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ABSTRACT

A cross sectional study was conducted on 600 children of arsenic exposed
(arsenic concentration of tube well water was above 50 |ig /L) and non-exposed
(arsenic concentration of tube well water was below 50 |ig /L) areas in
Bangladesh to find out any difference in the nutritional status. From both
exposed and non-exposed areas children of 5-14 years of age, having negative
examination report for helminthic infestation and whose guardians were willing,
to participate in the study were included as respondents. Where as those beyond
the age limit and suffering from illnesses like (severe diarrhea, chronic
dysentery, acute respiratory infection) were not included in this study.
Information was collected on socio-demographic characteristics, duration of
water use, daily consumption of water of children, arsenic level of tube-well
water, other sources of water intake using pre tested questionnaire. Checklist
was used for arsenic level of water, helminthic infestation of stool and

andiropometric measurements of the study children.

The study groups (arsenic exposed and non-exposed) were found to be more or
less similar in terms of age, gender, number of children (aged 5-14 years) in
household, parental education, family type, father’s profession, family size,

monthly family income, housing condition and type of latrine use (p> 0.05).
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Dietary history of children showed almost similar intake of carbohydrate,
protein and fat in both the exposed and non-exposed groups. The total calorie
intake was also found not to be significantly different between the two groups of
children. Nutritional status of children was assessed by z-scores of weight for
age, height for age and weight for height and also using and 85* percentiles
of the body mass index (BMI) for age. Thinness (low BMI for age) was found
more among the children of exposed area (49%) than that of non-exposed area
(38%). Comparatively children with normal BMI was found to be more in non-
exposed area than in exposed area and the difference was found to be significant
(X7=10.600, p <0.01). The weight for age z-score measurements showed that the
children in the exposed area were more underweight than those of the non-
exposed area (p< 0.05). Height for age z-score measurements showed that the
children in the exposed area were more stunted than those of non-exposed area
(p <0.05). Weight for height z-score measurements showed that the children in
the exposed areas were more under weight than those of non-exposed area (p
<0.05). In this study type of the family (x*=6.516, p < 0.05), number of family
(X-4.688, p =.021) and type of latrine {% ~21.303, p =0.006) had significant
association with BMI of children but no association with monthly income

=1.873, p = 0.759), occupation (x* = 5.965, p= 0.427) and type of housing (x*

=5.795, p = 0.215) was found. The mean BMI of the children was found to be
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significantly higher (p= 0.012) in non-exposed children (14.874£2.167) than that
of exposed children (14.423£2.208). When compared after grouping the
nutritional status (based on BMI) as underweight and normal or overweight an
association between nutritional status and arsenic exposed was observed (p <
0.01). Such association was observed among children aged 8-10 and 11-14 years
but no such association was observed among those who were between 5-7 years
of age. These finding suggest that exposure of arsenic might have negative
impact on nutritional status among the older age group of children. Chi square
tests were performed to see the associations between exposure and effect with
confounder’s: monthly income and family size. Adjusting the influences of the
control variables it was seen that under nutrition was more among the study
children with arsenic exposure than the arsenic non-exposed children. The
exposure-effect was found to be significantly associated (p< 0.01).

Binary logistic regression analysis suggest that malnutrition status was 7.2
times higher among the exposed children in comparison to that in non exposed
children and this was positively correlated with frequency intake of pulses, wet
rice and number of glasses of water consumed per day. However, the study
concludes that nutritional status of the exposed children was significantly lower
than that of non-exposed children (p< 0.05). The study further suggests that

arsenic exposure had a negative impact on the nutritional status of children.
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1.1. INTRODUCTION

The threat to public health presented by arsenic contamination of drinking water
has attracted much attention since the 1990s, largely due to the scale of the
problem in Bangladesh, describe as the * the largest poisoning of a population in
history”  Water is the most abundant resource in Bangladesh. But arsenic
concentration of ground water in our country has become a matter of serious
concern. It is the most extensive environmental disaster of the twentieth century.
The problem of arsenic contamination of ground water in the subcontinent was
recognized in West Bengal, India in 1983 Though Bangladesh shares a
common border with India and similar geomorphologic features in West Bengal,
the possibility of having the same problem in Bangladesh was not anticipated by
any of the stake holders until 1993 when WHO raised the possibility of arsenic
contamination in tube well water in areas adjoining West Bengal °*"”°"®. The
government of Bangladesh officially recognized the existence of the problem
following detection of arsenic contaminated tube wells by the Department of
Public Health Engineering (DPHE) in 1993 in the village Chamagram of
Baroghoria union under the district of Nawabgonj and reported that water
samples from 4 tube wells contained arsenic at levels of 50 jig/L (Bangladesh

standard)' However, the Department of Occupational and Environmental
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Health (DOEH), National Institute of Preventive and Social Medicine

(NIPSOM) identify the first 8 patients of arsenicosis in 1994 in the same area

12,13

In Bangladesh installation of tube wells was undertaken with an aim to provide
bacteriological safe water to the vast population of the country. About 8 —12
milUon tube wells (hand pumps) had been sunk in Bangladesh which ensured
access to safe water for it’s’97% population ~ Unfortunately, the identification
of arsenic in tube well water put its people in dilemma. Since the detection of
arsenic contamination in ground water in Bangladesh the arsenic contamination
problem is rapidly emerging and becoming a major public health problem. Till
1995, the arsenic contamination situation in West Bengal of India was believed
to be the greatest arsenic disaster in the world. However, In the following years
the arsenic contamination of ground water in Bangladesh started unfolding
rapidly and the situation has been considered as the largest environmental
disaster in the world In December 1995 it was estimated that 10 million
people were at risk of arsenic exposure through tube well water ~ Now it has
been reported that about 30 million to 50 million people are at risk of arsenic
exposure The arsenic contamination in the tube well water has been

detected in 61 out of 64 districts  Bangladesh Arsenic Mitigation and Water
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supply Project so far has screened tubewells in 271 Upazilla out 0f 490 Upazilla.
Out of 4,946,933 tubewells located in the 271 Upazilla, 29.2% were found to be
arsenic contaminated (>50 |*g/L) and in 8,540 villages the arsenic contaminated
tubewells were more than 80% In 255 Upazilla, so, far, 38,118 arsenicosis
patients had been detected It has been estimated that about 29 million people
in Bangladesh are exposed to drinking water with arsenic exceeding Bangladesh

standard 50 jxg/L

Not only in Bangladesh but also in many other countries of the world including
India, Nepal, Argentina, Thailand, Chili, Finland and Hungry a growing number

of people has been identified exposed to high arsenic through drinking water

1,1519,20,21,21,23

West Bengal, INDIA

West Bengal is one of the 29 states in India. The area of West Bengal is 89193
sg. km having a population of about 80.1 million. Its administrative structure
consists of several districts: each district has several blocks/police stations; each
block has several Gram Panchayets (GPs), which are cluster of villages. There

are 19 districts, 341 blocks and 37910 villages in West Bengal.

Arsenic crisis in India dates back to as early as 1976 when a preliminary survey

on arsenic in dug wells, hand pumps and spring water from Chandigarh and
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different villages of Punjab, Patiala, Haryana and Himachal Pradesh in northern
India was reported. Officially, arsenic poisoning in West Bengal was first
diagnosed by a dermatologist K.C. Saha of School of Tropical Medicine (STM),
Kolkata to an outdoor patient of village Ramnagar of Baruipur police station in

the district of South 24-Parganas on 6th July, 1983.

Groundwater arsenic contamination status of all 19 districts of West Bengal
classified according to the arsenic concentrations found into three categories:
Severely affected, mildly affected, and arsenic safe. Nine districts (Malda,
Murshidabad, Nadia, North-24-Parganas, South-24-Parganas, Bardhaman,
Howrah, Hoogly and Kolkata), where more than 300 \igfL arsenic
concentrations were found are categorized as severely affected.

The five districts (Koch Bihar, Jalpaiguri, Darjiling, North Dinajpur and South
Dinajpur) where the contaminated tube wells show arsenic concentrations
mostly below 50 ~.g/L (only a few above 50 \igfL but none above 100 \xg!V),

termed as mildly affected.

The rest five districts (Bankura, Birbhum, Purulia, Medinipur Bast and
Medinipur West), where all the recorded concentrations were below 10 jig/L

termed as unaffected or arsenic safe.
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People screened for arsenic patients in different districts in West Bengal
including children (preliminary survey) were 96,000. Number of adults screened
for arsenic patient was 82,000. Number of registered patients with clinical
manifestations was 9,356 (9.7%). Number of children screened for arsenic
patient was 14,000. Number of children showing arsenical manifestation was

778 (5.6%)
NEPAL

In Nepal, topographically divided in to three regions, the mountainous, hilly and
Terai regions. The Terai region is the lowland of Nepal, covering 17% of the
total land area of Nepal. About 47% of the population of Nepal resides in the
Teari regions. Ninety percent of the populations living in this region use ground
water drawn from shallow tube wells. In Nepal 30% ofthe 200,000 shallow tube
wells in the country might have arsenic concentration exceeding SOMg/L. In
Nepal it was estimated that one million people are likely to be exposed to

arsenic through drinking contaminated water

Arsenic increases the risk of various cancer, and is also associated with may
others non-communicable disease such as diabetes, hypertension and other

cardiovascular events. Arsenic may have adverse reproductive effects in
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humans, reproductive outcomes of arsenic exposure in humans included birth

weight, gestational age, placental weight, disorders and others affects

Chronic exposure to arsenic cause dermatologic, neurological, vascular
carcinogenic effects and also other organ of system (kidney, liver, urinary
bladder). Exposure to arsenic from drinking water increase the risk of skin, lung
and bladder cancer possibly that of other site also :::~27282930,31,32,3334.35 45.70 249+
In a report, WHO has predicted that in most of the southern part of Bangladesh
almost 1 in 10 adults’ deaths will be a result of cancer triggered by arsenic
poisoning in the next decade Chronic exposure to arsenic through the
drinking water may cause severe toxic effects even cancer in human health. It
may affect all the organs and systems of the human body . In Bangladesh
the skin manifestations of the chronic toxicity are the prime features
8,11, 14.38,39,40,41 42 43,44 addition to the melanosis, leucomelanosis, bilateral
palmo-plantar keratosis and hyperkeratosis , non-pitting pedal edema,
gangrene of lower limb (black foot disease), hepatomegaly, precancerous dermal
lesions, and skin canccrs have been detected among the arsenicosis patients
1527354546 Moreover, significantly higher rates of adverse pregnancy outcomes
in terms of spontaneous abortion, stillbirth and birth rates bladder cancer,

hypertension stomach and intestinal cancer anemia and peripheral
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neuropathy and respiratory problems have also been observed among the
arsenic exposed population in Bangladesh The clinical manifestation due
to arsenic toxicity develop very insidiously after 6 months to 2 years or more
depending on the amount of arsenic intake Arsenic was reported to be
transmitted to the body of the child in mother’s womb through placenta and
breast milk Chronic arsenic exposure may increase the risk of death and
infant mortality  Infants and Children are considered it be more susceptible to
the adverse effects of arsenic exposure. Studies have shown that children are at
high risk of arsenic exposure . It has been observed that person taking arsenic
contaminated water for 4-6 years may develop arsenicosis The

youngest reported arsenicosis patient in Bangladesh is 4 years old

Chronic arsenic toxin effects in children have been well documented The
effect of arsenic contamination on children has not been widely reported and in
addition very little is known about the relationship between arsenic poisoning,
children’s growth and nutrition. Study conducted was a follow-up infant
exposed to arsenic contaminated milk in Japan. The infants, the victims of
human error, were exposed to arsenic 1.3 to 3.6 mg /day, which caused sub

acute poisoning and 130 deaths. The survivors, who were examined about 15
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years after the exposure, were on average, significantly sliorter than the non-

exposed children

A study carried out in Bangladesh provided evidence that children chronically
exposed to arsenic are more stunted in growth than non exposed children

Undernourishments may affect the metabolism of inorganic arsenic and the
development of subsequent skin cancers There is evidence that people of
poor socio-economic condition are more prone to arsenicosis. Therefore, it is
assumed that poor nutritional status of the people may have more susceptibility

32,53, 60,61

to arsenic toxicity

Zhang 1996 showed that persons having accumulation of arsenic in their serum
loose their normal nutritional status gradually. Several studies observed the
variability of development of arsenic toxicity among the arsenic exposed people
with their nutritional status and socio-economic level. Poor nutritional status
might increase the susceptibility of human body to arsenic toxicity, leading to
decrease methyiation of arsenic and increase tissue deposition ofarsenic

A case control study concluded that low intake of animal protein, folate and

fiber may increase susceptibility to arsenic caused skin lesion ™.
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Nutritional status and vitamin A and beta carotene levels are reported to be
determinants of the susceptibility of individual to arsenic related health

problems

Nutrition plays a decisive role in the prevention or the onset of arsenic related
ailments. Low dietary intake of protein and micronutrients (calcium, selenium,
vitamins) increase vulnerability to arsenic related diseases. The reason could be

that nutritional deficiency might result in slow elimination of arsenic from the

61,24~ 50,251

Undernourishment status, indicated by the long term consumption of dried sweet
potato chips and / or low serum level of antioxidant vitamins, has been found to
increase the risk of arsenic induced health hazards Poor arsenic
methylation capability, indicated by the low percentage of dimethylarsinic acid
in total metabolites of inorganic arsenic in urine, has been documented to

significantly associate with the development of arsenicosis

Study conducted in Ronpiboon in Thailand to find out the deficit of intellectual
ability in children having high arsenic level in hair. Further the study revealed
that high arsenic levels in hair of the children were related to impairment of

visual perception
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Study Picciotto 2000 conducted in Sweden and in the USA, revealed the
strongest evidence regarding synergistic relations on lung cancer and the
combined effects of smoking and either occupational or environmental exposure
to arsenic. The study clearly indicates that the joint effects of smoking and

exposure to arsenic from the industrial sources are greater additive

In humans, there is considerable inter individual variability in the proportion of
inorganic arsenic, MMA and DMA excretion in urine. Inorganic arsenic and
MMA is enzymatically methylated via one carbon metabolism, a biochemical
pathway dependent on folate for recruitment of methyl groups. One carbon
metabolism also requires vitamins B 12 (cobalamin) and Be as cofactors. Animal
studies have suggested that folate nutritional status may influence arsenic

excretion

Smith 2006 in his study in Antofagasta of Chile for the period of 1958 to 1970
in a very high arsenic exposure population, found that exposure to arsenic in
drinking water during early childhood or in utero has pronounced pulmonary
effects greatly increasing subsequent mortality in young adults from both

malignant and nonmalignant lung disease °°.

Kwok 2006 conducted study on reproductive health outcomes in pregnant

women. The study shows that there was a small but statistically significant
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association between arsenic exposure and birth-defects (odds ratio= 1.005, 95%
confidence interval 1.001-1.010), others outcomes such as stillbirth, low birth-

weight were not associated with arsenic exposure .

While other study found that arsenic affects the outcome of pregnancy with
higher rate of spontaneous abortion, stillbirth premature birth in exposed

mothers as well as lower birth weight

Different studies found that impact of arsenic exposure to the children

It was found that chronic arsenic exposure may increase the risk of infant
motility, affects the outcome of pregnancy with high rate of spontaneous
abortion, still biith and premature birth In Bangladesh the
youngest arsenicosis case reported was of age two years and another was of age

four years

Bangladesh is a developing country with 150 million people. It belongs to the
high-density populated countries in the world with low literacy, very low socio-
economic condition and prevalence of morbidity due to malnutrition is 3.32 per
1000. (male: 2.42, female 4.27) The children of 5-14 years comprise 26.51%
of the total population A vast majority of our population is children, they are
the future generation of the Nation they need a healthy environment for their

growth and development. So, that in future they become healthy sound

11



Dhaka University Institutional Repository

generation to run the country properly. But unfortunately the children are also
likely to be exposed to arsenic through drinking water. And still it is not clear
that whether arsenic causes any particular effect among them. Studies report that
either arsenic causes malnutrition among the children or malnutrition cause
more susceptible to arsenic toxicity and amongst our children such study or

information could not be collected conclusively.

So, it is an important task for the researcher to explore the state of nutrition and
arsenic toxicity among them in order to take appropriate measures for their

proper development.

There are many parameters to measure the nutritional status of children. But the
most simple and significant parameters are height for age, weight for age,
weight for height, and body mass index (BMI) In this study these parameters
had been used to measure the nutritional status of the children with an aim to
fmd out whether arsenic toxicity influence nutritional status of the children or

not.
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1.2. BACKGROUND

Chronic exposures to arsenic contaminated drinking water for prolonged time
starts manifesting a condition known as ‘arsenicosis’. It may take 2-10 years or
more, but generally it appears more in between 4 -6 years Occurrence
of arsenicosis within 6 -8 months is also reported *. Types of arsenic ingested,
level of exposure, body immunity, food habit determine onset of clinical
manifestations. Chronic arsenic exposure may result toxicity and may develop
various symptoms affecting different organ systems of body such as skin,

nervous system, respiratory system and metabolic system

According to WHO, Arsenicosis is the chronic health condition arising from
prolonged ingestion of arsenic above the safe dose for at least six months,
usually manifested by characteristic skin lesions of melanosis and / or keratosis
with or without the involvement of internal organs . Chronic arsenic poisoning
may also occur in workers who are exposed to excessive concentration of air
borne arsenic compound for a prolonged time. But the common route for
chronic toxicity occurs due to prolonged ingestion of arsenic through water,

symptoms are partly different from those after inhalation exposure

13
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Arsenic Chemistry and Biology:

Arsenic (As) is a metalloid element, this is brittle in nature and gray or tin white
in color It is a member of group V element with atomic number
33 and atomic weight 74.92. Its specific gravity is 5.73, melting point 817® C
and sublimes at temperature of 613® C. Arsenic exhibits a broad range of
chemical reactivity with ability to form alloys with other elements and covalent
bonds with carbon, hydrogen and oxygen. It participates readily in oxidation-
reduction, methylation-demethylation and acid-base reactions Arsenic bums
in air giving off an odor of garlic and dense white fumes of arsenic trioxide
(AS203). Arsenic trioxide is the most important commercial compound of
arsenic. The solubility of arsenic trioxide in water is fairly low, about 2% at 25°
C and 8.2% at 98°C it is highly soluble in both hydrochloric acid and
alkali Arsenic occurs naturally in all environmental media: air, soil and

water and usually presents in the form of compounds with sulfur and many

metals (copper, gold, cobalt, lead, zinc) 88,89.90,01_"senic is present in more

. . . . . 49 87 88 92

than 200 mineral species, the most common of which is arsenopyrite .

. . . . . . 87,
Chemically arsenic compounds mainly are of two types inorganic and organic

Inorganic arsenic of geological origin is found in ground water used as

drinking water in several parts of the world for example in Bangladesh.
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B. Organic Arsenic;

Monomethyl arsenic acid Methane arsenic acid Less toxic than inorganic form
Dimethyl arsenic acid Cacodylic acid
Arsenobetaine

Arseno choline

Environmental Transport and Distribution:

Arsenic is a ubiquitous element that is found in the atmosphere, in the aquatic
environment, in soils and sediments and in organisms. The arsenic contents of
the earth’s crust is 1.5 to 2 mg/kg, it ranks 20 in abundance in relation to other
elements Arsenic is associated with igneous and sedimentary rocks,
particularly with sulfide ores. Natural phenomena such as weathering, biological
activity, volcanic activity and anthropogenic activity (e.g, fossil fuel
combustions, smelting operations) are responsible for the emission of arsenic
into the atmosphere Arsenic is mainly transported in the environment by
water  Sedimentation of arsenic in association with iron and aluminum may
sometimes be considerable. In oxygenated water, arsenic usually occurs as
arsenate. But under reducing condition for instance, in deep well water, arsenite
predominates. Methylation of inorganic arsenic to methyl and dimethyl arsenic

acid is associated with biological activity in water Air borne concentrations
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of arsenic in urban areas may range from about 0.002 mg/m”to .03 mg/m.” Mean
total arsenic concentration in air from remote and rural areas range from 0.02 to
about 4 ng/m®, much higher concentrations (>1000 ng /m®) have been measured
in the vicinity of industrial sources, although in some areas this is decreasing
because of pollution abatements measures. Concentration of arsenic in open
ocean seawater is typically 1-2 jig/ liter. Arsenic is widely distributed in surface
freshwaters, and concentration in rivers and lakes are generally below 10 p.g/
liter, although individual may range up to 5 mg/liter near anthropogenic sources.
Arsenic levels in groundwater average 1-2 p.g/ liter except in areas with volcanic
rock and sulfide mineral deposits where arsenic levels can range up to 3
mg/liter. Mean sediment arsenic concentrations range from 5to 300 mg/kg, with
the higher levels occurring in areas of contamination. Background
concentrations in soil range from 1to 40 mg/kg, with mean values often around
5mg/kg. Naturally elevated levels of arsenic in soils may be associated with
geological substrate such as sulfide ores. Anthropogenically contaminated soils
can have concentrations of arsenic up to several grams per 100 ml. In
oxygenated soil inorganic arsenic is usually present as pentavalent form
(arsenate). In the soil, biomethylation of inorganic arsenic occurs and results in

the release of methylarsines into the air
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Arsenic concentrations in freshwater and terrestrial biota are usually less than
1mg/kg (fresh weight). Tenestrial plants may accumulate arsenic by root uptake
from the soil or by adsorption of airborne arsenic deposited on the leaves.
Arsenic levels are higher in biota collected near anthropogenic sources or in
areas with geothermal activity. Some species accumulate substantial levels, with
mean concentration of up to 3000 mg/kg at arsenical mine sites. Arsenic levels
in natural waters are usually low (a few |xg/ liter), there are several areas in the
world where humans consume drinking water containing > 100 [J.g As / liter

resulting from natural geochemical activities °7**°**.

Marine organisms normally contains arsenic residues ranging from < 1to more
than 100mg/ kg, predominately as organic arsenic species such as arsenosugars
and arsenobetaine (intervertbrates and fish). Some marine organisms have been
shown to transform inorganic arsenic into more complex organic compounds,

23592

such as arsenobetaine, arsenocholine and arsonium phospholipids
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Uses of Arsenic

Arsenic compounds are mainly used in agriculture, forestry and industrial
processes. Arsenic (I11) oxide is used in manufacture of agricultural chemicals
(pesticides), glass and glassware, industrial chemicals, copper and lead alloys
and pharmaceuticals. In agriculture, arsenic compounds such as lead arsenate,
coppreracetoarsenite, sodium arsenite, calcium arsenate and organic arsenic
compounds are used as pesticides™ Substantial amount of methyl arsenic
acid and diethyl arsenic acid are used as selective herbicides. Chromate copper
arsenite, sodium arsenate and zinc arsenate are used as wood preservatives.
Some phenyl arsenic compounds such as arsenic acid are used as feed additives
for poultry and swine. Small amount of arsenic compounds continue to be used
as drugs in some countries. As medicine, arsenic is used since the fifth century
BC, when Hippocrates recommended the use of an arsenic sulfide for the
treatment of abscess. Arsenic preparations were used for the treatment of skin

disorder, tuberculosis, leukemia, asthma, leprosy, syphilis, amoebic dysentery

etc. Homeopaths are also using arsenic as drug 8391,9%899,100,101
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Homicidal Use

The time of Roman Empire through the Middle Ages and the Renaissance,
arsenic was the king of poisons. A Greek physician in the court of the Roman
emperor Nero, describe arsenic as a poison in the first century. During the fourth
century BC, the Romans consider use of poisons in politics; reported in history.
Among the most infamous of poisoners was a woman known as Toffana who
made arsenic laced cosmetic and instructed women on their use. In Italy, during
the middle ages, the most widely accused of poisoners were the Borgias, Pope
Alexander V1, and his son, Cesare. There have long been rumors to suggest that
the final agonies of Napoleon Bonaparte in 1821 were due to the repeated
administration of arsenic by someone in his cortege. Claire Booth Luce was the

United State ambassador to Italy, she become victim of arsenic poisoning

In the middle ages, arsenic was commonly used as a suicidal and homicidal
agent. A well-known case in Sweden is King Erik X1V, the eldest son of Gustav
Vasa, who died in 1577, after a week of chest and stomach pains, it was
probably Erik’s brother Johan Il who ordered the assassination. Much later, the
French Emperor Napoleon Bonaparte was sent into exile on the island of St
Helena, following his defeat at the battle of Waterloo. Upon the death of

Napoleon in 1821, it was announced that he died of stomach cancer, but many
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minerals are formed. Arsenic minerals are formed as a part of this geological
process in the magic rocks or intrusions. So, the primary sources of arsenic are
the igneous-metamorphic complex rock bodies. The earth surface is
experiencing a complex system of weathering, erosion, transportation and
sedimentation. As a result of these geological processes along with other
elements, the arsenic minerals and arsenic are experiencing all those processes.
Bangladesh is situated in the lower end of the three great river systems, the
Ganges, the Brahmaputra and the Meghna The catchment areas of the
three great river systems (Ganges, Brahmaputra and Meghna) is about 1.5
million square kilometers (600,000 sg. miles) comprising the Himalayan
mountain systems, the Indian Shield and the Shillong Plateau and the great
Genetic Plains. Due to geologic conditions, the sediments produced in the
catchment areas are very high. The sediment carried annually by these three
great river systems has been estimated to be about 2.4 billion tons, which are

passed through the rivers in Bangladesh.

