—

Drinking Water Source and Chlorination Byproducts
II. Risk of Colon and Rectal Cancers

Mariana E. Hildesheim,' Kenneth P. Cantor,! Charles F. Lynch,® Mustafa Dosemeci,!
Jay Lubin,! Michael Alavanja,! and Gunther Craun’

We evaluated the association between chlorination byproducts
and colon and rectal cancer risk in a population-based case-
control study conducted in lIowa in 1986-1989. Data were
gathered from 685 colon cancer cases, 655 rectal cancer cases,
and 2,434 controls. We calculated odds ratios for the 560 colon
cancer cases, 537 rectal cancer cases, and 1,983 controls for
whom water exposure information was available for at least
70% of their lifetime. We estimated exposure to chlorination
byproducts with two types of measures: duration of lifetime at
residences served by chlorinated water and estimated lifetime
trihalomethane exposure. For rectal cancer, we observed an
association with duration of chlorinated surface water use, with
adjusted odds ratios of 1.1, 1.6, 1.6, and 2.6 for 1-19, 20-39,
4059, and =60 years of exposure, compared with no expo-
sure. Rectal cancer risk was also associated with several differ-

ent measures of estimated lifetime trihalomethane exposure.
For colon cancer and subsites, we detected no important in-
crease in risk associated with duration of chlorinated surface
water, nor with trihalomethane estimates. When we evaluated
chlorination byproducts jointly with other factors, we found
larger relative risk estimates for rectal cancer among subjects
with low dietary fiber intake. The risk related to =40 years of
exposure to a chlorinated surface water source was 2.4 (95%
confidence interval = 1.5-4.0) for persons with low fiber
intake and 0.9 (95% confidence interval = 0.4-1.8) for per-
sons with high fiber intake, relative to the risk of persons with
high-fiber diets and no exposure to chlorinated surface water.
We observed a similar risk differential for low and high levels
of physical activity. (Epidemiology 1998;9:29-35)

~ Keywords: colorectal neoplasms, drinking water, water source, chlorination, gender, trihalomethanes, diet, physical activity.

~~Chlorination byproducts result from the disinfection of
:tdrinking water with chlorine. The practice of adding
=i chlorine to raw water supplies became widespread at the
“turn of the twentieth century, but it was not until the
- .mid-1970s that Rook' and Bellar et al’ independently
. 'observed that chlorine reacts with naturally occurring

organic matter to form trihalogenated methanes
(THMs). Subsequently, a U.S. Environmental Protec-
tion Agency survey’ reported that chloroform, the most
ubiquitous of the THMs, could be found in almost every
treated drinking water supply. Treated surface water
sources were shown to contain much higher levels of
chlorination byproducts than treated groundwater
sources, owing to the higher concentrations of organic
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matter, such as humic and fulvic acids found in un-
treated surface water.

Epidemiologic assessment of the effects of chlorina-
tion byproducts started with several ecologic studies that
compared aggregate cancer mortality or incidence rates
of different communities by water source, THM levels,
or chlorination status.*-"> The results of these prelimi-
nary studies indicated that persons drinking chlorinated
water, especially chlorinated water derived from surface
sources, may be at increased risk of bladder, colon, and
rectal cancers. Subsequent case-control studies, in which
exposure was based on the residence reported on the
death certificate, generally supported these positive find-
ings for colon and rectal cancers,!*?! but interpretation
was limited, since a person’s water exposure at the last
residence does not necessarily represent tapwater expo-
sures experienced in the past. Case-control interview
studies of incident cases have the potential to overcome
the limitations of the early studies, but relatively few

. have been conducted.?*** In a case-control interview

study of incident colon cancer in Wisconsin, Young et
al?? did not observe an increase in colon cancer risk
associated with lifetime THM exposure, but response
rates were low (45% cases, 48% controls). Cragle et al
observed a positive association of colon cancer with
chlorinated water consumption in persons over age 60
years; however, their results are difficult to interpret
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since their methods were not described in detail. A
recent Canadian case-control incidence study, which
examined both sites and collected comprehensive expo-
sure data, reported an increased risk of colon cancer but
not rectal cancer associated with chlorination byprod-
ucts.?

