
INTRODUCTION

Arsenic is an ubiquitous element in nature.  Contami-
nation of water  can occur naturally when arsenic-rich 
ores leach into ground and surface  water (1). Chronic 
ingestion of water with high concentrations of arsenic 
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ABSTRACT

The most common health effects from drinking-water containing dissolved arsenic are skin abnor-
malities and lesions that are typically diagnosed as keratosis and pigment disorder. It was previously 
reported that the prevalence of cutaneous lesions was about 44% in arsenic-affected villages. How-
ever, there has been little research on the relationship between levels of arsenic in drinking-water and 
cutaneous lesions in Inner Mongolia. One study examined the association between the prevalence of 
keratosis and levels of arsenic exposure and the relationship between pigment disorder and levels of 
arsenic exposure among villagers aged 18 years or older in the arsenic-affected village of Hetao Plain 
in Inner Mongolia, PR China. The study included 227 participants who were affected by cutaneous 
lesions and 221 participants who were not affected by cutaneous lesions diagnosed in 1996 and 1998. 
Well-water drunk by the participants was collected to analyze arsenic content. Adjusting for age, sex, 
and smoking, logistic regression was applied to calculate the risks that arsenic in drinking-water will 
lead to cutaneous lesions. The results from the logistic regression showed that, with the increase of 
arsenic concentration in water, the risk of pigment disorder also increased (odds ratio [OR]=5.25, 
95% confidence interval [CI] 1.32-83.24 for 50-199 µg/L; OR=10.97, 95% CI 1.50-79.95 for 200-
499 µg/L; OR=10.00, 95% CI 1.39-71.77 for ≥500 µg/L (p=0.000), but the association between risk 
of keratosis and levels of arsenic was not significant (p=0.346). The findings suggest that keratosis 
is an early feature of arsenic poisoning, and the development of pigment disorder depends on higher 
doses of arsenic intake rather than keratosis. Further studies are needed to confirm that cutaneous le-
sions and other adverse health effects occur at low levels of arsenic exposure.
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cause adverse health effects to human beings. Kera-
tosis, hyperpigmentation, and depigmentation are the 
most common cutaneous lesions and play important 
roles in the diagnosis of arsenic poisoning (2-5). Fur-
thermore, cutaneous lesions are often viewed as useful 
precursors of severe diseases such as skin cancer (6). 

 Some epidemiological studies have estimated 
the relationship between levels of arsenic and cuta-
neous lesions (7,8). Tondel reported that, among peo-
ple in Bangladesh with cutaneous lesions, the mean 
concentration of arsenic in drinking-water was 640 
µg/L, while for those without any cutaneous lesions 
the mean concentration of arsenic was only 21 µg/L 
(range 0-740 µg/L) (9). In addition, Valentine et al. 
surveyed groups of 20-57 residents in six cities of 
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the United States where concentrations of arsenic in 
drinking-water ranged from 0.5 to 395 µg/L. No sig-
nificant differences in the prevalence of dermal or 
neurological symptoms were detected among any 
groups studied (10).

 Since 1990, there have been some wells with high 
levels of arsenic in some areas in Inner Mongolia, 
China. One of our surveys in 1996 indicated that up 
to 26% of wells or other water sources in the Hetao 
plain area of Inner Mongolia had arsenic concentra-
tions that were equal to or higher than 50 µg/L with 
the highest arsenic level being 1,354 µg/L. More-
over, the prevalence of cutaneous lesions was 44% 
(11). Some patients had the symptoms of keratosis, 
while others had both keratosis and pigment disor-
der  (hyperpigmentation and depigmentation).  How-
ever, there have not been sufficient epidemiological 
studies clarifying the relationship between the level 
of arsenic exposure in drinking-water and cutaneous 
lesions in the area. The main objective of the present 
study was to determine whether the prevalence of 
various cutaneous lesions was associated with levels 
of arsenic exposure.

