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Abstract

Exposure to arsenic through drinking water sourfrech groundwater is a
global public health problem, which is particuladgvastating in Bangladesh. Chronic
exposure to arsenic (over 10 years) is reportezhtse specific skin lesions such as
melanosis, keratosis, or gangrene as well as necHgp health problems like
hypertension, anemia, and even affect the periprard central nervous system.
Besides these health effects, arsenic patientsaingBdesh suffer not only from
economic burden of medical costs but also from Ipsipgical suppression and social
discrimination, therefore, it is necessary to p@ectal attention to the children
because they are still growing and developing nilgnéand socially, and thus they
may show possible chronic effects. Very few studiese been conducted on As
exposure and children’s psycho-social developmgatihtellectual function, e.g., 1Q
(Intelligence Quotient) and social competence (SC).

The present study aimed to clarify the effect ofekposure on 1Q and SC of
720 children from Sonargaon thana located appraeind0 km southeast of Dhaka.
The study subjects were divided into three age ggaie. 4-5 years, 9-10 years and
14-15 years to (1) evaluate the relationship betwds exposure (urinary As
concentration) and 1Q as well as SC and to (2)uatalat what developmental stage
the effect of As starts. Thereafter, in order taleate the contribution of sources other
than drinking water to As exposure, the amount afew used during cooking of the
most frequently consumed food according to the Ki€g) was measured. 1Q was
assessed by Raven’s standard progressive matfc&s1Q year and 14 & 15 year
groups) and Kaufman Brief Intelligence Test (4 &¢ar group), and for measuring

SC, the Bengali version of Texas Social Behaviaorefriory (TSBI) Form-A was



employed&ver 9 & 10 year groups. In addition, the As concentration in the staple
food, rice, was also measured.

From the findings, (1) As exposure was higher ifidcén from low income
families, even after controlling for factors likeodsehold income and parental
education level, As exposure was negatively camdlavith IQ in all three age groups.
(2) Regarding 1Q, the effect of As exposure wasideam 4 years old. (3) The FFQ
survey results revealed that rice was consumednite frequently (more than once
daily), followed by daal (bean) soup and finallynAeafy vegetables (almost once a
day), but fish, meat and eggs were consumed appetgly once a week. Water
intake per meal from cooked rice was estimatecet629 ml/person, followed by daal
soup (278 ml/person), and cooked vegetables (88ension). Our results suggest that
the water used for cooking might be an importantre® of As.

In conclusion, even though the children from lowame families know that
their tubewells are contaminated with high levdlg\s, they are in no position to use
alternative methods like changing tubewells or bgyffilters so they continue
consuming As contaminated water. This could be @inthe reasons as to why the
psycho-social effects of As exposure start fromlyeaevelopmental stages. In
addition, the possibility of As entering into the@dy through the irrigation and
cooking water is high even if considering the higncentration of As in drinking
water in the highly contaminated are#&s.order to minimize the aforementioned

effects of As exposure, there is need for urgaetrventions.
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Chapter |

Introduction

1.1 Arsenic contamination in groundwater of Bangladesh

Arsenic (As) is a metalloid, naturally and anthrgenically occurs in the
environment (Smedley and Kinniburgh, 2002), andeliddistributed in air, water,
soils, plants and animals in variable concentratiorhroughout the history As is
known as carcinogen to human (Centebha@al, 2002; Cullen, 2008). Later, a number
of landmark epidemiological studies (for exampleenget al, 1968; Cheret al,
1988) have highlighted the susceptibility of thepplation to develop cancer due to
chronic As exposure through drinking water and ldistaed the dose-response
relationship between As concentration and As toxigHugheset al, 2011).
Consequently, in 1992, World Health OrganizationrH®J) decreased the provisional
drinking water guideline for As from 50g L™* to 10 g L™ (WHO, 1993). The
exposure (ingestion, inhalation and dermal) to Asyrmause both non-carcinogenic
and carcinogenic health effect to human body (Kataal, 2006). The extent of
toxicity vary among individuals depending on thderaf ingestion, duration of
exposure and methylation capacity of individualsedained by cofactors such as
genetic factor, gender, age, ongoing medicatiofrjtrmnal status, smoking habit and
intake of alcohol, coffee and tea (Tseng, 200®e most common health outcomes
are development of hypertension, diabetics and i@ardascular diseases;