As because a large part of the country is under normal inundation and affected
by major floods, the sediments are being deposited in the fluvio-deltaic areas. It
is conceived that these sediments that contain arsenic have been deposited

throughout the geologic time, The catchment areas expose Archean basement
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rocks, Paleozoic (Gondwana) rocks, Jurassic to creteceous Trap rocks (Deccan

and Rajmahal) and all the rocks ranging in age from Paleocene to the recent age

32,93,100,111,112.113, 118,164,253

Bangladesh is mostly covered by Holocene and recent sediments. Most of the
sediments in the Bengal basin may contain arsenic that has been deposited along
with other sediments laid down by the three great river systems throughout the

geologic time

The Gangetic alluvium comprises the districts of Kushtia and Jessore and parts
of Rajshahi, Pabna, Faridpur, Khulna, Barisal and Dhaka. It covers an area of
27,000 sg. km. The soils are moderately fertile and texture of soils ranges from
clay loam to sandy loam. Brahmaputra alluvium comprises the districts of
Comilla, Noakhali, and Sylhet except hilly areas and parts of greater
Mymensingh, Dhaka and Chittagong. It occupies an area of 40,000 sq.km the

dominating texture for the soil is sandy loam, the soils are naturally fertile

24,100,107,127

Sources and Reasons of Arsenic Contamination in Ground Water

Arsenic contamination in ground water in West Bengal has been found in 7
districts. Most of the arsenic contaminated areas of West Bengal are in the

region of alluvial formation. The source of arsenic contamination in these 7
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districts is noted to be geological. Bangladesh is geographically attached with
West Bengal and having similar aquifers and socioeconomic background. The
alluvial formation in Bangladesh has close geological affinity as those
encountered in West Bengal. In Bangladesh, the ground water is also been
drawn through deep tube well vigorously for irrigation purposes particularly
during drought when riverbeds become dry. The studies carried out in West
Bengal clearly indicate that in the region of alluvial sediment there is existence
of pyrite and this pyrite is rich in arsenic. Due to heavy ground water withdrawal
and fluctuation of water table from pro monsoon to post monsoon and also due
to thousands of bore holes, the underground aquifer is aerated and the pyrite
decomposes, the acid released due to this decomposition leaches out arsenic

from pyrite
Hydroxy Mechanism

In nature, arsenic bearing minerals undergo oxidation and release arsenic to
water. This could be one explanation for the problems of arsenic in the
groundwater of West Bengal and Bangladesh. In these areas the groundwater
usage is very high. It has been estimated that there are about 4-10 million tube
wells in Bangladesh. The excessive withdrawal and lowering of the water table

for rice irrigation and other requirements lead to the exposure and subsequent
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oxidation of arsenic-containing pyrite in the sediment. As the water table

recharges after rainfall, arsenic leaches out of the sediment into the aquifer.

However, recent studies seem to favor the reduction of Fe/As ox hydroxides as
the source for arsenic contamination in groundwater Arsenic forms co-
precipitates with ferric oxyhydroxide. Burial of the sediment, rich in ferric
oxyhydroxide and organic matter, has led to the strongly reducing groundwater
conditions. The process has been aided by the high water table and fine-grained
surface layers which impede the penetration of air to the aquifer. Microbial
oxidation of organic carbon has depleted the dissolved oxygen in the
groundwater. The highly reducing nature of the groundwater explains the
presence of arsenite (<50%) in the water. The “pyrite oxidation” hypothesis is
therefore unlikely to be a major process, and the “oxyhydroxide reduction”
hypothesis is probably the main cause of arsenic contamination in groundwater

Although the oxyhydroxide reduction hypothesis requires further
validation, there is no doubt that the source of arsenic in West Bengal and
Bangladesh is geological, as none of the explanations for anthropogenic
contamination can account for the regional extent of ground water can account
for the regional extent of ground water contamination. During the past 30 years,

the use of phosphate fertilizers has increased threefold in this region. The wide
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spread withdrawal of groundwater may have mobilized phosphate derived from
fertilizers and from the decay of natural organic materials in from fertilizers and
from the decay of natural organic materials in shallow aquifers. The increase in
phosphate concentration could have promoted the growth of sediment biota and
the adsorption of arsenic from sediments, and the combined microbiological and

chemical process might have increased the mobility of arsenic '

Arsenic in the Human Body
Exposure:

Susceptibility to arsenicosis can vary in individuals - often within the same
family drinking from the same water source - depending on their state of health,
nutritional status and on how much arsenic contaminated water they drink for
how long and the concentration of arsenic in water. Arsenicosis 1S not
contagious. An individual cannot get arsenicosis or its symptoms by touching or

embracing a person who is suffering from it

Non- occupational human exposure to arsenic in the environment is primarily
through the ingestion of food and water. Ofthese, food is generally the principal
contributor to the daily intake of total arsenic. In some areas arsenic in drinking
water is a significant source of exposure to inorganic arsenic. In these cases,

arsenic in drinking- water often constitutes the principal contributor to the daily
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arsenic intake. Contaminated soils such as mine tailings are also potential
sources of arsenic exposure. The daily intake of total arsenic from food and
beverages is generally between 20 and 300 |ig / day. Limited data indicate that
approximately 25% of the arsenic present in food is inorganic, but this depends
highly on the type of food ingested. Inorganic arsenic levels in fish and shellfish
are low (<1%). Foodstuffs such as meat, poultry, dairy products and cereals
have higher levels of inorganic arsenic. Pulmonaiy exposure may contribute up
to approximately 10 jig / day in a smoker and about 1 jig / day in a non-smoker,

and more in polluted areas™’

In workplaces with up-to-date occupational hygiene practices, expose generally
does not exceed 10 fig / (8-h time weighted average (TWA). However, in
some places workroom atmospheric arsenic concentrations as high as several

milligrams per cubic meter have been reported 92.

The total daily intake of arsenic by the general population is usually less than 20
)ag /day, but is greatly influenced by amount of seafood in the diet. Drinking
water ordinarily may contain a few micrograms of arsenic per liter. Arsenic

level of drinking water > 50 pg /L may lead to health effects
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Mechanism

Absorption, excretion and retention of arsenic in the human body is influenced
by the amount and the chemical forms in which it is ingested. Arsenic in the
forms that are ordinarily present in food and the organic compounds of arsenic
acid are well absorbed. Following absorption, arsenic is distributed rapidly and
widely to all tissues of the body e.g. liver, kidney, spleen, heart, jejunum,

marrow, lungs, pancreas, muscles, stomach, thyroid, skin, brain and spinal cord

15, 89,100

In human, arsenic can be reduced to the inorganic pentavalent from the
inorganic trivalent form and methylation of inorganic to organic monomethyl
(MMA) and dimethyl (DMA) forms. Methylation Is mediated by cytosolic
enzymes, primarily in the liver and in the main detoxification mechanism, as

either MMA or DMA bind strongly to biological molecules

In the human, arsenic can be reduced to the inorganic pentavalent from the
organic trivalent form. Inorganic arsenic is methylated to organic form
Dimethylarsenic Acid and Monomethyl Arsenic acid The methylation
inorganic arsenic in the body is a detoxification process, which reduces the

affinity of the compounds for the tissues. The arsenic (IIl) in the body combines
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with sulphydryl containing substances and inhibits the activity of many enzymes

of the group. It interferes with cell enzymes, cell respiration and mitosis

Arsenic is slightly absorbed through the skin when administered in a lipid
vehicle and when inhaled approximately 45% excrete in the urine and 2.5% in
the faces after 10 days. About 50-100% of soluble forms of arsenic are readily
absorbed following ingestions. The excessive arsenic intake can lead to
health/physical problems in the body of the consumers of arsenic affected drinks
and food. Other than ingestion, arsenic causes toxicity through inhalation.
Arsenic in solution is more toxic than undissolved arsenic. The toxicity of
arsenic decreases in the order: Arsine”- Inorganic arsenic (I11) » Organic
arsenic (II1) » Inorganic arsenic (V) » Organic arsenic (V) » Arsonium

compounds and elemental arsenic
Excretion

Both trivalent and pentavalent inorganic arsenic in solution are readily absorbed
after ingestion. When arsenic is absorbed into the body, the major portion is
excreted mainly through urine and a small portion through faces. Arsenic is also
eliminated through skin, hair, nail and to some extent through bronchial
secretions. After administration, arsenic appears in urine within 2 to 8 hours.

About 25% being excreted in 24 hours and about 75% within 7 days of
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Patient first of all complains of a feeling of faintness, nausea and severe burning
pain in the throat and stomach with increased salvation. Intense thirst and severe

. 93,23
vomiting are constant symptoms /

Purging is usually accompanied by tenesmus, pain and irritation about the anus.
The stool is expelled frequently and involuntarily. Initially the stools are dark
coloured, foetid and bloody but later becomes colourless, odourless and watery
resembling rice water stool of cholera. The urine is suppressed and scantly.
There may be serious cramps in calf muscles. Skin becomes cold and clammy,
face becomes cyanosed, eyes are shunken, and pulse is feeble, irregular and
frequent. The respiration becomes laboured and lastly convulsion and coma

precede death
Sub-Acute Toxicity:

This is a condition where arsenic is administered in a small dose at repeated
intervals xhe symptoms are at first dyspepsia, cough and tingling in the
throat, then vomiting and purging with abdominal pain and tenesmus with foul
tongue, dry and congested throat and a feeling of depression and languour. The
motions are bloody. The symptoms of neuritis are pronounced. Severe cramps
on the muscles which are tender on pressure. Patient becomes restless and

cannot sleep and ultimately collapse sets in and results in death.
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Chronic Toxicity:

The clinical manifestations due to chronic arsenic toxicity develop very
insidiously after six months to two years or more depending on the amount of
arsenic intake Chronic toxicity of arsenic is best discussed in terms of
the organ system affected-the skin, nervous system, liver, cardiovascular system

and respiratory tract
Symptoms of Arsenic Toxicity:

The clinical manifestation due to chronic arsenic toxicity develop very
insidiously after six months to two years or more depending on the amount of
arsenic intakeM”"®~ The period for development of clinical manifestation
differs from patient to patient depending on the amount of arsenic ingested,
nutritional status of person, immunity level of the individual and the total time
period of arsenic ingestion. The higher the concentration above the maximum
permissible level > 50 "ig /L the amount of daily water intake, the earlier is the

onset of clinical features.

The apparent symptoms of arsenicosis may be said to have manifested

themselves as melanosis and keratosis mainly.
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Darkening of skin (diffuse melanosis) in tlie body or in palm is the earliest
symptom spotted pigmentation (spotted melanosis) is usually seen on chest,

back or limbs. This is a very common symptom

Leucomelanosis or raindrop pigmentation, which is white and black spots side
by side, is also seen on many patients. Leucomelanosis is common in persons
who have stopped drinking arsenic contaminated water but had spotted

melanosis earlier

The hardening and thickening of palms and soles is called keratosis'® Keratosis
is palpable and in most cases distribution is symmetric. Diffuse with nodular
keratosis on palms and soles is a sign of moderate to severe toxicity. Rough dry
skin often with palpable nodules (spotted keratosis) in dorsum ofhands, feet and

legs are the symptoms seen in severe cases.

Combination of pigmentation (melanosis) and nodular rough skin (spotted
palmoplanter keratosis) almost points of arsenic toxicity excluding hundreds of
causes of isolated pigmentation and nodular rough skin. Other symptoms
sometimes found are; Conjunctival congestion, non-petting swelling (solid

oedema) of feet, Dbronchitis, gastro-enteritis, peripheral neuropathy

15,287~ 930.31,32.33,34,87,133
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Several cases like liver enlargement, spleen enlargement and fluid in abdomen
have been seen as complications of arsenicosis™”™W™\ Due to arsenic toxicity,
limbs may be affected by ulcer or gangrene, which in some cases have to be
amputated. Squamous cell carcinoma, basal cell carcinoma, Bowen’s disease,
carcinoma affecting lung, bladder, genitourinary tract of other sites are often

seen in advanced neglected cases suffering for long days '

43, 108. 121, 122,125, 126, 127, 128, 133

Stages of Clinical Features:

In Bangladesh skin manifestations are prime and common'' clinical
manifestations develop in four stages viz Pre-clinical, Clinical, Complication
and Malignancy * . In Bangladesh majority of the patients are found in the
clinical and complication stages. The stages of clinical manifestations can be

briefly described as follows:

Pre-clinical stage:

This may be subdivided into chemical phase: High arsenic concentration in
urine. Sub-clinical: High arsenic concentration in body tissues with no apparent

clinical symptoms.
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Clinical stage:

Clinical symptoms are spotty pigmentation of skin of the body, keratosis of
palms and soles, bronchitis and gastroenteritis. These are confirmed by detection

of arsenic concentration measured in nail, hair and skin.
Stages of complication:

Symptoms of clinical phase are associated with different complications as the
other organs like lung, liver, muscles, eye, vessels are affected'”’ Clinical
symptoms are associated with biochemical, evidence of organ dysfunction as
well as histological, histochemical abnormalities and high concentrations of

arsenic in different organs involved.

Stages of malignancy:

Malignancy of skin, lung, bladder or other organs may develop”'
Clinical manifestation of chronic arsenic toxicity:

Skin cffects:

A number of skin lesions have been attributed to chronic exposure to arsenic
compounds Symmetric hyperkeratosis of the palms and soles is a
characteristic finding after long term ingesdon of inorganic arsenic in drinking

water. Hyper pigmentation (melanosis) of the skin is commonly encountered
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and occurs throughout the body. Melanosis is not always associated with

keratosis but keratosis is always associated with melanosis. Melanosis is also

observed in tongue and buccal mucus membrane”’ Ne230 P

Gastro intestinal tract effects:

The chronic absorption of arsenic occasionally produces hepatocellular toxicity
which may be the result of an inhibition of the enzymes by arsenic involved in
cellular respiration. Trivalent arsenic binds readily to sulfliric groups of enzymes
and has been shown to inhibit private dehydrogenate function that alternation
has been correlated with the swelling and distortion of the hepatic
mitochondria’s. Chronic exposure to arsenic has been reported to produce liver
enragement and has been associated with cirrhosis of the liver. Non-cirrhotic
portal hypertension may develop in some cases obstruction of bile ducts may
cause jaundice. Gastric symptoms like nausea, vomiting, loss of appetite,

salvation constipation or sometimes diarrhea occurs with loss of weight.
Renal system effects:

Urine may be coloured or green and in some cases dysuria and anuria develop

from renal tubular necrosis.
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Cardiovascular system effects:

Peripheral disease has been observed among person in Chile and in Taiwan who
had chronic exposure to arsenic in drinking water. Early symptoms included
acrocyanosis and Raynaud’s phenomenon. Those changes were associated with
hyper pigmentation and hyperkeratosis. These progressed in severe cases to
frank gangrene of the extremities associated with endarteritis obliterans.
Myocardial degeneration and cardiac failure may result from chronic arsenic

poisoning.

Nervous system effects:

Peripheral neuropathy affecting primarily sensory function has been encountered
in several studies of persons with chronic exposure to arsenic. Hearing loss
possibly reflecting arsenic toxicity to the eighth cranial nerve was reported in a

study.

Symptoms accompanying arsenical neuritis are burning, tingling sensation pain
and tenderness in the affected limb. Severe wealcness is observed in legs and feet
leading to difficulty in walking. The extremities show a decrease in touch, pain
and temperature sensation. Tendon reflexes are absent or diminished. Knee jerks

are usually lost.
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Headache, drowsiness, confusion and convulsion are seen in both acute and

chronic arsenic intoxication.

Hematological effects:

Chronic exposure to arsenic has been associated with disturbed erythropoiesis
and megaloblastic formation has been noted. These changes may reflect the
inhibitory effects of arsenic on cellular respiration, Anemia, leucopenia.

Thrombocytopenia usually developed.

Respiratory system effects:

In early stages of arsenic intoxication respiratory infection is found to be

associated with other clinical manifestations.

Endocrine system effects:

Diabetes mellitus and Goiter have also been reported in association with

prolonged ingestion ofarsenic through drinking water.

Carcinogenicity:

Arsenic has been found to cause cancer of the skin, liver, lung, urinary bladder,
prostate and possibly of heamopoietic and lymphatic tissues. Inorganic arsenic

has indicated an association with lung cancer
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Arsenic exposure has been associated with three types of skin cancers-Bowen’s
disease, Basal cell carcinoma and Squamous cell carcinoma. These cancers
frequently multiple in origin and develop primarily from arsenical keratosis. The
prevalence of arsenic related skin cancer appears to depend upon total absorbed

dose of arsenic.

Clinical Features of Arsenicosis

Sign and symptoms of chronic arsenicosis differ in manifestation in different

countries. In Bangladesh skin manifestation are prime and common.
The clinical manifestations are categorized in the following stages
Pre clinical stage: Not detectable by clinical manifestation.
Initial Stage: Melanosis (spotted, diffuse)
Keratosis (spotted, Diffuse)

Conjunctivitis (Conjunctival Congestion)

Bronchitis

Gastro-enteritis
Second Stage: Depigmentation (leucomelanosis-rain drop pigmentation)

Hyperkeratosis
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Edema of legs (non-pitting)

Peripheral neuropathy

Nephropathy (early stage)

Hepatopathy (early stage)
Last Stage; Nephropathy (late stage)

Hepatopathy (late stage)

Gangrene

Cancer (skin, bladder and lung)
In Bangladesh majority ofthe patients are found in the initial and second stages.
Clinical Features over Skin due to Chronic Arsenicosis
Melanosis:

Blackening/ darkening of the skin diffuse or spotted due to deposition of black
pigment (melanin) in the skin and mucous membrane due to stimulation of

melanocyte.

Mild- blackening of skin (melanosis), thinly distributed in palm, trunk, gum,

tongue, lips etc (both spotted and diffuse).
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Moderate- melanosis densely affecting gums, palm and trunk (spotted and

diffuse) with leucomelanosis (rain drop pigmentation).

Severe- melanosis densely and extensively affecting gum, palm, trunk and

whole body with leucomelanosis.
Leucomelanosis:

Depigmentation in hyperpigmeted area characterized by whitish / pallor patch in

rain drop manner, due to exhaust melanocyte.
Keratosis:

Rough, dr>', hard and thickening of epithelium due to increased keratinization.

Keratosis is palpable and in most cases distribution is symmetric.
Mild- Just palpable keratosis (spotted and diffuse) but not clearly visible
Scatteredly affecting palm and sole.

Moderate- Palpable and visible keratosis (spotted and diffuse) affecting palm

and sole.
Severe- wart-like keratosis (spotted and diffuse) on hands, legs and feet.
Hyper keratosis:

Densely and extensively distributed keratosis affecting whole palm and sole.
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Treatment and Management:

So far there is no specific treatment for chronic arsenicosis. Withdrawal of
further intake of arsenic contaminated water and taking arsenic free water
improve the cases 'M2435a i,.00,i22,,28,29,B4,35i3BA0 Chelation therapy and
vitamins and nutritious diet enhance the recovery.

Chelation therapy:

Chelation therapy for the treatment of arsenicosis may consider to be the
specific therapy for relief of systemic clinical manifestations and reduction of

arsenic stores in the body, decreasing subsequent cancer risk.
Nutritious Diet and Vitamins:

Symptoms are improved by good diet and vitamins high protein diet helps in the
clearance of inorganic arsenic by increased methylation and protects against
toxic effect of arsenic. The antioxidants vitamins-A E and C play an important
role for management of cases. Vitamin C reduces the toxicity of arsenic and

deficiency of vitamin A increases sensitivity to arsenic

Excessive intake of vitamin A may produce chronic toxicity in the body such as
appetite loss, dry skin, bone and joint pain, enlarged liver and spleen, abnormal
skin pigmentation Vitamin E is relatively non-toxic. Excessive dose of vitamin

C, 2gm or more may produce side effects.
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People should be advised to take more protein and vitamin rich food like beans,

peas, pulse, lentils, wheat, soybeans, green and leafy vegetables.
Other symptomatic treatment:

Keratosis of palms and soles can be treated by local application of keratolytic
ointment'20% urea and 10% to 20% salicylic acid in cream or vaseline,
cryosurgery can also be done to remove keratosis. Treatment of associated

fungal infection with ointment and medicine also improve the cases.
Spirulina:

Sprirulna is a multicellular, filamentous, cynobacterium belonging to aiga of
cyno-phyta. It is rich in protein (65%), carbohydrate (20%), fat (5%), minerals
(7%), vitamins and natural pigments. In a preliminary report, beneficial effects

of spriiuna in chronic arsenic poisoning patients were found '37.138,139,i40"
Social Aspects of Arsenic Contamination
Social instability:

Lack of proper knowledge about arsenic contamination and unavailability of
arsenic safe drinking water as well as proper treatment are creating extreme
instability in the social life of the people in the arsenic-prone areas of

Bangladesh.
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Superstition:

Superstitions and prejudices are created surrounding arsenic patients. For
example in the north-eastern district of Kushtia, arsenic is considered as a “curse
of Allah” or the work of evil spirits. People stay away from arsenic victims,

neglect them, or become scared ofthem because of these superstitions.
Ostracism:

Arsenic patients are often identified by the society as patients of leprosy and as a
resuh they remain ostracized, at either the household or the village level.
Children of arsenic patients are not allowed to attend social or religious
functions. The patients as well as their close relatives are not allowed to use
public tube wells and village ponds. Often family members, like husbands or

wives, abandon the arsenicosis victims.

The problem is more serious in the case of children. The entry of arsenic
affected children into schools becomes restricted. Some may be denied the
opportunity to go to school. They also are subject to social ostracism by their

friends and classmates.
Marriage related problems:

Arsenic has an adverse impact on marital relationships. People are reluctant to

develop marital relationships with families whose members suffer from
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arsenicosis. This has caused serious anxiety for parents of unmarried adult
children particularly in daughter. Many women are divorced or abandoned by

their husbands due to arsenicosis.

Increased poverty:

Those having poverty are the main victims of arsenic contamination as they are
compelled to drink contaminated tube well water. Researchers believe that the
severity of arsenicosis is very much related to nutritional deficiency.
Malnutrition makes them easy victims. Due to poverty, victims are deprived of
proper treatment. When seeking treatment, the costs become a burden to them.
As arsenicosis decreases the victim’s ability to work, he or she often suffers
from a reduced income. Due to ostracism, arsenic patients lose their jobs. Thus,

arsenic negatively contributes to the poverty situation in Bangladesh.

Gender implications of arsenic contamination:

In Bangladesh women perform the majority of the household work, but their
work remains relatively invisible and unrecognized in society. Among many
other tasks, collecting and carrying water for household use, particularly in the
rural areas, is the responsibility of women and girls. Arsenic contamination in
nearby drinking water source often compels them to collect and carry water

from a long distance, imposing an additional burden on them. Because of socio-
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Nutritional status is the end result of utilization of energy in the body, which
means whether the particular individual is nourished, malnourished, or over

nourished, or whether he/ she has an imbalance of nutrition

Nutritional status may also be termed as the condition of health of the individual
as influenced by the utilization of nutrients. It can be determined adequately by
the correlation of information obtained through a careful medical and dietary

history, through physical examination and appropriate investigationsl" "’

There are various methods for assessing and analysis nutritional status. Methods

of nutritional assessment are as follows: "«*2Vi45,i46,47,i48,u9,i50,i5i

Clinical

Laboratory

Anthropometric

Dietary
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Clinical

It includes assessment of clinical signs and symptoms pertaining to specific

nutrient deficiency. Often non-specific.

Examples: Kwashiorkor, Marasmus, Vitamin A deficiency, Anemia.

Laboratory

By laboratory method nutritional assessment is done by biochemical or
functional parameters, viz. Hemoglobin level in blood. Serum retinol in vitamin

A deficiency. Thyroid hormone level in iodine deficiency, of individual.

Anthropometric

Anthropometric assessment

Anthropometric examination is the most simple, most practical and ascertaining
nutritional status, uses measurements of the physical dimension and the gross
composition of the human body, provides information on protein and energy
imbalances, identifies degree of malnutrition and provides information about

past nutritional history, which is not possible by other methods.

Developmental impairment is the most extensive public health problem among
children in many developing countries including Bangladesh. It arises from the

complex of nutritional, biological and social deprivation and is manifest as ill
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health, wasting, and growth retardation resulting in stunting (short stature),
functional disadvantages, and high mortality rates. The use of anthropometry has
increased rapidly in recent years. Physical development impairment may be

assessed by anthropometric measurement.

The advantages ofanthropometry

* Simple, safe, non- invasive procedure.