We conducted a case-control study in lowa to exam-

ine the relation between ingestion of chlorination by--

products and risk of cancer. A companion paper de-
scribes our findings for bladder cancer.”” Here, we report
on the results from an analysis of the association be-
tween water source, estimated exposure to chlorination
byproducts as represented by THMs, and risk of colon
and rectal cancers.

Methods

StupY PoPuLATION

We identified eligible cases through the State Health
Registry of lowa, the statewide tumor registry. Colon

cancer cases were eligible if diagnosed during a 10- -

month period starting in March 1987. Eligible rectal
cancer cases were diagnosed during a 24-month period
starting in January 1986. Eligibility criteria for the 801
colon and 761 rectal cancer cases we identified included
Iowa residency at diagnosis, age between 40 and 85
years, histologic confirmation, and no previous history of
a malignant neoplasm. Control eligibility was restricted
to lowa residents between 40 and 85 years of age who
were alive at the time of initial contact. We conducted
control selection in two phases. We frequency-matched
the first group of controls on sex and age in 5-year groups
to the entire case group of six sites. We identified these
controls from computerized tapes containing driver’s li-
cense data for persons ages 40—64 years (N = 692) and
from U.S. Health Care Financing Administration tapes
for persons ages 65-85 years (N = 1,166). We added an
additional 1,175 eligible controls by using similar tech-
niques to match controls to additional bladder cancer
cases diagnosed in 1988-1989, to yield a total of 3,033
eligible controls.

Data CoLLECTION

Case-Control Data

After obtaining physician consent for cases, we wrote to
each identified study subject or next-of-kin explaining
the purpose of the study, and we subsequently tele-
phoned them to invite participation through completion
of a postal questionnaire. The questionnaire included
questions about residential and occupational histories,
usual adult dietary habits, including fluid consumption,
past medical conditions, history of familial cancer, usual
physical activity, and other items. Subjects who at any
time expressed reluctance in completing the detailed
questionnaire were given the opportunity to respond to
a shorter 15-minute telephone interview, which ex-
cluded detailed occupational history, food frequency
questions, and other items not considered essential to
the analysis of water quality and risk. Final response to
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the mail questionnaire and telephone interview resulted
in 685 colon cancer cases (85.5%), 655 rectal cancer
cases (86.1%), and 2,434 controls (80.3%). Proxy inter-
views numbered 95 for colon cancer, 115 for rectal
cancer, and 2 for controls.

Water Utlity Data

In the spring and summer of 1987, we conducted a
survey of all Jowa water utilities serving at least 1,000
persons and collected information from operators and
data tapes concerning treatments and water sources used
at each utility since its inception. The survey resulted in
historical information collected from 280 utilities serv-
ing 345 lowa communities with a total 1980 population
of 1.94 million, approximately two-thirds of the 1980
total lowa population.?¢ From each utility, we collected
finished water samples at the same representative point
in the distribution system. We analyzed these samples for
the presence of the four major THMs and other con-
taminants.

EXPOSURE ASSESSMENT L

We combined data from the personal questionnaire, the

water utility survey, and the THM measurements of

water samples to create indices of past exposure to chlg-;
rination byproducts for each respondent. For all utilities

in the water utility survey, we estimated past THM "
levels by applying geometric mean THM values cal¢u-"
lated from 1987 measurement data according to treat-
ment type and water source. We estimated past exposure

to chlorination byproducts for study subjects by linking: .
residences reported on the questionnaire to the water
utilities serving them by geographic location and year.
We considered water from private wells to be nonchlo-
rinated groundwater, and we assigned it an estimated
THM level of 0.5 ug per liter (half the detection limit).
Using our linked data, we calculated several indices of
lifetime exposure, including total lifetime THM expo-
sure (gm), average lifetime THM concentration (ug per
liter), and total number of years exposed to chlorinated
surface water, chlorinated groundwater, and any chlori-
nated water (surface or ground).