 MATERIALS AND METHODS

Study population

As part of the Asia Arsenic Network’s (AAN) Inves-
tigation and Strategy of Inner Mongolia Arsenic-con-
taminated Program 1996-2000, a preliminary survey 
was conducted between 1996 and 1998 in Wuyuan 
county of Inner Mongolia. In this survey, 66 of the 
679 villages were found to be affected by arsenic (lev-
els of arsenic in drinking-water >50 µg/L), while the 
permitted standard of arsenic in drinking-water is 50 
µg/L in China. One of the 66 arsenic-affected villages 
was selected as the study area due to cooperation from 
the local government and the heterogeneity in expo-
sure, enabling the investigators to collect exposure-
response data. The village’s main source of income 
comes from agricultural employment, and there are 
no other industries or mining activities around the vil-
lage. Until the 1970s, four public open-shallow wells 
(depth approximately 3-5 m) were used for drinking-
water. From the 1980s onwards, the villagers turned 
to private tubule-type wells (depth approximately 15-
30 m) due to reasons relating to hygiene. The concen-
trations of arsenic in water in the village ranged from 
non-detectable doses to a dose of 1,354 µg/L.

 According to the registered records of the local 
government office of Wuyuan county, the total number 
of inhabitants in the village was 662,589 (89%) of the 

total number of residents who were in the arsenic-af-
fected village at the time they participated in our study. 
Most of them were engaged in agricultural work. Af-
ter the officials from the local government explained 
the purpose of the study, residents were asked to par-
ticipate. All subjects signed an informed consent form 
before being interviewed. 

Interviews and cutaneous examination

All  participants  were  given  standardized  sets  of ques-
tionnaire   during face-to-face interviews in   their 
homes. The questionnaire included finding out infor-
mation about the participants’ residential history, so-
ciodemographic conditions, sources of water at each 
residence, duration of using tubewell, amount of water 
consumed daily, occupation, working conditions, and 
health-related lifestyle habits, such as smoking and 
alcohol consumption. After the interviews, subjects 
were also invited to undergo a skin examination by 
a dermatologist from Inner Mongolia Medical Col-
lege. The dermatologist made a diagnosis of skin le-
sions for every subject. At the time of skin examina-
tion, the dermatologist did not know any information 
about the participants. To reduce observation bias, the 
same dermatologist and the same interviewer exam-
ined all the subjects. According to diagnostic criteria 
in China (12), there were two kinds of skin symptoms 
that appeared in the subjects of this study. These were 
keratosis lesions and keratosis with pigment disorder 
lesions which included hyperpigmentation and depig-
mentation. Patients who only had hyperpigmentation 
or depigmentation and patients who had skin cancer 
were not discovered. Many villagers have remained 
asymptomatic despite drinking water contaminated 
by arsenic for many years. Of 589 participants avail-
able for the study, 448 were selected  on the basis that 
they were aged ≥18 years. One hundred forty-one in-
dividuals were excluded because they were children 
who ate and drank mostly at school, except during the 
weekend.

Analyses of arsenic levels in well-water

At the time of investigation, the geological team col-
lected samples from all wells in the village. In total, 
106 samples were collected from households using 
drinking-water wells. Water samples were stored in a 
cool container with an ice block and transported to the 
laboratory at the Institute for Water Research in Bay-
anaoer League, Inner Mongolia. The samples were 
analyzed to assess the total concentration of arsenic 
using Ag-DDC analysis. Each sample was assayed 
three times, and the mean value was used.
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Statistical analysis

To evaluate the relationship between various cutane-
ous lesions and levels of arsenic in water, the preva-
lence of keratosis and pigment disorder was calculated 
separately. According to the endemic arsenic region 
criterion of 1994 in China, arsenic-contamination lev-
els in water were classified into four categories (13): 
secure level (<50 µg/L), low level (50-199 µg/L), mid-
dle level (200-499 µg/L), and high level (≥500 µg/L). 
According to this criterion, levels of arsenic in water 
in this study were categorized as follows: <50, 50-199, 
200-499, and ≥500 µg/L .  