neurobehavioral change in adolescence and neuropelftects; diminished 1Q and

1



long-term memory loss; abnormal pregnancy outcoamesng women; development
of skin lessons (e.g. melanosis, leucomelanosisratésis, hyperkeratosis
hyperkeratosis etc.); incidence of cancer in gagistinal, liver and respiratory tract
etc. (Batet al, 1992; Hopenhayn-Ricét al, 2000; Vahter and Concha, 2001; Kapaj
et al, 2006; Smith and Steinmaus, 2009; Chattegjes, 2010; Hughesgt al, 2011).
Over the last few decades, the contamination okdrg water and groundwater by As
has been highlighted as an environmental disastenany regions of the world,
including in the countries of Europe, North Amerarad Australia (Nordstrom, 2002;
Nriagu et al, 2007), and has been reported from over 70 casiserious health
hazard to an estimated 150 million people worlderBavenscrofet al, 2009). The
global map indicating the arsenic contaminated treesis shown in Fig. 1.1. The
problem is most acute in South and Southeast Asaaticularly in eastern to
northeastern part of India and adjoining Bangladgsimtly called Bengal Basin
(Chakrabortiet al, 2004, 2008; Bhattacharyat al, 2011). More than 80 percent
people in the world are exposed to high levels efiA groundwater live in Asia
(UNICEF on 5th April, 2009). In early of 1970s pé®piving in this region were
compelled to shift their drinking water source fraurface water to groundwater to
avoid various water borne diseases like diarrhebcholera (Mukherjeet al, 2007).
Millions of hand pumped tubewells were installedsthypby private initiatives in the
shallow aquifers (< 50 m) (Escamiliet al, 2011). At present, about 95% people
living in this region are heavily dependent on grdwater for domestic purposes like
drinking, cooking, bathing and washing (Chattegeal, 2010; Fendorét al, 2010).
Consequently, the occurrences of high As in shaljpaundwater has caused severe
mass poisoning putting millions people at risk mstregion (Smithet al, 2000;

Chakrabortiet al, 2004, 2008, 2010; Chatterjetal, 2010).



Figure 1.1 The global map of arsenic contamination

Bangladesh is grappling with the largest mass maigpof a population in the
human history because groundwater used for drinkizg been contaminated with
naturally occurring inorganic As (Smitt al, 2000). It is estimated that of the 160
million inhabitants of Bangladesh around 80 millior61 of 64 districts are at risk of
drinking As contaminated groundwater, and abouin8lion people are taking As
contaminated groundwater exceeding the nationaétywalevel (50 g L) of
Bangladesh. The As contamination in groundwaténedargest scale poisoning in the
physical environment of the human community evgregienced in the territory. The
As contamination in groundwater is a naturally odog geological deposit in
Bangladesh. The alluvial soil of Bangladesh corsi$tdeposits of volcanic emission
and gradually eroded rocks with arseno pyrite, pgdte carried by rivers from
Himalayas. It believed that the As has been ingifleeindwater for many years before
the recent extensive withdrawal of groundwaterl®3, Bangladesh detected As in
four tube wells at the northern borderline villageamagram under Barogharia union
of Chapainawabgonj district. Although in 1993 thember of As-affected district in

Bangladesh was one, it rose to 61 in the year 2Bigre 1.2 shows the map of As



contaminated areas in Bangladesh. Ninety severepeof people in Bangladesh use
tubewell water for drinking and other purposes frabout 8.6 million hand tubewells
(HTWSs). Contaminated tube wells act as reservoirdiquid poison, As. High
concentrations of naturally occurring As in drindiwater supplied by approximately
1.4 million tube wells (UNICEF, October 2008). lashbeen estimated that 27% of
shallow tubewells that is, wells not deeper thann®ters exceeded Bangladesh’s
guideline value of As and 46% of these tubewellseeded WHOQO's guideline value.
As concentration might vary considerably from wellwell in the same area and even

in the same well water at different time.

Percentage of Household Drinking Water
Exceeding WHO Guideline Value in 2009

As situation in Bangladesh

77 million
Population at risk  FENItNe]s]e)

N <%
[ >=5ta<10%
| |»=10t0<20%
N >=20%

20 million
(> 50 ppb)

No. of tube well 1.4 million
contaminated (> 50 ppb)

No. of district
affected 61 (out of 64)

BAY OF BENGAL
L
ar

Kometers ‘ Source: UNICEF, 2010

0 25 100 150 200
Source: Bangladesh Bureau of Statistics and UNICEF, 2009

Figure 1.2 The map of arsenic contaminated areas in Bangladesh

Intermittent incidents of As contamination in growater can arise both
naturally and industrially. The natural occurrerafeAs in groundwater is directly

related to the As complexes present in soils agioreed earlier. As can liberate from



these complexes under some circumstances. Singesdds is highly mobile, once it
is liberated, it results in possible groundwatentamination. The effect of As is
associated with its type (inorganic As is more ¢akian organic As), chemical form
(trivalent As is more toxic than pentavalent Agte of entry (ingestion), doses and
duration of exposure, age, sex, education and timma status (malnutrition is
contributory) and body defense mechanism of thectgtl people. Chronic exposure
to As at concentration greater than 0.05mMgl 50ppb cause health problem ranging
from morbidity to effect on the peripheral and ecahtnervous system, etc. Some

pictures of As effects on physical health in Badgkh are shown in the Fig. 1.3.

