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Abstract. The possible association between the risk of gastric
cancer and nitrate and hardness in drinking water from munici-
pal supplies was investigated in a matched case-control study in
Taiwan. Data on gastric cancer deaths among eligible residents
in Taiwan from 1987 through 1991 (6,766 cases) were obtained
from the Bureau of Vital Statistics of the Taiwan Provincial
Department of Health. Controls were deaths from other causes
(6,766 controls) and were matched individually to the cases by
sex, year of birth, and year of death. Data on nitrate–nitrogen
(NO3–N) and hardness levels in drinking water throughout
Taiwan were collected from the Taiwan Water Supply Corpora-
tion (TWSC). The municipality of residence for cases and
controls was assumed to be the source of the subject’s nitrate
and hardness exposure via drinking water. There was no
difference in gastric cancer rates between the groups with
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 greater
than 0.45 mg/L. However, the results show a significant
negative relationship between drinking water hardness and
gastric cancer mortality. Odds ratios were 1.16 (1.07–1.26) and
1.65 (1.52–1.79), respectively, for exposure to moderately hard
water and soft water compared with the use of hard water. This
is an important finding for the Taiwan water industry and
human health risk.

In Taiwan, gastric cancer is the third leading cause of cancer
mortality for males and the sixth for females (DOH/ROC
1993a). The age-adjusted mortality rate for gastric cancer was
13.31 per 100,000 among males and 6.54 among females in
1993. There is substantial geographic variation in gastric cancer
mortality within the country (DOH/ROC 1993b). Such a
geographic distribution may suggest an environmental risk
factor.

It has been suggested that a link exists between the levels of
nitrate in drinking water and the mortality from stomach cancer
(Hill et al.1973; Jensen 1982; Harman 1983; Gilliet al.1984;

Dutt and Lim 1987; Xu 1981). However, other studies have
failed to confirm such an association (Armijoet al. 1981;
Davies 1980; Beresford 1985; Fraser and Chilvers 1981;
Rademacheret al. 1992). The WHO (1985) concluded that no
firm epidemiological evidence has been found linking gastric
cancer to drinking water containing higher levels of nitrate, but
a link cannot be ruled out due to the inadequacy of the data
available.

The mechanisms are unclear, but hardness in drinking water
has been suspected as another factor which is associated with
stomach cancer (Malnasiet al. 1976; Turner 1962; Zemla
1980).

The objective of this study was to evaluate the risk of gastric
cancer associated with nitrate and water hardness exposure in
drinking water from municipal supplies in Taiwan.

Materials and Methods

Study Area

Taiwan is divided into 361 administrative districts, which will be
referred to herein as municipalities. They are the units that will be
subjected to statistical analysis. Excluded from the analysis were 30
aboriginal townships and 9 islets that had different life-styles and living
environments. This elimination of unsuitable municipalities left 322
municipalities for the analysis.

Subject Selection

Data on all deaths of Taiwan residents from 1987 through 1991 were
obtained from the Bureau of Vital Statistics of the Taiwan Provincial
Department of Health, which is in charge of the death registration
system in Taiwan. For each death, detailed demographic information
including sex, year of birth, year of death, cause of death, place of death
(municipality), and residential district (municipality) were recorded on
computer tapes. The case group consisted of all eligible gastric cancer
deaths (International Classification of Disease, ninth revisions [ICD-9],
code 151).

A control group was formed using all other deaths excluding those
deaths that were associated with gastrointestinal problems [i.e.,malig-
nant neoplasm of small intestine (ICD-9 codes 152–154), gastric ulcer
(ICD-9 code 531), duodenal ulcer (ICD-9 code 532), peptic ulcer, siteCorrespondence to:C.-Y. Yang
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unspecified (ICD-9 code 533), gastrojejunal ulcer (ICD-9 code 534),
and gastrointestinal hemorrhage (ICD-9 code 578)]. Subjects who died
from prostate (Moraleset al. 1995a), bladder (Moraleset al. 1995a,
1995b), lung (Hoffmannet al.1994), esophageal (Yang 1980; Wuet al.
1993), and head and neck (Andreet al.1995; Herity et al. 1981) cancer
were also excluded from the control group because of previously
reported associations with nitrate or N-nitroso compounds exposures.
Control subjects were pair matched to the cases by sex, year of birth,
and year of death. Each matched control was selected randomly from
the set of possible controls for each case. To be eligible, both case and
control subjects must have had residence and place of death in the same
municipality.