    Logistic regression analyses were performed to es-
timate odds ratios and their 95% confidence intervals 
for each level of arsenic detected among the subjects. 
Factors, such as sex, age, and cigarette-smoking were 
adjusted as the confounding factors because they varied 
among participants. Hence, the score test for a trend 
test of odds of calculations was performed using a 
Mantel-Haenszel odds ratio adjusted for age, sex, and 
smoking by the StataSE 8 for Windows.

RESULTS

Table  1  shows  descriptive characteristics of the 448 
subjects surveyed in the arsenic-affected village. Com-
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pared to subjects without skin lesions, subjects with 
cutaneous lesions were older and were more likely to 
be male. The average age for subjects without skin le-
sions was 37.6 years; for subjects with keratosis, the 
average age was 42.5 years; for subjects with pig-
ment disorder (p=0.000), the average age was 52.4 
years. The proportion of males without skin lesions 
was 42.1% , while the proportion of males in the cuta-
neous lesions group was 51.1% (42.6% for keratosis 
and 72.3% for pigment disorder). The proportion of 
current smoking in subjects without skin lesions and 
those with cutaneous lesions was 32.1% and 44.5% 
respectively (p=0.000). The body mass indices were 
similar (22.9, 23.1, and 23.9 kg/m²) in three groups.

 Levels of concentration of arsenic in water ranged 
from undetectable to 1,354 µg/L in the village. An 
increase in average values of arsenic exposure was 
indicated (p=0.000) from 207 µg/L (among subjects 
without skin lesions), 240 µg/L (among subjects with 
keratosis) to 371 µg/L (among subjects with pigment 
disorder). Subjects without skin lesions and subjects 
with cutaneous lesions were similar in regard to the 
mean number of years that they had been using the 
wells (15.2 years for subjects without skin lesions, 
15.6 years for subjects with keratosis, and 15.2 years 
for subjects with pigment disorders) (p=0.738).

Table 1.  Characteristics among non-skin lesion and skin lesion cases, including keratosis and  
               pigment disorder cases 

Skin lesions cases (n=227)
Characteristics Non-cases

(n=221) Keratosis cases
(n=162) 

Pigment disorder
cases  (n=65)

Age (years) (mean [SD])  37.6 (17.3) 45.3 (14.4) 42.5 (13.6) 52.4 (13.7)
p=0.000

Sex (%) 
   Male 93 (42.1) 116 (51.1) 69 (42.6) 47 (72.3) 
   Female 128 (57.9) 111 (48.9) 93 (57.4) 18 (27.7)

p=0.056
Smoker (%) 
   Never smoked 150 (67.9) 126 (55.5) 103 (63.6) 23 (35.4) 
   Current smoker 71 (32.1) 101 (44.5) 59 (36.4) 42 (64.6) 

p=0.000
Mean of BMI 22.9±1.9 23.4±2.0 23.1±2.0 23.9±1.9 

p=0.673
Range of arsenic exposure (µg/L) 0-1,354 0-1,354 0-737 30-1,354 
Arsenic exposure levels (mean

[SD]) 207 (195) 277 (239) 240 (192) 371 (310) 
p=0.000

Range of years of using well 
(mean [SD]) 2-28 2-28 2-28 3-28 

No. of years of using well
 (mean [SD]) 15.2 (7.4) 15.4 (6.0) 15.6 (6.4) 15.2 (4.9) 

p=0.738
BMI=Body mass index; SD=Standard deviation

All cutaneous
lesions cases

Significance
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Table 2 presents the distribution of subjects without 
cutaneous lesions and subjects with cutaneous lesions 
by arsenic exposure level. The ratios of cutaneous le-
sions increase from 34.2% for arsenic levels less than 
50 µg/L to 66.7% for arsenic concentrations of ≥500 
µg/L. There were 35 subjects with keratosis and five 
subjects with pigment disorder among 117 villagers 

whose water supply had an arsenic concentration of 
<50 µg/L. Among villagers who drank water contain-
ing more than 50 µg/L of arsenic, the results showed 
that there were: 41 subjects with keratosis and 13 sub-
jects with pigment disorders for arsenic levels of 50-
199 µg/L; 58 subjects with keratosis and 27 subjects 
with pigment disorder for arsenic levels of 200-499 

µg/L; and 28 subjects with keratosis and 20 subjects 
with pigment disorder for arsenic levels of ≥500 µg/
L. These results indicated that higher doses of arsenic 
was associated with a higher prevalence of skin le-
sions, especially pigment disorder.

