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ABSTRACT

tow_b'd exposu.es.o IOxic: a&eul$ usu.ally coufer ftlal".,I)' .mall inereases in
.i,k 10 'ndividuals.lf nposed populalion' ar.larg<. ho,,"""r. tho publio:; health
impal't ma)' b<: sub$tant.al. and such .xposu....:l,seue links a" lho..ro.. wonhy
of.Iud)'. lbe epid.mioloiical approach can provide useful informalion. pro"de<,l
tho ..lali,,, ri'k i. 01 leasl in lhe neipbou'hood of 1.4. but low risk levels impose
.ipifican' constrainls 0$ reprd, ....thod. and in1frprelalion_ This paper
de!ctibes lhe .Irmglhs and v.'eaknesses of 1IIIrious Iypes of epid=ioloiical
sludies. ",he.e dolo are collected from mo.talily .tWrd, o. f.om inl."';.....,
St'-eral in'-esliptions of drinking ";alff contamillant' and cancer mortahtyor
incidence are used 10 illustrale lhe major issUl;$. E..minahOn of lhe ge<)graphic
co.ftlalion bel"-een .nvironm.ntal factors and cancer rales i. an important first
Slep In dc$cribJng poss;blc links and 10 suu;est the partICular cancer siles, types of
.xpo.un: and gecgraphic n:iions of Featesl concern. Case-conlrol .tudies lhat
us< monalily records are relalively lI>fxpcn,i...and are used 10 refine hypolhcsc$
and 10 generale firsl quanlitalive eslimal.. of lho nposur...-.:fffCl n:lalion.hip.
Subsequent case-control ,nle"...", slnd,es, ,n conjunc1ion "'Ih chnol and
laboralory im-es,iptions. can provide strong and convincing evidence for Or
again" a cau<l.l relalion,hip. and Ihu' establish a firm scienlilk ba'is for effecti,.,
pm"n"'''' aetlQn,

I '!"TRODUCTION

Epidemiololj:ical Sludies of effects of 1o",_le,..,1 cbronic nposures are especially
challtllilng be<:ans< oftho need 10 assess relatively small ns.k inereases resulll'4l
from ",'enl.lllat occurred many years aeo. By low "poSnr. b..l• ....., mean 'he
concenlrations ofcontammanlS commonly found in tho ambient air 0' in trealed
drinking ,,-.Ier to ,,-hicb larllC numhors of people: arc ftiularl)' "posed over
nlended penods.

SrNll risk mcreases can ha•• importanl public IleaJlh lmpacl if exposed
populations are IarllC_ CallC"r slles ,,·ith SU~led lmks 10 drinking water

~,
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WDWllI/lOI.Illli art lbi: Ialge 00'1>"1:1. rttlUm IDd unnary bladdtr ""llh II>'
prox"nat~ly 134000 t01a1 n~w cases diagnosed annually in th~ United Slat... If
20'\-~ of the: US population ...~re ~.posed to .uch ...,".r contaminants. and the:
r.lati"" risk for can«r of tbtK sites ...·~r~ U. 5OOQ.-6OOO~= case< could be
a1tributed to tbe<e exp"'Urell.

Se""ral r=nt ~pidemiologicalstudies of wat~r quality will ....."" as ~...mple'
hlghlight,ni tho Mrenith$. weakr>eUtS and p'tfaU, of.uch endea'"r.. In 1974.
..·hon ""rclnogenic organohalides "-er~ lim ohse,,~ in drinking wll~r supplie<
(Rook. 1974; Bellar e, oJ., t974~ stud"" .,~.. 'nittated to ~..Inat. associations
between on~ or more wate< supply charact~risticsand tho occurr~""" of ""ncer.
Th. first ",.re ocolopcalln dt$ll": that I$. thoy ....mioed. aMOCilItions bet ..-een
FOlf'Iphical distribution' of ",at.r ,upply dtaraet~ruticsand sit•• St. and race­
.ptcific """""r mortality rates. Subsequently, ""..--control studies hased also on
mortality record, ....re planned and ~.ecuted.A third l'oup of"udies is now in
prol'....,(Ut-(:(lntrol studie< of ne..·ly diagnosed paticnu. for ",hich information
on ..'-eral ris!< factors is collccted directly from the: ca... (or surrogates) and
ftom match«l control<. This paper ...·ill .um,n. these methods, primarily using
~..mples from tho Iit~ralure On wat~r qualily and human cancer, but dna.,ini
from Other areaS ofqlid~miology..·hon "lIfflnted.lbc strengths and weakr>eUtS
of....,h approach will be described .,ith ref.rence to lho appropriate U$t of result.

1,1 ED.·ironm~ntal Backll'ODnd

lbc problem of .."rna"ng pa$t ...!X'suftS '. oommo" 10 """t qlid.miologocal
studies of ~n.ironm<1l1a1contamination and canoer, regardl... of d~.ilP'. In the:
~ of ",udies of dnnking water contamlf\ant$. histor;cal r<>;(lrds from "liter
utilities can pro'·ide information on wat~r sources used. chlorination and <>thor
treatment practioct< aDd d'Mnbution patl~m$. but nOt On hi'lOncal le'-eb of
sp«ific cho""",,1s for which analytical method' ha"" only l'tOtnl1y bocome
available. A conceptual ~mc that rank. differmt types of ....,.ter supplies by
le'-el of presumed carcinogenic pot~ntia1 can be Ipplied to these hIStorical dala.
The: ranking scbemc is based On l'tOt"l roea.<ures oftrihalomethan.. and otber
low molecular ....ight oompound, from a ,.,.mty of wat.r .uppJit:<, as ....n u on
data from a ",,,"ing body of to~i<x>logical and .hemical information. Two
gen~raJ clM!.t$ of com!X'und. are of conc:trn;

(I) I""'" chomicals 'uch as certain industrial sol""nts and proces' intermediates
that ~nl~r a water distribution ')I1t~m unchanged by tho treatment process...,

(2) com!X'und> produced during chl"rin~disinfection by ;nl"",ction ofchlorine
wilh organic precursors ("""tly naturally occurring humic and fuk'ic acids)
,n ra... waler



Fo' lhe purpose nf defining hislorical exposu~ in epidenunlogical 'tudi..
""hen quantitali"e mell5uTOment5 aTO nOt available. il i. reasonablo 10 assume lhat
surface sou",..contaminaled by upsuum emuenu ha,., lhe highesl 10",,1 ohoxic
material.. follo...·ed by surfa"" sour= wilh prolo:<:ted ...-atersheds and then
chlnnnated ground sources, Non...,hlnrinaled ground sou","" ....ith Iinlo con­
tomm.lion,.rc expocted 10 he ."""ialed ....ith lhe 10......' risk, and mosl studi..
place persons ... ho habnuall)' uSC the.. sources in • 'non-exposed' cal­
.gnf)Da,. on 10,..1, nfuihalome:lhan.. and othe' rompounds in finished ......ter lhal
w. ro<:enlly collected from mo,., than SOO US ,,-al., supplies supporl. this
assumption. The eeome:lric mean chlornform 10,..1 in samples from 72 un­
prote<:led surfac<: sources .....s60 I'g I. f,om 1n P,OIOCted surface sources B I'g 1.
and from 627 fchiorinllled) ground oour= 0.81'a 1.

Surfa<:<: ""ters generally ha,., .Io,,,,ed Io",,1s of chlorinalion b)'products.
including chlorofnrm and Olher Inhalome:lhan.. (THMs~ Chloroform i. an
.nimal carcinogen (Page and Saffiolt~ 1976~ and lhe brominated THM,.rc
mutagenic in Ihe Ames Sal""'Mlia Iming syslem (McCann n al" 1975; Simmon
.nd T.rdiff. 1979~ In .ddition 10 10 .... m<lloeular wei"'l "olaliles, .1 \oa51 40~~ of
lho orpmc:ally bound halogen associaled wi'h chlorine disinfo:<:tion is found
.mong hi""'r mokeular ,,'ei&"1 non_mlatilo compound. (Glaze" al,. 1980~

COncentrale. ofth.se ch.micals f,om trealed surface .....1." are mutagenic in Ih.
Ames Sl>1_114 ')'items ,,'ithoul 5-9 aeli'''lion (Lop<r. 1980~ At leasl one d"o:<:1
actioa mutaaen of hi&" poleT>l;y. 2-<:hloropropenal, ..... been isola'ed from a nOn­
"olalile fraction ofcblorina'ed ""ter (Kringst.d ., a1.. 1981~ This compound i. a
proposed intermedlale 10 lh. ch.mical reaclion sequ.nce leading to chloroform,
Se>'.ral other mutaaens from oonc:enlrated drinkin& w.ter samples ha.. nol )'et

been identified (Loper .nd Tabor. 1982~ It is likely lhat cliloroform ,",..Is bear
oome relation 10 lhe ooneentra'ion of bi8her molecula' " ..i&"1 non·volaliles.nd
thu, 10 lhe mU1<lgeniciearciooaeoic potenl..l nrfioi.hed dnnkin& .....1..... buI Ibe
euCt relationshIp hel ......n chloroform oonlenl .nd mutagenic aeI;,';ty needs
funher .Iucidation. Gi,'.n lhese dala, Ibe,., 1$. gro,,'n&OOf\$Cn.us lhal lhe THMs
~r .. may nol he of greal ooneern, but lhal lheir 1e,'.1s indicate the presence of
olher, hi""', molo:<:ular wei&,,1 oompounds wilh coreinogenic acli,'jty.

