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Abstract— Arsenic in drinking water is a major public health 

concern in Bangladesh, affecting several millions of people who 
live in rural areas, because of insufficient financial resources 
and public health infrastructure and lack of awareness.  The 
present study empirically analyzes the arsenic exposure to 
human, arsenic concentration in urine and tube well water and 
body mass index of sample respondents of a population survey. 
A five-stage sampling procedure was undertaken for the 
selecting the 418 sample respondents for examining the arsenic 
concentration in urine and body mass index and 86 sample tube 
well for testing the arsenic concentration in drinking water. It 
was found that the sample respondents had an average body 
mass index of 19.52 while the BMI of the sample respondents 
varied from 14.06 to 33.4 with standard deviation 3.02 which 
was represent the broad characteristics of BMI of rural 
residents.  The average level of arsenic concentration in the 
drinking water was 285.37 ±193.13 μg/L with the ranging from 
0 to 715.63 μg/L. The mean arsenic concentration in the urine of 
the sample respondents was 637.85 ± 478.69μg/L creatinine. 
The concentration levels varied from 93.03 – 3198.00μg/L 
creatinine. Melanosis in the palm, sole and trunk were the 
common signs in the patients. The present study shows that the 
highest amount of skin lesion was melanosis in palm (43.74%) 
and the second highest in trunk (37.49%). This study found high 
arsenic concentration in urine and drinking water and low body 
mass index. 

 
 

Index Terms—Assessment, body mass index, exposure, 
human health, urinary arsenic. 
 

I. INTRODUCTION 
 Exposure of arsenic from drinking water has been a major 

public health threat to millions of people in different parts in 
the world. Bangladesh is facing an increasing threat of 
arsenic contamination in groundwater which is associated 
with risk of skin cancer, cardiovascular, black foot disease, 
hypertension, adverse reproductive - outcomes, neurological 
disorder [1], [2] as well as other social and psychological 
problems[3]. In attempting to eliminate water-borne diseases 
caused by drinking contaminated surface water, millions of 
shallow wells were drilled in Bangladesh during the last 30 

 
Manuscript received December 3, 2010. The author would like to thank 

the Japanese Government for a scholarship (Monbukagakusho) to allow the 
research.  

Institute of Economic Research, Graduate School of Economics, 
Hitotsubashi University, 2-1 Naka, Kunitachi, Tokyo 186-8603, Japan 
(phone: 81-90-6654-9922;  e-mail: mrs_bd@yahoo.com).  

 

years that brought geological arsenic to the surface. This 
caused an estimated 40 million people in this country 
suffering from arsenic poisoning-related diseases [4]. It is a 
very crucial issue for sustainable public health of Bangladesh, 
and some systematic investigations have been undertaken to 
assess the health burden. Typically, epidemiologic studies 
have relied on a few measures of arsenic (As) in drinking 
water to estimate exposure. The historical consistency of 
arsenic concentration is of particular concern with shallow 
ground water, which might be subject to greater fluctuation 
than water from a deeper well [5].  

The study conducted within highly contaminated areas has 
found that 17–35% of the populations examined have skin 
lesions, and up to 3.4% of them have gangrene and ulcers [6]. 
Drinking water in Bangladesh contains mostly inorganic 
arsenic. Inorganic arsenic, once ingested is excreted through 
urine in human [7]. Inorganic arsenic is a naturally occurring 
toxicant and carcinogen [8], [9] that contaminates 
groundwater supply systems in countries around the world 
[10]. Flour and rice also contain inorganic arsenic, 
particularly if grown or cooked in areas with arsenic 
contamination in soil and water [11]. The metabolism of 
inorganic arsenic in the human body results in 
methylarsonate (MA) and dimethylarsinate (DMA), which 
are excreted in urine together with unchanged inorganic 
arsenic [12], [13]. A series of reduction and oxidation 
methylation reactions occur  in liver to form 
monomethylarsonic acid (MMA) and dimethylarsinic acid 
(DMA) [14]. Approximately one-third of the hand tube wells 
in Bangladesh contain arsenic more than 10 μg/L, the 
recommended level of arsenic in drinking water by the WHO 
[15].  

