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Abstract Worldwide chronic arsenic (As) toxicity
has become a human health threat. Arsenic exposure
to humans mainly occurs from the ingestion of As
contaminated water and food. This communication
presents a review of current research conducted on
the adverse health effects on humans exposed to As-
contaminated water. Chronic exposure of As via
drinking water causes various types of skin lesions
such as melanosis, leucomelanosis, and keratosis.
Other manifestations include neurological effects,
obstetric problems, high blood pressure, diabetes
mellitus, diseases of the respiratory system and of
blood vessels including cardiovascular, and cancers
typically involving the skin, lung, and bladder. The
skin seems to be quite susceptible to the effects of As.
Arsenic-induced skin lesions seem to be the most
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common and initial symptoms of arsenicosis. More
systematic studies are needed to determine the link
between As exposure and its related cancer and
noncancer end points.
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Introduction

Inorganic As is ubiquitous in the environment and is
a human carcinogen (IARC 2004). Chronic As
toxicity in humans has been documented in many
countries worldwide, particularly in countries of
Southeast Asia. Significant As exposure mostly
occurs through drinking As-contaminated water
(WHO 2001; IARC 2004). Arsenicosis in many areas
was triggered by the desire to obtain microorganism-
free safe drinking water, and often surface water was
inadvertently replaced by As-contaminated ground-
water via the use of tubewells (Yoshida et al. 2004).
The adverse health effects of As depend strongly on
dose, duration of exposure, and the nutrition status of
the exposed population. The clinical manifestations
of As toxicity are many, but the most commonly
observed symptoms in people who suffer from
chronic As poisoning are the characteristic skin
lesions. The main dermatological symptoms observed
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in As affected people are melanosis (change of
pigmentation) and keratosis (rough, dry, papular skin
lesions). Chronic As exposure may also cause
reproductive, neurological, cardiovascular, respira-
tory, hepatic, hematological, and diabetic effects in
humans (WHO 2001). Intake of inorganic As was
recognized as a cause of skin, bladder, and lung
cancer (WHO 2001; TARC 2004). A number of
articles have been published on chronic As exposure
and its associated health effects (Morton and Dun-
nette 1994; Naqvi et al. 1994; Mandal and Suzuki
2002; Ng et al. 2003; Yoshida et al. 2004; Kapaj
et al. 2006; Wang et al. 2007; Chen et al. 2007).
Herein, the adverse health effects of As are reviewed.

Respiratory system

Ingestion of inorganic As for a prolonged period
causes respiratory problems, including cough, chest
sound, bronchitis, and shortness of breath (Guha
Mazumder et al. 2000; Milton et al. 2001, 2003;
Islam et al. 2007).

Guha Mazumder et al. (2000) examined the rate of
respiratory signs and symptoms including cough,
chest sounds, and shortness of breath and As exposure
via drinking water in the population of the As-affected
24-South Parganas district of West Bengal in India.
This study involved 7,683 participants of all ages (<9
to >60 years). The concentration of As in their
drinking water ranged from <3 to 3,400 pg/l. It was
reported that the prevalence odds ratio (POR) for
cough were 5.0 and 7.8 for males and females,
respectively; for chest sounds, the POR was 6.9 and
9.6, for males and females, respectively, after adjust-
ment of age. For shortness of breath, the POR was 3.7
and 23.2 in males and females, respectively.

In a small cross-sectional study, Milton et al. (2001)
investigated the link between As exposure and the rate
of chronic bronchitis in Bangladesh based on 94
individuals (age range: 5 to >51 years) with arsenical
skin lesions. Arsenic concentration in their drinking
water ranged from 136 to 1,000 pg/l with a mean value
of 614 pg/l. For exposed group, 14 of 40 males and 15
of 54 females were identified with the symptom of
chronic bronchitis. For nonexposed group, 11 of 50
males and 2 of 74 females were identified.