 A significant relationship was not noted between 
arsenic content and the risk of keratosis (Table 3). The 
odds ratios of keratosis were 1.81 (95% CI 1.02-3.22) 

Table 2. Distribution of non-skin cases and skin lesion cases by arsenic exposure level 

Non-cases
Skin lesion cases

Keratosis Pigment disorder Water arsenic content
 (µg/L)  All subjects  No. %

 No. % No.  % No.  % 
<50 117 77 65.8 40 34.2 35 87.5 5 12.5 
51-199 94 40 42.6 54 57.4 41 75.9 13 24.1 
200-499 165 80 48.5 85 51.5 58 68.2 27 31.8 
≥500 72 24 33.3 48 66.7 28 58.3 20 41.7 
Total 448 221 49.3 227 50.7 162 71.4 65 28.6 

Table 3. Odds ratios of prevalence of keratosis and pigment disorder according to arsenic exposure 
levels to compare non-skin lesions 

Levels of water arsenic
 (µg/L)  No. of cases Prevalence  Odds ratio, 95% CI   Multivariable-adjusted 

odds ratio,* 95% CI
Keratosis 
   <50 35 29.91 1.00 1.00 
   51-199 41 43.62 1.81, 1.02-3.22 1.46, 0.61-3.51
   200-499 58 35.15 1.26, 0.76-2.12 0.92, 0.45-1.90

≥500 28 38.89 1.49, 0.80-2.78 1.46, 0.57-3.75
p value 0.368 0.346
Pigment disorder
   <50 5 4.27  1.00 1.00
   51-199 13 13.83  3.59, 1.21-11.32 5.25, 1.3-83.24
   200-499 27 16.36  4.38, 1.60-11.98 10.97, 1.50-79.95

≥500 20 27.78  8.62, 2.87-25.90 10.00, 1.39-71.77
p value 0.000 0.000 
*Mantel-Haenszel odds ratios adjusted for age, sex, and smoking; CI=Confidence interval 

for arsenic levels of 50-199 µg/L, 1.26 (95% CI 0.76-
2.12) for arsenic levels of 200-499 µg/L, and 1.49 
(95% CI 0.80-2.78) for arsenic levels of ≥500 µg/L 
compared to levels of arsenic less than 50µg/L. After 
adjusting for sex, age, and smoking, the odds ratio was 
1.46 (95% CI 0.61-3.51), 0.92 (95% CI 0.45-1.90), 
and 1.46 (95% CI 0.57-3.75) respectively. The levels 

of arsenic in well water were  significantly associated 
with the prevalence ratios of pigment disorder (Table 
3). Compared to arsenic levels of less than 50 µg/L, 
the odds ratios of pigment disorder were 3.59 (95% 
CI 1.21-11.32) for arsenic levels of 50-199 µg/L, 
4.38 (95% CI 1.60-11.98) for arsenic levels of 200-
499 µg/L, and 8.62 (95% CI 2.87-25.90) for arsenic 

levels of ≥500 µg/L. The sex-, age- and smoking-
adjusted odds ratios were 5.25 (95% CI 1.32-83.24), 
10.97 (95% CI 1.50-79.95) and 10.00 (95% CI 1.39-
71.77) (p=0.000) respectively.

