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 Many aquifers in various regions of the world are 
contaminated with arsenic (As) at concentration above 
50 µg/l. Of these, the most noteworthy occurrences are 
in West Bengal (India), Bangladesh, Taiwan, Northern 
China, Hungary, Mexico, many parts of the USA, 
Chile and Argentina1. Though chronic arsenic toxicity 
due to drinking of arsenic contaminated water has 

Systemic manifestations in chronic arsenic toxicity in absence of skin 
lesions in West Bengal 

K.K. Majumdar, D.N. Guha Mazumder*, N. Ghose*, A. Ghose* & S. Lahiri*

Department of Community Medicine, Calcutta National Medical College & *DNGM Research
Foundation, Kolkata, India

Received September 17, 2007

Background & objectives: Pigmentation and keratosis are the prerequisites to diagnose arsenicosis. 
However, many systemic manifestations occur in association with pigmentation and keratosis in people 
exposed to chronic drinking of arsenic contaminated water.  The present study aim to find out whether 
systemic manifestations occur in significant number of cases in arsenic exposed people in the absence of 
skin lesions in an affected district in West Bengal, India.

Methods: A cross-sectional study was carried out in South 24 Parganas, an arsenic affected district of West 
Bengal, India.  Both dermatological and systemic manifestations were recorded and water samples collected 
for arsenic analysis from 7683 participants. A correlation of systemic manifestations in relation to arsenic 
exposure was carried out in subjects having no arsenical skin lesion. Prevalence odds ratio (POR) was 
calculated for each outcome comparing those with high arsenic exposure with those with lowest exposure.

Results: The frequency of occurrence of various clinical manifestations like weakness, anaemia, 
diarrhoea, hepatomegaly and lung disease was found to be significantly higher among participants 
drinking water having arsenic concentration ≥ 50 µg/l in comparison to those taking water with arsenic 
content below this level. Further, there was increased occurrence of these manifestations with increasing 
concentration of arsenic level in drinking water, and this followed a dose-response relationship. 

Interpretation & conclusion: It appears that it is worthwhile to include people with systemic manifestations 
in absence of skin lesions with evidence of arsenic exposure as suspected cases of arsenicosis for case 
detection and in surveillance programme.
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been reported from many countries, reports of large 
number of affected people in West Bengal, India and 
Bangladesh are unprecedented2. The source of the 
contamination is geological; arsenic in ground water 
has been found above 50 µg/l (the current drinking 
water standard in the country) in eight of the 16 districts 
of West Bengal3. More than 40 million people live in 



this arsenic affected region of the State. It is suspected 
that about 5 million people drink arsenic contaminated 
water in West Bengal3.

 Prolonged ingestion of arsenic-contaminated 
water is reported to produce not only pigmentation 
and keratosis, but also many systemic features like 
weakness, anaemia, chronic lung disease, conjunctival 
congestion, hepatomegaly and non cirrhotic portal 
fibrosis, polyneuropathy, chronic diarrhoea, dyspepsia, 
solid oedema of limbs, gangrene of toes, and skin 
cancer and other malignant neoplasms4-6. Skin 
characteristics change and pigmentation and  keratosis 
have long been known to be hallmark signs of 
chronic arsenic exposure7. These lesions are the most 
common health effect found in populations exposed 
to arsenic-contaminated drinking water in Chile, 
Argentina, Mexico and various countries of Asia1. The 
pigmentation is marked by raindrop-shaped discolored 
spots, diffuse dark brown spots or diffuse darkening 
of the skin on the limbs and trunk. Simple keratosis 
usually appears as bilateral thickening of the palms 
and soles, while in nodular keratosis, small protrusions 
appear in the hands, feet, or the legs7,8.    

 According to WHO algorithm, presence of skin 
lesion i.e., either pigmentation or keratosis or both 
is essential for diagnosing a patient as a case of 
arsenicosis7. However, many systemic manifestations 
also occur in people exposed to arsenic toxicity 
in addition to skin lesions. The present study was 
conducted to find out whether systemic manifestations 
occur in significant number of cases in arsenic exposed 
population even in the absence of skin manifestation in 
a district in West Bengal, India

Material  & Methods

Study area and population: Two particular areas 
within the district of South 24 Parganas, West Bengal, 
India were targeted for the study. The first area was 
selected because high levels of arsenic were reported 
to occur in some shallow tube wells, in some of 
the villages, but not in all, as determined in a prior 
study (Report, Government of West Bengal, 1994). 
The second area included the remaining parts of the 
district where people used shallow tube well water for 
drinking purposes. The two areas combined had a total 
population of 150457. It was decided to include 5 per 
cent of the population in the study as no earlier report 
on prevalence of arsenicosis was available from this 
area.