STATISTICAL METHODS

To decrease the potential bias introduced by subjects for
whom lifetime exposure assessment was incomplete, we
calculated odds ratios for all colon and rectal cancer
cases and controls with identifiable water exposure data
for at least 70% of their lifetime. Of the 685 colon
cancer cases, 655 rectal cancer cases, and 2,434 controls,
we included in the analyses 560 colon cancer cases
(81.8%), 537 rectal cancer cases (82.0%) and 1,983
controls (81.5%). Among these respondents, approxi-
mately 5.5% of the total exposure years were missing
information on water source and treatment, compared
with over 50% of exposure years with missing informa-
tion for the excluded subjects. Excluded subjects did not



Epidemiology January 1998, Volume 9 Number 1

differ much from the subjects included in the analysis
with respect to age, sex, or subject status. Compared
with the excluded subjects, subjects in the analysis sub-
set were less likely to live in urban areas and less likely
to have obtained a college degree, but the proportions of
cases and controls with these characteristics were similar
(results not shown).

We used unconditional multiple logistic regression
models to estimate odds ratios for risk of colon and rectal
cancers associated with duration at chlorinated ground
and surface sources, various estimates of THM exposure,
and tapwater consumption, while adjusting for poten-
tially confounding factors. All models included age (four
categories) and sex as adjustment factors. In analyses of
water source and THM exposure and rectal cancer risk,
we also adjusted for urbanicity as measured by average
lifetime population size of places of residence (in thou-
sands: =2.5, 2.6-9.9, 10.0-49.9, =50). In tests for
trend, we treated exposure variables as continuous. We
also examined the joint effect of exposure to chlorinated
surface water with various factors in relation to rectal
cancer risk.

.~ Results

" Among respondents with ascertainable water exposure

for at least 70% of their lifetime, there were similar
‘fumbers of male and female colon cancer cases (50.5%

“TABLE 1. Odds Ratios (OR) and 95% Confidence Intervals (CI) for Risk of
"*Colon and Rectal Cancers by Duration at Residences Served by Chlorinated
‘Surface Water, Chlorinated Groundwater, or Any Chlorinated Water
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male), and a slight male excess of rectal cancer cases
(59.2%). The proportion of cancer cases diagnosed after
age 65 years was higher for colon (70.5%) than for rectal
cancer (62.0%). The site-specific distribution in our
population reflected national patterns in colon cancer
rates by anatomical location,?” with cancers of the sig-
moid and descending colon dominating.

To facilitate comparison between this and previous
studies, we examined the risk associated with duration of
exposure to chlorinated surface and groundwater
sources. The percentage of years at nonchlorinated
groundwater (public or private wells) was slightly higher
for controls (56.4%) than for either colon (54.4%) or
rectal (54.2%) cancer cases. In contrast, the percentage
of years of exposure to chlorinated surface water was
slightly higher for rectal cancer cases (13.8%) than for
colon cancer cases (11.7%) or controls (11.1%). We
present in Table 1 the results of the logistic regression
analysis that examined risk with duration of exposure
to chlorinated surface and chlorinated groundwater
sources. After control for age, sex, duration at chlori-
nated ground sources, and population size, we observed a
monotonic trend of increasing rectal cancer risk with
duration at residences served by a surface chlorinated
source. Subjects with more than 60 years of exposure at
a surface chlorinated source were at more than twice the
risk of developing rectal cancer than those with no years
at a chlorinated surface source [odds ratio (OR) = 2.61;
95% confidence interval (CI) = 1.4—
5.0]. We observed no increase in colon
cancer risk associated with duration at
a chlorinated surface water source.
When we examined duration of expo-