Nitrate–Nitrogen and Hardness Levels

Information on the levels of nitrate–nitrogen (NO3–N) and hardness in
finished water in each waterworks was obtained from the Taiwan Water
Supply Corporation (TWSC) (TWSC/ROC 1991), to whom each
waterwork is required to submit drinking water quality data including
the nitrate–nitrogen (NO3–N) and hardness. Four finished water
samples, one for each season, were collected from each waterworks.
The samples were analyzed by the waterworks’ laboratory office using
the standard method. Since the laboratory office examines nitrate and
hardness on a routine basis using a standard method, it was thought that
the problems of analytical variability were minimal. Data collected
were the annual mean NO3–N and hardness for the year 1990. Among
the 322 municipalities, 70 were excluded because they had more than
one waterwork to supply the drinking water and the exact population
served by each waterwork could not be determined. Their details are
given in an earlier publication (Yanget al. 1996). The final complete
data comprised data from 252 municipalities. The municipalities of
residence for all cases and controls were identified from death
certificates and were assumed to be the source of the subject’s nitrate
and hardness exposure via drinking water. The NO3–N and hardness
levels of that municipality were used as the indicator of that individu-
al’s nitrate and hardness exposure.

Statistics

In the analysis of the association between nitrate exposure and gastric
cancer, the subjects were divided into tertiles according to the levels of
nitrate in their drinking water. For the analysis of hardness, the subjects
were divided into one of three mutually exclusive hardness categories:
water with less than 75 mg/L of CaCO3 (soft), 75–150 mg/L of CaCO3
(moderately hard), and above 150 mg/L of CaCO3 (hard) (Sawyer and
McCarty 1978). Conditional logistic regression was used to estimate
the odds ratios (ORs) and their 95% confidence interval (95% CI) in
relation to the nitrate and hardness levels in drinking water (Breslow
and Day 1980). Tests for trend were conducted using the method
described by Mantel (1963).P-values , 0.05 were considered
statistically significant.

Results

A total of 6,766 gastric cancer cases with complete records were
collected for the period from 1987 to 1991. Of the 6,766 cases,
4,480 were males and 2,286 were females. The mean nitrate
concentration for the gastric cancer cases (n 5 6766) was 0.45
mg/L NO3–N (SD5 0.43). Controls (n 5 6766) had a mean
NO3–N exposure of 0.44 mg/L (SD5 0.44). Both cases and
controls had a mean age of 65.2. Cases lived in municipalities in
which 89.8% of the population was served by waterworks. For

controls this number was 89.4%. Cases had a slightly higher
rate (42.0%) of living in a metropolitan municipality than the
controls (40.0%). There was no notable difference between
cases and controls with regard to the urbanization levels of their
residence (Table 1).

Table 2 shows the numbers of cases and controls and odds
ratios in relation to the nitrate levels in their drinking water. 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 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
drinking water. Trend analyses also showed no statistically
significant trend in risk of gastric cancer death with increasing
nitrate levels.

Table 3 shows the distribution of cases and controls with
respect to levels of hardness in drinking water. 33.9, 32.5, and
33.6% of the cases lived at residences served by soft, moder-
ately hard, and hard water, respectively, while 25.0, 34.0, and
41.0% were so served by the controls. The estimated odds ratios
and 95% confidence intervals are shown also in Table 3.
Relative to individuals whose hardness exposure level was
more than 150 mg/L (hard water), the odds ratios was 1.16
(95% CI5 1.07–1.26) for persons who had resided in places
served by hardness exposure level between 75 and 150 mg/L
(moderately hard water), and 1.65 (95% CI5 1.52–1.79) for
persons who had resided in places served by hardness exposure
level less than 75 mg/L (soft water). The chi-square test for
trend (x2 5 33.59,p , 0.0001) indicates a statistically signifi-
cant increasing trend in the odds of gastric cancer with
decreasing levels of hardness.

Discussion

This study uses a death certificate–based case-control study and
a drinking water quality ecology study to examine the relation-
ship between gastric cancer mortality and nitrate and hardness
exposure from drinking water in Taiwan. The results of the
present study show that there is no significant association
between drinking water nitrate exposure and gastric cancer
mortality, but there is significant negative association between
drinking water hardness and gastric cancer mortality.

