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Ohio,Drinking Water Source and Car~cer Rates
RONALb J . K.UZMA. MS. CECILIA M. KUZMA, MS; AND C. R/4LPH BUNcHER, SCD

Abstract : The BB counties of Ohio were classified
as either ground water or surface water counties based
on the source of the drinking water used by a majority of
the county residents included in the 1963 U .S. Public
Health Service Inventory of Municipal Water Facili-
ties. Average cancer mortality rates for surface and
ground water counties were compared using analysis of
covariance. Mortality rates for stomach, bladder, and
all malignant neoplasms were higher for white males in

Concern has recently been expressed over the existence
of trace amounts of organic chemicals, some of which may be
hazardous to human health, in the nation's drinking water
supplies. The Environmental Protection Agency (EPA) has
conducted two surveys to determine the source and concen-
tration of somae of these chemicals .' The first was a survey of
80 cities across the United States to determine the levels of
four trihalomethanes, carbon tetraehloride, and 1 .2-dichloro-
ethane in the drinking water . Simultaneously, in a substudy .
the organic content of the drinking water of ten cities was
characterized as completely as possible under existing analyt-
ical techniques . The second survey was of the drinking water
of 83 cities in the states of Ohio, Indiana . tllinois, Wisconsin.
Minnesota, attd Michigan (EPA Region V) with an emphasis
on the trihalomethanes. The results of these surveys indicate
that the problem of organic chemicals in ptlblic water supplies
exists throughout the country .

More than 31)Ddifferent specific organic chemicals have
been identified in the drinking water in the United States.
Most of them have not yet been tested for carcinogenic poten-
tial . However, some of the organic chemicals identified hgve
been shown to cause cancer in animals or man and are consid-
ered known or suspected carcinogens . With the presence of
known or suspected carcinogens in the drinking water, the
need arises to delineate more clearly the extent to which these
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counties served by suirface water supplies than in coun-
ties served by ground water supplies. Mortality rates
for stomach neoplastnls were higherfor white females in
surface water countitns . These differences in mortality
tattes were not attributable to other factors known to be
associated with cancer death rates including urban-
ization, median incorne, population sise, manufactur-
ing activity, and agriculture-forestry-fishery activity.
(Am. J: Public Health. 67 :725-729.1977)

contaminants attd any other eonstitute a human health haz-
ard .

The results of both EPA studies have shown that the
concentration of the surveyed organic chemicals was higher
on the average in watei supplies with surface water sources
than in supplies with g~ound water sources . Other research
has suggested that the levels of carcinogenic trace metals and
of viruses may also be higher itr surface waaer sources than in
ground Water sources .'•' The extensive use of the Ohio ttiv-
er, its tributaries, and take Erie as sources of water for resi-
dents of the State af Uhio suggests the hypothesis that resi-
dents served by these sources may be exposed to a higher
level of chemicals than those served by water from wells . If
the chemicals in the drinking water are affecting the cancer
death rates of the residents of Ohio, then we might expect to
see higher cancerdeath, rates among residents whodrink from
surface water sources than in residents whose drinking water
comes from wells. As a first step in assessing the hazards to
residents of the State df Ohio, we compared the cancer mor-
tality patterns in countiks with surface water supplies to coun-
ties with ground water supplies.

MPrhoiis

Ohio councies were classified as having surface water
supplies or ground waqer supplies based on the 196:+ United
States Public Health Service (PHC)lnventory of Municipal
Water Facilities .4 The inventory contains the source of water
and the lstimated population served in 146b, but noi the coun•
ty served, for approximately 700 Ohio facilities . The county
location of each faciliay was determined and the estimated
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n population served was allocated to that county . In cacea
where a facility imolved more than one county, the estimated
population served was aleocated to the countieson the basis of
the land area served . Sources liaed solely as wells were con-
sidered ground water sources . AII other scwues or com-
binations of sources (e .g. rivers, lakes) were considered sur-
face water sources . The 88 counties were then classified ac-
cording to whether the nrajority of the estimated users listed
were served by ground water or surface water . Forty-two of
the 88 were classified as grotind water counties and 46 as
surface water counties.

