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ABSTRACT

Eilimation of iDdi'ldual or collo::t,,~ ~.posure by boolop;al moni,orin, i'
diSCllssed ,.,'h p"rl,<,ular refere".,. 10 mulli·media pollulan,., Eumples arc gi""n
of organic .uhsla""",, metal. and mClal·~h clemem, am~n.abl< to biolop::al
moni<orini- Quamilali"" ""imal;"n of "'posure reqUIres kno,.ledge of the:
re\alion$ltip he:t,....... the: 1e",,1 of a che:mical in biolopeal media ('biologl(:lll
1e'"I,") and ,he: magnituM of "'po,ure. For single.med,um pollulan,. with .hort
biolop;al half·lifc. a<!equa,e knowlc<l,e of ,h= rc\alion,hlp< can be ob'ained
from $ltorl·tenn controlled exposure studie' On buman,. but ,he number of
chemical. for which such daa. ~.i" is limi'C'd. For Iong·I,,·C'd ,uhslarKU, ,he:
fca$lbllny of sucb ",u<hes rna)' he enhanced by toxicokm~,ic modeninc: ,hi.
approach. hO"'e>"r. rC<ju;r", an c"~n,i,'~ ""rificauon. Fot mul'i-mC'dia pol
lu'an". ,Ii(, 1<\"e1' of chemical' In biolaiical media arc function' of ..,,,ral
,cariables ,.hich can only be estimated if adcqualC lIlCa>urcmcnlO in the:
appropria'e med... arc a, hand and ,ran,f"" ooeffio::icnlO kno,,·n. The uper;cncc
with quantia.'i'" int~rprelationof eiolopeal monitoring daa. for multi-mC'dia
pollulan" i' "ill '"ry limnC'd,

BIOIogx::al monnonng i, aboo used a, a ,001 in predicting 'he likelihood of
beahh ~ffce... ~ithe:r in an indi"iduaJ or in a popula';".. In tbi. case the: ~>.ac'

knowledge of ~'p"'ure IS no, nceded bu' inSl<ad a<!equa,. d~ffce' and
do...-rcsp::m...tudi.. arc required. Th. ''''0 ,....)'& ofu,in, blological moni<orin,
data arc based on differen' assumptions and may fC<Iuire d,ff.r~nl types of
mcthodolopeal dc""lopmcn's.

I I:>iTRODUCTION

Since ,he beginnin, of modern .n~ironmcntal toxicolog) ,t ha. been understood
'ha' ,he ~k~~hood of ad,Cf'SC health ef'fcelS of chemical. depend, on ,he
magnitude of ~xposurc. M=ures of exposun: and the: permissible !e"cls ha,..
been dc""lopcd Independ~ntly In ,...,iou. area. of envlfOnmcnLaI to>lcology.
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Thus, lDdu,lrial toxicologists ha\'t del'eloped meillods for meaJurina and
guidolines for in1erpT¢ting lhe COrK:<nlfaUOn' ofclKmicals in lhe air of ""rking
pT¢mi~. Public heallh scienti ... ha"o do,.. lope<! SImilar prooe<lures for conctn·
tralion. of SOm<' chemicals in the ambient air of inhabit..:! area. and in drinking
waler, Food hlgieni"s have conoenlrated on lhe level. of 10xic .ubslanoes in
,-ariou. foodSlUlfs.

In each of the$C areas. a=ptable limit. for the Ie"elo of chellUCl.ls in lhe
r..peelive m..:!ia havo !Xen $<1 on lhe auumptionllhat (lllhero is no appreciable
risk at levels helow lhe hmit ,-alues, and (2lal Ie...1s oil"ificanlly ox,;:e..,hng lhe
Iimll val..... lhe risk may be greal enough 10 juStify aclion. Studies in indumial
toxicology soon d<:m<lnstral..:! lhal neilher of lhese aMumpllon. wa. ""tm:ly
oorrecl, Examples wero found where .ullkiontly low oonoentration. ofchemicab
in the air of working premises did nol secure lhe health of workors if chemical.
could be abwrb«l through 1I,0 skIn (for uample. an,hnt 0' b<n>idlnt) and if
olher exposure routes, .uch u drinking ,,-ater or food, oonlribut":! appreciably 10
Ihe 101a1 uposu'" Ifor example. lead~ On Ihe olher hand, high concenlralion, in
lhe air of working premtses did nol nece.....rily increa$C Ihe ri.k, e.pecially if Ihe
effoclive exposure time of lhe workers wu short, or if pe""nal prOlOClJOn had
been instilul..:! oau.faclorily