Colon Cancer

Rectal Cancer

sure to chlorinated groundwater, con-
trolling for age, sex, and duration at

Duration OR* OR*,t chlorinated surface water sources, we
(Years) Controls ~ Cases (95% CI) Cases (95% CI) found an indication of increased risks
Chlorinated surface water for colon and rectal cancers (Table 1).
0f 1,275 352 igz 08.13) ‘ %22 %88 08-14) Results from analyses examining dura-
1-19 428 12 . 8-1. 1 . .8-1. : .
20-39 139 33 0.99 (0.7-1.3) 4 155(11-22) tion of exposure for any chlorinated
40-59 101 35 1.21 (0.8-1.8) 32 1.63(1.0-2.6) water (surface or ground) resembled
=60 40 9 0.81 (0.4-1.7) 18 2.61(1.4-5.0) the estimated risk observed for dura-
P (trend) 0.36 0.005 tion at chlorinated surface water
Chlorinated groundwater sources for both sites. We observed
0% 624 154 1.0 178 1.0 imi ; h si
1-19 500 153 119(09-15) 122 0.87(0.7-11) S“ﬁ“lar risk pla“fims for bé’t Sites
20-39 530 140 1.03 (0.8-1.3) 150 1.14 (0.9-1.5) when we analyze m‘en and women
40-59 300 101 1.29 (1.0-1.7) 80  1.32(09-1.9) separately. Further adjustment for the
1??? 8 29 12 ég; 08-33) 7 égg (0.6-3.6) other potential confounding factors
e ' described in the Methods did not alter
A%Yicmmi“ated Watff (surface or ngound{ 0 0 1o the risk estimates presented above.
1-19 431 107 089(07-12) 101  0.88(0.7-1.2) In Table 2, we show results from
20-39 499 137 0.99 (0.8—1.3; 132 IH 589 %gg analyses investigating assoc1at110fns
40-59 478 160 119(09-16) 136  1.41(0.9-2. ith esti f both cumulative life-
260 126 38 101(07-16) 45 2.13(1.3-35) with estimates of both cu
P (trend) 013 0.0002 time THM exposure (gm) and average

* Odds ratios were calculated from logistic regression models including age (4 strata) and sex. Also, models
of duration at chlorinated surface water included a variable for duration at chlorinated groundwater (5
strata), and models of duration at chlorinated groundwater included a variable for duration at chlorinated

surface water (5 strata). :

1 Logistic regression models for rectal cancer also included average population size of lifetime residences

(4 strata).
1 Referent category.

lifetime THM concentration (ug per
liter). We detected no clear trend in
colon cancer risk with either measure
of THM exposure. In contrast, there
was a trend of increasing rectal cancer
risk with both increasing cumulative
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TABLE 2. Odds Ratios (OR) and 95% Confidence Intervals (CI) for Risk of  of tapwater at a 25% reduced risk of
Colon and Rectal Cancers Associated with Estimated Lifetime Trihalomethane colon cancer compared with those

Intake who drank <1.5 liters per day. Adjust-
' ment for other potential confounding

R . ,

Colon Cancer ectal Cancer factors did not alter these estimates

- Trihalomethane OR* OR* much. We also observed little differ-
Exposure Controls Cases (95% CI) Cases (95% CI)

ence in risk estimates when we re-
Total lifetime THM (gm) : stricted analyses to live subjects.

<0.04t 681 179 1.0 153 10 - » o
0.05-0.12 485 127 096(07-1.2) 125  1.25(1.0-16) In addition to the estimates of life
0.13-0.34 292 70 086 EO' 1.2; 76 1.28 (0.9—1.8; time exposure to chlorination byprod-
0.35-1.48 291 9  1.19(09-1.6 87 1.52(1.1-21 in Tables 1 ,
1.49-2.41 97 14 052(0309) 33  187(12-30) ucts p.resgnfd in Tables ba“d 2, we ailso
=242 97 31 1.13(0.7-1.8) 30 1.64 (1.0-2.6) examined the association between colon
Unknown 40 45 33 and rectal cancer risk and various other
P (trend) 0.54 0.08 temporal measures of exposure, includ-

