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4.4.1 1:\'TRODUCTIO:\

A high bioroneenlratJon polenual of an an'hropogenic chemical (xenobio'ic)
in biOla in,r.ase, ,h. pTobIlbilit} of '0"••ffe.., being e1lCQUnlered in man
and hi. en' "onmen', 11m•. bioconcentralion polential••hould be as.sc_d in
appropriately designed test 'y'teme which a«i<t ,n 'he prediClion of
bioaccumulation behaviour In 'he field. EJcperimen1\ ....hich rank Ihe
bioroneen,ralion polen,ial of ...riOllS chemicale under similar bUI limiled
experimental condilion' are 001 necessard}' meaningful. for 'hey rna} nOI
allow for extrapolalion. to nalUral conditions. for clari'y, a lkfinilion 01 the
Ierminolog) associated .. ilb biooccumula'ion §I..di" should be gi.'en,

Bw.:oncemrmkm. Bioconcentralion i. Ihe direCl upla.e of a .ubstance by an
orgamsm from waler wi,hout consideralicm of Ihe ingestion of contaminated
malerial•. E.penmen,ally. ,he result of ,uth a proces.s is reponed as 'he
bioconcentralion faClor (BCF). Ihe qUOlICnt of lhe concentration of Ihe
'''bstance in 'he organism and Ihe ambienl medium, The BCF can be based
On Ihe fresh Or df) weight of Ihe material or on Ihe lipid conlent, The BCF
an be delermme<! al anj lime during an exposure period, bUI values derived
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al oondilion~ reflecting 'teady Slale are mOSt useful for comparative pUll"""s.
BCF should ~ determined in an appropriate concentration range ".-here
"alue, are Independent of the concentration of the compound and
ecologically meaningful.

Biomagnijkalion. Biomagnification I' the direct uptale of a >ulntance by an
organi,m ,'ja food. In aquatic en"ironments. thi' proce" operates
simultaneou,ly wilh bioroncentralion, Bioaccumulalion is 'herdore defined
as 'he up'ake of pollu'an', "ia food and "aler

~.4.2 TFST PROTOCOLS

The majorit}' of experimenlal worl has been carried OU' wilh algae. fi~h,

mussels and worm" Thi' reflects demand for represental;.., of the 'arious
components of an aquatic ecos)'siem The choi« of organism ,dl«ts the
anima!". maintenance requirements. size. habitat. reeding beh3"iour and
mode of pollutant uplale, The exlenl of bioconcentration of a compound in a
gi"en speci... depends on cenain chemical and phy'sical propenies of Ihal
compound, On the olher hand, .pecies difference. may exiSl in additiOn to
differences in ph)'sical and chemical conditions of the environment. which
may rexult in different degrees of bioconeentration for a specific compound.
Thu•. a suitable teXt mcthod requires: (a) a reliable d.,cnninatiOn of thc
accumulalion potential,; (b) the choice of a lest organism for which re,ults
can be a«:urate!)' extrapolaled '0 the majori,y of bio,a.

Analy'lical requIrements in Ihe cou"'" of testing need addilional
consideration, The analytical procedures can be greatly facilitated by the u""
of radIo-labelled compounds. but the ..-aiJabiht) of labelled sulntan= is
limited and their use usually exdudes f1ow,through ,e,.. because of the high
COStS and saf.,) consideration., In addItion. when radio-labelled sulntances
are used. complicalions may occur ,,'hen metaboliles are formed. In Ihi' C35e.

the i(\en'ity of ,he radiQ21<1i,e wmpound. bas to be determined by' substanee
specific anal},.is, o,he""ise calculation. of Ihe ReF may be highly erroneou'.