11 became dea' lhat lhe rele,-anl factor 10 be monitored i. lhe ' ....1' or 'effecli,..'
exposure, quanrified in term. ofdose> absorbed daily lhrough ,-ariou. roules,and
possibly from '-.rio'" sources, In respon$C 10 these findings. indu'triallOxicol
oii'" developed a pracrice caUed In lhl: paSI 'exposure t(:$I$'. and more recendy
referred 10 a. 'biological moniloring', Biological monitoring methods ha.'e been
described in ..,.'oral manuals and monographs (Ott Tei,ingor .' al.. 1956: Elkins,
1959; DUlklewicz 0' 01., 1%4; Gada'kina and Filov. 1971; Piotrowski, 1977;
Basth, 1990; Bardodej tI 01.,1980).

More recently, en'ironmc-ntalloxicoloii'" ha,.. developed biological moni·
toring u a means for (:$'imahng 'real exposure' of lhe general populalion.
Ahhough lhis ha.!Xen so far Iimiled to only a rew persistent chemicals such as
k.ad, cadmium, m.,hylmercufy. DOT and Olhers (Ott Friberj el oJ., 1974; WHO
1976. 1977, 1979a). biological monilorinll rna) bec<>me a n"", approach in
pre.'emi'.. toxicolo~'

1 EXPOSURE: INDIVIDUAL COLLECfIVE. 1!'o,EGRATED

Exposur. mal' be ..,ima'ed oi'''''r On a ooll«,i,~ or mdn-;dual bali., The
<xposur. of an iodi"idual can oflen be ..limat":! from the aeneral data On
on"i'on""'ntal oontaminatlon (.""h as ai' or food contamination) if other
",Ie,-ant condilion' of .xposur. are known {.uch u lhe pauom of food
con.ump<ion or ph)1-"",1 acIi,'ily~ Blokljical monilOrinj can pro,ide .,.rification
of ,ucb ..limal.. by measurirti lhe Ie"ol of pol1utanlS in lhe individual WhOlher
lhe ...ull$ obtained can be finally inl<rpw..:! in terms ofe,posure of any gi,'.n
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indi>'idual 0' have 10 be used fo' Jfoup or 'collccti,..' nposnre "limation.
dq>end. On the: re!lolion.h,p bel...totn thc attamable .rid lhe rcqulftd prtci.ion of
lbe "hole lcot pr<><:edure, The sam<: ~milation appli.. 10 biological monilorin&-

Tbe ,crm 'm,cpattd c.posure',. used berc in 'IS broad"l ocnoc. In iridu."ial
lo.ia>logy. tbe: tcrm 'integraled cxposure' rer.rs to tbe amounlO of. cbemi<:al
absorbed by ,..riou. rowt.., such as lunp, skin.rid tbe gastro'n'''1I11l11rlCl. In
gcn....l .nviroom<:ntal IOxia>logy, il r.f.rs 10 lbe IOlal .mounl of a ch.mical
absorbed undcr occupalional OOndl1iOOl by all roul..and from ambicnt aI', food.
'.,alcr and any otber sourer:. Procedures for e>umaung Int.graltd upoturt art
dIfficult for. ,-anety of ....sons. Wben bued solely on Ie,..b or ""'ironm<:ntal
oontam"'ation (air, water, food~ ..timation may be un,..liable ...ben .k,n
absorptIon or absorption from nnmea.urtd SOUrcr:5 play. a major role. For thIS
....son. hJologl(:l.l moniloring has b«<>"'" an imponant 1001 in "linulinl
inl.graled cxposure.

