assumptions and uncertainty factors should be used In assessIng the risk of both the target 

specIes and the reference foods 

Summary of Assumptions 

The assumptions upon whIch the risk assessment was based should be presented In a 

clear, concise manner The risk assessment process can Involve assumptIons regarding 

• the average rates of consumption 

• the effect or lack of effect resulting from cookIng or other food preparation method, 
upon the concentration of the contaminant, 

• the effiCIency with which the Ingested dose IS absorbed by the body 

• the average body weight of the exposed populatIon, 

• the applicabilIty of the multIstage linearized model, which contains the Inherent 
assumption that for rIsks less than 10-2 RIsk = Exposure x Potency, 

• the approprIateness of extrapolations from animal bloassays, 

• the appropriateness of uSing the upper bound of the 95% confidence Interval as an 
estimate of potency 

• the use of extrapolations beyond the range of the dose-response data set to YIeld 
plausible upper-bound estImates of rrsk at low doses 

• the lack of a threshold dose for carcinogens 

• the eXistence of a threshold dose for noncarclnogens 

• the appropriateness of USIng the most sensItive animal specIes to estimate potential 
effects In humans 
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• average doses for carcinogens are an approprrate measure of exposure, even when 
actual exposure vanes widely over time, 

• risks from multiple exposures are additive 

• the absorption efficiency for humans IS equal to that of animals for individual 
chemicals, 

• for chemical mixtures the rrsks for individual chemicals are additive, although the sum 
of ail Identified chemicals does not necessarily represent the total risk 

Uncertainty AnalysIs 

Uncertainty can enter Into an assessment of rrsk In a variety of ways, including 

• uncertainties In estimating the Carclnogenrc Potency Factors or RfDs, due to the use 
of extrapolations from animal bloassays, the low-dose extrapolation model used, and 
hmltatlons In the quahty of study design or Implementation, 

• varratlons In consumption rates and contaminant concentrations by site or over time, 

• selection of average consumption rates In the absence of Site-specific data, 

• uSing the rate of absorption (as a fraction of Ingested dose) obtained from anrmal 
studies as an estimate of the human absorption rate, 

• Varratlon In IndiVidual diets cooking methods, sensitivities etc 

Uncertainty In risk estimates can be significant Uncertainty ranges around estimates of 

mean rrsk such as 95% confidence Intervals can span several orders of magnrtude or more 

T'1e stardard EPA approach IS to estimate a plausible upper limit to rls~, thereby reducing the 

likelihood that a risk will be underestimated ThiS method also ensures consistency which 

facIlitates comparrsons between risks 

AnalysIs of uncertainty In a rrsk assessment Includes both quantitative uncertainty, e g , 

variations In numerical estimates resulting from changing the Inputs In the models and 

equations and quahtatlve uncertainty which Includes limitations In the study or the weight of the 

eVidence In support of tOXICity estimates 
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Some approaches (m descending order of certainty) to dealing with uncertainty m the 

vanables used In nsk analyses Include (Morgan, 1984) 

• Perform analysIs uSing smgle-value-best-estlmates for model vanables without 
uncertainty analysIs 

• Perform slngle-value-best-estlmate analysIs, with sensitivity calculations and 
discussion of uncerta'nty, 

• EstImate some measure of uncertainty such as standard deviation for each model 
variable and use error propagation methods to estimate uncertamty of final 
exposure or rrsk value 

• Characterrze subjectIvely the probability distribution of each model variable and 
propagate error through stochastic simulation, 

• Characterize Important model variables uSing a parametric model and perform risk 
analysIs uSing various plausible values of each of the vanables, 

• Determine upper and lower bounds on model variables to Yield order-of-magnltude 
estimates and range of possible answers 

Issuing Health AdvIsories 

Setting Desired Levels for Carcinogens In Fish 

When setting safe or advIsory levels of exposure for a carcinogen In seafood, the first 

step IS to set an accepted level of nsk Risk IS expressed as the number of expected excess 

case5 of cancer tlUmOr incidences) per population measure from exposure to a carcinogen over 

a lifetime Acceptable risk IS usually set to one excess case of cancer per 100,000 (10-5), 

1,000000 (10-6), or 10 000 000 (10-7) 

Before continuing With the rrsk assessment, certain assumptions need to be made 

regarding the characterrstlcs of the seafood consumers, such as their body weight (In kg) 

average fish consumption and average life span By convention the United States and the 

WHO as well as many other countnes With set legal limits on contaminants, use 70 kg for the 

standard body weight and an exposure lifetime of 70 years Fish consumption, however vanes 
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widely among countnes and regions wlthm countnes The average fish consumption In Egypt 

for example IS 8 kg fish/person/year ThiS figure IS probably much greater (2x3 times) In 