Keratosis Sole Melanosis on Gangrene
Hand

Figure 1.3 Physiological effects of arsenic

1.2 Main pathways of arsenic into the human body

Arsenic, a toxicant of natural occurrence in mihelgposits, is used in many
human activities such as manufacturing, agricujtamed medicine (WHO, 1981).
Arsenical compounds are transported into the enment mainly by water from
wells drilled into the arsenic-rich geologic strataby ambient air during smelting and

burning of coal (WHO, 1981; Thornton and Farago97)9 The main route of As



exposure for the general population is via drinkivager. Arsenite and arsenate are the
most common forms of As in groundwater, as wellttees most toxic of the four
compounds. The pathway they follow through the huimady is incredibly important
to understanding arsenicosis, the disease causetirbgic As poisoning. Generally,
there are two main ways in which As poses a hehlgmat to humans: ingestion and
inhalation. Figure 1.4 shows main pathways of acstrom different sources into the
human body through ingestion. As is not readilyoabsd through skin so physical
contact with contaminated water, for bathing andhig, is not toxic (BBS and
UNICEF, 2010). Around 95% of As enters to humanybby ingestion. Ingested As
can enter into two ways: directly and indirectlys@nic from groundwater can enters
into human body by contaminated drinking water aadking water. It also enters to
human body by using contaminated water in irrigatmd then it come to the soil to
grain or vegetables and finally to human body. Femihit also enters to human body

through live stoke indirectly.

Drinking
water

Grain

As in | Irrigation _)Wﬂm_) Human

groundwater water l g body
i

Cooking Manure
water

Figure 1.4 Main pathways of arsenic into the human body

When arsenite and arsenate enter the human basgy,bind to tissues, inhibit

enzyme activity, and interfere with cell respiratiand mitosis. In order to reduce the

6



detrimental effects of these compounds, the bodys us detoxifying methylation
mechanism to convert arsenite and arsenate toanmdIMA and DMA. However,
during the conversion of inorganic species to oigapecies, an extremely toxic
intermediary compound, MMA is formed. Many scietstiare currently studying this
compound since it may add significantly to the allezarcinogenicity of inorganic As.
Once inorganic forms have been converted to MMARNA, they are excreted from
the body. Thus, the presence of DMA and MMA in thime, skin, hair, and nails are
often evidence of As poisoning. Urinary As contbast indicates recent exposure to
As, since As appears in the urine within two toheigours and disappears within
seven days. As content in the skin, hair and nasilsnore useful for measuring

long-term exposure to As.

1.3 Socio-economic condition and arsenic contamination

Bangladesh is one of the least developed countriise world with about 140
million people in an area of 147 thousand sq. krd aith an annual per capita
income of $418 (2003-04). In 2004, 43.6% of theanrbnd 40.1% of the rural people
were surviving under the poverty line | (Absoluteverty), and 20.8% of the urban
and 18.2% of the rural people under the poverty lincalled the ‘Hardcore Poverty'.
Poverty is overwhelming in Bangladesh. It is deepted in economic, political and
social processes and is the outcome of multidinoeasifactors. Although declining
by 1% annually in the 1990s, the incidence of ptyvat national level continues to be

high at about 50% in 2000.

There is a strong link between poverty and As, aglarsenicosis enhances the
economic burden of the poor. The majority of vidiere considered as a burden to

their family and society. Most of the poor arsesis@atients remain untreated due to



financial restraints. For example, 20-70% of thaegués did not receive any treatment
in Bangladesh due to financial problems, and mastitgl people could not take any
step to take As free water also due to their firgnaroblem. This lack of treatment
further deteriorates the overall health and econaranditions of arsenicosis victims.
Because poverty rises as the untreated poor vicdmmsncapable of doing hard work
and gradually lose strength to move. This diseaseassociated with social
discriminations such as losing jobs, barriers toeas new jobs and social rejections.
Again, if the poor arsenicosis patients go for tireant, they need to spend a big
proportion of their money on this, which finallynginishes the household income and
increases the economic burden on the poor victimastheir families. Moreover, the

cost of obtaning As free water also diminishes bbofd income (Alistaiet al, 2000)

Higher income households might have greater stoiagkties for their tubewell
water and might consequently be able to store @itenfor longer. In Bangladesh it is
likely that access to tubewell drinking water aade partially determined by social
status, and the social status is defined by thamis@hold income also. Therefore, there
could be a relationship between As exposure inkdrghnwater and socio-economic

status.

1.4 Psychosocial effects by arsenic exposure

Besides the physical health effects that mentioimethe earlier section, As
exposure has some psychological effects (e.g. tiedu intelligence and social

competence) as well as has some social effects.