* Applicable to large sample size.

* Requires inexpensive, portable and durable equipment, which can be

made or purchased locally.

* Methods are precise and accurate if standardized techniques are used.

* Information on past long term nutritional history can be obtained.

» Helps identification of mild, moderate or severe degree of malnutrition.

* Helps evaluation of nutritional status over time and from generation to

generation.

Anthropometric measures include

Measurement of Growth.

=> Body fat
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Fat free mass (skeletal muscle, non- skeletal muscle, soft lean tissues,

skeleton).

Measurement of Growth: The most widely used anthropometric measurements

of growth are:

* Height or length.

* Body weight.

» Head circumference (often measured).

Indices derived from growth measurements are:

Height for age

Weight for age

Weight for height

Head circumference for age

Significance of different indices derived from growth measurements are:

Weight for age

Body weight represents the sum of protein, fat, water, and bone mineral mass,
and does not provide any information on relative changes in four chemical

components.
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Weight for age in children from 6 months to 7 years of age is an index to assess
acute malnutrition, and is widely used to assess protein energy malnutrition
(PEM) and over nutrition, especially in infancy when the measurement of length

is difficult.

A major limitation of it as an index of PEM is that it does not take into account
height differences. As a result children with low weight for age are not

necessarily wasted.

To interpret a single measurement of weight in relation to the reference data, the

exact age of the children must be known.

Height for age

May be used as an index of nutritional status of population groups as it estimates

past or chronic nutritional status.

It can be used as index of stunting which is the end result of a reduced linear

growth.

Stunting occurs from extended periods of inadequate food intake and increased

mobility and generally found in countries of poor economy.
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Weight for height
. It is a sensitive index of current nutritional status.

. It is relatively independent of age between 1 and 10 years,enhancing its

usefulness in areas where the ages of the children are uncertain.

. Weight for height is also useflil in evaluating the benefits of intervention
programs, as this index is more sensitive to changes in nutritional status

than height for age.
. It also helps identification of wasting in hospital patients.

 Edema and obesity may complicate the interpretation of weight forheight

measurements.
Body mass index (BMI) for age and thinness

BMI has been recommended as the best of the anthropometric indicators of
thinness and overweight. The WHO expert committee on physical status has

recommended this.
The use of interpretation of anthronometric measurements

* A low BMI indicates significant thinness or underweight in relation to

height.
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e BMI less than the fifth percentile indicate short term nutritional
deficiencies, which could represent acute weight loss due to short term

illness, inadequate intake or excessive work burden.

« BMI -for -age <&** percentile is recommended as a provisional cut- off

point for thin or undernourished.

In this study nutritional status was measured by the following anthropometric

assessment methods:
Weight for age
Height for age
Weight for height

Several systems are available for classifying individuals as malnourished based
on anthropometric indices. All utilized at least one or more cut off points based

on appropriate reference data.
These are:-
»  Percentiles
»  Percentage ofreference median

. Standard deviation scores or Z scores
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STANDARD DEVIATION OR Z - SCORE CLASSISIFICATION

Individual value - median value of reference population
2= SOOI mmmmm e oo
Standard deviation value of reference population.

Superiority of Z-score: '*

e Z- Scores are useful because they have the statistical property of being

normally distributed.

e This allows calculation of meaningful average value and S.D. for a

population.

* It has greater capacity to determine the proportion of population that falls

below extreme values to percentiles.

* |Ifa population has a mean Z score value of O, it means that it has the same

median value as the reference population.
o 2.0% ofthe reference population falls below -2S.D. score.

Standard deviation value and median value of reference population calculated by
transforming the original National Centre for Health Statistics (NCHS) reference

data. Normal Z- score varies from (- 2SD to + 2SD).
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(Observed height) - (Median height of reference for given age and sex)
H A Z e e e e e

Standard deviation of height of reference population

(Observed weight) - (Median weight ofreference for given age and sex)

WV A o o s
Standard deviation of weight ofreference population
(Observed weight for height) -
(Median weight for height of reference for given sex and height)
W H Z o oo

Standard deviation of weight for height reference population

The above cut-off points categorized nutritional status, severe and moderate

forms of under-weight, stunting, wasting, over-weight or obesity.
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Weight for age, Height for age, Weight for height Z- score gives indication on

severity of nutritional status of children**,

. . Weight for
7 score values Weight for age: Height for age: heigat'
HAZ :
(WAZ) (HAZ) (WHZ)
+2sd to —2sd Normal weight Not stunted Normal
Less than -2sd to Moderately Moderately Moderately
-3sd underweight stunted wasted
Less than -3sd Severely underweight  Severely stunted Severely
wasted
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1.3. JUSTIFICATION OF THE STUDY

Bangladesh in recent times is passing a crucial moment due to arsenic toxicity in
ground water. Prolonged consumption of water containing high concentration of
arsenic affects on health. The effect is more serious with increasing length of
exposure and with increasing concentration. Other factors such as.sensitivity,
nutritional status of the individual, genetic cause, immunity also play important

roles.

Dietary regimens tliat reduce methylation capacity, such as protein malnutrition
may have a role in explaining individual variation in susceptibility to arsenic cell

damage and carcinogenicity.

Poor nutritional status of the people favors the toxicity to arsenic™

Arsenic effects on the antioxidant defense system. Arsenic lowers the plasma
level of uric acid and increases plasma triglycerides content without increasing
vitamin E level in serum. As a result there is an oxidative stress on human

antioxidant defense.

Zhang in 1996 showed that persons having accumulation of arsenic in tlieir

serum lost their normal nutritional status gradually
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Bangladesh is a country populated with 150 million people, high density
populated area, less literacy, very low socio-economic condition with prevalence
of morbidity (malnutrition) (both sexes 3.32, male 2.42, female 4.27 perlOOO
population)?’. Along with the infectious disease, malnutrition is also loaded with

the health problem of the people ofthis country.

Now a new burden of arsenic toxicity is being overloaded with the usual health

problem ofthe people of this country.

In recent times Bangladesh is facing real -catastrophe due to arsenic
contamination in tube-well water. So, it is important to explore the relationship

between nutritional status and arsenic toxicity.

The children of 5-14 years comprise 26.51% of the total population’’. They are
the future generation of the nation. At present it is an important task to explore
that the state of nutrition and arsenic toxicity among them in order to take

appropriate measures for the health development.

The study attempts to provide information about the nutritional status of both the
arsenic exposed and non-exposed group of children. The community will be
benefited if we know the results whether arsenic contaminated water plays any

role on the nutritional status of our children.
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1.5. OBJECTIVES of the study:

1.5.1. General objective:

To assess and compare the nutritional status of children aged 5-14 years in

arsenic exposed and non- exposed areas.

1.5.2. Specific objectives:

1

To determine height and weight of the children in arsenic exposed and

non- exposed area.

Compare the nutritional status of children between the two areas.

To assess the dietary intake in terms of 24-hours recall basis of children

ofthe two areas.

To determine the type of water consumed by the children of the study

areas.

To compare the socio-demographic characteristics ofthe two areas.
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1.5.3. ULTIMATE OBJECTIVE

1. Provide results to the planners and policy makers to control arsenic related

health problems.

2. To disseminate the findings of the study to the professional gathering in the

form of seminar.

3. To publish research articles in peer reviewed national and international

scientific journals.

1.6. Research question:

What is the difference in nutritional status between arsenic exposed and non-

exposed children?
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2. REVIEW OF LITERATURE

Arsenic is a chemical element that has the symbol As and atomic number 33.

Arsenic was first written about by Albertus Magnus (Germany) in 1250. Its

atomic mass is 74.92

Arsenic is a naturally occurring element widely distributed in the earth’s crust.
In the environment, arsenic is combined with oxygen, chlorine, and sulfur to
form inorganic arsenic compounds. Arsenic in animals and plants combines with

carbon and hydrogen to fonn organic arsenic compounds

Several studies have shown that ingestion of inorganic arsenic can increase the
risk of skin cancer and cancer in the liver, bladder, and lungs. Inhalation of
inorganic arsenic can cause increased risk of lung cancer. The international

agency for research on cancer (IARC) has determined that inorganic arsenic is

carcinogenic to humans  sv3Liih %

There is some evidence that exposure to arsenic in the womb and early

childhood may increase mortality in young adults

There is some evidence that inhaled or ingested arsenic can injure pregnant
women or their unborn babies. Arsenic can cross the placenta and has been

found in fetal tissues. Arsenic is found at low levels in breast milk
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Poor nutritional status may increase as individual’s susceptibility to arsenic
toxicity, or alternatively that arsenicosis may contribute to poor nutritional
status. It was observed in different study from Taiwan, Chile, West Bengal
India, Nepal, Japan and Bangladesh ~3'57,i55,i59,i60,i6!.i62,i63* Limited studies have
indicated that poor nutritional status may increase the risk of arsenic related

health effects.

Mazumder (2006) had done a study on chronic exposure of arsenic (>50 jig/L)
in Indian population. The study showed that the age adjusted prevalence of
keratosis and hyper pigmentation were strongly related to arsenic level of water.
The study shows that the various other non carcinomatous clinical manifestation
of 3512 and 4171 people drinking water containing arsenic < 50 |[jg/L
respectively. Incidences of weakness, hepatomegly, chronic lung disease,
dyspepsia and neuropathy were found to be among 1.37, 2.99, 7.74, 31.81 and
2.73 percent in the former group while 4.99, 1021, 11.68, 27.84 and 4.7 percent
in the later group respectively. The study also shows that arsenic dose response
relationship in regard to hepatomegly, lung disease and weakness were also
carried out. The overall age adjusted prevalence of hepatomegly among females
gradually rose from 3.3 per 100 in the lowest exposure category (<50 ng/L) to

18.6 per 100 in the highest exposure category (<800 fig/L). A strong trend
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appeared in males, the age adjusted prevalence increased from 3.6 per 100 in the
lowest category to 29.8 per 100 in the highest exposure category. The
prevalence of hepatomegly was greater among males than females. Results of
pulmonary effects manifested by cough, crepitation and shortness of breath
among non smokers were analyzed excluding 819 smokers because of their
small numbers and potential confounding. The overall prevalence in females for
each respiratory out come was close to 2.5 per 100. Clear trends of increasing
prevalence by arsenic water concentration can be seen for cough and crepitation.
Among males, the overall age adjusted prevalence of cough (5.2 per 100) and
crepitation (4.4 per 100) were nearly twice as high as among females but once
again there were trend of increase with increasing arsenic content in children of
both sexes in the age range of 10-19 years. The age adjusted prevalence of
weakness was also found to be increased with increasing arsenic water

concentration in both sexes”***.

Choprapawon (2006) assess the prevalence of cancer from cancer registry,
Ronpibool (arsenic contaminated for last ten years) district (2.22/1000) ranked
fifth among the 23 districts. The study revealed the prevalence of cancer sites in
different districts arsenic contaminated area named Hausai (3.19/1000), Lansaka

(2.29/1000), Phomkiri (2.23/1000), Kanom (2.23/1000), and Ronpibool
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(2.20/100). Lung cancer was the highest in Hausai, Lansaka, Phomkiri, while
cancer of oral cavity (includes cancer of tongue, plate, mouth, saliva gland and
tonsil) found highest in Kanom. Lymphoma (includes Hodgkin’s, Follicular
node, Diffuse non-Hodgkin’s, T-cell) and breast cancer had highest proportion
(13.5% of all sites), followed by lung cancer (10.2%). Ronpibool had highest

proportion of skin cancer (3.4%)

In Romania and Hungry the study was done in the period of (1981-1991) to
estimate the incidence of morbidity between the arsenic exposed and non-
exposed population. The arsenic concentration of exposed group was above 100
Hg fL and controlled group was < 50 jxg /L. The study revealed that high rate of
bladder cancer among the exposed population (adults). Lung, kidney, leukemia,
and others lymphatic and hemathopoetic cancers were not elevated in the
exposed as against the unexposed population. The study also revealed that
incidence of anemia, high blood pressure, peripheral neuropathy were high in
exposed groups, increase prevalence of cutaneous disorders (hyperpigmentosis,
hyperkeratosis, epithelioma), peripheral neuropathy (parestesis in the
extremities) and also cardiovascular diseases (hypertension, myocardial

infraction, strokes) in exposed group versus the control
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Mahmood (2002) review in different papers and noted that according to WHO
13 lakh children of under-five age group, mostly in developing countries, die
annually for causes related to unsafe drinking water, poor sanitation and
hygiene. The report says that “Arsenic problem” will have major economic
impacts throughout Bangladesh, affecting agriculture and other related
industries, water management, public health and the overall National economy.
Arsenic has been known as a human carcinogen; at high levels it can damage
nerves, the stomach, intestines and skin. The clinical manifestations due to
chronic arsenic toxicity develop very insidiously after six months to two years or
more depending on the amount of arsenic intake. The most common early signs
of chronic arsenic poisoning are muscle weakness and aching, skin
pigmentation, garlic odor in breath and perspiration, excessive salivation and
sweating, stomatitis, generalized itching, sore throat, coryza, lacrimation and
conjunctivitis.  Patients with chronic arsenicosis often complain of
gastrointestinal symptoms such as anorexia, nausea, vomiting, excessive
salivation, pain in abdomen, constipation or sometimes diarrhea and weight loss.
It has been found that arsenic toxicity is more pronounced among poor and
malnourished groups of people. The arsenic contamination is not only causing
serious health hazard to the people, but also affecting the environment creating

social problems and overburdening our limping economy because it is creating a
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vicious cycle of malnutrition. Arsenic and other heavy metals used both in
agriculture and in industry, can cause, cancer, damage to the liver, kidney and
intestines, sterility, malnutrition and genetic abnormalities in human. Although
thousands of people have already been diagnosed with poisoning symptoms,
much ofthe ‘at-risk’ population particularly among children and adolescents has
not yet been assessed for arsenic related health problems. One study done in
three villages in Northern Argentina with high level of arsenic in drinking water

indicated that children are more sensitive to arsenic induced toxicity than adults

4,33

Dhaka community hospital reviews article and suggest that toxicity for arsenic

in human body is manifested in three manners

a) Arsenic in urine (for recent exposure)

b) Arsenic in blood (for instant exposure)

c) Arsenic in skin, hair and fingernails (for chronic exposure)

Manifestation of arsenic toxicity depends on dose of ingestion:

e Large doses for arsenic can produce human deaths.

* Lower levels impact many different body tissues or systems: result in

‘system effects.
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» Oral intake has greater harmful effects than dermal or inhalation exposure.
Intake of arsenic affects different system of human body:
Skin abnormalities (dark/light sports in skin,” crons’ on palms and sole:
progress to skin cancer.
Irritation of digestive tract, leading to pain, nausea, vomiting, diarrhea
Fetus damage during pregnancy
Blood vessel damage
Increase cancer risk, especially in liver, bladder, kidney and lung
Liver and/or kidney damage
Abnormal heart function
Decreased production ofred and white bloods cells
Aggravated malnutrition affectations

Impaired nerve functioning pins and needles feeling in feet and hands

Arsenic and certain arsenic compounds are known carcinogens. Amounts
of arsenic intake required to cause harmful effect depends on the chemical
and physical from of arsenic. Inorganic from of arsenic is more toxic than
organic forms. Water-soluble forms are more toxic. Humans are most

sensitive to arsenic than animals.
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Cross sectional study was done by Maharjan (2007) on adults villagers (both
male and female) in an area of lowland Nepal. The study shows that arsenic
intake was negatively correlated with body mass index and consequentially
increased the prevalence of underweight individuals, among whom the
prevalence of skin manifestations was 1.65 fold higher than normal weight
individuals. The study also revealed that the prevalence of skin symptoms was
consistently higher in the underweight than in the normal groups when exposure

level was considered

A cross sectional study was conducted by Tun (2003) in Myanmar on arsenic
exposed populations. The study shows that high arsenic in drinking water can
cause skin symptoms and other clinical manifestation in exposed groups and
clinical manifestation became fading after stopping consumption of arsenic

contaminated water

Maharjan (2005) done community based dose response study on arsenic exposed
community in lowland in Nepal. The study revealed that prevalence of arsenic
induce skin manifestation was 80% and males had prevalence twice as high as

females

Kadono (2002) done study to assess the prevalence of arsenic contamination of

skin manifestation (Skin manifestation are sensitive marker of arsenicosis). The
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study revealed that 50% of the study population showed skin manifestation and
prevalence of skin manifestation was quit high and males were more vulnerable

to arsenic exposed

Maharjan (2001-2004) surveys done on arsenicosis cases in Terai, Nepal, study
was conducted in six arsenic contaminated district of terai namely Nawalparasi,
Bara, Parsa, Rautahat, Rupandehi and Kapilavastu. In these districts, arsenic
contamination in tube wells varied from 2.1% to IS.IVo. The prevalence of
arsenicosis was on average, 2.2% and varied from 0.7% in Kapilavastu district
to 3.65 in Nawalparasi district. In the community based study the highest
prevalence (18.6%) of arsenicosis was found in Patkhouli village of
Nawalparasi, where 95.8% of tube wells were contaminated with arsenic. The
prevalence of arsenicosis was higher in older age-groups (>50 years) of both the
sexes. Males suffered more from arsenicosis than females (odds ratio: 2.50, 95%
confidence interval 1.80-3.47). Skin, manifestations, such as melanosis and

keratosis, were the common symptoms of arsenicosis

Cross sectional study done by Guha (2006) in arsenic contaminated area in West
Bengal shows that morbidity from skin lesions due to chronic arsenic toxicity
has been found in almost one-third of the study populations (aged more then 15

years). The study also revealed that higher prevalence of arsenic skin lesions
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among males. There was a significant association of the disease with the

exposure levels and to the dose index (p<0.05)

Different studies shows that arsenic related skin lesions associated with water

containing arsenic level, consumption and duration of water intake

11.14,21,25.38,39,41,43,44,51,168,170

Smith (2000) has done cross sectional study in Chile. The exposed and non
exposed population taking water was 750 to 800 and 10 jig/L respectively. The
study population also taking fruits, vegetables, red-meat and chicken. The study

revealed that arsenic induced skin lesion occurs despite good nutrition *°.

Islam (2004) carried out a study in arsenicosis patients of arsenic exposed area.
The mean arsenic concentrations in the drinking water among exposed and non-
exposed population were 218 )ig /L and 11.3 |ag /L respectively. The study
shows that incidence of leukemia and anemia was more in exposed group. The
study also found that body mass index was lower in about 28% of the

arsenicosis cases compared to 15% of the control population

A study was conducted by Rahman (2006) to find out skin lesion among male
and female population. The concentration of drinking water was 143 |ag /L
(male) and 155 jig /L (female). The study shows that males had a higher risk of

developing skin lesions than females
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A cross sectional study was done by Ahmad (1999) to compare pregnancy
outcomes in women exposed to arsenic through drinking water (>0,1jig /L) to
outcomes of women who were exposed to arsenic level <0.02 |ag /L, The study
found that rate of spontaneous abortion, stillbirth, and preterm birth were 2.9,
2.24, 2.54 times higher respectively in the exposed group than in the non-

exposed group™*.

Watanabe (2001) conducted a surveys over arsenic exposed population in rural
area (water arsenic level was > 50 |ag /L) in Bangladesh. The study suggested
that male were more sensitive in developing hyperkeratosis and melanosis than

female

Rich (2006) done cohort study on arsenic exposed area to observed the
pregnancy outcomes among pregnant women. The concentration of arsenic level
was 50 jag/ L. The study shows that arsenic affects birth weight, gestational age,

and placental weight of arsenic exposed pregnant women 26.
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Meharg (2003) conducted study in Bangladesh to examine the arsenic assault on
food chain. The study shows that low dietary intake of protein and

micronutrients increases vulnerability to arsenic related diseases'”.

A study was conducted by Rahman (2001) on fifty districts of Bangladesh and
nine districts in West Bangle over adults and children population. The arsenic
concentration of that area was above 50 |ag /L. The study shows that symptoms
of chronic arsenic toxicity developed .insidiously after 6 month to 2 years
exposure. The study also found that the onset of arsenic toxicity depend on the
concentration of arsenic in drinking water intake and nutritional status of

individuals

Chen (2006) carried out series of study on arsenic exposed population. The
study shows that under nutritional status, the low serum level of antioxidant

vitamins increased the risk of arsenic induced health hazards

Smith (2006) carried out study on the role of nutritional status on human
susceptibility to the health effects of arsenic in drinking water in Argentina,
Chile, India and Taiwan. The study shows that nutritional deficiency (like:

selenium, B-carotene, methionine) has susceptibility to arsenic related effects
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Milton (2004) conducts study to assess the nutritional status among the chronic
arsenic exposed and unexposed population. The study revealed that mean
arsenic concentration in drinking water for the exposed and unexposed
population was 641.15 and 13.5 jig / L respectively. Body mass index was found
to be lower than 18.5, the cut off point malnutrition, in 57(41.315%) out of 138
exposed arsenicosis cases and 31(21.53%) out of 144 unexposed individuals.
The crude prevalence ratio was 1.92(95%) Cl1=1,33, 2.78) for poor nutritional
status among the arsenicosis cases compare to the unexposed populations. The
findings of this study add to the evidence that poor nutritional status may
increase an individual’s susceptibility to chronic arsenic toxicity, or alternatively

that arsenicosis may contribute to poor nutritional status

Rahman (2001) study done in different districts of Bangladesh and West Bengal.
The study shows that symptoms of chronic arsenic toxicity depend on the
concentration of arsenic in drinking water, volume of intake and the health and

nutritional status of individuals

A study was conducted by Zhang (1996) among arsenic exposed group of
population suffering from chronic renal disease. The study found that there was
accumulation of arsenic in their serum and they lost their normal nutritional

status gradually
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Miamato (2005) conducted a study to find out the association of nutritional
status (wasting) among the arsenic exposed and non-exposed children of 7-14
years of age. In the study area the arsenic concentration of tube well water was
above O0.Oljig/L. The study showed that children in exposed area was
significantly more wasted than non-exposed area (mean difference = 0.361, p <

0.001)

Chronic arsenic poisoning associated with groundwater contamination has been
reported from many developing countries, where poor nutritional status is
concomitantly found. Although it has been suggested that poor nutritional status
affects the toxicity and metabolism of arsenic a few systemic reports
dealing with this issue exit. A case control study showed that malnourished
individuals are more often found among patients with arsenicosis than among
the non-exposed population An extensive study conducted in West Bengal
reported heightened susceptibility to arsenic toxicity among individuals with
lower body weight, because the groups with different exposure level were
recruited from different areas, the modifying effects of nutritional status could
have been mediated by other unidentified (environmental) factors such as

dietary habit or socioeconomics status. There are some other studies
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describing the effects of nutrition on arsenic toxicity, with very limited

quantitative information.

Participants with poor nutritional status (weight below 80% of standard body
weight for their age and sex) were reported from West Bengal, India to have
overall 1.6 fold- increase (for males = 1.5, females =2.1) in the prevalence of
keratosis, suggesting that malnutrition may increase the susceptibility to arsenic
toxicity Arsenic affected people of southwestern Taiwan West Bengal
India and the Antofagasta region in north Chile were reported to

have a poor nutritional status.

Arsenic intake was negatively correlated with body mass index and substantially
increased the prevalence of underweight individuals, among whom the
prevalence of skin manifestations was 1.65 fold higher than normal weight
individuals. When exposure level was considered, the prevalence of skin

symptoms was consistently higher in the underweight than in normal individuals
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Chung (2006) determines whether differences in micronutrient status contribute
to susceptibility to arsenic induces skin lesions. The study revealed that lower
micronutrients (especially lower selenium, vitamin E and beta carotene) increase

risk of arsenic induced skin lesions *®

Dhar (1997) conducted study on arsenic effected children. The study shows that

n
all the arsenicosis children were very poor and ill nourished .