3 BIOLOGICAL MONITORIl"C

Biolop monitoring ofcbemical. " ... first d......lopcd in ind"'lrial to.ia>JoIY U

a method for e>timating••posure of lndi,1duab.1t ,,-a. fiT'll applied to t:51imalion
of .xposur. 10 cbe:micab for hich lbe roulcs of""tryolher lban lungo, or SOuret:5
or••posurt otber than lbe nrkplace.....r. not important. ror ....mplc. ben"'''''
and trichlorOC:lhylenc rrcisinJ"T n ai, 1956~ Some difficullin arOS<: ...hen
Teisin&« and hi. oollaboralors In f'n.auc realiZ<:d that these rnc:a,ure"",nl"
alillon&" wina ..mpko of biological mtdia from indi'1duals. cannol be
inlerprtled m t.tnI$ of ind"idualuposure beau.. nr IVea, md",dual ,·anation.
of...ult. al tbe same cxpo$urc Ic"el (air concenlral;on~ The: concept of"tXllkchve
.xposurc lest' "-.. tbm propooed rrcis",gcr, 1969~ On lbe olhe:r hand. lherc are
...mp1t:5 ,,'be:rc individual nposur. can be lnc:tiured by bIological monilorina
",ilh sulJic,ent pr"'l$lon (5CC f'Jolro,,-.ki. 1977~

In indu.uial 10'ioology, biological moniloring encounlered tbe prnblem of
.51imalina inl.grattd .xposure ,,'ben substa.nc:cs could be easily absorbed
throu&" lbe .kin••uch as anili"", nitrobeoz<:"". benzidin•. parathion. d,""'thyl.
fOTmamid. and o,be" (Piotro,,-.ki, 1977; L.au ....rys tl al., 1980~ Ob''ionoly, tbe
common denominalor in biolngical monitoring or c.posure by mhalalion and
thrnugb lbe skin arc the dOlCSabsorbed by each roull:. The ..me: may apply toany
typ" of "",iron_nlal nposure, pro,idtd lhat .....cral ""nd;liol\$ di""uoscd in
se<:lion 4.3 are fulfilled. The ..."ilabilitj' ofpro.;tdures ror blOlogo;:al mon;lorinl i5
di""u,$cd belo.....paralely ror organ;" chemical. and for mctal. and "",~l-likc

elcment..

3,1 O'IIOic: Cllcmic:.l.

or tbowands of organic chcmical. produoed in quantltin that warranl
to.icological int.r.Sl. nnly a f.", hundred ha>~ bttn .,-alua,Wto.icologi<>tlly to



the e~tenl allowing industrial threshold ltmn \l.luel rTLVI) or maximum
allo""ble con<:entratlon, (MAC,) to be proposed. For about W'\ of these (wmc
SO-«lsubstancesl data exi.t on method' for bi<llop:al monitorin& (Tabl< I ~ The
number ofouch cMmicals has much increased o'-er lhe pasl IS )"Cars because of
melhodoloPcal d=lopmcnl$, p:uti(:ularly In gas chromatography. Gllo chro
matography is applicable to a Wide ,,,n.ly of organi(: chem>eals. and 11 i' both
specific and sen,iti,.. , Whereas the old.r test, were mainly based on lh.analy,isof
metabo~tes In UrltI<. more r«:ent procedures often re<:ommend the analysi, of
blood lor ."p!r«l air for VOlatll< compound,~ and til< OrtlPnal unchan,ed
,ubsanct l< usuall) dc1tnnn>ed. For sc'.....1 OTj;1ni(: ch<mocal, alternati'-e pro
cedureJ are no"" a,,,Ilable. based on the det.rmination of either the unchanaffi
oubstance or It> metabolites in the appropriate media (urine. blood. expired alr~

Thc dtgrtt 10 "h'ch results of such monno"n& can be qWlntilal]\-el)' interpr.ted

Group

A1lpha'ic

hydrocarbon.
alcobols
ald<b)'dci..oblorodcti,,",u,'"

Cycloc and atoma,ic
hydrOCllrbons

ohlorodcti ...,ivcs and phenol.