Intelligence quotient (1Q)

Human intelligence, mental quality that consiststlé abilities to learn from
experience, adapt to new situations, understanchandle abstract concepts, and use
knowledge to manipulate one’s environment. Indigidudiffer from one another in
their ability to understand complex ideas, to adfgctively to the environment, to
learn from experience, to engage in various forimgasoning, to overcome obstacles
by taking thought (Ulrichet al, 1996). In other words, intelligence is part oé th
internal environment that shows through at therfate between person and external

environment as a function of cognitive task demgsddtler, 2001).

Factors influencing the intelligencePsychologists have spent a great amount of time
and energy debating the various influences on iddat intelligence. Today, nearly
all psychologists recognize that there seem tohbeet main factors play a role in
determining intelligence. It now becomes mattedetermining exactly how much of

an influence each factor has.

1. Brain: The brains of very intelligent childreppeear to develop in a distinctive and
surprising way that distinguishes them from legsliigent children. The study
by the National Institute of Mental Health who dieveral brain scans on 309
healthy children between the ages of 6 and 19asfitkt to try to measure
whether differences in brain development are linteethtelligence. The scans
showed that children with the highest 1Qs begai aitelatively thin cortex -

the folded outer layer of the brain that is invalve complex thinking.

2. Genetics: First, it is important to note thanhegcs and environment interact to
determine exactly how inherited genes are expressgdexample, if a person

has tall parents, it is likely that the individuaill also grow to be tall.



However, the exact height the person reaches caninfseenced by
environmental factors such as nutrition and dise8@eee evidence of genetic

influences is given below:

A twin studies suggest that identical twins IQ's anore similar than
those of fraternal twins (Promin & Spinath, 2008iblings reared together in
the same home have 1Q's that are more similar th@se of adopted children

raised together in the same environment (McGueh&rst 1993).

3. Biology and Biochemistry: There are a wide raoféiological factors that can
impact intelligence, cognitive ability, and neurgilcal functioning. Four are
listed below. Of note, the correlations are smallimclear in many studies, as
researchers often try to find an effect very earlijffe or to isolate all possible

confounding factors:

Prematurity:associated with a host of medical complicatiorige(liespiratory
problems, asphyxia, and apnea), visual-motor caoatitin problems, MR, and

LD.

Drug exposurenften leads to poorer organizational and languskgés, even

if the children are in the lower end of the avereaygge.

Exposure to toxinstike lead from lead paint, lead soldered pipes,frdsn
ground water and pollution is associated with |lomgn low achievement,

cognitive deficits, and neurological impairment.
Aging: would be a fourth factor that comes under the lgipleeading

studies show a clear decline in tested skills i@ ¢hderly in labs, but

typically no corresponding decrement in daily fuocing
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older adults can practice test taking skills angntive problem-solving
skills (metacognition) and improve 1Q scores, rasithe question of

whether aging or disuse caused their skills toidecl

older adults can "upgrade" their skills by learnmgw things to do, new
strategies to do them, and new ways to monitor thetcess (executive

functioning)

4. Environment: There are a number of environmefdators that impact child

cognitive development:

Demographics this relates to statistically likely experiendesed on what

we know about the biological family and atmosphareome.

Poverty- associated with acting out difficulties in chigdd, lack of resources
and parental preparation for achievement, and actepoorer educational
opportunities year round. Others argue that loweroseconomic status (SES)
parents simply don't place the same emphasis ayokds it may not lead to
the same opportunities and chances for succesrit§iteens are more likely

to drop out of school, or be "transferred" and.lost

Birth order - this has not been clearly demonstrated, but sarmgee that the
more children in the family, the lower their avezd®. This is explained by
the Diminishing Resources Model; the parents ordywehso much time,
attention, affection, and money to invest, andtfzge children there, the more

these finite resources are divided up.

Malnutrition - research in this area is confused becausedlf/rtwo kinds of
studies; nutrition studies andalnutrition studies. Typically, you take an at

risk mother who is pregnant, and put her and thk&l doon after birth on
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vitamin and mineral supplements and see if thedoil fare better compared

to a control group. The problem with this is that:

if the nutrients do a wonderful job of raising tblgld's potential, and the

environment is still poor, you won't detect mucfiedence

timing for nutrients (typically age 0 - 3 years) esucial, and good
nutrition for 18 months may be canceled out by Ipadrition for 18

months

Childhood traumaand separation from parents - sometimes, the teféec

short-term, but if it coincides with testing yought not know it.

Environmental stress there are numerous studies linking environmental
stress to the brain's chemistry, the activatiormroiusal centers quickly and
easily, and the over-taxing of the brain. Othedssi link vagal nerve tone
(Gottman). The vagus nerve wanders through the rabdo(vagus-vagrant)
and when stimulated it inhibits organ arousal aedps the organism calm.
When it works poorly, the organism is more proneot@rarousal, which

interferes in learning

Parenting- parenting practices also impact IQ scores. A oesense parent
who says, "Because | said so, now do it!" farthoritarian style) is different
from the parent who tries to explain and reasonA(athoritativestyle). The
second teaches reasoning skills, thought procdsseslate behaviors and
outcomes likewise for the parent who has time &l ® a child at night, play

games, take family outings to museums and such.