Ground,,-al"" lhal .TO chlorinaled us""Uy ha,., measurable 1e..1s of THM..
• nd often t....... of low mokeular wtlghl mlatiles .uch as perehloroelhylenc.nd
trichloroethylene al Ie,..rs b<:low 5 pans per billion, The presence of lhese Iaucr
compound5 i' worrisome: because it .uggtSl$ wldc$pread oontaminal;on of
1'0und""ler resources. Wale' from pri'''le oommunny welb lhal are 001
chlorinated gene",Uy ..... low 1<:,..1. of mO$t o,pn"", MO$t -alenupplies oftbi.
type se"., sman populalions « 5<XXl) in non_industrial a and lhe" ",-ale,
sources lherefor. may he expecled to ha.. minimal oontamination from
incl""trial soh-ents or chlorination b)l"ndllCts.



2 ECOLOGICAL STUDIES

lbe 'ecolop:al' Of gecpaphical oorKlalioo approach implies oomparisoo of
gecgr1lphir; pallt'rn, ofdi$ea.. Otturr"""" ..'tb lbe distribUlion ofenmonmtnt.l.l
factol'S, OttupatioM, >Ociodemographic charact.ristic> or other inlrinsic fealur.,
of populalion" their acti,-ities or lheir surroundings. Most ecolopeal.tudics of
air or ...'"er qualily ,n lbe US u.. th. county as lbe unit ofmeasur., d"" ,n part 10
lbe publicalion in 1974 ofage-adjusted "X-, ra",,,, and .il.~pecilicoounly cancer
rnonahty ralcs for 1950-69 (Mason and McKay, 1974~ T....o .=ptions lhat
made use of iDcid.""" <!ala ue an analysi, ofcanoer incidence rales and a.bestos
in tbe drinking ......1•• ofcensus tracts of tbe San Francisoo Bay a.ea (Kanartk el
al.• 1980) and on-going .ludi., of cancer incidence and water qualily in lo....a
10....ns (Bean ~r ai_, 1982a,b: lsacson ~r al_. 1983~ These lake ad\'anlallO of rtgional
lumor rtgimics, pennilling analysis of <!ala from ppolitical unilS smaller than
lbe counly_ Resuhs can be mort meaningful because populalions from these
smailer places are likely to be more homogeneous lhan oounty populations ...ilh
respecllO disease niles, .n,'i.r>nment.l.l ••])O$u,es and many olhe. demograpbic
and socioeconomic faetol'S,

Wh.n .''lIluatins ecological studies, on. must consid.r th. "'.nph. dir<:ction
and eonsisteocy of associalion' as "'"eO as lbe homo......ily of ... ])O$u.... and
disease rates Wltbin tbe unil a.eas of measurtmenl. Olhe. il.ms to eooside. art
th. dilution of populations nr ••posu•• misdusific:ation WIthin ueU by
un...posed individuals or throusb in- or out-miy,llion, th. prnenoe of a
do$t-reslXlnse rtlationsbip. and tbe 1XI1.nlial in8uenoe of cau...l faclors fOf
..'bicb <!ata art not a,...ilable, o. lbe inclusion in stalistical models of ••lraneou,
factors nol in lh. causal chain. In addilion, SOm< statistical issues d.........
au.nbon. sueh as lhe lype of ....ighting applr"" 10 mult"'lIt1I.l. equalions.

2.1 Tile Formal Model

Ewlop:al Sh>dies lll'ically use a "ariation of lhe standard multiple linea,
r.gression modd:

J\ - age·adjusted ..... sile-, and race-specdi<:: county Can«r mortahty
rat.;

X" _ -"])O$ur.' "ariablc: (see diS<;lISSion~

X 'i to X", _ a series of variables directly or indirectly in tb. causal sequence
intlu"",""ng cancer rales, .""b a, IXIpulauon densily, percenlallO
for.lin hom, dummy variables d.noting tb. rtgicn of lbe countl 's



location. percentage of counly populalion emploled in each of
k".ral manufacturing iDdusll'ios. .'C.;

; _ 1.2.. .. ~ is a sub$crlpt MnOlmg the count)

This mod.1 assumes lhat the di....., (or mortalilY) ral.. con b<: represenled by a
linear comblnalion of counl)"-Ie>'.l faetors. including .nv'ironme:nlal.xposures.
Tho linear modol asstunOS addili"ity of risk. whereas lhe ml«aclion for $t,'eral
knnwn .1lolopeal faclol"$ appclr< to 1:><' muhiplicoti~. A logarithmic or olher
lransformation of lhe d.pend.nl ,.riable (ea"""r ral.) may be more approprial.
in ""me: "tualion.. bul Ihis ha< not boon do"".

2.2 Woipting 1110 RO'gression

The pr«:Jsion ofca."""r monahty rates from places of diff.r.nt size. as <:stimat<:d
by the ,..rian<:c. is proportional to populalion size, Mosl ecological studies of
"'''ter Or air qualily ha", w.ighted the ra1e$ in regrmion models directly bl
population size Of i,. square rool (proponionallo lhe slandard d.,·iation~

Some: ecolopcol sludies r.port lhe .ffoe,. ofdiff.rent "'¢lghung~ureson
studl re!iul". Hogan e, al. (1979) r.poned important and ,.,.,iable differ.nces in
pouerns ofassociali<>n in ".ighled versuS "nw.ighted mod.ls. Thoy dc,..lope<:! a
"'.ighting scherne:

Canlor or al. (J'l711~ in al1udy oflrihalome:lhanes In drinkIng ".t.r and county
ca"""r mortality.~ regression mod.ls weighted by the square rool of lhe
counly populalion. In subsidiary anal)'i'tS. rales ",'ere "'¢lghted directly by
populahon size. Resul" from the t,,'O weighting schemes gen<rally follo"'ed the
sam. pollerns. wilh some: differe"""" in lhe Ie,'.l of significanoe of ..g....ion
coefficient$. Page ., al. (1976) studied associali<>ns t>n"'ttn canttT rales in
loUISiana ponshcs and drinl:ins Mi..i",ppi Ri~r ",..ter, Mosl of lhe anall'"
used un"-,,,ghled models (i.•.• ",..ightlng factot _ l~ Thoy !"Cport thaI sul:>sequent
""eighting 'left the (regression) coefficients for drinkin, "",or roughly tbe sarne
bUI raised the values oft b)' aboul 50% on a,.rage.lead,ng 10 a large inc,...... in
Ih.Ie,'el of signlfica"",,·.

On lheor.lical around$. weipling of multivariate !"Cgressions by a factor that
adju... for diff.rences in prcci.ion of rate eslimales is the preferred approach.
Tho!"C is probably no on< 'best" ",.,ghling method for allapphclltio"", but it may
nOt greatly mau.r. >0 lon, a. lhe more stable rat.. from plaOt$ with Iari<'
populatio"" are g,,,,n more welpl In regresSions than rat.. from .maller place<.
In our ••peri.""".a "ronsand consi..enl association u,uaUy retain. ilO 51atist;"'l
,ignificanoe und., ..,-eral different ...'.ighling schemes.



n.. regression model ,hould include a, man~ 'independent' ''ariable> as are
rea",nabl~ related (e,..h indirectl~) to the disease, but no more. lndul>on of
extranc:<>u, factol'$ or exclU$ion of imporLant causal variable> may lead to
misleading association,.