2.metbylpcolOn<. ]·m..bylpcotanc. ...bex....
methanol, "'hanoi. iooproponot
r",."..ld<hydc. _lOld<hyd<
_1o"". butano""
methyl cblonde:. me'bj-knc: docblonde:. obJo.
'ofo"", c.,bon ' .......hlonde. 1.I.H hlorO¢\·
hant. ,"n,l chlon<le. ,,,,,blo,..,.,b)·l< , ' ........
obloroe'bykn<
,.......'h),lfonn.m.ac. di ....'h,·lformamld•• hy
d""," 0,,",nide. _,on",i 10. ac')'lonlln". <.,bon
d"otphide

....,hyl-eyclopenlO"", cy<lo xanc. \>o1Izc""••
'01_·.•y........ me>i,yle <thj·lbenz<n<·.
i,.,ptopylbe_no, ",'''''''', 'hyl"y...""
pbcMl, ohl<>rophenols, pen,achlorophenol,
oblotoberu:ctlC. P"dichloroben>:en<. HCH. HeB.
PCB.. DOT. H-D. 2.C.~T. oldnn. d..ldnn.
• nd 11JI. oblordo"". ohlordecone, ........bIoro-

'"'"nlltoberu:c"", onlh"", b<rwdlfIC·. d,ntl",..,.
....",1
po",'hion. f.nnro,hio"_ d,azlno"
furfurcl, carbaryl. POnlq"'"

• an. as<m>lI (.)"""""' ..._ fO' "Ilo:b '""<l"""~ ..~ '" ......" ••,........
• " ...'".... b>l _ "" do.. rrom ","",<noV., (l917)...a Bud' (l98O).nd "" ••~....,. of
inch""h..1repotI. "'" Idt<d '" tIoo b.. of reter<n«<
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differs eonsiderably for Ih. "ariou, chemicals listed in Table l. A f.w ,ubnances.
ouch as benzene, lolucne, uichloroethylrne and styrene, ha,~ u:ce>ved mo:st
auenlion and the number of report. on 'ndi"id""l .UMla,.,.. ra""" from about
100 to one or t....... For manysubstanoes metabolic 'Iudies in man ha"" never be<:n
performed. The applocabihty of many procedures allo .. expoiur. levels (,uch ...
O<nlr in non-oc<;upational e.poiure) i, dubiou,,-

J.Z Mela~ Melal·like Elemea" aHlheir Compoo.....

Indu>trial 10ricoloS'iU .....re the fim 10 develop metl>odo for biolopeal
monlloring. mo:sl •• Im.a'ely for lead. Much effort hu also be<:n de>'OI«!IO the
monitorin,of mercury, chromium, .....nie and '''OIdium. Mor. r=nlly, in non·
o<x:upaiionai to.icology. biolop.:al monitoring hu b<en de,.. loped for lead
(WHO, 1977; Friberg and Vahler, 1983~ methylmercury, cadmium (Fribersel a1..
1974, Fnber, and Vahl", 1983) and 10 a Iesse' de"... fOI arsenic (WHO, 1981~
Other metals have been monitored only sporadically (Table 2~

T.ble 2 Mellls and metal·like elements for WhICh ......Ilo<l, ofbo%pcal motI;\Onnl are
av.il&ble; booed ",oo(ly on dala of Basel< (J98(I)

antimony (ll); ....nic(U. H); beryllium (V); oadmJum (B. Uj; ohr"mlum (V); <:oboolt (lI);
copper (B, V); I<a4 (B, U); Ii,hium (B); mafIJI...... (V); 1I>emIf)' (B, V); _'b~l_maf)'
(8. H); ..Ien,um (V); thallIum (B, V); un (V); uranium (V); ZI"" (V)

Symbol>. B, blood. U. "hI"" H.Iu"

A ,,,,;'ty of media and prooedu..... ha'" be<:n used in biological monitorini of
metals and metal·like elemenu. The early data ,.fer ll>O$ll~ to un",,; apart from
other advantage>. urine monitoring may be r.lloled in a relati,..ly SImple fashion
10 e.po.ur•. Assumin, a ,,~y>Stal< eondilion, lhe a,"ttI,. daily dO$< can be
computed from the daily excrelion In urin., if lhe ratio urine, fa..,., is known.