Northern Egypt where seafood IS more prominent In the diet likeWise, seafood consumption IS 

expected to be less In the regions of the country where fishing IS not as acceSSible For 

companson sample advlsones for low consumption (4 kg fish/person/year), average 

consumption (8 kg fish/person/year) and high consumption (20 kg fish/person/year) will be 

developed 

Summary of assumptions 

Risk = 10-6 excess cancers (tumor Incidences) 
Average consumer body weight = 70 kg 
Average consumer life expectancy = 70 years 
Average fish consumption low = 4 kg fish/person/year 

average = 8 kg fish/person/year 
high = 20 kg fish/person/year 

One method for setting safe or desirable levels for carcinogens In fish IS to calculate the 

Total Lifetime Dose Ingested of a carcinogen and compare It to an established or acceptable 

nsk Total lifetime Dose Includes the total lifetime dose Ingested from fish as well as from 

water air and other foods besides seafood Total dose over a lifetime IS computed from the 

chemical concentration In the substance the amount of substance consumed the duration of the 

exposure, and the absorption effeclency for that substance 

For example, 

Fish 
Lifetime 

Dose 

Chemical 
= Concentatlon X 

(mg/kg fish) 

Contact 
Rate X 

(kg fish/day) 

Exposure 
Duration 
(days) 

Absorption 
X EffiCiency 

(assumed 1) 

It has been estimated that at one time fish harvested In the Mediterranean Sea had an 

average DDT concentration of 4 2 mg DDT/kg fish (Krauss 1986) USing thiS contaminant 

concentratIOn lifetime mgested DDT dose from fish may be calculated, 
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Lifetime 
DDT Dose 
for avg fish 
consumption 

Chern Conc Contact Rate Exposure Absorption Rate 
42 mg DDT/kg fish (8 kg fish) (year) (70 yr) (365 days) 1 

(year) (365 days) (1 year) 

= (4 2 mg DDT/kg fish) X (022 kg fish/day) X (25550 days) X (1) 

= 2361 mg DDT for average consumption over a lifetime 

at low consumption 

= (4 2 mg DDT/kg fish) X (011 kg fish/day) X (25550 days) X (1) 

= 1180 mg DDT 

at high consumption 

= (42 mg DDT/kg fish) X (055 kg fish/day) X (25550 days) X (1) 

=5902 mg DDT 

To estimate total lifetime dose of DDT, estimatIOns must also be calculated for total 

lifetime dose from food, total lifetime dose from air, and total lifetime dose from water These 

calculations are slmillar 

Food Chemical Contact Exposure Absorption 
lifetime = Concentatlon X Rate X Duration X Efficiency 

Dose (mg/kg food) (kg food/day) (days) (assumed 1) 

Water Chemical Contact Exposure Absorption 
Lifetime = Concentatlon X Rate X Duration X Efficiency 

Dose (mg/l water) (I water/day) (days) (vanes) 

Air Chemical Contact Exposure Absorption 
LIfetime = Concentatlon X Rate X Duration X Efficiency 

Dose (mg/m3 air) (m3 air/day) (days) (vanes) 

Total lifetime dose IS the sum of these IndiVidual doses, 

Total Fish Water Air Food 
lifetime = lifetime + Lifetime + Lifetime + Lifetime 

Dose Dose Dose Dose Dose 

Assuming total exposure of DDT from air, water and food = 750 mg DDT, total DDT Intake 

Includrng fish equals 
at low consumption 1930 mg DDT 
at average consumption 3111 mg DDT 
at high consumption 6652 mg DDT 
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When estimating the risk associated with an mtake of a carcInogen, It should be 

expressed as the amount of chem Intake (mg) per kg body weight per day That IS, 

The RIsk ASSOCiated Intake (RAI) = Total Lifetime Dose (mg Chern) 
Body wt (kg) X Lifetime (days) 

The RAI for DDT from low fish consumption, 

= 1930 mg DDT 
(70 kg) X (25550 days) = 1 1 x 10-3 mg DDT/kglday 

RAI for DDT from average fish consumption, 

= 3111 mgDDT 
(70 kg) X (25550 days) = 1 7 x 10-3 mg DDT/kglday 

And RAI for DDT at high fish consumption, 

= 6652 mg DDT 
(70 kg) X (25550 days) = 37 x 10-3 mg DDT/kglday 

DDT has a cancer potency factor (0) of 8 422 (excess cancers/mg chemlkg body 

welghVday) therefore the risk associated with low average, and high consumption of fish 

contaminated with 4 2 mg DDT/kg fish IS 

Risk = RAI x 0 

at low fish consumptIon 

= (1 1 x 10-3 mg DDTil<g body welghVday) X (8 422 excess cancerslmg chemJ1<g body weight/day) 