 The high exposure region included 25 villages. 
As the contamination of tube wells was not uniformly 
distributed in the villages, convenience sampling was 
used which involved remote rural areas. The study team 
went to the centre of each village and selected the most 
convenient hamlet (group of houses) to commence 
sampling. Each member of the household present at 
the time of the interview was invited to participate. An 
interview was taken based on a pre-designed and pre-
tested questionnaire and a brief medical examination 
was conducted. Sampling continued house-to-house 
in a village until 50 to 150 participants were recruited 
depending on the population of the village. 

 The low exposure region included 32 villages 
within 16 administrative blocks. Sampling in this 
region was restricted to villages with more than 100 
houses. One or more villages were selected at random 
from each of the 16 blocks depending on the population 
size. Only one village was selected for sampling from a 
small block, but two or three villages were selected if 
the block was large. The number of villages allocated 
in each block was made by proportional allocation 
depending upon the number of villages in the block. 
The sample village in each block was selected randomly 
with probability proportional to the size method. The 
size of the village referred to was based on the total 
population of the village. The households in a sample 
village were selected by systematic sampling with a 
random start procedure. 

Interview and medical examination: The field survey 
was designed to minimize subjectivity in examining 
the participants. Field workers inevitably knew if a 
village they were working in was located in the high 
exposure area or the low exposure area, but they did not 
know the tube well arsenic concentrations at the time 
of the survey. Each participant was interviewed by a 
trained field worker. History regarding drinking water 
consumption, tube well water source was taken and 
recorded. Medical history of the participants was taken 
by a physician to find out presence or absence of any 
symptom like weakness, cough, respiratory distress, 
chronic diarrhoea, etc., and the general medical 
examination was performed to elicit presence of pallor, 
hepatomegaly, chest signs, etc. An examination of skin 
was done to determine skin lesions characteristic of 
chronic arsenic toxicity. Other skin diseases simulating 
arsenicosis were excluded to diagnose arsenical skin 
disease. Height and weight of the participants were 
also taken. 
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 Skin lesions characteristic of arsenicosis are quite 
distinctive. Arsenical keratoses was diagnosed by 
noting diffuse bilateral thickening of palms and/or soles 
with or without nodules of various shapes and sizes. 
Hyperpigmentation was identified if there was mottled 
dark brown pigmentation (rain drop pigmentation) 
bilaterally distributed on the trunk and limbs. 
Sometimes hyperpigmentation was present alongside 
spots of depigmentation, (leucomelanosis), but these 
characteristics were not regarded as essential for the 
diagnosis. Anaemia was diagnosed by observing pallor 
in the palpabral conjunctiva. Chronic lung disease 
was diagnosed if history of episodes of cough for a 
period with or without history of breathing difficulty 
or chest signs on auscultation present. Hepatomegaly 
was considered if the liver was palpable for more than 
2 cm below the costal arch in the mid clavicular line. 
All patients were examined in the field by one of two 
physicians who have had about 10 years experience in 
diagnosing arsenic-caused skin lesions in West Bengal, 
including examining patients regularly in the Arsenic 
Clinic in the hospital linked with a Post Graduate 
Medical Institute in Kolkata. 

Water sampling and arsenic measurement: Water 
samples were collected from private and public tube 
wells used for drinking and cooking purposes by each 
recruited household.  Arsenic levels were measured by 
flow-injection hydride generation atomic absorption 
spectrophotometer (Parkin & Elmer).     

 Of the 7683 participants (4093 females and 3590 
males) 361 were found to have arsenical skin lesions. 
Information on various systemic manifestations in 
arsenic exposed and unexposed people was available 
from 7276 of 7322 subjects without any skin lesion and 
constituted the study group.

Statistical analysis: The outcomes analysed included 
participant-reported and physician recorded systemic 
manifestations: weakness, anaemia, chronic lung 
disease, diarrhoea and hepatomegaly. To allow for 
direct comparisons in relation to age, the prevalence 
of each outcome was tabulated in relation to age 
distribution of study group of the same sex. Each 
outcome was examined according to arsenic levels 
in the tubewell drinking water source used by each 
participant. The tube wells were categorized according 
to arsenic concentrations as follows: <50, 59-199, 200-
499, 500-799 and > 800 µg/l.

 Tests for trend in proportions using midpoints of 
exposure categories were based on the χ2 distribution. 

Prevalence odds ratio (POR) were also calculated 
for each outcome comparing those with very high 
exposure to arsenic in drinking water (>500 µg/l) with 
those with lowest exposure (<50 µg/l).

Results

 Prevalence of systemic manifestations was studied 
on 7276 people living in an arsenic endemic district of 
West Bengal who did not have evidence of arsenical 
skin lesion. Of these, 3825 people were found to 
be drinking water contaminated with arsenic > 50 µg /l 
while 3451 people were taking safe water (arsenic 
level <50 µg /l).

 Table I presents the age and sex distribution of all 
study participants by arsenic level in drinking water. 
The arsenic concentration in tube well water samples 
ranged from <3 to 3400 µg/l.

