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Abstract. The possible association between the risk of gastridDutt and Lim 1987; Xu 1981). However, other studies have
cancer and nitrate and hardness in drinking water from municifailed to confirm such an association (Armigt al. 1981,

pal supplies was investigated in a matched case-control study iDavies 1980; Beresford 1985; Fraser and Chilvers 1981;
Taiwan. Data on gastric cancer deaths among eligible residenRBademacheet al. 1992). The WHO (1985) concluded that no

in Taiwan from 1987 through 1991 (6,766 cases) were obtainefirm epidemiological evidence has been found linking gastric
from the Bureau of Vital Statistics of the Taiwan Provincial cancer to drinking water containing higher levels of nitrate, but
Department of Health. Controls were deaths from other causes link cannot be ruled out due to the inadequacy of the data
(6,766 controls) and were matched individually to the cases byvailable.

sex, year of birth, and year of death. Data on nitrate—nitrogen The mechanisms are unclear, but hardness in drinking water
(NOs-N) and hardness levels in drinking water throughouthas been suspected as another factor which is associated with
Taiwan were collected from the Taiwan Water Supply Corporastomach cancer (Malnast al. 1976; Turner 1962; Zemla
tion (TWSC). The municipality of residence for cases and1980).

controls was assumed to be the source of the subject’s nitrate The objective of this study was to evaluate the risk of gastric
and hardness exposure via drinking water. There was neancer associated with nitrate and water hardness exposure in
difference in gastric cancer rates between the groups witllrinking water from municipal supplies in Taiwan.

different levels of nitrate. The odds ratios (95% confidence

interval) for death from gastric cancer was 0.95 (0.87-1.03) for

the group with water nitrate levels between 0.23 and 0.44 mg/L :

and 1.02 (0.93-1.11) for the group with nitrate levels greaterrvlaIterlals and Methods

than 0.45 mg/L. However, the results show a significant

negative relationship between drinking water hardness an&tudy Area

gastric cancer mortality. Odds ratios were 1.16 (1.07-1.26) and

1.65 (1.52-1.79), respectively, for exposure to moderately hardaiwan is divided into 361 administrative districts, which will be
water and soft water compared with the use of hard water. Thigeferred to herein as municipalities. They are the units that will be

is an important finding for the Taiwan water industry and subjected to statistical analysis. Excluded from the analysis were 30
human health risk. aboriginal townships and 9 islets that had different life-styles and living

environments. This elimination of unsuitable municipalities left 322
municipalities for the analysis.

In Taiwan, gastric cancer is the third leading cause of Canceéubject Selection
mortality for males and the sixth for females (DOH/ROC

1993a). The age-adjusted mortality rate for gastric cancer WaBata on all deaths of Taiwan residents from 1987 through 1991 were
13.31 per 1(_)0'000 among males a_nd 6'_54 among fqmales Ebtained from the Bureau of Vital Statistics of the Taiwan Provincial
1993. There is substantial geographic variation in gastric cancfepartment of Health, which is in charge of the death registration
mortality within the country (DOH/ROC 1993b). Such a system in Taiwan. For each death, detailed demographic information
geographic distribution may suggest an environmental riskncluding sex, year of birth, year of death, cause of death, place of death
factor. (municipality), and residential district (municipality) were recorded on

It has been suggested that a link exists between the levels sbmputer tapes. The case group consisted of all eligible gastric cancer
nitrate in drinking water and the mortality from stomach cancerdeaths (International Classification of Disease, ninth revisions [ICD-9],

(Hill et al.1973; Jensen 1982; Harman 1983; Gallial. 1984; ~ code 151). _ _
A control group was formed using all other deaths excluding those

deaths that were associated with gastrointestinal probleensfalig-
nant neoplasm of small intestine (ICD-9 codes 152-154), gastric ulcer
Correspondence tcaC.-Y. Yang (ICD-9 code 531), duodenal ulcer (ICD-9 code 532), peptic ulcer, site
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unspecifiec_i (ICE_)-9 code 533), gastrojejunal ulcer (ICD-_9 code 534)controls this number was 89.4%. Cases had a slightly higher
and gastrointestinal hemorrhage (ICD-9 code 578)]. Subjects who diegate (42.0%) of living in a metropolitan municipality than the
from S)rolstate( (Mf?raleet a:- 1995)a), blaﬁlder (:VI(oralest al. 1995?, controls (40.0%). There was no notable difference between
1995D), lung (Hoffmaniet al. 1994), esophageal (Yang 1980, Wal. ;565 and controls with regard to the urbanization levels of their
1993), and head and neck (Andreal. 1995; Herity et al. 1981) cancer residchg('l%blgl) egard to the urb onlevels otthe

were also excluded from the control group because of previously
reported associations with nitrate or N-nitroso compounds exposures. Table 2 shows the numbers of cases and controls and odds