Lifetime average THM concentration (ug/liter) ing latency (time since first exposure),
ST N sy B e womein moc e s
2.3-8.0 298 80  093(0.7-13) 86 1.24(09-1.7) 20-year time windows, and lagged expo-
§.1-32.5 29; g? (1) (9); Eggzlg; gg %ég 50,9_;8 sures. These measures were hlghlyhcor—
2.6-46.3 9 93 (0.6-1. - L66(11-2. related in our study population, how-
=464 9 3 1.06 (0.7-1.6) 36 1.6 (1.1-2.6) ever, and results from these analyses did
P (trend) 0.85 0.01

not yield any notable additional infor-
* Odds ratios were calculated from logistic regression models including age (4 strata) and sex. Logistic mation and are not presented here
regression models for rectal cancer also included average population size of llfenme residences (4 strata). . L. T
1 Referent category. We also examined associations with

chlorination byproducts by colon and

, rectal subsites. Table 3 shows results

and average THM exposure, after controlling for age,  for total lifetime THM exposure and for duration at
sex, and average population size. We noted similar ef-  chlorinated surface water. We observed no consistent |.
fects when we examined men and women separately. increase in cancer risk with increasing THM exposure | ..

Amount of tapwater consumed did not confound this  for the proximal, distal, or sigmoid colon. For cancer of -

effect, as it was not an independent risk factor in our  the rectum alone (not including the rectosigmoid junc- '
population (data not shown). After adjustment for age  tion), which accounts for 66% of the rectal cancer cases,
and for sex, we observed little association between tap-  there was a trend in risk with increasing total THM
water consumption and rectal cancer. We observed a  intake, rising to a 90% increase for the highest THM
slight decrease in colon cancer risk with increasing tap-  level (OR = 1.8%; 95% CI = 1.2-2.9). For the rectosig-
water intake, with those who drank =2.9 liters per day =~ moid junction, risk for any exposure was elevated, with

TABLE 3. Odds Ratios (OR) and 95% Confidence Intervals (CI) for Risk of Colon and Rectal Cancer Associated with
Estimated Lifetime Total Trihalmethane Exposure and Years at Chlorinated Surface Water Sources by Cancer Subsite*

Proximal Colon Mid-colon Sigmoid Colon Rectosigmoid Junction Rectum

ORft ORt ORft ORT,% ORt.¥
Exposure  Controls Cases (95% CI) Cases (95% CI) Cases (95% Cl)  Cases (95% CI) Cases (95% CI)

Total lifetime THM (gm)

=0.048§ 681 65 1.0 34 10 75 1.0 43 1.0 110 1.0

0.05-0.12 485 46 090 (0.6-14) 29 1.18(0.7-2.0) 49 092(0.6-1.4) 49 1.72 (1.1-2.7) 76  1.08(0.8-1.5)

0.13-0.34 292 30 1.01(0.6-1.6) 11 0.70(0.3-1.4) 27 0.82(05-1.3) 31 1.83(1L.1-2.1) 45  1.08 (0.7-1.6)

0.35-1.48 291 34 120(0.8-1.9) 21 137(0.8-24) 38 1.16(0.8-1.8) 32 191(L.1-3.2) 55 1.37(0.9-2.0)

=1.49 194 17 081(0.5-14) 10 096(0.5-2.0) 17 0.78(0.4-14) 16 1.49(0.8-2.9) 47  1.89(1.2-2.9)

Unknown 40 23 7 15 13 20

P (trend) 1.00 0.28 0.78 0.97 0.04
Duration at chlorinated surface water (years)

0§ 1,275 134 1.0 68 1.0 142 1.0 111 1.0 214 1.0

1-19 428 52 1.24(09-1.8) 27 1.11(0.7-1.8) 45 090(0.6-1.3) 46 1.21(0.8-1.8) 69  0.99(0.7-1.4)

20-39 139 13 086(0.5-1.6) 8 1.02(0.5-2.2) 17 1.06(0.6-1.8) 14 1.15(0.6-2.1) 33 1.54(1.0-2.4)

40--59 101 10 0.84(04-1.7) 8 1.35(0.6-2.9) 15 1.28(0.7-2.3) 8 0.91(0.4-2.0) 24 1.66 (1.0-2.7)

