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ABSTRACT

Arsenic in drinking water has been shown to affect approximately 30-40 million people in Bangladesh.
The effects of chronic arsenic exposure are not so well-known in children although arsenic is known to have
neurologically adverse effects in adults, which include a range of cognitive functions. The present study reports
results of a cross-sectional investigation carried out with 500 school children (both males and females, ages
6-10) enrolled in Classes II-VI (n = 25 for both males or females in every Class) at Madartola Government
Primary School in Bagerhat district (arsenic-affected area) versus Khorsuthi Government Primary School in
Faridpur district (an arsenic non-affected area). Children’s intellectual functions were analyzed from
standardized questionnaires, which were pre-tested among school children in Dhaka district, Bangladesh. Along
with children’s intellectual functions, the heights and weights of school children between Grades II-VI (both
males and females) were compared between Madartola and Khorsuthi. Heights of male students between
Madartola and Khorsuthi were significantly different (P<0.05) in Classes III, IV and VI. In case of male
students in Classes II and V, these differences were significant but at P<0.08 level. For female students,
heights were found to be significantly different (P<0.05) in Classes II, V and VI between Madartola and
Khorsuthi. In all cases where significant differences were observed, the heights of school children at Madartola
were less than that of Khorsuthi. The weights of male children of Madartola were found to be significantly
less than those of Khorsuthi for Classes III, V and VI (P<0.05). Female students of Madartola of Classes II,
III, V and VI also had significantly lesser weights (P<0.05) than those at Khorsuthi. Mean of marks obtained
by both male and female students were significantly higher for Khorsuthi when compared to Madartola
(P<0.05) for Classes II, III, IV and V. Mean of time taken to fill the questionnaire was significantly lower for
male students at Khorsuthi for Classes II-VI when compared to students of Madartola (P<0.05). For female
students, significant differences (P<0.05) were observed for Classes II-V. Taken together, children between ages
6-10, when chronically exposed to arsenic seemed to gain lesser weights and heights as well as become
impaired in intellectual functions when compared to children who have not been exposed to arsenic.
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Introduction

The rural population of Bangladesh relies mostly
on tube wells for supply of their drinking water,
which has been reported to be contaminated with
arsenic. It has been estimated that approximately 30-
40 million people have been chronically exposed to
high concentrations of arsenic in their potable water,
supplied by approximately 10 million tube wells [1].
Arsenic reportedly has a number of negative
consequences on humans including respiratory,
gastrointestinal, hematologic, dermal, hepatic,
neurological, and immunologic effects [2-4], which
can continue even after the arsenic source has been
removed [5]. Several reports have mentioned a
negative effect of arsenic exposure on
neurobehavioral and neuropsychological development
[6-8]. It has been reported for adult humans that
heavy arsenic exposure can lead to adverse effects on
a range of cognitive functions as well as peripheral
and central neuropathies [9-13].

Children are more vulnerable to environmental
toxicants and pollutants. The effects of arsenic on
children are less well documented than the effects of
arsenic on adults. In two studies conducted
respectively on 10 and 6 year old children in
Araihazar, Bangladesh, who have been exposed to
arsenic, it has been reported that arsenic adversely
affected the intellectual function of children [14, 15].
An analysis of arsenic exposure and children in
China found lower IQ in children who live in an
arsenicosis area compared to those who live in a
non-arsenicosis area [16]. Another study conducted in
Shanyin County of Shanxi Province, China concluded
that not only children’s intelligence and growth can
be affected by high concentrations of arsenic or
fluoride, but also the IQ scores of children in the
high arsenic exposure group were the lowest among
the various children groups included in the study
[17]. Adverse effects of arsenic on children’s
cognitive development have also been reported for
Mexican school children [18]. Since previous studies
in Bangladesh were limited only to 10 and 6-year old
children, it was the objective of the present study to
conduct intellectual function tests along with weight
and height measurements in school children from
Classes II-VI (age group 6-10 years) in an arsenic-
affected area in Bangladesh and compare the
obtained results with school children from a non-
arsenic affected area in Bangladesh. Prior to the
study, it was ensured that the school children in the
arsenic-affected area chosen (Madartola village in
Bagerhat district) have been exposed to arsenic
contaminated drinking water well above the
Government of Bangladesh permissible arsenic limits
of 50mg/liter water. It was also ensured that the

arsenic non-affected area chosen (Khorsuthi in
Faridpur district) did not have any arsenic in the
drinking water. In both areas, drinking water was
obtained from tube wells. The socio-economic
statuses of the children and their parents were also
similar in the two areas chosen in the present study
and all school children came from rural settings.

