Ohio Drinking Water Source and Cancer Rates
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Abstract' The 88 countics of Ohic were classified
as enher ground water of surface water counties based
on the source of thedrinking 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
cowvariance. Mortality rates for stomach, bladder, and
all malignant neoplasms were higher for white males in

counties served by surface water supplies than in coun-
ties served by ground water supplies. Monality rates
for stomach neoplasms were higher for white females in
surface water counties. These differences in mortality
rates were not attributable to other factors known tobe
associated with cancer death rates including urban-
ization, median income, population size, manufactur-
ing activity, and agriculture-forestry-fishery activity.

(Am. ). Publnc Health 67:725-729, 1977)

Concemn has recently been expressed over the existence
of trace amounms 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 some of these chemicals.® The first was a survey of
80 cities across the United States to determine the levels of
four mhalomelhanes. carbon tetrachloride. and 1.2-dichloro-
ethane in the drinking water. Simultaneously . in a substudy,
the organic content of the drinking water of ten cities was
éharacterized 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. Indianu, Illinois. Wisconsin,
Minnesota. and Michipan (EPA Region V) with an emphasis
on the trihalomethanes. The results of these surveys indicate
thatthe problem of organic cliemicals in prblic water supplies
exists throughout the country.

More than 300 different specific orgamc chemicals have
been tdemiﬁed 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 have
been shown 10 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 1o which these
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contaminants and any other constitute 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 water supplies with surface water sources
than in supphes with gfound water sources. Other research
has sngsested that the levels of carcinogenic trace metals and
of viruses may also be higher iss surface water sources than in
ground water sources.t- 2 The extensive use of the Ohio Riv-
er, its tributaries, and Lake Erie as sources of water for resi-
dents of the Stite of Ohio 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 eapect 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 hazaeds to
residents of the State of Ohio. we compared the cancer mor-
tality patterns in countits with surfuce water supplies to coun-
ties with ground water supplies.

Methods

Ohio councies were classified as having surfuce water
supplies or ground waier supplies based on the 1963 United
States Public Health Service (PHS) lnventory of Municipal
Water Facilities.! The Inventory contains the source of water
and the estimated population served in 1960, but noi the coun-
ty served, for approximately 700 Ohio facilities. The county
tocation of each fucility was determined and the estimuted
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population served was allocated 1o that coumty. In cases
where a facility involved more than one county, the estimated
population served was allocated to the counties on the basis of
the land area served. Soirces listed solely as wells were con-
sidered ground water sources. All other scurces or com-
binations of sources (e.g. rivers. lakes) were considered sur-
face water sources. The 88 counties were then classified uc-
cording to whether the majority of the estimated users listed
were served by ground water of surface water. Forty-two of
the 88 were classified as groiind water counties and 46 us
surface water counties.

For each county. average annual age-adjusted cancer
morntality rates (per 100.000 population) during the 1950-69
period were obtained for the more common cancer sites with
emphasis on the gastrointestinal tract.® These sites included
stomach (1ICD 151), large intestine (ICD 153), rectum (ICD
154), biliary passages and liver QCD 155). pancreas (ICD
157), bladder and other urinary organs (ICD 181). 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 breust (ICD 170) for the
white female population.® The cancer mortality rates were
calculated for counties listed on the death cenificates as the
county of usual residence. The 1960 population age distribu-
tion was used as the standard for the 195069 period. The
following five variables were als» recorded for each counxy:
per cent urbanization.’ median income.® popuiation.’ an in-
dex of the manufacruring activity.* and an index of the agri-
culiure-foreslry-ﬁshery activity.* These variables represent
social and demographic sharacteristics which have been re-
ported to be associated with cancer mortality rates.” The
manufacturing activity and the agricuiture-forestry-fishery
activity indices measure the per cent of the male population of
each county engaged in the matufucturingindusiry and inthe
agricultural-forestry-fishery industries. respectively.

Anulysis of covariance was used 10 1est the hypothesis
that the cancer monality rates are no different in counties with
ground water sources thun in counties with surfuce water
sources. The purpose of the analysis was to determine if the
data woutd support the alternative hypothesis thut the cancer
montality rates are different thigher) in counties with surface
water sources than in counties with ground water sources.
‘The analysis of covariance model included the five social and
demographic variables as covariables and the water classifi-
cation variable as the two-level fuctor of interest.** Ingeneral.
the surface water counties are more populated. more urban-
ized, und more industrialized thun the ground water counties
and can be expected 1o have higher cuncer death rates on the
basis of these fuctors alone. In order 10 adequately compure
surface water with ground water counties. these fuctows
should first be accounted for in the analysis. The use of the
anulysis of cavariance model penmued u comparison of the
ground und surface water counties afier the cancer mortality
rates were adjusted for all five social und demographic charac-

T *From unpublished work on occupationul indices us predictors
of cancer morialily by Joseph Thomusno, €. Ralph Buncher. George
Antadl, and Shulom Wacholder
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teristics. A separate analysis was done for each cancer site
and for males and females. The statistical details of this analy-
sis are given in the Appendin.