Some studies have indicated that poor nutritional status 
may increase the risk of arsenic related health effects [16]- 
[21]. The respondents with below standard body weight for 
their age and sex were reported to have an overall 1.6 
fold-increase in the prevalence of keratoses in West Bengal, 
India [18]. However, there are uncertainties about the 
relationship between exposure to As and its clearance in 
urine as a marker of exposure to As in drinking water. 
Improved estimates of exposure to As may be obtained by 
quantization of the amount of arsenic in the urine. In 
particular, there is limited information on the arsenic 
concentration in the urine and nutritional status. Moreover, 
accurate estimation of magnitude and pattern of exposure is 
critical for a better understanding of the adverse effects of 
chronic exposure to human body. Therefore, the objectives of 
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this study are to conduct an initial assessment of sevearity 
and to identfy the pathway of arsenic exposure to human 
body, to investigate the arsenic concentrations in the drinking 
water and urine and association between arsenic 
concentrations in urine and body mass index. 

 

II. METHODOLOGY  

A. Survey Area  
The study area of this investigation is southern region of 

Bangladesh. Two Upazilas namely Matlab South and 
Hajigong were selected from out of eight Upazilas of 
Chandpur district as it is known to be highly contaminated 
with arsenic in the underground water. The British 
Geological Survey [15] reported that there is high prevalence 
of arsenic in tube well water in Chandpur district. The upazila 
is the second lowest tier of administrative government in 
Bangladesh. The districts of Bangladesh are divided into 
sub-districts called Upazilas.  

B. Selection of Survey Sample  
A five-stage sampling procedure was undertaken. Firstly, 

two upazilas of Chandpur were selected purposively. 
Secondly, preliminary information on the severity of arsenic 
exposure to human was collected from the local NGOs 
personnel, health workers, and ICDDR, B field workers. 
Thirdly, thirty villages were listed on the basis of the severity 
of arsenic exposure. Fourthly, four villages (two + two) were 
selected randomly from two upazilas for the present study. 
Finally, 450 respondents were selected randomly.  

C.  Survey Instruments 
The purpose of the study was described to the respondents 

and the issue of ethical consent was addressed by informed 
individual oral consent. A pre-design questionnaire was used 
to collect the very basic information like age, sex etc. as well 
as details information about arsenicosis problems if any 
respondent has arsenicosis problem(s). Four (two men and 
two women) interviewers were hired based on educational 
qualification and previous field experience. These four 
interviewers were thoroughly trained and used for pretesting 
the questionnaires and finally, they conducted the survey by 
face-to-face interview. Height was measured in centimeters 
and weight was measured in kilograms. Standing height and 
weight of each participant were measured with the subjects 
wearing light clothes and not wearing shoes. Total 418 urine 
samples were collected from respondents for arsenic 
concentrations test. Thirty two observations were excluded 
for non-response and refusal of participants. Participation 
was voluntary and data protection was observed throughout 
the study. In total 86 water samples were collected from tube 
wells for examining the arsenic concentration in drinking 
water. 

D. Assessment of Arsenic Exposure 
The total arsenic (As) concentrations of the water (n = 86) 

and urine (n = 418) were determined by an atomic absorption 
spectrometer equipped with a flow injection hydride 
generator (HG-AAS) and the part of the samples were also 
measured with inductively coupled plasma mass 
spectroscopy (ICP-MS) for cross cheek. Assay accuracy was 

ensured by inclusion of reference materials: NIST 1640 
(trace metal in water; National Institute of Standards and 
Technology, Gaithersburg, MD, USA), and NIES 18 (Human 
urine, National Institute of Environmental studies, Tsukuba, 
Japan). All the measurements were within the certified ranges. 
Creatinine concentration in urine samples was determined 
with UV-VIS Spectrophotometric analyzer at 520 nm using a 
commercial creatinine kit, based on the Jaffe reaction. 

E.  Statistical Analysis 
This study was used descriptive statistics to describe the 

data. All analyses were performed by using SPSS package. 
Descriptive analysis involved calculations of standard 
deviation, frequency distribution, percentage, mean and 
tabular statistics for reporting the skin lesion, arsenic 
concentrations in tube well and urine and body mass index. 