For each county, average annual age-adjusted cancer
mortality rates (per 100,000 population) during the 19S0-b9
period were obtained for the more common cancar sites with
emphasis on the gastrointestinal tract ° These sites included
stomach (ICD 151), large intestine UCD 153), rectum (ICD
154), biliary passages and liver (ICD 1S3) . pancreas (ICD
1S7) . bladder and other urinary organs (ICD 181)1 and all can-
cers combined for the white male and for the white female
population, as well as lung . trachea, and bronchus (ICD 162,
163) for the white male population and breast (ICD 170) for the
white, female population 6 The cancer mortality rates were
calculated for counties listed on the death ceniticates as the
county of usual residence . The 1960 population $ge distn-bu-
tion was used as the standard for the 1950-69 period . The
following five variables were also recorded for each county :
per cent urbanization,r median income "popuiation,T an in-
de>, rjf the manufacturing activity.* and an inde* of the aF:i-
culture-forestry-fishery activity .* These variables represent
social and demographic .r,hafacteristics which have been re-
ported to be associated with cancer mortality rate .." The
manufacturing activity and the agricuiture-forestry-6shery
activity indices measure the per cent of the male population of
each county engaged in the manufacturing industry and in the
agricultural-forestry-fishery industries ; respectively .

Analysis of covariance was used to test the hypothesit
that the cancer mortality rates are no different in counties with
ground water sources than in counties with surface water
sources. The purpose of the analysis was to determine if the
data would support the alternative hypothesis that the cancer
mortality rates are different (higher) in counties with surface
water sources than in counties with ground water sources .
The arralysis of covariance model included the f6ve social and
demographic variables as covariables and the water classifi-
cation variable as the two-level factor of interest . "' 1 n general,
the surface water counties are more populated; more urban-
ized; and more industrialized than the ground veater counties
and can be expected to have higher cancer death rates on the
basiv of these factors alone . In order to adequately compare
surface water with ground water countie ., these factovs
should first be accounted for in the analysis . The use of the
analysi . of cvvariance model permitted a comparison of the
ground and surface water counties after the cancer mortality
rate% were adjusted for all five .ocial and demographic charac-

!*ftom unpuhlished work on occupational indice . a6 predictors
of eancer moriality R> 3owtsh Thoma .rno, C . Etelph huncher . George
An.tadi . and Shcdom M'acholder
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teristics . A separate nnalysi% was done for each cancer site
and for males and females. The statistical details of thi . analy-
si . are given in the Appendix .

Results

Table I shows the average age-adjusted cancer rates
from this a~nalysis in surface water counties and ground water
counties for each cancer site for white males and for white
females. The average age-adjusted rates are given both prior
to and after adjustment for the five eovariables and are de-
noted as mortality rates and adjusted mortality rates, respee-
tively . The magnitude and direction of the difference between
the adjusted rates for ground and surface water sources is a
measure of the effect of the drinking water source on cancer
mortality. The results in Table I show that after adjustment
for the co0ariables the cancer morta :ity rates for all cancers,
and for stomach and bladder cancers were significantly
(p < .01) higher for white males in surface water counties
than in ground water counties . The rate for all cancers is about
S per cent higher for white males in surface water counties .
whrle the rates for stomach and bladder cancers are 19 per
cent and 18 per cent higher, respectively . Table I also shows
the mortality rates after adjustment for the covariables for
stomach cancer are significantly (p = .0.i8) higher for white
females in surface water counties than in ground water coun•
ties . No other diB'erences reached conventional significance
levels .

The classification of source for the 8g eounties as either
surface ot ground water counties was straightforward . In 62
(70 per cen:) of the countief., the classified source represents
at least 80 per cent of the residents served by municipal water
supplies listed.in the PHS Inventory . In this sense, the elassi-
fcarion can be considered valid . However, five other points
should be mentioned: 1) Some people may have lived in mctre
than one d:ounty with different water sources during their life-
time; 2)11 is recognized that some ground water supplies are
contaminated by seepage from nearby surface water ; 3) Some
0fthe municipal supplies may be incorrectly classified as sur-
face or ground water in the 1963 PHS Inventory because of a
mistake or misinterpretation; 4) Many private and small pub-
lic wells may not be in the Inventory ; 3)'fi'he Inventory does
not accooant for all persons listed in the 1960 census .

Consequently, additional analyses were calculated using
subsets of the 88 counties for which the classification of the
water source is more precise . The first subset included t hoae
30 ground and 39 surface water counties for which the PHS
Inventory accounted for at least 30 per eent of the 1960 cen .u%
population for the county . The second subset included coun-
tie . for which at least SO per cent of the census population M•a~
accounted for by the'lnventory. There were 16 ground aater
w.d 23 surface water counties in this subset .

The results of the analysis fbr all, stomach . and bladder
cancer for these two subsets are shown in Table :. As before .
cancer mortality rate% for all cancers and for stomach and
bladder cancers for white males in surface water count ies are
higher than in ground water counties . The mortality rate% are
6 per cent higher in the surfrce water countics in both the first
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TABLE 1-~Ar.r.p. AdJuMSd Csnoer MorlWlt)r Rabs par 100.000 Per.om for Swraoe aK/
Ground Water CodntNs

I

Wn~te f4tlsa W1ire f.mate.