Materials and Methods

Subjects, locations of study areas, and design of the
study 

The two study areas chosen were Madartola
village in Bagerhat district and Khorsuthi village in
Faridpur district, Bangladesh. In a preliminary
analysis, all tube wells of Madartola village (from
which drinking water was derived) were found to
have arsenic concentrations above 100 mg/liter water,
which was well above the Government of Bangladesh
permissible limits of 50 mg/liter and the World
Health Organization permissible limit of 10 mg/liter.
It was further determined that the children have been
exposed to arsenic-contaminated drinking water from
birth. Although the Government of Bangladesh has
marked the arsenic-contaminated tube wells red, the
people of Madartola village still preferred the tube
wells, either due to ignorance or since the surface
water was saline, Bagerhat district being one of the
coastal regions of Bangladesh. When analyzed, the
tube wells of Khorsuthi village did not show any
presence of arsenic in the water pumped from the
various tube wells of the village. A preliminary
survey was made of families from both villages and
it was observed that the populations of the two
villages were nearly identical in demographic and
socio-economic factors. Every precaution was taken
that the two villages are similar to each other apart
from arsenic contamination, i.e. the school children
are coming from similar set of parents regarding
economic and other parameters and that the
population of the two villages were equivalent in
terms of land ownership, crops produced, number of
individuals per household, and the type and
distribution of landless and land-holding populations.
Both villages also had two Government primary
schools which enrolled both male and female
students from Classes I-VI. The study sample
consisted of 500 school children between 6-10 years
of age who were enrolled in Classes II-VI. From
every class 25 male and 25 female students were
selected. Informed consent was obtained from the
parents as well as the school Principals
(Headmasters) prior to the survey. Children were
matched as closely as possible taking into
consideration their families’ socio-economic
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conditions and educational status.

Anthropometry 

Height and weight measurements were carried
out by standard methods [19]. All measurements
were taken by trained persons. Weight was measured
just before lunch time to avoid variations due to
different quantities of food ingestion. Height was
measured with a 3 meter standardized measurement
board. All participants were measured without shoes
and wearing only their school uniform.

Cognitive measures 

Cognitive evaluations included tests of memory,
attention, problem solving, and motor-visual
perception. Every questionnaire had sub-sets of
questions that a student was expected to answer
based on his or her course curricula, reasoning
process, observations of surroundings, and
mathematical analysis. The actual evaluation
consisted of questionnaires for the different Classes,
the actual questionnaires comprising of questions that
would be able to test the above-mentioned variables
among the students. A set of preliminary
questionnaires were prepared and standardized based
on the performances of the students between Classes
II-VI of the School of Development Alternative at
Dhaka. Each questionnaire consisted of 30 questions
pertaining to the above-mentioned variables. In each
Class (both male and female sections), questionnaires
were handed to the students and the time taken for
returning individual questionnaires was recorded with
a stopwatch for every student (total time allowed to
fill up the questionnaire was 25 minutes, irrespective
of Class or gender of individual students). All
questions were multiple-choice and an individual
question was assigned 1 mark (30 marks for the
whole questionnaire). The total mark obtained by any
individual student as well as the time required to fill
up the questionnaire (irrespective of correct or
incorrect answers) were compared between the
students of different Classes of Madartola and
Khorsuthi.

Statistical analysis 

Statistical analysis was performed using SPSS
version 15.

Results

Height, weight, time taken to fill questionnaire
and marks obtained by school children in different
classes in arsenic (Madartola) and non-arsenic
(Khorsuthi) affected areas.

Mean heights of school children in different
classes in arsenic (Madartola) and non-arsenic
(Khorsuthi) affected areas are shown in Table 1.
Heights of male students between arsenic and non-
arsenic affected areas were significantly (P<0.05)
different in classes III, IV and VI. In case of male
students in classes II and V, these differences were
significant but at P<0.08 level denoted as small letter
(c).  For female students, differences between arsenic
and non-arsenic affected areas varied from male
students. In case of female, heights were significantly
(P<0.05) different in classes II, V and VI between
arsenic-affected and arsenic non-affected areas. No
significant differences were found between arsenic
affected male and female or non-arsenic affected
male and female except in class VI students of
arsenic affected areas. Overall, the results indicated
that the mean heights of arsenic-affected area
students (Madartola) were less than their
corresponding students at Khorsuthi. 

Mean weights of school children in different
classes in arsenic (Madartola) and non-arsenic
(Khorsuthi) affected areas are shown in Table 2.
Weights of male students between arsenic and non-
arsenic affected areas were significantly (P<0.05)
different in classes III, V and VI. For female
students, these significant (P<0.05) differences were
found in II, III, V and VI. No significant differences
were found between arsenic affected male and female
or non-arsenic affected male and female except in
class VI students of non-arsenic affected areas.