Blood analy';. has re<:tntly ",placed urine analy';. in routine monitoring.
The,. seem 10 he two principal reason, for this ohange:

(I) modern analytical t«hniqueo, particularly .tomic .bs.orpllon 'fI"ClropboIO'
metTY, make 'uch determJnauon. powble wilh >mall blood ""mpies..nd

(2) Ih. concentralion of an .lement in blood ....fIU to be a better ba,is for the
e,..luation of health 'i.k

The "",fuln... of half mOnitoring has been ....mined (Jenkrn,. 1979~ Th.
analysis of half ha' pined rea>i"ition onl~ in a few ca>eS where the .naIylical
det..-mination i' sufficiently reliable. One advantage of hair analysis i. lhe
possibility of..hmahni not only theaverage dose rate, bUI rn some case> 10 deri' ..
a d~ rate-lime function which may be used in more sophiSllcaled approacbes \0
exposure .stimation, ., for melh)lmercury (see Piotro.....ki and lnskip. 1981;
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i'iouowski and B~,hallllll, 1982~ A speQal cas<; is tm alllll}lis of liil\l~l not
roUlinely available for analysis, which may be ohuined as auto>"y samples. An
oump!e from tbe Global Environ""'n ....l Mooitorinl Sy't<:m (GEMSI pro
.....mme is cadmium (WHO. 1'J7'Jb~ for which the masl reliable esUmal~ of life·
Ions np:»ure may be ONlOed from Us Ie,~l In the kidneys, Monitonos or
autopsy samples IS used as a measure of ~Iposureof grou;- of iodi>'iduals and
population segment< (FribeTsel 01.. 1974, Fnberg and Vahter. 1983~

4 BIOLOGICAL MO.... ITORING AI'D EXPOSURE rsTIMATIO/,;

The need for estimatinl integrated exposure to chemical. has resuhed in a high
demand for biological monitorins methods. In respon... to thts demand. the
numbe' of chemicals amenable to biolollCal moniloring has increaled. aod so
ha>.. lhe difficulties in imerpretinl lhe results- The lhl« problems of biological
monitorin, di"""'led below throw some light on inherenl difficuhies.

4.1 Biokinetle PropenN-s or CHmicals

In lene",1. the .pplicalion .nd interprelation ofbiololical monitoring depeod on
the biokinetic properties of the subslance, The t..." eltreme ca"" .,e as folio"...

(II The half·lif~of lhe chemical in the bod)' i' sufficienlly short for lhe biological
1e,..1 to reftect the actual expo.u,e of a &i>'en day, In thi. ca.... bioloJicaI
monitonnl IS u...ful in Industrial t""!COlogy ~>..n if the """'sn,ed Io\'els
ftuctuate laracl;- from d.y to day.depending on the daysof elpo.ure .nd time
ofsample collection. The u" of biological monitoring 'n en"'''n'''''nt, other
than indU$try, "" he'e tl\<, soUrtt" of e.posure has not been idenlilied, could
give misJeadini resula.

(2) The half·life "f the dICmocal i. >'ery Ion& .11o...lOg for .ubsllntial accumu
lation of lhe subsllnce. Here. the Jluctuations "f bels from day t" doy .nd
wllhin the day .re small .nd, lhcrefore, lhe e=t l<>calion of tl\<, source of
elposure is nN necnsary, for this reason. hiOl"JI",l mOOllonng is used for
exposure estimation in the acne",1 en"ronmenl mainl;- for persistent
chemical..

In fact. moot cl\<,micab do DOl bo'lonl t" "'ther "r these 1"0 e.treme claoses.
ha>'ini neither >-et}' short nor very long half·li..... F"T subsllnces such as
nitrobenzene, blological!c>'els depefid on bolh the actuale,pasure during tbe d.l.
and on lhe post exposure over the lost ...""k Or SO (P'iolro....h 1971~

None of lbe sitUlliOD$ ts U$ualJy clear enough to .110.... proper interpreL11ion
of ,he dati """thoul adeqUlle kno",,'Ied~ of the biokinct;c p<Openocs of the
lubstlD<:e. E'..n "lth subsllnces ha"nl <:$$COhalJy • 'hort half·life (such II
toluene~lhe deposilion and lCCumula';on ofa 'mall fTaCtion in lipoId l"'ues may