J.3.J MiJSJW"ificaliolt

Indusion "f l"ele''ant ,'uII.bl.. m the model can d""'r..... the precision "f
rorrelation, and, to the extent thal ,uch ''ariable, are .t.atistically ass<>ciated with
both c~po,ure and effect. can al$o dImInish lhe ,,""nph of a!SOCiatlOnS
(O'......pecilicalion~ Failu"" 10 include tmportanl e~posur.. as explanalor~

''ariables can lead 10 ,pu""u, a!SOCiati"ns. Table I presents data ".-e de,..lopc<! In
analyzing association. belw""n lrihalomelha"", in drinkin, "",ter and cancer
morLah,~ (Cantor e' 01., 1978~ Shown are correlallon codli.ients fo' males
be'",...n counl~ CO"",,, ral.. and lrihalomelhane Iel--.Is, afler tbe ral.. had beer>
adjUiled, i" lwo iCparale models. fo' "" .. ral demograph;" faelo,$. Modell
included ,,,,nable< for rou"ty 'percentage foreigr> ..ocl' for each of 10 elhn;"
g'<>up$. In model 11, the$<' 10 fo'cign ,'ock ''ariables ",'ere e~cluded, resulti"l,n
tJnport.anl differences in rorrelalion OOCllicienls. Tbe differences for ..ornaeh
cancer, ",ilh notabl~diffe,,,,,t panern, amon,ce'Lain fo'eign bo'n and US elhnlC
group$ (HaeDSZel, 1961 ~ are unde...tandable, bul notlhe differences for lung and
colon cancers. It l' "'" known. in the ca.. "f lhe colon and lung cancer
correlation.. ""hether the foreigr> ..ock ''ariab'''' ma,ked a real aswcialion, or if
the~ " ..re good 'urrogal" fo' dleLar~ pallerns. A growmg bod~ of e"ldence
poinl' 10 a real hnl bel,,·..,n drinking ""aler ronlamtnant. and colo" rectum
concer ri,k (Crump and Guess, 19Sn ,uJge$lin, in ,his ca.. thai CCOIoJlClI
associaliot1S rna)' ha,.. beer> obscured b~ our inclusion of e"raneous ''ariables.
Otbers hold an opposing ,'iew. i,e., lhat there 1$ no underl)'ln,association and lhal
oonllol for ethn;"il~ inlroduces proper adJustme"t for social fac10.... pre>umabl~

Tabl< I Correla,ioo coelflcl<1lU be,,,'«" ,esKlual monahty rates m ,,'hi,< mal<s and
tOlOl lrihalomethane 1<,..1, m dnnk,n, "'at., ,n 76 liS <OU"tieo

Residual. calculated ""b:
I E'bmci')' ,-anabl<s IJICloded in ,be~ IJlOdd

tt n.ese ".""hI<> e.<II><Ind f,om ,be n>odel

Anotomi< <It<

MODEll ~0,02

MODELl! 0,12

Col,,"

0,14
.~

0.07
0.16



~lated to dietary pal\~rn~ ITuthill and Moo~. 1980~ Resolution of thi' iss""
cannot be pro"ided by erological .lUd..... but a""aits f<;$ults from case<cntrol
~tudlos in wh;ch informalion on dIet and drinking wal~r soura: (from reoiokntial
hi'torleS) ill collected dir«lly from patienlS and COnlrol$.

Ecological a.$$OCII.hons may rosuh from 'tatislicallinb ,,'ilh cau",1 faclOrs lhal
a~ incidentally associated "ilh lhe e'p""ure ' ..riable but ,,'hose It,..l$ are
unknown and lherefore cannOI be ll'Idude<l in lhe regress;"n model. Among the
kno,,-n or IUSpecled cau...l faclors not considere<l in erolo,;cal 'tudios of air Or
"-ater quality ar~ C1gar~l\e smokmg and diel.lTy pauems. n.c.c deficiu in the
informa,;"n ba5e ..verely compromise ,he .peci!i<ity of resuh>, ospec..lly In
erological Sludios .xam,n,ng smoklng_~lateddiseases .uch a> canoe" of the
bladokr or pancrea,. or canoers of reopiratory ,it... If county smoking rat.. are
'tati'lically related to county ~sur.. of ,,-ater or arr e.po,ures, the cau>aJ
Il$SOCIatJons "'th smokmg could mi'takenly be amihute<lto ambienl en"ron­
mental facto".

1.4 Exposur. utimaT..

MOSI canoers lhow a long laten, penod between e.po,ure and diagn<m>. ranging
up to ..' ..ral decad... In etiological >Iud ..... we are therefore 110' concerned about
current I."el, of ini"'ted dr;nkinjl " .. ter contaminants. but rather Ihe ..posures
of ..,..ral <!«:ad<:< al". Thi' JlO$OS special probkmll in erological studies because
of ,he opponunily for ~.posure mi..\a>sifi<:at;"n due to millfalion. and problemll
In ..tlmalma area_wide "po$Uf<;$ nf many years al". Th' issue "..., diocussed. in
pan. in section 1.1 abo,,~. Belween 19S5 and 1960. 17\ nflhe US populalion
moved between countiel. ranging from 10 In:J.6 /. in different stat.. (U,S. Bu....u
of the Census. 1961~ MlllfI-lJnn 1$ ••pected In dlminl$h the 't~nath oferolngical
associatinn>, because new millfl-nt> tn study areu ar~. on the a""rage. randomly
distribuled wilb r~gard tn p..te.p""ures (Pnli,...r. 1980~

Estlmal.. ofoxpo$ure to all Or ,,-aler poilu tan" of many }'elltugn are <lori"ed
in ecological studies from industrial 'u....~>, censu, informalinn '" are re­
constrUCll:d from knowltd", of Pu' rngm«ring or ""ler lreannenl ptaetiees.
Many erological 5ludies nf caneer mnnality and water quallly reiyon data from a
1963 in,,,mory of municipal " ...ter ,upplles (U,S. Public Healtb Sefllice, 1964) to
cakulate the percentage nf a county', populalinn 5eT"ed by .urf""" nr ground
sources. by ehlorinated or 1>01l<blorinated sources. or by sources lreated by
pr«hlorination. Thus. Sala (1977) examined the assoaatJon het"....n " ...Ier
qualily faclnrs and canoer monalily in 346 rountie$ of ,he Ohio R,,'er draInage
basin. using IS expo,ure ' ...riables are pe=ntage of pnpulation in eacb roUlll~ (I)
.......ed by surf""" ""Ie. and (2) se".·ed by prechlnrinated ""I~r Page rl al. (1976)
uxd lhe percentage nf popullilon nf Louilliana pam"'" dnnkmg ter from the
MI\.SilSippi Rt\"("f. Kuzma filii. (1977~SludYlDg aSSOClallons of ter quality and
canoe, rat.. in Ohin counti~.. u<ed a dichntnmnus eXpo$ure ,"nabk nidicatina
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Ihe type: of :;oun:e {~urface or ground} used by the majonly of a counly's
populalion. Simplifying lhe "rmure ''ariable 10 Ihi' degree may unDC<:eSSarily
obscu... lU"dienls of ..rmu.... Other $lndltO uS«! as ••posure trihalomelha~

Ie,-.I, derived from U.s. Environmental Proteclion Aacney SUI'I'Y' or spoc>al
'lal. ,urve}'sICanlor or al,. 1978; Hopn" aI.• 197~ Tulhill and Moore. 1980~

In sc<:kmg 10 "'lIl1.....t. lhe correlalion ~n'....n C\IfK1\1 and paS! COnlaminanl
levels. we compared Ie,-.I, of chloroform In 42 supplJes sampled by lhe EPA in
19n ...ilh 1e,"1s from the same supplies a year lat.r. Ther. was a monll year_lo,
}U1 rorrelation (r _ o.n. CanIO'. 1977~ Hopn" al. (1979) report¢d consislet><"}'
in the "'nk order ofTHM 1e,"1s amon, 12 supplies sampled in lwo sUI\'e)... bUl
the ahsolul' values of lhe THMs 'lIried consid.rably

Most ecologICal .,udies use morlalily ",Ies from 1950 10 1969. "" lhal
meanmgful .xposu.... look place 2S-.l(l years earlier. bel,,·otIl 1920 and 1945.
Allhough ""me changes in "111" Irealmenl praetices have Otttlrred ,ince. rdali,"
paltern. of chlorination among dirr.renl sour.. type> ha,'. been slable. In my
judgemenl. mlgralion '. a m""h mo.. importanl SOu .... of••pesure mlselassifi·
calion lhan changes in "1I1er source or If,,,'ment

l1Ie u!lderlyin, purpose ofecologi<:al studltO i' the measurement of lhe effect, of
exposu... on di...... frequeDCy (incidence~ Mona/ity rates.re used hecause lhey
are ....d;ly a>lIilable. ,,·he lI>e1dence dala u......lly are noL Moralily can be an
Inappropriateand inadeq ,. measu... of incideDCO for cancers wlIh 10ngsul\'i,'aJ
that are respon,i".IO lherapy, Geographical >lIrialion. in .lICh cance, ral•• may
indirectl)' provide a. mllCh mformalion aboul local m¢dical car••y'l.ms or
lhe >Ocioeconomic Ilalus of palienlS as dilf....noes in environmental char...·
"n'lies. Morahty 'lal"'ics are appropnal. mea.ures for malignan.... ,..ilh a
high falality rale 0' r.gional consiSl.ncy in diagnosis and , ....Imenl. When lhey
a... a'lIilahle. incidc,.,.. dala ar. pref.rable 10 morlalily Slali<tic$.