Studies on the association between mortality and environmen-
tal exposures have been used widely to generate and falsify
epidemiological hypotheses, despite their inherent limitations
(Morgenstern 1982). The completeness and accuracy of the
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
registration offices, and, since the household registration infor-
mation is verified annually through a door-to-door survey, the
death registration is very complete. Although causes of death
may be misdiagnosed and/or misclassified, the problem has
been minimized through the improvement in the verification
and classification of causes of death in Taiwan since 1972.
Furthermore, Taiwan is a small island with a convenient
communication network, and the accessibility of medical
service facilities is comparable among study municipalities.
Mortality data differences between the municipalities in this
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study do not appear to result from systematic differences in
recording and codification of deaths.

Of greater concern is whether the relative levels of nitrate and
hardness in the period around 1990 correspond to the relative
levels in periods 10–20 years previously. This is important since
it is likely that exposure to causal factors would precede cancer
mortality by at least 20 years (the latency period for carcinogen
exposure). Some information on historical levels of nitrate and
hardness was available for the study areas in 1980. The
correlation between 1980 and 1990 nitrate and hardness levels

for the study areas were reasonably high (r 5 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
versa, could have introduced misclassification bias and bias in
the odds ratio estimate (Gladen and Rogan 1979; Polissar
1980). However, migrant studies have indicated that susceptibil-
ity to gastric cancer is strongly related to place of birth (early
life exposures) and much less to place of later residence
(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
present study were subjects whose residence and place of death
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
elderly are more likely to remain in the same residence during
the last 20 years of their life (Rademacheret al.1992).

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
with little consideration to whether nitrate in water makes a
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. Molleret 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,
drinking water would contribute, on average, 2.4% to the total
nitrate intake in our 252 municipalities in Taiwan, given a daily
consumption of 2 L of water. Since nitrate concentrations in
Taiwan are so low and the contribution from drinking water to
the total dietary intake may be rather small, our study does not
provide evidence to support the drinking water nitrate–gastric
cancer hypothesis.

There has recently been public concern over the possible
nitrate contamination in public water supplies in Taiwan, due
principally to the increasing use of inorganic fertilizers in areas

Table 1. Characteristics of the study population

Characteristics Cases Controls

Total subjects 6,766 6,766
Enrollment 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 (SD)a 65.2 6 13.0 65.2 6 13.0
Mean nitrate–nitrogen (NO3–N) con-

centration (SD)a 0.456 0.43 0.446 0.44
Drinking water served by water-

works (%) 89.8 6 5.3 89.4 6 5.5
Urbanization level of residence (%)b

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)

a SD: standard deviation
b The urbanization level of each municipality was based on the
urban-rural classification of Tzeng and Wu (1986)

Table 2. Odds ratios (ORs) and 95% confidence intervals (CI) for
gastric cancer by drinking water nitrate levels in Taiwan, 1987–1991

Nitrate
(median)a

No. of
Cases

No. of
Controls OR (CI)b

#0.22 (0.04) 2,109 (31.2%) 2,079 (30.7%) 1.00
0.23–0.44 (0.37) 2,126 (31.4%) 2,249 (33.2%) 0.95 (0.87–1.03)

$0.45 (0.67) 2,531 (37.4%) 2,438 (36.1%) 1.02 (0.93–1.11)
x2, trend5 0.60
p 5 0.44

a Expressed as mg/L as NO3–N
b Odds ratio adjusted for age and sex

Table 3. Odds ratios (ORs) and 95% confidence intervals (CI) for
gastric cancer by drinking water hardness levels in Taiwan, 1987–1991

