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4.3.1 BASIC CONSIDERATIONS

The 100'el of pollulant attumulaled by' an organ"m ...,neets Ihe dynamic
balance thai exi"s be1'O'eon Iho raj. of upla~o and the rate al ,.'hich the
chemical i~ c1earecl by the organism. The upla~e ra" is a function of ,,'helhet
dermal. resp;r~10T)' or dielaT)' "eclO'~ are in"ohed. and 1he ooncenlration in
'he modium of eXJ'O'ure. The nature of the medium, a. "'ell a. 'he nature of
thc chemical. a..., faclors ,.hich .ignifican<l)' affe<:t the efficienc)' of absorpti,'o
procesoes and hence 'he upta~e rate (WagnCT, I~7I).

The uplah rato associated with Ihe diotaT) and respiralory ,'octors are
directly linkod 10 Iho .pecitio one<gy requ; ..mcnt< of Iho o<gani'm, i". ;ts
requirements for food and oX}'gen (Norstrom el al .. 1~76). Hence. lhe<e i. a
OOHelauon be,we<:n an organism'. "'eighl and lhe uplake rale, These
fundamenlal .. Iation. are .ummarized in Table 4.3 I for mammals. bird. and
fish, Because of the relati,-ely 10" caloric conlent of a millililre of ai' 0< a
millilitre of water, an animal require. a greater ,"olum. of ai< or ....atCT than
food 10 sal;sfy it< metabo~c requirements. Thus, the <:<>n<:entration of
poIlulanl in lhe diet must generalll be higher than the le"el in the "'ale, Or air
before lhe food "ector can oornpeto ,,'ilh respiratoT)' 'e<:tors on a one_to-one
basi•. albeit in mammals and bi<ds the ,'ecl0rs are more e"enly malched than
in lhe case of fish, For example. a fi,h ",n pas. aboul 66 000 g<am. of water
acros. it. gill. to balance thO onerllJ obtained from ingesling I gram of food.
Henct", the ronct"ntralion in a fisl!'l food mu\\ be around 10'-10' l;mel the
Ie"el on the ....ater betor. the food ,'e<tor can oomp<le with the waler "ector.
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T~b"4.J.1 Rellti\'~ magrutude of r"pltl'ory ""d lli«M)' 'mIlll til Aettllbi\llil:
~po.u,. in mammal•• bi,d. and fi'h (I'-RCC. )981)
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Compl~x pharmaookinelie models hO"e been de,eloped 1o de.\.Cribe Ihe
accumulation of chemicals in 'he ¥arious toSlues of mammals lhrough lheir
die,s or Ihrough inhalatoon (.\.Ce Wagner, 1971). The same approaches ha'O
been applied to ~[udie. of the accumulatiOn of chemical. b>' bird$ (e.g. de
Frei'as and Nomrom, 1974) and a detailed uaminaliOfl of Ihese romplu
relations <:aJltlOl be jU$tified in lhi' introductor} chapter. Much simpler
models ha¥e pro,'en useful 10 de.\.Cribe ,he accumulation of chemica.ls in fi$h
(Morimy, 1975a. b).

In 0"'" of the simplest useful .\.Chemes. a three-rompartment model and
a..umed fi"';l-<>rder kine tiel; are used to describe Ihe uptake and a<:cumulalion
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Figure ~.3.1 S,mpte th ..e<Om­
p.orunenl 0><><1<1 de.rnbing up...e,
"'" and ..ten""" of cbemi••I. in
organL,m, from ",,"er and food
' ....0 ..

of the organi••hemica] (Fig"re ~.3 I). He.. k,and k. are Ihe rat. oon'lan,.
as>ocial.d "';th Ihe upla.e of Ihe poliUlan' "ia Ihe food and water v..,tor.; and
kQ i' the first-<>rder rate ron51ant describing the cluran~ of Ihe pollutant
from the organism, The lerm, C•. C_ and C, are: 'he oon~"lralion. of
.hemical in Ihe waler. organi,m and food. r..pccti'·el~, Thi. simplified
approach has been used ""ilh a re.sonable meaSure of 'ueee» to de",ribe
!>ioaccumulalion in fi.h (e.g. Neel} e, ai,. 1974: Branson e, al.. 1975:
:\orslrom e, ai.. 1976; RQbc,rtHr al" 1977).