The masl refined ecolOgICal .,udi•• of "1110< q.....l;ly are lhose of lsacson and
co_wo'ke.. who ha,-. used iDCid.nce data from th. lo"'a ,tale tumor ...giSlry 10
calcuh". age.adju'ted cancer lI>cidence nttS for 10..... 10"""s, mOSI of "'hich hau
well<harac:tenzod "lIle' supplies. Cancer cases and populalions from lown, ..ith
similar ••posu.. and <lem<>gnophic characlenstics are aggregated.••~ as a
ralo. and o"aluated for associatIons "'ilh dnn.king " ...,.. cha.....or;stlCS-

For mo,l ca,.,..... lhere is a lload correspond.,.,.. bel .....n underlying cause
from lhe dealh emilic'lI' and lhe hospilal diagnosis (Percy 01 al.. 1981~ COlon
and reclum cance.. ar. unu,ual in lhis respect. in lhal colon ca"""r i. over­
r.poned and """tum ca""", und.r....pofled on death emificales. These ..10$ have
been linked wilh indicators of "",,.r ron",m",ants in many epidemioloJicaI
Slud.... and lhe rnl$Cla<Slficalion of rectal as colon cancer rnuSl be considered
when .valualing lhe results.
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2.6 SI"nlltlto ...111 W..k_..... of £':0101",-1 S".lIIits .."l
Implications for Risk Assesoment

Epidemlolog>rnl uudi'" .en'e several purposes.•uch a. ll"Deralion of De";
hypoth.ses. elaboration and .pecificatlon of .,isting ideas and hj'poth.sis I.Slin,.
Ecolop::ol widies of Iow-d.ose .xposu," 10 "''''i'onmental contaminants ha,'.
made Importanl contribur;onslO hj'J'Olhesis g.ne....tion and elabo....tion, When il
was roccgnized lhat human populalion. have lon, been .xposed to contaminants
In drinking .....lot. and thaI !<1m. compound. are carcmoge"" 0' mutagen. in
Iaboralory lest>.•pidemiological risk a"""sm.nl .....s appropriate. Sc,~ral

probl<nu arose in I"" planning of such .ttid.... such as d<oo"n, t"" anatomic11
Sile< and lype< of ,xJlO'Sure lhal de..n", mool al1.nlion. Ecologicalshidies were
dcsi",ed 10 addr... lhese issu.. and ha'''' sllCl:e<Sfuny .."'~ lherr pu'pose,

Ecological slUdies !la,,,, .."enll features that make Ih<m ....n·suiled fo' ,hIS
rol•. They ar. ",....lIy rapidly pe,formed. make u.. ofa,... ilabl< data and lhu, a,.
r.lati'",ly inoxp"".ive. Tho relative .peed and eo.. of condllC'ling occlogical
s'~d... are !<Ime...-hal off.., by 'hoi' lack of ..",,"i,ily in <!ctecllng ,eal
associalion. and lho poosibilily lhal positi" .....ult. can ari.. from associalions
""h factor< lhal "",r. nOI ascortained nOr usctl in tho regression model

Desplle lhese w..kn....... hypolhese< iOnerated In lho corr.lat,onal $ludi••
"",re "'.nglhoned when Similar patt.ms of association .me'ged from [0.

d.pendonl "lIdies condllC'led in different populatJOn. by ..'",ral in''''''tigalo""
and ..bon lho associations appeared 10 have biological plausibililY, Thus ,be
,uUOSllOn of a !Ink Ixt ...""" 10", ""~b of carcmogens In dnnkin! .....l.r and
.I.,...led risk of bladd.,. oolon and rectum cancers wa, placed on a !<lund.,
footin! by obso",...hon, fTom occlogical studies in ..'",ral ..t1ing<. a, "",Ua, by
lhe: continuilll .laboration of lho .he:mistry and chronic toxicIty of SU,peeled
compounds

It i, t.mplin! '0 10 b.yond hjl"Olhesis .Iabo","on and 10 .ppl}' ,"~ll$ of
ecological "udies 10 risk .......n.m. This may be .ppropna" if lh. n,k
as"",menl " qualilatl'" and if stalement. of possible aSSOCIatIon are framed in
lho conl""t of Iimitalion. in tbe o<:olo'lCll "tidy desi",. The probability 1hat
ecolopcal .ssocialions ar. wounded in causal relationships i' enb.anced wh.n
..veral independ~nt studIes sho", "m,la, resul15. The la'ller lhe numht' of
parallel ind.pendenl observalion>. ,h. lo.... r lhe: probabllily Iha'lh. a,SOClaUonS
ar. due 1o chanco alone or 10 a common oonfoundins factor. altbouih lhe..
poSSIbIlities cannol Ix excluded.
~nlltati". eslimalions of risk from cc01<Jlicalstudie, are nol approprial•.

Estimales. b.a><d on o<:olo,,,,al data. ofth. numhtr ofexcm d.alh, ,n loui'1O.na
due 10 dnnklng .onlamlnaled "'.ler from Ih. MissiSSIppi Ri"er (Harris eI at..
19(4) mel wilb crilici'm from epidemiolo,,,,, and 'tali,,,,,ian. (DeRouen and
Diem. 19m

In 1979. lhe US Envlfonn><nlal Prolccllon Ag.ncy issued relulalions ..tllnl
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an Upper bmil Or 100 Jl! 1for IOtal t!il\a\oml:lbanes in US drinking ""3.I~ ~uppbes

(EPA. 1979). The sciemific rationale il inltructiR In addition to citing the
avatlable laboratory e''ldenct' ror <arcinogenlCiry, it ,,'al lUlled:

'EPA has aho <on<l..ded tlult the a""!.able qlldemlologi<:al e"i­
de""" . lui' n01 been condu'i"e but i' hypothe,i, generating and atlea't
,uggesti,'e of a hulth ris};.'

A National Academy of Sc,e""", re",ew of ep,demiologlCal data was al<o
mentioned (NAS. 1980):

'They (NAS) pointed out the lad of scnsitlVUy of(thesc) epidenllolog;cal
procedures due to a lac~ of exposure data for individuals. populallon
dive"ity and mobility, mability to control for all ~nown contnbuling
variables 'lICb a, ,mo~ini. occupational exposures. diet, akobol consump.
tion, socioe<:onomic and urbanization facto". and the u,ual 20-40 }ur
latency period . S,""" epidemioloiY per.., cannot .. pro'·..· cau._
alily. and becau.., it may "-ell be lmpos~ible to epidcmiolol;i<ally (sic)
establ"b a strong cau~llInkage _ EPA extrapolated from Ibe result, of
anllnal .tudies to a..... the ri.k posed by THMs to human•.'

The 'epidemIologIcal p<ocedure,' ref"'red to were mo,t1~ ecologICal st..d,es, as
all but one of the ~tudies re",,,,-..1 by lhe NAS followed thiS desli"_ The ~nufic:
basi' for rule-making properly considered these results 1<1 be -.uggesti'·e" and
looked 1<1 anomal studies for data on ,,-h,ch to base a numeJ"l(:al Slandard for a
maximum COntam",ant level for THM~,

3 ANALYTICAL STtiDiES

In contrast to ""olo~lSludles. the unit or measure In aoalytlClll 't..d,es IS lhe
,ndi'·ldua!. nOllhe group_ Linh are <ought bet"·...n exposures ofindi,iduall.nd
Iheir subsequent disease status. The use of data from IndIviduals makes lhe
analytical stud}' a more p""'erful and focused in'trument than Ihe ecologi<:al
~tudy, A~socia"ons bel",..,n expo,ure and d,sease in anal~lical 'tudies are
commonly expressed as relali"e ri'h, the probabi!it}' ofdi..,... among exposed
person' relali"e to Ihe u"".posed. An.lytical ~Iudies thu~ dlre<11y furnish
quantitative es"males of rid. The retrospecti"e cohon Sludy and lhe Case­
conlrol siudy are Ihe apprNChes most commonly used.

3.1 R.tr...~t1•• Cob.." SIIadl..

Although the cohon design is not the mosl efficient desii" to e"aluate etTecls of
low-lev", uposu ...... n d"''''¢lI bner mentlon. Enlry of subjo:cts into •
retr<>specli"e cohon study i' based on paS! e,posures. for example. '0
occupational or en"lronmental agenu or therapeutIC treatment. (X-r~~s. specific
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phann=uu~als). or on ,hare<! hOSl characleri'lics, Cohort members arc
follo",ed O\'er lime, and lhe fr«luenC)' of di!.ease occurrcnce "'llhm ll>c group"
mea,ure<! and ~ompare<! ""h thc froquency of Iik< condnion, in othor
populalion, lhat are pre.umabl)' nol eAI"""d.~ ~ohon Itudy U$ua.lJy find'
productive apph~alion ,n as.cSSmtn, of n$k, from eAposure. that are relati"el)
raro in the ''''erall population but common in the 'IUdI' populalion, such a~

.cle<:led OCI'upauonal eAposur.., The cohon approach is llenerally inefficiem in
'tudyinll the relalion.hlp bet,,'«n 10'" 1e,~1 ~hron", <xPO$urr< and ri'k of rare
d,..ases (.uch a, moS! cancers) becau.. of lhe need to ll"lher eAposure
informal ion for man)' Ihou",nd. of indi"iduals to <"aluat< nsk in rolalovel)' fe'"
person~. For Ihi' reason, Il>c mtthod Ii nol oflen chosen to .. ,Iwue eApo.ur.. to
ambient en"ironmental contamlnams, One cohort jludy of ~an<:er ",It as related
to "'''er qualit) h., been reported from a Maryland ~ountl "'here a populauon­
ba...:l rel!ijlf)' ofupolure. and C3n<:er caleS had been ~realed for othrr purpo>eO
many )'ta" before the ",aler qualil)' e"p"'u .... ,,'ere ",'aluated (Wilkin$ and
Com.tock. 1981), In lhi' cos<:. il "'11' nol neces",ry 10 plher additional
,nformanon aboul other Ind"',dual ",posur.. to e'lIluale Ihe hypolhesi$,

3.2 COS<-WDlrol Morl.lit,. SI""ifS

In c"ntra.t 10 Ihe cohon de,isn. entry inlo a ca""'onl,,,l 'lud) i'llo,'erned by
disease "a'us. and e"po$ure. are delcrmmed relro'pe<:li'el)' In the ca.. of a
relati,'ely rare disease .""h a, ,ile-.pecific cancer. the case"'om",1 ~ludy has
many ad'lImallM, The Ie"el ofaSK>Ci.lion ofa d,sease "'i'h a faclor is bas<:<! "n a
h'iJ! or 10'" froquency oflhal faclor among disea>ed person. (cases) relali"e to ilS
froquency am"na heal,hy ,nd"'\dual' (controls).