How does arsenic effect on IQPhe primary routes of As entry into the body are

ingestion and inhalation. For soluble trivalent é&smpounds, approximately 95% of
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the ingested dose is absorbed from the gastraima&$Gl) tract. From some previous
researches, the amount of As absorbed by inhalatierbeen determined roughly, and
it is thought to be within 60% to 90%. After absowp through the lungs or Gl tract,
As is widely distributed by the blood throughoue thody. As is absorbed into the

blood stream at the cellular level and is taketwp
(1) red blood cells,
(2) white blood cells, and
(3) other cells that reduce arsenate to arsenite.

Reduction of arsenate (As V) to arsenite (As IH)nieeded before methylation can
occur. This reaction requires glutathione (GSHyrdranic As is metabolized via two

main types of reaction:

(1) conversion of the pentavalent form of As - arsenatethe trivalent form

arsenite, and

(2) methylation, i.e. addition of a methyl group comsprg one atom of carbon

and three of hydrogen (-CH3) to the trivalent form

After methylation As can rapidly be eliminated frahre body with the urine. There
can be large differences between individual humarikeir capacity for methylation

that is most likely due to differences in enzympaaaty in the body.

Arsenic enters the brain through an, as yet, unddfimechanism. As seems to
accumulate in the choroid plexus, perhaps to pratgainst the entry of As into the
brain. In human erythrocytes the anion exchangéem® (bands 1-3) can transport
arsenite and arsenate. Arsenite inhibits glutathioeductase and diminishes the

intracellular level of reduced glutathione (GSH})igh is important in cellular redox
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balance and protects against oxidative damage &gtive oxygen species (ROS).
Brain cells may be at particular risk for oxidatsteess (Rodrigueet al, 2005). The

brain derives its energy almost exclusively fromdaxive metabolism through the
mitochondrial respiratory chain, and is relativelgficient in protective mechanisms

compared to other tissues, such as liver and kidney

Damage to the DNA and apoptosis are linked todlsenite-induced production
of hydrogen peroxide, as well as to the inductibnitric oxide and consequent poly
(ADP-ribosylation). This damage to DNA is mediated the methylated species
MMA and DMA through ROS production. The mechanisthsough which As
induces apoptosis are not completely clear, buetiteancement of ROS is followed
by caspase activation, down regulation of Bcl-dease of cytochrome c to the
cytosol, activation of CPP32 protease and degradatf poly (ADP-ribose)
polymerase (PARP). It has also been proposed tsahide-produced ROS damage
the mitochondrial membrane and activate the mitodhal permeability transition
pore, which leads to cell death. This process le@s lpostulated as a central step in
neuronal injury. Indeed, sodium arsenite can indap®ptosis in cortical and
cerebellar neurons, involving activation of p38 aNK3 MAP kinases. Human fetal
brain cells exposed in vitro, and neonatal brailiscexposed during gestation to
sodium arsenate undergo apoptosis and necrosisgmaemied by increased
generation of nitric oxide and other ROS and reduseperoxide dismutase and

gluthatione reductase activity (Chattopadhgagl, 2002; Rodrigueet al, 2005).

Besides the important role of As as an oxidativesst generator, other actions
may take place in the CNS and contribute to theeiofesl toxic effects of arsenicals.
For instance, in the basal ganglia arsenite exposinduces changes in

neurotransmitter levels and alterations of funcioaflected in behavioral tests. At the

14



molecular level, arsenite induced stress sharesy features with the heat shock
response, inducing heat shock proteins of sevézak sincluding heme oxygenase.
This stress response is known to alter patterngeoke expression and appears to
modulate the ability of cells to respond to othgerts such as cytokines. In the
peripheral nervous system, chronic As exposuresléageripheral neuropathy, while
encephalopathy and impairments of superior neurcdbgfunctions have been
reported in patients with acute and occupationglosure to As compounds and in

children exposed through environmental pollution.

Acute exposure to As in humans has been showrstit i@ problems of memory,
difficulties in concentration, mental confusion aadxiety (Rodriguezt al. 2003).
Children chronically exposed to As can experiereguction of 1Q and long-term
memory loss. Alterations in memory and attentioneh&een recently reported in
adolescents exposed to high levels of As (about200ngL™) in well water during
8-11 years (Tsaat al.,2003). The neuro chemical studies so far have rtiged a
solid foundation upon which mechanisms of As neaxigity can be elucidated. There
is also some information suggesting that childreay oe less efficient at converting
inorganic As to the less harmful organic forms. &g reason, children may be more

susceptible to health effects from inorganic Asithdults.

