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Abstract

Significant association between ingested inorganic arsenic and risk of various internal
cancers, particularly bladder cancer, have been eported in our previous studies in
arseniasis-endemic area in southwestern Taiwan, where many households shared only
few wells in their villages. In a newly-identified arseniasis-endemic area in northeastern
Taiwan, where each household has its own well to supply drinking water, the risk of
transitional cell carcinoma (TCC) related to ingested inorganic arsenic was examined
among a cohort of 8102 residents. Individual exposure to inorganic arsenic of study
subjects was based on arsenic concentration in ‘water of their own wells which was
determined by hydride generation combined with atomic absorption spectrometry. A
standardized interview was used to obtain information on history of drinking well water
and risk factors for various cancers including cigarette smoking and alcohol drinking.
The occurrence of cancers was ascertained by follow-up interview and data linkage with
community hospital records, national death certification profile and cancer registry
profile. Cox’s proportional hazards regression analysis was used to estimate the
multivariate-adjusted relative risk (RR) and its 95% confidence interval (CI). There was a
significantly increased incidence of urinary organ cancers compared with the general
population in Taiwan showing a standardized incilence ratio (95% CI) of 1.86 (1.07-
3.01). A significant dose-response relation between risk of cancers of urinary organs,
especially for TCC, and arsenic exposure indices vas observed after adjustment for age,
sex and cigarette smoking. The multivariate-adjusted RR of developing TCC was 1.9, 8.2
and 15.3, respectively, for arsenic concentration of 10.1-50.0, 50.1-100 and >100 ug/liter

compared with the referent group of <10.0 ug/liter.

ingested arsenic; incidence; transitional cell carcinoma




Arsenic is a ubiquitous element widelv distributed in nature and mainly
transported in the environment by water. Humans are exposed to arsenic through water,
air, food and beverages. Arsenic in sea food is tigh and predominantly in its organic
forms which are considered less toxic than inorganic arsenic. Sources of exposure to
arsenic through ingestion include drinking water, drugs used to treat leukemia and
psoriasis, and arsenic-contaminated wine (1,2). The maximum contamination level for
arsenic in drinking water set by the US Environmental Protection Agency is 50 ug/liter.
In the United States, it has been estimated that about 350,000 people may drink water

contained arsenic higher than this level (3).

Arsenic has been well documented as one of the major risk factors for blackfoot
disease (BFD), a unique peripheral arterial disease characterized by the severe systemic
arteriosclerosis as well as dry gangrene and spontaneous amputations of affected
extremities at end stages (4,5). The BFD was endemic in southwestern coast of Taiwan
where residents had used high-arsenic artesian well water for more than 50 years. The
dose-response relationship between ingested inorganic arsenic and BFD has been well
documented (4). BFD patients have a high preva ence of arsenic-induced skin lesions
including hyperpigmentation, hyperkeratosis, and sicin cancers (4). They also have a high

mortality from cancers of the bladder and kidney (5).

Inorganic arsenic has been well documented as a human carcinogen of skin and
lung (1,2,6,7). It is also involved in the development of several other cancers in humans
without showing any organotropism. Significant association between ingested inorganic

arsenic and risk from cancer of the bladder has been observed in patients treated with




arsenic contained medical solution (8,9). In a smal cohort study of 478 patients treated
with Fowler’s solution which contains 1 percent potassium arsenite, a significant
association between the cumulative dose of arsenic intake and mortality from bladder
cancer was observed (9). Moselle wine vintners exposed to arsenical pesticide-
contaminated wine also had increased risk of the bladder cancer (10). Inhaled inorganic
arsenic has also been found to be associated with an increased mortality from bladder
cancer among workers in the USA and Japan (8, 11-12). There was no report examing
the dose-response relationship between inhaled arsenic and bladder cancer. Excess
mortality from kidney cancer has also been observed among copper smelter workers and
patients treated with Fowler’s solution (8). In our previous studies, an increased mortality
from cancers of the all sites combined, lung, live, bladder, kidney, skin, and prostate
gland has been observed among residents in the eademic area of BFD in Taiwan (13).
Age adjusted mortality for these cancer sites also have significant dose-response
relationship with the arsenic level in drinking water (14). A significant dose-response
relation between the long-term exposure to inorganic arsenic through drinking water and
the incidence from cancer of the bladder has also been reported in our recent cohort
follow-up study and in Japan (15-16). The bladder cancer relative risk for the highest
group of the cumulative arsenic exposure were 3.6 (95 percent CI 1.1-12.2). More
recently, an increased mortality of the bladder anc kidney cancer was observed among
residents in arsenic exposed regions of Argentina and Northern Chile (17-19). Argentina
studies showed that the standardized mortality rat o (SMR) for cancer s of the bladder
and kidney were 2.1 and 1.6 for men, and 1.8 and 1.8 for women, respectively, among