=60 40 6 1.26(05-3.1) 1 043(0.1-3.2) 2 043(0.1-1.8) 5  1.49(0.6-4.0) 13 2.50(1.34.9)

P (trend) 0.55 1.00 0.68 0.86 0.01

* Definitions of sites (International Classification of Diseases, 9th revision, codes): proximal (right-sided) colon: cecum (153.4), ascending (153.6), hepatic flexure (153.0);
mid-colon: splenic flexure (153.7), descending (153.2), transverse (153.1); sigmoid colon (153.3); rectosigmoid junction (154.0); rectum (154.1). Other subsites
(excluded from analyses) (N = 12): overlap (153.8), not otherwise specified (153.9).

T Odds ratios were calculated from logistic regression models including age (4 strata) and sex.

¥ Logistic regression models for rectal cancers also included average population size of lifetime residences (4 strata).

§ Referent category.
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TABLE 4. Odds Ratios and 95% Confidence Intervals for Risk of Rectal cancer, obesity, and dietary fat con-
Cancer Associated with Years at Chlorinated Surface Water Sources and Usual sumption. Dietary fiber was inversely

Fiber Intake, Usual Physical Activity, or Average Daily Tapwater Ingestion*

associated with colon and rectal can-

Duration at Chlorinated Surface Water (Years)

cer risk. Education was associated with

0 1-19 20-39

rectal cancer only, with decreased risks
observed among those with a college

Dietary fiber intake

Above median 1.0} 1.28 (0.9-1.9) 1.20(0.6-2.3

Below median  0.99 (0.7-1.3) 0.88 (0.6-1.3)  1.57(0.9-2.7
Usual physical activity (times/week)

= 1.0 0.96 (0.7-1.4)  0.89 (0.5-1.7

<1, never 1.10(0.8-1.4) 1.25(0.9-1.8) 2.28(1.4-3.8

Average daily tapwater (liters/day)
<21 1.0t

=21 127 (0.9-1.6) (0.9-1.8)

o

1.34(0.9-1.9)  1.85(1.1-3.1)
24 4 (0.8-2.3)

education or more. We observed a
ﬁg g?g*lg; weak association with smoking for co-
lon but not rectal cancer, with in-
creases in risk observed among past but
not current smokers.

3
2,00 (1.2-3.3) Discussion
1.72 (1.0-3.0) Although a few previous case-control

* Odds ratios were calculated from logistic regression models including age (4 strata), sex, and average

mortality studies'*!™-1 support our re-

population size of lifetime residences (4 strata). Analyses excluded unknowns for lifetime trihalomethanes, ported association of chlorination bY‘

fiber intake, usual physical activity, or average daily tapwater.
t Referent category.

no monotonic trend. We obtained similar results for
subsites of the colon and rectum when we examined the
effect of duration of exposure to chlorinated surface
water. For cancer of the rectum alone, persons who
consumed chlorinated surface water for =60 years were
rat a 150% increased risk of cancer compared with those
with no years of exposure to chlorinated surface water

.~ (OR = 2.50; 95% CI = 1.3-4.5).

.1 We also evaluated the association between rectal can-
- cer and duration of exposure to chlorinated surface water
.1 jointly with other factors. In particular, we observed that
+t both dietary fiber intake and physical activity modified
i the effect of chlorinated surface water ingestion on rec-
. tal cancer risk (Table 4). Among respondents who spent
*.'=40 years drinking chlorinated surface water and re-

“ported diets low in fiber, we observed almost a 150%
increase in risk compared with persons consuming high-
fiber diets and drinking either nonchlorinated or chlo-
rinated groundwater (OR = 2.43; 95% CI = 1.5-4.0).
Among respondents with a high-fiber diet, we observed
no increase in risk associated with =40 years of exposure
to chlorinated surface water (OR = 0.89; 95% 0.4-1.8).
We observed a similar risk pattern when we examined
the joint effect of physical activity and exposure to
chlorinated surface water. Respondents who exercised
1-4 times per month or less were at increased risk of
rectal cancer associated with chlorinated surface water,
whereas respondents who exercised with a frequency of

at least 1 time per week were not. In contrast, we .

observed no interaction of amount of water consumed
with exposure to chlorinated surface water. We con-
ducted a similar analysis of our other measures of chlo-
rination byproducts, namely estimated total and average
THMs, and observed similar risk patterns for rectal can-
cer.