.Iill occur and thi, may~ ,...,-t:alod ~lI~r by some monitorin, prooe<!u=than by
olhel'$ (for example, lolue"" in blood as oppcMd to hippuric lCId m unne) 1_
Piolro"'ski, 1977; Konict.ko e' at.. 1911(1~ On lhe olher hand, "..ilh .ub'tance5
ha"in, long half·lj~es 'hefe a,... <:a.\CS .. he,... a 'fr<$h' dose inlluenees temporarily
lhe blood b'.lto an un.xpected d.gree, for innano:, melhylmen-ury (K.rsha.... er
<>I.. 1980~

4,2 81010i"'.1 uHI •• a Fu"",;on or h,..."re

Theanal)~soFbiolopealsamples pro'-ides the biologicallc:,..1ofa~heml(2l (B~

ho....,..,.. the quanhty of intt1'e$t may he lhe Ie"el of exposu", lEI ....hich i' the
independent variable in the equ'llion

B -1.IEl 'n
In II. general form, equation 11 )appbe. 10 all siluation., ..hether in "eady<tate

or no'. Ckpending on Ih. u" ofmomtonng da~ .,posure may he defioed in a
,.,,,oety of ..,,Y'- For in.taDCe, in indumialtoxicology, for 'Ubstance5 absorbed by
one rOu'. only lal...."ys~ exposure may ,imply he lhe roDCentralion of lhe
chemical in lhe air. In mea,uring th. Inl~graled .,po'ure, bo"'O\"", ••posure
mu,l he defin<d in lerms of dose rate, L•. Ih~ dose absorbed by the body in unll
time. In ..posu= by ....y of the pmointeslinal IratI, lhe do.. rale mu.1 he
defioed e,..n more slricdy in terms of Intake ratellland uptake rate (U~

In biological moniloring. 1"'0 stages must be clearly di"ingui.hed; (I) ..hen
equatIon (I) is be:tn, ..toblished, and (2) .... hen esposure " hemg ..t,maled from
the monitoring data aDd equalion (I~

[fequalion III is to he used for ..naJe-rou'e esposure, 'he form of t. may be
determined either under oond"iom of oontrolled "IX'SU" of "olunt...-s, or by
u.ing properly ..le<:ted field dolla. Some oonlrolled ..pusure studies are u,uall)'
nece...r}' in any case in ordtrto obtam informalion on biokinetic properlies of
lhe chemical. In'-esliptlons of IhlS tll"' ha", been performed in ",..ral
laboratories. especially for application in industrial to,icologj. and for short·
Ii,-.d or$ll'nic chemicals. SImilar "udies ..-ith Iong.li"ed chemicals are m""h more
difficuh, as ,hey ha,.. 10 oonlmue unlil a sleady State is achle'-.d. Such lrials ha'"
been performed in the past For lead IKehoe, 1961~ DDT and aldrin (for a rt\ Ie..
see Piolro......ki. 1977, Of n=<.sny. long·'.rm studies In.-o['-e ..' ..ral problem'S,
bolh cthocal aDd lechnical.

Diflkulties inher.nl in lhe long.lerm studies Jusllfy aUempl,lo delermll>e 'he
form of equalion (I) by computation. using dolta from short·lerm lesls. Thi' is
Fairl}' ea,y if 8 i' dlre<;lly proporuonal '0 E bu' ..amples are kDO"-n ....he.. th.
besl ~, is obtained by u.ing some po,,'.r function," for DDT {Durham~, al.•
19(5) and lead lWHO. 1917~

A"uming direcl proponionahlj- and expressing ..posure m 'erltl$ of intake



rale (Il equalHJn (lJ ldle1lhe rorm:

fla)

,,'here f is a roeflicienl of proporlloll&hly... hieh may be lhe produet of se'-eral
fraclional roeflicienlS 'hal may be ell"':, determined or oomp,ned from dala
ohlained from .!>orl-Ierm le.l>. In I"': mo;;l general ..IIt