 The overall prevalence of weakness increased 
strongly with higher arsenic concentration in both 
sexes (from 1.6 per 100 to 7.7 per 100 among women 
among the lowest and highest exposure category 
respectively, test of trend, P=0.027, and from 0.9 per 
100 to 5 per 100 among men, P=0.027, Table II).

 Overall prevalence of anaemia and lung disease 
also increased with increase of arsenic concentration 
in both sexes. For anaemia and lung disease, the 
prevalence in women increased from 3.6 and 4.7 per 

Table I. Distribution of population according to age, sex and 
arsenic level in drinking water (µg/l)

Age group Arsenic level in water (µg/l)

 (yr) < 50 50-199 200-499 500-799 ≥ 800 Total

Female:

≤ 9 161 81 103 70 24 439
10 - 19 365 163 156 68 23 775
20 - 29 537 253 160 65 19 1034
30 - 39 333 180 122 60 13 708
40 - 49 196 87 57 25 9 374
50 - 59 162 68 37 26 6 299
≥ 60 150 80 60 18 9 317
Total 1904 912 695 332 103 3946
Male:
≤ 9 189 125 95 82 22 513
10 - 19 331 169 127 65 29 721
20 - 29 295 162 94 47 14 612
30 - 39 271 135 95 43 10 554
40 - 49 184 83 65 26 11 369
50 - 59 111 64 35 17 7 234
≥ 60 166 84 55 15 7 327

Total 1547 822 566 295 100 3330
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100 to 15.0 and 9.3 per 100 (exposure category <50 µg 
/l to 799 µg/l) though the prevalence was lower (5.8 
and 3.8) in the highest exposure category (>800 µg /l) 
respectively (P=0.65 and 0.87 respectively). For males 
the prevalence were 2.0 and 11.5 per 100 to 9 and 17 per 
100 respectively (P=0.33 and 0.45 respectively). The 
prevalence of anaemia was found to be higher and that 
of lung disease lower in women compared to men, but 
these were not statistically significant (Tables III, IV).

 Among females, the overall prevalence of 
diarrhoea and hepatomegaly were 0.7 and 2.6 per 100 
in the lowest exposure category and increased with 
increase of arsenic exposure, the prevalence in the 
highest exposure category being 3.8 and 12.6 per 100 
respectively (P=0.04 and 0.004 respectively). In males 
the values were higher, prevalence being 0.5 and 3.1 
respectively in the lowest exposure category to 4 and 18 
per 100 respectively in the highest exposure category 
(P=0.01 and 0.004 respectively) (Tables V, VI). 

 Table VII gives prevalence odds ratio (POR) 
comparing the highest exposure category (>500 µg/l) 
with the lowest exposure category (<50 µg/l). All POR 
were elevated except for lung disease in males. Increased 
POR was seen in both females and males for weakness 
(5.48 and 5.24 respectively), aneamia (3.85 and 2.41 
respectively) diarrhoea (5.49 and 4.97 respectively) and 
hepatomegaly (4.34 and 5.13 respectively). The POR for 
chronic lung disease for women was found to be 1.76.

Discussion

 A cross-sectional study was carried out in South 
24 Parganas, one of the severe arsenic affected districts 
of West Bengal, India, to ascertain the prevalence of 
systemic manifestations in absence of dermatological 
features of chronic arsenic toxicity. This study showed 
that systemic features like weakness, anaemia, chronic 
lung disease, chronic diarrhoea and hepatomegaly 
might occur in chronic arsenic exposed people even 
in absence of dermatological manifestations. This was 
further substantiated by observing high POR for each 
of these effects for both women and men (except for 
lung disease in males) comparing those exposed to 
arsenic >500 µg/l to participants exposed to <50 µg/l.

 Systemic manifestations in association with 
dermatological lesions have been described in 
many reports in cases of chronic arsenic exposure. 
Generalized weakness and fatigue have been reported 
in people chronically exposed to arsenic contaminated 
drinking water4,9-13. Though anaemia was described 
in some reports of chronic arsenic exposure in 
humans4,7,14,15, others did not find such abnormality16-18. 
The role of chronic ingestion of arsenic in the genesis 
of chronic lung disease has been suggested in several 
case studies and epidemiological investigations13,19-26. 
Further, in several studies lung function tests carried 
out on people exposed to arsenic showed evidences of 
restrictive and/or obstructive lung disease21,27,28. In a 

Table II. Prevalence of weakness per 100 among people without any arsenical skin lesion by age group and arsenic level in water

Age group Arsenic level  in water (µg/l)

 (yr) < 50 50-199 200-499 500-799 ≥ 800 Total

Female:

≤ 9 0 (0) 1.2 (1) 0.9 (1) 0 (0) 4.1 (1) 0.6 (3)
10 - 19 0.8 (3) 1.2 (2) 0.6 (1) 2.9 (2) 4.3 (1) 1.1 (9)
20 - 29 1.1 (6) 2.7 (7) 5 (8) 18.4 (12) 5.2 (1) 3.2 (34)
30 - 39 1.8 (6) 3.8 (7) 6.5 (8) 5 (3) 7.6 (1) 3.5 (25)
40 - 49 1.5 (3) 6.8 (6) 8.7 (5) 16 (4) 0 (0) 4.8 (18)
50 - 59 5.5 (9) 4.4 (3) 8.1 (3) 19.2 (5) 33.3 (2) 7.3 (22)
≥ 60 3.3 (5) 10 (8) 10 (6) 22.2 (4) 22.2 (2) 7.8 (25)
Total 1.6 (32) 3.7 (34) 4.6 (32) 9.0 (30) 7.7 (8) 3.4 (136)
Male:
≤ 9 0.5 (1) 0.8 (1) 1.1 (1) 0 (0) 0 ( 0) 0.5 (3)
10 - 19 0.3 (1) 0.5 (1)         0 (0) 4.6 (3) 3.4 (1) 0.8 (6)
20 - 29 0.6 (2) 3.0 (5) 4.2 (4) 6.3 (3) 7.1 (1) 2.4 (15)
30 - 39 1.4 (4) 1.4 (2) 6.3 (6) 6.9 (3) 0 (0) 2.7 (15)
40 - 49 1.6 (3) 6.0 (5) 6.1 (4) 7.6 (2) 9.0 (1) 4.0 (15)
50 - 59 0.9 (1) 6.2 (4) 11.4 (4) 5.8 (1) 0 (0) 4.2 (10)
≥ 60 1.8 (3) 11.9 (10) 7.2 (4) 13.3 (2) 28.5 (2) 6.4 (21)
Total 0.9 (15) 3.4 (28) 4.0 (23) 4.7 (14) 5 (5) 2.5 (85)

Numerals in parentheses denote number of cases
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Table III. Prevalence of anaemia per 100 people without any arsenical skin lesion by age group and arsenic level in water 

Age group Arsenic level in water (µg/l)
 (yr) < 50 50-199 200-499 500-799 ≥ 800 Total

Female:
≤ 9 4.9 (8) 8.6 (7) 6.7 (7) 2.8 (2) 4.1 (1) 5.6 (25)
10 - 19 1.6 (6) 13.4 (22) 10.8 (17) 11.7 (8) 4.3 (1) 6.9 (54)
20 - 29 3.3 (18) 9.4 (24) 11.8 (19) 12.3 (8) 0 (0) 6.6 (69)
30 - 39 3.6 (12) 10.5 (19) 17.2 (21) 23.3 (14) 7.6 (1) 9.4 (67)
40 - 49 5.1 (10) 9.1 (8) 22.8 (13) 28 (7) 22.2 (2) 10.6 (40)
50 - 59 4.9 (8) 10.2 (7) 18.9 (7) 19.2 (5) 0 (0) 9.0 (27)
≥ 60 5.3 (8) 15 (12) 20 (12) 33.3 (6) 11.1 (1) 12.3 (39)
Total 3.6 (70) 10.8 (99) 13.8 (96) 15.0 (50) 5.8 (6) 8.1 (321)
Male:
≤ 9 3.1 (6) 15.2 (19) 5.2 (5) 4.8 (4) 9.0 (2) 7.0 (36)
10 - 19 2.1 (7) 5.3 (9) 8.6 (11) 3.0 (2) 10.3 (3) 4.4 (32)
20 - 29 1.6 (5) 6.7 (11) 4.2 (4) 4.2 (2) 14.2 (2) 3.9 (24)
30 - 39 1.8 (5) 4.4 (6) 9.4 (9) 2.3 (1) 0 (0) 3.7 (21)
40 - 49 2.1 (4) 9.6 (8) 13.8 (9) 3.8 (1) 0 (0) 5.9 (22)
50 - 59 0 (0) 4.6 (3) 5.7 (2) 5.8 (1) 0 (0) 2.5 (6)
≥ 60 3.0 (5) 2.3 (2) 14.5 (8) 0 (0) 28.5 (2) 5.1 (17)
Total 2.0 (32) 7.0 (58) 8.4 (48) 3.7 (11) 9 (9) 4.7 (158)
Numerals in parentheses denote number of cases

Table IV. Prevalence of lung disease per 100 people without any arsenical skin lesion by age group and arsenic level in water
Age group Arsenic level in water (µg/l)