Control subjects were pair matched to the cases by sex, year of birthatios in relation to the nitrate levels in their drinking water. The
and year of death. Each matched control was selected randomly frofddds ratios (95% confidence interval) for death from gastric
the set of possible controls for each case. To be eligible, both case arghncer was 0.95 (0.87-1.03) for the group with water nitrate
control subjects must have had residence and place of death in the sar@yels between 0.23 and 0.44 mg/L, and 1.02 (0.93-1.11) for the
municipality. group with nitrate levels greater than 0.45 mg/L. The odds
ratios for death from gastric cancer were not significantly
higher for the two groups with high levels of nitrate in the
Nitrate—Nitrogen and Hardness Levels drinking water. Trend analyses also showed no statistically
significant trend in risk of gastric cancer death with increasing
Information on the levels of nitrate—nitrogen (M) and hardness in ~ Nitrate levels.
finished water in each waterworks was obtained from the Taiwan Water Table 3 shows the distribution of cases and controls with
Supply Corporation (TWSC) (TWSC/ROC 1991), to whom eachrespect to levels of hardness in drinking water. 33.9, 32.5, and
waterwork is required to submit drinking water quality data including 33.6% of the cases lived at residences served by soft, moder-
the nitrate—nitrogen (N@N) and hardness. Four finished water ately hard, and hard water, respectively, while 25.0, 34.0, and

samples, one for each season, were collected from each waterworkgg o4 were so served by the controls. The estimated odds ratios
The samples were analyzed by the waterworks’ laboratory office usm’%

4 ) : . nd 95% confidence intervals are shown also in Table 3.
the standard method. Since the laboratory office examines nitrate a °

hardness on a routine basis using a standard method, it was thought t Flatlvre] o IndIVIdLja|ShW|’(IjOSG hardnhess de;posqre level was
the problems of analytical variability were minimal. Data collected more than 150 mg/L (hard water), the odds ratios was 1.16

were the annual mean NEN and hardness for the year 1990. Among (95% CI= 1.07-1.26) for persons who had resided in places
the 322 municipalities, 70 were excluded because they had more tha#erved by hardness exposure level between 75 and 150 mg/L
one waterwork to supply the drinking water and the exact population(moderately hard water), and 1.65 (95% €11.52-1.79) for
served by each waterwork could not be determined. Their details arpersons who had resided in places served by hardness exposure
given in an earlier publication (Yanet al. 1996). The final complete |evel less than 75 mg/L (soft water). The chi-square test for
data comprised data from 252 municipalities. The municipalities oftrend 2 = 33.59,p < 0.0001) indicates a statistically signifi-

residence for all cases and controls were identified from deathynt increasing trend in the odds of gastric cancer with
certificates and were assumed to be the source of the subject’s nitra{fecreasing levels of hardness

and hardness exposure via drinking water. The;N\Dand hardness
levels of that municipality were used as the indicator of that individu-
al’s nitrate and hardness exposure.

Discussion

Statistics This study uses a death certificate—based case-control study and
a drinking water quality ecology study to examine the relation-
In the analysis of the association between nitrate exposure and gastiihyip hetween gastric cancer mortality and nitrate and hardness

cancer, the subjects were divided into tertiles according to the levels Oéxposure from drinking water in Taiwan. The results of the

nitrate !n_thelr_drlnklng water. For the analysis (_)f hardness, the subje_ct resent study show that there is no significant association
were divided into one of three mutually exclusive hardness categories:

water with less than 75 mg/L of CaG@soft), 75-150 mg/L of CaCp etwegn drinking vyatgr r]iFrate exposure and .ga}stric cancer
(moderately hard), and above 150 mg/L of CaQfard) (Sawyer and Mortality, but there is significant negative association between

McCarty 1978). Conditional logistic regression was used to estimatélrinking water hardness and gastric cancer mortality.
the odds ratios (ORs) and their 95% confidence interval (95% Cl) in Studies on the association between mortality and environmen-

relation to the nitrate and hardness levels in drinking water (Breslowtal exposures have been used widely to generate and falsify
and Day 1980). Tests for trend were conducted using the methoépidemiological hypotheses, despite their inherent limitations
described by Mantel (1963)P-values < 0.05 were considered (Morgenstern 1982). The completeness and accuracy of the
statistically significant. death registration system should be evaluated before any
conclusion based on the mortality analysis is made. In Taiwan,
it is mandatory to register death certificates at local household
Results registration offices, and, since the household registration infor-
mation is verified annually through a door-to-door survey, the
Atotal of 6,766 gastric cancer cases with complete records werdeath registration is very complete. Although causes of death
collected for the period from 1987 to 1991. Of the 6,766 casesmay be misdiagnosed and/or misclassified, the problem has
4,480 were males and 2,286 were females. The mean nitrateeen minimized through the improvement in the verification
concentration for the gastric cancer cases(6766) was 0.45 and classification of causes of death in Taiwan since 1972.
mg/L NOs—N (SD = 0.43). Controls1f = 6766) had a mean Furthermore, Taiwan is a small island with a convenient
NOz—N exposure of 0.44 mg/L (SB 0.44). Both cases and communication network, and the accessibility of medical
controls had a mean age of 65.2. Cases lived in municipalities iservice facilities is comparable among study municipalities.
which 89.8% of the population was served by waterworks. FoMortality data differences between the municipalities in this
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Table 1. Characteristics of the study population