The compleled case..,ontrol ~tudi.. of drinltini "'aler qualil) and Cancer ri~k

deri"e mosl of lheir wua f"'m dealh records, .. Iectini co,,"" and conlrol, from
computerized li'linll' of Stale bureau, ohilal 'lalistic., These studi.. ha"e $Orne
of lhe ",me "e.kn....... the ecolollical sludi... that u.. mortalily stal;slics.
amonglhem lhe polenlial for e"po$ure mi'classificalion and the lnamlny 10
actount for many Ollter e.posu .... Or ro~k factors that can c¢nfound relahon~hlp$

""ilh "'aler comamin.nn or imeracl "'ilh them, A major s..enllth re,id... io lhe
ab,I"l' 10 ..udy lar~ numbe" of ca\C$ and eonlrol~ dra",n from the d'Wt",ed
ilalc mOna~ll' fil.... G;>cn Ihe marii","l e"<:e>I\ ri'h eXpecled from lo""-Ie"el
uposurcs, ,nclu.,on oflaTge numbers ofca!.eS and conlTOls i~ de<irable to enSure
'lali'tical stability of ri.k e"imate•.

[n lhese ca"'""onlrol.ludi.... cases are IhOi< "ho d,ed of the di",ase ¢f intere'l.
Control,.re .. Iected randoml) f,,,m amona olher cau\C$ ofdUlh (,n some Ca«'<.
onl)' non"'anet< cau\C$). matching 10 c.s.-. on demogr.phic characleri.lic. such
as sex and age Mea$ures of pa,t expo,ure are catellorical description. of source
type: (fOf example. surf~ or ground""ater) and lrealment (for eurnple.
chlorinaled or nol chloronaledj, someUrnes modified b) informalion on up-
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stream contammitlOn (for lllrfa'it Wlln:<:l) Of by 'lIlorinallon If:\'els. A smgle
exposure category for each d«:<dent is obtained by link,ng tit< res'dence address
asli"ed on the death cert,ficate with local wat.. utlli'y information. Underlying
this method is the a"umption that >ludy subje<:ts ha"e had the ....me address and
""t~, 'I<Iurce for a ptnod at lea" as long as tbe latent ptnod of the cancer under
'tudy. This assumption is not alway. nlld. and scri"us errors of exposure
mi",lasslr.catlon can <>Oem if there was m""h inmigra'ion into the 'tudy area
(Pol....r. 1980). T.ble 2 .ho".. tile correlau"n bet......n. ptNOn's 1915 ....ter
'I<Iurce and the u,ual .."ter source of adult respondents in a larlle casc.,;on"ol
interview Study "f bladder cancer (methods e'plalOed in l«tlon 3.3 S). It shows
that bet..·..n 14 .nd 39 0,. of 'tudy subjects ...ould have been mi"'lass'fied as to
""'e' source had ,he ddn,tioo "fexpo$urc been based 'l<llely on lettn, addrm a<

in the casc""ont",1 mOrTali'y stt>dies (8arron. 1981). A sImple cakulation ,ho"..
th., if the 'true' relati'" risk in a casc.,;on"ol .tudy "'ere 2.0 .nd mi",la"ification
".-ere.' this level. ,he obsel"ed rel.Ii,.. n.k ,,'ould be 1,4, To declTl$C ,he possi­
bility of .'po$UlT mi",laosirlCation in casc.,;oo,,,,1 studies. ,he in'~'igatonhave:

(1) IImit«l .tud,os to places(for •••mple. c"unuts} ""th 10'" r.tts of inmlgra,ion
(Young ~I 01.. 1981);

(2) ma,ifi«l h) ,he number of}..a.. pnor to de.'h that ,he dece<:lenl ""s «,,'ed
by the ....me ""ter ",u,ce, as document«l b)' "'ater compan) record.
(Gottlieb 01 al. 1981); and

(3) m.tifi«l .nd indeptnden'ly computed relatl\'e risb for stud}' subjects (a)
hom in ,he SlIm. COUnty .. IISt«l on ,he dea'h c<n,ficate. (b) horn in ,he sa"",

state bu. a d,ffelTn, count)'. and (e) horn in a different state (S'ruba. 1979),

Table 2 Uoual .dul, ,".ter sour« compared ""h ,he 1975 _'Of <our« of 176-1 study
respond<nll. Column pelC<1lt~.'" in Plre-n,hesi.

U.u.aI odul' "'''or <our«
191~ " ..tor Ground G'ound Ptotee'e<I Uop'ot.

~- DO' dll ," ."~ ."~ "'~, ,..
G_M '" " ,~ ,~ '" ,,~

not chI. (60 l) (2,21 (.,0) (.,1) (8 J)

Ground chi. ,~ .. m \28 '" D"
(11.2) (8H) (U) (S,I) 0_1)

Pta,.•ur "
,

"" "
,., 2607

(41) (1.2) (819) (O~) (189)

Uop'ot. '"' '" " '" \922 "IS 2S61
{Sl) ( IO.l) (6.3) (8(1.3) (15.9)

"'~, '" " " " ,u ,...
(U) (32) (30) (2.1) (421)

TOTAL D~ '" ,~ ,,~ ,m "M



The lasl approach a>Sum"" that deee<!tnt< with 1M ....mt r..idtncc: county at the
beginningand tnd ofhfe are more likely to havt had longe, e'jlO$urt> ", thtlr lal'
$Ource than lh"'" with different counll(:$.

l.ll C(JIt!ound"'!I. B'a!. and £jJm .\'odifiNl/lo~

C(JIt!ou~Jing P"'ili'" aWlCiation. in a caSt<on1fol $Iud) may nol Ilgnal a
cau....1rtlaliomh'p bu' rather a I,a".'><al a<SQCi.tion of the putativt cause: with a
rtal ""uSt(,htconfoundor), Tht erro' ari ..., from atlribuung cau>alllY to a faclor
,,'hio::h i$ no, it ...lfa ri.k factor, bUI;. alrociatt<! "ith a c.u....l factor. When Ih"
link is unkno"'n, lho diSta>t Can mistakenly bc: a<SQCla,w ";th Iht UnrtlalW
faCIOr. If. fo' txarnpk. clgarttlt smoklna rat". wtre elt"alw In geographio::al
artal wllh poor drinking "'alor qualil)' bUI thoro "'as no Informa"on on ""oklng
1t,,,I., tlt\"a,t<! bladd'" ""nco, d"" to c'prottt .mokina mis"t fal ...I)' bc:
amibutt<! to drinking ""ttr Contam,n.nts. Wlltn no ,nformatIon on 'M
suspe(:,t<! confoundtr is a\"',lablt. as "tth smoking lo,·tl, in lht complttt<! ca...•
control mOrlality 'tud,,,.. lhtre i. no SImple w.)' to d"tinguilh bc:t,,'..n lhe
influtncc: of confounders and o'htr puta,i,,, rilk faclOrs. In 1.0"'" call«.
confoundinl g"'" unnotictd bc:<:au... the confoulidtr i' not recogmzed asa causal
factor and " tllt'ofore no, a~ noT ustd ,n tht analy.... In add,tIon 10
creating fal... link•. confoun<!ina Can also ma.k roal 0,...•. If tilt hypolhetical
a<SQClat,on abo,·t betw..n smokinJ and ""ltr qualitj ""re in"t'tt<! (that is, if
.moking ,,·tre mo't prt,,,lent in plaCe$ wllhckan watt,) an<! "'ate' quahty "'ero a
real ri'k factor, 'ht tltvatt<! risk from ",.ttr contaminants could be o!><curt<! by
tht confounder, To ,t<!uco lht pos,ibility thaI a.sociation. art dut to confound·
mg. rt>ull$ f'om \<:''''al Independent slud,.,. $hould be e\'alualw. SImilar
patterns of a<SQCiat;on from many indepenlknt >ourcos d'mmi'h the liktlihood
'ha' confoundinl is ,...pon<iblt

Confoundmg from an unkno,,'n fac'o' h.a. bc:<:n $UggtSlt<! as ,espon.ible fOl'
tilt link bc:t"'..n coff.. comumpllon an<! bladlkr cancc:r notW in wme ""....
control stud,e., afltr control for .mokmJ. Experimen,al t\"ldtnco for DNA
repair inhibition bycaffttnt .uppofts a cau....1interpretation (MaM' ~I 01.. 1975).
bUI tpldtmlolo&>"al studl"" 'e,'cal no d""'·rola't<! g,adient. tilt a<SQCiation i.
"'nk and 1.0"'" 'tudi". aro nogati'" Gi"tn tho!<: incon"..tnci.... some anal)"l'
think tho link i. d"" 10 confoundlnl (StnlOn ~I "I.. 1975). Tht) >ugge$t that tM
hre-5t)'lc: of people "'00 do nol drink coff.. place. tru:m at a 10" mk for bladdtr
cancer. Tht tnolOI"'al agenl ma)" nol be <off.. fH' H. butwmc: other featuro of
the <offee dnnkt..' habits or life patttm' that has not )'et boon idtnllfit<!