(yr) < 50 50-199 200-499 500-799 ≥ 800 Total

Female:
≤ 9 1.2 (2) 2.4 (2) 5.8 (6) 2.8 (2) 0 (0) 2.7 (12)
10 - 19 3.0 (11) 6.1 (10) 7.6 (12) 4.4 (3) 0 (0) 4.6 (36)
20 - 29 3.1 (17) 3.5 (9) 11.2 (18) 6.1 (4) 0 (0) 4.6 (48)
30 - 39 4.8 (16) 6.6 (12) 10.6 (13) 10 (6) 7.6 (1) 6.7 (48)
40 - 49 6.6 (13) 5.7 (5) 14.0 (8) 4 (1) 11.1 (1) 7.4 (28)
50 - 59 9.8 (16) 7.3 (5) 2.7 (1) 34.6 (9) 0 (0) 10.3 (31)
≥ 60 10 (15) 11.2 (9) 33.3 (20) 33.3 (6) 22.2 (2) 16.4 (52)
Total 4.7 (90) 5.7 (52) 11.2 (78) 9.3 (31) 3.8 (4) 6.4 (255)
Male:
≤ 9 3.1 (6) 3.2 (4) 3.1 (3) 3.6 (3) 4.5 (1) 3.3 (17)
10 - 19 2.7 (9) 5.3 (9) 13.3 (17) 4.6 (3) 10.3 (3) 5.6 (41)
20 - 29 12.5 (37) 11.1 (18) 11.7 (11) 4.2 (2) 7.1 (1) 11.2 (69)
30 - 39 14.0 (38) 8.1 (11) 16.8 (16) 18.6 (8) 20 (2) 13.5 (75)
40 - 49 19.0 (35) 15.6 (13) 15.3 (10) 7.6 (2) 18.1 (2) 16.8 (62)
50 - 59 18.0 (20) 17.1 (11) 28.5 (10) 23.5 (4) 28.5 (2) 20.0 (47)
≥ 60 20.4 (34) 23.8 (20) 27.2 (15) 26.6 (4) 85.7 (6) 24.1 (79)
Total 11.5 (179) 10.4 (86) 14.4 (82) 8.8 (26) 17 (17) 11.7 (390)

Numerals in parentheses denote number of cases

case control study, a ten-fold higher rate of occurrence 
of bronchiectasis (detected by high resolution 
computerized tomography) was reported in cases with 
skin lesion compared to control subjects29.

 With chronic exposure to arsenic, overt 
gastrointestinal symptoms are often absent7. 
Gastroenteritis was reported in a study of 1447 cases 

of chronic arsenicosis caused by drinking arsenic 
contaminated water (50-1800 µg/l) in the Inner 
Mongolian Autonomous region of China24. Chronic 
diarrhoea has been reported to occur following chronic 
ingestion of arsenic contaminated water4,19-21,24,30,31. 
Several investigators have also reported cases of 
liver disease in the form of non cirrhotic portal 
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Table V. Prevalence of diarrhoea per 100 people without any arsenical skin lesion by age group and arsenic level in water 
Age group Arsenic level  in water (µg/l)

(yr) < 50 50-199 200-499 500-799 ≥ 800 Total

Female:
≤ 9 1.2 (2) 0 (0) 0 (0) 0 (0) 0 (0) 0.4 (2)
10 - 19 0.2 (1) 0 (0) 0 (0) 5.8 (4) 0 (0) 0.6 (5)
20 - 29 0.5 (3) 1.5 (4) 1.8 (3) 3.0 (2) 10.5 (2) 1.3 (14)
30 - 39 0.3 (1) 2.2 (4) 1.6 (2) 5 (3) 7.6 (1) 1.5 (11)
40 - 49 1.5 (3) 1.1 (1) 0 (0) 8 (2) 0 (0) 1.6 (6)
50 - 59 1.2 (2) 0 (0) 2.7 (1) 3.8 (1) 0 (0) 1.3 (4)
≥ 60 1.3 (2) 2.5 (2) 3.3 (2) 11.1 (2) 11.1 (1) 2.8 (9)
Total 0.7 (14) 1.2 (11) 1.1 (8) 4.2 (14) 3.8 (4) 1.2 (51)
Male:
≤ 9 0.5 (1) 2.4 (3) 4.2 (4) 2.4 (2) 0 (0) 1.9 (10)
10 - 19 0.9 (3) 2.3 (4) 3.1 (4) 4.6 (3) 3.4 (1)  2.0 (15)
20 - 29 0.6 (2) 1.2 (2) 0 (0) 0 (0) 7.1 (1) 0.8 (5)
30 - 39 0.3 (1) 2.2 (3) 1.0 (1) 2.3 (1) 0 (0) 1.0 (6)
40 - 49 0 (0) 1.2 (1) 1.5 (1) 3.8 (1) 0 (0) 0.8 (3)
50 - 59 0 (0) 0 (0) 0 (0) 0 (0) 14.2 (1) 0.4 (1)
≥ 60 1.2 (2) 2.3 (2) 1.8 (1) 0 (0) 14.2 (1) 1.8 (6)
Total 0.5 (9) 1.8 (15) 1.9 (11) 2.3 (7) 4 (4) 1.3 (46)