= 9 3 X 10 3 excess cancers 

at average fIsh consumptIon 

= (1 7 x 10 3 mg DDTil<g body welghVday) X (8422 excess cancerslmg chem/l<g body w9Ight/day) 

= 1 4 xl 0-2 excess cancers 

at high fish consumption 

= (3 7 x 10-3 mg DDTil<g body welghVday) X (8 422 excess cancerslmg chemJ1<g body wetght)day) 

= 3 1 X 10 2 excess cancers 
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Setting AdvIsory limits on Consumption of Fish 

The method for calculating total dose Intake can be utilized to set health advIsory limits 

on consumption of fish For example If the fish has a known concentration of carcinogen, then 

by establishing an acceptable level of nsk, advIsories may be Issued on safe levels of 

consumption such that the amount of contaminant Ingested does not exceed this nsk 

Summary of assumptions 

Risk = 10-6 
DDT concentration In fish = 4 6 mg/kg fish 
Cancer potency factor (0) for DDT = 8 45 
Average consumer body weight = 70 kg 

Risk = Risk ASSOCiated Intake (RAI) x 0 
RAI = Total Lifetime Dose (mg chern) 

Body wt (kg) x Lifetime (days) 

Average consumer life expectancy = 70 years (25550 days) 

RAI = Rlsk/O 10-6/8 45 = 1 18 x 10-7 mg DDT/kg body wt /day 

Total Lifetime Dose (mg DDT) = (RAI) X (Body wt (kg» X (lifetime (days» 

= (1 18 X 10-7mg DDT/kg body wt / day) X (70 kg) X (25550 days) 
= 21 mg DDT 

From the fish lifetime dose equation, 

Chemical Conc In fish (mg DDT/kg fish) = Fish Lifetime Dose (mg ~O!)! 

(Contact Rate) x (Exposure DuratJon} x (AbsorptJon Efficiency) 

46 mg DDT/ kg fish = 21 mg DDT/ (Contact Rate) X (1 day) X (Aborptlon RatiO 1) 
Contact Rate = 21 mg DDT/4 6 mg DDT/kg fish 
= 046 kg frsh/day or 32 kg fish/week 

Based on the above information an advIsory could be made to alert the consumers of 

seafood that ingesting more than 32 kg of fish per week (Ie 16 8 kg fish/year), could result In an 

Increased risk of cancer from exposure to DDT Sometimes It IS benefiCial to compare safe 

levels of seafood to number of meals consumed For example, based on an average portion of 

approximately 16 kg (160 g) fish per meal 32 kg (320 g) fish may be related to the consumer 

as two fish meals per week 
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Seafood health advlsones may also respond to established gUidelines or trigger levels 

set for specific contaminants Trigger levels represent contaminant concentration levels WhiCh, 

when exceeded are conSidered to pose greater health risks Trigger levels may be established 

through regulatory gUidelines already In place If no gUidelines eXist then It IS up to the 

regulatory agencies to establish their own regulatory gUidelines based on risk analysIs or 

established legal limits from other countries and/or the World health Organization Legal limits, 

however may vary widely between countries For example legal limits for lead vary from 5 

ppm ( 5 mg/kg fish) In Canada and Germany, but are as high as 10 ppm (1 mg/kg fish) In the 

United Kingdom (Krause 1986) 

The Michigan Department of Public Health establishes fish consumption adVISOries 

based on the detection of contammants In a particular species of fish and Its location Seventy 

of the adVISOry depends on the percentage at fish sampled that exceed certain trigger values of 

the known contaminants Trigger levels represent the maximum amount of contamination that 

may be present In a particular species For example an adVISOry for reduced consumption to no 

more than one meal per week (based on an 8 oz (227 g) serving) IS Issued when any of the 

adVISOry trigger levels are exceeded by more than 10% but less than 50% of the specimens 

tested for contamination and the mean concentrations do not exceed the trigger levels for the 

contammants found A reduced adVISOry of no more than a servmg per month Will be Issued 

wnen any or the adVISOry trigger levels are exceeded by 50% or more but fewer than 90 of the 

specimens tested and the mean concentration IS no greater than two times the trigger Finally If 

90 - 100% of the fish tested exceed the trigger or the mean concentration IS equal to or greter 

than 2 times the trigger then consumers are adVised not to eat the fish at all 

When providing an estimate of human risk from contaminated seafood, there are a 

number of uncertainties that are Introduced Into the estimation of human effects These Include, 

but are not limited to extrapolation from high doses used In the laboratory to lower doses found 