Social competence (SC)

"The energy between two people is what created graaiages, families, teams,
and organizations" (Rath, 2006). This so-calledrgnealso known as friendship, is
both an innate and learned process that beginsilothood. Man is a social being. He
can not live alone. To make his life easy-goindghhase to deal with others, interact with

others, to fulfill his own needs. Therefore, he ttadevelop social competence. Social
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competence is such ability for individuals thatdgébem to adjust to their society, to
solve their social problem normally, to make dewisin a crisis situation of the
society. When an individual is socially competdmd,is able to struggle to fulfill his
demands wisely. Most of man’s needs can be met tmyugh interaction and
relationships with other people; thus, the naturenterpersonal relationships has
much to do with the satisfactions one’s gainsvimg. Anyone who has worked with,
or raised children knows that at times, children ba selfish or self-centered, hostile
or rude, or even standoffish and unapproachableveder, these negative actions or
feelings are usually brief and only last a few nésuor hours because children
usually learn the skills to be socially competetentually, children realize the
differences between socially acceptable and sgaiaidcceptable behavior. Mastering
interpersonal social skills at a young age arergsddor building and maintaining the
complex social networks that one will encountemtighout a lifetime. A positive
attitude towards the self and others are also éspbeat make for quality social
relationships. Children are able to grow into sibgi@ompetent individuals overtime,
and research has found different outcomes in aoldtiio be associated with having
social competence in childhood. Children who do dtelop social competence are
lonelier because they are most often rejected byr feers. Additionally, socially
incompetent children are more likely to be aggress$o their peers because of this
loneliness (Parker and Asher, 1993). Whether aiviohehl is attempting to attract a
desired mate, to achieve a happy marriage, to pm@mew idea or civic enterprise
or simply make friends the outcome is heavily deleer on his competencies for
dealing with achieving authentic relationships wathers. If he antagonizes people,
tries to lean on them exploit them; he is likely fiod some of his own deepest
psychological needs going unfulfilled. Many peopéEoming ‘unpopular’ fail in their

attempt to achieve success, ruin their marriage tifing up maladjusted children, and
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go through life feeling alone and friendless beeatley cannot establish satisfying

relationships with others (Colma al,, 2003).

Particularly in our highly complex and changingisbg the individuals who fail
to develop these essential social competencestamedegsadvantageous position in
coping with the problems of living. Troweet al. (1978) maintain that social
competence is the possession of social behavikitll. )Regarding social competence
the aspect of social behavior plays a major rolehm prevention of physical and
psychological illnesses. According to it a socialpmpetent person is able to
effectively utilize their personal abilities andvenonmental conditions and has good
achievements in their development. There is a amdpproach saying social
competence enables one to perform the requirechlsbehavior, enriching one’s

interpersonal relations in a way respecting othietsrest.

Helmreichet al, (1974) remarked that confidence, dominance, sadiadrawal
are correlated factors of social competence. Aesedf experiments have been
conducted to find out what factors influence theed@ment of social competence.
Three groups of influencing factors have been déstaddl: those following from the
personality of the individual, factors represenigdthe family and factors following
from the school environment. All the three groumsmprise several factors. As
regards the factors following from the personabfythe individual, the following

have positive influence on the development of damenpetence:

(1) positive self-esteem,

(2) positive attitude,

(3) active cooperation,

(4) tolerance,
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(5) efficient communication skills,

(6) good problem-solving abilities,

(7) open personality,

(8) the ability of reconciling personal and group rests

Research has found that an important prerequisitteodevelopment of good
social competence is that the individual shouldehawositive self esteem and a
positive attitude towards their environment. Tote@ towards others, active
cooperation and efficient communication are alsgodrtant factors of social
competence: all these three factors help indivelt@be successful in their interaction
and, on the basis of the reactions of interactexgner(s), to make the right changes in
their social behavior if necessary (Tunstall, 199%)e influential effect of problem
solving abilities has become apparent through rebeeonducted by Spivack and
Shure (1974), and Rutter (1979). It is positive tbe development of social
competence if the individual is able to solve peois in creative and alternative ways,
while considering both their own interests and ¢ha$ others. Finally, an open,
friendly and cooperative personality also positpveifluences the development of
social competence. When an individual is unabliatieract successfully with his own

environment, he withdraws himself from the society.