Milton and Rahman (2002) conducted a study of
respiratory effects among 169 subjects (44 exposed
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individuals with arsenical skin manifestations and
125 unexposed individuals) in Bangladesh. The range
of As in drinking water for exposed subjects was
136-1,000 pg/l. The crude prevalence ratio for
chronic bronchitis and chronic cough was 2.1 (95%
confidence interval: 0.7-6.1). The prevalence ratio
for chronic bronchitis increased with increasing As
exposure. The relationship between As exposure and
chronic cough and chronic bronchitis was also
investigated among 136 subjects from three As-
affected districts (Laxmipur, Barisal, and Madaripur)
of Bangladesh (Milton et al. 2003). Based on their
investigation, Milton et al. (2003) concluded that
ingestion of inorganic As present in drinking water
may lead to increased risk of chronic cough and
bronchitis.

Recently Islam et al. (2007) studied the link
between As exposure via drinking water and respi-
ratory complications. They found high prevalence of
respiratory complications such as breathing problems
including chest sound, asthma, bronchitis, and cough
in arsenicosis patients (125 subjects) of Bangladesh
exposed to As-contaminated water (mean concentra-
tion of 216 pg/l) for more than 7 years.

Pulmonary system

Ingestion inorganic As through drinking water also
causes pulmonary effects manifested by cough, chest
sounds in the lung, and shortness of breath (Guha
Mazumder et al. 2000; Mandal and Suzuki 2002).
Based on a cohort study conducted from Antofagasta
in Chile, Borgono et al. (1977) reported that 38.8% of
144 subjects with arsenical skin lesions complained
of chronic cough, compared with 3.1% of 36 subjects
without skin lesions. The study included 180 resi-
dents exposed to drinking water containing As at
800 pg/l. Guha Mazumder et al. (1997) reported that
89 (57%) of 156 subjects with arsenical skin lesions
had complaint of cough, based on the study con-
ducted from As-affected areas of West Bengal. Lung
function tests were carried out on 17 patients. Of
these, 53% of patients with skin lesions showed lung
disease, and 41% had combined obstructive and
restrictive diseases. More extensive investigation to
characterize the nature of the pulmonary disease
among arsenicosis patients is needed for further
validation.
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Cardiovascular system

Several epidemiological investigations have indicated
the risk of hypertension and cardiovascular disease
mortality due to As ingestion (NRC 1999, 2001).
Increased prevalence of peripheral vascular disease has
also been reported among residents with long-term As
exposure from As present in drinking water in Taiwan,
Chile, the USA, and Mexico (WHO 2001; NRC 1999,
2001;Wanget al.2007; Chenet al.2007).

A probable relation between low concentrations of
As and risk of hypertension was observed in a study
conducted from Michigan (Michigan Department of
Public Health 1982; NRC 1999). Borgono et al.
(1977) reported the prevalence of several manifesta-
tions of cardiovascular disease in 144 residents with
arsenical skin lesions from Antofagasta, Chile com-
pared with 36 residents without skin lesions. Engel
and Smith (1994) reported the relationship between
cardiovascular mortality and As exposure in 30 US
counties where the average As concentration in
drinking water was >5 pg/l.

Chiou et al. (1997) studied the link between cere-
brovascular disease prevalence and human exposure to
As from drinking water in Taiwan. Their investigation
included 8,102 males and females from 3,901 house-
holds. They reported a significant relationship between
As in drinking water and prevalence of cerebrovascular
disease following adjustment for age, sex, hypertension,
diabetes mellitus, smoking, and alcohol consumption.
Chen et al. (1995) reported a possible connection
between long-term exposure to As and prevalence of
hypertension based on their examination of 382 men and
516 women residing in the blackfoot-disease-endemic
villages of Taiwan. Prevalence of hypertension was
17.3% in males and 18.0% in females after adjustment
for age. They suggested that long-term As exposure
might induce hypertension in humans. Rahman et al.
(1999a, b) also reported hypertension (assessed by blood
pressure measurement) among 1,481 As-exposed resi-
dents compared with 114 unexposed residents in As-
affected areas of Bangladesh.

Tseng et al. (1996) reported the relationship
between previous As exposure and peripheral vascular
disease after cessation of consumption of contaminated
well water for more than two decades among 582 adults
in the As-endemic villages in southwestern Taiwan. A
significant dose-response relation was observed
between prevalence of peripheral vascular disease

and long-term As exposure after adjustment for age,
gender, body mass index, cigarette smoking, and serum
cholesterol and triglycerides levels. Tsai et al. (1999)
investigated mortality from peripheral vascular disease
in the As-endemic areas of Taiwan during 1971-1994
compared with local county and all of Taiwan.
Significant excess mortality from peripheral vascular
disease was reported for males and females compared
with inhabitants in nonendemic areas of Taiwan. Yang
(2006) examined the standardized mortality ratio of
peripheral vascular disease among residents in the As-
endemic areas in southwestern Taiwan from 1971 to
2003. The study showed that mortality due to periph-
eral vascular disease declined gradually for about 25—
27 years after cessation of consumption of As-con-
taminated well water (Yang 2006).