Canoer
Se.

W~~er
v

Sourw
t~ioneRy
R~f

M umy
tieta OVaWe

sbrtdirr
qares

Adi
Mon.aly
Rd.e OVS4a

Afl Ground
Surface

148 .2
101 .5

151 .2
159 .1 (.oooe) 128 .1

131 .7
128.6
131 .0 (.15)

StomBeh Ground 1 1 .7 11 .7 ( 0005) 6.1 6.2 (.038)
SuAaee 10.9 13.9 . 6.9 6.9

L.arps Ground 1!)1 15.6 17.2 17.2 d5)
lnteatine Surface t6.4 16 .1 (.43) 16.9 17.2 (.
Reetum Ground

Surlace
6.4
6.9

6.7
6.9 (.44) 4.6

4.8
4.6
4.6 ( .79)

Uver Ground ~.2 5.2 (.93) 6.2
6.7

6.2
6 .7 (.20)

Panoreaa tiround 7.9 7.9 24)( 4.9 5.0 (.59)
SuAace 8.5 8.5 . 5.2 5 .2

Bladder Ground 4.9 5.0 0046)( 2.2 2.2 ( .53)
Surtace 6.1 5.9 . 2.4 2 .4

Lung Ground 28.2 29 .6 ( .47)
Surface 31 .7 30.3

Breast Ground
-

. 23 .7 23.7 (.16)
Surface 24.6 24.6

46 Sablsoe .Mer mrmles
oouMies42 Ordend Watw

,

subset and the second subset . Stomach cancer Rr6ortality rates p~.rison of the mortality rates for all cancers is p= .07 in the
are 19 per cent higher in the first subset and 32 percent higher second subset and the rates are 2-3 per cent higher for white
in the second subset while bladder cancer mortality rates are females in surface water counties .
19 per cent higher in the fiRst subset and 10 per cent higher in
the second. Wde note that the bladder cancer difference in the
second subset does not reach statistical significance . aiso, as Discussion
in Table 1, the stomach tnancer rtlortality rate (br white fe-
ma)es ishigher in surface water counties than id ground water The resultr in Table I indicate that lung cancer in white
counties. In addition, the significance level for the com- msJes is not associated with a difference in ground aotd surface

TABLE at--AWra08 AdJusted Cano.r 5lortallty q.tea per 100,000 PWrsons tor Surhea and
Ground Water CountN.

wMeMMea Nnute Fsmei05

County Ad) Adl•
Canoer Water Moqeury lrortaary Mortetny Moatatlly
Sae Gorrtoe Aetes tunee pVaWe Ra1es Rates p•Value

FIRST SUBSET'
All Qround 151.2 150.4 (,10028) 128.6 129.5 ' (.12)

Surface 164.7 163.1 133.2 192.4
Stomach Ground 11.9 11.9 (.43014) 6.2 6.4 (.12)

Surtace 14.2 14.2 7.1 7.1
Bladder Ground 5.0 5.2 2.3 2.4

Surface 8.P 6.2 40036) 2:5 2.5 (
.62)

SECOND SUOSET••
AII Ground 1512 159.1 ( 012) 128.8 131 .0 ( .07)Surface 173 .8 168.8 . 136.1 134 .6
Stomach Ground 11 .9 11 .4 ( 0011) 6.2 6 .1 (.014)Surface 14 .6 15.1 . ' .4 7.6
Bladder Ground 5.3 5 .8 ( 25) 2 .2 2 .4 ( .60)

SuAace 6.7 6 4 . 2 .5 2 .3

•FIRST 8Ug5ET - a9 Swt11ee wNer oeum+et. 300 ra~untl watef oaarees
"SECtNaD SUBSET - 23 Sudloe weter ooumiee .l8 t#rounp weaer eoumbs
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water sources after adjustment . Thus, in spite of Its large
cbntribution to the total number of cancer deaths, lung cancer
is not a major factor in the difference between ground and
surface water sources for all cancers combined in white
males. AnanalysisofthemortAlityratesforalicancersexcept
lung shows essentially the same difference as does the analy-
sis ofall cancers combined . Similarly, in while females brcast
cancer has no pattern of relationship to the drinking water . An
analysis of all cancers except breast shows essentially the
same differences as the analysis of ail cancers .These findings
provide reassurance that the omission of vuiables such as
cigarette smoking, known to be a causative factor for lung
cancer, or fat consumption In the diet, known tobe associated
with breast cancer, have probably not caused any mat jor prob-
kms in this analysis.