Mabharjan (2007) conducted a cross sectional study in a population of almost all
are farmers, share a similar socioeconomic and lifestyle. The study found that
arsenic intake was negatively correlated with body mass index and substantially
increased the prevalence of underweight individuals, among whom the
prevalence of skin manifestations was 1.65- fold higher than normal weight
individuals. When exposure level was considered, the prevalence of skin

symptoms was consistently higher in the underweight than in the normal groups

157

A cross sectional study done by Mitra (2002) the study revealed that the mean
arsenic concentration in water was significantly associated with the severity of
the disease and body mass index correlated inversely (r = -0.298, p=0.013) with

the duration of disease after controlling age
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Kabir (2001) in a case control study among adult population of similar
socioeconomic status and also both were drinking same water source observed
that BMI of exposed assessed group was significantly lower than that of non-
exposed group (19.71+ 2.16 vs. 22.02+£1.81, p< 0.001). Mean £SD weight and
height of the arsenicosis patients were significantly lower than non-arsenicosis
patients (weight: 47.17+6.83 vs.54.35%+ 6.03, p<0.001; height: 154.39+10.38

vs. 157.07, p<0.05)

Ahmad (2002) done in a cross sectional study among the children of 6-12
years of exposed and non-exposed group. The study found that exposed groups

were shorter compared to non-exposed groups (p< 0.05)

Islam (2004) in a case control study among arsenic exposed adult population
showed that the 28% of the cases were underweight (malnourished) compared
to that of 15% of the control. The mean arsenic concentration level of exposed

(case) and non-exposed (control) were 218.17ig/L and 11.3”7g/L respectively
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Milton (2004) in a cross sectional comparative study in an adult population 6-
70 years observed that malnutrition (BMI <18.5) was 1.92 times higher among
those having arsenicosis compared to those not having arsenic exposure (mean

arsenic was >50 jig/L)
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A study was conducted by Mitra (2004) showed that there was no significant
difference in terms of BMI between those having signs of arsenic toxicity and

those not having such sign but having similar exposure

Study done Minamoto (2005) among the arsenic exposed and non-exposed
children of 7-14 years of age showed that the nutritional status (wasting status)

in exposed children was lower than those in non-exposed children

Mitra (2004) study done on a population with mean age of ~ 41 year observed
that there was no difference in terms of BMI between those having signs of

arsenic toxicity and those not having such sign but having similar exposure

In Japan a follow up study was observed in infants exposed to arsenic (1.3- 3.6
mg/day) through intake of contaminated powdered milk showed that teenagers

were on average shorter and of lower weight

In animals a low intake of protein, choline or methionine has been shown to

result in a decrease arsenic methylation and a marked increase in tissue retention

181

Earlier experimental studies suggest that poor nutrition results in decreased
methylation of arsenic owing to decreased supply of the methylation substrate,
eventually leading to enhanced arsenic toxicity (ATSDR 2000). This is

supported by a recent human study showing that a low dietary intake of protein,
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iron, zinc and niacin was associated with enhanced accumulation of

monomethyl arsenic acid in a US population

A study was done by Akter (2005) to assess the effect of arsenic concentration
of water, seafood and food grains or vegetables. The study showed that the
concentration of arsenic in seafood is higher but most of the arsenic is in forms
that are non-toxic to humans: i.e. the bioavailability is low. Therefore, that is
perfectly safe to eat. The study also revealed that a food that has high
bioavailability of arsenic is probably more toxic. The study concluded that the
concentration of water by arsenic is probably more harmful to human than
arsenic in food grains or vegetables, because arsenic bioavailability in water is

generally higher than its bioavailability in food

A study was done by Almela (2002) in Spain to assess different metal like: total
arsenic, inorganic arsenic, lead, cadmium and mercury contents of 18 algae food

products. The study found that arsenic concentration in algae foods was higher
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A study conducted by Munoz (2000) in Spain to assess the total arsenic and
inorganic arsenic contents in 153 samples of seafood products: fish, mollusks,
crustaceans and preserved fish. The study found that the content of arsenic in

seafood product was higher
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A study was conducted by Rahman (2007) to investigate the accumulation and
distribution of arsenic in different fractions of rice grain collected from arsenic
affected area of Bangladesh. It was observed that regardless of rice varieties,
arsenic content was higher in root then that of shoot and raw rice grains. The
study also showed that arsenic content was higher in non-parboiled rice grain

then that of parboiled rice'

A study was conducted by Rahman (2007) to assess the concentration of arsenic
on varies types of leafy and non-leafy vegetables grown in arsenic contaminated
area. The study showed that the highest mean arsenic values observed were 463
mug/kg for sweet gourd leaf, 429 mug/kg for red amaranth and 369 mug/kg for
green amaranth. The highest mean arsenic levels were detected for arum root
(1167 mug/kg) followed by water spinach (1001 mug/kg) and radish leaf (962
mug/kg) in Muradnagar. The maximum mean arsenic concentrations found were
850 mug/kg for marsh herb, 437 mug/kg for arum root and 407 mug/kg for
sweet potato leaf in Nabinagar. The study observed that daily dietary intake of
arsenic from sampled vegetables was 86,5, 221.0 and 93.0 mug for adults (both
males and females) and 51.9, 132.6 and 55.8 mug for children around 10 years

for Laksam, Muradnagar and Nabinagar, respectively™
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A study was conducted by Signes (2007) to estimate the total and inorganic
arsenic intakes through both drinking water and cooked rice. The result showed

that arsenic concentration in cooked rice is higher than that of in raw rice (range

227 to 1641 micro kg(-1)

Devesa (2007) on his study observed that food is generally consumed in
processed forms, after a preservation treatment or cooking, which may alter the
concentration and chemical forms of arsenic. The study revealed that all the
arsenic present in cooking water may be retained during cooking of rice,

increasing the contents ofthis metalloid to significant levels
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W hat is the Practical Importance of reduced Body Mass Index by Arsenic?

Arsenic can affect insulin related sugar metabolism or disturb glucocorticoid
functions both which compromise the energy metabolism. Alternatively,
systemic disease status caused by exposure to arsenic may lead to

malnutrition'”A’

Arsenic and many of its compounds are especially poisons. Arsenic disrupt ATP
production though several mechanisms. At the level of the citric acid cycle,
arsenic inhibits pyruvate dehydrogenase and by competing with phosphate it
uncouples oxidative phophorylation, thus inhibiting energy-linked reduction of
NAD+ mitochondrial respiration and ATP synthesis. Hydrogen peroxide
production is also increased, which might form reactive oxygen species and
oxidative stress. These metabolic interferences lead to death from multi- system

organ failure probably from nercotic cell death, not apoptosis

Arsenite has high affinity for sulfhydryl groups and thus can form covalent
bonds with the disulfide bridges in the molecules of insulin, insulin receptors,
glucose transporters (GLUTSs) and enzymes involve glucose metabolism( eg:
pyruvate dehydrogenase and alpha-ketoglutarate dehydrogenase). As a result,

the normal functions of these molecules can hamper
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Arsenic can disrupt the puruvate and succinate oxidation pathways. This
inhibition effectively blocks the Krebs cycle, interrupting oxidative
phosphorylation, which results in marlced depletion of ATP stores. Arsenic also
can produce a thiamine deficiency by preventing transformation ofthiamine into

acetyl-coenzyme A (COA) and succinyl-COA

Studied done JHA (2004) in the seedlings of two rice cultivars (Malviya>36 and
Pant-12) the effect of increasing levels of arsenic in situ on the content ofsug”s
and the activity of several enzymes of starch and sucrose metabolism: a-amylase
(EC 3.2.1.1), p-amylase (EC 3.2.1.2), starch phosphorylase (EC 2.4.1.1), acid
invertase (EC 3.2.1.26), sucrose synthase (EC 2.4.1.13) and sucrose phosphate
synthase (EC 2.4.1.14). During a growth period of 10-20 d AS203 at 25 and 50
.M in the growth medium caused an increase in reducing, non-reducing and
total soluble sugars. An increased conversion of non-reducing to reducing sugars
was observed concomitant with arsenic toxicity. The activities of a-amylase, p-
amyiase and sucrose phosphate syntheses declined, whereas starch
phosphorylase, acid invertase and sucrose syntheses were found to be elevated.
Results indicate that in rice seedlings arsenic toxicity causes perturbations in

carbohydrate metabolism leading to the accumulation of soluble sugars by
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altering enzyme activity. Sucrose syntheses possibly play a positive role in

synthesis of sucrose under arsenic toxicity

Management of Arsenicosis

Ahmad (1998) conducted study among the adult populations having melanosis
(93.5%), keratosis (68.3%), hyperkeratosis (37,6%) and depigmentation
(leucomelanosis) (39.1%). The study observed that improvement of arsenic
toxicity on withdrawal of intake contamination water, taking protein rich food

and vitamin A, E and C

Ahmad (1998) conducted study on the management of arsenocosis by taking
vitamin A, E, C and regime. The study shows that there was improvement of

keratosis 90.9% and melanosis 86.4% by these regimes

Hassanuzzaman (2001) in a cross sectional study showed that there was
significant difference of mean serum vitainin A, E, C and zinc level between

arsenic exposed and non-exposed populations

Sikder (1999) conducted study in a population of different age (6-54) groups.
The study observed that melanosis (100%), hyperkeratosis (80%), legs cramp
(20%), conjunctivitis (12%) improved with avoidance of arsenic contamination
water, local application of keratolytic ointment (20% urea and 10% to 20%

salicylic acid or Vaseline) and oral use of vitamin A, E and C
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Khan (1997) in their study mentioned that symptom of arsenicosis patient had
been improved by taking good diet and vitamins A, E, and C and used arsenic

safe water

Steinmasu (2005) in his study observed the effect of the diet and arsenic
metabolism. The study revealed that people with diets deficient in protein and

other nutrients are more susceptible than others to arsenic caused cancer

Hug (2000) conducted study on patient aged between 18-65 years having
chronic arsenic poisoning. The study revealed that all the patients were
improved clinically and there was significant reduction (p < 0.0001) of the
excretion of urinary arsenic with spirulina This is in line with other studies

conducted in Bangabandu Sheikh Mujib Medical University, Dhaka' "’

A study was done by Khan (1999) all over Bangladesh from 1994 to 1998. It
was observed that there was improvement of initial stage and second stage of
arsenicosis patients by the withdrawal of arsenic contaminated water and taking

vitamin A, E and C and used keratolytic agent

Few studies done on the patients having chronic arsenicosis evaluate the
effectiveness of management by vitamin A, E, C regimen and withdrawal of
arsenic contamination water. The study revealed that there was clinical

improvement of patients™>"’
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Different studies show that there was clinical improvement of chronic
arsenicosis by the treatment of spirulina and withdrawal of arsenic

contamination water'™'
Intestinal Parasite

Malnutrition is a worldwide problem and the problem is more marked in
developing country like Bangladesh, where children are the main victims

The causes of malnutrition are complex; in one side the causes include
nutritional deficiency like vitamin A, calcium, iron, iodine, helminthic
infestation etc., and in other side consumption of environmental toxin like lead,
arsenic, mercury etc. through water can seriously deplete stores of iron,

vitamin C and essential nutrients

In Bangladesh helminthic infestation was one of the causes of malnutrition.
Different studies observed that malnutrition and low hemoglobin levels are

widely prevalent among those children suffering from intestinal parasite

201

Helminthic infestation is a serious public health problem, especially in areas of
low environmental quality and of people of low nutritional status. In the
growing stage, children are more susceptible to the ill effects of parasitic

attacks, as their need for nutrients is high. In young children, physical and
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mental development may be effected by mal-absorption, blood and protein loss
and diarrhea generated often by presence of several types of worms in the gut.
There is also the risk of complications. Many parasites interfere with the
process of intestinal absorption of nutrients. They feed on the nutrients,
depriving the children of its sources of nutrition. The child is thus thrown into

a state of acute and chronic malnutrition™' 208246247

In a cross sectional study conducted by Oberhelman (1998) showed
correlation between intestinal parasites, physical growth and psychomotor
development among study children. The study showed that the prevalence
of malnutrition was 14.6% weight for age (WFA), 8.4 % weight for height
(WFH), 36.3% height for age (ITFA). Helminthic infestation was more
prevalent in malnourished children. Developmental status associated with
low weight for age (WFA) and intestinal helminthes. The study also
revealed that intestinal helminthes may be contributory factor for

developmental disabilities

Salviva (1990) conducted study to observe the association between stunting
status and helminthic infestation in children. The study showed that there
was a positive association between intestinal parasite and stunting status in

studied children
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Chan (1992) conducted study by three anti- helmithic interventions to
observe the effect on the prevalence and intensity of intestinal nematode
infections. The study shows that the repeated chemotherapeutic intervention
reduced both prevalence and intensity levels of intestinal nematode

infections

A study was done by Kumar (2003) to evaluate the prevalence of anemia with
worm infestation on school going girls of age 6-10 years. The study showed that
prevalence of worm infestation was 86.66%, 68.16% and 82.9% in mild,

moderate and severely anemic groups™™\,

A study was done by Ananthakxishnan (2001) to assess different disease pattern
among the school children age 5-15 years. The study revealed that anemia was
57.1%, under nutrition 57.6%, worm infestation (46.4%) and skin infections

8.7%

Oliveros (2005) in the first National conference on intestinal helminth at the
Asian institute of management said that different study showed that children age
one to five are infected with soil intestinal helminthasis. He also said that worm

infestation have adverse effects on the nutritional status

Rao (2005) study done on adolescent boys and girls aged 11-19 years. The study

revealed that intestinal parasites was observed in 59.5% adolescents there was
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high prevalence of under nutrition in terms of under weight 61.7%, stunting
51.7%, wasting 32.8%. The study also showed that 82.3% study children were

anemic %

A cross sectional study was conducted by Awasthi (1997) in preschool children.
The study showed that 67.6% were underweight, 62.8% were stunted, 26.5%
were wasted and hemoglobin levels of the children were 9.1 g / dL, 9.3g/ dl and
9.6 g/ dL respectively. The study also showed that malnutrition and low
hemoglobin levels are more prevalent among those children suffering from

intestinal parasite

Cross sectional study conducted by Oberhelman (1998) to assess the correlation
between malnutrition and intestinal parasite shows that the prevalence of
malnutrition was 14.6% weight for age, 8.4% weight for height and 36.3%

height for age among those who were suffering from helminthic infestation
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Malnutrition a Major Public Health Problem in Bangladesh

The United Nation International Children Emergency Fund report shows
statistical information on children’s nutritional status for 187 countries, where it
is evident that Bangladesh has the worst nutrition situation among all countries.
About 56% of the children (<5 years) are under weight and another 55% are
short for their height. Each figure is the highest in the world, the lowest world
figure for the former is 3% and the later is only 1%. The percentage of acutely
malnourished children (wasted) is 18% in Bangladesh, only next to the highest
figure in the world is 25% in Afghanistan. Prevalence of low birth weight
appears also at the highest level (50%). The 4% report on world’s nutrition
situation, published by a UN body, claims that iron deficiency anemia itself

causes a productively loss 0f2% of GDP in Bangladesh"®"

A study was conducted by Hassan (1998) to assess the nutritional status among
the children aged 0-12 years. The result shows that only 6% were found to have
normal weight for age and 75% were considered as suffering from malnutrition
of 2" and 3*degree. The weight for height was normal in 43%, where as 41%>
were found to have been suffering from mild under nutrition. Sixteen percent
were considered as wasted (weight for height less than 80% of the standard).

Almost 65% had height for age less than 90% of standard (stunted). When
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wasting and stunting were combined, only 30% could be considered normal and

10% had severe malnutrition

Hassan (1993) done another study on nutritional status of 1108 children of
Dhaka city of aged 0-12 years, was assessed by measuring weight for age,
weight for height and height for age from 11 locations. The study observed that
only 12% of children were found to have normal weight for age and 58% was
considered was suffering from malnutrition of second and third degree. The
weight for height was normal in 39% and 21%> was considered as wasted
(weight for height <80% of standard). The percentage of stunted children
increased with age. When wasting and stunting were combined, 47% of the

children could be considered normal and 12% severe malnutrition

Jahan (1994) conducted cross-sectional study among the hundred house holds in
a village ofNarayanganj district between 1988 and 1989. The study indicted that
the children were mostly deficient in energy (54%), protein (49%), vitamin A
(77%) and riboflavin (73%). About 70% of children were either wasted or
stunted or both. Almost all of them (98%) were found to suffer from various

degrees of malnutrition. 499> of the children were anemic

Kabimllah (1990) conducted study in the anthropometric nutritional status of

pre-school children in a rural village, has been analyzed to determine the
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influence of various socio-economic factors, out of a target population of 2136.
82.5% were available for the study. The average weight for age of the children
was 73.1% and height for age was 89.7% of the National Center for Health
Statistics (NCHS) standard. The effect of age on the nutritional status of the
children was significant but not linear, Weight for age was better at the age was
better at the age of 5-12 months compared to other age groups. Level of
education of the parent affected the nutritional status almost linearly. Nutritional
status of the children was independent of the occupation of their parent. But
annual family income exerted a significant influence on the nutritional status.
The size of the family had no effect. The results are discussed in the light of the
situation in Bangladesh to determine the indicators of the nutritional problems of

n

the country ’

Sultana (1985) has analyzed medical records of 2137 children admitted to
children’s nutrition unit (CNU) in Dhaka to find out the risk factors contributing
to protein energy malnutrition (PEM). Most of them come from urban slums of
Dhaka city. The patients were admitted over a period of 6 years 18% were
marasmic, 20% had kwashiorkor and 62% had marasmic - Kwashiorkor

according to welcome classification

443784
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Study conducted Keramat (1977) among 227 students of 5-13 years boys and
girls to examine their nutritional status. The study revealed that among the boys
11.4% were suffering from varies degree of malnutrition at the age of 5-6 years,
15.7% at the age of 7-8 years, 8.5% at the age of 9-10 years and there was no
cases of malnutrition above 10 years of age. Among the girls 11.5% were
suffering from varies degree of malnutrition at the age of 5-6 years, 38.5% at the
age of 7-8 years, 20% at the age 0f9-10 years and 20% at the age of 11-12 years
215

Nahar (1998) conducted prospective study in urban affluent, slum and rural
communities of Bangladesh during February 1994 to February 1995. From each
community 250 pregnant mothers were recruited in this study and at the end
total 660 live births were studied to determine the incidence and risk factors of
low birth weight. The study found that incidence of low birth weight was highest
in urban slum (36.8%), followed by rural area (20.9%) and lowest in urban

affluent community (18.3%)

Kaneta (2000) carried out study the gender inequality in nutritional status and
the effects of various soci-economic, demographic and health-programme
factors on gender inequality in a remote rural area of Bangladesh. Measurements

of mid-upper arm circumference (MUAC) were taken from 2016 children aged
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then 5 years (50.8% male, 49.2% female) in 1994. Average MUAC for all
children was 130mm; 33% were severely malnourished. Of the severely-

malnourished children, 54.2% were female and 45.8% were male 217

Rahman (1995) conducted study on socio-economic factors influencing the
nutritional status of under five children in a rural village. Among the study
children the average weight for age was 68.95% and height for age was 86.29%
and weight for height was 4.67% of the National Center for Health Statistics

(NCHS) standard

95



Dhaka University Institutional Repository



Dhaka University Institutional Repository

3. METHODS AND MATERIALS

3.1. Types ofstudy:

This was a cross sectional comparative study.

3.2. Place of study;

The study was conducted in arsenic contaminated and non- contaminated
villages of two selected Upazilla. The arsenic contaminated villages were in
Sanmondi union of Sonargoan Upazilla under the district of Narayangonj. The
villages are: Mirar Char (Jidder gaon), Mog Bazer (Mirer Char), Nagirpur,
Bhabani Pur and Viti Khandi. The Arsenic non-contaminated villages were in
Sirajdikhan Upazilla under the district of Munshigong. The arsenic non-
contaminated villages are: Kusumpur, Chandandul, Shialdi, Rajdia and

Tanguripara under Ischapura union.

3.3. Study Population:

Children of 5-14 years of age from arsenic contaminated and non-contaminated
areas were included as study population. Exposed children were those who
drank water from the tube wells having arsenic level > 50 pig/ L. On the other
hand, non-exposed group of children were those who drank water from the tube

wells having arsenic level below 50 |ig / L.
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3.4. Selection Criteria:

Total one thousand thirty (1030) tube wells were examined for arsenic
contamination. Out of 1030 tube wells 485 tube wells water having arsenic level
> 50 |ig / L, the rest of the tube wells arsenic level was below 50 )ig / L.
Children of 5-14 years from selected arsenic non-exposed and arsenic exposed
areas were enlisted. Total 920 children from arsenic non-exposed area and 910
children from arsenic exposed area were included as study population.
According to the stool examination report the children who were not suffering
from helminthic infestation were included in this study. Total 1015(510 arsenic

non-exposed and 505 arsenic exposed) were included as the respondent.

i. Inclusion Criteria:

Exposed children of 5-14 years of age irrespective of sex who were taking
arsenic contaminated tube wells water > 50 |ig/ L and stool examination report

for helminthic infestation was found to be negative.

Non-exposed children, aged 5-14 years irrespective of sex who were taking tube
wells water having arsenic level below 50 jig/ L and stool examination report

was found to be negative for helminthic infestation.
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ii. Exclusion Criteria:

Those children who suffered from severe diarrhea, amoebic dysentery, blood
dysentery, measles any others major illness (Acute respiratory tract infection |,
Typhoid fever) within last three month, unwillingness of guardians of the

children to participate in the study.

3.5. Sample Size and Sampling Technique:

Selection Procedure: Department of Public Health Engineering (DPHE) Tube

well (TW) screening report™ District » Upazilla » Union » Village.

Tube well screening report was collected from assigned section of Department
of Public Health Engineering (DPHE). From the DPHE Tube well screening
report arsenic contaminated and non-contaminated district were listed. From the
list one arsenic exposed (Munshigonj) and arsenic non-exposed (Narayangonj)
district were selected. With in selected district the most affected Upazilla
(proportion of arsenic contamination of tube well was highest) was selected as
the arsenic contamination area which is Sonargaon. On the other hand the
Upazilla having less arsenic contamination in the district, the least effected
Upazilla was selected as the arsenic non- contaminated area which is
Sirajdikhan. From selected Upazilla initially arsenic exposed and non-exposed

villages were selected based on the DPHE.
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Tube well screening report by Bangladesh Arsenic Mitigation and Water Supply
Project According to the guideline of DPHE Tube well screening report
arsenic contaminated village of Sonargaon Upazilla under Narayangonj district
was selected purposively. Similarly an arsenic non-contaminated village of
Sirajdikhan Upazilla under Munshigonj district was also selected. To locate
arsenic contamination tube well, information was collected from local DPHE
office for the particular village. In particular village to confirm the arsenic
contamination tube wells were again examined for arsenic content. The children
of the households whose Tube well was found to be arsenic contamination (>50
lig/L) after examination of water were included as study population of exposed
area. Similarly the children of the household whose Tube well was found to be
non-contamination (below 50 |ig/L) after examination of water were included as

the study population of non-exposed area.

NIPSOM Field Kit was used for determination of arsenic content of tube-well
water in the field level. The result was reconfirmed by laboratory analysis by

using AFS method (Atomic Fluorescence Spectrometry)

Amongst the study population those who fulfilled the inclusion criteria were
listed and from the list a total of 300 children from arsenic exposed group and

300 children from non-exposed group were selected as respondent ofthe study.
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3.6. Respondents:

The selected respondent children of 5-14 years of age were interviewed for data
collection. The parents of the selected children were also included for interview

to assist their children during interview.
3.7. Data collection Instruments

Designed questionnaire was used for collection of data. The questionnaire was
pre-tested before final use in the field. Information was collected on socio-
demographic characteristics, duration of water use, daily consumption of water
of children, arsenic level of tube-well water, other sources of water intake.
Checklist was used for arsenic level of water, helminthic infestation of stool and

anthropometries measurements of the study children.
Interviewers:

Before data collection, interviewers were trained by the researcher on various
aspect of data collection including questionnaire. A supervisor was selected to
supervise the overall field work. After completion of training the interviewers

collected data from the fields.
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3.8. Data Collection Procedure:

The questionnaire was filled up by interview of children as well as their parents.

3.8.1. Interview:

Children and parents were interviewed. Face to face interview was carried out
through a pre-tested questionnaire to collect information. The information was
collected on age, sex, education, dwelling type, family size, monthly income,
education of parents, sources of water intake, duration of use of tube-well water
from the past sources, daily consumption of water of children, other sources of
water intake, morbidity, dietary practice through 24- hours dietary recall

questions.

3.8.2. Interviews of the Children-

After completion of interview, anthropometric measurements of the studied

children were taken.

3.8.3. Anthropometric Measurements-

Data on height and weight of the children was taken through standard

instruments. The procedures followed for measurement are described below

219,252
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Weight:

A weighing scale was used to measure weight. Child was asked to stand on the
weighing scale with minimum clothing, without shoes and without any weight in
hand or touching or catching things. Three measurements were taken for each

child and the mean was recorded.

Height:

Height was measured by "height and weight machine. The height was recorded in
a standing position of the subject without foot wear, feet together, knees straight
and heel, buttocks and shoulder blades in contact with the vertical wall. Three

measurements were taken for each child and the mean was recorded.

Body mass index (BMI):

BMI was calculated using the available weight and height by the following

formula: ™M.22,220,22i

Weight in kg
BMI=

(Height in m) ~
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Classification of Nutritional status according to BMI:

The nutritional status of tlie children was classified according to their BMI into

three groups as below:

Classification of

Sl no. (Body mass index) BMI
Nutritional status

1 BMI is less than 5“*percentile of BMI Thinness (Having low
for the age and sex of reference BMI for the age and sex)
population

2 BMI is within 5* to 85“ percentile of Normal (Having normal
BMI for the age and sex of reference BMI for the age and sex)
population

3 BMI is greater than 85* percentile of Overweight (Having high
BMI for the age and sex of reference BMI for the age and sex)
population
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Formula for calculation of Z-score

In this study Z-score of weight for age, height for age and weight for height
were used to assess the different aspects of nutritional status of the study

children. Z-scores were calculated by the following formula:

(Individual value) - (median value ofreference population)
F A 1o o] B e e
Standard deviation value of reference population.
Standard deviation value and median value ofreference population was

calculated by transforming the original NCHS reference data. Normal Z- score

varies from (- 2SD to + 2SD).