Among several other factors we evaluated as potential
confounders, urbanicity was the only one associated with
both disease and exposure (rectal cancer only). Other
factors associated with colon and rectal cancer risk in-
cluded a history of colitis, a family history of bowel

'

/ D P

products and rectal cancer risk, it is
difficult to compare our results directly
with those of available studies. The

majority of case-control studies examining chlorinated

water exposure and colon and rectal cancer risk used
information from death certificates*-2! and were limited
by the way in which exposures were estimated and by an
absence of data on potential confounders. Lawrence et
al'® estimated exposure over a 20-year period before
death and did not observe an increase in colon or rectal
cancer risk associated with chloroform exposure, but the
number of rectal cancer cases was small (N = 76).
Whereas several of these earlier mortality studies ob-
served an increase in colon cancer risk associated with
treated surface water or estimated THM exposure, our
negative findings for colon cancer are supported by a
more recent case-control incidence study?? in which
estimated lifetime THM exposures were evaluated. Qur
findings of an increased risk for rectal but not colon
cancer associated with chlorination byproducts do not
agree with results from a recent case-control incidence
study conducted in Ontario, which found an increased
risk of colon cancer but not rectal cancer associated with
estimated past THM exposure.?

Our finding of differences in risk patterns for colon
and rectal cancers associated with chlorination byprod-
ucts is consistent with suggestions of different etiologies
for these tumors.?-3! Differences in the epidemiology of
cancers of the colon and rectum with respect to the
distribution by age and sex have been reported?3! and
are supported by our results. Further evidence for differ-
ent etiologies for colon and rectal cancers is provided by
diverging trends in colon and rectal incidence and mor-
tality rates over time.’’’3? Differences for colon and
rectal cancer risk have also been reported for dietary
factors,? occupation,?**%5 and physical activity.?936-38
Epidemiologic evidence indicates that these two tumors
have similar but not identical etiologies and should
be examined as separate sites in most epidemiologic
analyses.

While the observed modification of the effect of chlo-
rination byproducts on rectal cancer risk by physical
activity and fiber intake may indicate an increased risk
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associated with some correlated aspect of an unhealthy
life-style, it is interesting to speculate on potential bio-
logical mechanisms. Although much of the recent evi-
dence of the protective effect of physical activity is more
consistent for colon cancer than for rectal cancer,’¢38-42
postulated mechanisms may also apply to rectal cancer.
The increase in stool bulk resulting from high-fiber diets
would dilute potential fecal carcinogens in the rectum as
well as the colon. Likewise, the decrease in stool transit
time resulting from a high-fiber diet or physically active
life-style would reduce the amount of contact between
potential carcinogens and both colon and rectal muco-
sa. 374345 :

We used various estimates of lifetime exposure to
chlorination byproducts in drinking water in an attempt

_to improve our understanding of their potential carci-

nogenicity. Since levels of byproducts are much higher
in surface water than in groundwater, duration of expo-
sure to chlorinated surface water can be thought of as a
marker for total lifetime exposure to chlorination by-
products. In an attempt to refine our assessment of
exposure to these byproducts, we used THMs as a sur-
rogate for the total byproduct mixture, and we estimated
lifetime THM exposure in various ways. Our estimate of
total lifetime THM intake assumes that it is the accu-
mulation of the carcinogen in the body over a lifetime
that is potentially detrimental. For the estimate of time-
weighted average exposure, the carcinogenic effect is
thought to arise from the effective concentration at the
target organ. The effects of total lifetime amount and
average concentration of THMs in the target organs
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1987 levels of THMs from surface water sources were
lower than levels obtained from a similar water supply
survey in 1979, THMs from surface sources remained
consistently higher than concentrations in groundwater
sources.