 

III. RESULTS AND DISCUSSION 

A.  Characteristics of Survey Sample 
The basic characteristics of survey sample include age, sex, 

height, weight, body mass index, arsenic concentration in 
tubewell and urine. The body mass index (BMI) of the 
respondents was categorized into four different classes, 
namely underweight (<18.50), normal weight (18.50–24.99), 
overweight (25–29.99) and obesity (≥ 30). The descriptive 
statistics of the sample characteristics are shown in Table 1. 
Of the total 418 respondents enrolled in this study, there were 
163 male respondents and 255 female respondents with the 
age of maximum 86 years, minimum 14 years and standard 
deviation 15.67. The age range of males was 16 to 86 years 
with standard deviation 16.92; while that of females was 80 
to 14 years with standard deviation 14.80. The whole sample 
average height was 153.86 cm with the ranging from 131.0 to 
177.4 cm and standard deviation 8.48 and weight was 46.30 
kg with the ranging from 28.2 kg to 78.3 kg and standard 
deviation 8.41. 

It was found that the sample respondents had an average 
body mass index of 19.52 while the BMI of the sample 
respondents varied from 14.06 to 33.4 with standard 
deviation 3.02. The normal weight respondents had an 
average BMI of 20.65 (range: 18.52 – 24.99), while the 
underweight respondents had 17.12 (range: 14.06 – 18.49), 
overweight respondents had 26.00 (range: 24.52 – 28.33), 
obesity respondents had 32.05 (range: 30.93 – 33.40). The 
average level of arsenic concentration in the drinking water 
was 285.37 ±193.13 μg/L with the ranging from 0 to 715.63 
μg/L. The mean arsenic concentration in the urine of the 
sample respondents was 637.85 ± 478.69μg/g. The 
concentration levels varied from 93.03 – 3198.00μg/g. 
 

B. Skin Lesion of Sampled Arsenicosis Patients 
The distribution of skin lesion of surveyed arsenicosis 

patients is reported in Table 2. The present study shows that 
the highest amount of skin lesion was melanosis in palm 
(43.74%) and the second highest in trunk (37.49%). 
Leucomelanosis of arsenicosis patients was found at 2.08% 
in left palm, 10.41% in both palms, 6.25%% in right and 
8.33% both soles, 4.16% in back trunk and 10.41% in both 
front and back trunk. Among the arsenicosis patients, 
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keratosis was found in both left and right palm of 4.16% of 
patients and in dorsum of hand and foot of 2.08% of patients. 
Around four percent of the respondents reported incidence of 
hyperkeratosis in sole and dorsum of hand and foot.  

The melanosis, leucomalanosis and keratosis symptoms 
were identified around 11%, 2% and 2% of the respondents, 
respectively in the Hajiganj [22]. The present study was 
found that melanosis in palm, sole and trunk and keratosis in 
the dorsum of hand & feet were the commonest signs in the 
patients. These findings are in agreement with other studies. 
The bodily marks of arsenicosis/arsenic poisoning are 
associated in the early stages with the palms of the hands and 
the soles of the feet. These stigmata are black patches known 
in Bengali as zengoo. At first blisters (foskaa), sores (ghaa), 
or gotta/goottee (swellings) develop on palms and soles and 
there is chulkani (itching). These goottee gradually turn into 
zengoo, which develop slowly. Later the skin becomes dark 
and spotted due to the deposition of a black pigment. 
Eventually the spots become thickened (mota) and hard 
(shokto), the worst prognosis being a cancerous gangrene [6], 
[23]. A similar finding was reported at Hajiganj Upzila of 
Chandpur district [24]. A recent study conducted within 
highly contaminated areas had found that 17–35% of the 
populations examined have skin lesions and up to 3.4% of 
them have gangrene and ulcers [6]. Skin lesions were the 
most common and prime manifestation of arsenic toxicity 
that had been considered as definite exposure [25]- [27]. 