How does social competence developedi®ording to social psychologists,
social competence is developed through appropdatelopment of socialization of
the individual. Socialization is a lifelong proce#isstarts from the birth and continues
until death. The process by which the individud&i&havior and attitudes are brought
into harmony with the world is called socializatiiorgan and King, 1993). Penner

(1978) states socialization is the process of iegathildren the appropriate things to
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believe and ways to behave in society. It may betioeed that without the change of
attitude and learning behavior, other changes (l{gysical change) are not
socialization only interpersonal attitude and beébragre the results of socialization.
Social psychologists have found there are sometagérsocialization through which

desirable aspects of social development take plduweagents are:

(1) parents and other members in the family

(2) peer groups and community

(3) school, and

(4) mass media

Parents and other members of family are the prinaggnts to develop child’s
socialization. Peer groups are such that individwaltinue his interaction with them
and accept their social culture and technique. &cieo most important agent of
socialization to broaden future life of individudass media such as radio, television,
etc. is the most important media to learn and towkithe other nationwide cultural
behavior. The aspect of socialization that concembere is family background role
socialization - the direct and indirect teachingttthe children receive play important
role in determining their difference in social cogtgnce. Here the role of family
socialization play more important role than othgeras. It appears from the above
discussion that development of social competence isurrent social process.
Although it was predicted Helmreicét al, (1974) found no relationship between

social competence and intelligence as measured\lby(Scholastic Aptitude Test).

People usually strive for their better adjustmeithwheir family, friends, and
social and political institutions, etc. They try &djust through their whole life and

better adjustment is possible only for those whasps better social competence.
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Several research works have been conducted tohseesdcial competence, self
confidence, dominance, self-esteem, social withdrawtc. Sadowski, Woodward,
Davis and Elsbury (1983) found TSBI (Texas Soci@h&vior Inventory) to be
significantly related to locus of control for batimales and females. High self-esteem
was positively associated with internality (Uddeh al., 1991). Helmreichet al,
(1974) reported that there was significant relabetween male and that of the female
self-esteem. Mclintire and Levine (1984) found dné telationship of self-assurance,
with performance self-esteem, academic self-esteatinietic self-esteem, social

self-esteem, etc. (Uddeit al.,1991)

Social competence can be best grasped as the catiohiof several interacting
factors. The factors, influencing one another, poed a self-sustaining circular
mechanism. Some of the factors may operate almosimatically and greatly
stereotypically. Social competence also includes thterpretive system of the
individual, or, in other words, their current irgsts (which latter are referred to as
cognitive structures), which change by experiensewall as depending on the
requirements of the situation. The interests ofitidevidual do not only influence the
cognitive information processing procedure but #debehavior of the individual in a
given situation. From the above it follows that fblbowing elements of the cognitive
procedure are important in the definition of soat@mpetence: inner dialogues,
expectations, the evaluation of end results, praldelving and other social cognitive
abilities and information processing styles (ehg. ¢reation of information blocks, the
use of meta-perspectives, etc.). The type of cognirocesses that one activates in a
social situation depends on the maturity of onefsrimation processing procedures,
the requirements of the situation, one’s curretituaes (interests) as well as the

reactions of the other participants. The observableavior - i.e. what the individual
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does in a given situation - is onlyone element (although an important one) of social
competence. Yet, the observable behavior is ofigpsignificance since it may have
personal and interpersonal consequences and theenait the cognitive processes
related to these consequences has further effactiseoself-sustaining mechanism. It
is also important to note that individuals activgdgrticipate in the creation and
selection of these mechanisms (whether or not tle@eeintra- or interpersonal
mechanisms) and thus actively participate in tmeédion of their social environment.
In the formation of social competence, schools #edsolution of cooperative tasks,
primarily in pair work or group work, also have ajor role (Torgyik, 2005), on
condition that the atmosphere is not disturbed Iegtrdictive prejudice or the
stigmatization or exclusion of certain groups ahdhere is an intention and the
necessary means are available for the construfdiveation of inter-group relations

(Zoltan et al 2008).

Importance of social competenceThere are many advantages of social
competence. Socially competent individual is gelheeccepted by the society in any
situation. The society, which possesses peoplenare competent undoubtedly that
society is going to develop rapidly. When an indual falls in a complicated situation,
he comes to take advice from the competent pedpigs, we have come to know that
socially competent person is self-confident; he sdo®t depend on others. So

everyone should try to develop their social compete

Arsenic and social competencérsenic is not only a physical but also a social
phenomenon. Besides As toxicity and arsenicosisadiss, As poisoning creates
extensive social implications for its victims artkeit families in affected areas. A
number of social problems like social uncertaistyial injustice, social isolation and

problematic family issues are reported due to the poisoning, as depicted
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schematically in Fig. 1.5. The majority of victirase considered as a burden to their
family and society. Some researchers states thaxtieme instability of social life in
Bangladesh due to the As poisoning. As is produangial stigmatization and
discrimination. Unaffected people are generallyadaof arsenicosis, therefore they
tend to avoid and isolate As victims. Social catfliover contaminated water destroy
the social harmony and network relationships. Asiwis are often wrongly identified
as leprosy patients and isolated from their cladations. In many cases the victims
attribute their diseases to their fate. Arsenicaiease hampers socialization by
social stigmatization and discrimination. For im&t®, As patients often remain
ostracized in all age-groups and barred from s@mtlities. Sufferers in rural areas
are not allowed to appear in public. Children cfeanicosis patients are not allowed to
attend social and religious functions as well asietk to take water from a
neighbour’'s tube well. Affected school-age childrare prevented from attending
schools and are avoided by their friends and clatssn Affected families are also not
allowed to take baths in any of the village porisme unaffected people behave in a
hostile manner and think that patients should eisiti@y in their homes or leave the

village (Brinkelet al, 2009).