Hardness
No. of
Cases

No. of
Controls OR (CI)d

Harda 2,275 (33.6%) 2,773 (41.0%) 1.00e

Moderately hardb 2,197 (32.5%) 2,299 (34.0%) 1.16 (1.07–1.26)
Softc 2,294 (33.9%) 1,694 (25.0%) 1.65 (1.52–1.79)

x2, trend5 33.59
P , 0.0001

a Total hardness: over 150 mg/L as CaCO3
b Total hardness: 75–150 mg/L as CaCO3
c Total hardness: 0–75 mg/L as CaCO3
d Odds ratio adjusted for sex and age
e Hard water exposure as reference group
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of arable farming. This makes it pertinent to examine the
available evidence for an association between drinking water
nitrate ingestion and gastric cancer. The nitrate concentration in
drinking water in Taiwan is below the guideline value recom-
mended by the World Health Organization (1984) of 10 mg/L.
However, there is no scientific evidence to justify firm conclu-
sions about the safety of any concentration of nitrate in water
with regard to gastric cancer risk. Forman (1989) notes that
although environmental nitrate exposure probably plays a role
in the development of gastric cancer, it may not serve as a
rate-limiting factor.

Regarding water hardness, there are no distinctly defined
guidelines as to what constitutes a hard or soft water supply. A
generally accepted classification is water with less than 75 mg/L
of CaCO3 is considered soft, 75–150 mg/L is moderately hard,
and above 150 mg/L is hard (Sawyer and McCarty 1978). Three
past studies that investigated gastric cancer risk and drinking
water hardness were ecologic in design and reported positive
associations between gastric cancer mortality and the use of soft
water (Malnasiet al. 1976; Turner 1962; Zemla 1980). Our
study used a case-control approach based on death certificate
records. Exposure was defined in this study as the hardness of
the drinking water source serving the address listed on the death
certificate. The current study estimates a 65% excess of gastric
cancer mortality in areas with soft water compared with areas
with hard water, and a 16% excess for moderately hard water
compared to hard water. Other studies (Malnasiet al. 1976;
Turner 1962; Zemla 1980) have reported only correlation
coefficients and not risk estimates as a function of exposure.

The hardness of drinking water is determined largely by its
content of calcium and magnesium. It is expressed as the
equivalent amount of calcium carbonate that could be formed
from the calcium and magnesium in solution. Animal studies
indicate that salt-induced damage to the gastric mucosa might
be inhibited by increasing intake of calcium (Lipkin and
Newmark 1985). A recent analytical epidemiologic study also
reports a possible protective effect of calcium against stomach
cancer (Youet al. 1988). Two biologically plausible mecha-
nisms are considered by which magnesium could prevent
carcinogenesis. Intracellular magnesium may enhance the fidel-
ity of DNA replication or magnesium on the cell membrane
may prevent changes which trigger the carcinogenic process
(Blondell 1980). Although the results from toxicologic studies
offer a biologic rationale for the associations found here, we
still have great difficulty in explaining why the hardness
concentration in drinking water should affect gastric cancer
mortality, when the relationship between hardness content
(calcium or magnesium) of water and of food is considered. If
the amounts of hardness in water have effect on gastric cancer
mortality, the larger amounts in foods would have a greater
effect. It appears to us that it is more reasonable to regard
hardness as an ‘‘indicator’’ of something else, possibly a causal
agent. The softer waters are originally acidic in character and
could well contain amounts of a number of organic substances
greatly in excess of the levels present in the harder waters. The
various organic constituents of drinking water might play a role
(Turner 1962). Also, soft water is more corrosive than hard
water and promotes the dissolution of cadmium, lead, and other
toxic substances from the plumbing system into the drinking
water (Westendorf and Middleton 1979). All of these problems
will require further study.

There are a number of major risk factors for gastric cancer
which should be taken into account when investigating the
possible role of an additional factor (drinking water nitrate or
hardness exposure). On the basis of scientific knowledge from
the epidemiologic study carried out in Taiwan, the most
important risk factors for gastric cancer are cigarette smoking,
alcohol drinking, green tea drinking as well as consumption of
salted meat, cured meat, smoked food, fried food, and fer-
mented beans (Leeet al. 1990). Unfortunately, there is no
information available on these variables for individual study
subjects, and they could not be adjusted for directly in the
analysis. If the association between these potentially confound-
ing variables on the one hand and stomach cancer risk on the
other is not as strong as the one that has been observed for water
hardness, adjustment of these variables will not qualitatively
change the conclusion.