Careful control for confoundIng becomes .,.peciall)" Imporlant in .ludi". of
low-doSt cxposu,e•. where 10" inc,eaSt. of ri.k art txpocttd. CaSt<ontrol
inl~r'''~WStudies, II'h~~ mIlCh mformalion on potential confournkr~ il pthcred,
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provIde a (Kater opporlunily Iban ca>c-{omrol morlalil)' slu<lies \0 'OOlrO
confoundlnll·

BiJif BIas m ca..-.:onltol mortahly 'ludles can an", if controls died of <:au...
relaled 10 Ih••xposu.. of im.....t. E>-idencc: from ecolollical stud,es 'uu,... lhal
coronary hean dlSU.. mortahty may lx hlghn In P!ace1 scrved b)' SOfl '.-al«
lhan in hard ""tn locales (Comnock, 1979: Shar..u, 1979), and <kalh' from
heart d,sca.. oflen compn.. a Ia'ie proportion ofmortalily ,'ud}- control scries.
If Ih... " .... an a»<>o:ialion be1"'~n hardness of drinking "'aler and orpni<
level,_ the relatl\" ri'k as"""lated "'ilh exposure 10 organIC< "ould M elevaled In

case-<:ont rol monali Iy"udi.. simply becau", ofgreater probabilil}' of",I<:cIinga
non-ance. conlfol from a sofl-"'ater area

Bias can also OCCU' If d1lllllUd rttOrd. of dealh a.-e ll'ouped by lo"'n or by
villall'. and pol.nlial controls are not randomlUd Mfo....leelion Into lbe S1udy
When cont,olurt :l<'l<:<:led bylh. melhod of nexI lxst 'malch' (on age. race, ..xl
in lhe same sequence. chances "'il1M enhanced lhal the comrol ,,'ill resld. in lhe
same place as lhe cas<. and Ih.rtby lx ov.rmatched on dnnking ""Ier SOurce,
(h'.nnatchin~ obocur....al risk diff.rences. becau.. it reduces lhe ba'" for
d"tlnjuishlnj .xposure dlff...nces,

EjJ"", modifica'ion hy <J{J~, Me< and ,are Age...x, and race are nol causal in lh,
same "n.. as eIl.mal 'uposures- may lx. but Ihey do mftuence di..ase
probahilil), In m.,,1 sludi... lhe inftuence of age. sex. and race on di ..as.
probabllny is desIgned OUI by ma.lch,oj ""olfol, tocases on lhe><: characteri'tlC$,
Age, $ex. and race can be eff"", modlfi.rs llterinll the inlerac,ion of etiolognl
faClors with lhe organi,m.

J.2.2 S'fffl(Jllu <Utd W~lllt"UM' of CaY-<on"oJ Motio/iI)' S,uJ~J
ond Jmplico'iollJfor RISk AIIOI)'.IS

In 1980. lhe Safe Drinking Waler Commllte< of ll><: U,S. Nalional Re..arch
Council. National Academy of Sciences. revi",,-.d lhe Ihcn a"ailable dala from
ecok>pcal studl.. of ""In qualily and cancer nsk. and 'UUCSled further, more
pr=se studie' (NAS. 1980), Case..,ontrol mortahly s'<>dies ",,,,re 'l><: neIl step In
Ihi' diJttuon, Five ha>-e bt:en compl.t<:d and pro>-id. dir""l ..timlll.. of relative
risk Th.ir m.nll,hs derive p"ma."ly from analyses of individual r<:<:ord,. in
Contralt 10 <:'Colo,,,,al 'tudies, but their interpretation must be tempered by
",.'.ral con"d.rallon•. includin,'

(I) ..posure a~rarnm.nl fo. the laSt res,dence onl)' _"'ilh no information on
oll><:r waler sou......arlier in lif.;

(2) a Iimit<:d abllily 10 control for many pot",ntlal confound.". such a, diet.
smokinll. alcohol and occupalional ."posuTes;



,3) th~ "lot of death =ords u surropt... for Inc,d.""" information, ....ith th.
pos$II:HI"y of .rror In .au..-of-<!eath classification. and und.rascc:nainm.m
for mahgnanci... "ith good sur"i'-al;

(4) poss,bl. b,as ,""ulllnl from the ""'thod of lotkcllng the control group.

Th. fi,. compkted "udi.,a~ ~,'ie,,<d in a ~pof1to Ih~ P",..denC, Cou""il
on En,'ironm~ntalQuality, no" published (Crump and Guess. 19S2), The studios
"'.re con.i".nt in thoir findingSof e1.,-ated ri,k for roe'al ca"""r. for t,," exposure
chlorinated v...us non-<;hlorinaled ,,'ale... "ith odd. ratios in Ih. ranJ< 1.12­
1.53, R.sults for colon and bladder cance:.. ""e~ los' con.isteme thr... of the h.
sh""'ed positj"e association' for colon ca"""r and t....o for bladd." Most risk
rallOS ..... '" belo"" 1.0. $maU n,k lneroas<'< by tradillonal ep,domiological
"andard., T",'o .Iudio, al1empted 10 estimate the 'dos'- of paSt 'XPOSUfOS. In 0""

ca.. by Ih. prosonco or ab..nco of con'amination from rural run·oIT (Young n
al" 1981). and in another by nOllnlthe di'lance: of imakes ffom the mouth of',,"
M,ssissIPP' R,,'~r (Goull.b 0' al.. 1981). Tran$lat,on oftb. 'qlUlntlta,i,·~·findmgS
of the...Iudie. into true estimates of risk i. dillkull becaulot exposu,"" and d~
gradi.nts .....,...pmscd in calOsofical. not num.ricalt.rm,.

These resul15 ~xlOnd Ih~ findingS of «ological slUdies b)' prO"Kling first
apprOXlmallOn! for risk rallOS. and confirrmng Ih. ChOK' of colon. <oxtaL .nd
bladder cance.. U the sIte, most d"",,,,nll of furtber .tudy. Among oth~r

conclu.ion•. Crump and Gues, (1981) ""rile:

'The calot conlfol "udie< ba"~ "rengthened tho ...id~""" for an
association bet"'...n =Ial. colon. and bladd~r Cancor and dnnkinll ",-at,f
quality .. tb. ""id.mioIOlllC $tudlos. . are nOl $ullic,.nt to .-stabl·
i'h a causal relation,bip but thoy do contain e"ide""" that .uppens
.uch. ~Ia""nsl\lpfor rtttal cancer. and to a \ess.<:r ~xt~nl. fOf bladdor and
colon """""r
(Thej increa"" in cancer ",Ia li. n.ar th. 1"""., I"n" of ",hat can be
detected and kparated rrom olher en",romnemal n.1a b) larlle, ,,-.11·
designed ca.. control studies In,olvloll o,'or a tbousand ca"".'

Th. quant""i,'. ~stima,"sof ri.k pro"ided by thelot studies could be used in
formal ri.k a..."ments that al"" .xplaln tho .....ak ...\.!<'< oflh~ ","IhodolollY and
it. polOnual ror errOneouS findingS. A. "'ith «ological.tud"., ..milar findingS by
k~<ral i",-.stip"''' .Irengthon tho a'llumenttba, causal hnla underli< sll!l$t;cal
a'sociation' of ..poso," and d,s.tak

3.3 C_-<""t....1 latonie" S",d;..

The m",t Important contribulions of ~pidemiology to risk a'lotssm~nt and
ulttmately preventIOn of disease a~sociated with 10'" ·\e,-.I ~xposures ",lI rome
from la'll< population·based case-<ontrol im~r\'ie,,· studies, M<>St dra"'b.ach of
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tl;olog~l and UIIC-(omrol mOfllhl)' sludl~ art o\"tTCOme In th15 desIgn.
lnforma'ion on a Ilig. number ofhos' and .n,'ironm.ntal f,c,or> i. ,",th.re<! by
in'.rvie...· d"e<;'lj from indi.'idual....·;th ,he di ..a.., of 1n1''''I' .nd from a
matched"'~ of ",I>domly ..,I«"ed controls "';Ihou, ,he condlllon.