residents in the highest exposed areas compared with the general population of the




country. Whereas the study of Northern Chile also found SMR of developing bladder
cancer of 6.0 for men and 8.2 for women.

However, long-term exposure to inorgan c arsenic of our previous studies in
southwestern arseniasis-endemic area was based on the median arsenic content in well
water of residential villages. Because only few wel s were shared by many households in
villages. Lanyang Basin where arsenic level in the well water varies from undetectable
(<0.15 ug/liter) to >3000 ug/liter is located in the northeast of Taiwan Island. Each
household has its own well in this area, it is thus possible to assess the individual
exposure to inorganic arsenic in a much more precise way. The aim of this study was to
assess the dose-response relation between TCC :ncidence and long-term exposure to
ingested inorganic arsenic through drinking vsell water in this newly-identified

arseniasis-endemic area in northeastern Taiwan.

Subjects and Methods

Study Area

A total of eighteen villages in four townsh ps of Lanyang Basin were included in
the present study. The area included four villages in Chiaohsi Township, seven villages
in Chuangwei Township, three villages in Wuchieh Township and four villages in
Tungshan Township. Because of the abundance of underground water, residents in
Lanyang Basin had used shallow well water (< 40 m in depth) since 1940s for more than
50 years. Although the implementation of tape water system started in study area from

early 1990s, some residents are still drinking well water. The variation in arsenic levels




in well water of study area was much more striking than those in artesian well water of
arseniasis-endemic area in southwestern Taiwan(:20). The main source of exposure to

inorganic arsenic among residents in both areas was; through drinking well water.

Recruitment of Study Cohort and Determination of Arsenic Content in Well Water

The recruitment of study subjects has been described previously (21). In brief,
residents aged forty years or above were recruitec into the cohort under their informed
consent. A total of 8102 residents, including 4056men and 4046 women, who agreed to
participate were interviewed at home from October 1991 through September 1994. The
standardized personal interview based on a structured questionnaire was conducted by
four public health nurses who were well-trained in interview technique and questionnaire
details. Information obtained from the interview included history of well water
consumption, residential history, sociodemographic characteristics, cigarette smoking,
alcohol consumption, physical activities, history of sun light exposure, as well as
personal and family history of hypertension, diabetes, cerebrovascular disease, heart
disease, and cancers. A total of 3901 well water samples (one sample from each
household) were collected during home interview, acidified with hydrochloric acid

immediately and then stored at -20°C until subsequent assay. Hydride generation
combined with flame atomic absorption spectrometry was used to determine arsenic
concentration in these samples. The arsenic level was found to range from undetectable
(<0.15 ug/liter) to 3.59 mg/liter. The cumulative arsenic exposure level of each study
subject was derived from arsenic concentration in well water of the household and

duration of drinking well water (21). However, tiere were 1136 study subjects whose

arsenic exposure data were not available because their own wells no longer existed.
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Follow-up of Cancer Incidence

The occurrence of cancer of study subjects was followed-up by annual interview
and data linkage with community hospital records and national death certification and
cancer registry profiles. The vital status and causes of death for all subjects in the study
cohort during the entire follow-up period from ir itial recruitment to December 31, 1996
were verified. A total of 276 newly diagnosed cancer cases (ICD9=140-208) including
various cancer sites occurred during follow-up period. There were 16 urinary organs
cancers (ICD9=188-189) included in these inzident cancer cases. In addition, 12
transitional cell carcinoma (ICD-O: 8120/2, 3120/3, 8130/3) were confirmed by

pathologists among urinary organs cancers.