Numerals in parentheses denote number of cases

Table VI. Prevalence of liver enlargement per 100 people without any arsenical skin lesion by age group and arsenic level in water 

Age group Arsenic level in water (µg/l)

(yr) < 50 50-199 200-499 500-799 ≥ 800 Total

Female:
≤ 9 4.3 (7) 7.4 (6) 8.7 (9) 5.7 (4) 12.5 (3) 6.6 (29)
10 - 19 1.0 (4) 3.6 (6) 7.6 (12) 5.8 (4) 26.0 (6) 4.1 (32)
20 - 29 2.7 (15) 4.3 (11) 6.8 (11) 7.6 (5) 0 (0) 4.0 (42)
30 - 39 2.7 (9) 5 (9) 4.0 (5) 15 (9) 7.6 (1) 4.6 (33)
40 - 49 3.0 (6) 13.7 (12) 3.5 (2) 8 (2) 22.2 (2) 6.4 (24)
50 - 59 3.0 (5) 8.8 (6) 8.1 (3) 34.6 (9) 0 (0) 7.6 (23)
≥ 60 3.3 (5) 10 (8) 6.6 (4) 0 (0) 11.1 (1) 5.6 (18)
Total 2.6 (51) 6.3 (58) 6.6 (46) 9.9 (33) 12.6 (13) 5.0 (201)
Male:
≤ 9 3.1 (6) 14.4 (18) 12.6 (12) 12.1 (10) 9.0 (2) 9.3 (48)
10 - 19 4.2 (14) 4.1 (7) 3.9 (5) 13.8 (9) 17.2 (5) 5.5 (40)
20 - 29 4.4 (13) 3.0 (5) 5.3 (5) 14.8 (7) 14.2 (2) 5.2 (32)
30 - 39 1.4 (4) 5.9 (8) 8.4 (8) 13.9 (6) 30 (3) 5.2 (29)
40 - 49 2.1 (4) 9.6 (8) 1.5 (1) 7.6 (2) 18.1 (2) 4.6 (17)
50 - 59 1.8 (2) 10.9 (7) 8.5 (3) 17.6 (3) 28.5 (2) 7.2 (17)
≥ 60 3.0 (5) 7.1 (6) 10.9 (6) 0 (0) 28.5 (2) 5.8 (19)
Total 3.1 (48) 7.1 (59) 7.0 (40) 12.5 (37) 18 (18) 6.0 (202)

Numeral in parentheses denote number of cases

fibrosis (NCPF) following treatment with trivalent 
inorganic arsenic has also been reported32. NCPF 
in liver following drinking of arsenic contaminated 
water was reported as early as 197833. Since then 
hepatomegaly associated with prolonged intake of 
arsenic contaminated water has been reported by many 
authors4,10,11,15,21,23,24,34,35.

 Though there are many reports on various systemic 
manifestations due to chronic arsenic toxicity, very 
few reports are available on these features in absence 
of arsenical skin lesion22. In an earlier analysis of non-
smokers of the same population, it was observed that 
the respiratory effects were largely confined to those 
who had arsenical skin disease, though weakness was 
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found to be significantly high even in those without 
skin lesion22. In Chile, differences in respiratory 
disease were reported in school children with skin 
lesion compared to those without the lesions. Chronic 
lung disease like chronic cough was found among 
38.8 per cent of 144 subjects with abnormal skin 
lesion compared with 3 per cent of 36 subjects with 
normal skin in a study among a cohort 180 residents of 
Antofagasta Chile19.

 The detection of arsenicosis cases is the cornerstone 
for case management and reporting for surveillance in 
an arsenic exposed population. In the recommended 
case definition algorithm of WHO7 two major diagnostic 
criteria have been considered: (i) the presence of 
pigmentary and keratotic skin lesion; and (ii) evidence 
of exposure of elevated levels of arsenic established 
by history of intake of arsenic contaminated water or 
by raised arsenic level in hair and nails. The present 
findings highlighted that systemic manifestations like 
chronic lung disease, chronic diarrhoea, hepatomegaly, 
etc., could also occur in arsenic exposed people in 
absence of skin lesions in significantly higher number 
of cases compared to non exposed population. Though 
these systemic manifestations are non specific and may 
be unrelated to arsenic, it is worthwhile to include 
people with systemic manifestations with evidence 
of arsenic exposure as suspected cases of arsenicosis. 
These cases need to be followed up for a prolonged 
period for detection of arsenical skin lesion and cancer 
on a later date. 

 The present cross-sectional study had certain 
limitations. It was an exploratory study and arsenic 
exposure was based on water arsenic report. No 
analysis of biological samples like hair, nail or 
urine could be carried out to substantiate arsenic 
exposure in body. A major strength of this study 
was that it was the first large population-based 

study with individual arsenic exposure data, which 
can provide critical information to characterize 
the exposure-response relationship with systemic 
manifestations in absence of dermatological lesions. 
The study showed an increase in proportion of both 
female and male patients suffering from weakness, 
anaemia, chronic lung disease, chronic diarrhoea 
and hepatomegaly with increase in concentration of 
arsenic in drinking water and this followed a dose-
response relationship.  