For preliminar)' ",,.ening purpose>. Ihe bioaccumulalion potential of an
organic pollulant can be a,sessed solely in term. of Ihe water vector because
Ihe concentration of pollutant in Ihe lood "e.tor would need to be
exceedingly high for Ihe food '·..,Ior to be <:omplelel~ dominanl (Johnson.
1973; Saeil. 1979; Robens e, al.. 1979. 1981), An expre"iOfl describing the
a=mulation of a chemIcal in thi, case is Ihe differenlial equation

dC.. k.C. ..
T"-W-~·C" ,»

where W (g) i. Ihe weigh!.
This relation predi." Ihat if 'he oon.enlration of the pollulant in the water

remain. ,.lali"el)' constant. accumulalion in Ihe li"ue. of Ihe organism ",-ill
fOliO" Ihe palle'" depicted in Figure: 4.3.2. Subsequently, Ihe rate of
accumulalion decuase!; (Pan B) until a stead} 51ale plateau is reached (Pan
C). Here, the rale of accumulatiOn is zero. At Ihis point, the mte of uplake
equal. the rate of cleamnce,
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lJnlii ~lead)' "ale is reached. lhc measu,cd ""io, C-IC. i' a funclion of
lime elapsed from l~e beginning of lhe exposure.

C-_~{l_e 'd')
C. k.'"

If C. i~ Tel~li"e1) constant. C ". allime t i~ described b) equation (2).
Al "ead" stale (when e - kd- - 0). C .,'C. is constant and equals lhe ralio
k .ik.",. l"hi~ i~ u,uaH) referred to a~ the bioconcentration faCIOT (BCF) and
it is lhe a<:<:epled indic'lOr of lhe lendenC) for a chemical 10 accumulale,
While biOCQncent"'lion i, a function 01 I,m. ,n real·lif. ,ilualion, (e.g.•qua·
tion (2». wh.n comparing bioconcenlration factors. lhey sbould refer 10 con­
centralion faclOrs d..ermined under stead;' slale condilions. h is imporlanl
lhal an}' reference 10 bioconcenlralion f~cto" c1earl}' document, how lhe)
were delermined to a,'oid incorr.et concluSIon,. Thi~ i~ a particularl) ,mpor·
tant poinl and i~ ofl.n o,"rloo~.d bl' lhose unfamiliar w'ilh lhe principles
behind lhe phenomenon, If lh: 'bioconC<:ntralion faclOr' waS delermined
from lhe linear pan (A) of lh: accumulation CUn'e (Figure 4.3,2). lhe re~uh

COIlld reflect only lhe upla~e rale and !lOt nece....ril}' lhe O\'eralilendenC) lor
the pollulanllo accumulal' in the lissues of lhe organi,m. Only bioaccumula­
lion facton for 'le.d) slate or plaleau oondilion~ (Pari C) accuralel) reflecl
lhe compeling proce""" of uptake and clearance.

The sleady Slale bioconcenlral;On faclors of a large number of organic
chemicals in fish haye be,n corr,lated with ,'ariou~ indicalors of lipophil icily
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(Table 4.3,2). U,ing Ihese ",,13lion$, il i, po$'>lble 10 e'llmale bioeoncemra­
lion faclO~ from Ihe physical propertie, of a chemical. Some of Ihe chemical
paramelers that ha"e been used in Ihese relalion, include solubility in water
(5). the n-<>etanol-water partilion coefficient (K o_), Ihe soil organic Car­
bon-waler sorplion roefficienl (K.,.), and lhe parachor (molecular "olume
indicator) (P,) (Table 4,3,2), While 'imilar correlal;';'ns a"" expeCled in the
<:aloe of birds and mammal,. they' are not "ell establi'hed, Kenaga (1980a.b)
has developed a relalion belween a chemical's K 0" and itS tendenc; 10

accumulate in beef fat. i,e. BCF-beef-fal'diet - 0.50 log K"",,>

ESlimatei of bioconcenlralion factors made using lhe mOre exten,i'e corre­
lation' (Table 4,3.2) generally he wilhin one order of magnilude of the
experimen"lIly mea,ured values (Kenasa and GorinS. 1978). lmportanl
exception, arise in the case of compounds "'hich, due to strunUle or SIze.
do not readil; paloS through membranes. For example. lhe dala of Zi\~o