Results

Table | shows the average age-adjusted cancer rates
from this analysis in surface water counties and ground water
counties for each cancer site for white males and for white
females. The average uge-adjusted rates are given both prior
10 and afler adjustment for the five covariables and are de-
noted as mortality rates and adjusted mortality rates. respec-
tively. The magnitude and direction of the difference between
the adjusi¢d 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 1 show that after adjustment
for the covariables the cancer morntality 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
$ per cent higher for white males in surface water counties.,
while the rates for stomuch and bladder cancers are 19 per
cent and 18 per cent higher, respectively. Table 1 also shows
the mortality rates afier adjustment for the covariables for
stomach cancer are significantly (p = .038) higher for white
females in surface water counties than in ground water coun-
ties. No other diffzrences reached conventional significance
levels.

The classification of source for the 88 counties as either
surface of ground water coimties was straightforward. 1ln 62
(70 per cen:) of the counties, 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 classi-
fication can be considered valid. However, five other points
should be mentioned: 1) Some people may have lived in more
than one counly with different water sources during their life-
time; 2) Nl is recognized shat some ground water supplies are
contaminated by seepage from nearby surface water: 3) Some
of the rnumcipal supphes may be incorrectly classified as sur.
face or ground water in the 1963 PHS Inventory because of a
mistake or misinterpredation: 4) Many private and small pub-
lic wells may not be in the Inventory: ) The Inventoty does
not account for all persons listed in the 1960 censua.

Consequently. additional analyses were calculated using
subsets of the 88 counties for which the classificution of the
water solirce is more precise. The first subset included those
30 ground and 39 surface water counties for which the PHS
Inventory accounted for at least 30 per cent of the 1960 census
population for the county. The second subset included coun.
ties for which at least SO per cent of the census population was
accounted for by the Ynventory. There were 16 ground water
zad 23 surface water counties in this subaet.

The results of the analysis for all, stomuch. und bladder
cancer for these two subsets are shownin Tuble 2. As before.
cancer mortality rates for all cancers and for stomach and
bladder cuncers fot white males in surface water counties are
higher than in ground water counties. The mortality rates are
6 per cent higher in the surfece Water countics in both the first
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TABLE i—Av-r-g- Adjusted Cancer Soneilty Rstes per 100,000 Persons for Surfsce and

orouMercommu
White Mgles White Fomales
County ‘ Ay Ad)
Canoer Water SAgnarty Monaity Montality Morally
Sate Source mm Rates o-Valve Retes Rates o-Value
AR Ground 1482 151.2 126. 1288
Surface 1615 1591 (.0003) 1317 131.0 (15)
e B OW W e HOH e
Y 172 1
intoptive  Surtace 164 161 43) 169 172 (85)
FOCUT  Suece &8 &3 @ s i
Liver Qe & §:§ (s3) 67 &7 (0
Pancreas Ground 79 A :] 49 5.0
Surface 85 85 (24) 5.2 5.2 (59)
wo g G M wm  EH
Lung Ground 202 20.6 47 - - .
Surtate 317 30.3 :
Broast Ground _ . N 237 2317 16)
Surece 246 24.6 -
48 Surisce witer COunties
42 Ground water counties

subset and the second subset. Stomach cancer inonalny rates
ave 19 per cent higher in the first subsetand 32 percent higher
in the second subset while bladder cancer mortality rates are
19 per cent higher in the first subset and 10 per cent I'ngher in
the second. We note that the bladder cancer difference in the
second subset does not reach statistical significance. Also, as
in Table 1, the stomach cancer monality rate for white fe-
malesis hlgher in surface water counties than in ground water
counties. In addition, tihe significance level for the com-

pcrison of the mortality rates for all cancers is p = .07 in the
second subset and the rates are 2-3 per cent higher for white
females in surface water counties.