In summary, the present study has found no significant
association between nitrate levels in drinking water and mortal-
ity from gastric cancer in Taiwan. The present study also
suggests that a 65% excess risk of mortality from gastric cancer
was found in relation to the use of soft water and a 16% excess
with the use of moderately hard water compared with the use of
hard water. The elevated risk was statistically significant, but
evidence is presently not available to establish conclusively that
water hardness may prevent gastric cancer. Future studies
should investigate the individual’s intake of hardness and
chemicals, both via food and water, and control for confounding
factors, especially personal risk factors such as smoking,
alcohol drinking, green tea drinking and diet habits. Due to this
uncertainty, it is not possible to recommend specific remedial
measures.

Acknowledgment. This study was partly supported by a grant from
the National Science Council, Executive Yuan, Taiwan (NSC-86-2314-
B-037-089).

References

Andre K, Schraub S, Mercier M, Bontemps P (1995) Role of alcohol
and tobacco in the aetiology of head and neck cancer: A
case-control study in the Doubs region of France. Eur J cancer
31B:301–309

Armijo R, Gonzalez A, Orellana M, Coulson AH, Sayre JW, Detels R
(1981) Epidemiology of gastric cancer in Chile: II. Nitrate
exposures and stomach cancer frequency. Int J Epidemiol 10:
57–62

Beresford SAA (1985) Is nitrate in the drinking water associated with
the risk of cancer in the urban UK? Int J Epidemiol 14:57–63

Blondell JM (1980) The anticarcinogenic effect of magnesium. Med
Hypotheses 6:863–871

Breslow NE, Day NE (1980) Statistical methods in cancer research:
The analysis of case-control studies. International Agency for
Research on Cancer, Lyon, pp 248–279

Chilvers C, Inskip H, Caygill C, Bartholomew B, Fraser P, Hill M
(1984) A survey of dietary nitrate in well-water users. Int J
Epidemiol 13:324–331

Coggon D, Osmond C, Barker DJP (1990) Stomach cancer and
migration within England and Wales. Br J Cancer 61:573–574

Correa P, Haenszel W, Cuello C, Arder M, Tannenbaum SR (1975) A
model for gastric cancer epidemiology. Lancet 2:58–60

Correa P (1988) A human model of gastric carcinogenesis. Cancer Res
48:3554–3560

Drinking Water Quality and Gastric Cancer Mortality 339



Davies JM (1980) Stomach cancer mortality in Workshop and other
Nottinghamshire mining towns. Br J Cancer 41:438–445

Department of Health, Republic of China (1993a) Health Statistics: II.
Vital Statistics. Department of Health, Taipei.

———(1993b) The Atlas of Cancer Mortality in Taiwan. Department
of Health, Taipei.

Dutt MC, Lim HY (1987) Nitrate consumption and the incidence of
gastric cancer in Singapore. Food Chem Toxicol 25:515–520

Forman D (1989) Are nitrates a significant risk factor in human cancer?
Cancer Surveys 8:443–458

Fraser P, Chilvers C (1981) Health aspects of nitrate in drinking water.
Sci Total Environ 18:103–116

Gilli G, Corrao G, Favilli S (1984) Concentrations of nitrate in drinking
water and incidence of gastric carcinomas: first descriptive study
of the Piemonte Region, Italy. Sci Total Environ 34:35–48

Gladen B, Rogan W (1979) Misclassification and the design of
environmental studies. Am J Epidemiol 109:607–616

Harman EI (1983) Nitrate/nitrite ingestion and gastric cancer mortality.
Environ Mutagen 5:111–121

Herity B, Moriarty M, Bourke GGJ, Daly L (1981) A case-control study
of head and neck cancer in the Republic of Ireland. Br J Cancer
43:177–182

Hill MJ, Hawksworth G, Tattersall G (1973) Bacteria, nitrosamines and
cancer of the stomach. Br J Cancer 28:562–567

Hoffmann D, Brunnemann KD, Prokopczyk B, Djordjevic MV (1994)
Tobacco-specific N-nitrosamines and areca-derived N-nitrosa-
mines: Chemistry, biochemistry, carcinogenicity, and relevances to
humans. J Toxicol Environ Health 41:1–52

Jensen OM (1982) Nitrate in drinking water and cancer in Northern
Jutland, Denmark, with special reference to stomach cancer.
Ecotoxicol Environ Safety 6:258–267

Lee HH, Wu HY, Chuang YC, Chang AS, Chao HH, Chen KY (1990)
Epidemiologic characteristics and multiple risk factors of stomach
cancer in Taiwan. Anticancer Res 10:875–881