In the environment extrapolation of adverse effects abserved In animal species to humans, 

extrapolation of results from one exposure pattern to another and estimates of human exposure 
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or dose levels Nevertheless, frsh consumption advIsories may be confidently established based 

on the most currently accepted risk assessment procedures and assumptIOns Ideally each 

contaminant needs to be considered individually because of differences In toxicological 

characteristics and modes of action 
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Sample CalculatIons Of Health AdVlSOnes For CheIDlcal Contammants 
In Fish In Israel And Egypt 

lufroducbQD 

ChemIcally contarmnated fish poses a bIg hazard for populatIOns who heavIly rely 

on fish FISh IS a major source of low-fat protem food m developmg countnes Therefore, 

many countnes have turned to fish farms In order to satIsfy the heavy demands of fish m 

these populatIons In countnes such as Israel and Egypt, the fish fanns are bemg 

supplemented With wastewater or arumal manure These supplements can be a source of 

mICrobial and chenucal contanunation Industry can produce numerous chemicals that 

may drrectly or mdlrectly find therr way 1Oto wastewater (U S GAO, 1988) It IS 

Important to note that water pollutIOn Will exIublt a more harmful effect on aquaculture 

then on natural water systems because the cultured fish has a hmlted capacity to adapt, 

aVOld or escape pollutants 

Exposure to a low level of fish contammants over a long penod of hme can result 

In slgmficant effects In the human populatIOn LIfetIme nsks for diseases such has cancer 

would be Increased Currently, sCientIsts do not know the health nsks from exposures to 

90 percent or more of all chemIcals that get Into the envIronment ThiS IS due to the 

difficulty m estabhslung dIrect relationshIps between levels of many chenucal 

contammants and human Illness 

Health advlsones are developed In order to protect human health from exposures 

to chemically contammated fish For noncarcmogemc chemicals, health advlsones are 

based upon the IdentificatIOn of adverse effects asSOCIated With the most sensitive and 

meanIngful noncarcInogemc endpOInt of tOXICity (NOEL of LOAEL \ ThIS IS estabhshed 

by relating a partIcular exposure dose over a speCified penod of Hme, most often 
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detenmned from the results of an experunental study (ThallIum Health AdvISOry, 1991) 

In addItIOn, Reference Doses (RID's) wluch are sImIlar to Acceptable Dally Intake 

(ADI's) are used 

Health advisones for carcmogeruc compounds are detennmed usmg a lInear dose 

response model, an accepted level of nsk (e g, 10 6 excess lIfetIme nsk of cancer), 

exposure mformatIon, and carcmogemc potency factors (Q's) Integrated RIsk 

InformatIon Systems (IRIS) WIll be used as the pnmary source of mfonnatIOn for RID's, 

NOEL or LOAEL, and Q's 

Methods 

Steps for LIfetIme Health AdvISOry CalculatIOns 

Non-carCInogemc 

1) Fmd exposure of populatIon 

Exposure 
mgofX 

= ChemIcal ConcentratIOn x 
(mg of X/kg of fish) 

Contact Rate 
kg of fish/day 

2) Is that exposure acceptable? Fmd out by comparmg to Reference Dose 

• DetermmatIOn of Reference Doo;e (RID) or Acceptable Dally Intake (ADI) 

RID = (NOEL or LOAEL) 
uncertamty Factor 

MaXImal PermIssIble Intake = 

mg ofXlday 
(RiD) x (Body WeIght) 

mg chemlkglday kg 

3) Calculate Health AdvISOry 

Contact Rate 
kg offish/day 

= Intake (mg ofXlday) 
FISh ConsumptIOn (kg offish/day) 
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Carclnogemc 

1) FIsh Llfetune Dose 
mgofX 

= RAI x BQdy Weleht x LIfetIme 
mg QfXlbody weIght/day kg days 

2) Contact Rate = LIfetime Dose 
kg of fish/day Chemlcal ConcentratlOn x 

mg of Xlkg of fish 
Exposure Duratlon 

day 

BaSIC Assumptzons 
BQdy weIght 70 kg 

Facts 

Exposure DuratIon 1 day 

LIfetIme days 25550 days 

Results 

Non-carcinogen 

RID 0005 mg of Cadmmm/kg body weIght/day 

FISh ConsurnptlOn 028 kg/person/day 

I Cnemicai ConcentratIOn 015 - 027 mg ofCadmlUmikg of wet fish 

CalculatIon for CadmIum 

1) Exposure = C x Intake 

Exposure = 015 - 027 mg of Cdlkg of fish x 028 kg of fish/day 

Exposure = 4 2 x 10 -4 - 7 56 x 10-4 mg of Cd per day 

2) Is thIS exposure acceptable? 