C. Pathway of Arsenic  
Arsenic, a toxicant of natural occurrence in mineral 

deposits, is used in many human activities such as 
manufacturing, agriculture, and medicine [28]. Arsenical 
compounds are transported into the environment mainly by 
water from wells drilled into the arsenic-rich geologic strata 
or by ambient air during smelting and burning of coal [28] 
[29]. The main route of arsenic exposure for the general 
population is via drinking water. The pathway of the arsenic 
exposure to human body is shown in the Fig. 1 on the basis of 
[30]. Arsenite and arsenate are the most common forms of 
arsenic in groundwater, as well as the most toxic of the four 
compounds. The pathway they follow through the human 
body is incredibly important to understanding arsenicosis, the 
disease caused by chronic arsenic poisoning. Fig. 1 shows 
how the human body is exposed to arsenic from different 
sources. There are three main ways in which arsenic poses a 
health threat to humans: (1) ingestion through drinking water 
(including water used for cooking); (2) consumption of food 
containing arsenic; and (3) breathing of arsenic brought into 
the air through burning of fuel contaminated with arsenic (e.g. 
straw or cow dung). Arsenic is not readily absorbed through 
skin so physical contact with contaminated water, for bathing 
and washing, is not toxic [30].  

When arsenite and arsenate enter the human body, they 
bind to tissues, inhibit enzyme activity, and interfere with cell 
respiration.  

 
TABLE 1: SOME BASIC CHARACTERISTICS OF THE SAMPLE RESPONDENTS 

 
Characteristics Maximum Minimum Mean Standard deviation 
Age (years) 
Male 
Female 

86 
86 
80 

14 
16 
14 

36.02 
37.18 
35.27 

15.67 
16.92 
14.80 

Height (cm) 177.4 131.0 153.86 8.48 
Weight (kilogram) 78.3 28.2 46.30 8.41 
Body Mass Index (BMI) 
Underweight = <18.5  
Normal weight = 18.5–24.9 
Overweight = 25–29.9  
Obesity = BMI of 30 or greater 

33.4 
18.49 
24.99 
28.33 
33.40 

14.06 
14.06 
18.52 
24.52 
30.93 

19.52 
17.12 
20.65 
26.00 
32.05 

3.02  
1.14 
1.69 
1.11 
1.27 

Arsenic concentration in tube well (μg/L) 715.63 0 285.37 193.13 
Arsenic concentration in urine (μg/g) 3198.00 93.03 637.85  478.69 

 
TABLE 2: INFORMATION ON SKIN LESION OF SAMPLED ARSENICOSIS PATIENTS 

 
Type of lesion Palm Sole Dorsum of Hand & Foot Trunk 

Melanosis  
Left 
Right 
Both 

 
6 (12.50%) 
5 (10.41%) 
21 (43.74%) 

 
1 (2.08%) 
1 (2.08%) 

16 (33.33%) 

 
--- 

 
Front- 4 (8.33%) 
Back-2 (4.16%) 
Both-63 (37.49%) 

Leucomelanosis  
Left 
Right 
Both 

 
1 (2.08%) 

  --- 
5 (10.41%) 

 
  --- 
3 (6.25%) 
4 (8.33%) 

 
--- 

 
Front-   - 
Back-2 (4.16%) 
Both- 5 (10.41%) 

Keratosis  
Left & Right 

    
2 (4.16%) 

    
--- 

Yes-1 (2.08%) 
No-47 (97.92%) 

--- 

Hyperkeratosis  
Left & Right 

    
    --- 

  
1 (2.08%) 

Yes-1 (2.08%) 
No-47 (97.92%) 

--- 
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Fig. 1. Pathway of the arsenic exposure to human 
 

In order to reduce the detrimental effects of these 
compounds, the body uses a detoxifying methylation 
mechanism to convert arsenite and arsenate to inorganic 
MMA and DMA. However, during the conversion of 
inorganic species to organic species, an extremely toxic 
intermediary compound, MMA is formed. Many scientists 
are currently studying this compound since it may add 
significantly to the overall carcinogenicity of inorganic 
arsenic. Once inorganic forms have been converted to MMA 
and DMA, they are excreted from the body. Thus, the 
presence of DMA and MMA in the urine, skin, hair, and nails 
is often evidence of arsenic poisoning. Urinary arsenic 
content best indicates recent exposure to arsenic since arsenic 
appears in the urine within two to eight hours and disappears 
within seven days. Arsenic content in the skin, hair and nails 
is more useful for measuring long-term exposure to arsenic. 

