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Estimation of geographical variation of cancer risks
in drinking water in Japan

K. Ohno, E. Kadota, Y. Kondo, T. Kamei and Y. Magara
Department of Socio-Environmental Engineering, Hokkaido University, N13W8, Kita-ku, Sapporo, 060-8628,
Japan (E-mail: ohnok@eng.hokudai.ac.jp)

Abstract The cancer risks posed by ten substances in raw and purified water were estimated for each
municipality in Japan to compare risks between raw and purified water, and inter-municipality. Water
concentrations were estimated by use of statistical data. Assigning cancer unit risks to each substance and
applying the assumption of additive toxicological effects to multiple carcinogens, total cancer risks of the
waters were estimated. As a result, the geometric means of total cancer risks in raw and purified water were
116X 107% and 2.18 X 1075, respectively. In raw water, the contribution ratio of arsenic to total cancer
risk accounted for 87%. In purified water, that of four trihalomethanes {THMs) accounted for 54%.

The increase of total cancer risks in purified water was due to THMs. In regard to the geographical variation,
the relationship between population size and total cancer risks were investigated. The result was that there
were higher cancer risks in the big cities with the population more than a million both in raw and purified
water. One plausible reason for the higher risks in purified water in the big cities is a larger chlorination dose
due to the huge water supply areas. The reason for the increase in raw water remained unclear.
Keywords Arsenic; cancer risk; drinking water; geographical variation; trihalomethane; water purification

Introduction

Drinking water quality issues, especially the issues on adverse health effects, have been
one of the great concerns both of water works and water consumers. Although statistical
data on drinking water quality have been provided by Japan Water Works Association
(TWWA) for a long time, the data are merely a number of concentrations of substances,
and thus it is very difficult for people to understand. Recently, Geographical Information
"System (GIS) has been” widely applied as one of the new tools for visualization and
spatial analyses. Integration of statistical water quality data and GIS may clarify the geo-
graphical characteristics of raw and purified water quality.

In this study, we focus on the carcinogenic substances in drinking water in Japan. Ten
carcinogenic substances were selected for evaluation and the concentrations of these sub-
stances both in raw and purified water were estimated by the municipality unit. Applying
the oral cancer unit risk for each substance and the assumption of additive toxicological
effects to multiple carcinogens, total cancer risks of the waters were estimated by the
municipality unit, and nationwide maps regarding the total cancer risks in raw and puri-
fied water were drawn with GIS. Furthermore, the characteristics and geographical varia-
tion of cancer risks were analyzed by use of drawn maps and statistical methods. The
differences in substances contributing to the total cancer risks between raw and purified
water, and the relationship between population size and total cancer risks were discussed.

Methods

Selection of target substances and assi t of their unit risks

Chemical substances for the estimation of cancer risks were selected based on the follow-
ing conditions. First, the substances that were in the Japanese Drinking Water Quality
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Standard of 2001 were chosen. Although the new Standard was amended in 2004, statisti-
cal water quality data for 2004 were not yet available. Therefore, carcinogenic substances
such as haloacetic acids and bromate, which were newly introduced in the Standard, were
not included in this study. Second condition was that the substances should be carcino-
genic or suspected to be carcinogenic. Third was that the substances should have oral
unit risks as carcinogen in the Integrated Risk Information System (IRIS) by the United
States Environmental Protection Agency (US-EPA). Consequently, ten substances were
chosen for the analysis in this study. The names of the substances and oral unit risks
assigned in this study, and Standard Values of Japanese Drinking Water Quality as of
2001 are shown in Table 1.

The term ‘oral unit risk’ is defined as the upper-bound excess lifetime cancer risk esti-
mated to result from continuous exposure to an agent at a concentration of 1mg/L in
water (US-EPA, 2005) and expressed as the probability of developing tumors. The unit
risks used in this study were mainly quoted from IRIS database (US-EPA, 2005). The
unit risks of several substances were presented as several discrete values or a range of
values. In this case, the geometric mean (G—mcan)‘of the several unit risks or that of the
maximum and the minimum values was used. The unit risk of chloroform is an excep-
tion. The oral unit risk of chloroform is not applicable in IRIS as of 2005 because EPA
relies on a nonlinear dose-response approach and the use of margin-of-exposure analysis
for cancer risk, for chloroform is not expected to produce rodent tumors via a mutagenic
mode of action (US-EPA, 2005). Nonetheless, it was considered to be very useful to esti-
mate and compare the extent of cancer risks of chloroform as one of trihalomethanes
(THMs). Therefore, the unit risk of 1.8 x 107* (per mg/L) for chloroform, which had for-
merly been applied by IRIS, was used in this study. It should be noted that the quantitat-
ive cancer risk of chloroform might cause the overestimation of total cancer risk in this
study.

Procedures to estimate the total cancer risks by the municipality unit

Concentrations of target substances in raw tind purified water in each water purification
plant. Statistics on water supply (“Suidou Toukei” in Japanese) were used as water
quality and quantity database. The statistics have been edited by TWWA every year and
consist of the data of water utilities which have more than 5000 design population
served. Therefore, data of the smaller water utilities are not included in the statistics and
were omitted in this study.

The statistics published in 2003 (TWWA, 2003), which describe the data of the
fiscal year 2001, were mainly used in this study. The statistics include the data on

Table 1 Substances and oral unit risks assigned in this study, and Standard Values of Japanese Drinking
Water Quality (2001)

Substances (CAS No.) Oral unht risks assigned Standard Values of Japanese Drinking
in this study (per mg/L) Water Quality as of 2001 (mg/L)

1,2-Dichloroethane (107-06-2) 2.6%x1072 0.004

1,3-Dichloropropene (542-75-6) 1.8x 1072 0.002

Dichloromethane (75-09-2) 2.1 x107* . 0.02

Arsenic, inorganic (7440-38-2) 5x 1072 0.01

Benzene (71-43-2) 84x107* 0.01

Carbon tetrachloride (56-23-5) 87x1073 0.002

Chloroform (67-66-3) 1.8x107* : 0.08

Bromodichloromethane (75-27-4) 1.8x107¢ 0.03

Dibromochloromethane (124-48-1) 24x107% 0.4

Bromoform (75-25-2) 23x107* 0.09