Zierold et al. (2004) investigated As exposure and
self-reported chronic diseases among 1,185 residents in
Wisconsin using questionnaire interview. The range of
As in water was from undetectable to 2,389 pg/l with a
median of 2 pg/l. The study reported that the odds ratio
of heart attack (95% confidence interval) was 2.1 for the
group exposed to As above 10 pg/l compared with the
group exposed to <2 pg/l of arsenic. In a cohort study,
Lewis etal. (1999) investigated the relationship
between exposure to As and mortality outcome in
residents of Millard County, UT, who were exposed to
drinking water containing median As ranging from 14 to
166 ng/l. Statistically significant increased mortality
was observed for hypertensive cardiovascular disease
and other heart diseases among cohort females. (Lewis
et al. 1999; Wang et al. 2007)

Gastrointestinal system

With acute or subacute exposure, As could cause
gastrointestinal problems (NRC 1999). Guha Mazum-
der et al. (1997) reported that only 3 of 156 cases had
gastrointestinal hemorrhage due to portal hyperten-
sion, based on their study in As-impacted areas of
West Bengal. Gross splenomegaly was not observed
in most of the cases.

Hematological system

Anemia, leucopenia, and thrombocytopenia are com-
mon effects of chronic As toxicity (NRC 1999). Based
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on their study from Niigata Prefecture of Japan, Terada
et al. (1962) reported a pattern of anemia, leucopenia,
and thrombocytopenia in 55 subjects who were exposed
to As in drinking water. Harrington et al. (1978)
examined complete blood counts of 184 subjects in
the Ester Dome area of Alaska where average concen-
tration of well water was 224 g/l. No associations were
observed between estimated daily As ingestion and any
hematological abnormality.

Based on the study conducted from West Bengal,
Guha Mazumder et al. (1997) reported that anemia
was present in 47% of 156 patients with arsenical
skin lesions. Hernandez-Zavala et al. (1999) studied
urinary porphyrin excretion and erythrocyte heme
synthesis pathway enzymes in the population of three
towns in the Region Lagunera of Mexico. Mean As
concentration in drinking water in towns varied from
14 to 300 pg/l. A dose-dependent increase in the ratio
of urinary coproporphyrin III to coproporphyrin I and
in the ratio of total coproporphyrin to total uropor-
phyrin was observed among the exposed groups
(Hernandez-Zavala et al. 1999; NRC 2001).

Hepatic system

Guha Mazumder et al. (1988) reported hepatic dam-
age in subjects residing in As-affected villages of
West Bengal exposed to As-contaminated water
(range 200-2000 pg/1). Overall prevalence of hepa-
tomegaly was observed to be 92.6% in 67 people
exposed to As at concentrations exceeding 50 pg/l.
Prevalence however was much lower (6.2%) among
people exposed to As less than 50 pg/l.

Hernandez-Zavala et al. (1998) studied liver function
in subjects from three towns of Lagunera Region in
Mexico. Mean As concentration in drinking water in
towns ranged from 14 to 300 pg/l. Significant increased
rate of serum alkaline phosphatase and total bilirubin was
noted in subjects from the town with highest exposure in
contrast to the town with lowest exposure (Hernandez-
Zavala et al. 1998; NRC 2001). A study conducted by
Santra et al. (1999) reported that bilirubin or alkaline
phosphatase increases were not a characteristic finding in
93 patients with firm hepatomegaly attributed to chronic
arsenicosis in West Bengal, India. A clinical diagnosis of
chronic As poisoning from 69 patients revealed portal
fibrosis in 63 (91.3%) cases, cirrhosis in 2 (2.9%) cases,
and normal histology in 4 (5.8%) cases.
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Renal system

In human, the kidneys are the major route of As
excretion and seem to be less sensitive to As than
most other organ systems (Mandal and Suzuki 2002).
Target sites for As damage in the kidney include
capillaries, tubules, and glomeruli (Mandal and
Suzuki 2002). Recently Wang et al. (2008) studied
a population in Xinjiang, China and reported As
exposure is associated with kidney dysfunction.