MaxImal Pemllsslble Intake = RID x Body WeIght 
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= 0005 mg ofCd/kg body weIght/day x 70 kg 
= 035 mg of Cd/day 

The exposure of the populatIOn IS well under the acceptable exposure 

3) Health AdvISOry 

FISh ConsumptIOn = Intake!Concentration 
= 035 mg of Cd per day! 015 - 027 mg of Cd per kg offish 
= 23 to 1 3 kg offish per day 

CarCInogen 

Data for Lmdane 

Chemical ConcentratIOn IxIO'" mg of Lmdanelkg of wet fish 

FIsh ConsumptIOn 028 kg offish/day 

RAJ 754 x 10 I mg of Lmdanelkg body weight/day 

Q 1326 

1) Actual Fish LIfetime Dose = C x contact Rate x Exposure DuratIOn x AbsorptIOn 
Dose = lxlO-4 mg/kg offish x 028 kg offish/day x 25550 days x 1 
Dose = 072 mg of Lmdane 

2) Recommended FIsh LIfetIme Dose = RAI x Body weIght x LIfetIme days 
= (7 54 x 10 7 mglkg body welght)(70 kg) (25550 days) 
= 135 mg of Lmdane 

Concluszon Actual dose IS lower then recommended 

3) Contact Rate = FIsh LIfetIme Dose! ConcentratIOn x Exposure DuratIOn x AbsorptIOn 
-4 

= 1 35 mg ofLmdane!lxlO mg ofLmdanelkg offish x 1 day xl 
4 

= 1 35 x 10 kg of fish/day 
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DISCUSSion 

Fish advIsory levels are an Important tool for controllmg health hazards m the 

populatlon from exposure to chemIcally contammated fish The two contammants In fish 

that were focused m tins study were the heavy metal CadmIUm and the organochlorme 

msectIcide Lmdane CadmIUm IS a heavy metal known to be hazardous CadmIUm 

adversely affects several unportant enzymes In addItIon, cadmIUm can cause kidney 

damage and pamful osteomalacIa (Manahan, 1995) 

Health advisones were based on safe levels of chemical contammant exposures 

(RID and RAI values) However, current exposure to both of the chemIcal contammants 

were found to be "safe" Therefore, the populatIon m Israel IS at no nsk of hazardous 

effects from exposure to the heavy metal CadmIUm and the organochlonne mseCtiCIde 

Lmdane 

Seafood health adVISOrieS may be establIshed through gUIdelInes or tngger levels 

set for specIfic contammants Tngger levels represent contammant concentratIOn levels at 

WhiCh, when exceedecl poc;e a health nsk Ifno gUIdehne eXt')t, then It IS up to regulatory 

agencies to establIsh gUldelmes based on lImIts from other countnes or WHO 

The MichIgan Department of PublIc Health estabhshes fish consumptIon 

advisones based on the deteCtion of contammants m a particular species of fish and Its 

locatIOn Seventy of the advIsory depends on the percentage of fish sampled that exceed 

certam trigger values of the known contammants For example, an adVISOry for reduced 

consumptIOn to no more than one meal per week (based on an 8 02 sen mg) IS Issued 
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when any of the advIsory tngger levels are exceeded by more than 10% but less than 50% 

of the speCImens tested for contammatlOn and the mean concentratIOns do not exceed the 

tngger levels for the contammants found A reduced advIsory of no more than a servmg 

per month Will be Issued when any of the advIsory tngger levels are exceeded by 50% or 

more but fewer than 90 of the speCImens tested, and the mean concentratIOn IS no greater 

than two tImes the tngger FInally, If 90-100% of the fish tested exceed the trIgger or the 

mean concentratIOn IS equal to or greater than two tImes the tngger, than consumers are 

adVIsed not to eat the fish at all 

When provIdmg health advisones, numerous uncertaIntIes eXIst These mclude, 

but are not lImIted to extrapolatIon from hIgh doses used ill the laboratory to lower doses 

found In the envIronment, extrapolatIon of adverse effects observed In arumal species to 

humans, extrapolatIOn of results from one exposure pattern to another, and estImates of 

human exposure or dose levels Nevertheless, fish consumptIon advisones may be 

confidently based on the most currently accepted rIsk assessment procedures and 

assumptIOns 

262 



SEAFOOD SAFETY CONCERNS AND REGULATORY 
APPROACHES 

CONTENTS 

IntroductiOn 

Fresh FISh 

OrganoleptIc Tests (Subjectlve Tests) 
ChemIcal Tests 
MIcrobIOlogIcal Tests 
Safety Assurances of Fresh Seafood 