(Observed height) - (Median height of reference for given age and sex)

RTE= B
Standard deviation of height of reference population
(Observed weight) - (Median weight of reference for given age and sex)
MV A o o
Standard deviation of weight of reference population
(Observed weight for height) -
(Median weight for height of reference for given sex and height)
W H Z o o

Standard deviation of weight for height reference population
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The Z- score of weight for age, height for age and weight for height were

categorized by the following cut off level to determine the nutritional status

ofthe children

Z- score values

+2sd to -2sd

Less than -2sd to -

3sd

Less than -3sd

Weight for age:

(WAZ)

Normal weight

Moderately

underweight

Severely underweight

Height for age:

(HAZ)

Not stunted

Moderately

stunted

Severely stunted

Weight for

height: (WH2Z)

Normal

Moderately

wasted

Severely wasted

3.9. Collection procedure and estimation of arsenic concentration of tube

well water in field:

In the field arsenic level of Tube well water was analyzed by NIPSOM Field Kit

method. Sample water was collected for further analysis for its arsenic level.

Water was collected in a plastic bottle mixed with nitric acid. All these samples

were properly labeled with the identification number of the corresponding

patients.
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3.9.1. Estimation of Arsenic:

The collected water sample was examined by atomic fluorescence spectrometry
(AFS) at the Department of Occupational and Environmental Health, NIPSOM

for reconfirmation of arsenic concentration.

Procedure of the Arsenic Test in Tube well Water by NIPSOM Field Kit

1. First place the disc paper between the flattened surfaces of two glass

flanges and secure the flanges with the clip.

2. Take 15 ml. of the water sample in the test tube (up to the lower mark).

3. Add 0.1 gm ofreagent No. 1 (Potassium iodide), 0.5 gm ofreagent No. 2
(Zinc) and 0.1 gm ofreagent No. 3 (Stannous chloride) to the water

sample taken in the test tube.

4. Now add 4 ml of 1:1 Hydrochloric acid (HCI) into the test tube (up to the

higher mark) and insert the appropriate end of the flange into the test tube.

5. Then knock gently the lower end of the test tube for few seconds.

6. Allow the test tube to stand for 5 minutes, by this time the expected

reactions will have taken place.

7. Remove the secured/clipped flanges from the test tube, remove the clip,

separate the flanges and bring out the disc paper.
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8. Compare the color change obtained on the disc paper with the color scale

and record the content of arsenic in the format.

3.10. Assessment of Daily Water Consumption:

Daily consumption of water by each child was measured by assessing the
number of glasses of water the children drinks per day according to the sample

glass. The sample glass contains 250 ml o f water.

3 11. Stool Examination:

To exclude children having helminthic infestation stool of the participant
children were collected in a supplied plastic container mixed with 10% formalin.
All these samples were properly labeled with the identification number of the
corresponding children. The sample was examined under microscope to see
ova of intestinal parasite in the laboratory of Microbiology and Parasitology,

NIPSOM.

3.12. Dietary Assessment:

Dietary intakes of the study children were assessed using 24-hours recall method
and details of all foods and drinks. Consumed foods and drinks by the children
were recorded. The participants were shown various utensils such as measuring
cups, spoons, glasses and plates to get nearest approximation of the amounts of

food consumed. The serving weight of different food items was calculated using

107



Dhaka University Institutional Repository

Software FORTRAN 77. Equivalent raw food weight was calculated by using a

conversion table for Bangladeshi foods formulated by the Institute of Nutrition

and Food science 2322425206

3.13. Consent and Confidentiality:

At the beginning of interview, objectives of the study were briefly discussed
among the respondents and their parents. It was also informed that the
researcher would maintain confidentially of everything and the collected
information would be used for research purpose only. The interview started after

getting verbal consent ofthe respondent and their parents.

3.14. Analysis of Data:

All the data, which were cheeked for integrity and collected from the field, were
entered for analysis by using SPSS software program in 11.5 versions. 24-hours
recall food frequency data were analyzed in the Department of Institute of

Nutrition and Food Science, Dhaka University.
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3.15. Key Variables

Age ofthe Children

Father’s Age

Mother’s Age

No. of Family Member

No. of children aged 5-14 years

Qualification of Father

Qualification of Mother

Occupation of Father

Occupation of Mother

Monthly Income of the Family

Family Type

House Type

Latrine Type

Present Source of Drinking Water

Source of Cooking Water
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Duration of Using Current Drinking Water Source (Tube well)

Knowledge about Meaning of Red and Green Color of Tube Well

Method of Rice Cooking (Letting gruel out or not)

Frequency of Taking Pulses

Any attack of Diarrhea, Dysentery, Measles or any major illness by

the Children during last three months

Any history oftaking anti helminthic by the Children during last

three months

Arsenic Level of Present Tube Well Water

Height of the Children

Weight ofthe Children

Presence or abhsence ofworm in stool of the Children

Dietary intake in last 24 hours

no
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Operational definitions

Arsenic Exposed Area: - Area where arsenic level in water is found to be

> 50 |igm/liter.

Arsenic Non-Exposed Area: - Area where arsenic level in water is found

to be < 50 ngm/liter.

Basha Bhat: - Cooked rice inwhich gruel is not let out.

Cereal: - Cereals include riceand rice flour, wheat and wheat flour, maize

and various products made of rice and wheat.

Earning member: - A person who bring material in cash or kind for
services rendered and for the use of goods. Services imply labor and

organization ofproduction while Goods imply land property and capital.

Family member: - A family member is a person who depends on the
family.
Fan Gala Bhat: - Cooked rice in which gruel is let out.

Household: - A dwelling unit where one or more persons live and eat

together under a common cooking arrangement.

Household Head: - A person who is the decision maker regarding
different activities ofthe household.
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Income: - Material return in cash or kind received in exchange of Goods

and Services in a particular period.

Non-sanitary Latrine: - Open air Latrine or Latrines which are fixed but

have no water seal.

Sanitary Latrine: - Fixed Latrine which is water sealed.
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4. RESULTS

A Socio-demographic characteristics of the respondents

Table 1.1: Distribution of the families according to no of 5-14 years aged children and
sex of study children

Characteristics Subject Total P
(n=600) value
Exposed Non Exposed
(n=300) (n=300)
No. % No. % No. %

No. of5-14 yr aged

children

1 158 52.7 154 51.3 312 52.0 0.188
2 115 38.3 105 35.0 220 36.7

3 26 8,7 36 12.0 62 10.3

4 1 3 5 1.7 6 1.0

Sex (index child)

Male 152 50.7 154 51.3 306 51.0 0,870
Female 148 49.3 146 48,7 294 49.0

*p value reached from chi square test

Table 1.1 shows information about the study children. Among the exposed
group 52.7% families had one 5-14 year aged child, 38.3% families had two,
8.7% families had three and 0.3% families had four 5-14 year aged children. On
the other hand among the non exposed group 51.3% families had one 5-14 year
aged child, 35.0% families had two, 12.0% families had three and 1.7% families
had four 5-14 year aged children. No significant difference of number of 5-14

years children was seen between the groups (p>0.05).
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Regarding sex of the index children it was seen that among the exposed group
50.7 children were male and 49.3% were female. The proportions of male and
female index children among the exposed group were 51.3% and 48.7%
respectively. No statistically significant difference of sex of the index children

was seen between the groups (p>0.05).
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Table 1.2: Distribution of the children by age sex and type of subject

Subject Total p

Characteristics (n=600) value

Exposed Non Exposed

(n=300) (n=300)

No. % No. % No. %

Age in years
5-6.99 81 27,0 84 28.0 165 275
7-9.99 114 38.0 131 43.7 245 408
>10 105 35.0 85 28.3 190 317
*Mean + SD 8.8+2.6 8,442 4 8.6+2.5 0.110%
(Range) (5-14) (5-14) (5-14)
Sex
Boys 154 51.3 152 50,7 306 51,0 0.870
Girls 146 48,7 148 49,3 294 49,0

*p value reached from unpaired student’s ttest
p value reached from chi square test

Age and sex of the index children were described in table 1.2. Among the
exposed families 27.0% of the study children were having age 5-6.99 years,
38.0% aged 7-9.99 years and the rest 35.0% aged >10 years. On the other hand
among the non exposed families 28.0% of the study children were having age 5-
6.99 years, 43.7% aged 7-9.99 years and the rest 28.3% aged >10 years. Similar

age group was observed between the exposed and non exposed groups.
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Regarding sex of the index children it was seen that among the exposed group
51.3% children were male and 48.7% were female. The proportions of male and
female index children among the exposed group were 50.7% and 49.3%
respectively. No statistically significant difference of sex of the index children

was seen between the groups (p>0.05).
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Table 1.3: Distribution of the children by age and sex

Age inyears

5-6.99
7-9.99
>10

Mean + SD
(Ranee)

Boys(n=306)
No. aob
83 27.1
120 39.2

103 33.7

8,7+2.5
(5.0-14.0)

*p value reached from unpaired student’s t test

Sex

Girls (n=294)

No. Vo
82 27.9

125 42.5

87 29.6

8.5+2.5
(5.0-13.9)

Total =}
(n=600) value
No. %
165 27.5
245 40.8
190 31.7
8.6+2.5 0.437
(5.0-14.0)

O f the total 600 index children 306 were boys and 294 were girls. Among the

boys 27.1% had age 5-6.99 years, 39.2% had age 7-9.99 years and the rest

33.7% had age >10.99 years. On the other hand among the girl index children

27.9% had age 5-6.99 years, 42.5% had age 7-9.99 years and the rest 29.6% had

age >10.99 years. The mean age +SD was 8.7£2.5 years among the boys and

8.5+2.5 years among the girls. No significant difference was seen between the

boys and girls (p> 0.05) (Table 1.3).
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Table 1.4: Distribution of the respondents by age of the parents

Characteristics Subjects Total p
(h=600) value
Exposed Non Exposed
(n=300) (n=300)
No. % No. % No. %

Age in years (Father)

<35 35 11.7 33 11,0 68 11.3

35-44 157 52,3 167 55.7 324 54.0

45-54 87 29.0 85 28.3 172. 28.7

>55 21 7.0 15 5.0 36 6.0

Total 300 100 300 100 600 100

Mean + SD 41.2+6.9 41.6+6.6 41.4+6,8 0.530
(29-70) (28-65) (28-70)

Age in years (mother)

<30 93 31,0 80 26.7 173 28.8

30-39 157 52.3 172 57.3 329 54.8

>40 50 16.7 48 16.0 98 16.3

Total 300 100 300 100 600 100

Mean + SD 32.5+5.9 32.545,7 32,545,8 0.922
(22-55) (20-52) (20-55)

*p value reached from unpaired student’s t test
Mean age of the fathers was 41.4 years with SD £ 6.8 years. It was 41.2+6.9
among the exposed and 41.6+6.6 was among the non-exposed. Highest 54.0%

was in the age group 35-44 years, which was among exposed group 52.3% and
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in the non exposed group 55.7%. Non difference of age was seen between the

groups (p>0.05)

Among the mothers mean age was 32.5 years with SD + 5.8 years. It was
32.5+£5.9 years among the exposed and 32.5+£5.7 years among the non-exposed.
In the combined group highest 54.8% was in the age group 30-39 years. In the
exposed group 52.3% and in the non exposed group 57.3% aged 30-39 years. No
statistically significant difference was observed between the groups (p>0.05)

(Table 1.4).
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Table 1.5: Distribution ofthe respondents by sex

Sex (respondent) Subjects Total P
(n"600) value
Exposed Non Exposed
(n=300) (n=300)
No. % No. % No. %
Male 50 16.7 47 15.7 97 16.2 0.739
Female 250 83.3 253 84.3 503 83.8

*pvalue reached from chi square test

Table 1.5 shows sex of the respondents. Out of the total 600, 97 (16.2%) were
male and 503 (83.8%) were female. In the exposed group male and female
proportions were 16.7 % and 83.3%. On the other hand male and female
proportions in the non exposed group were 15.7% and 84.3% respectively. No
significant difference of sex was found between exposed and non exposed

groups (p>0.05).
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Table 1.6 Distribution of the respondents by father’s level of education

Characteristics Subjects Total p
Exposed Non Exposed (n-600) value
(n=300) (n=300)

No. % No. % No. %

Level of education (Father)

No education 62 20.7 67 22.3 129 21.5

Primary 141 47.0 112 37.3 253 42.2

Secondary 63 2L0 67 22.3 130 21.7

Passed SSC 21 7.0 36 12.0 57 9.5

Higher Secondary 5 1.7 4 13 9 15

Passed HSC 4 1.3 10 3.3 14 2,3

Graduate and above 4 1.3 4 13 8 13

Level of education (Father)

Illiterate 62 20.7 67 22.3 129 21.5 0.619

Literate 238 79.3 233 77.7 471 78.5

*p value reached from chi square test

About education of tlie fathers it was seen that out of the total 600 maximum
42.2% had primary level of education, which was 47.0% among the exposed
group and 37.3% among the non exposed group. Of the total 600, 129(21.5%)
were illiterate and 471(78.5%) were literate. The proportions of illiterate were
20.7% among the exposed group and 22.3% among the non exposed group. On
the other hand the proportions of literate were 79.3% and 77.7% among the
exposed and non exposed groups respectively. No significant difference of

education was observed between the groups (p>0.05) (Table 1.6).
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TabJe 1.7: Distribution ofthe respondents by mother’s level of education

Characteristics Subjects
Exposed Non Exposed
(n=300) (n=300)
No. % No. %
Level of education (Mother)
No education 71 m 237 79 26.3
Primary 163 54.3 133 44.3
Secondary 52 17.3 66 22.0
Passed SSC 9 3.0 16 53
Higher Secondary 1 3 1 3
Passed HSC 2 v 5 1.7
Graduate and above 2 v 0 .0
Level of education (Mother)
Iliterate 71 23.7 79 26.3
Literate 229 76.3 221 73.7

*p value reached from chi square tesl

Total
(n=600)
No. %
150 25,0
296 49.3
\Y8 19.7
25 4.2
2 3
7 1.2
2 3
150 25.0
450 75.0

value

0.451
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Regarding mothers’ education it was seen that out of the total 600 maximum
49.3% had primary level of education. Which was 54.3% among the exposed
group and 44.3% among the non exposed group. Of the total 600, 150(25.0%)
were illiterate and 450(75.0%) were literate. The proportions of illiterate were
23.7% among the exposed group and 26.3% among the non exposed group. On
the other hand the proportions of literate were 76.3% and 73.7% among the
exposed and non exposed groups respectively. No significant difference of

education was observed between the groups (p>0.05) (Table 1.7).
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Table 1.8: Distribution of the respondents by type of family

Type o ffamily Subject
Exposed Non Exposed
(n=300) (n=300)
No. % No. %
Joint 193 64.3 176 58.7
Nuclear 107 35.7 124 41.3

*p value reached from chi square test

Type of family of the respondents is shown in Table 1.8. Of the total 600
families 369(61.5%) families were joint families and 231(38.5%) were nuclear
families. Among the exposed group 64.3% were joint families and 35.7% were
nuclear families. On the other hand among the non exposed group the

proportions of joint and nuclear families were 58.7% and 41.3% respectively.

Total p
(n=600) value
No. %
369 615 0.154
23) 38.5

The types of family was found to be similar between the groups (p<0.05).

124



Dhaka University Institutional Repository

Table 1.9: Distribution of the respondents by profession of the household

Main profession o fthe Subject Total p
household (n=600) value

Exposed Non Exposed

(n=300) (n=300)

No. % No. % No. %

Farmer 134 44.7 136 45.3 270 45.0 0,995
Laborer 36 12.0 37 12,3 73 12.2
Business 73 24.3 72 24.0 145 24.2
Service 57 19.0 55 18.3 112 18.6

*p value reached from chi square test

Table 1.9 reveals the profession of the respondents. Among the exposed group
44,7 % were Farmer s, 12.0 % were Laborer, 24.3 % were doing Business and
19.0 % Services. On the other hand non-exposed group the proportions of
Farmers, Laborers, Businessmen and Service holders were 45.3%, 12.3%,
24.0% and 18.3% respectively. No significant difference of profession was

observed between the exposed and non exposed groups (p>0.05),
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Table 1.10: Distribution of the respondents by family size

Family size Subject Total P
(n=600) value
Exposed Non Exposed
(n=300) (n=300)
No. % No. % No. %
Upto 4 80 26.7 94 31.3 174 29.0
5 129 43.0 91 30.3 220 36.7
6 80 26.7 95 31.7 s 29.2
>7 11 3.7 20 6.7 31 5.2
Mean £ SD 5.04+.9 5.1U1.0 5.08+.9 0.411
(Range) (3-7) (3-8) (3-8)

*p value reached from unpaired student’s t test

Mean family size was found to be 5.08+.9. It was 5.04%+.9 among the exposed
group and 5.11+1.0 among the non exposed group. Student’s t-test reveals that
there was no statistically significant difference of family size between the

exposed and non exposed groups (p>0.05) (Table 1.10).
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Table 1.11: Distribution of the respondents by monthly family income

Monthly Family Subject Total P
Income (Tk.) (n=600) value
Exposed (n=300) Non Exposed
(n=300)

No. % No. % No. %
<3000 30 10.0 48 16,0 78 13.0
3000-5999 227 75.7 220 73.3 447 74.5
>6000 43 14.3 32 10.7 75 125
MeaniSD 4015.0£1246.6 3861.7£1348.7 3938.3£1299.9 0.149
(Range) (2000-7000) (1500-15000) (1500-15000)

*p value reached from unpaired student’s t test

Table 2.1 describes the monthly income of the families. Among the exposed
group 10.0% families had monthly income of <3000 taka, 75.7% had 3000-5999
taka and the rest 14.3% families had monthly income of taka >6000. On the
other hand among the non exposed group 16.0% families had monthly income
of <3000 taka, 73.3% had 3000-5999 taka and the rest 10.7% families had
monthly income of taka >6000. Monthly income was found to be similar
between the exposed and non exposed groups. No statistical difference was

observed (p>0.05) (Table 1.11).
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B. Environmental condition

Table 2.1: Distribution of the respondents by housing condition

Housing condition

Brick built

Tin roof, tin wall &
mud floor

Tin roof, brick wall
& mud floor

Subject

Exposed
(n-300)

No. %

43 14.3

143 47,7

114 38.0

*p value reached from chi square test

Non Exposed

(n=300)
No. %
42 14.0
145 48,3
113 31.1

Total
(n="600)

No. %

85 14.2

288 48.0

227 37.8

value

0.985

Table 2.1 describes the housing condition of the families. Among the exposed

families 14.3% families had brick built houses. Tin roof, tin wall and mud

floored houses were seen among 47.7 % families and 38.0 % of them had Tin

roof, brick wall and mud floored houses. On contrary among the non exposed

families 14.0% had brick built houses, 48.3 % tin roof, tin wall and mud floor,

and 37.7 % families had tin roof, brick wall and mud floor houses. There was no

significant difference in the housing condition of the families (p>0.05).
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Table 2.2: Distribution of the respondents by t>pe of latrine used

Type o flatrine used Subject Total P
(n"e00) value
Exposed Non Exposed
(n=300) (n=300)
No. % No. % No. %
Sanitary 163 54.3 168 56.0 331 55.2 0.681
Non sanitary 137 45.7 132 44.0 269 44.87

*p value reached from chi square test

Regarding type of the latrines the proportion of families with sanitary latrines
among the exposed group was 54.3%. It was 56.0% among the non-exposed.
Again non sanitary latrines were possessed by 45.7% exposed and 44.0% non
exposed families. No statistically significant difference was found in latrine type

ofthe families (p>0.05) (Table 2.2).
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Table 2.3: Distribution of the respondents by sources of drinking and cooking

water
Sources ofwater Subject
Exposed Non Exposed
(n=300) (d¢=300)
No. % No. %
Sources of drinking water
Tube well 298 99.3 300 100.0
Pond 2 7 0 0
Sources of cooking water
Tube well 16.3 232 773
Others 251 83.7 68 29 7

*p value reached from chi square test

Total

(n=600)

No.

598

281

319

%

99.7

46.8

53.2

value

Table 2.3 shows sources of water by the families. Among the exposed families

99.3% uses tube well water for drinking and 0.7% used pond water. On the other

hand all of the non exposed families used tube well water for drinking.

Regarding cooking water it was seen that 16.3% of the exposed families used

tube well water for cooking and 83.7% used other sources. Among the non

exposed families 77.3% used tube well water for cooking and the rest 22.7%

used other sources.
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Table 2.4: Distribution of the respondents by media exposure

Media exposure Subject Total =}
(n=600) value
Exposed Non Exposed
(n=300) (n=300)
No. % No. % No. %
Present 202 67,3 187 62.3 389 64.8 0.200
Absent 98 32.7 113 37.7 211 35.2

value reached from chi square lest

Table 2.4 shows that 67.3% ofthe exposed families had media exposure i.e. they
possessed radio and/or TV. On the other hand of the non exposed families
62.3% was exposed to media. No significant difference was observed between

the groups (p>0.05).
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C. Consumption of water

Table 3.1: Distribution of the respondents by consumption of water

Characteristics Subject

Exposed
(n=300)

No. %

Duration of consumption of water (years)

<15

45 15.0
15-19

107 35.7
20-24

90 30.0
>25

58 19.3
Mean = SD
(Range) 19.5+5.1

(1.0-33.0)

Amount of water consumed (ml)

Up to 1500

147 49.0
1501-2000

84 28.0
2001-2500

41 13.7
>2501

28 9.3
Mean + SD 1775.0+532.6
(Range) (1000.0-3250.0)

Non Exposed

(n=300)
No. %
13 4.3
103 34.3
149 49.7
35 11.7

2D.0£3.2

(11.0-27.0)
63 21.0
117 39.0
82 27.3
38 12.7

2060.0+£503.5

(1000.0-3000.0)

Total

(n=600)
No. %
,58 9.7
210 35.0
239 39.8
93 155

19.8+4.3

(1.0-33.0)
210 35.0
201 335
123 20.5
66 1.0

1917.5+537.1

*p value reached from unpaired student’s t test
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Water consumption by the families is described in the table 3.1. Among the
exposed group 15.0% ofthe families were using the current water source for less
than 15years. 35.7% families are using the current water source for 15-19 years,
30.0% for 20-24 years and the rest 19.3% for >25 years. On the other hand
among the non- exposed group 4.3% of the families were using the current water
source for less than 15 years. 34.3% families were using the current water
source for 15-19 years, 49.7% for 20-24 years and the rest 11.7% for >25 years.
The mean duration of uses was 19.5+5.1 among the exposed families and
20.0+3,2 among the non exposed families. No statistically significant difference
was seen regarding duration of use of the current water sources between the

groups (p>0.05).

Regarding water consumption it was seen that among the exposed group 49.0%
consumed up to 1500 ml of water daily, 28.0% consumed 1501-2000 ml, 13.7%
consumed 2001-2500 ml and 9.3% consumed >2501 ml of water daily. On the
other hand among the non exposed 21.0% consumed up to 1500 ml of water
daily, 39.0% consumed 1501-2000 ml, 27.3% consumed 2001-2500 ml and
12.7% consumed >2501 ml of water daily. Mean water consumption was
1775.0£532.6 ml among the exposed and 2060.0+503.5 among the non exposed

(p<0.01)
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D. Dietary habit
Table 4.1: Distribution ofthe respondents by dietary habit

Characteristics Subject Total P
(n=600) value
Exposed Non Exposed
(n=300) (n=300)
No. % No. % No. %

No. of wet rice taken per week by children

0 106 35.3 61 20.3 167 27.8

1-2 162 54.0 128 42.7 290 48.3

3-4 28 9.3 93 31.0 121 20.2

>5 4 13 18 6.0 22 3.7

Mean + SD 1.3%1.2 2.1%1.5 1,7+1.4 0.00I
(Range) (0-7) (0-7) (0-7)

Frequency oftaken pulses per week by children

0 10 3.3 0 .0 10 1.7

1-2 150 50.0 51 17.0 201 33.5

3-4 106 35.3 134 447 240 40.0

5+ 34 11.3 115 38.3 149 24.8

Mean * SD 2.7+1.4 4.2+1.8 3.5+1.8 0.001
(Range) (0-7) (1-7) (0-7)

*p vaiue reached from unpaired student’s t test
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Among the exposed group 35.3% do not take wet rice. 54.0% take wet rice 1-2
times, 9.3% takes 3-4 times and 1.3% lakes wet rice 5 or more times per week.
On the other hand among the non exposed group 20.3% did not take wet rice.
42.7% take wet rice 1-2 times, 31.0% takes 3-4 times and 6.0% takes wet rice 5
or more times per week. Significant difference of taking wet rice between the

groups was seen (p<0.01).