Ca..,-«Inlrol in'.,...-;.... "udie< to 10....-1.'·.1 ••posur('$ are no diff.",nl. in
jlnncipl•. ,h.n ca..<ontrol ltud,•• of o'her I)'pe' of .xpo,ure.. bUI Ih••mall
.xce.. ri.k, ••pected and the Iype. of ,xposur('$ d.mand 'hal ,peci.1 <.r. be
taken in ..Oldy dos,gn and eU:<ullon '0 minimize bias and confoundin, and to
maximize the po"ibilit) of dlsco'·.ring ri'k .I••'ation,. if pr•..,nt. Among ,he
more important design consid.ra,ion, a""

(I) $iuof>tudYP"Pulalion;
(2) hospItal-based ","ul popul.tion-ba.w "udy;
(J) the choice of >ludy popula,ion(,);
(4) qu",lIonna"e desIgn .nd 'nl.,...';..... pro<edur('$;
(5) ••posure a",",sm.nt

The.., i"u., ",'ill be discussed, uling as .xamples f• .,ures of a larlle bladd.r
ca"",,' ..Oldy rt«ntl)' COndUCled by 'h. NatiOItllI C.ncer In,"'ul< (NCI)
in coUabor.t;on ",'ilh ,h. U.s. Food .nd Drug Adm;niSt","on. ,h. U.S.
En.'ironm.nlal Prole<lion Agency••nd t.n re,ion.l tumor r.g"tn", .upported
by Ih. NCI (Hoo.·<t and Stt....r. 1979). 0, Robert H'''l\"", d.sillned and
initiated the >ludy .nd M. Palneia H.rtge ...... the >Iud)' coordinator. It. pnmar)'
puf'Jl'OSC was to fill an uri.n, neW fof rellabk human data on sacrh.nn. thaI h.d
been .ho...·n to be a carcin",.n in antmal >ludies (Amold el al.. 1980). Th. c...•
control d..ign .1"0 perm'lled Iu.t,on of ..v.",l oth.r ,xposUr('$. ,uch a•
••posure to chronic 10...· I....ls of t.r-born. cheml£ll..

),).1 Sic' o/l~ SI"")' PopulmiQII

The .mallesl odd' ra'io M'eetahk In a ca..-«Introl "00)' depend. on Ihc >ampl.
"U. ,he number ofcontrols perea'" and Ih. proport,on of.xpo<ed ,n lhe control
llroup. DO<' '0 th••mall .xcc" n.k ••pected. 'tudies of ambi.nt a;r and ""al.r
contam,nan" require large number< of r('$ponMnl<. Froln calcula'ion. a..u­
min, a desired .ta,ist..,.l """lie.nee o[n.os ....llh 80 \ probatnltty ofd.te<;ting
an aSSOC"lIOn if pre<cnt. and an assumed ••posure ",t. amons control. of 2n~ ,.
d.te<;tion of an oddl f.ltO of 1.2 r«luires 2203 ca.... wi'h onc con,rol per ca..
(Rothman and Boice. 1979), D<te<:lion ofan odd. ra'io of 1.5 requir('$ alleast 419
a~.

[n s.n(",l, the lar!",l study populalion thaI islogi.ticaUy and e<;onomocaUy
f(asjble .hould be planned. A lar,c 'tud)' population ",r"c, ..... r.l oth.r
purposes ,hat recommend ,I. 11 il Msir.bl. thaI m.)or 'tudy ,ubllroups (by age,
.... cigare'te smoking .1I.tu,. Ctc.) he lari< cnough in ,hem.."'es to perm;t



n:lahvely "abl~ nsk eslimat~', 'ince consisl.ncy of risk pal!~rns across
,ubgroups bol.t." confidence in ov.rall eslimates, Iflhof. an: adequate numbo..
of respond~nt<in d,ff.ronl 'dose cat.gories', doso-rospon.. gradi.nts Can also bo
dOl'fm",ed ,,'ilb some confid.nce Cases ,n the NCI bladdef Cancer Sludy
i""luded all r<:sid.nt' of len US aeographical area. diagno.ed ",'ilb bladder
cancer in 1978, Approximal.l)' 3000 ca>eo and 6000 cootrol. "'.re int....'i...·ed

33.2 Hospilal-bm.d V• ...,u Populoli_based S,udi<J

In bo,pllal,based stud,es. ca.... ,""lude pal,~nts ne",ly diagnosed ,n on. or more
;nSli'utions dunng a defined P<'riod Controls an: usuall}' malched 10 Cases on
bo.pilal of diagno.i., Ai ""ell as demographic characlOfi"ic> (..x. a~, r=).
Control. are randomly ..1t:C1ed fram a ran~ ofdiagnOSC$ Oln.,r tban lhe di..a..
of iOleresl or related condllion., Populalioo·based .Iudies draw ca.... from lb.
general populalion. usually all cases {Of a fixed pfopor1ion lb.reof) .."b lhe
.Iud)' diagnosis from 00. or more ..·.Il-d.fined ge<Jsrapbi<: IOCalions, Control.
are also drawn from tb. ,.netal populalion. randoml}' ..lcelinS indi.-iduals and
matcblOg on ..x, age, and r..." &"~ral method' for !"1t:C1,ng conlrol, ar~

a"ailabl~. The NCI bladdef cancer >Iud}' was popula'ion-based, Control, IeSi
lhan 6S yurs of age "'..re selceled by " random d,gil dialing approach
(Wahberg. 1978)"nd Ibose 6Sando".rfrom &random I·.Ii'liosoflb. o'..r·M
popul"lIOn from In., U.S. Healtb Car~ FlOa""ing AileflC}'

Populalion-based .tudies .njoy num~rou. ad.-'anlases o,..r hospital.based
designs. especially for Sludies in which low i""rea>eo of risk ate ~.pected, The
>oum: (d.nominatof) population in th. populalion-based d.sign i. un·
amblguour-lhe 10lal populallon of the study area. In hospital-based 'ludies,
lhe ,""ure. populalion ,s n~'''r as el~arl}' defined. Extrapolation of resuhs to Ih.
~n.",1 population is thorefor~ on Ie.. 5C<:ur~ grouod, tban "'llb a populalion·
based stud).

Populatioo·based ca.. coo trol sludie<; pro,'od~ more oppon un Ily 1o coo lrol for
bla, and confoundIng than hospIlal·based studi.., an Impor1ant faclor in
d.tecting small i""rea.... in risk, WhJ!~ hospltal·based sludies ha.-. 10glSlicai
ad.-anla~s o".r population·based Sludi~s, such as simpl.. ca.. a..erta,nm""t
and acces<, th~y can be compromi..d by hlases inherent In th~ tyl'" of a"ailabl~
controls. A hospilal·based 'Iudy of bladder cancer obse...'e<I comparahle
saechann u.. ,n cases and controls (Kessl.r and Clark, 1978). Thi. find,ng ...,.s
q""slione<! because many conditions lea.dlng 1o hospllahullon are hnked to
obesit)', and il is likely lhal ,h~ obese COnSUme great., than ..... "'ge !ev.ls of
sa""bann. U.. or ,his control voup mighl ha~ blasod lhe result b}' obKunng a
'eal a"""ialion. if pr=nl. bel,....n sa""harin in~..ion and bladd~r cancer
(Goldsmith. 1982). A larlle numbo' of such blases are pos.ibl. when u.ing
hospital-based cOnlTGl serIeS,

Hospital pati""" ..,, usually dra..--o from _ restricted geographlCa1 area wllh
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limlled nrialion 10 lc',els Orair and ",am con13mlOanu.lfcontrols are matched
1(' castS by hospilal. as IS customary'. tMrt "ill Iiktly M o',erm,uching on
pollutant .xposure. d<:crea$,ng 1M possibllny of dctttling an tfft<:l. Bccau...
populal1on·bastd ~lu(hcs Stek 10 include all "".... in a region. CSl,rnalCS 01
absolut. ri'k arc facililated. a, arc the CSlimalCS of .xposure rrequency in the
general populahon. ,nferred from Ih. uprnCTlCt of conlrol groups.

J.J.J Cltokt or 1M Study P"pulalirm

Geographic area, appropriate for populatioo.ba><:d =,on"ol studies arc
Ih""" ,,'hm a significant oumber of pcr>on' may be found al .ach of ..,'eral
.xposure Ie,'d•. h .. also helprul irplaccs are ch"""n so tMt a la'll. majorit)· of
lhe source population M~ had Iimiled migration inlo the area(.). bccau...
chara<:lcrization of past exposures can requ're linkmg pa'l re.idenliallorations
",th information on Ihe geographical distribution of en"ironmental conlam,·
nanl~. Sludy populalions muSt be larBe enough 10 assure a,..ilability of the
dc!;ired number of nt"1)' diagnosed "".... o"er the "udy time pcno<l.