Data Analyses and Statistical Methods

To compare the incidence of various cancers between residents in Lanyang
Basin and general population in Taiwan, an indirect adjustment method was used to
estimate the standardized incidence ratio (SIR) (22). This method used age-sex-specific
incidence rates from 1991 to 1995 in Taiwan as standard rates. The expected number of
incidence for a given cancer was calculated by summing up the products of age-sex-
specific incidence rates of the cancer in the standard population multiplying by age-sex-
specific person-years under observation in the stuly cohort. The SIR was derived from
dividing the observed incident case number by the expected incident case number and
multiplying by 100. In order to compare the difference in incidence between various
groups of arsenic exposure, the arsenic level in well water of each study household was

categorized into three groups, i.e. <10 , 10.1-50, aad > 50ug/liter. The age sex adjusted




incidence rate of various cancers by arsenic exposure was calculated using the direct
adjustment method (22). This method used age sex specific population in Taiwan as
standard population. Age-sex-adjusted incidence rate was derived from dividing the
expected incidence number, which was calculatzd by summing up the products of age-
sex-specific incidence rates of the given cancer in the study cohort multiplying by age-
sex-specific standard population in Taiwan, by total number of standard population. The
Mantel Haenszel chi-square test was used to examine the statistical significance of the
difference in SIR rate among various exposure groups (22). In order to evaluate the
association between risk factors and incidence of cancers of the all sites combined, lung,
and urinary organs, Cox’s proportional hazards regression analysis was used to estimate
the multivariate-adjusted RR and its 95 percent CI for each independent variable
included various arsenic indices (23-24). The statistical significance of a multivariate-
adjusted RR was examined by the significance test for regression coefficient. The
interactive effect on the development of cancers of the all sites combined, lung, and
urinary organs between cumulative arsenic exposure and cigarette smoking habit was

also evaluated through Cox’s proportional hazards regression model.

Results

A total of 8102 study subjects were recru ted in the study cohort. Most subjects
were aged 40 to 59 years old, 40 percent of them were cigarette smokers and 19 percent
of them had an alcohol drinking habit. Amony the study cohort, 41 percent were
illiterate , 51 percent had an educational level of zlementary school, and only 8 percent

had a level of junior high school or above. They were mainly farmers and fishermen.



Table 1 shows age-specific study subjects by varioas arsenic concentration in well water
and its median, mean and 95 percent confidence interval. There were 4148 study subjects
(55.0 percent) who drink well water with arsenic concentration less than 50 ug/liter.
However, there still have 640 study subjects (8.5 percent) consume well water contained
arsenic greater than 300 ug/liter. The difference between median and men of arsenic
concentration in well water increase with arseric content in well water increment
showing a highly variant arsenic level in well water.

Table 2 shows SIR for various cancer sit2s. The risk of developing cancers of
the all sites combined, nasopharynx, esophagus, stomach, small intestine, colon and
rectum, liver, gallbladder, nasal cavities, larynx, lung, female breast, ovary and cervix
uteri, and urinary organs among study subjects wer significantly higher than those in the
general population in Taiwan. The significantly hizher risk of developing cancers of the
all sites combined, nasopharynx, esophagus, storiach, colon and rectum, gallbladder,
lung, and urinary organs were observed among men. While for women, the significantly
higher risk of various cancer sites were the all sites combined, stomach, colon and rectum,
nasal cavities, and female breast, ovary and cervix uteri.

The age sex adjusted incidence rates of cancers which were significantly
increased in this study cohort were further analyzzd by arsenic level in well water. As
shown in Table 3, a significant dose-response relation between age sex adjusted SIR with
their 95 percent CI and various arsenic exposure indices including arsenic concentration
in well water (ug/liter) and cumulative arsenic exposure (mg/liter*year) was observed for
cancers of urinary organs and TCC at a significant level (p<0.05).

The multivariate adjusted RR of developing cancers of the urinary organs and

TCC with their 95 percent CI for various risk factors included in model I and II are

10




illustrated in Table 4. As shown in model I, there was a statistically significant higher
risk for development cancer of the urinary organs among residents who drinking well
water contained arsenic concentration greater than 100 ug/liter after adjustment for age,
sex, and cigarette smoking. Cumulative arsenic exposure was used as the arsenic
exposure index in the Model II in table 4. Compared with residents whose cumulative
arsenic exposure less than 0.9 mg/liter*year as the referent group (RR=1 .0), a statistically
significant higher risk for development cancers of urinary organs was also observed for
residents who had long-term arsenic exposure more than 5 mg/liter*year after adjustment
for age, sex, and cigarette smoking. The biological gradient was even more prominent
between risk of TCC and various arsenic indices showing significant multivariate-
adjusted RR of developing TCC was 1.9, 8.2 and 15.3, respectively, for arsenic

concentration of 10.1-50.0, 50.1-100 and >100 ug/liter compared with the referent group

of <10.0 ug/liter and 9.1, 21.9, respectively, for camulative arsenic exposure of 1.0-4.9

and =5.0 mg/liter*year compared wih the referent group of less than 0.9 mg/liter*year. A
dose-response relation between risk for development cancers of the urinary organs and
TCC and various arsenic exposure indices was observed at highly significant level.
Moreover, a statistically significant higher risk of development cancers of the urinary
organs and TCC for smokers after adjustment for age, sex, and various arsenic exposure

indices were also shown in this Table.

Discussion

Significant associations between ingested inorganic arsenic and various cancers
have been reported in our previous studies carried out in arseniasis-endemic area in

southwestern Taiwan. These case-control and ecological studies showed that long-term
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inorganic arsenic exposure through water consump :ion increases the risk of cancers of all
sites combined, lung, liver, bladder, kidney, prostate gland and skin (4-5,8,13-14,25-26).
Dose-response relations between incidence rates cf cancers of all sites combined, lung,
and bladder and cumulative arsenic exposure were also observed in a cohort follow-up
study (15). Because there were only few wells skared be residents lived in villages of
arseniasis-endemic area in southwestern Taiwan, riedian arsenic levels in well water of
study villages were used to derived the individual exposure to ingested inorganic arsenic
in these studies. In other words, the cumulative arsenic exposure was estimated in a less
precise way which might result in a non-differcntial misclassification of individual
exposure. In arseniasis-endemic area in northeastern Taiwan, each household had its own
well for drinking water. Because the arsenic cont:nt in wells of a given village had a
striking variation, residents lived in the same village had very similar socioeconomic
status, lifestyles and medical care facilities with a significant difference in exposure to
ingested inorganic arsenic through consumption of' well water. This natural experiment
circumstance was considered most appropriate for the assessment of cancer risk
associated with ingested inorganic arsenic. In tais study carried out in arseniasis-
endemic area in northeastern Taiwan, we found a significantly increased risk of
developing cancers of all sites combined, colon and rectum, liver, lung and urinary
organs. The finding was consistent with those reported previously in arseniasis-endemic
area in southwestern Taiwan(13,14-15,25). Furthermore, this study also found an
increased incidence rates of cancers of the nasopharynx, esophagus, stomach, small
intestine, gallbladder nasal cavity and female breas-, ovary and cervix uteri, which were

not observed in previous studies in arseniasis-enderric area in southwestern Taiwan.
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Studies in arseniasis-endemic area in southwestern Taiwan showed a dose-
response relation between the long-term arsenic exposure and risk of cancers of all sites
combined, liver, lung, skin, bladder, kidney and prostate gland (4,14). The arsenic level
in well water was grouped into <300, 300-599 and >600 ug/liter in these studies.
Whether the current safety level of inorganic arsenic in drinking water of 50 ug/liter in
the United States and many other countries should be lowered has beer under intensive
and critical examination in recent years. However, there has never been a study aimed to
examine the human cancer risk associated with ingested inorganic arsenic at a level less
than 50 ug/liter in the well based on individual arsenic exposure data. It is thus important
to compare cancer risk at arsenic levels in drinking water around 50 ug/liter in order to
assess the necessity to implement a new standard. In this study based on a much more
precise estimation of arsenic exposure, we thus analyzed the incidence rates of urinary
cancer for three groups of arsenic levels of <10, 10.1-50 and >50 ug/liter. An increased
SIR of urinary cancer was observed in groups of 10.1-50 and >50 ug/liter compared with
the group of <10 ug/liter. Skin cancer is the major health effects of inorganic arsenic (6-
7). However, our study did not find the association between risk on the development of

skin cancer and arsenic exposure indices. It might be due to the underreport of skin

cancer incidence in Taiwan.

A statistically significant dose-response rclation was observed between two
arsenic exposure indices included arsenic level in dr nking water and long-term exposure
to arsenic, and urinary cancer after adjustment age, sex and cigarette smoking. The
biological gradient was even more prominent between risk of TCC and various arsenic

indices including arsenic concentration in drinking water and cumulative arsenic

13



exposure. Our study also observed a significantly increased risk of cigarette smoking in
the development of cancers of the urinary organs and TCC after adjustment various
arsenic exposure indices. It is implied that cigarette smoking might increase risk of
urinary cancer independently. Arsenic has been suzgested to play a role in the promotion
or progression of cancer development (27-29, although its effect on the early
carcinogenesis cannot be ruled out. Our finding seems to suggest that cigarette smoking
may play a role in the development of arsenic-induced urinary organs cancers and TCC

especially.

Inorganic arsenic seems to be a well-documented human carcinogen of skin
and several internal organs. However, limited evidence shows the carcinogenicity of
inorganic arsenic in experimental animals. The discrepancy between animal and human
studies might be due to the higher capability of inorganic arsenic methylation in animals
than in humans (30-32). In other words, humans are more sensitive to inorganic arsenic
than animals. Although inorganic arsenic is inactive or extremely weak to induce gene
mutations at specific loci (6,33), the possible modes of action for inorganic arsenic
carcinogenicity might include induction of chromosome abnormality, inhibition of DNA
repair, induction of oxidative stress, and increase of cell proliferation (34). The
genotoxicity of arsenic includes changes in chromcsome structure and number, increases
in sister chromatid exchanges and micronuclei, gene amplification, cell transformation,
and aneuploidy (15,3337). The role of inorganic arsenic in the carcinogenesis has been
hypothesized as a co-carcinogen such as promoter or progressor rather than an initiator
(27-28). However, the evidence was far from adequate to draw a definite conclusion on

the exact mechanism of inorganic arsenic to inducz various cancers in humans. Further

14



studies are needed to elucidate any possible ca-cinogenic mechanisms of inorganic

arsenic.
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TABLE 2. Standardized incidence ratio (SIR) with their 95% confidence interval (CI) for
various cancers among residents in the norheastern arseniasis-endemic area
compared with the general population in Taiwan

Total
Cancer site (ICD-9) Obs. SIR (95% CI)
All sites combined (140~208) 276 203 (1.80-2.27)*
Oral cavity and pharynx (141-149,-147) 5 1.07 (0.35-2.49)
Nasopharynx (147) 11 543 (1.71-6.14)*
Esophagus (150) 8 .37 (1.02-4.67)*
Stomach (151) 44 .30 (2.40-4.42)*
Small intestine (152) 3 £.02 (1.03-14.64)*
Colon and rectum (153,154) 37 1.91 (1.33-2.66)*
Liver (155) 29 1.55 (1.04-2.23)*
Gallbladder (156) 6 1.8 (1.17-6.92)*
Pancrease (157) 5 1.91 (0.62-4.46)
Nasal cavities (160) 3 £.00 (1.03-14.61)*
Larynx (161) 2 1.32 (0.16-4.77)
Lung (162) 52 2.48 (1.84-3.27)*
Thymus (164) 1 2.94 (0.07-16.35)
Connective tissue (171) 2 2.97 (0.36-10.73)
Skin (173) 9 2.17 (0.99-4.11)
Female breast, overy and cervix uteri 47 2.52 (1.83-3.37)*
(174,180,183)
Prostate gland (185) 5 1.29 (0.41-3.01)
Urinary organs(188+189) 16 1.86 (1.06-3.01)*
Bladder (188) 9 1.76 (0.81-3.34)
Kidney(189) 8 251 (1.08-4.95)*
Eye (190) 1 6.18 (0.16-34.42)
Brain (191) 2 196 (0.24-7.06)
Thyroid gland (193) 1 066 (0.02-3.69)
Lymph nodes (196) 1 056 (0.01-3.10)
Unspecified site (199) 5 150 (0.49-3.50)
*p<0.05
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