DISCUSSION

The most common health effects from drinking-water 
containing dissolved arsenic are cutaneous abnormali-
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ties and lesions. Typically, these cutaneous abnormali-
ties and lesions are diagnosed as keratosis and pigment 
disorder, including hyperpigmentation and depigmen-
tation. The objective of this study was to determine 
the dose-response relationship between arsenic in 
drinking-water and cutaneous lesions and whether 
there was difference between arsenic concentration 
in subjects with keratosis and subjects with pigment 
disorder. Our study in the arsenic-affected village 
found that 162 subjects had keratosis, and 65 subjects  
had both pigment disorder and keratosis, while  there 
were no subjects with only hyperpigmentation or de-
pigmentation. 

 The results are consistent with a previous medical 
investigation exploring other arsenic-affected villages 
in Inner Mongolia (14). Previously, we examined 260 
people in an arsenic-affected village and discovered 
that 100 participants had keratosis, and 64 participants 
had pigment disorders and keratosis lesions, while no 
participants had only pigment disorders. It was, there-
fore, suspected at the time that keratosis might be an 
early feature of arsenic poisoning. Similar reports are 
scarce, except for a study by Centeno who emphasized 
that arsenical keratosis is a common characteristic of 
arseniasis in a study of pathology relating to chronic 
arsenic exposure (15).

 Studies conducted in other countries have also 
investigated the prevalence of cutaneous lesions and 
arsenic concentration in regions where drinking-wa-
ter has elevated arsenic levels. Foy reported that kera-
tosis was recognized in children whose exposure to 
arsenic was 200 µg/L in Thailand (16). The study of 
Chakraborty revealed that high amounts of arsenic in 
well-water were associated with keratosis and hyper-
pigmentation in five arsenic-affected regions of India. 
Of 784 exposed individuals, 25% had keratosis or 
hyperpigmentation. The mean drinking-water arsenic 
concentration among those with cutaneous lesions was 
640 µg/L (range 200-2,000 µg/L) (17). In the present 
study, the range was 0-1,354 µg/L. Thus, the mean 
arsenic concentration in cutaneous lesions group (277 
µg/L) was lower than that found in the study in India. 
Nevertheless, arsenic concentration in water drunk by 
most subjects with keratosis ranged from 50 µg/L to 
499 µg/L, and arsenic concentration in water drunk by 
most participants with pigment disorder ranged from 
200 µg/L to 500 µg/L or over. 

 Previous studies concerning the dose-response 
relationship between arsenic and cutaneous lesions 
have been reported (5,18). However, the analysis of 

the relationship between keratosis and arsenic levels 
and between pigment disorder and arsenic levels has 
rarely been conducted separately. Yu et al. reported 
that depigmentation occurs in advanced stages of ar-
senic poisoning, and keratosis is a later feature of 
arsenical dermatosis (19). The results of our study 
showed that the prevalence of pigment disorder indi-
cated statistically significant dose-response relation-
ship, and the association was not apparent in kerato-
sis lesion. In terms of potential confounding factors, 
nutritional status and smoking have been reported to 
increase susceptibility to arsenic poisoning (20,21). In 
the present study, body mass index as a crude indicator 
of nutritional status was calculated, and no difference 
was found in normal subjects, subjects with kerato-
sis, and subjects with pigment disorders. Furthermore, 
the difference between the rich and the poor was very 
small in the area. Despite the lack of information on 
potential confounders other than age, sex, and smok-
ing, the strong association supported the relativity: 
the adjusted prevalence ratio was 10.0 (95% CI 1.39-
71.77).  Thus, it is likely that the arsenic exposure 
level in an individual with pigment disorder is higher 
than in an individual with keratosis, and keratosis is 
an early and common feature of arsenism.

 The mechanism for arsenic-related hyperpigmen-
tation and depigmentation remains elusive. One rea-
son why pigment disorder is different may be that the 
effects of arsenic on pigment disorder risk might be 
modified by genetic or constitutional and geographi-
cal factors, such as cutaneous colour and sun-sensi-
tivity. On the other hand, different diagnostic criteria 
have been used in each country and area, leading to the 
variance of case detection for keratosis and pigmenta-
tion. For instance, while keratosis is characterized by 
a bilateral thickening of the people’s palms and soles 
in Bangladesh (19), the character of keratosis is raised 
on the palms and soles of people in Inner Mongolia 
(14). 