Mean of marks obtained by school children in
different classes in arsenic (Madartola) and non-
arsenic (Khorsuthi) affected areas are shown in Table
3. Mean of marks obtained by male students were
significantly (P<0.05) different between arsenic and
non-arsenic affected areas in classes II, III, IV and
V. Similar results were found for female students as
well. No significant differences were found between
arsenic affected male and female or non-arsenic
affected male and female except in class VI students,
but only in non-arsenic affected areas. Overall, the
students of arsenic non-affected area (Khorsuthi)
scored more in the tests administered than their
counter parts in the arsenic-affected area (Madartola).
Mean of time taken to fill the questionnaire by
school children in different classes in arsenic
(Madartola) and non-arsenic (Khorsuthi) affected
areas are shown in Table 4. Mean of time taken to
fill the questionnaire by male students between
arsenic and non-arsenic affected areas were
significantly (P<0.05) different in classes II, III, IV,
V and VI. For female students these results were
found in classes II, III, IV and V. No significant
differences were found between arsenic affected male
and female or non-arsenic affected male and female
except  in  class II for non-arsenic and for class VI
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Table 1: Mean heights of school children in different classes in arsenic (Madartola) and non-arsenic (Khorsuthi) affected areas. Values
that differ significantly (P<0.05) are indicated by different letters. (The first letter compares between arsenic and non-arsenic
affected male or female students, and the second letter compares between male and female students in arsenic or non-arsenic
affected areas, respectively).

Area Gender of children Class Mean height (cm)  + SD 
Madartola Male II 120.5 + 5.5 (a,a)
Khorsuthi Male II 125.1 + 7.3 (c,a)
Madartola Female II 118.3 + 8.5 (a,a)
Khorsuthi Female II 125.9 + 6.3 (b,a)
Madartola Male III 121.8 + 9.2 (a,a)
Khorsuthi Male III 129.2 + 6.0 (b,a)
Madartola Female III 126.7 + 6.5 (a,a)
Khorsuthi Female III 131.2 + 9.6 (a,a)
Madartola Male IV 131.2 + 8.8 (a,a)
Khorsuthi Male IV 137.2 + 7.1(a,a)
Madartola Female IV 131.1 + 5.2 (a,a)
Khorsuthi Female IV 133.5 + 12.2 (a,a)
Madartola Male V 134.5 + 6.2 (a,a)
Khorsuthi Male V 139.7 + 10.0 (c,a)
Madartola Female V 132.1 + 8.6 (a,a)
Khorsuthi Female V 142.7 + 7.3 (b,a)
Madartola Male VI 131.4 + 7.6 (a,a)
Khorsuthi Male VI 145.6 + 7.3 (b,a)
Madartola Female VI 136.5 + 8.7 (a,b)
Khorsuthi Female VI 146.6 + 4.0 (b,a)   

Table 2: Mean weights of school children in different classes in arsenic (Madartola) and non-arsenic (Khorsuthi) affected areas. Values
that differ significantly (P<0.05) are indicated by different letters. (The first letter compares between arsenic and non-arsenic
affected male or female students, and the second letter compares between male and female students in arsenic or non-arsenic
affected areas, respectively).

Area Gender of children Class Weight (kg) + SD
Madartola Male II 20.9 + 2.4 (a,a)
Khorsuthi Male II 21.6 + 3.4 (a,a)
Madartola Female II 19.6 + 1.9 (a,a)
Khorsuthi Female II 22.2 + 3.3 ( b,a)
Madartola Male III 21.0 + 2.7 (a,a)
Khorsuthi Male III 24.1 + 3.4 (b,a)
Madartola Female III 21.3 + 2.5 (a,a)
Khorsuthi Female III 23.8 + 5.0 (b,a)
Madartola Male IV 24.5 + 3.2 (a,a)
Khorsuthi Male IV 26.6 + 4.0 (a,a)
Madartola Female IV 24.7 + 2.9 (a,a) 
Khorsuthi Female IV 26.0 + 6.0 (a,a)
Madartola Male V 26.2 + 2.8 (a,a)
Khorsuthi Male V 31.1 + 6.4 (b,a)
Madartola Female V 26.6 + 4.9 (a,a)
Khorsuthi Female V 29.6 + 9.4 (b,a)
Madartola Male VI 29.7 + 5.6 (a,a)
Khorsuthi Male VI 34.4 + 4.8 (b,a)
Madartola Female VI 32.3 + 6.3 (a,a)
Khorsuthi Female VI 38.1 + 3.7 (b,b)

students in arsenic affected areas. It can be
concluded that in general the students of arsenic-
affected area (Madartola) took more time in
answering questions than their counterparts in the
arsenic non-affected area of Khorsuthi.