Acknowledgment

 The authors thank Prof. S.P. Mukherjee, Centenary Professor 
(Retd.), Department of Statistics, University of Calcutta, Kolkata, 
for his expert advice for statistical analysis of data obtained in this 
study, and also extend their gratitude to Shriyut Anup Giri and 
Kaustav Chakraborty of Department of Statistics, Science College, 
Kolkata, for technical assistance in analyzing the data.

References

1. IARC (WHO). Some drinking-water disinfectants and 
contaminants, including arsenic. Monographs on the 
evaluation of carcinogenic risks to humans. Lyon, France: 
International Agency for Research on Cancers, 2004; 84 : 68-
73.

2. Chakraborti D, Rahman, MM, Paul K, Sengupta MK, 
Chowdhury UK, Lodh D, et al. Arsenic calamity in India and 
Bangladesh sub-continent-whom to blame? Talanta 2002; 58 
: 3-22.

3. Bhattarcharjee Y. A sluggish response to humanity’s biggest 
mass poisoning. Science 2007; 315 : 1659-61.

4. Guha Mazumder DN, Chakraborty AK, Ghosh A, Das Gupta 
J, Chakraborty DP, Dey SB, et al. Chronic arsenic toxicity 
form drinking tube-well water in rural West Bengal. Bull 
World Health Organ 1988; 66 : 499-506.

5. Guha Mazumder DN, Das Gupta J, Santra A, Pal A, Ghose A, 
Sarkar S, et al. Non-cancer effects of chronic arsenicosis with 
special reference to liver damage. In: Abernathy CO, Calderon 
RL, Chappell WR, editors. Arsenic exposure and health effect. 
London: Chapman & Hall; 1997. p. 112-23.

6. National Research Council. Arsenic in drinking water. 
Washington DC: National Academy Press; 1999. p. 27-82.

Table VIII. Prevalence odds ratio (POR) for some systemic manifestations in people without any skin lesion comparing those exposed to 
arsenic >500 µg/l to participants exposed to arsenic <50 µg/l

Females Males

Cases exposed to 
> 500 µg/l

POR 95% CI Cases exposed  to 
 > 500 µg/l

POR 95% CI

Weakness 38 5.48 3.4- 8.8 19 5.24 2.6-10.4

Anaemia 56 3.85 2.6-5.5 20 2.41 1.3-4.2
Chronic lung disease 35 1.76 1.1-2.6 43 0.93 0.65-1.3

Chronic diarrhoea 18 5.49 2.7-10.9 11 4.97 2.0-12.0
Hepatomegaly 46 4.34 2.8-6.5 55 5.13 3.4-7.6

 MAJUMDAR et al: SYSTEMIC MANIFESTATIONS IN ARSENICOSIS 81



7. A field guide for detection, management and surveillance of 
arsenicosis cases. In: Caussy D, editor. Technical publication 
no.30. New Delhi: World Health Organization Regional 
Office for South East Asia; 2005. p. 5-11.

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

9. Zaldivar R, Prunes L, Ghai G. Arsenic dose in patients with 
cutaneous carcinoma and hepatic hemangio-endothelioma 
after environmental and occupational exposure. Arch Toxicol 
1981; 47 : 145-54.

10. Saha KC. Melanokeratosis from arsenic contaminated tube 
well water. Indian J Dermatol 1984; 29 : 37-46.

11. Guha Mazumder DN, Das Gupta J, Chakraborty AK, 
Chatterjee A, Das D,  Chakraborti D. Environmental pollution 
and chronic arsenicosis in south Calcutta. Bull World Health 
Organ 1992; 70 : 481-5.

12. Guha Mazumder DN, Ghosh N, De BK, Santra A, Das 
S, Lahiri S, et al. Epidemiological study on various non-
carcinomatous manifestations of chronic arsenic toxicity in 
a district of West Bengal. In: Chappell WR, Abernathy CO, 
Calderon RL, editors. Arsenic exposure and health effects IV. 
Amsterdam: Elsevier; 2001. p. 153-64. 

13. Kilburn KH. Neurobehavioral impairment from long-term 
residential arsenic exposure. In: Abernathy CO, Calderon RL, 
Chappell WR, editors. Arsenic exposure and health effects. 
London: Chapman & Hall; 1997. p. 159-75.

14. Franklin M, Bean W, Harden RC. Fowler’s solution as an 
etiologic agent in cirrhosis. Am J Med Sci 1950; 219 : 589-96.

15. Guha Mazumder DN, De BK, Santra A, Dasgupta J, Ghosh 
N, Roy BK, et al. Chronic arsenic toxicity: Epidemiology, 
natural history and treatment. In: Chappell WR, Abernathy 
CO, Calderon RL, editors. Arsenic exposure and health 
effects. Amsterdam: Elsevier Science; 1999. p. 335-47.