,,'here I"': indi"tdual fraclional coefficient> express properti"" w,lh reprd 10
lC<"\lmulahon f~~ I>odydistribuhon f~~ m.1.01>o1ie YI.1d (I'~and fraclional upla~e
(.~ So fu, examples can be &i".n ..'''':re I"': procedur. has been mll(h "mplified
by \l$in. only One Or 1,.-0of,~ fraeti<lnal roeffieH,nts. An inl....unS .xample i.
melh)'lmercur; V.inS dau from 5ini\t do,", expenmen" .. 'Ih labelled mercury.
coefficicnl> • and 6 ooufd be oompuled. Fo' Ihi' oompound uptake .qual, intake.
and lhe equal,on r.fers 1o unchanged suMla""".>.e" .. I, I' • I (see WHO. 1976:
Piotrowski and Insk,p. 198n It has 10 be .mphasize<! lhallh. oomputalional
Ie<:hniqu"" for .'labli,hinS lhe form of .quallon (I) for " ..d)"-<lale condu,on. of
IonS·Ii,ed ehelltJcal. arc now in ""yearly 'lall"" of d.,'tlopmcnL The as.sump
lio... made in such oomputa!lons requ,re ....n";,'. siudy.

Whale,... lhe oulrome nf lhese 5lud""" nne hal In ....lize lhal b,nlogical
mnnilnrinl alone. if nol oombined ..ilh informalion nn exposure. lead' nnly In
rompar;"i,'. dala. ,he u,",fulJ\CS$ of .. h,ch '. limiled

4.3 lntttt:rutd [~pos... ,

B,ological monilorins for ""limalinl inl.sraled exposure by ,...rious roul"" of
entry is based On an assumed equation:

B .. f.(E.) +f.(E.) +J.(EJ '"
..h.re '1he !>iolopea.lle".r (B) integra,es upol.res (EJ by rout"" i • a. h. c. In
lhis general form. uposur.. E•• E•. E. r.preStOl d,ff nl .....riabl"" and lherefore
a solulion can be found if a itt of Ihree equatio can be "1.Oblished ullOg
addilioll&l da1.O. S'ill. diflicuhies may be encountered if'b¢ fracllOnal func:lJo...r..
f•. f, arc 001 conSlaots ffor an .xample..,., WHO. 1977~

The equalion beoomes much .,mpler if there arc only Iwo rout"" of .nlry (f..
f. are oon'tants~ and if we do nol need 10 di>tingutsh bel"'tCII the inlake and
uptake. i.e. if intake is equal 10 uplake..... " .. l. A"um,os lhat Ih. olher

• EJ<_ by oJ! ",."..
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fractional coefficieDI. in equatiOD (21 a~ indcpenden' (Jr lhe route of CDlry.

B _ ftl •..-l,,) 1'1

whcrc til< sum (I. + IJ. which is equal to (U. +U~ i. a .......u~ of imcgr1l'ffl
c.posur•.

Th. simplified situation ..pre,sed hy equalion (4) may be Iypical of indumial
c.po,ur.. for >01tlC organic cr....micals. where the ''''0 r(Jutes of entry are
""mmonly til< air_)" and the SkiD. H.r. for each of lhe routes. the up\lIke I2te
may be equal to the in ....ke 121<. and 'he lhre< rraellonal coerr.:""'t<~. b. I' ~'"
independenl oflhe rout. of CDlry, Ala'i ODC ....mple caD be ii.....n "here lh,s
hypo'li<:sis has bern ..'er,fird by ronlrolled ..posure stud", w,lh .oluntecrs .ithcr
by inhalation or by dermal application ofandine (see Piotro....ski. I977~ ID mOst
cases.. ho"'.....·". wli<:re ,he .bo..... pnnc;'ple i' apphed. the coerr.:ients ~It

determined by usinl one roul. of ..posure (iDhala,ion~ and il i' a<sume<! 'ha'
Ih..y are '''lid for Iii<: (J,h" roul<., " ...11. ID ""nain=. >Orne ind'rect indica'Drs
poin, '0 Ih. rorrectncss of thi' assumption, Howe"cr. ,I i' no, ""rWn lha' the
~ssumption of eq ....1 fl>\cI,oll<11 coefficients for 1""0 rou .... of ..ntry ;, ..-alid
un".......I1)~ in pa"l<ular. i' is di,puLlble ,f lhe meLlbohc I>\'es and m<Llbohc
products of organic chemicals are al""3)" indcpenden, of Ih. route of .n'ry: .ach
site (lun", skin. inlest",e) has mechanIsms of biol'Msfonnauon whICh ~It