Dermatological symptoms

Chronic exposure to As causes dermal effects such as
melanosis, leucomelanosis, keratosis, Bowen’s dis-
ease, and cancer (NRC 2001). Guo et al. (2001)
investigated a dose-response relationship between As
in drinking water and occurrence of arsenical
dermatosis in two regions (Wuyuan and Alashan) of
Inner Mongolia. In Wuyuan and Alashan, 96.2% and
69.3% of the tubewell water contained As exceeding
50 pg/l.  Arsenical dermatosis prevalence was
observed to be 44.8% in Wuyuan and 37.1% in
Alashan of the 1,176 and 433 subjects studied,
respectively. The study reported that the occurrence
of arsenical dermatosis was predominant in people
over 40 years of age. It was reported that chronic
ingestion of As of >10 pg/kg per day may cause
dermatosis and other types of As poisoning (USEPA
1992). A World Health Organization (WHO) (2001)
report states that As exposure via drinking water is
related to cancer in the lungs, kidney, bladder, and
skin. Drinking water As concentrations of <50 pg/l
have been associated with increased risks of cancer in
the bladder and lung (WHO 2001).

Numerous investigators report the possible link
between As exposure via drinking water and the
occurrence of skin lesions from As-impacted areas of
Bangladesh and West Bengal in India (Ahsan et al.
2000; Chakraborty and Saha 1987; Tondel et al.
1999; Guha Mazumder etal. 1998; Rahman
et al. 2001; Chakraborti et al. 2002; Chowdhury
et al. 2000). Tondel et al. (1999) investigated the
association between prevalence of skin lesions and
exposure to As in drinking water in four As-
contaminated villages of Bangladesh. A total of
1,481 subjects were examined, and 430 had arsenical
skin lesions. The concentration of As in drinking
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Table 1 Relationship between As exposure and prevalence of arsenical skin lesions

Country, region

Health effect studied

Lowest concentration
of As (pg/l)

References

Cordoba, Argentina
West Bengal, India

Recognizable signs of As toxicity

Arsenic dermatosis

Niigata, Japan
West Bengal, India

Skin signs
Bangladesh Skin lesions (keratosis and melanosis)
Bangladesh Skin lesions (keratosis and melanosis)
Inner Mongolia
China Skin lesions
West Bengal, India Skin lesions

Inner Mongolia Keratosis and pigment disorder

Skin lesions (keratosis and hyperpigmentation) <50

Skin lesions (keratoses and hyperpigmentation) <100

>100 Astolfi et al. (1981)
200 Chakraborty and Saha (1987)
>100 Tsuda et al. (1995)
Guha Mazumder et al. (1998)
<150 Tondel et al. (1999)
<50 Ahsan et al. (2000)
Tucker et al. (2001)
>50 Guo et al. (2001)
>300 Chakraborti et al. (2004)
<50 Guo et al. (2006)

water ranged from undetectable to 2,040 pg/l. When
the data was adjusted for age, the rate of skin lesions
was found to increase from 18.6% and 17.9% in the
lowest exposure group (<150 pg/l of As) to 37.0%
and 249% in the greatest exposure group
(>1,000 pg/l of As) in males and females,
respectively.

Chakraborty and Saha (1987) reported that the
lowest As concentration in drinking water that
produced As dermatosis was 200 pg/l, based on their
study in 14 villages of West Bengal. Guha Mazumder
et al. (1998) investigated the relationship between
As-associated skin lesions of keratosis and hyperpig-
mentation in 7,683 subjects exposed to As via
drinking water from As-affected areas of West
Bengal. Age-adjusted prevalence of keratosis and
hyperpigmentation increased from 0 and 0.3, respec-
tively, in the lowest exposure category (<50 pg/l), to
8.3 and 11.5, respectively, per 100 in the highest
exposure category (>800 pg/l) for females. Age-
adjusted keratosis and hyperpigmentation prevalence
increased from 0.2 and 0.4, respectively, in the lowest
exposure category (<50 pg/l), to 10.7 and 22.7,
respectively, per 100 for males drinking water
containing >800 pg/l of As.