16. Harrington JM, Middaugh JP, Morse DL, Housworth J. A 
survey of a population exposed to high concentrations of 
arsenic in well water in Fairbanks, Alaska. Am J Epidemiol 
1978; 108 : 377-85.

17. Morse DL, Harrington JM, Housworth J, Landrigan PJ, Kelter 
A. Arsenic exposure in multiple environmental media in 
children near a smelter. Clin Toxicol 1979; 14 : 389-99.

18. Southwick JW, Western AE, Beck MM. An epidemiological 
study of arsenic in drinking water in Millard County, Utah. 
In: Lederer W, Fensterheim R, editors. Arsenic: Industrial, 
biomedical, environmental perspectives. New York: Van 
Nostrand Reinhold; 1983. p. 210-25.

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

20. Rosenberg HG. Systemic arterial disease and chronic 
arsenicism in infants. Arch Pathol 1974; 97 : 360-5.

21. Guha Mazumder DN, Das Gupta J, Santra A, Pal A, Ghose A, 
Sarkar S. Chronic arsenic toxicity in West Bengal - The worst 
calamity in the world. J Indian Med Assoc 1998; 96 : 4-7.

22. Guha Mazumder DN, Haque R, Ghosh N, Dey BK, Santra 
A, Chakraborti D, et al. Arsenic in drinking water and the 
prevalence of respiratory effects in West Bengal, India. Int J 
Epidemiol 2000; 29 : 1047-52.

23. Ahmad SA, Sayed MHSU, Hadi SA, Faruquee MH, Jalil MA, 
Ahmed R, et al. Arsenicosis in a village in Bangladesh. Int J 
Environ Health Res 1999; 9 : 187-95. 

24. Ma HZ, Xia YJ, Wu KG, Wu KG, Sun TZ, Mumford JL. Human 
exposure to arsenic and health effects in Bayingnormen, Inner 
Mongolia. In: Chappell WR, Abernathy CO, Calderon RL, 
editors, Arsenic exposure and health effects. Amsterdam: 
Elsevier Science; 1999. p. 127-31.

25. Chowdhury UK, Biswas BK, Chowdhury TR, Samanta G, 
Mandal B, Basu GC, et al. Groundwater arsenic contamination 
in Bangladesh and West Bengal, India. Environ Health 
Perspect 2000; 108 : 393-7. 

26. Milton AH, Hasan AH, Rahman ZA, Rahman M. Chronic 
arsenic poisoning and respiratory effects in Bangladesh. 
J Occup Health 2001; 43 : 136-40.

27. De BK, Majumdar D, Sen S, Guru S, Kundu S. Pulmonary 
involvement in chronic arsenic poisoning from drinking 
contaminated ground-water. J Assoc Physicians India 2004; 
52 : 395-400.

28. Von Ehrenstein OS, Guha Mazumder DN, Yuan Y, Samanta 
S, Balmes J, Sil A, et al. Decrements in lung function related 
to arsenic in drinking water in West Bengal, India. Am J 
Epidemiol 2005; 162 : 533-41.

29. Guha Mazumder DN, Craig S, Bhattacharya P, Von Ehrenstein 
OS, Ghosh N, Gotway M, et al. Bronchiectasis in persons 
with skin lesions resulting from arsenic in drinking water. 
Epidemiology 2005; 16 : 760-5. 

30. Zaldivar R. Arsenic contamination of drinking water and 
food stuffs causing endemic chronic poisoning. Beitr Path Bd 
1974; 151 : 384-400.

31. Cebrian ME, Albores A, Aguilar M, Blakely E. Chronic 
arsenic poisoning in the north of Mexico. Hum Toxicol 1983; 
2 : 121-33.

32. Nevens F, Fevery J, Van Streenbergen W, Sciot R, Desmet V, 
De Groote J. Arsenic and non-cirrhotic portal hypertension: A 
report of eight cases. J Hepatol 1990; 11 : 80-5. 

33. Datta DV, Mitra SK, Chhuttani PN, Chakravarti RN. Chronic 
oral arsenic intoxication as a possible aetiological factor in 
idiopathic portal hypertension (non-cirrhotic portal fibrosis) in 
India. Gut 1979; 20 : 378-84.

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

35. Ahmad SA, Bandaranayake D, Khan AW, Hadi SA, Uddein 
G, Halim MA. Arsenic contamination in ground water and 
arsenicosis in Bangladesh. Int J Environ Health Res 1997; 7 : 
271-6. 

Reprint requests: Dr D.N. Guha Mazumder, Director, DNGM Research Foundation, 37/C, Block ‘B’, New Alipore, Kolkata 700 053, India
 e-mail: guhamazumder@yahoo.com

82 INDIAN J MED RES, JANUARY 2009