Choice of '~Jl organum.<. The selecti"" of the te,t organisms can be made
using sim~ar cri'eria to Ihose applicd to organisms for monitoring pollutants
in nalural systems (Phillip'. 1978). Some of the mOS' importanl crileria are
Ihat: (a) Ihe organism should accumulate the compound without being killed
or ad"e""ly affected at the wncenlration chosen; (b) Ihe organi,m should be
of reasonable me pro"iding sufficient material for anal)'sis; (cj wild animal •.
,,-hen used. ~ould be easy to sample and hardy enough to su,,'i"e in the
laboratory; sedemaT)' organisms are preferred. ,in'" Ihe) are mOre
representati,e of an area in question; (d) all organisms of a gi"en spede-;
e~hib;t the same b,oconeentration factor or at least a .y"ematic pallem of
bioconcentration factors.



4.4.3 BIOCO-':CE",TRATlO:-i

Whcn performing bioconctntration tcm, thc duration of tcst pt<J«du",.
is an .ssential faClor, According to .qualion (4). Tabl. 4 .4. L it i. n.ce""r"to
cxpose the te.t organisms fo' four half.Ii,"" to approach >~ of the
theoretical BCF (see Figure 4,4, I),

BioconcentratiOn faClOrs at .tead) state can be determined using stallC.
semi·static and flo..... through test•. The method chosen "'ill depend Ofl the
type of substance. being tcstcd. thcir ph}'si<:<H'hemi-.1 p'opertie<, such as
walOr ",Iubilily and n'OC1anol :walcr partItion coefficient. thc test organi.ms.
Ihe t}'pe of envi,onment for which prediction. h",'e 10 be made. and economic
considerations.

Fio"'lhrough tests ha"e Ihe ad",ntage. of pro"iding a ",Iativcl) OOnSUlnt
concentration of teSt oompound and of flushing from thc aquaria undeSIrable
.xc,elion prooucts ....hich can influence the re.ult•. Large batChe. of tc'l
animals are required in ord.r to pH}\-'ide appropriatc subsamples of animals
fo' analysis al differcnl timcs during thc uptale ph"", WilhOllt such a
sampling regimc. rccognition of the accumuialion pancrn and lhal stcad}
Stat. condition. ha'-. been established i. diffICult. particularly for substance.
with a higher BCF••uch as DDT. or the higher chlorinated biphcnyl>.

S,atic c.posu", .yst.m, are I... =tl), and. since ,'olum... ar. COm­
parat;,·.I) .mall.••periments with radio-labelled compounds are feasible

Tobh4.4.1. Kin..ks <quallOn, d....ibi". up.... and depuralion for the d....min_
ation of bioconWltrat;on foctor.

dC. _ • ·C,,_*, C, m _ dC. '"
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lh. 1., el of«ltnpound in th<animal (nil '1.
til< 1<-'<1 of «ltnpound in Ih••nimalalli"", (I).
lh< k>'el ofcompound in til< animal und.' ....d)· ...,. <OIIdihons.
Ih. I.'·e1 of compound in Ih< ammal al lh. <tid of "'POSut<.
lh. con<;<ntration of compound in ",a", (11i.' ').
,a1< con".nt for uP1a~. (da)·-;).
"1< constant fo' depuration (da)'-'), and

'" half.tif<lime(da)'.),
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Figuf<4.,l.J Le,.) of a coml""'nd in a I." animal during
upta" from ....l.t a. per OOnt of the ".ad) .1... 1...1in relalion
'" tim<••xp......:! a. half_)i""

allowing a simple screen for d.gradalion p'odu<"Is. If Ih. con~nml1ionsof
compound. ha". 10 be k.pl conolanl during lh. 'Xperimenl. f<do!.ing of "'aler
or exchange of the ".-ale' is n.ce....'Y, Sampling and anal),.i. of animal. ha".
10 be mad. according to Ihe same ",hedule al in f1ow-lhrough lem