 We also found 35 subjects with keratosis and five 
subjects with pigment disorder who drank water con-
taining arsenic of <50 µg/L. In India, four patients 
with keratosis and seven patients with hyperpigmen-
tation whose main source of drinking-water contained 
<50 µg/L of arsenic were also identified (22). Re-
cently, the question of whether low level of arsenic 
concentrations is associated with any health effects 
has become an important focus on arsenic exposure.  
Further epidemiological studies are needed to focus 
on the adverse health effects on people who have been 
exposed to low levels of arsenic.
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There are some limitations to this study. First, we only 
used concentration of arsenic in water to evaluate ex-
posure levels. However, it is difficult to procure and 
calculate accurately the data of water consumption for 
each individual. Second, the duration of exposure to 
arsenic might be a confounding factor. Kosnett em-
phasized three perspectives: clinical perspective, pub-
lic-health perspective, and sub-clinical perspective. 
The development of hyper-pigmentation depends on 
the dose of arsenic intake. If a person ingests more 
than 0.04 mg/kg body-weight/day for six months to 
three years, there is a chance to develop hyper-pig-
mentation (23). Most participants in our study start-
ed using tubule-type wells as a water source in the 
1980s, and usually their drinking-water sources had 
not changed over a long period. Thus, apart from chil-
dren and a few newcomers to the village, the villag-
ers have been using the well consistently over a long 
period of time. 

 In conclusion, this study found that the prevalence 
of keratosis was higher than pigment disorder. A clear 
exposure-response relationship between the preva-
lence of pigment lesions and the levels of arsenic was 
shown. However, there was no significant association 
between the risk of keratosis and the levels of arsenic 
(p-trend=0.346). The findings suggest that keratosis 
is an early feature of arsenism and that the develop-
ment of pigment disorder depends on a high intake 
of arsenic. Although the level of arsenic exposure is 
low in the wells of some subjects, we also found that 
some of these subjects had cutaneous lesions. Further 
studies are needed to confirm the adverse health ef-
fects among populations with low levels of arsenic 
exposure.

ACKNOWLEDGEMENTS

This study was supported by the globe environment 
fund of Japan and Asian Arsenic Network. The au-
thors thank the Wuyuan County Government for sup-
porting the field survey. The authors also thank the 
staff members of the Station for Hygiene Prevention 
from Wuyuan county in Inner Mongolia, Depart-
ment of Clinical Epidemiology, Institute of Industrial 
Ecological Sciences, University of Occupational and 
Environmental Health, and the Japan Inner Mongolia 
Arsenic pollution study group for their assistance.

REFERENCES

1. Beane Freeman LE, Dennis LK, Lynch CF, 
Thorne PS, Just CL. Toenail arsenic content and 

cutaneous melanoma in Lowa. Am J Epidemiol 
2004;160:679-87.

2. Tseng WP, Chu HM, How SW, Fong JM, Lin 
CS, Yeh S. Prevalence of cutaneous cancer in an 
endemic area of chronic arsenicism in Taiwan. J 
Nat Cancer Inst 1968;40:453-63.

3. Guha Mazumder DN, Chakraborty AK, Ghosh A, 
Gupta JD, Chakraborty DP, Dey SB et al. Chron-
ic arsenic toxicity from drinking tubewell water 
in rural West Bengal. Bull World Health Organ 
1988;66:499-506.

4. Robert M, James E. Keratosis punctata of the pal-
mar creases. Arch Dermatol 1980;116:669-71.

5. Rahman M, Tondel M, Chowdhury IA, Axel-
son O. Relations between exposure to  arsenic, 
skin lesions, and glucosuria. Occup Environ Med 
1999;56:277-81.

6. World Health Organization. United Nations syn-
thesis report on arsenic in drinking water. 4. Diag-
nosis and treatment of chronic arsenic poisoning. 
Geneva: World Health Organization, 2000:30-1.