In addition to misclassification of estimated lifetime
THM exposure, the existence of other, more important
etiologic agents in treated drinking water cannot be
discounted as an explanation for the observed differ-
ences between duration and THM measures. The sug-
gestive pattern of increasing risk with years of exposure
to chlorinated groundwater that we observed for-both
colon and rectum may indicate that duration is much
more important than contaminant level, or that THMs
and correlated byproducts are not the important causal
agents since their levels are so much higher in chlori-
nated surface sources than in chlorinated ground
sources. Since only one earlier study?® examined chlori-
nated groundwater as a separate exposure, with no evi-
dence of increased cancer risk, future studies should not
be limited to THMs and treated surface water.

In addition to the development of lifetime exposure
measures, high response rates (85.5% colon, 86.1% rec- »

tal, 80.3% controls) and extensive data on potential

confounders are strengths of our study. In contrast to.
several earlier studies of chlorination byproducts and "
cancer risk, #1719 in which control for confounding was
minimal or absent, we were able to examine several -
variables as potential confounders and effect modifiers, *’

including diet, family history of cancer, preexisting gas-
trointestinal conditions, education and income, body

could be different, and possibly dependent on the  mass index, urbanicity, and frequency of physical activ--
amount of tapwater ingested. In our study, however, ity. One variable that we identified as a confounder in
years at chlorinated surface water sources and estimated  our analyses was urbanicity or average population size of .
lifetime THM levels were highly correlated, and we lifetime residences, which was positively correlated with;
observed similar effects for each estimate of exposure to  levels of chlorination byproducts and negatively assock~..

chlorination byproducts, with a slightly stronger effect
obsetved for duration of exposure to chlorinated surface
water over THM measures.

Possible explanations for the observed difference in
effect between duration and estimated THM exposures
are misclassification of estimated THM exposures, poor
cotrelation of THMs with more important etiologic
agents in the byproduct mixture, or both. We feel that
our assessment of lifetime exposure to chlorination by-
products provided an improvement over exposure indi-
ces used by several previous studies because we measured
exposure over each subject’s lifetime rather than at a
single time. Nevertheless, the application of current
THM levels from our 1987 water supply survey to past
residences receiving water with similar water source and
treatment characteristics could have resulted in some
misclassification of THM exposure levels. As a result of
regulations issued in 1979 under the U.S. Safe Drinking
Water Act, levels of THMs in finished drinking water
were restricted to not more than 100 parts per billion,
and the THM values from our 1987 lowa water survey
that were assigned to past residences could have under-
estimated actual pre-regulation THM levels that existed
at the time the water was being consumed. Even though

ated with rectal cancer. Adjustment for urbanicity in-
creased the strength of the association between chlori-
nation byproducts and rectal cancer risk. We observed
no association of urbanicity with colon cancer.

The exclusion of respondents from an analysis is al-
ways a concern, owing to the bias that it could intro-
duce. We restricted our population because full lifetime
exposure data were not available for all subjects. We had
little data on water sources outside lowa and were thus
unable to assess exposures at non-lowa municipal water
supplies. There was little evidence, however, that the
results were biased by restricting the analysis to the 80%
of all subjects for whom we could account for at least
70% of lifetime water exposure. Data collected from
proxy interviews are another potential source of bias in
epidemiologic analyses. In our study sample, however,
risk estimates from analyses limited to live subjects only
did not differ much from estimates presented here.

In summary, our rectal cancer results are consistent
with the findings of increased risk observed in several
ecologic and case-control mortality studies. The lack of
association between chlorination byproducts and colon
cancer found here is consistent with the results observed
in studies conducted by Young et al*? and Lawrence et
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al' in which exposure data were collected over an ex-
tended period of time, but different from a Canadian
study? with respect to both colon and rectal cancer risk.
Recent evidence indicates that certain classes of byprod-
ucts, such as brominated compounds, halogenated acetic
acids, and chlorinated hydroxyfuranones, may be more
harmful than the THMs.4-% We believe that future
studies should include water quality indicators to reflect
differences in levels of these compound classes, to the
extent feasible.
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