Anolh.r approach in 'lalic l.m is 10 allow Ihe e.posed organisms 10 lak.
up lhe compound umil sleady Slale condilio... are approached ",lhoUI
changing or adding Ihe chemical 10 Ih. ""ler. Sl.ady slat. i' as,um.d 10 be
cslal>lishe<l when lhe con~mration of the lesl compound in lh. "'''ler
become5 con51ani. A prerequisite for thil procedure is Ihe use of animal.
which rapidly achieve 11ead)' 5lale, e.g, mussel5. An ad..mag. of Ihi. me,hod
;, 'hal only wa'er <ampl.. h..,. '0 be analj'sed unlil appropriate 51ead) .lale
condili0<l5 are obsef\ed, Then ,he lOla] I>alch of animal. can be uSl:d '0
delermine lhe I>ioconcenuation fa<"lor (Ern". 1977). Thi. pro"ides a more
S1ali51ically .ignificanl sample using a limiled number of animall. Generally.
slatie t..t .)'Sl.m, af< reslricled 10 l.ss ,'olatile ""!>slances, Correelion5 for
loss of ""!>slances from the waler can be achie,ed 1»' using blank aquaria,

SU!>slances h..'ing high BeF. in lhe range of 10000 or more can be I..led
b) an acceleraled leSt procedure. reponed b) Branwn.t ai, (1975). The leS!
.""m;n.. ae<:llmulalion in fi5h mUIICle using kinetic principles and offers lhe
opportunily 10 ron5id.rably reduce the dura'ion of a single leSt, Some
shortcoming> are lhal (a) only lbe initial part of Ihe uptake ruf\'e is taken into
con,ideralion; fim order kineti~ are assumed bUI nO! prov.n; lhe depuralion



rale rna; not be con"ant bUI can decrease with increa,ing depuration time:
(b) no tissue sample, are analysed in the proximit) of the 'teady .tate, thus
the "arialion of subslance Incl, in tissues of indi,idual. rna)' be mOre
pronounced than in the usual longer test e.posures

~.4.3.1 Dt1erminalioo of the elimillitioo rate constant k,

The mathematical description of the process of depuration or e~mination

(equation, (5)-(8). Table 4.4, I) i. rather ":mplif,ed and can only be "erif,ed
in ca'Os where the ,ize and phy,iological state of te" species are oplimal and
rather non· biodegradable compound! are assessed. The "alidity of equation,
(51-(81. ahhough in man) cases fitting the ..pe<1ed """es for the fi...t t,,·o
half.Ii'e,. has occasionall; been questioned a. a oonsequen<:e of ot>se"'ed
decrease. in k 1with in",easing ,ime of depuration. Reason' for thi' beh3"iour
are that the elimination or de",ease rate depend. On (a) the actual rate of
release of the oomPQund from tissues: (b) the amount to which degradalion of
the parent comPQund can be accelerated al the beginning of depuraliOll: and
(c) Ihe am""nt of binding in deeper compartments. from "'hich the release of
comPQund, cannot be described b; flJ">1 order kinetics. Short e.posure lime.
ha"e been reported to influen<:e depuration rates. becausc the uptake and
di.tribution of the comPQund, are extremely incon,iSlent and unpredictable
(e.g, Macek <I ~I.. 1970). These findings and those of Warlen 01 ill. (1977)
with DDT at differenl le'·el. in fi5h are contradic'of) to result. rePQrted by'
cUgehausen 01 ~I, (1980). The la"er found that afler sllort exposures of
catfi,h to various comPQunds. the depuration rate, "'ere dependent on the
initialle"el in fish, according 10 second order react,on kinetics. Funherrnore.
Ihe lipid pool size ha' been found 10 con.iderably influence the tissue reten·
lion in fish. This could be demonSlrated ,n the northern redho... sucker
(Jlo.o:o,IO"'" l11<ICrolopidoIUI11) "'here clearance of chlordane from fish "'u
dire<1lj proportional to the adiposity (Roberts <I ~I.. 1976), Unfortunately.
vef) often hpid COmen1! of ti",ue. were either nOt de'errnined Or nol reported
"ith the majorit}' of the biocon<:entration facto... prcscntlj in the literalure.