independ..n' of the prooesses lhat occur in ,h.. li ..'cr (see Bend and Hook. 1977~
Tho: more gcnel>\l ';t .... 'ion. ",'helt ,he frac1ional coefficients dIffer d.pendiDS on
,he route of .n'ry. may be illustra,ed by a <:a$C. ""here (; ~ I. and .... e,,; equation
(4) 'hen LIkes th. form:

8 _ ,;;1'1..1.......1,,) 1'1

,,'hich caD be. ,n principle. >o1-'ed for both "'dependent .."r;abb I. and I. ifonc of
Ih. 1....0 tenn, can be ..,imated ",para'e1y: ho...·......,. the ,-a,iabili,y of uplak..
coefficien's may Introduce an addi'ional dillicuhy. Tho: abo'" rea>onini ,how,
'ha'ih. ,nl<rpreLl,ion ofbiolo&icaJ moni,onnldata for ",,,tll·media pollutant,;s
no, 3 "mple lask. The sJlua';on call. for "'teD.i", "udies addressed '0 "'lected
key q....lion'. It 'till rcmain. 10 II< decided whether ",posu~ of a .ubjecl 10
multi·med... poilu tan" can be .d..quat..ly ",,,Iuated by biolo&ical monilorin,.

~ BIOLOGICAL MONITORIl'iG FOR HEALTH EFFECTS

Th.. ·biolo&icalle.....I· of a chemicalltllects the "!X>1ure (Jf an indi'id ....l (or a
popula"on~ and il i' in lum rellected in ad,...rse effects "'hich may appear in 'he
same indi"iduaJ (or poP\lIa'ion~ The interpretalion ofbiololPcal monilonnsdata
may. ther..fo~. aim a, predicting health cffeclti directly. i.e. no, inWlI'ing



132 Mtlhod! fo' EslimOli"ll Risk of CMmi,allnj",y

estimates ofeXJIOsun: as di!CUssed in section 4. The predicllonscan be madeellbeT
for indi~idua1s 0' populatiom.

Such .stimation. for indi\iduals use lh. w-<;alled 'dose-<:/fe<:l relalionships'
thai are eslabli.hed from studies of se"eral indi~idu.al~ in whom both the
'blolop:al Ie\'d' of th. cn.mi>:al and the selected quantifiabl. heahh .ffects are
measured simultaneously, Although the CO"""pl is th<>oretQlly sound (see
WHO. 1979~ th... are f.,.' data to confirm it.

The predicti\~ value of biological monitoring for health .ffects in populations
i. based on the so-<:all«l 'dose-response relalionshlp'. Thi,co"""pl. dori,""; f,om
Studies of acut. tOlOClty. wu first used [0' chronic loxiclty in h""",n. of
meth)'lmercury 1WHO, 1976)arKI was th.n adopted for metals (Nordberg. 1976~
The concept. ho....".r. has nol y.t heen iOn.rally """"pted.

A dotail«l discussion of the u.. of biological monitorilli for the prediction of
heahh effects IS beyond the IOOpe of thIS paper. Allention has only heen ""' ..." to
tbe two possible application. of biological monitoring. for e>aluatinl ••posur.
on lhe one band and for predicting health effect. on the other,

The ·biolop:alle'·els' of chemicab r.p.....nt the logical link bet,,'tt1t .".,nal
..posure and health .ffect.l '" the populatlO"- The t"'o "a)'$ of inlerpretlng the
,esults of b>ological monito,ing are, therefore. not e..lulive. On the contrary.
they complement each Oth., in the P'O<;C$$ of en,i,onmental useumenL
Ho",,,~r.dependinl on th. int.nded u.. of monitoring data. the methodolol)' of
biololPCal momtonn/l may be developed along d,ff.r.nt lines. If resources are
limned, the priorities ha,.. to be det.rmined; these may be different in ,ariou!
S«tofS of .n"ronmentallosiI;olol)'.
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