Characteristics Cases Controls
Total subjects 6,766 6,766
Enroliment municipality 252 252
Sex (%)

male 4,480 (66.2) 4,480 (66.2)

female 2,286 (33.8) 2,286 (33.8)
Mean age in years (SB) 65.2 =13.0 65.2 +13.0
Mean nitrate—nitrogen (N&N) con-

centration (SD? 0.45*+ 0.43 0.44= 0.44

Drinking water served by water-
works (%)
Urbanization level of residence (%)

898 £ 53 894 = 55

metropolitan 2,841 (42.0) 2,706 (40.0)
city 1,405 (20.8) 1,421 (21.0)
town 1,649 (24.3) 1,719 (25.4)
rural 871 (12.9) 920 (13.6)

asSD: standard deviation

C.-Y. Yanget al.

for the study areas were reasonably high=(0.86 and 0.85,
respectively). Nitrate and hardness data were supplied by the
Water Quality Research Center of the Taiwan Water Supply
Corporation, which conducts routine water analyses to assess
suitability of water for drinking from both the sources and at
various points in the distribution system. Also, the waterworks
in each municipality received a questionnaire requesting infor-
mation on whether any changes had occurred in the water
supply or the treatment of the water during the past history. No
municipalities were excluded because changes in water quality
(e.g., the use of water softeners) had been occurred during the
past few decades. It was felt that the nitrate and hardness levels
have remained reasonably constant in drinking water. We
therefore assumed that nitrate and hardness levels in 1990 were
a reasonable indicator of historical nitrate and hardness expo-
sure levels from drinking water.

Migration from a municipality of high nitrate and hardness
exposure to one of low nitrate and hardness exposure, or vice

®The urbanization level of each municipality was based on theyersa, could have introduced misclassification bias and bias in

urban-rural classification of Tzeng and Wu (1986)

the odds ratio estimate (Gladen and Rogan 1979; Polissar
1980). However, migrant studies have indicated that susceptibil-

Table 2. Odds ratios (ORs) and 95% confidence intervals (Cl) for i.ty to gastric cancer is strongly related to place of birth (early
gastric cancer by drinking water nitrate levels in Taiwan, 1987-1991 life exposures) and much less to place of later residence

Nitrate No. of No. of
(mediany Cases Controls OR (CI
=0.22 (0.04) 2,109 (31.2%) 2,079 (30.7%) 1.00

(Coggon et al. 1990). It is unfortunate that place-of-birth

information was not available for the data set, and the use of the
place-of-death information as the surrogate measure inevitably
introduces bias to some extent. The individuals included in the

0.23-0.44 (0.37) 2,126 (31.4%) 2,249 (33.2%) 0.95 (0.87-1.03)present study were subjects whose residence and place of death

=0.45 (0.67
( : X2, trend= 0.60
p=0.44

aExpressed as mg/L as NEN
b Odds ratio adjusted for age and sex

2,531 (37.4%) 2,438 (36.1%) 1.02(0.93-1.11)were in the same municipality. In the event of a death in Taiwan,

there is a social custom that the decedent's family always
considers the death to occur in the municipality where he was
born. Therefore, the decedent’s residence, place of birth, and
place of death are likely to be listed as the same municipality.
We believe that this ameliorates the migration problem. Also,
gastric cancer is a disease of old age, and it is assumed that the

gastric cancer by drinking water hardness levels in Taiwan, 1987-19946 |ast 20 years of their life (Rademacleeal. 1992)

No. of No. of
Hardness Cases Controls OR (CH
Hard 2,275 (33.6%) 2,773 (41.0%) 190

Moderately hartl 2,197 (32.5%) 2,299 (34.0%) 1.16 (1.07-1.26) "~ - ’ . _ .
2,294 (33.9%) 1,694 (25.0%) 1.65(1.52-1.79) With little consideration to whether nitrate in water makes a