A series of As dermatological skin lesions in
arsenicosis patients of West Bengal, India, and
Bangladesh have been reported (Rahman et al.
2001; Chakraborti et al. 2002; Chowdhury et al.
2000). The researchers have screened more than
100,000 villagers and registered 12,195 patients
(about 12.2%) with arsenical skin lesions including
melanosis, keratosis, hyperkeratosis, leucomelanosis,

dorsal keratosis, skin cancer, etc. (Chakraborti et al.
2004). The researchers concluded that exposure to
>300 pg As/lin drinking water for up to 2 years may
cause arsenical skin lesions (Chakraborti et al. 2004).
The lowest concentration of As in drinking water
causing skin lesions was found to be <50 pg/l in a
study conducted in West Bengal (Guha Mazumder
et al. 1998). In a recent study from Inner Mongolia,
Guo et al. (2006) reported 35 subjects with keratosis
and 5 subjects with pigment disorder who drank
water containing <50 g/l of As. Of major concern is
the finding reported from a Bangladesh study where
relatively high rate of skin lesions was observed in
people currently exposed to As level of <50 pg/l
(Ahsan et al. 2000). Further epidemiological studies
are needed to focus on adverse health effects on
people who have been exposed to low levels of As.
Arsenic exposure and prevalence of skin lesions are
summarized in Table 1.

Neurological involvements

The occurrence of peripheral neuropathy is inconsis-
tent in individuals chronically exposed to As in
drinking water ranging from 100 to 1,000 ng/l (NRC
1999). Basu et al. (1996) reported sensory predom-
inant distal polyneuropathy in eight patients with
arsenical dermatoses in West Bengal, India, where As
concentrations of the exposed subjects were 200—
2,000 pg/l.

Neurological involvements due to As toxicity in the
population exposed to As present in drinking water in
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the four Indian states of West Bengal, Bihar, Uttar
Pradesh, and Madhya Pradesh were reported in several
publications (Chowdhury et al. 2000; Rahman et al.
2001; Mukherjee et al. 2003, 2005; Chakraborti et al.
1999, 2003; Ahamed et al. 2006a). These researchers
concluded that exposure from As-contaminated
groundwater in West Bengal and other states of India
may produce neurological complications. Peripheral
neuropathy is the predominant and common neurolog-
ical complication of As toxicity (Mukherjee et al.
2003). Arsenic-induced toxic neuropathy is usually
chronic and occasionally subacute in onset in these
exposed studied populations (Mukherjee et al. 2003).

Recently Ahamed et al. (2006b) reported the neu-
rological involvements in arsenicosis patients due to
chronic As toxicity in a severely As-affected village of
Bangladesh. The concentration of As in drinking water
ranged from 300 to 1,584 pg/l. Tsai et al. (2003)
conducted a cross-sectional study in Taiwan, reporting
that long-term accumulated As may cause neurobe-
havioral effects in adolescence. Arsenic was found to
range from undetectable levels to 3,590 pg/l. Wasser-
man et al. (2004) have shown that children’s
intellectual function can be decreased by increased
Asexposure. This correlation was proportional to dose,
which means that children who had more than 50 pg/1
As exposure had lower performance scores than
children with less than 5.5 pg/l exposure. Recently
Guo et al. (2007) reported appreciably higher neuro-
toxicity manifestations such as a decline in hearing,
ability to taste, impacted vision, tingling, and numb-
ness in As-affected villagers of Inner Mongolia.

Pregnancy outcomes

Aschengrau et al. (1989) reported an association
between As exposure and occurrence of spontaneous
abortions in eastern Massachusetts. The study showed
that females who consumed As in water ranging from
1.4 to 1.9 pg/l had 1.7 times higher frequency of
spontaneous abortion. Exposure to drinking water
containing As in excess of 100 pg/l has been reported
to lead to an excess of unprompted abortion, still birth,
and perinatal mortality in Karcag in Hungary (Rudnai
and Gulyas 1998). A similar effect of As exceeding
240 pg/l in water was found in a group of Bangladeshi
women (Ahmad et al. 2001). Women exposed to As
were found to show significant levels of Asinumbilical
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cord and placenta; for example, Concha et al. (1998)
reported the presence of As in the cord blood and
placenta in women exposed to 200 pg/l of arsenic in
their study in Argentina. In a study from northern
Chile, high perinatal and neonatal mortality, and
reduction in birth weight were reported with drinking
water contaminated in the range 90-860 pg/l (Hopen-
hayn-Rich et al. 2000, 2003). Yang et al. (2003)
reported a slightly high rate of preterm birth in an
exposed population of Taiwan. The As concentration
in drinking water ranged from undetectable to
3,590 pg/l.