Discussion

Taken together the results suggest that heights,
weights as well as intellectual functions (the latter as
evaluated through marks obtained and time taken to
fill up the supplied questionnaire) were adversely
affected in arsenic-exposed school children of
Madartola when compared to the arsenic non-exposed
school children of Khorsuthi. That the intelligence
levels of arsenic-exposed children are compromised

has already been shown in two studies conducted at
Araihazar, Bangladesh [14,15]. However, those
studies were limited to children whose ages were 10
and 6 years, respectively. No studies have been
conducted in Bangladesh on the intelligence levels of
school children in various age groups in arsenic-
affected areas of the country. This study shows for
the first time that not only weight and height, but
also the intelligence levels of school children are
adversely affected in arsenic-affected areas. The
results obtained raises serious questions as to how
these lower intelligence levels as well as decreased
heights and weights will translate into when the
children grow up to be adults and especially if they
are still exposed to arsenic ingestion through drinking
arsenic-contaminated groundwater.
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Table 3: Mean of marks obtained by school children in different classes in arsenic (Madartola) and non-arsenic (Khorsuthi) affected
areas. Values that differ significantly (P<0.05) are indicated by different letters. (The first letter compares between arsenic and
non-arsenic affected male or female students, and the second letter compares between male and female students in arsenic or
non-arsenic affected areas, respectively).

Area Gender of children Class Marks obtained (Mean + SD)
Madartola Male II 12.7 + 6.7 (a,a)
Khorsuthi Male II 24.9 + 4.3 (b,a)
Madartola Female II 10.3 + 6.8 (a,a)
Khorsuthi Female II 24.7 + 3.7 (b,a)
Madartola Male III 14.7 + 8.1 (a,a)
Khorsuthi Male III 27.2 + 3.2 (b,a)
Madartola Female III 15.9 + 6.7 (a,a)
Khorsuthi Female III 25.4 + 3.2 (b,a)
Madartola Male IV 14.7 + 5.8 9 (a,a)
Khorsuthi Male IV 19.9 + 2.7 (b,a)
Madartola Female IV 15.0 + 4.4 (a,a)
Khorsuthi Female IV 20.1 + 4.1 (b,a)
Madartola Male V 19.9 + 4.8 9 (a,a)
Khorsuthi Male V 23.6 + 2.8 (b,a)
Madartola Female V 19.1 + 2.9 (a,a)
Khorsuthi Female V 21.3 + 3.8 (b,a)
Madartola Male VI 24.2 + 4.0 (a,a)
Khorsuthi Male Vi 24.0 + 1.9 (a,a)
Madartola Female VI 22.6 + 3.6 9 (a,a)
Khorsuthi Female VI 21.5 + 3.9 (a,b) 

Table 4: Mean of time taken to fill the questionnaire by school children in different classes in arsenic (Madartola) and non-arsenic
(Khorsuthi) affected areas. Values that differ significantly (P<0.05) are indicated by different letters. (The first letter compares
between arsenic and non-arsenic affected male or female students, and the second letter compares between male and female
students in arsenic or non-arsenic affected areas, respectively).

Area Gender of children Class Time (sec) (Mean + SD)
Madartola Male II 1371.3 + 231.3 (a,a)
Khorsuthi Male II 778.7 + 258.4 (b,a)
Madartola Female II 1473.4 + 79.6 (a,a)
Khorsuthi Female II 1070.7 + 333.4 (b,b)
Madartola Male III 1343.0 + 296.9 (a,a)
Khorsuthi Male III 489.9 + 212.9 (b,a)
Madartola Female III 1234.1 + 266.9 (a,a)
Khorsuthi Female III 462.9 + 118.7 (b,a)
Madartola Male IV 1305.9 + 259.4 (a,a)
Khorsuthi Male IV 856.7 + 118.5 (b,a)
Madartola Female IV 1302.3 + 191.3 9 (a,a)
Khorsuthi Female IV 983.3 + 129.4 (b,a)
Madartola Male V 931.6 + 335.4 (a,a)
Khorsuthi Male V 696.4 + 248.0 (b,a)
Madartola Female V 887.5 + 103.0 (a,a)
Khorsuthi Female V 548.9 + 104.6 (b,a)
Madartola Male VI 713.5 + 228.2 (a,a)
Khorsuthi Male VI 607.3 + 106.7 (b,a)
Madartola Female VI 550.4 + 92.0 (a,b)
Khorsuthi Female VI 540.7 + 114.5 (a,a)
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