7. Borgono JM, Vicent P, Venturino H, Infante A. 
Arsenic in the drinking water of the city of An-
tofagasta: epidemiological and clinical study be-
fore and after the installation of a treatment plant. 
Environ Health Perspect 1977;19:103-5.

8. Huang YZ, Qian XC, Wang GC. Endemic chron-
ic arsenism in Xinjiang. Chin Med J (Engl) 
1985;98:219-22.

9. Tondel M, Rahman M, Magnuson A, Chowdhury 
IA, Faruquee MH, Ahmad SA. The relationship 
of arsenic levels in drinking water and the preva-
lence rate of skin lesions in Bangladesh. Environ 
Health Perspect 1999;107:727-9.

10. Valentine JL, Kang HK, Spivey G. Arsenic levels 
in human blood, urine, and hair in response via 
drinking water. Environ Res 1979;20:24-32.

11. Guo XJ, Fujino Y, Kaneko S, Kegong Wu, Yajuan 
Xia, Takesurni Y. Arsenic contamination of ground-
water and prevalence of arsenical dermatosis in 
the Hetao plain area, Inner Mongolia, China. Mol 
Cell Biochem 2001;222:137-40.

12. China. Hygiene Ministry. Office for Control and 
Treatment of Endemic. Clinical Diagnostic crite-
ria for arsenism in Inner Mongolia. J Endem Dis 



J Health Popul Nutr   Jun 2006 Guo X et al.220

Cont Treat Inner Mongolia 1994;19:third cover 
page.

13. China. Hygiene Ministry. Office for Control and 
Treatment of Endemic. Diagnostic criteria for the 
endemic arsenic poisoning. Inner Mongolia. J 
Endem Dis Cont Treat Inner Mongolia 1994;19:
third cover page.

14. Guo XJ, Ma HZ, Lv Y, Li ZZ, Li ZY, Wu KG et 
al. Analysis of clinical characteristic of cutane-
ous lesions with endemic arsenism. J Endem Dis 
Cont Treat Inner Mongoli 1994;19:88-90.

15. Centeno JA, Mullick FG, Martinez L, Page NP, 
Gibb H, Longfellow D et al. Pathology related 
to chronic arsenic exposure. Environ Health Per-
spect 2002;110(Suppl):883-6.

16. Foy HM, Tarmapai S, Eamchan P, Metdilogkul 
O. Chronic arsenic poisoning from well water in 
a mine area in Thailand. Asia Pac J Public Health 
1992;6:150-52.

17. Chakraborty AK, Saha KC. Arsenical dermatosis 
from tube well water in West Bengal. Indian J 
Med Res 1987;85:326-34.

18. Wong SS, Tan KC, Goh CL. Cutaneous manifesta-

tions of chronic arsenicism: review of seventeen 
cases. J Am Acad Dermatol 1998;38(2 Pt 1):179-85.

19. Winston HY, Harvey CM, Harvey CF. Arsenic in 
groundwater in Bangladesh: a geostatistical and 
epidemiological framework for evaluating health 
effects and potential remedies. Water Resource 
Res 2003;39:1-17.

20. Saad A, Hassanien MA. Assessment of arsenic 
level in the hair of the non-occupational Egyptian 
population: pilot study. Environ Int 2001;27:471-8.

21. Watanabe C, Miyazaki K, Ohtsuka R, Inaoka T. 
Arsenic contamination of groundwater: a Bangla-
desh survey. RIKEN Rev 2001(35):19-22.

22. Guha Mazumder DN, Haque R, Ghosh N, de 
BK, Santra A, Chakraborty D et al. Arsenic lev-
els in drinking water and the prevalence of skin 
lesions in West Bengal, India. Int J Epidemiol 
1998;27:871-7.

23. World Health Organization. Regional Office for 
South-East Asia. Arsenicosis case-detection, man-
agement and surveillance. Report of a Regional 
Consultation, New Delhi, India, 5-9 November 
2002. New Delhi: Regional Office for South-East 
Asia, World Health Organization 2002:4.