A study reported the effects of As on reproductive
health outcomes from Bangladesh (Kwok et al. 2006).
A small but statistically significant association was
reported between exposure to As and birth defects.
However, there was no relationship between As
exposure and stillbirth, low birth weight, childhood
stunting, and child underweight in an investigation
involving 2,006 pregnant women who were exposed
to As in drinking water ranging from undetectable to
668 pg/l. Milton et al. (2005) reported that chronic
exposure to high concentrations of As in drinking
water posed excess risks for spontaneous abortion and
stillbirth among the participants (n = 533) in their
study. The concentration of As in drinking water in
their study ranged from undetectable to 1,710 pg/l.
Ahamed et al. (2006b) reported spontaneous abor-
tions, stillbirths, and preterm births in women from a
severely As-affected village, Eruani of Bangladesh.
The range of As in the exposed group was 201—
1,200 pg/l. Recently Rahman et al. (2007) reported
that there was a significant dose response between As
exposure and risk of infant death. The mean As
concentration in drinking water was 239 pg/l.

A series of adverse obstetric outcomes have been
documented in women subjected to As present in
drinking water from the As-endemic areas of West
Bengal, Bihar, and Uttar Pradesh states of India
(Rahman et al. 2005; Mukherjee et al. 2005; Chak-
raborti et al. 2003; Ahamed et al. 2006a). An
increased rate of spontaneous abortions, stillbirths,
preterm births, low birth weights, and neonatal deaths
was observed in women exposed to high level of As
compared with women from noncontaminated areas.
Recently Von Ehrenstein et al. (2006) studied obstet-
ric outcomes and the rate of infant mortality among
202 women in West Bengal of India who were
exposed to As exceeding 200 pg/l in drinking water.
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They found that exposure to high concentrations of
As during pregnancy increases the risk of stillbirth.
No relationship was found between As exposure and
spontaneous abortion and infant mortality.

Immunological system

The immune system response in human due to As
toxicity has not been extensively investigated. In a
study, Sakurai et al. (1998) reported that inorganic As
is strongly toxic to macrophages and, at a concentra-
tion of 5 or 500 uM, the number of surviving cells
decreased to 50%. A significant reduction in the
phytohaemagglutinin (PHA)-induced proliferative
response of lymphocytes from individuals exposed
to 390 pg/l of As present in drinking water has been
reported (Ostrosky-Wegman et al. 1991). Recently
Islam et al. (2007) investigated the effect of exposure
to As via drinking water with a mean As concentra-
tion of 216 pg/l and humoral immune response by
measuring serum immunoglobulin profiles in As-
affected subjects (n = 125) living in the As-endemic
villages of Bangladesh. Mean duration of exposure in
the patients was 7.4 years.

Diabetes mellitus

Diabetes mellitus has been linked to elevation of As
in drinking water (Mandal and Suzuki 2002; Rahman
et al. 1998, 1999a, b). This is consistent with
numerous studies reporting the incidence of diabetes
mellitus amongst people from the blackfoot-disease-
endemic areas of Taiwan (Chen et al. 2007; Lai et al.
1994; Tsai et al. 1999). Tsai et al. (1999) reported
mortality from diabetes mellitus among the residents
exposed to As through drinking water (range 250-
1,140 pg/l, median 780 pg/l) in blackfoot-disease-
endemic areas of Southern Taiwan. In a cohort study
conducted from As-endemic areas of Taiwan, Tseng
et al. (2000) reported an incidence of diabetes
mellitus in residents exposed to As in well water
with As concentration ranging from 700 to 930 pg/l.
Contrary to these observations, a study conducted in
Millad County, UT, showed no significant increase in
mortality from diabetes mellitus among subjects
exposed to high concentration of As in drinking
water (Lewis et al. 1999; Chen et al. 2007).