Among the exposed group 3.3% did not take pulses, 50.0% take pulses 1-2 times
per week. 35.3% take pulses 3-4 times per week and 11.3% take pulses 5 times
or more per week. On the contrary among the non-exposed 17.0% take pulses 1-
2 times per week. 44.7% take pulses 3-4 times per week and 38.3% take pulses 5
times or more per week. Significant difference of taking pulses was observed

between the groups (p<0.01) Table 4.1.
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Table 4.2: Nutrients taken per day by the study children

Amount of principal nutrients taken per day

Principal nutrients

Exposed Non-exposed
(Mean + SD) (Mean + SD)
Total weight (g) 5331282 530 + 240
Energ>’ (kcal) 1018 + 448 1012+394
Protein (g) 33+28 30 +24
Fat(g) 9+ 8 N+22
Carbohydrate (g) 224 £ 76 222 £ 76

P-value reached from student’s t-test

Table 4.2 shows the average amount of nutrients taken by the studied children
per day. For collecting information about the intake of foods from the studied
children of the groups, 24-hours recalled questiormaire was used. Independent
sample t-tests were performed to find out any difference of mean intake of
principal nutrients by the studied children. It was observed that there was no

significant difference of intake of nutrients by the study children between the

two groups.
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Table 4.3: Minerals and vitamins taken per day by the study children

Subjects
Nutrients p-value
Exposed Non-Exposed
(Mean % sd) (Mean = sd)
Ca (mg) 290.1382+249.39022 305,0086+214.16056 963
9-1868+6.91798 . +7.
Iron (mg) 9.2718+7.31282 a1
Ribo (mg) *4494+.28100 -4931+.66097 .205
Thia (mg) J175+.30978 ,7983+.30221 728
Zinc (gm) 4.3653+3.12078 4.3429+2.51017 492

p-value reached from student’s t-test

Table 4.3 shows the average amount of minerals and vitamins taken by the
studied children per day. It was observed that there was no significant difference

of intake of nutrients by the study children between the two groups.
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Table 4.4: Correlation of BMI with principal nutrients taken by the study
children

Correlation of BM1 with principal nutrient

Principal nutrients Pearson Correlation P
Energy 0.277 <0.01
Protein 0.125 <0.01
Carbohydrate 0.293 <0.01
Fat 0.095 ' <0.01
Vit. A 0.297 <0.01
Vit.C 0.145 <0.01

The food intake ofthe children was studied by 24-hour recall questionnaire. The
amount of the principal nutrients was calculated. BMI of the study children were
found to have correlation with intake of six important nutrients at 0.01 levels

(Table 4.4).
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Table 5.1 Age and sex wise mean distribution ofweight and height of the children
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Weight (kg)
Age in no Boys Girls
yrs Mean no. Mean
+SD +SD
5-6.99 83 16.]+2.6 82 15,7+2.3
7-9.99 120 20.4x3.0 125 19.8+3.8
>10 103 29.4+6.9 87 32.5+£7.6

o VBec

0,349
0.166

0.004

no.

83

120

103

Boys

Mean
+SD

106.8i6.6
120.2+6.0

136.4+9.3

Height (cm)
Girls

no. Mean
+SD

82 106.1+6.8

125 119.6%7.3

87 138.9+8.4

0.459

0.429

0.053

Weight and height of the study children according to sex and age group are

shown in table 5.1. Mean weight £SD of the boys in the age group 5-6.99 years,

7-9.99 years and >10 years w'ere 16.1+2.6 kg, 20.4+3.0 kg and 29.4%£6.9 kg

respectively. Again mean height £SD of the boys in the age group 5-6.99 years,

7-9.99 years and >10 years were 106.8£6.6 cm, 120.2+6.0 and 136.4+9.3 cm

respectively. On the other hand mean weight £SD ofthe girls in the age group 5-

6.99 years, 7-9.99 years and >10 years were 15.7+2.3 kg, 19.8+3.8 kg and

32.5+7.6 kg respectively. Again mean height +SD of the girls in the age group

5-6.99 years, 7-9.99 years and >10 years were 106.1+6.8 cm, 119.6i:7.3 and

138.9+8.4 cm respectively.
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Table 5.2 Age wise mean distribution of weight and height of the children (boys)

Weight (kg) Height (cm)
Exposed Non exposed U Exposed Non exposed
3
no. MeantSD' no. Mean *SD 3 no. MeantSD no. Mean+SD

45 15.9+2.7 38 16.3+2.3 0,443 45 105.9+6.3 38 108.0+6.9

62 20.0+2.8 58 20.9%£3.1 0.095 62 1i9.2£5.7 58 121.4+6.2

45 27.5%6.2 58 30.9+7.0 0.010 45 134.5+7.7 58  137.9+10.2

Among the 306 male children 83 had age between 5-6.99 years. Of them 45
were in the exposed group and they had mean weight 15.9 kg with SD +2.7 kg
and mean height 105.9 cm with sd £6,3 cm. In this age group 5-6.99 years there
were 38 boys who were not exposed to arsenic contamination having mean
weight 16.3 kg with SD+2.3 kg and mean height 108.0 cm with Sd £6.9 cm. Of
the total 120 male children ofage group 7-9.99 years 62 were exposed to arsenic
contamination and they had mean weight 20.0 kg with SD 2.8 kg and mean
height 119.2 cm with SD +5.7 cm. In this age group there were 58 boys who

were not exposed to arsenic and they had mean weight 20.9 kg with SD +3.1 kg
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and mean height 121.4 cm with SD £6.2 cm. Among the boys of age >10 years
45 were in the exposed group having mean weight 27.5 kg with SD +6.2 kg and
mean height 134.5 cm with SD £7.7 cm. The rest 58 non-exposed boys of age
group 10-14 years had mean weight 30.9 kg with SD +£7.0 kg and mean height

137.9 cm with SD +10.2 cm (Table 5.2).
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to 14 years 40 were in the exposed group having mean weight 31.6 kg with SD

+7.5 kg and mean height 137.6 cm with SD 8.5 cm. The rest 47 exposed girls
of age group >10 years had mean weight 33.3 kg with SD +7.7 kg and mean

height 140.1 cm with SD +£8.2 cm (Table 5.3).
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Table 5.4 Distribution of the children by age and height for age

Heightfor age

lige in Normal Moderate stunting Severe stunting
years (n=423) (n=141) (n=36) p value
No. % No. % No. %
5-6.99 1 67.3 42 25.5 12 7.3 0.746
7-9.99 179 73.1 54 22.0 12 4,9
>10 133 70.0 45 23.7 12 6.3

Stunting status of the children according to age group was shown in Table 5.4.
In the age group 5-6.99 years 67.3% were having normal height for age, 25.5%
had moderate stunting and 7,3% had severe stunting. In the age group 7-9.99
years 73.1% were having normal height for age, 22.0% had moderate stunting
and 4.9% had severe stunting. And in the age group >10 years 70.0% were
having normal height for age, 23.7% had moderate stunting and 6.3% had severe
stunting. No significant difference in the status of height for age was seen by age

group (p>0.05).
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Table 5.5 Distribution of the children by age and weight for age

Age in
years

5-6.99

7-9.99

>10

Normal
(n=547)
No. %

141 85.5

227 92.7

179 94.2

Weightfor age

Moderate
underweight
(n=52)

No. %

23 13.9

18 7.3

1 5.8

Severe underweight

No.

(n=1)

%

0.6

0.0

0.0

p value

0.14
dan2

Underweight status of the study children according to age group was shown in

Table 5.5. In the age group 5-6.99 years 85.5% were having normal weight for

age, 13.9% had moderate underweight and 0.6% had severe underweight. In the

age group 7-9.99 years 92.7% were having normal weight for age, 7.3% had

moderate underweight and 0.0 % had severe underweight. And in the age group

>10 years 94.2% were having weight for age, 5.8 % had moderate underweight

and 0.0% had severe underw'eight. The underweight status was found to be

associated with the age group of the children (p<0.05).
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Table 5.6 Distribution of the children by age and weight for height

Age in
years

5-6.99
7-9.99

>10

Normal
(n=566)
No. %

147 89.1
231 94.3

188 98.9

Weightfor height

Moderate wasting

No.

16

1

(n=29)

%

9.7

4.5

11

Severe wasting

(n=5)

No. %
2 1.2
3 1.2
0 0

p value

0.002

Wasting status of the study children according to age group was shown in Table

5.6. In the age group 5-6.99 years 89.1% were having normal weight for height,

9.7% had moderate wasting and 1.2% had severe wasting. In the age group 7-

9.99 years 94.3% were having normal weight for height, 4.5% had moderate

wasting and 1.2% had severe wasting. And in the age group >10 years 98.9%

were having normal weight for height, 1.1% had moderate wasting and none had

severe wasting. The wasting status was found to be associated with the age

group of the index children (p<0.05)
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Table 5.7 Distribution of the children by sex and height for age

Heightfor age

Normal Moderate stunting Severe stunting
Sex _ p value
(n=423) (n=141) (n=36)
No. % No. % No. %
Boys 222 72,5 68 22.2 16 5.2
0.490
Giris 201 68.4 73 24.8 20 6.8

Stunting status of the study children according to sex was shown in Table 5.7.
Among the boys 72.5% were having normal height for age, 22.2% had moderate
stunting and 5.2% had severe stunting. On the other hand among the girls 68.4%
were having normal height for age, 24.8% had moderate stunting and 6.8% had
severe stunting. No significant difference in the status of height for age was seen

by sex ofthe children (p>0.05).
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Table 5.8 Distribution of the ciiildren by sex and weight for age

Sex Weightfor age
Moderate
Normal underweight Severe underweight yajye
(n=547) (n=52) (n=1)
No. % No. % No. %
Boys 288 94.1 18 5.9 0 0
0.027
Girls 259 88.1 34 11.6 1 3

Underweight status of the study children according to sex was shown in Table
5.8, Among the boys 94.1% were having normal weight for age, 5.9% had
moderate underweight and none had severe underweight. On the other hand
among the girls 88.1% were having normal weight for age, 11.6% had moderate
underweight and 0.3% had severe underw'eight. Statistically significant

difference of weight for age was seen by sex of the children (p<0.05).
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Table. 5.9 Distribution of the children by sex and weight for height

Sex
Normal
(n=566)
No. %
Boys 289 94.4
Girls 277 94.2

Weightfor height

Moderate wasting

(n=29)
No. %
15 4.9
14 4.8

Severe wasting

(n=5)
No. %
2 7
3 1.0

p value

0.883

Wasting status of the study children according to sex was shown in Table 5.9.

Among the boys 94.4% were having normal weight for height, 4.9% had

moderate wasting and 0.7% had severe wasting. On the other hand among the

girls 94.2% were having normal weight for height, 4.8% had moderate wasting

and 1.0% had severe wasting. No significant difference in the status of weight

for height was seen by sex of the index children (p>0.05).
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Table 5.10 Distribution of the children by nutritional status

Characteristics Subject Total
(n=600)
Exposed Non Exposed P
(mn=300) (n=300) value
No. % No. % No. %

Height for age

Normal
199 66.3 224 74.7 423 70.5 0.025

Stuntin
g 101 33.7 76 25.3 177 29.5

Weight for age

Normal
264 88,0 283 94.3 547 91.2 0.006

Underweight
36 12.0 17 5.7 53 8.8

Weight for height

Normal 0.034
277 92.3 289 96.3 566 94.3

Wastin

g 23 7.7 U 37 34 5.7

p value reached from chi square test

Stunting, Underweight and Wasting status of the children according to the areas

(exposed and non-exposed) are shown in Table 5.10.

Out of the 300 exposed children 66.3% were with normal height for age and
33.7% had stunting. On the other hand out of the 300 non-exposed children,
74.7% had normal height for age and 25.3% were having stunting. Stunting was

found associated with exposure (p<0.01).
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Regarding weight for age it was seen that among the exposed children 88.0%
were normal and 12.0% were underweight. On the other hand in the non-
exposed area 94.3% children had normal weight for age and 5.7% were
underweight. Here also significant difference in weight for age found to be

associated with exposure (p<0.05).

In the exposed area 92.3% had normal weight for height and 7.7% were having
wasting. On the other hand about 96% of the non-exposed children had normal
weight for height and 4% had some degree of wasting. Wasting status was found

to be associated with exposure (p<0.05).
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Age
group

5-7
years

8-10
years

11-14
years

Total
5-14
years

Dhaka University Institutional Repository

Table 5.11 Distribution of the nutritional status of the children according to age

group

Nutritional Status

Underw'eight

Normal & overweight

Underweight

Normal & overweight

Underweight

Normal & overweight

Underweight

Normal and overweight

Areas
Exposed Non-
exposed
70 55
80 70
53 39
42 57
24 19
31 60
147 (49.0) 113 (37.7)
153 (51.0) 187(62.3)

n=600

Total

125

0,196
150

92
"M .398

99
43

x'=5.708
91

260(100.0)
7.846

340(100.0)

*Figures in the parentheses show percentages

df and
p value

p=.658
df=1

p<0.05
df=I

p<0.05
df=1

p<0.01
df=1

The effects of arsenic on nutritional status of the children in the two areas were

examined within the age groups of the children. It was seen that in the exposed

area out of the total 300 children 153 (51.0%) children were having normal BMI

for age or had high BMI (overweight) and 147 (49.0%) children were

underweight. On the other hand in the non-exposed group out of the total 300

children 187 (62.3%) children had normal BMI or were overweight and the rest

113 (36.7%) children were underweight. The difference of nutritional status in

the two groups was found statistically significant (p <0.01). In the age group of

5-7 years difference was not statistically significant, but the difference was

statistically significant in higher age group 11 - 14 years, (Table-5.11).
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Table 5.12 Mean BMI of the children

Area Mean Std. Deviation Std. Error Mean
Exposed 14.4231 2.20768 12746
Non-exposed 14.8740 2.16722 12512

Mean BMI of the children in the exposed group was 14.42 £ 2.21 kg/m”. It was

14.87 £ 2.17 kg/m” in the non-exposed group. BMI of the non-exposed group
children were found to be significantly higher than of the exposed group

children (p<0.05).
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BMI group
of the
children

Thinness
(Low BM
for Age),
n=260

Normal
BMI for
Age, n=320

Overweight
(High BM1
for Age),
n=20

Total

yl and p
value
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BMI of the study children according to income and occupation of

the main earning member

Monthly income of the families Occupation of the main earning

(taka) member
3000- . .
<3000 5999 >6000 Farmer Laborer Business Service
32 194 34 95 38 65 62
45 236 39 ~N110 59 70 81
1 17 2 4 2 7 7
78 447 75 209 99 142 150

X~=1.873,p=.759 %'=5.965,p=,427

BMI of the children was studied according to the monthly income of the

families which is shown in lable-5.13. It revealed that out of a total 260 children

with low BMI, 32 were from families having monthly income of taka less than

3000. The relation of BMI with monthly income of the families was found to be

non significant {y"=\.873, p=.759).

Four categories of occupation were found as the source of income among the

members of the families. No association was found between BMI of the studied

children with the occupation (x*=5.965, p=.427).
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Table-5.14 BMI of the children according to family type and number of family

members
Type of the family Number of family members
BMI group
of the 57
children Joint family Nuclear Up to 4 A A
family persons  persons  person
Thinness
(Low BMI 17
for Age), 89 71 107 73 9
n=260 (65.77%) (34.23%)
Normal BMI
for Age, 190 130 92 106 100 22
n=320 (59.37%) (40.63%)
Overweight
(High BMI
for Age), 8 12 1 1 7 2 0
n=20 (40.0%) (60.0%)
Total 369(61,5%) 231(88.5%) 174 220 175 31
X2and P . _
value x'=6-516. p=.038 X"=14.868, p=.021,df"6

Table-5.14. Shows relationship of BMI of the children with the type of the
families. Majority (65.77%) of the children having thinness (Low BMI for Age)

were from joint families where as majority (60.00%) of the children having
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overweight (High BMI for Age) were from nuclear families. The association
was found to be significant (x*=6.516, p <0.05).

Out of the total 320 children with normal BMI, 92 came from families having of
family members up to 4, 106 came from families having of 5 members, 100
came from families having of 6 members and rest 22 were from families having
members > 7 persons. Overweight (High BMI for Age) children were mostly
from families with less number of family members. The relation of BMI of
children with number of family members was found statistically significant

(x'=14.868, p=021).
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the iatrine used by the families

BMI group of . . . .
g_ P . Tin roof, tin  Tin roof, brick
the children Brick
. wall & mud wall & mud
built
floor floor
Thinness (Low
BMI for Age), 26 168 66
n=260
Normal BMI for
Age, n=320 41 201 78
Overweight
(High BMI for 4 15 1
Age), n=20
Total 71 384 145

x2 and P value

House type of the respondent

37=5.795, p=.215

Table-5.15 Children’s BMI according to type of house they lived in and type of

Type of latrine used

X"=115.644, p=.000

Sanitary Non-Sanitary
53 207

208 112

8 12

269 331

BMI ofthe children was not found to be statistically related with the house type

ofthe families Tables-5.15, (x*-5.795, p=0.215).

Out of 320 children with normal BMI, 208 were from families having sanitary

latrine and 112 from families with non-sanitary latrines. BMI of the children had

significant relation with latrine used by the families (p <0.001).
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Table 5.16: Nutritional Status of the Children by Height for Age Z-

Scores according to Arsenic Exposure

Nutritional Status

Area

Stunting” Normal
Exposed m 101(33.7%) 199 (66,3%)
Non-Exposed 76 (25,3%) 224 (74.7%)
Total 177 (29.5%) 423 (70.5%)

a (HAZ <-2 sd for the age and sex)

b (HAZ +2sd to -2 sd for the age and sex)

Total

300(100.0%)

300 (100,0%)

600(100.0%)

)(2, p value

X '=5.0009,
p= 0.025

Nutritional status of the children was measured by z-score scales. It was seen

that out of the 300 children with arsenic exposure 101 (33.7%) had stunting and

the rest 66.3% were normal. On the other hand among the 300 arsenic non-

exposed children 76 (25.3%) had stunting and the rest 224 (74.7%) were normal.

It was found that stunting was significantly higher

the exposed children then the non-exposed children.
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Table 5.17: Nutritional Status of the Children by Weight for Age Z-Scores
according to Arsenic Exposure

Niitritionat Status

Area Total x™,p value
Underweight® Normal »
Exposed 36(12.0%) 264 (88.0%) 300(100.0%)
Non-Exposed 17(5.7%) 283 (94.3%) 300(100.0%) X'=7.471,
p= 0,006
Total 53 (8.8%) 547 (91.2%) 600 (100.0%)

a (WAZ < -2 sd for the age and sex)
b (WAZ +2sd to -2 sd for the age and sex)

Table 5.17 shows Nutritional status of the study children by Weight for Age z-
scores according to arsenic exposure. Out of the total 300 children who were
exposed to arsenic contaminated water 36 (12,0%) were underweight and 264
(88.0%) were nonnal. On the other side 53 (8.8%) of the 300 non-exposed
children were underweight and 283 (94.3%) were norma!. It was found that
under weight was significantly higher {y*=7.471, p= 0.006) among the exposed

children then the non-exposed children.
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Table 5.18: Nutritional Status of the Children by Weight for Height Z- Scores
according to Arsenic Exposure

Nutritional Status

Area

W asting *
Exposed 23 (7.7%)
Non-Exposed 11 (3.7%)
Total 34 (5.7%)

a (WHZ < -2 sd for the age and sex)
b (W'HZ +2s(l to -2 sd for the age and sex)

Normal

277 (92.3%)

289 (96.3%)

566 (94.3%)

Total

300(100.0%)

300(100.0%)

600(100.0%)

p value

=4.490,
p=0.034

Weight for Height z- scores measurements shows that 7.7% of the exposed

children were having wasting and 92.3% were normal. Again only 3.7% of the

non-exposed children were wasted and the rest 96.3% children of this group

were normal. It was found that wasting was significantly higher

0.006) among the exposed children then the non-exposed children.
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Table 5.19: Nutritional Status of the Children by Combined z- scores (HAZ,
WAZ & WHT) according to Arsenic Exposure

Nutritional Status

Area

Under nutrition “ Normal ~
Exposed 119(39.7%) 181(60.3%)
Non-Exposed 84 (28.0%) 216(72,0%)
Total 203 (33.8%) 397 (66.2%)

a (Abnormal in any z* score scale)

b (Normal in all z- scorc scales)

Total

300(100.0%)

300(100.0%)

600(100.0%)

, p value

X '=9.120,
p= 0.003

Table 5.19. Reveals that out of the total 300 arsenic exposed children 119

(39.7%) were with under nutrition in any of the z- score scales (HAZ, WAZ or

WHT) and 181 (60.3%) were normal in all z- score scales. On the other hand 84

(28.0%) of the 300 non-exposed children were with under nutrition in any of the

z- score scales (HAZ, WAZ or WHT) and the rest 216 (72.0%) were normal in

all z- score scales. Nutritional status of the children by combined z- scores

(HAZ, WAZ & WHT) was found associated with arsenic exposure (p<0.01).
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Table 5.20: Nutritional Status of the Children by BMI according to
Arsenic Exposure

Nutritional Status

Area Total , p value
Thinness ° Normal
Exposed 147 {49.0%) 153 (51.0%) 300
(100.0%)
Non- 300 =7.846
113 (37.7% 187 (62.3% '
Exposed (37.7%) (62.3%) (100.0%) p= 0.005
Total 260 (43.3%) 340 (56.7%) 600
(100.0%)

a (BMI <5* centile for the age and sex)
b (BMI >85"* centilc for the age and sex)

Table 5.20 shows nutritional status of the children by BMI. A total of 147
(49.0%) children among the exposed group were having thinness (BMI <5%
centile for the age and sex) and 153 (51.0%) were normal (BMI >85*’ centile for
the age and sex). Again it was seen that out of the total 300 non-exposed
children 113 (37.7%) had thinness (BMI <5 centile for the age and sex) and
187 (62.3%) were normal (BMI >85"" centile for the age and sex). BMI based
nutritional status of the children was also found to be associated with the

exposure to arsenic (p<0.01).
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Table 5.21: Nutritional Status of the Children by Combined Z- Scores (HAZ,
WAZ & WHZ) and BMI according to Arsenic Exposure

Nutritional Status

Area

Under nutrition “ Normal
Exposed 200 (66.7%) 100 (33.3%)
Non-Exposed 158(52.7%) 142 (47.3%)
Total 358 (59.7%) 242 (40.3%)

a (Abnormal in any of the scalcs)

b (Normnl in all z- score scales and BMI scale)

Total

300(100.0%)

300(100.0%)

600(100.0%)

p value

X '-12.217,
p= 0.000

It was seen from Table 5.21: that 200 (66.7%) children of the exposed group had

under nutrition in any of the z- score scale or BMI scale, In this group 100

(33.3%) children were normal in all z- score scales and BMI scale. On the other

hand out of the total 300 non-exposed children 158 (52.7%) had under nutrition

in any of the z- score scale or BMI scale and the rest 142 (47.3%) were Normal

in all z- score scales and BMI scale. Nutritional status of the children by

combined z- scores (HAZ, WAZ & WHZ) and BMI was found associated with

arsenic exposure (p<0.001).
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Table 5.22: Nutritional Status ofthe Children by Height for Age Z- Scores

Monthly
Income

<3000 Taka

3000-5999
Taka

6000 Taka or
Above

according to Arsenic Exposure and Monthly Income of the Families

Area

Exposed

Non-Exposed

Total

Exposed

Non-Exposed

Total

Exposed

Non-Exposed

Total

Nutritional Status

Stunting *

12 (40.0%)

16(33.30)

28 (35.9%)

75 (33.0%)

53 (24.1%)

128 (28.6%)

14 {32.6%)

7(21.9%)

21 (28.0%)

Tests of Conditional Independence:

a (HAZ < -2 sd for the age and sex)

b (HAZ +2sd to -2 sd for the age and sex)
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Norma!