Processed FIsh 

Seafood Safety RegulatIons m Egypt 

RecommendatIons 

References 

263 

I 
I 
I 
I 
I 
I 
I 
I 

-
I 
I 
I 
I 



IntroductIOn 

The estImated 1995 fish productIOn In Egypt was 407,141 metnc tons (mt), ofwhtch 
706% (287,456 mt) from freshwater (the Aswan HIgh Dam, the NIle, and ImgatIOn and 
dramage canals), and 152% (61,815 mt) from fish farmmg (1, 2, 3) The total fish 
supply m 1995 was 547,952 mt (of whIch 26% was unported) ThIs amounts to an 
average consumptIOn of 9 kglcap/yr The Government of Egypt (GOE) alms to mcrease 
consumptIon to 10 kglcap/yr by the year 2000 

FIsh harvested from the northern coastal areas and the delta lakes exhIbIts hIgh levels 
of contamInants, m companson to fish caught m the Aswan HIgh Dam, the NIle nver, 
and ImgatIon canals The mam reason IS water pollutIOn WIth sewage effluents, 
agncultural dramage and mdustnal waste Some of the hot spots are the coastal areas off 
Alexandna and Lake Manzala 

Aquacultural development has a hIgh pnonty m the GOE plans, whIch Includes the 
mcrease offish farmIng In vanous governorates However, the GOE polley prohIbIts the 
use of fresh water from the NIle and from ImgatIOn canals for fish farmmg In addItIOn, 
the use of groundwater IS permItted mamly for fish hatchenes Water use for fish fanmng 
IS currently restncted to ImgatIOn draInage water (whIch contruns vanable levels of 
contammants, e g pestIcIdes, fertIhzers, and domestIc and mdustnal waste) and coastal 
and delta lakes 

We have provIded the relevant authonties m Egypt WIth research results mdicatmg 
that the reuse of treated domestIc wastewater IS hIghly preferred over the reuse of 
agncultural draInage water m fish farmmg These research findmgs were based on a full 
scale demonstratIOn of the publIc health and econOmIC advantages of usmg treated 
sewage effluents for aquaculture-agnculture appilcatIOns The treatment of domestIc 
wastewater m Egypt should mclude the optIOn of reusmg these treated effluents m fish 
farmmg applIcatIOns The effluents from the fish farms can be further used m IrrIgatIOn 
applIcatIOns 

FIsh farmmg practIces m Egypt are largely unregulated In 1995, 17% of the fish 
farms were run by the government, and only 20% of the remalmng pnvate farms were 
lIcensed Sustamable development of fish farmmg m Egypt wIll largely depend on t.~e 
close coordmatIOn of the pohcles of the Mimstry of Water Resources & PublIc Works 
and the Mimstry of Agnculture Fresh water resources allocatIOns should be based on 
mtegrated aqualculture-agnculture systems, and cost-benefit analYSIS ThIs should 
mclude conSIderatIOns for water qualIty management and pollutIOn preventIOn 

Fresh FISh 
UntIl today, there are no relIable and standardIzed speCIficatIOns to ensure degree of 

freshness m fish In general, the followmg methods of qualIty assurance are adopted 
OrganoleptIc Tests (SubJectIve Tests) 

Ensurmg the freshness of fish depends pnmarIly on the consumer's Judgment or any 
tramed person through sUbjectIve mspectIOn of the fisp product 
OrganoleptIC mspectIOns mclude 
I-General appearance of fish 
2-Bnghtness of eyes 
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3-Structure 
4-Color of gIlls 
5-Smell 
6-Adherence of scales to skm 
7 -CondItion of blood 
8-Color of flesh meat on the backbone 
9-Floatmg tests offish 10 water 

ChemIcal Tests 
Tlus method depends on the estlmatlOn of some components m the fish such as 
T M A (Tnmethylamme), U B (volatIle orgarucs), T U (Tyros me number), TUN 
(volatlle Nitrogen), PH U (acIdIty number), U F A (volatlle orgaruc aCIds), and 
VRS 

MicroblOlogical Tests 
Tlus test relIes on the estunatlOn of microbIal load per gram of fish SIze or per 1 cm2 

of fish surface A relatIOn eXists between the number of fish and the degree of 
spollage, Ie, the less the number of fish the longer shelf-lIfe of the fish 

It IS Important to recogruze generally the followmg mformatlOn regardmg the 
freshness of fish 