Lipkin M, Newmark H (1985) Effect of added dietary calcium on colon
epithelial-cell proliferation in subjects at high risk for familial
colonic cancer. New Engl J Med 313:1381–1384

Malnasi G, Jakab S, Incze A, Apostol A, Csapo JM (1976) An assay for
selecting high risk population for gastric cancer by studying
environmental factors. Neoplasma 23:333–341

Mantel N (1963) Chi-square tests with one degree of freedom;
extensions of the Mantel-Hanszel procedure. J Am Stat Assoc
58:690–700

Moller H, Landt J, Jensen P, Pedersen E, Autrup H, Jensen OM (1989)
Nitrate exposure from drinking water and diet in a Danish rural
population. Int J Epidemiol 18:206–212

Morales M, Llopis A, Tejerizo ML (1995a) Impact of nitrates in
drinking water on cancer mortality in Valencia, Spain. Eur J
Epidemiol 11:15–21

Morales M, Llopis A, Tejerizo ML, Ferrandiz J (1995b) Concentration
of nitrates in drinking water and its relationship with bladder
cancer. J Environ Pathol Toxicol Oncol 12:229–236

Morgenstern H (1982) Uses of ecologic analysis in epidemiological
research. Am J Public Health 72:1336–1344

Polissar L (1980) The effect of migration on comparison of disease
rates in geographic studies in the United States. Am J Epidemiol
111:175–182

Preussman R, Stewart B (1984) N-nitroso carcinogens. In: C. Searle
(ed.) Chemical Carcinogens. ACS Monograph 182., American
Chemical Society, Washington, DC, pp 643–828

Rademacher JJ, Young TB, Kanarek MS (1992) Gastric cancer
mortality and nitrate levels in Wisconsin drinking water. Arch
Environ Health 47:292–294

Sawyer CN, McCarty PL (1978) Chemistry for Environmental Engineer-
ing, 3rd ed. McGraw-Hill Book Company, New York

Taiwan Water Supply Corporation, Republic of China. (1991) The
Statistical Data of Water Quality, Taiwan. Taiwan Water Supply
Corporation, Taichung

Turner RC (1962) Radioactivity and hardness of drinking waters in
relation to cancer mortality rates. Br J Cancer 16:27–45

Tzeng GH, Wu TY (1986) Characteristics of urbanization levels in
Taiwan districts. Geograph Res 12:287–323

Walker R (1975) Naturally occurring nitrate and nitrite in foods. J Sci
Food Agric 26:1735–1742

Westendorf J, Middleton A (1979) Chemical aspects of the relationship
between drinking water quality and long-term health effects: An
overview. J Am water Works Assoc 71:417–421

White JW (1975) Relative significance of dietary sources of nitrate and
nitrite. J Agric Food Chem 23:886–891

World Health Organization (1985) Health hazards from nitrates in
drinking water. Report on a WHO meeting, Regional Office for
Europe, World Health Organization, Copenhagen

World Health Organization (1984) Guidelines for Drinking Water
Quality: Vol. 1. Recommendations. World Health Organization,
Geneva

Wu Y, Chen J, Ohshima H, Pignatelli B, Boreham J, Li J, Campbell TC,
Peto R, Bartsch H (1993) Geographic association between urinary
excretion of N-nitroso compounds and oesophageal mortality in
China. Int J Cancer 54:713–719

Xu GW (1981) Gastric cancer in China: A review. J Roy Soc Med
74:210–211

Yang CY, Chiu JF, Chiu HF, Wang TN, Lee CH, Ko YC (1996)
Relationship between water hardness and coronary mortality in
Taiwan. J Toxicol Environ Health 49:1–9

Yang CS (1980) Research on oesophageal cancer in China: a review.
Cancer Res 40:2633–2644

You WC, Blot WJ, Chang YS, Ershow AG, Yang ZT, An Q (1988) Diet
and high risk of stomach cancer in Shandong, China. Cancer Res
48:3518–3523

Zemla B (1980) Geography of the incidence of stomach cancer in
relation to hardness of drinking water and water supply. Wiadom-
osci Lekarskie 33:1027–1031 (English abstract only)

C.-Y. Yanget al.340