(1974). on the up\a~e of chlorinated paraffins by salmon, indicaled an upper
molecular "'eiShl for Ihe linear relalion' of aboul 600. In general, lhe cor­
""Ialing relalion' a"" not e'labli,be<l for compound. "'i'h K u" in excess of 10'
and lheir validit; for 'be super Iipopbilic compounds must "ill be pro"en. II
has been sugge'ted that overestimale, of biocon<:entralion fanors rna; be
obtained using 'heloe relation. for chemicals which a"" ea,ily melabolized.
such a, 2-bis-(p-meth; llhiophenyl)-l. I ,I-trichloroethane. a struclural analog
of OOT (Kapoor 01 al .. 1973).

The correlalion of biool:C\lmulalion 10 lipophilicily in turn means Ihal
adiposily' will be of particular oon<:em be<;ause of il. profound effen on Ihe
c1earan<:e rale of organochlorines. Thi' i' found in endolherm' (Pocod and
Vos,. 1974. Je F""itas and Norstrom. 1974). while Robemor ai, (1977) have
found Ihat Ihe clearance of frons· and cis--chlordan<: i' in"ersely ",Ialed 10 the
adiposily of Ihe indi\'lduaI fish, Thi, lalter obsen'ation. together w'ith ""cent
""port' (Addison and Zinck. 1977: Bruggeman er w.. 19S1). ,upport Ihe
sugge.tion of Hamelink el ~/. (1971) and Han'e) el ~/. (1971) thai field
"",idue pauems of chlorinated hydrocarbon, may be as much a funnion of
lipid oonlent of the fi'h as of ilS specific posi'ion in ,he food web, At Ihe
presenl lime. cor""nion, for adiposil; ha" nol been included in any' of Ihe
cor""lalins relalions.

4.3.2 CO;l,CLt:SlO~S

T,,·o le"el' of model re",lution are a"ailable loday' to the en,'ironmenlal
scientist, One may' uloe eilher the empirical correlaling 'elalion' to de,'elop
first e,limale, of a chemicals al:C\lmulation potential Or one mal use ,imple
pharmacokinelic models bas.ed on exposure ,itualion, amenable to laboraIOf)'
'tud), Neilher approach can mimic Ihe more complex exposure scenarios
encounlered in Ihe en,·ironmenl. albeil Ibe 'nformation on Ihe kinelics of the
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proce=s oblained in lhe laboralory do provide a basi' for the anal)',i. of less
complex exposure pallems such as lhose encountered in the ca>e of the more
ubiquitous persistent pollutants.

The modeli do allow One 10 predirt the relali"e importanre of lhe "riou.
,erlol"< of e'posu", operali, e in a given situalion. Hence. lhey pro"ide infor·
malion on the relevanre of <pe<:;fic loxicological studie•. for example dermal
or inhalat,on sludie•• 10 a specific .ituation. Additionall~. the correlating
"'lation. are useful in ..,."ning for gross acrumulation panems. but Ihey do
nOl pn},'ide suffieient resolulion "hen: lhe exposun: "erlOTS an: nearl~ rom·
petili'·e. The correlating relation. cannot "'fleet subtle .hift. in .1fUctUn: thal
an: known to aher sign,ficantl\ accumulation pauem. in lhe ca>e 01
hOmeOlherms and pre.umably olher animal•. Thi. i. a particularly importan1
con,iMralion when extrapolations an: de. eloped from lhe re.idues found in a
.pecific indicalOr species to ambienl exposure le'els in olher rompartments,
Except as gross "n:en, tho corn:lating relalions are inadequate for this pur·

""'"
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