Discussion

The results in Table 1 indicate that lung cancer in white
mulesis not associated with a difference in ground and surface

TABLE 2--Average Adjustad Cancer Mortallty Rates per 100,000 Persons lor Surface ang

Ground Water co;mun

Whito Males Whito Females
Cancet ooy Woriaity Moﬁm : Mortatty u:n‘ju'my
Sne Bource RAales Ratos p-Vatue Rates Ratas pValue
FIRST SUBSET*
~ [ R S €U - S v L
oo SRR W N wow 2 s
macor S % B e 3 B
SECOND SUBSET**
n S 38 wes M@ GRY (e (on
Somach  Case g g wem 25 5 (o
o G2 OB B e EOH e

*FIRST SUBSET = 38 Surtace watst counties, 30 Ground watot countiss
“BECOND IBUBSET = 23 Surtece watet counios. 18 Ground walsr countios
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water sources after adjustment. Thus, in spite of its large
contribution (o 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. Ananalysis of the morality rates foralicancers except
lung shows essentially the same difference as does the analy-
sis of all cancers combined. Similarly, in whitefemales breast
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 all cancers. These findings
pto\nde reassurance that the omission of variables such as

cigarette smoking. known to be a causative factor for lung '

cancer, or fat consumption in the diet, knowntobe associated
with breast cancer, have probably not caused any major prob-
lems in this analysis.
~ Tables 1 and 2 show than. in general, the effect of the
covariables in the analysis is 1o decrease the difference be-
tween the cancer mortality rates in surface and ground water
counties. Nevertheless, after the adjustmentthere is a statisti-
cally slgmﬁcam difference between ground and surface water
couaties in the mortality rates for stomach, bladder, and all
cancers for white males and instomach for white females. The
inclusion of additional covariables in the analysis may in fact
serve to further decrease these differences to the point that
tﬂey are no longer significant.. However, the risk of not adjust-
ing for other possibly relevant covariahles 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 teponed tobe related to cancer
mortality rates. Obviously, there are a number of other vari-
ables which car. reasonably be expected to beassociated with
cincer mortality. For example, stomach cancer varies with
ethnicity and social class and bladder cancer varies with occu-
pational exposure 10 chemicals. However, comparable duta
were not available to us on these characteristics. Fortunately,
such characteristics are likely 10 be correlated with the covar-
iables already in the model and in that sense are at least par-
tially accounted for in the anslysis. On the other hand. the
failure of the major characteristics to totally explain the differ-
ertice between surface and ground water suggests that the dif-
ference is not due 10 social and demographic factors alone.
Onelikely explanation for the differencesis 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
sutface water supplies. This study confirms the hypothesis
that cancer mortality rates are highes among residents of Ohio
counties whose drinking water comes 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
watet 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 relale to increased
cancer monality in communities served by surface water sup-
plies. 1t 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:
Yy = g + B Xy + BiXup + FiXin + B X + BoXus +
o« ey
where Y, vepresents the cancer mortality rate for the i-th
water source (i = 1,2) and the j-th county ( = 1. . . ..BB)
and u represents the mlercept .
Bi. - « +Bs are the regression coefficients for Xus. « - - Xus
respecnvely.
Xy is the logarithm of the county population.
X;» represents the per cent nrbammuon
Xuys correspnnds to the median income.
Xy is the index of manufacturing activity.
Xy represents the index of agriculture-foresuy-fishery ac-
tivity. .
a, corresponds to the effect of the ith water source.
and e,, represents the residual ervor and is assumed to be
distributed N(O,0}).

This model was used in the separate analysis of the can-
cer mortality rate for each site and sex. The five covariabies
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 measure.!* The adequacy of this model was investigated
through plots of the observed, predicted, and residual values
versus the covariables and comparison of the within-group
regression eguations for each water source. These analyses
indicated no appreciable deviations from the model or as-
sumptions. I this sense, the model can be considered ade-
quate for the Ohio data. The analysis was computed using the
general linear model format in Procedure REGR in the 1972
version of the Statistical Analysis System.*®* The adjusted
water source means from the analysis were backtransformed
to the mortality rate per 300,000 persons. It is these back-
wransformed rates that appear in Tables 1 and 2.
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r Retraining Program for Inactiv. Physicians 1

The Medical College of Pennsylvania is accepting applications for the Fall 1977 session of the
Retraining Program for Inactive Physicians, scheduled to begin on October 17th. |
The program is eight weeks in duration end provides a review of general medicine for inactive
physicians in order to enable them to retum to active practice of medicine or to further postgraduate
training. The program consists of a review of physical diagnostic skills, tutorials, clinical rotations and a
fecture series on general medicine, pathophysiology, diagnosis, and patient management.
Tuition:  $1.800 ‘
Credit: Approved for credit on an hour for hour basis in Category I towards the AMA Physi-
cian's Recogrition Award
For further information and application, contact:
Retraining Program
Office of Medical Education
The Medical College of Pennsylvania
3300 Henry Avenue
Philadelphia, PA 19129
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