18 (60.0%)

32 (66.7%)

50 (64.1%)

152 (67.0%)

167 (75.9%)

319(71.4%)

29 (67.4%)

25 (78.1%)

54 (72.0%)

Total

30(100.0%)

48 (100.0%)

78(100.0%)

227 (100.0%)

220(100.0%)

447(100.0%)

43 (100.0%)

32(100.0%)

75 (100.0%)

X7, p value

x '=0.357,
p= 0.550

X'=4.378,
p=0.036

x"=1-039,
p= 0.308

Mantel-Haens7.cl Chi-Squared=5.205, df=1, p=.023
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Significant tests were performed to see the associations between exposure and
effect with confounder monthly income. Of the three strata monthly
income<3000 Taka, 3000-5999 Taka and 6000 Taka or above; Nutritional status
of the children by Height for Age z- scores was found to be associated with the
exposure (arsenic contamination) in group monthly income 3000-5999 Taka
(p<0.05). Adjusting the influence of the control variables the exposure effect
was found to be significantly associated [Mantel-Haenszel Chi-Squared=5.205,

d~1,p-023].
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Table 5.23: Nutritional Status of the Children by Weight for Age Z- Scores
according to Arsenic Exposure and Monthly Income of the Families

Nutritional Status

msgrt:e:y Area Total x\p value
Underweight" Norma!
Exposed 9 0 9
Xp 2 (6.7%) 28(93.3%) 30(100.0%) Fisher's Exact Test
Linear-by-Linear
- 0 0 0
<3000 Taka Non-Exposed 3 (6.3%) 45 (93.8%) 48 (100.0%) Association=0.005
p=1.000
Total 5 (6.4%) 73 (93.6%) 78(100.0%)
Exposed 28(12.3%) 199 (87.7%) 227(100.0%)
3000-5999 . X=7.548
- 0, !
Taka Non-Exposed il (5,0%) 209(95.0%) 220(100.0%) o= 0.006
Total 39 (8.7%) 408 (91.3%) 447(100.0%)
Exposed 6(14.0%) 37 (86.0%) 43 (100.0%)
6000 Taka or X'=0.364
- 0 !
Above Non-Exposed 3 (9.4%) 29 (90.6%) 32 (100.0%) 0= 0.546
Total 9(12.0%) 66 (88.0%) 75(100.0%)
Tests of Conditional Independence: Mantel-Haenszel Chi-Squared=6.179, df=1, p=.013

a (WAZ < -2 sd for the age and sex)
b (WAZ +2sd to -2 sd for the age and sex)

Of the three strata monthly income<3000 Taka, 3000-5999 Taka and 6000 Taka
or above; Nutritional status of the children by weight for age z- scores was
found to be associated with the exposure (arsenic contamination) in group
monthly income 3000-5999 Taka (p<0.05). Adjusting the influence of the
control variables the exposure effect was found to be significantly associated

Mantel-Haenszel Chi-Squared=6.179, df=I, p=.013].
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Nutritional Status of the Children by Weight for Height Z- Scores

according to Arsenic Exposure and Monthly Income of the Families

Table 5.24:
Monthly Area
Incomc
Exposed
<3000 Taka Non-Exposed
Total
Exposed
3000-5999
Taka Non-Exposed

6000 Taka or
Above

Total

Exposed

Non-Exposed

Total

Nutritional Status

Wasting “

3 (10.0%)

0(.0%)

3 (3.8%)

15(6.6%)

11 (5.0%)

26 (5.8%)

5(11.6%)

0 (.0%)

5 (6.7%)

Tests of Conditional Independence:

a (WHZ < -2 sd for the age ;mt! sex)

Normal *

27 (90.0%)

48(100.0%)

75 (96.2%)

212(93.4%)

209 (95.0%)

421 (94.2%)

38(88.4%)

32(100.0%)

70 (93.3%)

Total

30(100.0%)

48 (100.0%)

78 (100.0%)

227(100.0%)

220(100.0%)

447(100.0%)

43 (100.0%)

32 (100.0%)

75(100.0%)

p value

Fisher's Exact Test
Linear-by-Linear
Association=4.928
p=0.053

=0.527,
p= 0.468

Fisher's Exact Test
Linear-by-Linear
Association=3.934
p=0.047

Mantel-Haenszel Chi-Squared=3.487, df=1, p=.062

b (WHZ +2sd to -2 sd lor the age and sex)
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Significant tests were performed to see the associations between exposure and
effect with confounder monthly income. Of the three strata monthly
Income<3000 Taka, 3000-5999 Taka and 6000 Taka or above; Nutritional status
of the children by Weight for Height z- scores was found to be associated with
the exposure (arsenic contamination) in neither group. In group with monthly
income<3000 Taka the relation was nearly significant (p=0.053). Adjusting the
influence of the control variables the exposure effect was not found to be

associated [Mantel-Haenszel Chi-Squared=3.487, df=1, p=.062].
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Table 5.25: Nutritional Status of the Children by Combined Z-Scores (HAZ,

Monthly
Income

<3000 Taka

3000-5999
Taka

6000 Taka or

Above

Dhaka University Institutional Repository

WAZ & WHT) according to Arsenic Exposure and Monthly Income
of the Families

Area

Exposed

Non-
Exposed

Total

Exposed

Non-
Exposed

Total

Exposed

Non-
Exposed

Total

Nutritional Status

Under nutrition

13 (43.3%)

17(35.4%)

30(38.5%)

88 (75.2)

60 (27.3%)

148 (33.1%)

18(41.9%)

7(21.9%)

25 (33.3%)

Tests of Conditional Independence:

a (abnornifll in any z- score scales)

b (Normal in all z- score scales)
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Normal

17(56.7%)

31 (64.6%)

48 (61.5%)

139(61.2%)

160 (72.7%)

299 (66.9%)

25 (58.1%)

25 (78.1%)

50 (66.7%)

Total

30(100.0%)

48 (100.0%)

78 (100.0%)

227 (227.0)

220(100,0%)

447(100.0%)

43 (100.0%)

32 (100.0%)

75 (100.0%)

, p value

X"-0.489,
p= 0.484

=6.664,
p= 0.010

Mantel-linenszel Chi-Squared=9.149, df=1, p=.002
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O fthe three strata monthly income<3000 Taka, 3000-5999 Taka and 6000 Taka
or above; Nutritional status of the children by combined z- scores was found to
be associated with the exposure (arsenic contamination) in group having
Monthly Income 3000-5999 Taka (p<0.05). Adjusting the influence of the
control variables the exposure effect was found to be significantly associated

[Mantel-Haenszel Chi-Squared=9.149, df=1, p=.002].
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Table 5.26: Nutritional Status of the Children by BMI according to Arsenic

Monthly
Income

<3000 Taka

3000-5999
Taka

6000 Taka or
N Above

Area

Exposed

Non*
Exposed

Total

Exposed

Exposed

Total

Exposed

Non-
Exposed

Total

Exposure and Monthly Income of the Families

Nutritional Status

Thinness ®

13 (43.3%)

19(39-6%)-

32(41,0%)

110(48.5%)

84 (38,2%)

194 (43,4%)

24 (55.8%)

10(31.3%)

34 (45.3%)

Tests of Conditional Independence;

a (BM1 <5th centile for the age and sex)

Normal

17(56.7%)

29 (60,4%)

46 (59,0%)

117(51.5%)

136(61.8%)

253 (56.6%)

19(44.2%)

22 (68.8%)

41 (54.7%)

Total p value

30(100.0%)

X '=0.107.
48(100,0%
( 2 p= 0.743
78(100.0%)
227(100.0%)
X'=4,803
O H 1
220(100.0%) - 0.028
447 (100.0%)
43 (100.0%)
X '=4.467
0 1
32(100.0%) 0= 0,035

75(100.0%)

Mantel-Haenszel Chi-Squared=7.145, df=1, p=.008

b (BMI >85th centile for (he age and sex)
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Ofthe three strata monthly income<3000 Taka, 3000-5999 Taka and 6000 Taka
or above; Nutritional status of the children by BMI was found to be associated
with the exposure (arsenic contamination) in group monthly income 3000-5999
Taka and 3000-5999 Taka (p= 0.028 and p= 0.035). Adjusting the influence of
the control variables the exposure effect was found to be significantly associated

Mantel-Haenszel Chi-Squared=7.145, df=1, p=.008 .
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Table 5.27: Nutritional Status of the Children by Combined Z- Scores (HAZ,
WAZ & WHZ) and BMI according to Arsenic Exposure and

Monthly Income of the Families

Nutritional Status

Monthly Income Area Total , p value
Under nutrition" Normal All
Exposed 19(63.3%) 11 (36.7%) 30(100.0%)
X'=0.383,
<3000 Taka Non-Exposed 27 (56.3%) 21 (43.8%) 48(100.0%) b= 0.536
Total 46 (59.0%) 32 (41.0%) 78 (100.0%)
Exposed 152 (67.0%) 75 (33.0%) 227 (100.0%)
X '=8.293,
3000-5999 Taka  Non-Exposed 118(53.6%) 102 (46.4%) 220(100.0%) o= 0.004
Total 270 (60.4%) 177 (39.6%) 447(100.0%)
Exposed 29 (67.4%) 14 32.6% 0 43 (100.0%)
6000 Taka or x '=5.355
- 0 !
A Above Non-Exposed 13 (40.6%) 19(59.4%) 32(100.0%) 0= 0.021

Total

42 (56.0%)

33 (44.0%)

75(100.0%)

Tests of Conditional Independence: Mantel-Haenszel Chl-Squared=11.840, df=1, p=.001

a (Abnormal in any of the scales)

I) (Normai in all z- score scales and BMI scale)
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Ofthe three strata Monthly IncomeOOOO Taka, 3000-5999 Taka and 6000 Taka
or above; Nutritional status of the children by combined z- scores (HAZ, WAZ
& WHZ) and BMI was found to be associated with the exposure (arsenic
contamination) in group monthly income 3000-5999 Taka and 3000-5999 Taka
(p= 0.004 and p= 0.021). Adjusting the influence of the control variables the
exposure effect was found to be significantly associated [Mantel-Haenszel Chi-

Squared=11.840, df=1, p=001 .
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Table 5.28: Nutritional Status of the Children by Height for Age Z- Scores

Family size Area

<4

>4

Exposed

Non-
Exposed

Total

Exposed

Non-
Exposed

Total

according to Arsenic Exposure and Family Size

Nutritional Status

Stunting *

26 (32.5%)
28 (29.8%)
54 (31.0%)
75 (34.1%)
48 (23.3%)

123 (28.9%)

Tests of Conditional Independence:

a (HAZ <-2 sd for the age and sex)
b (HAZ +2sd to -2 sd for the age and sex)

Normal

54 (67.5%)
66 (70.2%)
120 (69,0%)
145 (65.9%)
158 (76.7%)

303 (71.1%)

total

80(100.0%)
94(100.0%)
174(100.0%)
220 (100.0%)
206 (100.0%)

426 (100.0%)

2
X, p value

=0.149,
p= 0.700

-6.031,
p=0.014

Mantel-Haenszel Chi-Squared=4.732, df=1, p=.030

Significant tests were performed to see the associations between exposure and

effect witli confounder family size. Ofthe two strata family size < 4 persons and

>4 persons; Nutritional status of the children by Height for Age z-scores was

found to be associated with the exposure (arsenic contamination) in group

family size >4 persons. Adjusting the influence of the control variables the

exposure effect was found to be significantly associated [Mantel-Haenszei Chi-

Squared=5.205,df=1,p*.023 .
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Table 5.29: Nutritional Status of the Children by Weight for Age Z- Scores
according to Arsenic Exposure and Family Size

Nutritional Status

Family size Area 10i3l X7, p value
Underweight “ Normal

Exposed 13 (16.3%) 67 (83.8%) 80(100.0%)

<4 Non-Exposed 6 (6.4%) 88 (93.6%) 94(100.0%) X'=4.326,

p= 0.038
Total 19(10.9%) 155 (89.1%) 174(100.0%)
Exposed 23(10.5%) 197 (89,5%) 220(100.0%)

=3,789,

>4 Non-Exposed 11 (5.3%) 195 (94,7%) 206(100,0%) 0= 0.052
Total 34 (8.0%) 392 (92.0%) 426(100.0%)

Tests of Conditional Independence: Mantel-Haenszel Chi-Squared=7.027, df=1, p=.008

a (WAZ <-2 sd for the age and sex)
b (WAZ +2sd to -2 sd for the age and sex)

Of the two strata family size < 4 persons and >4 persons; Nutritional status of
tlie children by Weight for Age z- scores was found to be associated with the
exposure (arsenic contamination) in group family size < 4 (p= 0.038) and it was
found nearly associated in group family size >4 persons (p= 0.052). Adjusting
the influence of the control variables the exposure effect was found to be

significantly associated [Mantel-Haenszel Chi-Squared=7.027, df=1, p=.008].

176



Dhaka University Institutional Repository

Table 5.30: Nutritional Status ofthe Children by Weight for Height Z- Scores
according to Arsenic Exposure and Family Size

Nutritional Status

Family size Area Total X ,p value
Wasting * Normal

Exposed 7 (8.8%) 73 (91.3%) 80(100.0%)

<4 Non-Exposed 6 (6.4%) 88(93.6%) 94(100.0%) Xr;':g'ggg’
Total 13 (7.5%) 161 (92.5%) 174 (100.0%)
Exposed 16(7.3%) 204 (92.7%) 220(100.0%)

>4 Non-Exposed 5 (2.4%) 201 (97.6%) 206(100.0%) X;:g:g;’f’
Total 21 (4.9%) 405 (95,1%) 426 (100.0%)

Tests of Conditional Independence: Mantel'Haenszcl Chi-Squared=4.029, df=1, p=.045

a (WHZ <-2 sd for the age and sex)
b (WHZ +2sd to -2 sd for the age and sex)

Of the two strata family size < 4 persons and >4 persons; Nutritional status of
the children by Weight for Height z-scores was found to be associated with the
exposure (arsenic contamination) in group Family >4 persons (p= 0.021).
Adjusting the influence of the control variables the exposure effect was found to

be significantly associated fMantel-Haenszel Chi-Squared=4.029, df=1, p=.045].
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Table 5.31: Nutritional Status of the Children by Combined Z- Scores
(HAZ, WAZ & WHT) according to Arsenic Exposure and

Family Size
Nutritional Status
Family size Area Total X, pvalue
Under nutrition Normal »
Exposed 32 (40.0%) 48 (60.0%) 80 (100.0%)
=0.922,
<4 Non-Exposed 31 (33.0%) 63 (67.0%) 94 (100.0%) b= 0.554
Total 63 (36.2%) 111 (63.8%) 174(100.0%)
Exposed 87(39.5%) 133 (60.5%) 220(100.0%)
=9.2086,
>4 Non-Exposed 53 (25.7%) 153 (74.3%) 206(100.0%) 0= 0,002
Total 140 (32.9%) 286 (67.1%) 426(100.0%)
Tests of Conditional Independence: Mantcl-Haenszel Chi-Squared=8.848, df=1, p=.003

a (Abnormal in any z- scores scale)
b (Normal in all 2- score scales)

Of the two strata family size < 4 persons and >4 persons; Nutritional status of
the children by combined z- scores (HAZ, WAZ & WHT) was found to be
associated with the exposure (arsenic contamination) in group Family >4
persons (p= 0.002). Adjusting the influence of the control variables the exposure
effect was found to be significantly associated [Mantel-Haenszel Chi-

Squared=8.848, df=1, p=.003].
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Table 5.32: Nutritional Status of the Children by BMI according to Arsenic
Exposure and Family Size

Nutritional Status

Family size Area Total , p value
Under nutrition * Normal *
Exposed 35 (43.8%) 45 (56.3%) 80(100.0%)
x"=0.532.
<4 Non-Exposed 36 (38.3%) 58(61.7%) 94(100,0%) 0= 0.466
Total 71 (40.8%) 103 (59,2%) 174 (100,0%)
Exposed 112(50.9%) 108(49.1%) 220(100,0%)
x'=7-891,
>4 Non-Exposed 77 (37.4%) 129 (62.6%) 206 (100.0%) p=0.005
Total 189(44.4%) 237 (55.6%) 426(100.0%)
Tests of Conditional Independence: Mantcl-Hacnszel Chi-Squared=7.172, df=1, p=.007

a (BMI <5™ centilc for the age and sex)

b (BMI >85*" centilc for the age and sex)

Of the two strata Family size < 4 persons and >4 persons; Nutritional status of
the children by BMI was found to be associated with the exposure (arsenic
contamination) in group family size >4 (p= 0.005). Adjusting the influence of
the control variables the exposure effect was found to be significantly associated

[Mantel-Haenszel Chi-Squared=7.172, df=1, p=.007 .
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size

<4

>4
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Table 5.33: Nutritional Status of the Children by Combined Z- Scores (HAZ, WAZ
& WHZ) and BMI according to Arsenic Exposure and Family Size

Nutritional Status

Area i otai , p value
Under nutrition * Normal »
Exposed 51 (63.8%) 29 (36.3%) 80(100.0%)
x"=0.718,
Non-Exposed 54 (57.4%) 40 (42.6%) 94 (100.0%)
p= 0.379
Total 105 (60.3%) 69 (39.7%) 174(100.0%)
Exposed 149 (67,7%) 71 (32.3%) 220(100.0%)
Non-Exposed 104 (50.5%) 102 (49.5%) 206(100.0%) xp_:103610103,
Total 253 (59.4%) 173 (40.6%) 426(100.0%)
Tests of Conditional Independence: Mantel-Haenszel Chi-Squarcd=11.711, df=1,p=.001

a (abnormal in any z- score scales and BM1 scale)
b (Normal in all z- score scales and BM1 scale)

Of the two strata Family size < 4 persons and >4 persons; Nutritional status of
the children by combined z- scores (HAZ, WAZ & WHZ) and BMI was found
to be associated with the exposure (arsenic contamination) in group family size
>4 (p= 0.000). Adjusting the influence of the control variables the exposure
effect was found to be significantly associated [Mantel-Haenszel Chi-

Squared=I 1.711, df=I, p=.001].
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Table 5.34: Nutritional Status of the Children by Height for Age Z- Scores

Monthiv
Income

<3000 Taka

3000-5999 Taka

6000 Taka or
Above

a (HAZ < -2 sd for (he age and sex)

Dhaka University Institutional Repository

according to Arsenic Exposure, Monthly Income of the Families and

Family Size
Family size  Area
Exposed

<4

>4

<4

>4

<4

>4

Non-Exposed
Total
Exposed
Non-Exposed
Total
Exposed
Non-Exposed
Total
Exposed
Non-Exposed
Total
Exposed
Non-Exposed
Total
Exposed
Non-Exposed

Total

Tests of Conditional Independence;

Nutritional Status

Stunting"

2 (25.0%)
6 (42,9%)
8(36.4%)
10(45.5%)
10(29.4%)
20 (35.7%)
21 (35.0%)
21 (30.4%)
42 (32.6%)
54 (32,3%)
32(21.2%)
86 (27.0%)
3 (25.0%)
1(9,1%)
4(17.4%)
11 (35.5%)
6 (28.6%)

17(32.7%)

b (HAZ +2sd lo-2 sd for the age and sex)
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Normal ~

6 (75.0%)
8(57.1%)
14 (63.6%)
12(54,5%)
24 (70.6%)
36(64.3%)
39 (65.0%)
48 (69.6%)
87 (67.4%)
113 (67,7%)
119(78.8%)
232 (73,0%)
9(75.0%)
10(90,9%)
19(82,6%)
20 (64.5%)
15(71.4%)

35 (67.3%)

Total

8(100.0%)
14(100,0%)
22(100.0%)
22(100,0%)
34(100.0%)
56(100.0%)
60(100.0%)
69 (100.0%)
129(100.0%)
167(100.0%)
151 (100.0%)
318(100.0%)
12(100.0%)
11 (100.0%)
23(100.0%)
31 (100.0%)
21 (100.0%)

52 (100,0%)

)(2, p value

Fisher's Exact Test
Linear-by-Linear
Association=4.928
p=0.053

X'=1.497,
p=0,221

X'=0.305
p= 0,581

X'=4.991,
p=0.025

x'=1.011,
p=0.315

X'=0,272
p= 0.602

Mantcl-Haenszel Clii-Squared=5.327, df=1, p=.02I
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Significant tests were performed to see the associations between exposure and
effect with confounder monthly income and family size. Of the six strata,
monthly income<3000 Taka and family size < 4, monthly income<3000 Taka
and family size >4, monthly income3000-5999 Taka and family size < 4,
monthly income 3000-5999 Taka and family size >4, monthly income 6000
Taka or Above and family size < 4, monthly income 6000 Taka or Above and
family size> 4; Nutritional status ofthe children by Height for Age scores was
found to be associated with the exposure (arsenic contamination) in group
monthly income 3000-5999 Taka and family size> 4 (p<0.05). Adjusting the
influence of the control variables the exposure effect was found to be

significantly associated [Mantel-Haenszel Chi-Squared=5.327, df=1, p=.021].
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Monthly
Income

<3000 Taka

3000-5999
Taka

6000 Taka
or Above
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Table 5.35: Nutritional Status of the Children by Weight for Age Z- Scores
according to Arsenic Exposure, Monthly Income of the Families and

Family

size

<4

>4

<4

>4

<4

>4

Family Size

Area

Exposed
Non-Exposed
Total
Exposed
Non-Exposed
Total
Exposed
Non-Exposed
Total
Non-Exposed
Exposed
Total
Exposed
Non-Exposed
Total
Exposed
Non-Exposed

Total

Nutritional Status

Underweight"

0 (.0%)
1(7.1%)
1(4.5%)
2(9.1%)
2 (5.9%)
4(7.1%)
10(16.7%)
5 (7.2%)
15(11.6%)
6 (4.0%)
18 10.8%()
24 (7.5%)
3(25.0%)
0(.0%)
3(13,0%)
3 (9.7%)
3 (14.3%)
6(11.5%)

Tests of Conditional Independence:

a (WAZ <-2 sd for the age and sex)

b (WAZ +2sd to -2 sd for the age and sex)
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Normal

8(100.0%)
13 (92.9%)
21 (95.5%)
20 (90,9%)
32 (94.1%)
52 (92.9%)
50 (83.3%)
64 (92.8%)
114 (88,4%)
145 (96,0%)
149 (89,2%)
294 (92.5%)
9(75.0%)
11 (100.0%)
20 (87.0%)
28 (90.3%)
18(85.7%)
46 (88.5%)

Total

8(100.0%)
14(100,0%)
22(100,0%)
22 (100.0%)
34(100,0%)
56(100.0%)
60(100,0%)
69(100.0%)
129(100.0%)
151 (100.0%)
167(100.0%)
318(100.0%)
12(100,0%)
11 (100.0%)
23 (100.0%)
31 (100.0%)
21 (100.0%)
52(100.0%)

XA p value

Fisher’s Exact Test
Linear-by-Linear
Association=0.571
p=1.000

Fisher's Exact Test
Linear-by-Linear
Association=0,204
p=0-652

=2.772
p= 0.096

X =5.235
p= 0,022

Fisher's Exact Test
Linear-by-Linear
Association=3.025
p=0.082

Fisher's Exact Test
Linear-by-Linear
Association=0.255
p=0.613

Mantel-Haenszel Chi-St]uared=6.520,df=I, p=.011
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Of the six strata, monthly income<3000 Taka and family size < 4, monthly
income<3000 Taka and family size >4, monthly income3000-5999 Taka and
family size < 4, monthly income 3000-5999 Taka and family size >4, monthly
income 6000 Taka or Above and family size <4, monthly income 6000 Taka or
Above and family size > 4; Nutritional status of the children by Weight for Age
z- scores was found to be associated with the exposure (arsenic contamination)
in group with monthly income 3000-5999 Taka and family size >4 only.
However, adjusting the influence of the control variables the exposure effect
was found to be significantly associated [Mantel-Haenszel Chi-Squared=6.520,

dfAlp-.011].
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Table 5.36: Nutritional Status of the Children by Weight for Height Z- Scores
according to Arsenic Exposure, Monthly Income of the Families and

Monthly
Income

<3000 Taka

3000-5999
Taka

6000 Taka or
Above

a (WHZ < -2 sd for lhe age and sex)

Family size

<4

>4

<4

>4

<4

>4

Family Size

Area

Exposed
Non-Exposed
Total

Exposed
Non-Exposed
Total
Exposed
Non-Exposed
Total
Exposed
Non-Exposed
Total
Exposed
Non-Exposed
Total
Exposed
Non-Exposed

Total

Tests of Conditional Indcpcndencc:

Nutritional Status

Wasting ’

1(12.5%)
0(.0%)
1(4,5%)
2(9.1%)
0(.0%)
2 (3.6%)
3 (5.0%)
6 (8.7%)
9 (7.0%)
12(7,2%)
5 (3.3%)
17(5.3%)
3 (25.0%)
0 (.0%)
3 (13.0%)
2 (6.5%)
0 (.0%)
2 (3.8%)

b (WHZ +2sd to -2 sd for the age and sex)
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Normal *

7 (87.5%)
14(100.0%)
21 (95.5%)
20 (90.9%)
34(100.0%)
54 (96.4%)
57 (95.0%)
63 (91.3%)
120(93.0%)
155 (92.8%)
146(96.7%)
301 (94.7%)

9(75.0%)
11 (100,0%)
20 (87.0%)
29 (93.5%)
21 (100.0%)
50 (96,2%)