D. Assessment of Arsenic in the Tube Well Water Sample 
The distribution of the assessment results of the arsenic 

concentration in the tube well water are presented in Table 3. 
It was found that a total of 8 (9%) tube wells water were 
contained less than 50 μg/L (maximum allowable limit in 
drinking water in Bangladesh) of arsenic which was within 
the national standard. On the other hand, 78 (91%) tube wells 
water were contained more than 50 μg/L of arsenic, while 47 
(55%) were contained from greater than 50μg/L to 500μg/L 
and 31 (36%) were contained greater than 500μg/L. The 
present study shows that the percentage of arsenic 
concentration more than 50 μg/L was higher than other 
studies. The finding of the current study is comparable with 

what has been reported in other studies. Previous studies 
reported that among the country's 7-11 million hand-pumped 
tube wells, approximately half have been estimated to supply 
groundwater with an As concentration> 50μg/L [31], [32]. 
Approximately 53% of residents in the study area drank 
water with an As concentration > 50μg/L [33]. The 
percentage of wells with an As concentration > 50μg/L in 
other studies ranged from 30% [34] to 59% [35]; the 
percentage > 300μg/L ranged from 8.4% [36] to 20% [35]. A 
water quality survey by Bangladesh Bureau of Statistics and 
UNICEF has found that 12.6% of drinking water samples 
collected from 13,423 households around the country do not 
meet the Bangladesh drinking water standard for arsenic 
[30].  

 
TABLE 3: DISTRIBUTION OF ARSENIC CONCENTRATION IN THE 

TUBE WELL WATER 
Arsenic concentration (μg/L) Number of tube 

well  
Percentage 

≤ 50  8 9 

>50-500 47 55 

>500 31 36 

Total 86 100 

E. Assessment of Arsenic Concentration in Urine Sample 
Urinary arsenic (UAs) concentration are used frequently in 

epidemiological and environmental health studies as means 
of assessing exposure to As. Symptoms of arsenic poisoning 
include abnormalities of the urinary tract and digestive 
system, swelling of facial tissues, hair loss, changes in skin 
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texture and color and several types of cancer. While 
short-term, high level dosages are instantly toxic, most cases 
of long-term exposure are difficult to detect and diagnose, 
since the symptoms appear over years and can be mistaken 
for other diseases. The urine arsenic level is often the 
preferred method, since it provides more accurate results. 
The results of arsenic concentration test in urine are 
presented in the Table 4. The arsenic concentration in the 
urine sample of the 45 (11%) respondents contained smaller 
than or equal to 200μg/g, 174 (41%) respondents contained 
from greater than 200 to 500μg/g, 125 (30%) respondents 
contained greater than 500 to 1000μg/g and 74 (18%) 
respondents contained greater than 1000μg/L. Average UAs 
concentration of the present study was higher than the other 
studies, such as 16 to 2746 μg/g [37] and smaller than 11 to 
4144 μg/g [38]. The other study reported that the mean 
arsenic concentrations in the drinking water for the exposed 
and unexposed (control) population were 218.1 μg/L and 
11.3 μg/L, respectively [39]. 

 
TABLE 4: DISTRIBUTION OF ARSENIC CONCENTRATION IN URINE 

Arsenic concentration 
(μg/g) 

Number of 
respondents 

Percentage 
 
 

≤ 200 45 11 

>200-500 174 41 

>500-1000 125 30 

>1000 74 18 

Total 418 100 

F. Body Mass Index of Sample Respondents 
In rural Bangladesh a major portion of people are 

underweight. The distribution of body mass index of the 
sample respondents are shown in Table 5. The nutritional 
status of the sample respondents were evaluated based on 
their body mass index. It was found that 212 (51%) of the 
sample respondents were normal weight, while 180 (43%) 
were underweight, 20 (5%) were overweight and 6 (1%) 
were obesity. It is therefore, highly likely that these sample 
respondents represent the broad characteristics of BMI of 
rural residents. Malnutrition is highly prevalent in rural 
Bangladesh [40]. 