Flat bodIed fish such as sole remam fresh for longer penods than others 
2 WhIte fish meat remam fresh for longer penods than red fish meat 
3 Bentluc fish can often be stored for longer penods than surface fish 
4 FIsh that have theIr mtestmes and gIlls removed directly after fislung can 

be stored for longer pen ods than others 
5 FIsh \\-lth hIgher fat content spOIls more qUIckly than those WIth lower fat 

content 
6 Some speCIes of fish remam naturally alIve for 12 - 24 hours after bemg 

caught Such fish remam fresh longer thaJl those tJ.:.at de directl} after 
bemg caught 

Safety Assurance of Fresh Seafood 
Fresh seafood destmed for commercIal sales should have no unpleasant smell 

The structure of fish should be firm and lean, not soft and flaky, and the scales should 
chng tIghtly to the skm The eyes of fresh whole fish should be bnght and clear, not 
cloudy or sunken GIlls should have a bnght red color and be clean WIth an 
acceptable smell 

A more general approach to dIfferentIate between fresh and spoIled fish IS to 
Immerse the fish In water-filled bucket Fresh fish WIll eventually smk to the bottom, 
whereas, spoIled fish wIll float to the surface 

Some fishermen and retaIlers resort to fraud practIces to conceal spOIled fish 
Some common practIces mclude pamtmg gllls WIth red colormg, removal of fish 
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eyes, and mIXIng of fish WIth large amounts of Ice to conceal the smell or IIllXIDg 
fresh fish WIth stale ones 

The mam problems encountered WIth fish manufactunng IS assurance of qualIty 
and safety to consumers WIth regard to the rapId spOIlage of fish In Egypt, the 
problems are more promment due to lack of advanced storage systems m fishIng 
vessels and boats, length offishmg shores, and unavaIlabIlIty of hIghway transport 

It has been proven that the gIlls area of fish IS the first SIte for mICrobIal mvasIOn 
The next areas of bactenal attack, m order of progressIOn are kidneys, pentoneal 
lmmg, outer surface of skIn, flesh surroundmg the skeletal bones 

It IS well known that not all fresh fish are sUItable for consumptIOn CertaIn lands 
of fish are pOIsonous and can harbor or accumulate natural tOXInS In speCIfic areas of 
the fish such as eggs, stomach, lIver, slan or even sometImes In fish meat Such 
tOXInS are heat reSIstant and remaIn after cookIng POIsonous fish are spread across 
coral reef areas, and In some trOPICal areas such as the West IndIan Ocean and 
equatonal regIOns of the PaCIfic Ocean and the Red Sea The seventy of pOlson In 
such fish can vary accordIng to area, seasonal vanatIOn, and speCIfic locatIOns 

ElImInatIng pOIsonous fish from entenng commercIal markets depends greatly on 
the expertIse of fishermen who can recogruze them and remove them upon sortIng 

Processed FISh 
FIsh refrIgeratIon, fish freezIng, saltIng, and canrung are vanous proceSSIng 

techmques In use today for fish preservatIOn 

1 FISh RefrIgeratIOn The refrIgeratIOn temperature ranges between ooe and 
7°C The temperature should be adjusted as to not allow glazmg to occur In 
fish cells To retard spOIlage, the preferred temperature range IS -3°C to -2°C 

2 FIsh FreeZIng The temperature ranges between -10°C and -40°C RapId 
freezmg IS more advantageous than slow freezmg as It does not allow for 
spoIlage and the product IS of a better qualIty Frozen fish can be stored for 
1 - 2 months at 14°C, for 2 - 4 months at -20°C, and for 6 - 8 months at -23°C 

3 Saltm!! It IS one of the oldest and cheapest methods for fish preservatK.! 
Salt can be applIed as soft or dry salt 

4 Canrung It IS the best way for preservatIOn as It retaIns the fish's natural 
flavor, prOVIdes ease of transportatIOn of fish, and cans can be kept at room 
temperature WIthout spOIlIng Salmon, tuna, mackerel, sardIne, and cod are 
some of the Important types of seafood beIng processed by the canrung 
Industry 

Seafood Safety RegulatIOns In Egypt 
The responsIbIlIty of seafood safety regulatIOns In Egypt IS shared by the follOWIng 

governmental agenCIes 

1 MInIStrv of Health 
ResponsIble for food safety 
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Samphng and analysIs of marketed food 
2 Mmistry of Agnculture 

Responsible for fish productIOn and fish diseases 
3 Mmistry of Supply and ForeIgn Trade 

Quahty control of exports and Imports of fishes and fish products 
4 MIniStry ofTounsm 

QualIty control of tounst faCIlItIes, e g hotels, restaurants, etc 
5 Mmlstry of Industry 

ResponsIble for settmg standards 

Currently In Egypt, there are no comprehensIve, specific legIslatIon regardmg the 
safety of fresh fish, but rather a very general, crude legIslatIOn applIcable to all foods 
destmed for human consumptIOn (1) EstablIshed laws for foods In general are qwte 
inSUffiCIent for the protectIon of fish consumers, and enforcmg the law IS hmited, 
unrelIable, and sometImes unfeasIble The followmg food laws have been estabhshed 
Law No 48 of 1941, establIshed for the preventIOn of cheatmg and fraud, and Law No 
10 of 1977, establIshed for the overSIght of foods and ItS dIStrIbutIon Both laws have 
been amended wIth Law No 106 of 1980 PenaltIes for VIolatIOn of these laws are lax 
and insuffiCIent 

Currently, there are no standardIzed speCIficatIOns for fresh fish, m contrast to 
processed fish 

The General EgyptIan OrganIzatIOn for the UmficatIon of Standards and QualIty 
Assurance (GEOUS&QA) has Issued a number of standardIzed speCIficatIons codes for 
fish and seafood that mclude canned salmon, canned anchovy, salted fish, canned 
sardmes, frozen fish, canned tuna, canned shnmps and crab meat, frozen shnmps, dned 
shrImps canned mackerel, frozen sqUId, and smoked fish The GEOUS has Issued a 
qualIty of assurance mark ES whIch stands for EgyptIan Standards ThIS mark on 
commerCial products deSignates that the product complIes WIth EgyptIan standardIzed 
speCifications 

A Canned Salmon Code No 1472 - 1980 
B Canned AnchOVies Code No 808 - 1988 
C Salted Fish Code No 1725 - 1989 
o 
E 
F 
G 
H 
I 
J 
K 
L 

Canned Sardmes Code No 287 - 1990 
Frozen Fish Code No 889 - 1991 
Canned Tuna and Bomto Code No 804 - 1990 
Canned ShrImps, Prawns, and Crab code No 414 - 1993 
Frozen Shnmps CodeNo 516-1993 
DrIed Shnmps Code No 546 - 1993 
Canned Mackerel Code No 1521 - 1995 
frozen SqUId Code No 2800 - 1995 
Smoked Fish Code No 288 - 1991 
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RecommendatIons 
An effectIve seafood safety program must mclude both the pubbc and pnvate sectors, 

1 e government, mdustry and consumers It has been repeatedly proven that government 
controls alone do not work The new trends m envIronmental health and safety 
regulatIOns emphasIze preventIon of food contammatIOn over the mspectIOn and end 
product testmg 

It IS proposed to adopt HACCP-based seafood safety programs (2) HACCP IS a 
"Hazard AnalYSIS CntIcal Control Pomt" nongovernmental management system It IS a 
system of preventIve controls for food safety that mdustry operates to keep health hazards 
from occumng or keep the hkelIhood of therr occurrence to a mInImum It IS not a 
Government operated system The Government, through Its mspectIOns, venfies that 
mdustry systems are adequate and are workIng, and obtams remedIal actIOns when they 
are not 

HACCP IS the mIrror Image of end-product testmg as a means of ensunng safety 
End-product testmg attempt to catch problems after they have occurred It has a lut-or
mISS qUalIty that can reqUIre the samplmg of large amounts of food to overcome In 
contrast, HACCP can provIde a food processor With ImmedIate and relatIvely mexpenSIve 
feed-back about whether hazards are bemg controlled It IS sCIence-based because It 
relIes on a knowledge of what the reasonably lIkely food safety hazards are for a gIven 
product and process and what the controls for those hazards are 

It IS Important to note that HACCP does not place new responslbllity on to the 
mdustry to produce safe seafood That contmues to be the responSIbIlIty of the processor 
What IS new IS that the processors Will be responSIble to demonstrate that they have 
correctly IdentIfied the hazards and are controllmg them as a matter of deSIgn The 
burden of IdentIfymg food safety problems WIll sluft from government mspectors to the 
processors The government shall contmue to venfy complIance 

HACCP offers the opporturuty for government-mdustry cooperatIOn to aclueve 
effiCIent safety systems 

Fmally, there eXIsts a pressmg need for pubbc educatIon programs to adVIse 
consumers on how to mInImIZe the health nsks from eatmg contammated seafood Tlus 
mcludes (a)advl<::ones on eatmg salted raw fish or lffiproperly prepared fish, (b)gUldehnes 
for purchasmg, stonng and cookmg and (c )mforrnatIOn on the nutntIOnal values of 
seafood, economIC fraud and other matters related to the mdustry 
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