Arsenic victims are abandoned, not only by society also by their family
members. There are some instances that arsenieasis to a break-down of the
marital relationships. For instance, wives wereodied or separated or sent back to
their parents’ house because of the arsenicoseasks There are also some evidences
that wives left As affected husbands because trerg @fraid of arsenicosis. Problems
before marriage are also notable. For example,difficult to find a spouse for an As
victim. Generally people are reluctant to establsérital relationships with those

families suffering from arsenicosis. Young womeml anen in the affected families
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are advised to remain unmarried (Islam and Isala@7). Such incidents cause
unlimited anxiety for both patients and parentsAsfaffected adult children. The
worst affected people in Bangladesh are poor woraed children. Arsenicosis
women are vulnerable by two ways: firstly by theedise itself and secondly by
becoming outcast. Affected women also experiencéallp undesirable events like
dowry, physical torture, and polygamy. Due to tharigrchal system and lower
socio-cultural position of women in the society,married women and women

abandoned by husband and families live inhumanly.
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Figure 1.5 Social implications of arsenic poisoning

Some studies describes that a vast majority oftlenicosis patients expressed
their feeling of shame, anxiety, worthlessnesselioess, and distress. Fear of death,
concern for children’s future, particularly theiawhhter's marriage and blaming fare

were among others psychological reaction. Moredkereffects of As exposure on

23



social competence have not received much atteygbnso far. Though the affected
people have right to be free from As poisoning gaetlback physical health and honor,

and trust to be accepted as members of the comynunit

1.5 Objectives

Arsenic has some physical problems which are wedicdbed, and it has also
psychological effects such as anxiety, fear toldeaduction of cognitive function etc.
People are not only affected physically but alsgchslogically and socially. The
affected people have right to be free from As paisg and get back physical and
mental health and honor, and trust to be acce@desnbers of the community. Thus,
especial attention is needed to pay to the schowmiggchildren, because they are
growing and developing physically, mentally and ialbg, although mental
development (intelligence quotient) is very hardet@luate. Very few studies had
been conducted on As exposure and children’s euelél function in Bangladesh. In
the year of 2004 and 2007, Wassernedral. studied on 6 years and 10 years old
children. They found strong association betweenewarsenic and children’s
nonverbal 1Q. However, Caldera al, 2001 found an association between verbal 1Q
and urinary arsenic of the Mexican children. On twomtrary, there are very few
studies on social implications and arsenic expofdessaret al., 2005, Alamet al,
2002), and to date, there is scarcity of reseamharsenic exposure and social
competence (SC) of children. Moreover, there amnesstudies reported the As
contamination in food chain (Ohno et al., 2007, Btal. 2004, Huget al, 2006). In
addition, the measurement of water used in cooldngdeed essential to evaluate the
relative contribution of different As sources onlyl#s intake. Therefore, the main

focus of the present study is-
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To investigate the relationship between arsenic) (&gposure on
intelligence quotient (1Q) and social competen8€) of children from

early childhood to adolescence.

To assess the amount of food and water used akirtgp in order to

estimate the total daily As intake.
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Chapter Il

Arsenic Exposure and
Intelligence Quotient or Social
Competence of Developing
Children

2.1 Study area

Bangladesh officially the People's Republic of Badgsh is a country in South
Asia. It is bordered by India on all sides excempt & small border with Burma
(Myanmar) to the far southeast and by the Bay afgaéto the south. Bangladesh is
divided into seven administrative divisions, eacamed after their respective
divisional headquarters: Barisal, Chittagong, Dhakhulna, Rajshahi, Sylhet, and
Rangpur. Divisions are subdivided into districtslajz There are 64 districts in
Bangladesh, each further subdivided into upazilabdsstricts) or thana. In
Bangladesh, the people living in 61 out of 64 ditérmay have been consuming

arsenic contaminated groundwater.

My study area was the Narayanganj district of Dhdkasion in Bangladesh.
The map of Narayangan;j district is shown in Fig.. Zhere are 5 thanas or upazilas in
Narayanganj district. Sonargaon which is one of¢hthhanas was our study area. The
general and geographical information about the &mun thana are presented in

Table 2.1.
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Figure 2.1 Map of Sonargaon thana

Table 2.1General and geographical information about thea8gaon thana

Demography

Thana; union
District
Population
Household
River

% of As contaminated tube well

Sonargaon; Sonmandi
Narayangan;
6,405
2,006
Brahmaputra

89%
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