 
TABLE 5: DISTRIBUTION OF BODY MASS INDEX OF THE 

RESPONDENTS 
Nutritional status Number of 

respondents 
Percentage 

Underweight = <18.5 180 43 

Normal weight = 18.5–24.9 212 51 

Overweight = 25–29.9 20 5 

Obesity 06 1 

Total 418 100 

G. Association between BMI and Arsenic Concentration in 
Urine 

The join frequency distributions of arsenic concentration in 
the urine and body max index are presented in the Table 6. As 
seen in the leftmost column of the body mass index, the 
proportion of under weight and arsenic concentration in urine 
is equal to or smaller than 200 μg/L was 7.78 percent only. 
On the other hand, other 92.22% underweight respondents 
contained more than 200 μg/g arsenic in urine while 36.67% 
contained from more than 200 to 500 μg/g, 34.44% contained 
from more than 500 to 1000 μg/g and 21.11% contained more 
than 1000 μg/g. The cells in the second column is shown that 
around 13.68% normal weight respondents contained equal 
to or smaller than 200μg/g arsenic and 86.32% respondents 
contained more than 200μg/g arsenic in urine. While 44.81%, 
25.95% and 15.56% normal weight sample respondents 
contained from more than 200 to 500, from more than 500 to 
1000 and more than 1000 μg/g arsenic in urine, respectively. 
In the column three under body mass index, among the 
overweight sample respondents 10.04%, 50.00%, 30.13% 
and 10.04% contained equal to or smaller than 200, more 
than 200 to 500, more than 500 to 1000 and more than 1000 
μg/g arsenic in urine, respectively. Among the obesity 
50.00%, 33.33% and 16.67% of the sample respondents 
contained more than 200 to 500, more than 500 to 1000 and 
more than 1000 μg/g arsenic in urine, respectively. In a recent 
study, an association between nutritional status and chronic 
exposure to arsenic has been reported among Bangladeshi 
patients [40].  

 
TABLE 6: JOIN FREQUENCY DISTRIBUTION OF BMI AND ARSENIC CONCENTRATION IN URINE  

Arsenic in 
urine(μg/L) 

Body mass index  
Total Under weight Normal weight Overweight Obesity 

≤200  3.35 (14) 6.94 (29)  0.48 (2) 0.00 (0)  10.77 (45)  
>200-500 15.79 (66) 22.73 (95) 2.39 (10)  0.72 (3) 41.63 (174)  
>500-1000 14.83 (62) 13.16 (55)  1.44 (6) 0.48 (2)  29.90 (125)  
>1000 9.09 (38) 7.89 (33)  0.48 (2)  0.24 (1) 17.70 (74)  
Total 43.06 (180) 50.72 (212) 4.78 (20)  1.44 (6) 100.00 (418)  

Number of sample respondents in the parentheses.  
 

An epidemiological study conducted in West Bengal, India 
showed malnutrition correlated with increased prevalence of 
skin manifestations in arsenic exposed population [18]. The 
studies were reported that low socio-economic status and 
poor nutritional status of arsenicosis sufferers people in 
Taiwan and Chile [16], [17], [19], [41]. Lower BMI was 
reported among the arsenicosis patients compared to the 

unexposed population in a previous study in Bangladesh [40]. 
However, a study from Atacameño in northern Chile reported 
no evidence of malnutrition among individuals with arsenic 
induced skin lesions [42]. 
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IV. CONCLUSION 
The findings described at the present study provide novel 

information on the urinary arsenic concentration in the highly 
arsenic contaminated area and a crucial picture of arsenic 
exposure and body mass index of rural residents as well as 
arsenic concentrations in drinking water. These results 
indicate that this population presented a high exposure level 
and clearly show the critical situation present in the study 
area, which would lead to increase the health burden, social 
discrimination and other problems. This study has 
successfully examined biomarker- arsenic in urine and 
arsenic concentration in drinking water and body mass index. 
Additional research is needed to further characterize the other 
biomarkers and health impact of arsenic exposure. The 
findings of the study are expected to be useful to take 
appropriate steps for mitigating the present arsenic crisis for 
rural livelihood pattern improvement as well as the overall 
improvement of Bangladesh.  
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