HaVIng been des,gned ror olher pnrnal)' puf)l<>lCS. the NCI study did not u...
aLI of Ihe .bo,'. crilera in the ...lc<:tion of source populations. Nt'·trth.I.... at
lea" three of the Ih'. st.l.s lhat were u,eluded (Io"'a. New Jerst)'. and
COnnttlicul). ",Ih mOt. than h.lf th. total 5lwy population. satisfy the
requirements for numbers.•xposure "arieW and limned ,nm,gnllon.

3.3.4 QuC'lionNJt'c De,ign and fmc'........

lbc qucstionnaire should Stek infonnation on as m.ny koo"'n and suspe<:tcd
risk froors, .ffc<:t modIfiers and confounders as poss,ble "'h'k kttpmg lhe
mlerYl(:'" to a reasonabl. length, Inte"'·i""..... must be ""rerully ocleeted and
trained to a"oid lh. pos,ibilllY of introducing bias by appro:l(h,og ea.... and
controls differ.ntly. hy "",king to colleet more infonnation from one group or
lhe other. Or by a"'"og leaditlJ questions. In tbe ideal 'tudy, the intervievo....
would be ignoranl of the respondent', ..alliS as ca... or control, butlh,s 's uSlUllly
nol possible. A ronn of bta' that's diffir:ult 10 .liminole may arise "hen ca...s.
in "",king reasons for their di........ rem.mber past ",..ntl differently th.n con­
trols,

In the NC[ bladder ca"""r 'tudy, " .. obta'ned d.mog.raplti<: background.
detailed smobng and <><:cUpational hi'tories. infonnation On "'I.....nt medial
condit,o.... and a hl""T)' of artificial '''....teotT u.... lbc int."'1ew al50 covered
colfee drinklOg habits, h.;r dye ...., and ftuid IOges"on pallems. With reprd to
Walor quality a, a mk froor. a lifetime resid.ntial history was recorded.•nd for
each ""id.n<:t, lhe respondent "'I> asked if the pnrnary dnnk,ng ",aler 5OUra:
"... the community supply. a printe "'ell, bonled " ..ter, Of another source. Tl>e
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rnidc'nt...l ......ler 5OUn:e luSlOry ...-as subsequently IInk<d 10 hislorical ....ater
supply informalion,

3.3.$ Exp<m<u A_S......M

1l>e ullimale .<><:cesS of 10w-lew:1 .~po<ure siudits resto in luse part on 1M
accuracy ofeslimates of pan '~po<u,es.8e<:ause dir«:t .n,;ronmcna-I mea,un:­
menl. an: usually nol availabl< for lhe .~posun: penod. of ""alesl interest. w.
mu,1 n:ly on other type< of information 5OUr= that permit mod.lIing of past
.nvi<onmcntal condilion•.

In air qualily studies. lhe ••po<un: mod.lling mlgbl Int.gr;>lt se~."lllypes of
information: ..ind paUtnl$ and a,l mixina zones; Invenlories of pasl indumiaI
pattern. and fuel con,umplion; and localion' of lhe resldentt and ""orkpl= of
respond.nlS relatl~< 10 kno,,," au pollutIon 5OUr=. Residence localion ha. been
used 10 divide popuIalion. inlo groups hk.Iy 10 ha~. had d,IT.n:nl ••po,urt 10 ai'
poIlulanlS.

Tbe quahly or drinkina "',Uer in lhe pa.1 may be modelled "'ilh S<IJtI<""hat
mort confidc:ncc. Soclion I 1 outl,,"'" lhe major dllTertnces In ....ater qualily
among various type< of wal.r .upplies. 8e<:ause .....t.r 50UItt and Imlmtnt
pra.cl;ce. have nol chana<d over lhe yea". because di'lfibu!lon ,),.1.= "'l'rescnt
larse fixed invesln>ent. and because pa,t changes in 5OUrces. trcalmenlS and
dlSlnbu\lon art wtll dOC\lmented. il i' possible 10 (Sllmat. acruralely many
aspects of drinking waler quahly d.livered 10 residen<:es of S1udy respondenls in
the past.

In our espenentt. mosl respondent. know if llIe" primary ",...t.r soul« al
eac:h residentt wa< a pri~alt well o«pnng Or lhe local communIty supply. Thu. il
i' feasible 10 pIller indi>idual residence hiSlories. and 10 link lhese dala ..ith
hlSlorical informallon from lhe ......";r unlit ... lik.ly 10 ha.'t ",rved most of the
siudy populalion. matched by year and geoaraphical area. Thi. i. aided by the
facl lhal dislribution zones for mOSt walor ulllllies follow tho geopoillical
boundaries lhat al50 define the residence lowns 01" cities of respondenls. In th.
NCI bladder .Iudy ..... linked pasl reside""" and ....aler .upply r«:ord' 10
IXI"'lrua a year_by_y,,"< Iif<:\m'!< .....,." qualily profik for •..,h of the ap­
prosimal.ly 9000 O1udy participanlS. going back 10 1900 or the )-.a' of birth.
..·hich....<r "'... tile more r..:ent. U.ing this m'lhod. wal.r supply 50UItt and
1.... lmenl for 7S~~ ofalilhe years h~ed by study respond.n" was '<><:cesSfully
defined. figure I sho..... lhe )'.ar-by-year di'tribulion of .....ter oources for men in
lhe conlrol populalion whose .....t.r oources art kno""n. Sho",... art the
p1'oportions of controls u,;ng .ach of four OOUItt type<. Most unkno,,·n.
occurred when respondenls 1I.'ed oUlOid. oflh.lon sludy arta. and used dnnklng
......tt< from a COmmunily oource nol includ<d in lhe wal.r supply survey.

'These data permittht i<knuliclluon of ptflOn$ ..ith 011( ....alor OOUItt for mosl
of lheir hes. as well a. lhe definition for most .tudy participanls of tho ·u.ual



322 M~I"<Jds f(Jr Es/lmaliJtg Risk of CM",i~(J1 In)I/,}'

,.
•
,.

•

,.

"
•

o Ii '0 'Ii :0 fIi .0 l1 '0 " 50 .. 10 11 70 " 10

'f••

... OOOU~g ••Of tIllo., .. rro
... 00"""0 ......00' ..1[0
o • IiUO'.C~" •• ffCI[O
(). liuo'IC£.U""•• ffC"O

Fi•• rt I The p<fC<n'.r' ofmak «>n"oIs ",'". "..riou.....' .. 5OU""'. 1900_
19i8. from In l'Cl nationll ",,<ly of ~add<r c.."".,

,""urce' o'..,r okfined Hme periods. As "",nlloned 100'''' 0.2). Table 2 shO""1 a
com~ri,""o of ·usu..1..dult ,""urcc' "ilh lhe 1975 ....ter ,""urce for lhe 8764
bladder can.:tr rtsponden,s. 'Usuat adult wa,er ,""urce' is defined as 'he type of
sou",e used for more ye.. rs lh.. n any oth« between age 18 and 'he year 1978.
Persons w"h mixed ,""Ur<e$ were placed '0 the category of presumed poorer
water qualily for tbe appropriate time period. The malnitude of misdawfica'ion



errors possibl) c"'ated by uSlna only' .xposures of recenl y.ars, such a, in th.
compleled ecological or C<lse-conlrol monal;ly 'ludies, ~an be gleaned from thl'
lable. The nel effecl of such misclass,~calion ;n ri,l analy.." Imuld be a
consideTabk dllm;on Qf lhe apparenl effecl and reduclion of risk measu",s,
When possible, )'.ar-by-)'"ar information .hould be d.,'.loped and u5ed in the
anal)'..~.

J3,6 Swnmary of CIlH-roll/rolll1/m'~'"Studies

Ca..,-conlrollnl.,...'ie.... sludles pro,',de an effici.nl "..ay of ."aluauna effeclO of
long_«rm lo....-do.., .xposures l.o long as lh. risk ratio is all.all 1.4 or I.S, hen if
the study populal;on is large enough l.o lhal risk ral;OS of this maanitude are
slalistically ';anifieant, lhe ""uh, mighl be questionabl. beeau,", 10'" ",Ial;"e
risk' can ariIC from bia' In ..,leeI;on ofcontrol~, 'nl."" ..... proet:<lures or ..,leeI"~
m.mory of r"spondents, Carefully de,igned populal;on-based c.aIC-conlrol
studie, dec"ase the p'-><Slb,lily of mO~t tyjl<S of bla~. They art pref.rab" 10

hospital-based'IUdies,
A retrospect,,"" sludy CllMOI b)' ,uclf establ;~hor disprove a causal associa\lon

bet....een .xposu" and d'sease. beeau'" lhe p055ibihly of confounding, ho·•.-....~r
remOI., al....a)'. exi~ts, Ca..,-<:ontrol studie" ho,"'.".r, In conJunclion with olher
tpid.miolog;cal. clinICal, and laheralory in"esligal;OnS. can provide .lrong and
con'incma .vid.nce for, 0< agams'. causal pallern., and ,hu. establish Ih. basis
for .ffectl'"" p......~ntlv. measur.'. If ad,~... effect> can in fact be mea.ured, ,he
ca..,-control study i. on. of the besl '001. to ohta,n nsl .Stlmal" d,t'CClly from
human eXjl<rt.nce.
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