AI",. the chemical composition of the lipid fractionS influen<:e' Ihe pani.
tion;ng pattern. of xenobiolics, In bioconccntration te,ts wilh chlorinated
biphenyll in o),.te.... il WI> found that PCB oon<:entration. in these
animals did nOi correlat. with h...ne-cxtractable lipid,. For oyste.... it i.
kuO""n that 30-60% of their hpids ronsist of more PQlar con'tituents (Vree­
land. 1974; Schneider. 1982). Similarl)'. in en"ironmental sample. PQllutant
le"els "'ere found higher when l<'la..d to lipids in mus<:le ti"'oe compared to
Ih()l.C in lipid' in the li,u (Schaefer 01 aI .• 1976; Ernst 0' aI .• 1976).

When e.perimenlS are carried out wilh compound. ha'ing low k, value.,
lon8 periods must elapse before sufficient depuration occo.... In these casc,.
test animal. main1ained at normal feeding rate'! can exhibil apparentll' (ast.r
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eliminalion caused by gr""1h dilution. For reliable prediclions and for inler_
specie. comparison il should be noted thaI k, ma) be Sre-ciei dere-ndem
and that the innuence of growlh dilution musl be remo>ed. In "ie'" of lhe
imponance of lhe depuTation con.lanl k, for e'limaling bi<>COflcentralion
factors and for lhe characterization of the biomagnificalion phenomenon. it
se<:m. necessary 10 determine k, "ilh a higher le>'el of precision. Bener
preci,ion has been obtained lhrough a<X\lmulation e~perimenlS with marine
animals that are fed precisely mea,ured amounl' of Ihe compound. on food
panide~. which subsequenlly are complelely swallo"'ed by the animal (Em.1
and Goerke. 1974; Goerke and Ernst. 1977; Goerke. 1979). Animals are
held on limited food rations such thai body weighti are kept constant and the
problem of growth dilution i. eliminated. The oral route of chemical applica·
tion has. furthermore. the ad"antage that both highl; '-olatile and insoiuble
iul:>stances can be introduced into the animals without the need for correction
for losses from the ambienl medium.

Vole" oomplete recordings of size. source. lipid contents, lhe conditions
and protocols used in bioeoncentration teiti are a, ailable. il is impo!iSible. Or
at least ,-el") difficuh. to ascribe the differences in the reported ,aluei to
sre-cific factors. Diffel'<'nces have been repeatedly reported. for uample dif.
ference' due to se~ in fish (Defoe .'Ill.. 1978). source of the fish (Veith .,111..
1979). and species (Veilh e' <II .• 1979) (for additional details see Table 4.4.2).

4.·U.2 lse of Ph)'sicf>.c....mJaol Dltla 10 Pralict Bioconcentnlilon Facto..

When testing uptake and 10.. 0/ lind.ne. dieldrin and DDTin bluegills{Lepo·
mis rruu:roehi..... ) and goldfish (C"r....si... "urat...). both processes "'ere
found to be rel.ted '0 waler solubihlies of lhe oompounds (Gachtatler and
Weiss. 1967), The inverse relationship of waler solubilities with EM (eoologi.
cal magnification factors a, mea,ured in a model eOO5ystem) and BCFs have
been determined by "arious authors and can be upressed by the equations:

log EM - -0.4732 log S ... 4.4806

log EM - -0.3891 log 5.,. 3.995

log BCF - -0.52310g5 + 4,53

(5 - water solubilil) in I'g.-'I)
log aCF - -0.508 log S - 3,41
(5 - "'ater solubility in "moL'l)

(Metcalf., III .. 1975)
(mosquito fi'h. "'hole)
(lu and Metcalf. 1975)
(mosquito fiSh. whole)
(Ernst. (982)
(common musse-L whole tissue)

(Oioue' "I .. 1917)
(trout. muscle)

BeSides solubility da,a. the n-octanol: water panition coefficients of organic
C{)mpound~ are u<;ed as a measure lor bioconcentration in animal tissues.
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according to thC follow,ng cqualions:

log RCF - 0,542 log P - 0,124 (:"eel) ., ~/.. 1974)
(trout, muscle)

log RCF - 0,85 logP - 0,70 (Viclh e, ai" 1979)
(falhcad minno...~ ... hole)

log RCF - 0,741ogP - 0,535 (Ernst, 1984)
(common mussel. wholc li,sue)

log EM - 0,635 log P + 0,7285 (Lu and Metcalf, 1975)
(model a'l",nic ecosyStem)
(mosquito fish, wholc)

10gE~1 -1.1587IogP 07504 (Melcalfc'~LI975)

(mosquito fish .... hole)
log RCF') - 0,980 log P - 0.063 (Koncmann and van Lccu"'cn, 1980)

(guppies. fal)
(log P - log panition coefficicnl n-<>etanol' Watc,

') - calculaled On fat wcight basi,)

RCF-Iog P linear rclalionships in fi'h "-crc reported b}' Veilh .,~/. (1979) up 10
log P of 7 and b) )\;ul)' e, al. (1974) up 10 log P of 7.62, Howe,er, more
recent obscp'alion, «lUC" a non-linea' 'el.'ion,hip abo"c log P - 6
(Sugiura e, ~/" 1978: K&1cmann and "an Lceu""cn, 1980) resulting in a
brea~-down of thc linear correlations bel"'un log P and log ReF. How"er,
it 'hould be nOled Ihat Ihe determination of partition coefficients of highly
lipophilic substances is vel) difficult and calculaled log P "alues rna) be
erroneou, (Tulp and Hultinger, 1978)

A comparison of the correlations reporled by vanous authors cannot be
made. ,ince differenl species and ranges of compounds hav'e b«n used, B) far
the mosl extemi"e data for one test species ha"e been reported b) Vcilh el "I
(1979) using falhead minnuw, fur the lesting of 30 urg.nic chemicals wilh log
P values ranging from about 3 to 6.5, From the", RCF-Iog P correla'ion, ,he
log RCF can be eS'imated '0 within an order of magnitude from log P ,'alues.
It should, howe,e,. be noted that some oornpounds. such as hexachloTOC}'C­
lopentadiellC ar>d tri ..2,3·dibromo-prop)lphosphale, did nOl fit into lhe cor­
relations reponed b) Veilh e' ai, (1979). presumabl) because of Iheir unusual
beha,'iour. On the other hand, ,he correlations a,e high I}' dependent On 'he
quality of panilion coefficient mcasurements, a factOT which is nol firml)
established.

Although good correlations can be demonStra'ed belwe~n log BCF and the
ph}'si<:<Khemical parameters for an arra} of compound, and for a specified
group of te.t animals maimained mosl li~el) unde' lhe same condition., a
generalization of finding, ,,'ill n01 be possible unless all e.semial e~perimemal
faCtors are completel) recorded.

Because of the abov'e uncertainties, one has to be 'ery camiou. in lhe use of
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RCF predi"ion. f,om the,., co,,..,latlons as a replacement for bioron<:entra·
tion te.IS, At thiS time it ,.,ems ,ha, the estimat,on of bioroncentralion factors
from physic<>-chemical data rna) be ju.tified for compounds having log P
".lue. of up 10 about 4,5 and water solubilities in exces. of SOO /,g L \. Both
quanti'ies rorre.pond 10 a RCF of _ fOOO in f,e<!llis>ue, offishe' or mu.... I•.

Howe'er, the u.... of tbi' tecbnique "'ithin the,., range. bas to be better
e.tablisbed in fulU,.., <Iudies before its universal application Bioroncentrati""
potenlials "' measured in laborato') le.tS or as calculated from ph)'si~

cbemical dala should. in final anal).is. provide reliable eSlimate. dfec'i,'el)
translatable 10 ,..,al populations under natural en,ironmenta] condilion•.

4.H BiOACCIJ~llJLATlOS

Riooccumulation ,n nature in"ohes both uptake of .en<>biolic> from "",'er
and from food, Various laboralOI)' experiments h.,-e been reported which
demonstrate the importance of Ihe food vector. Possibly Ihe facl that biomag·
nificalion factors associated ,,-ilb the food '-ector are "e')' low "'hen compared
";Ih RCf associa'ed with Ihe wale, ,'eCIO' has led '0 tlie conlro'-er1y O'-er
the significance ofbiomagnification, Ne"ertheless. assuming a steady Slate con·
cemration for a pollutant rompourKI in the food organism, significanl
amounts of lhe compound Can be inrorpora'ed 'ntO 'he predatOr at appropri_
ate feeding rale,_

The diversit) and complexit), of food cliain r"'ationShips in addition to the
"al)'ing phy.ical and chemical conditions of the en' ironmenl do not allow an
eu" quanlitali,," descriplion of .ubstance tran'fers. In order to approacb
this problem of Ibe contribution of biomagnification "'ithin Ihe accumulalion
process. some simplificatiOns mal' be adopled, (a) COnstant substance COn·
<:entration in "'aler; (b) same BCf·,'a!ues for consumer and food; (c) quan·
titali'-e aboo,p'ion of the 'ubstance associaled with food b)' consumer; (d)
petSi"ence of the compound and (e) a cormanl feeding rate, If conlaminaled
food i.the onl)" SQUrce of the .ubstance. the concemration of the compound in
the predator may be de"'ribed by:

.c
d/"k"BCFf·C~-k,.C,

"-here k, i. the feeding rate constant (da)' _1). C; i. Ihe le"el of compound in
the consumer animal. and BCf, is the bioroncentra'ion factor for lhe food
organism (uptake from water)_

Tho'

c~ - "k,·BCf"C.·(l-e"')
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at lime 1 and a 'tUdy Slale

c;,- "k,'BCFr'C~
Maximum anainable Ie'els at fleady I,a'e COndili<>nf. con.idering both
uplake from waler and from food. will then be described by

For fi.h wilh a daily feeding Talc of 2'!lo of body weighl (k, - 002 day L). 'he
biomagnifioation fac'orl<.,'I<,for DDT (I<, _ 0.02 day ') i. I. Le., uptake via
food equal. that from ",..ter, By' comra't. for a compound exhibiling a high k '"
such a, lindane (I<, - 0.8 day' '). a biomagnification fa<lor k,/I< ,of onl) 0,025
indioate. Ihal nearly no biomagnification might be expected. The maximum
auainable le"el ~ magnificalion will be limited by 'he feeding rate COn'lanl
1<, and the elimination conslam 1<, or half·life (T, ,). ""'I"'C1i,cly' (Erns!.
1980). Om<idering only ,he firs' consumer level. 'ignificant biomagnification
",11 be apparent for .ub.tanoe. having T" of aboUl 20 day, or more. or k,
values lower lhan 0.03 al fe<:ding rale. of 2-3'!lo of body ""eighl I"'r day.
Parallel conclusions "'ere de"eloped b) Roberts el ai, (1979). Thi' trend of
half·life del"'ndc~ i. confinned by a number of analy'SC"l of marine samples
and by labora'orj e'l"'riment. (Ja"'inen ef al,. 1977).

·U.S CO:-CLUSIO:\S

Biooonceniration fac,ors can be delennined in laboratory tem ,..jlh
rea"'nable precision if eXl"'rimemal condilion. are 'triclly .tandafdi~edwilh
regard to lhe choice of le,1 animal'. sl"'cie. and sex; sour<:<: of animals:
mainlenanoe of animals including temperature. feeding regime. "'..Ier
exchange. age. waler: biomass ratio: ,ub>lanoe conoenlration including
additives; waler qualit~,; mode of applica,ion. Correl31ion5 obscn.'ed belween
log BCF and "-OClanol : "'aler panilion cocff>ci<:nt have been e.tablished
u,ing variou' melhod. of exposure .ugg..ting parti,ioning of the compounds
belween lissue componem. and water. [t>COnsi'tent re5uh. reponed in Ihe
lilera'ure. $Oll1e of which ar. presented in Tabl. 4.4.1. rna)' be due '0 'he
difference. of One Or mOre of these paramelef',

It i. al", neoe....')' 10 d.fine the .oosy".m for ",hich bi<JCQncenlration
processe. h3\'e 10 be prediOled, In a ri"cr, fot example, the par.nl compound
may be 'horoughly degraded Or modified by chemi(al reaction, Or mOlabohc
lranstormation by microbes and higher plants; and there may be changes in
Ihe compound'. bio3\ailabUity due 10 adsorp,ion 10 paniculale matler and
bottom sedimenl5, Funhermo,..,. nuctu31ion5 in the bio.availabJ. COncen·
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tration of lhe subtUnce in question ....}' co...., oe>oe", diocrq>ancies 10

pttdJ<1ed <bu., npeaaJl) for~ ...bs!ance<; "'" IIIJ ,maD *,-,alues.. TIlew
ob!;<,ruOOll. abo bold tnIt for eu~; """" ....er. ba>ing enlned oounil:
emirl>rllMnl... man) oompound> ill't' pl'CKnl al oomparati'ell _
<:onCt'nlr&UOM .... a defined area due lO h,o.tros:raJlhil: "'latiomJlips and a
dnstil: reduction cI the ",irn:IlqJ deJra<A00lI -.:ti>,.,. Thll$. llu> emlrort­
_nl lPJ'fOf'dles <;:losel} 'ideal' eond>lions for ~n, biokcumub·
non paue~

'lore prerite pred>I:tiom of lotal ;occumulalion ""f";rt' the <:omoder&UOfI of
biorn;;Iv"rJCl\uon poIenl;alal Ieasl for rornpoull\b ha, ,"g "'" elimwlIo" rale
constanlS, Ind of Olher ecolog;caJ par-liMIer< such as spece. <pecific feed11ll
beha,;our lnd bioenergel;e, data. For bouom li"na animals. >edimenlS Ire
lihl) to be lhe ....,.,,"" of pollul.nl! and lheir elfem ,hould be lloS<'loS<'d.

Bioenerllellc>·baled modeh allow lbe de:.:npliun of poIiUlanl.ccumul.lion if
m.laboli. rat•• and factur< affeeting melaboli!m are known; for ..ample. in
fish, bod' .i~e. growlh rat. and ambi.nt tomperalU'e ha"e lU be considered
(~orslrom rt al.. 1976),

For manlX organ"m, bioamccnlrallOd 'e,,,l,, from laboralO'} le.l. for
lhose compounds '"lh "'" BeF, _h ... d-HCH, .,..HCH Ind
pentadlJorophenol. Ire comparable 10 \e"els octumng UJKIcr nalura!
en' ironmenlll cond'lions (Em<l ft <11 .• 1982). For PCBs. similar ",lllion$lI'f"
Ire .u~ from e",ironment,,] analj.... Biomagnilialliotl mil be
signifio:;anl,n lh" co~ t>ou ob\-iousI' cion r>oI ba>e aftlnflue<>a: 011 the oNe.
of rDai'llllllk of the .....b found;o~ Ifl their Datura! en,,~nl

StaDdartIIu.uon of IabonIlor\ JlI'lXa;Iures Ind ,en6o:anon e:rpenmmu
llDder IUllIBI conditions ..i11 be .......lial .... fulure...,,-);
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