Tables I and 2 show thaR, in general, the effect of the
covariables in the analysis is to decrease the difference be-
tt!veen the cancer mortality rates in surface and ground water
counties . Nevertheless, after the adjustment there is a statisti-
caily signiticant difference between ground and surface water
counties in the mortality rates' for stomach, bladder, and all
cancers forwhite malesand In stomach forwhite females. The
inclusion of additional covasiables in the analysis may in fact
serve to further decrease these d'afferonces to the point that
they are no longer significant . tlovoever, the risk of not adjust-
ing for other possibly relevant covariables must be tempered
by the risk of diminishing a real difference by including irrele-
vant covariables. The anlysis has already considered major
characteristics that have been reported to be related to cancer
mortality rates . Obviously, there are a number of other vari-
ables which can reasonably be exFected to be associated with
cancer mortality. For example, stomach cancer varies with
ethnicity and social class and bladder cancer varies with occu-
pntionai exposure to chemicals . However, comparable data
were not available to us on these eharcteristics. Fortunately,
stqch characteristics are likely to be correlated with the covar-
iables already :n the model and in that sense are at least par-
tially accounted for in the analysis . On the other hand, the
failure of the major characteristics to totally explain the differ-
erice between surface and ground water suggests that the dif-
ference is not due to social and demographic factors alone .

Onriikely explanation for the di6erences is the presence
in the surface drinking water supplies of substances which can
cause cancer . The Environmental Protection Agency surveys
have shown that carcinogens are present in drinking water
and that the concentration of organic chemicals is higher in
surface water supplies . This study confirms the hypothesis
that cancer mortality rates are higher among residents of Ohio
counties whose drinking water come s from surface water sup-
plies than among the residents whose drinking water comes
from ground water suppiies . This is the first study to demon-
strate such a difference between ground and surface drinking
water supplies. While the study is only a first step in assessing
the health affects of these chemicals and by no means estab-
lishes a causative factor, it suggests that organic chemicals or
other substances in the water supply may relate to increased
cancer mortality in communities served by surface water sup•
plies . It further indicates the need for more specific epidemio-
logic studies using more direct water quality assessments .
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STATISTICAL APPENDIX

The model used in the analysis of covariance was :

Yu ° µ + p,Xu, + AaX,tt + Mu, + aB,Xu, + Mus +
ay +e;,

where Yu represents the cancer mortality rate for the i-th
water source (I Q 1 .2) and the j-th county (i - 1, . . .,gg)
and µ represents the intercept .
p,, . . .,p. are the regression coefficients for Xu,. :- .,X,ra
respectively.
Xu, is the logarithm of the county population .
Xu, represents the per cent urbanization .
Xw corresponds to the median income .
X,,, is the index of manufacturing activity.
Xus represents the index of agricttlturc forestry-fsshery ac-
tivity.
Q, corresponds to the effect of the ith water source .
and eu represents the residual err+or and is assumed to be
distributed N(O,d,) .

This model was used in the separate analysis of the can-
cer mortality rate for each site and sex. The five covariables
were identical in each analysis . Because the cancer mortality
rates are proportions, the arcsine square root transformation
was applied to the rates prior to analysis as a variance stabiliz-
ing me.asure.'• The adequacy of this model was investigated
through plots of the observed, predicted, and residual values
versus the eovariabies and comparison of the within-group
rcgression equations for each water source . These analyses
indicated no appreciable deviations from the model or as-
sumptions. Is this sense, the model can be considered ade-
quate for the Ohio data. The analysis was cornputed using the
general linear model format in Procedure REOR in the 1972
version of the Statistical Analysis System ." The adjusted
water source means from the analysis were backtratssfotrned
to the mortality rate per 300 .000 persons . It is these back .
transformed rates that appear in Tables I and 2 .
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The Medical College of Pennsylvania is accepting applications for the Fall 1977 session of the
Retraininb+ Program for Inactive Physicians, acheduled to begin on October 17j1h. I

The program is eight weeks in duration and provides a review of general tncdicine for inactive
physicians in order to enable them to return to active practice of medicine or to further postgraduate
training.'silu program consists of a review of physical diagnostic skiHs, tutotiais, clinical rotations tidtd a
lecture ~ries on general medicine . pathophysiology . diagnosis, and patient tntinagement.

T.tition: $1.800
Credit : Approved for credit on an hour for hour basis in Category I towards the AMA Physi-

eian*s Recogr.ition Award
For further infoimation and application, eontact :

Retraining Program
Office of Medical Education
The Medical College of Pennsylvania
3300 Henry Avenue
Phiiadelphia, PA 19129
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