Total

8(100,0%)
14(100.0%)
22 (100,0%)
22(100.0%)
34(100.0%)
56(100.0%)
60 (100.0%)
69(100.0%)
129(100.0%)
167(100,0%)
151(100.0%)
318(100.0%)
12(100.0%)
11 (100.0%)
23 (100.0%)
31 (100.0%)
21 (100.0%)
52(100.0%)

xSp value

Fisher's Exact Test
Linear-by-LInear
Association=1.750
p=0.186

Fisher's Exact Test
Linear-by-Linear
Association=3.148
p=0.076

Fisher's Exact Test
Linear-by-Linear
Associatlon=0.670
p=0.413

X '=2.352
p=0.125

Fisher's Exact Test
Linear-by-Linear
Association=3.025
p=0.082

Fisher's Exact Test
Linear-by-Linear
Association=1.382
p=0.240

Mantel-Haenszcl Chi-Squarcd=3.764, df=1, p=.052



Dhaka University Institutional Repository

Of the six strata, monthly income<3000 Taka and family size < 4, monthly
income<3000 Taka and family size >4, monthly income3000-5999 Taka and
family size < 4, monthly income 3000-5999 Taka and family size >4, monthly
income 6000 Taka or Above and family size < 4, monthly income 6000 Taka or
Above and family size> 4; Nutritional status of the children by Weight for
Height z-scores was found to be associated with the exposure (arsenic
contamination) in neither group. However, adjusting the influence of the control
variables the exposure effect was found to be significantly associated [Mantel-

Haenszel Chi-Squared=3.764, df=1, p=.052].
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Table 5.37; Nutritional Status of the Children by Combined Z- Scores (HAZ,
WAZ & WHZ) according to Arsenic Exposure, Monthly Income of
the Families and Family Size
MoDihl Eamil Nutritional Status
| oDthlv amily Area Total ><2jpvarue
ncome Size .-
Under nutrition ’ Normal
Exposed 3 (37,5%) 5 (62,5%) 8(100.0%)  Fisher’s Exact Test
Linear-by-Linear
<4 Non-E 0 19 9 3
on-Exposed 6 (42,9%) 8(57.1%) 14(100.0%) AssOCiation=0.058
Total 9 (40,9%) 13 (59,1%) 22 (100,0%) Pp=0,810
<3000 Taka
Exposed 10(45.5%) 12(54,5%) 22(100,0%)
>4 Non-Exposed 11 (32.4%) 23 (67.6%) 34 {100,0%) pf(?éggf
Total 21 (37.5%) 35 (62.5%) 56(100,0%)
Exposed 24 (40.0%) 36 (60,0%) 60 (100,0%)
<4 Non-Exposed 24 (34.8%) 45 (65.2%) 69(100,0%) pfoo'gf
3000-5999 Total 48 (37,2%) 81 (62.8%) 129(100.0%)
Taka Exposed 64 (38,3%) 103 (61.7%) 167(100,0%)
54 Non-Exposed 36(23.8%) 115(76,2%) 151 (100.0%) >;=_'07 '070155
Total 100 (31.4%) 218(68.6%) 318(100.0%)
Exposed 5(41,7%) 7(58,3%) 12(100,0%)
<4 Non-Exposed 1(9,1%) 10 (90,9%) 11.(100.0%) );::03 61752
6000 Taka or Total 6(26.1%) 17 (73.9%) 23 (100.0%)
Above Exposed 13(41,9%) 18(58,1%) 31 (100.0%)
9! Non-Exposed 6 (28.6%) 15 (71.4%) 21 (100,0%) 2 _:8’ ;;64

Total

19(36.5%)

33 (63.5%)

52 (100.0%)

Tests of Conditional Independence: Mantel-Haenszel Chi-Squared=9.386, df=I, p=.002

a (Abnormal in any z- scores scale)

b (Normal in all z- score scales)
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Of the six strata, monthly income<3000 Taka and family size < 4, monthly
income<3000 Taka and family size >4, monthly income3000-5999 Taka and
family size < 4, monthly income 3000-5999 Taka and family size >4, monthly
income 6000 Taka or Above and family size < 4, monthly income 6000 Taka or
Above and family size > 4; Nutritional status of the children by combined z-
scores (HAZ, WAZ & WH2Z) was found to be associated with the exposure
(arsenic contamination) in group monthly income 3000-5999 Taka and family
size>4 (p<0.01) . Adjusting the influence of the control variables the exposure
effect was found to be significantly associated [Mantel-Haenszel Chi-

Squared=9.386, df=I, p=.002].
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Table 5.38: Nutritional Status of the Children by BM1 according to Arsenic
Exposure, Monthly Income ofthe Families and Family Size

Monthly
Income

<3000 Taka

3000-5999
Taka

6000 Taka or

Above

Family

size

<4

>4

<4

>4

<4

>4

Area

Exposed

Non-
Exposed

Total

Exposed

Non-
Exposed

Total

Exposed

Non-
Exposed

Total

Exposed

Non-
Exposed

Total

Exposed

Non-
Exposed

Total

Exposed

Non-
Exposcd

Total

Nutritional Status

Under nutrition “

4 (50.0%)
6 (42.9%)
10(45.5%)
9 (40.9%)
13 (38,2%)
22 (39.3%)
23 (38.3%)
29 (42.0%)
52 (40.3%)
87 (52.1%)
55 (36.4%)
142 (44.7%)
8(66.7%)
1(9,1%)
9(39.1%)
16(51.6%)
9 (42.9%)

25 (48.1%)

Tests of Conditional Independ cnce:

a (BMI <5' ccntile for the age ami sex)

b (BMI >85™ ccntilc for the age and sex)
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Normal

4 (50.0%)
8(57.1%)
12(54.5%)
13(59.1%)
21 (61.8%)
34 (60.7%)
37(61.7%)
40 (58.0%)
77 (59.7%)
80 (47.9%)
96 (63.6%)
176 (55.3%)
4(33.3%)
10(90.9%)
14(60,9%)
15(48.4%)
12(57.1%)

27(51.9%)

Total

8(100.0%)

14(100,0%)
22(100.0%)
22(100.0%)
34 (100.0%)
56 (100.0%)
60 (100.0%)
69(100.0%)
129(100.0%)
167(100.0%)

151 (100.0%)

318(100.0%)

12(100.0%)
11 (100.0%)
23 (100.0%)
31 (100.0%)
21 (100.0%)

52 (100.0%)

, p value

Fisher's Exact Test
Linear-by-Linear
Association=0.100
p=0.752

=0.040
p=0.841

=0.182
p=0,670

XN=7,881
p=0,005

Fisher's Exact Test
Linear-by-Liiiear
Association=7.640
p=0,005

X7=0.384
p=0.535

Mantel-Haenszel Chi-Squared=6.871, df=1, p=.009
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Of the six strata, monthly income<3000 Taka and family size < 4, monthly
income<3000 Taka and family size >4, monthly income3000-5999 Taka and
family size < 4, monthly income 3000-5999 Taka and family size >4, monthly
income 6000 Taka or Above and family size < 4, monthly income 6000 Taka or
Above and family size > 4; Nutritional status of the children by BMI was found
to be associated with the exposure (arsenic contamination) in group monthly
income 3000-5999 Taka and family size >4 (p<0.01). Adjusting the influence of
the control variables the exposure effect was found to be significantly associated

[Mantel-Haenszel Chi-Squared=6.871, df=I, p=.009].

190



Dhaka University Institutional Repository

Table 5.39: Nutritional Status ofthe Children by Combined Z- Scores (HAZ,
WAZ & WHZ) and BMI according to Arsenic Exposure, Monthly
Income of the Families and Family Size

Monthly
Incotnc

UWJ 1ukU

3000-5999
Taka

6000 Taka
or Above

a (Abnormal in any of the z- score scalcs and BMI scale)

Family

size

<4

>4

<4

>4

<4

>4

Area

Exposed
Non-Exposed
Total

Exposed
Non-Exppsed
Total
Exposed
Non-Exposed
Total
Exposed
Non-Exposed
Total
Exposed
Non-Exposed
Total
Exposed
Non-Exposed

Total

Nutritional Status

Under nutrition”

5 (62.5%)
10(71.4%)
15(68,2%)
14(63.6%)
17(50.0%)
31 (55,4%)
37(61.7%)
42 (60.9%)
79 (61.2%)
115(68,9%)
76 (50.3%)
191 (60.1%)
9 (75.0%)
2(18.2%)
11 (47,8%)
20 (64,5%)
11 (52.4%)
31 (59,6%)

Tests of Conditional Independence:

b (Normal in all z- scorc scales and BM scale)
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Normal AH *

3 (37.5%)
4 (28.6%)
7(31.8%)
8(36.4%)
17(50.0%)
25 (44.6%)
23 (38,3%)
27(39.1%)
50 (38.8%)
52 (31.1%)
75 (49.7%)
127 (39.9%)
3 (25.0%)
9(81.8%)
12(52.2%)
11 (35.5%)

10(47.6%)
21 (40,4%)

Total

8(100.0%)

14(100,0%)
22 (100.0%)
22(100,0%)
34(100.0%)
56(100.0%)
60(100.0%)
69(100.0%)
129(100,0%)
167(100.0%)
151 (100,0%)
318(100,0%)
12(100.0%)
11 (100,0%)
23 (100.0%)
31 (100.0%)
21 (100.0%)
52 (100,0%)

x\p value

Fisher’s Exact Test
Linear-by-Linear
Association=0.179
p=0.673

X"=1.005
p=0,316

=0.009
p=0.926

X=11,352
p=0,001

X'=7-425
p=0.006

=0.766
p=0.405

Mantcl-Haenszel Chi-Squared==11.835, df=1,p=.001
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Of the six strata, monthly income<3000 Taka and family size < 4, monthly
income<3000 Taka and family size >4, monthly income3000-5999 Taka and
family size < 4, monthly income 3000-5999 Taka and family size >4, monthly
income 6000 Taka or Above and family size < 4, monthly income 6000 Taka or
Above and family size > 4; Nutritional status of the children by combined z-
scores (HAZ, WAZ & WHZ) and BMI was found to be associated with the
exposure (arsenic contamination) in group monthly income 3000-5999 Taka and
family size >4 (p<0.01) and in group monthly income6000 Taka or Above and
family size < 4 (p<0.01). Adjusting the influence of the control variables the
exposure effect was found to be significantly associated [Mantel-Haenszel Chi-

Squared=1 1.835, df=1, p=.001].
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Correlates of malnutrition: Binary logistic regression analysis:

To assess the factors influencing the malnutrition among the children binary
logistic regression analysis was carried out in which the dependent variable,
‘nutritional status’ was dichotomized (malnourished/normal). For prediction of
influencing factors for malnutrition, variables that showed significant
association with nutritional status, in chi-square analysis were entered into
logistic regression model. The nutritional status of the children was assessed by
z- score of weight for age, height for age and weight for height. Children having
any of the parameter in terms of under weight, stunting and wasting was

considered as malnutrition.
The dependent and independent variables are shown in the box:
Dependent variable: Nutritional status

0= Normal
1= Malnourished

Independent variables

Subjects Age in years (father) Age in year’s (mother)

0= Non exposed 0=<40 0=<30

UExposed 1=240 I=s30

Duration oftube well water use No.ofwetrice taken per week
0=<7 0=<2

I=s7 1=>2

Sources of water Frequency of pulses taken per week (Continuous)
0=Tube well No. of glass of water taken daily (continuous)

I=other sources
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Table 5.40: Correlates of malnutrition among the children: Binary logistic
regression analysis

Independent variables df P Odds 95.0% C.I
value ratio
Subject
Non exposed (RC)
Exposed 1.978 1 .000 7.230 2.915-
17.931

Sources of water

Tube well (RC)

Others sources .305 1 47 1,357 .592-3.111
Age inyears (Father)

<40 (RC) : : - - -
>40 -.845 1 o053 429 .183-1.010
Age in years (Mother)

<30 (RC) : : . - -

>30 -.213 1 648 .808 .324-2,015

Duration of Tube well water use

(rs)
<7 (RC)

>7 1.263 1 .000 3.537 1.771-7.063

No. ofwet rice taken per week by

children
<2

> 1.449 1 .000 4.261 2.122-8.556

Frequency of pulses taken per 1.432 1 .000 4.186 3.207-5.464
week

No. of glass of water taken per .626 1 .000 1.869 1.596-2,189
day
Mode! Chi square 498.898 5 0.001

df 5
Significance 0.001
Constant -12.145

RC= Reference categorj'
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Out of 8 variables, 5 variables showed significant association in binary logistic
regression analysis. The analysis showed that subjects exposed to arsenic
contamination, duration oftube well water use, frequency of taken per week and
number of glass of water drink per day appeared to be the main prediction of
malnutrition among the children (p<0.001). Data analysis indicated that the
malnutrition was found to be 4.2 times higher among the children who
consumed wet rice more than 2 times per week, 7.2 times higher among the
children exposed to arsenic in water, In the logistic model, showed that the
malnutrition of exposed group was significantly positively correlated with
frequency of pulses, wet rice and number of glass of water drinks per day
indicating the children were more exposed to arsenic contamination through

pulses, wet rice and also arsenic contaminated water.
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5. Discussion

This cross sectional comparative study was conducted to find out if there
was any difference in nutritional status of arsenic exposed and non-exposed
children aged 5-14 years. A total 300 arsenic exposed children were selected
from villages under Narayangonj district and another 300 non-exposed
children were selected from villages under Munshigonj district respectively.
A pre-tested questionnaire was used to interview the respondents and
anthropometric measurements (height and weight) were used to assess the
nutritional status of the children. Nutrients taken per day by the children

were assessed by using 24-hours recall questionnaire.

Chronic arsenic poisoning associated with groundwater contamination has
been reported from many developing countries, where poor nutritional status

is concomitantly found

Poor nutritional status may increase an individual’s susceptibility to arsenic

toxicity, or alternatively that arsenicosis may contribute to poor nutritional

status. Such observations have been made in different studies from Taiwan,

Chile, West Bengal India, Nepal, Japan and Bangladesh 63*” -'58.i59,i60,i6i,i62,i63

Few studies have related some toxic effect of arsenic exposure with nutritional

status of exposed population. In an arsenic exposed population in West Bengal
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body weight was found to be negatively associated arsenical iceratosis
(Mazumder 1998) and in Taiwan vascular effects (black foot disease) was found
to be associated with under nourishment  In Taiwan a low serum p-carotene
concentrated was associated with higher prevalence of arsenic related skin

cancer and ischemic heart disease

Studies m have shown that socioeconomic condition had influence

nutritional status. Studies 221232.233,234 revealed numbers of the family

and type of the family influence nutritional status.

The exposed and non-exposed group of this study was found not to be
statistically different in terms of age and gender (p>0.05). Furthermore no
remarkable difference in overall socio-economic status (e.g. income, education,
occupation etc.) between the groups was found. Type of the family and number
of the family members no significant difference was observed between the two
groups. Therefore age, gender, income, education, occupation, family type and
family size are least likely to have any effect on the difference of nutritional

status between the groups.

Dietary intake is an important determinant of nutritional status. 24- hours recall
for dietary intake assessment has been under taken in studies carried out by

Shaaben (2005) in Egypt, Chen (2004)™ in Bangladesh, Mitra (2004)™ in
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India, Brunner (2001)™ in UK. In this study 24- hours recall dietary intake

generally used as a tool for assessed dietary intake.

The amount of the nutrients (Energy, Protein, Carbohydrate, Fat, Vitamin-A and
Vitamin-C) were subsequently calculated. Independent sample t-tests were
performed to find out any difference of mean intake of nutrients (Total weight,
Energy, Protein, Fat and Carbohydrate) taken by the study children. It was
observed that there was no significant difference of intake of nutrients by the

studied children between the two groups.

Anthropometry measurements are widely accepted tool for assessing the
nutritional status of children. Different studies support these tools for

assessing nutritional status of children.

Body mass index is considered to be the more nutritionally than genetically
related (Khongsdier 2001), thus it is appropriate to use BMI as an indicator of
the nutritional status. Body mass index may be influenced by age, gender  and
socio-economic status Tlie factors that can influence BMI, includes dietary

intake, and socioeconomic status has intra population variations

The nutritional status of children was assessed by z-scores of weight for age,
height for age and weight for height and also using  and 85" percentiles of the

body mass index (BMI) for age. Using the z-score Height for age (HFA),
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Weight for age (WFA) and weight for height (WFH) the children were grouped
as normal or stunted; normal or underweight and normal or wasted respectively.
Stunting, underweight and wasting were found to be significantly higher in

exposed then in non- exposed group (p<0.05).

Thinness (low BMI for age) was found to be more among the children of
exposed area (49 %) than that of non-exposed area (38%). Comparatively
children with normal BMI was found to be more in non-exposed area than in

exposed area and the difference was found to be significant (p< 0.05).

The mean BMI of the children was found to be significantly higher (p= 0.012)
in non-exposed children (14.874+2.167) than that of exposed children
(14.423+£2.208). When compared after grouping the nutritional status as
underweight and normal or overweight (based on BM1) an association between
nutritional status and arsenic exposed was observed (p<0.01). Such association
was observed among children aged 8-10 and 11-14 years but no such
association was observed among those who were between 5-7 years of age. In
both the analysis nutritional status was found to be significantly low among the
arsenic exposed children particularly among the older children of 8-10 years

and 11-14 years. Different studies '36.157,172,180 exposed

group was significantly lower than that of non-exposed group.
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Previous studies showed that socio-economic condition (in term of income,
occupation, type of family and size of family) may influence nutritional status of
study population Bi-variate analysis showed that between BMI with
monthly income of family and occupation no association was found (p> 0.05)
but significant association with type of family and number of the family was

observed (p < 0.05).

In both the group (exposed and non-exposed) monthly income and family size
were found to be similar, but in families of similar size, variation in monthly
income can influence nutritional status. Similarly in families with similar
monthly income, variation in family size may influence nutritional status.
Considering these influences of arsenic exposure on nutritional status after
adjusting for monthly family income and family size was explore and it was
found that under nutrition was still significantly higher (p<0.01) in exposed
group then in non-exposed group.

To assess the factors influencing the malnutrition among the children binary
logistic regression analysis was carried out. The nutritional status of the children
was assessed by z- score of weight for age, height for age and weight for height.
Children having any of the parameter in terms of under weight, stunting and

wasting was consider as malnutrition, The analysis suggests that malnutrition
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status was 7.2 times higher among the children exposed to arsenic contaminated

water. That is consistent with previous studies ~-57,160,171,172,177,193,194

Few studies showed that frequency of taking pulses, wet rice and number of
glass of arsenic contain drinking water per day had similar type of correlation on
nutritional Analysis also revealed that malnutrition
was significantly positively correlated with frequency of taking pulses, wet rice
and number of glass of water drinking per day indicating the children were more
exposed to arsenic contamination through wet rice, pulses and also arsenic

contaminated water.

From the finding of the current study it can be concluded that there was
significant difference of nutritional status of the children between of exposed
and non-exposed areas. The study shows that the children exposed area had

lower nutritional status compared to that of non-exposed area.
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6. Conclusion

This cross sectional study was designed to compare the nutritional status of 5-14
years age children of selected arsenic non-exposed and arsenic expose areas.
Probable determinants (socio-demographic characteristics, principal dietary
intake) were considered to assess any relation with nutritional status. The
exposed groups of children were consuming water from sources having arsenic
level above 50 |*g /L. On the other hand non-exposed children were consuming
water with arsenic level below 50 |ig /L. The study findings suggest that there
was no significant difference in overall socio-economic status (e.g. income,
education, occupation) between exposed and non-exposed areas. Dietary
consumption also did not show any significant difference between these two
groups. However, the study showed significantly higher number of under weight
children in the exposed area in comparison to non- exposed area. It was further
observed that as the age increased the number of underweight children was
found more in the exposed area. Chi square tests were performed to see the
associations between exposure and effect with confounder’s: monthly income
and family size. Adjusting the influences of the control variables it was seen that

under nutrition was more among the study children with arsenic exposure than
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the arsenic non-exposed children. The exposure-effect was found to be

significantly associated (p< 0.01).

In this study out of 8 variables, 5 variables showed significant association in
binar}' logistic regression analysis. The analysis showed that subject exposed
arsenic contamination, duration of tube well water use, frequency of taken
pulses per week and number of glass of water drink per day appeared to be the
main prediction of malnutrition among the children (p<0,001). Data analysis
indicated that the malnutrition was found to be 4.2 times higher among the
children who consumed wet rice more than 2 times per week, 7.2 times higher
among the children exposed to arsenic in water. The study showed that the
malnutrition was positively correlated with frequency of pulses intake per
week and number of glass drinking intake consumed per day indicating the
children were more exposed to arsenic contamination through foods and also
water. So, the lower nutritional status observed among the arsenic exposed
children compared to non-exposed children in this study seems to be related to

arsenic exposure.
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7. Annexure
Translated from Bengali

National Institute of Preventive and Social Medicine (NIPSOM)
Mohakhali, Dhaka-1212.

The questionnaire to assess nutritional status among the children of age group 5-14 years in
selected arsenic exposed and non-exposed area in Bangladesh.

Exposed/ Non-exposed

L e a e , have come to you on behalfof Dr.
Md. Rezaul Karim, Assistant Professor, NIPSOM to collect some information for
research on “Nutritional status among the children of 5-14 years in arsenic exposed

and non-exposed areas”. All of your information will be used for research
purposes. Ifyou allow me | can start interviewing. Thank you.

Interview Questionnaire

Serial No: Date:

Vill: Union: Thana: Dist;

1. Respondent:

I. Father  Il. Mother

2, What is your name (respondent)?
3. How old are you?
4. What is the name ofyour spouse?
5. How old is your spouse?

6. How many members’ are there in your family?
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7. How many children do you have in the family between 5-14 years?

8. Can you please give following information about your children between 5-14
years of age?

Sl Name ofthe children Age  Sex Educational
no. qualification

9. What is your educational qualification?
I. Primary Il. Secondary Il1l. S.S.C IV. H.S.C V. Graduation

10. What is the educational qualification of your spouse?
I. Primary Il. Secondary Ill. S.S.C IV. H.S.C V. Graduation

11. What is your religion?
I. Islam Il. Hindu Ill. Buddhists IVV. Christian. V. Others

12What is your occupation?
I. Agriculture 11. Business Ill. Service IV Others.

13. What is the occupation of your spouse?
I. House wife Il. Agriculture Ill. Business IV. Service V. Others

14. What is the monthly income of your family?

15. What is the type ofyour family?
I. Nuclear II. Joint 111. Others

16. What is the type of house you live in?
I. Complete brick 11 Tin roof, tin wall and kacha floor
I11. Tin roof, bamboo wall and kacha floor
IV. Complete kacha.
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17. What type of latrine do you use?
I. Pucca: septic tank Il. Pucca: water sealed
I11 Pucca: not sealed. IV.Kacha: permanent place V. Open latrine

18. What is the present source ofdrinking water?
I. Tube-well Il. Pond Ill. Rainwater IV. River water V. Other

19. How you drink tube-well water (If answer is tube-well water)?
I. Directly Il. Boiling Ill. Use fitcari 1V. Other

20. What is the source of water you use for cooking purpose?
I. Tube-well water Il. Pond Ill. Rainwater IV. River water V. Other

21. How long have you been drinking water from the current source (tube-well)?
22. Have you heard about arsenic contamination in your current
source of water (tube-well)?

I. Yes II. No

23. Except the current tube well did you drink water from any other tube well?
I. Yes Il. No

24 .Ifyes how many yeas?--------------

25. Do you know whether the previous tube well was arsenic contaminated?
I. Yes Il. No

26. Do you know the meaning of red and blue marks oftube well?
I. Yes Il. No

27. Have you heard about red or green mark oftube well in your village?
1 Yes 11 No

28. How do you process rice for eating?
I. Basha bhat Il. Fen gala bhat

29. How many days in a week do your children take panta bhat?

30. How many days in a week do your children take dal?
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31. How many glasses ofwater do your children drink in a day (1 glass=250ml)

S Name ofthe children Age Sex How many
no. glasses

32. Had any ofyour children of 5-14 years of age been suffered from any of the
Following disease during last three months?

I. Diarrhea Il. Amoebic Dysentery Ill. Blood Dysentery 1V. Measles v. Any
major illness (Typhoid fever, acute respiratory tract infection).

33. Had any ofyour children of 5-14 years of age been suffered from any other
diseases?
I. Yes Il. No

If yes, please explain

34. Did any of your children between 5-14 years of age take any antihelmintic
in last three months?

l. Yes. 1. No

Signature ofthe interviewer- Date:

Name of the interviewer:
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Exposed/ Non- exposed

Check List

Serial no: Date:
Vill: Union: Thana: Dist:
1. Arsenic level of present tube-well-------- *mg/L

2. Antliropometric measurements:
Information about the children between 5-14 years of age ofthe respondent

family.

Sl no. Name ofthe children Age Sex Weight (kg) Height (cm)

3. Stool findings (worm infestation) ofthe children between 5-14 years ofthe
respondent family?

Sl no. Name ofthe children Age Sex

Signature of the interviewer-----------------mmmommmme e - Date:

Name ofthe interviewer;
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Dietary intake in last 24 hours

Meal Item Serving size  Cooked Food code Raw
weight (gm) weight(gm)
Breakfast

Mid
morning

Lunch

Afternoon

Supper

Signature ofthe interviewer.........cccocevcvvieivcecvecieenen, Date:





