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Follow-up study on health effects induced by air pollutants and arsenic
among residents in Lanyang Basin
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Abstract

In order to evaluate the synergistic effects of
arsenic exposure through drinking water and
genetic polymorphisms of GST M1, T1, and
P1 on the risk of carotid atherosclerosis, a
total of 605 residents in Lanyang Basin were
recruited as study subjects. A standardized
personal interview based on a structured

HATRBREN GILBELRENLHAS S

questionnaire was carried out to obtained
study informations including duration of well
water consumption as well as personal and
family history of hypertension, diabetes and
cerebrovascular disease. Hydride generator
combined with flame atomic absorption
spectrometry was used to determine arsenic
concentration. PCR-RFLP was used for
genotyping GSTMI1,Tland P1. Carotid
atherosclerosis was diagnosed by medical
doctor based on data of intimal-medial
thickness (IMT) of arterial wall and plaque
score. Logistic regression analysis was used
to estimate age-sex-adjusted odds ratio and
95 % confidence interval. A significant
dose-response relationship was observed
between arsenic concentration in well water
and risk of carotid atherosclerosis among
study subjects with null genotype of GSTM1,
T1, and P1. The age-sex-adjusted odds ratios
of carotid atherosclerosis were 2.7 and 3.3
for arsenic concentrations in well water of
50.1-99.9 and =100 ug/L. Significant odds
ratios of carotid atherosclerosis for study
subjects with null-genotype of GST T1 were
5.3 and 3.6. Study subjects with W/V or V/V
genotype of GSTP1 had 4.1 and 3.2 fold
risks for the development of carotid
atherosclerosis. In conclusion, a significant
effect on the risk of carotid atherosclerosis
were observed ameng study subjects with
arsenic exposure and with null genotype of
GSTMI, T1 and genotypes of W/V and V/V
of GSTPI

key words : Arsenic, glutathione
S-transferase , atherosclerosis

— ~ Background and Purposes
The atherogenic effects of arsenic has
been well documented. Ingested inorganic




arsenic through drinking water has been
related to the development of peripheral
vascular disease in Poland, Chile, Mexico,
Argentina, Japan and Xinjiang, China (1-8).
Current studies have also reported long-term
exposure to arsenic in drinking water was

significantly associated with risk for
development ischemic heart disease,
cerebrovascular disease and peripheral

vascular disease in Taiwan, showing a
dose-response relationship( 9-13). In addition,
the association between ingestion arsenic
through drinking water and hypertension and
diabetes mellitus has also been reported in
Taiwan and Bangladesh (14-17).

Arsenite is methylated mainly in liver
to monomethylarsonic acid (MMA) and
dimethylarsinic acid (DMA) (18) . The
methylation process may be recognized as a
detoxification  mechanism  since  the
methylated metabolites are, in comparison
with inorganic arsenic, less reactivewith
tissue constituents, less toxic, and more
readily excreted in the urine (19-23). Many
studies have suggested that GSH might be
involved in the initial reduction of arsenate to
arsenite and the subsequent oxidative
methylation. GSH is necessary enzyme for
arsenic methylation, perhaps through the
formation of arsenite that is the preferred
arsenic form for methylation, or through
conjugation with arsenic (24-26). Glutathione
(GSH) S-transferases (GST) are
detoxification enzymes that catalyze the
conjugation of reduced glutathione to a wide
spectrum of hydrophobic and electrophilic
compounds. There are four subclasses of
GST in mammalian cells, namely alpha, mu,
pi and theta (27). The null genotype of
GSTM1 has a decreased detoxification
capability. It has been linked with an
increased risk of cancers of the lung, bladder,
breast, colon, multiple skin, meloma, and
oral (28-30). The null genotype of GSTTI
was reported to be associated with an
increased cancer risks of the brain and
colorectal (29-31). The GSTPi is the most

ubiquitous of the human GST family, being
express in different tissues. Current study
also reported that GSTP1 genotype may play
a role in risk for oral cancer particular among
lighter smokers (32). Humans with null
genotypes of GSTM1, T1, and P1 have been
considered to be a high risk group of cancers
due to their GSH deficiency. The specific
aim of this study is to evaluate the synergistic
effects of arsenic exposure through drinking
water and genetic polymorphisms of GST
M1, T1, and Pl on the risk of carotid
atherosclerosis.genetic  polymorphisms of
GST M1, Tl, and P1 on the risk of carotid
atherosclerosis.

— ~ Results and Discussion

A total of 605 study subjects included
289 men and 316 women were recruited in
this study. The distribution of study subjects
by various age groups were 18.2%, 42.6%
AND 39,2% for age less than < 55, 55- 64.9,
and = 65 years old. Among them, 37.2%
were cigarette smokers and 18.7% had
history of alcohol drinking. In addition,
132% and 6.3% of them affected with
hypertension  and  diabetes  mellitus,
respectively.

Table 1 shows age-sex-adjusted odds
ratios of carotid atherosclerosis for various
arsenic exposure groups in different exposure
indices of arsenic through drinking well
water. A significant age-sex-adjusted odds
ratios of risk of carotid atherosclerosis were
observed both in exposure groups with
arsenic concentration in well water greater
than 100 and ranged from 50.1 to 99.9 ug/L.
Moreover, study subjects with cumulative
arsenic exposure greater than 1.0 mg/L-year
also had significant age-sex-adjusted risk of
developing carotid atherosclerosis.

The risks of carotid atherosclerosis for
genetic polymorphisms of GSTM1, TI, and
P1 were illustrated in Table 2. A significant
higher age-sex-adjusted odds ratio of 2.0 for
the development of carotid atherosclerosis
was observed among study subjects with




genotypes of W/V and V/V. However, study
subjects with null genotype of GSTM1 and
Tl did not have higher risk of carotid
atherosclerosis.

The  cross-tabulation of  various
exposure of arsenic and genotype of GSTMI,
T1, and P1 was shown in Table 3. A
significant dose-response relationship was
observed between arsenic concentration in
well water and risk of carotid atherosclerosis
among study subjects with null genotype of
GSTM1,T1, and Pl. The age-sex-adjusted
odds ratios of carotid atherosclerosis were
2.7 and 3.3 for arsenic concentrations in well
water of 50.1-99.9 and =100 ug/L. Among
them, significant risks of  carotid
atherosclerosis were also  found for
cumulative arsenic exposure of 1.0-6.9 and
2 7.0 mg/L-year, showing odds ratios of 2.6
and 3.6, respectively. Significant odds ratios
of carotid atherosclerosis were 5.3 and 3.6
for arsenic concentrations in well water of
50.1-999 and >100 ug/L among study
subjects with null genotype of GSTTI.
Among them, significant risks of carotid
atherosclerosis were also found for
cumulative arsenic exposure of 1.0-6.9 and
= 7.0 mg/L-year, showing odds ratios of 2.2
and 2.5, respectively. Study subjects who
drank well water contained arsenic level of
50.1-99.9 and =100 ug/L , and with W/V
or V/V genotype of GSTP1 had 4.1 and 3.2
fold risks for the development of carotid
atherosclerosis.

The atherogenic effects of ingestion
inorganic arsenic through drinking water
have been well documented. A serious
studies carried out in Taiwan have reported
the significant association between long-term
exposure to arsenic in drinking water and the
risk for the development of atherosclerotic
vascular diseases such as ischemic heart
disease, cerebrovascular disease, and
peripheral vascular disease, showing a
dose-response relationship(9-13).
Atherosclerosis is a pathological condition
that underlies several important disorders

including coronary artery  disease,
cerebrovascular disease, and diseases of the
aorta and peripheral arterial circulation.
Multiple risk factors included diabetes
mellitus and hypertension predispose to the
development of atherosclerosis. (33).
Prevalence of atherosclerotic  vascular
diseases were significantly increased among
individual with diabetes mellitus and
hypertension (34). Significant dose-response
relationships between long-term exposure to
arsenic through drinking well water and risks
of hypertension and diabetes mellitus were
reported in Taiwan (14-15,35). A
dose-response relationships between risk of
carotid atherosclerosis and various exposure
indices of arsenic were not observed. In
addition, a  significant dose-response
relationship between age and risk of carotid
atherosclerosis was observed. It might be
implied that age was a major risk factor of
carotid atherosclerosis. Many studies have
suggested that GSH might be involved in the
initial reduction of arsenate to arsenite and
the subsequent oxidative methylation. GSH
is necessary enzyme for arsenic methylation,
perhaps through the formation of arsenite that
is the preferred arsenic form for methylation,
or through conjugation with arsenic (24-26,
36). In this study, a significant high risk of
developing carotid atherosclerosis was
observed among study subjects with W/M or
M/M genotypes of GSTP1, showing an odds
ratio of 2.0. Humans with null genotypes of
GSTMI, T1, and P1 have been considered to
be a highest risk group of carotid
atherosclerosis due to their GSH deficiency.
However, there were not significant
differences in risks of carotid atherosclerosis
between study subjects with various genetic
polymorphisms of GSTMI1, TIl, and Pl
within same exposure level to arsenic. It
might be due to that there were many genes
of GST family and many genetic
polymorphism sites in each GST gene needed
to be examined. In order to evaluate the
synergistic effects of genes with arsenic




exposure on the atherogenesis of arsenic,
more genes need to be examined in future
studies.

PY ~ Study Evaluation

This study has given a solid data for the
synergistic effects between arsenic and
genetic polymorphisms of GATMI, T1, and
Pl on risk for development of carotid
atherosclerosis. We have recruited the
promised number (605) of study subjects in
this  study. In addition,  genetic
polymorphisms of GST M1, TI, and PI
among study subjects have also been typed.
Significant association between risk for the
development of atherosclerosis and null
genotype of GSTMI1, T1, and W/V or V/V
genotype of GST Pl were observed in this
study. It is important evidences in supporting
of atherogenic effects of arsenic obscrved
through epidemiological studies. However,
significant synergistic effects between arsenic
and various GST genes were not observed in
this study. It might be due to that there were
many genes of GST family and many
genetic polymorphism sites in cach GST
gene needed to be examined. In order to
evaluate the synergistic effects of genes with
arsenic exposure on the atherogenesis of
arsenic, more genes need to be examined in
future studies based on many new
technologies of molecular biology developed
in post era of Human Genome Project. There
were two master thesis and one paper
published based on the support of this study
(37-39). Some papers are prepared now and
will be submitted in the near future.
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Table 1 Age-sex-adjusted odds ratio (OR) and 95% confidence interval (CI) of carotid

atherosclerosis by various arscnic exposure indices

Variable Case Control OR (95%CI)? OR (95%CI)°
No(%) No(%)
Arsenic concentration
in well water (pg/L)
<50 50 (17.9) 115 (354) 1.0 1.00
50.1-99.9 92 (32.9) 84 (25.8) 25 (1.6-3.9) ™ 213 (1.04-432) "™
100+ 138 (49.2) 126 (38.8) 2.5 (1.02-4.02) *** 213 (1.04-4.32) **
Cumulative arsenic
exposure mg/L-year)
<1.0 58 (20.7) 101 (31.1) 1.0 1.0
1.0-6.9 150 (53.6) 156 (48.0) 1.7 (1.1-25) ™ 1.8 (12-28) "
7.0+ 72 {25.7) 68 (20.9) 1.8 (1.2-29) " 1.9 (1.1-3.0) *

a: crude odds ratio  b:age-sex-adjusted odds ratio

§: 0.05<p<0.1

% :0.01<p<0.05

#x: (.001<p<0.01

*%% :n<(.001




Table 2 Age-sex-adjusted odds ratio (OR) and 95% confidence interval (CI) of carotid atherosclerosis
by genetic polymorphisms of GSTMI, T1 and P1

Variable Case Control OR (95%CI)* OR (95%CI)"
No(%) No(%)

GSTM1

Non-null 136 (48.7) 139 (42.8) 1.0 1.0

Null 143 (51.3) 186 (57.2) 0.8 (0.6-1.1) 0.9 (0.5-1.0)
GSTT1

Non-null 134 (48.0) 133 (40.9) 1.0 1.0

Null 145 (52.0) 192 (59.1) 0.8 (0.5-1.0) ¢ 0.7 (0.5-1.0) ¢
GSTP1

W/W 178 (63.8) 248 (76.4) 1.0 1.0

W/V ¢ 95 (34.1) 71 (21.8) 1.8 (13-2.6) " 2.0 (1.4-3.0) ™

VIV 6 (2.1) 6 (1.8)

a: crude odds ratio  b: age-sex-adjusted odds ratio ¢ W: wild type; V: variant type
§: 0.05<p<0.1  #:0.01<p<0.05 =#*:0.001<p<0.01 #** :p<0.001

Table 3 Age-sex-adjusted odds ratio (OR) and 95% confidence interval (CI) of carofid
atherosclerosis by genetic polymorphisms of GSTMI, TI, and P1 by various arsenic
exposure indices

GSTM1 GSTTI GSTP1
Variable Null Null W/VPor VIV
OR*(95%CI) OR"(95%CI) OR?(95%CI)
Arsenic concentration in well
water (ug/l)
<50 1.0 1.0 1.0
50.1-99.9 2.7(1.4-53) 7 5.3(2.6-10.8) """ 4.1(1.-10.0)""
100+ 3.3(1.8-62)™ 3.6(1.9-7.0) ™™ 3.2(1.4-7.H)"
Cumulative arsenic exposure
(mg/L-year )
<1.0 1.0 1.0 1.0
1.0-6.9 2.6(1.4-4.8)™ 22(1.2-4.)° 2.4(1.1-54)°
7.0+ 3.6(1.7-7.6) 2.5(1.2-5.2)° 2.1(0.8-5.1)

a: age-sex-adjusted odds ratio  b: W: wild type; V: variant type
§:0.05<p<0.1  *:0.01<p<0.05  #%: 0.001<p<0.01 »** :p<0.001
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ABSTRACT

In order to evaluate the various elements exposure from drinking well water among residents in
Lanyang Basin located in the northeastern arseniasis-endemic area in Taiwan, a total of 1349 well
water samples were collected randomly from study area to examine concentration of arsenic (As), zinc
(Zn), chromium (Cr), sodium (Na), manganese (Mn), iron (Fe), beryllium (Be), magnesium (Mg),
calcium (Ca), strontium (Sr), barium (Ba), boron (B), copper (Cu), and cadmium (Cd). Inductively
coupled plasma-atomic emission spectrophotometry (ICP-AES) was used to determine Zn, Cr, Na, Mn,
Fe, Be, Mg, Ca, Sr, Ba, B, Cu, and Cd; As were examined by [CP-AES with hydride generation. A
total of 2253 residents whose household well water was collected were interviewed personally based
on a structured questionnaire. Information obtained from the interview included duration and volume
of well water consumption. The cumulative exposure level of each study subject to various elements
was derived from concentration of each element in well water of the household, duration of drinking
well water and volume of well water consumption. The concentrations of these elements in well water,
except arsenic, were significantly different among four study townships in Lanyang Basin. The log
transformed concentrations of Ca, Fe, Cr and Ba were positively correlated with As significantly.
However, significantly correlation of Mn, Mg and Be with As were also observed. Compared with low
Mn and Cu exposed group, those who drank well water contained high concentration of Mn and Cu

had significant low risk of all cancer sites combined after adjustment for age, sex, cigarette smoking,

and alcohol drinking.
INTRODUCTION

Arsenic is a ubiquitous element widely 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 high and predominantly in its organic forms which are considered less toxic than
inorganic arsenic. Sources of high exposure to arsenic through ingestion included drinking water with
an elevated level of inorganic arsenic, some drugs used to treat leukemia and psoriasis, and
arsenic-contaminated wine. Workers from industries of smelting and refining copper, producing and
using arsenic-containing agricultural chemicals, and manufacturing glass, semiconductor and various
pharmaceutical substances may have an increased occupational exposure to air-borne arsenic'. The

maximum contaminant level (MCL) for arsenic in drinking water set by the US Environmental




Protection Agency is 50 ug/L’>. In the United States, it has been estimated that about 350,000 people

may drink water containing arsenic higher than this level®.

Inorganic arsenic has been well documented as a human carcinogen of skin and lung"***, It is
also involved in the development of several other cancers in humans without showing any
organotropism. Two studies had shown an increased mortality from lung cancer due to occupational
exposures to airborne arsenic through inhalation among copper smelter workers in Anaconda ®® and
Tacoma *"'. Significant associations between ingested inorganic arsenic and risk from cancers of the
lung and bladder have been observed in patients treated with Fowler’s solution, in Moselle vintners
exposed to arsenic pesticide-contaminated wine, and in persons exposed to inorganic arsenic from
artesian well water 2%, Inhaled inorganic arsenic has also been found to be associated with an
increased mortality from bladder cancer among workers in the USA and Japan '*!*, Excess mortality
from kidney cancer has also been observed among copper smelter workers and patients treated with
Fowler’s solution "°. A significantly increased mortality from stomach cancer has been reported among
Swedish copper smelter workers and Moselle vintners 7. In our previous studies, an increased
mortality from cancers of the all sites combined, lung, liver, bladder, kidney, skin, and prostate gland
has been observed among residents in the endemic area of blackfoot disease (BFD) in Taiwan 1618 A
significant dose-response relation between the long-term exposure to inorganic arsenic through
drinking water and the incidence from cancers of the all sites combined, lung, and bladder has also

been reported in our recent cohort follow-up study *°.

Zn, Cu and Mn were essential elements which could reduce carcinoghenicity of arsenic

through inhibition free radical induced by arsenic?®*!

. While, some elements such as Cd, Be, Cr and
Fe have been well-documented human carcinogen for their specific species’. The elements examined
their concentration in well water were selected based on some rcasons including carcinogenicity or

toxicity of these elements and having synergistic effects with arsenic on developing cancers.

Though the dose-response relationship between arsenic exposure through water consumption
and risk on development of various cancers were observed in previous studies carried out in BFD
endemic area and in Lanyang Basin located in the northeastern Taiwan, there were only 1% of study

subjects affected with arsenic-related cancers. In addition, there were on any solid evidences from




animal experiments to support the carcinogenicity of arsenic. Irt order to elucidate whether arsenic was
the only major exposure source in well water for the high cancer risk groups of Lanyang Basin, the
specific aim of this study was to assess the exposure of elements including Zn, Na, Ca, Cu, Fe, Mn,
Mg, Cr, Sr, Ba, Cd, Be, and B in well water among residents in Lanyang Basin and to evaluate the

synergistic interaction between these elements and arsenic on the development of internal cancers.
MATERIALS AND METHODS

Study Area

A total of eighteen villages in four townships 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 used shallow well water (< 40 m in depth)
since 1940s for more than 50 vears. 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 the southwestern

.. . 2 . . . . . .
arseniasis-endemic area **. 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 Element Contents in Well Water

The recruitment of study subjects as the study cohort has been described previously 2. In brief,
residents aged forty years or above were recruited into the cohort under their informed consent. A total
of 2753 study subjects were selected randomly from the study cohort in this study. Information of
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 were
obtained from structured questionnaire carried from October 1992 through September 1994%. A total
of 1349 well water samples were selected randomly from -20°C water bank. Inductively coupled

plasma atomic emission spectrometry (ICP-AES) was used to determine element concentrations of Zn,

Na, Ca, Cu, Fe, Mn, Mg, Cr. Sr, Ba, Cd, Be, and B in these samples.




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 initial recruitment to December 31, 1996 were verified. A total of 170 newly diagnosed
cancer cases (ICD9=140-208) including various cancer sites occurred during follow-up period.
Data Analyses and Statistical Methods

The mean and standard error were used to express the concentration variation of study

elements in well water by various study townships. Pearson correlation coefficient was used to assess
to correlation between study elements and arsenic. In order to evaluate the association between study
elements and incidence of al! cancer sites combined , Cox’s proportional hazards regression analysis
was used to estimate the multivariate-adjusted relative risk (RR) and its 9526 confidence interval (CI}
for each element which was significantly correlated with arsenic**?. The statistical significance of a
multivariate-adjusted RR was examined by the significance tesi for regression coefficient. The
synergistic interacton on all cancer sites combined between cumulative arsenic exposure and Mn were

also evaluated through Cox’s proportional hazards regression model.

RESULTS

Table 1 shows the concentrations of study elements i well water in four townships. The
concentrations of study clements in well water are significantly different in various study townships.
However, the arsenic content in well water does not have an significant difference in these township.
In other words, all the study townships had high arsenic level in well water.

As shown in Table 2. seven study elements which werc significantly correlated with arsenic
were further used to examine the association with incidence of all cancer sites combined through
regression analysis. A significant regression cocfficient, which indicate the increase of the risk pre
100,000 person-year for development of all cancer sites combined for every 1 ug/L increment in Mn

were observed. While, significant reversed regression coefficient were observed for Fe and Cr.

The multivariate-adjusted RR of development all cancer sites combined with 95% CI for

various risk factors are shown in Table 3. A significant reversed dose-response relationship between




concentration of Mn and risk of development of all cancer sites combined was observed after
adjustment for age, sex, cigarette smoking, and alcoho! drinking. Compared with the first tripletile
level of Mn in well water as the rcferent group. the multivariate-adjusted RR with 95%CI of the
second and the third tripletile level of Mn in well water were 0.6 (0.4-0.9) and 0.5 (0.4-0.8),

respectively.

DISCUSSION

Significant associations between ingested inorganic arsenic and vatious cancers have been
reported in our previous studies carried out in the southwestern arseniasis-endemic area in Taiwan.
These case-control and ecological studies showed that long-term inorganic arsenic exposure through
water consumption increases the risk of cancers of all sites combined, lung, liver, bladder, kidney,

3 . . .
136182627 Dyose-response relations between incidence rates of cancers of all

prostate gland and skin
sites combined, lung, and bladder and cumulative arsenic exposure were also observed in a cohort
follow-up study '°. Because there were only few wells shared be residents lived in villages of the
southwestern arseniasis-endemic area in Taiwan, median 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-differential misclassification of individual exposure. In the arseniasis-endemic area in northeastern
Taiwan, each household had its own well for drinking water. Because the arsenic content 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 circumstances
was considered most appropriate for the assessment of cancer risk associated with ingested inorganic
arsenic. In previous study carried out in the northeasiern arseniasis-endemic area, we found a
significantly increased risk of developing cancers of all sites combined, colon and rectum, skin and
urinary organs. The finding was consistent with those reported previously in the southwestern

. . . 972672
arseniasis endemic area ‘&'81926.27,

Arsenic seems to be a well-documented human carcinogen of skin and several internal
organs. However, limited evidence shows the carcinogenicity ol inorganic arsenic in experimental
animals ***°. In addition, arsenic is inactive or extremely weak to induce gene mutations at specific

loci *3!, The possible modes of action for inorganic arsenic carcinogenicity might include induction of




chromosome abnormality, inhibition of DNA rcpair, induction of oxidative stress, and increase of cell
proliferation 32 The genotoxicity of arsenic includes changes in chromosome structure and number,
increases in sister chromatid exchanges and micronuclei, gene amplification, cell transformation, and
aneuploidy 12", The role of inorganic arsenic in the carcinogenesis has been hypothesized as a

. Lo 30,31
co-carcinogen such as promoter or progressor rather than an initiator =,

Because the evidence was {ar {rom adequate to draw a definite conclusion on the exact
mechanism of inorganic arsenic to induce various cancers in humans, it is essentially to reevaluate the
carcinogenic effects of arsenic. This study aims to assess the synergistic interaction between many
elements and arsenic in well water. These elements include Zn. Na, Ca, Cu, Fe, Mn, Mg, Cr, Sr, Ba,
Cd, Be, and B. Some elements such as Cd, Be, Cr, Fe, Ni have been well-documented human
carcinogen for their specific species’. However. the other elements included Zn, Mn, and Cu have been
recognized as essential trace elements of antioxidant enzyme-superoxide dismutase (SOD) and also

. . L 1
involved in antioxidant process >

. The prevalence of cerebrovascular diseases among residents in
Lanyang Basin were higer than general population in Taiwan and Na seemed to be a risk factor of
these diseases . Mg. Sr, B, and Ba would have toxic effects on enzymatic function, skeletal and blood
vessel system *°. Our study found that there were seven elements significantly correlated with arsenic
in well water. However, only Mn had significant protect effects on the development of cancer.

According our finding, arsenic exposure through water consumption should be the major risk factor of

developing various cancers among residents in Lanyang Basin.
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