Softt
X2, trend= 33.59
P < 0.0001

aTotal hardness: over 150 mg/L as CaCO
b Total hardness: 75-150 mg/L as CaCO

¢ Total hardness: 0-75 mg/L as CagO

4 Odds ratio adjusted for sex and age

e Hard water exposure as reference group

The principal sources of dietary nitrate are drinking water
and foods (White 1975; Walker 1975). The hypothesis that high
nitrate ingestion may increase the risk of gastric cancer has led
to concern over rising levels of nitrate in drinking water, but

major contribution to total nitrate intake. A study has indicated
that when the concentration of waterborne nitrate is high,
drinking water contributes substantially to total nitrate intake
(Chilverset al. 1984), and the potential for nitrite and N-nitroso
compound formation may be increased. There are no available
data for assessing the diet of the individual subjects in the
present study. Molleet al. (1989) have reported a mean daily
intake (excluding drinking water) of 37-mg nitrate through food
in Denmark. Assuming that this figure is valid for Taiwan,

study do not appear to result from systematic differences irdrinking water would contribute, on average, 2.4% to the total

recording and codification of deaths.

nitrate intake in our 252 municipalities in Taiwan, given a daily

Of greater concern is whether the relative levels of nitrate andtonsumption of 2 L of water. Since nitrate concentrations in

hardness in the period around 1990 correspond to the relativaiwan are so low and the contribution from drinking water to
levels in periods 10-20 years previously. This is important sincaéhe total dietary intake may be rather small, our study does not
it is likely that exposure to causal factors would precede canceprovide evidence to support the drinking water nitrate—gastric
mortality by at least 20 years (the latency period for carcinogercancer hypothesis.

exposure). Some information on historical levels of nitrate and There has recently been public concern over the possible
hardness was available for the study areas in 1980. Thaitrate contamination in public water supplies in Taiwan, due
correlation between 1980 and 1990 nitrate and hardness levegsincipally to the increasing use of inorganic fertilizers in areas
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of arable farming. This makes it pertinent to examine the There are a number of major risk factors for gastric cancer
available evidence for an association between drinking watewhich should be taken into account when investigating the
nitrate ingestion and gastric cancer. The nitrate concentration ipossible role of an additional factor (drinking water nitrate or
drinking water in Taiwan is below the guideline value recom- hardness exposure). On the basis of scientific knowledge from
mended by the World Health Organization (1984) of 10 mg/L.the epidemiologic study carried out in Taiwan, the most
However, there is no scientific evidence to justify firm conclu- important risk factors for gastric cancer are cigarette smoking,
sions about the safety of any concentration of nitrate in wateglcohol drinking, green tea drinking as well as consumption of
with regard to gastric cancer risk. Forman (1989) notes thagalted meat, cured meat, smoked food, fried food, and fer-
although environmental nitrate exposure probably plays a rolénented beans (Leet al. 1990). Unfortunately, there is no
in the development of gastric cancer, it may not serve as information available on these variables for individual study
rate-limiting factor. subjects, and they could not be adjusted for directly in the
Regarding water hardness, there are no distinctly define@nalysis. If the association between these potentially confound-
guidelines as to what constitutes a hard or soft water supply. ANg variables on the one hand and stomach cancer risk on the
generally accepted classification is water with less than 75 mg/Rther is not as strong as the one that has been observed for water
of CaCQ is considered soft, 75—-150 mg/L is moderately hard,hardness, adjustmgnt of these variables will not qualitatively
and above 150 mg/L is hard (Sawyer and McCarty 1978). Thre&€hange the conclusion. o
past studies that investigated gastric cancer risk and drinking N summary, the present study has found no significant
water hardness were ecologic in design and reported positivgssouatlon be.tween nltra.te Ievgls in drinking water and mortal-
associations between gastric cancer mortality and the use of sy from gastric cancer in Taiwan. The present study also
water (Malnasiet al. 1976; Turner 1962; Zemla 1980). Our suggests thata65_% excess risk of mortality from gastric cancer
study used a case-control approach based on death certificafé@S found in relation to the use of soft water and a 16% excess
records. Exposure was defined in this study as the hardness Wt the use of moderately hard water compared with the use of

the drinking water source serving the address listed on the dea _rd water. The elevated ”S.k was statlst|c_ally S|gn|f|c_ant, but
chdence is presently not available to establish conclusively that

cancer mortality in areas with soft water compared with aread/ater hardness may prevent gastric cancer. Future studies

withhard e, and a 16% excess for moderaielynardwatcf 0%, TSI (e vl ake of pariness e
compared to hard water. Other studies (Malnetsal. 1976; ’ ’ 9

Turner 1962; Zemla 1980) have reported only correlationfacmrs’ e_sp(_emally personal_ ”?k factor‘_s SUCh. as smokm_g,
L . X . alcohol drinking, green tea drinking and diet habits. Due to this
coefficients and not risk estimates as a function of exposure.

The hardness of drinking water is determined largely by itSuncertamty, it is not possible to recommend specific remedial
. . ) measures.
content of calcium and magnesium. It is expressed as the

equivalent amount of calcium carbonate that could be formed
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