Recently Coronado Gonzalez et al. (2007) evalu-
ated the effect of exposure to high levels of inorganic
As in drinking water (20—400 pg/l) and the occur-
rence of type 2 diabetes mellitus in a population of an
As-endemic region from Coahuila, a northern state of
Mexico. They reported a dose—response relationship
between As concentrations in urine and occurrence of
type 2 diabetes mellitus.

Carcinogenic/cancer effects

Inorganic As is classified as a known human carcin-
ogen (IARC 2004). This classification is based on
strong epidemiological studies in humans. Table 2
shows the relationship of As exposure and some
internal cancers. Based on previous US-EPA standard
of 50 pg/l, Smith et al. (1992) estimated that the
lifetime risk of dying from cancer from daily
ingestion of 1 liter of water containing 50 pg/l As
could be as high as 13 per 1,000 people exposed. The
risk for the combined cancer mortality to be as high
as 1 in 100 for people exposed to As level of 50 pg/l
(Smith et al. 2002; NRC 1999, 2001). Astolfi et al.
(1981) conducted a study in Cordoba, Northern
Argentina, where they observed that regular intake
of drinking water with As above 100 pg/l causes
identifiable types of As toxicity and eventually in
some cases leads to skin cancer. Excess mortality due
to cancer among a cohort study involving 113 people
exposed to As above 1000 pg/l was reported by
Tsuda et al. (1995). The researchers reported stan-
dardized mortality ratios of 15.69 for lung cancer and
31.18 for urinary tract cancer (Tsuda et al. 1995).
They also found similar risks for liver and uterine
cancer. Wu et al. (1989) investigated the mortality
rates of skin, lung, bladder, and kidney cancers in
southwestern Taiwan. They obtained the highest
elevation of odds ratio in skin cancer as 5.31 in
males and 12.01 in females in the group exposed to
As above 600 pg/l in drinking water compared with
the group exposed to undetectable to 290 pg/l
arsenic. Increased mortality was observed by Chen
et al. (1985) in males and females in Taiwan due to
lung, bladder, liver, and kidney cancers.
Hopenhayn-Rich et al. (1998) found a dose-
response relationship between As in drinking water
and increased risk of kidney and lung cancers in
Argentina. The standardized mortality ratios from
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low- to high-exposure groups (40-178 pg/l) were
observed as 0.87-1.57 for males and 1.00-1.81 for
females for kidney cancer, and 0.92-1.77 for male

— S and 1.24-2.16 for female for lung cancer. Kurttio
[*)) S . .
X g et al. (1999) investigated the effect of exposure to As
g = = (<0.05-64 pg/l, median 0.14 pg/l) present in drink-
Q — =
8 g it ing water and the incidence of bladder and kidney
5 § o= cancers in Finland. Statistically significant risk of
22 O
bladder cancer was observed among people exposed
. to >0.5 pg/l As. No relationship was found between
(5} .
> > é = kidney cancer and As exposure.
E_ S E33&3E
S =8 S T E 3
E25cceEms8
¢ E fad & g5 ¢ .
G EC T ae Y3 Conclusion
X T 0 x <3 % s Y
Te-2zpigs
Ewvz §3X3 Eo o Ingestion of inorganic As is an established cause of
~ T Y~ = = < < . . . .
o|e = 3 q g g 2 EE various skin lesions and subsequent skin cancer and
o L2 & g . .
§ 8 EE o c o Y58 8 ~ other internal cancers such as lung, bladder, liver, and
Sl .88 e e T X i .
3 E Z o % % v % § § goax kidney cancers. Ingestion of As can also result in
nonspecific gastrointestinal complaints such as diar-
5 rhea and cramping, and hematological effects
Q . . . . .
= £ including anemia and leucopenia. Adverse impacts
— > . .
8 § E‘ o0 g on the neurological and reproductive systems are also
S R= . .
5 % -3 3 5 noted in the population of As-affected areas. Numer-
ous studies have also reported the possible effect of
As exposure via drinking water on cardiovascular
diseases as well as diabetes mellitus. More studies are
2 required to focus on low levels of As exposure and its
3 E; E) B} - related health effects.
AR EEEEEEEEEE
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