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ABSTRACT

This study compared the ar senicosis cases and frequency matched controlsin Bangladesh by some selected socio-
demographic characteristics, drinking water related characteristics, perceived health problems, and blood chemicals.
From four arsenic contaminated villages of a district in Bangladesh, 117 cases (male=55, female=62) and 120 controls
(male=56, female=64) based on age and sex are selected for analyses. Arsenicosis cases wer e selected using the criteri-
on of having either melanosis or keratosis at the time of survey. Various information relating to above-mentioned
characteristics were collected from both cases and controls including aspartate aminotransferase (AST), alanine
aminotransferase (AL T), hemoglobin, total bilirubin and random blood sugar. We approached 138 cases and 142 con-
trols for blood collection, of which 117 (84.8%) and 120 (83.3%) gave complete information. The mean age (* stan-
dard deviation) of the cases and controls was 46.0 (* 16.2) and 45.2 (£ 13.9) yearsrespectively. Among the cases, rate
of having melanosis and keratosis were 93.2% and 73.5% respectively. Cases reported significantly: less education,
higher single marital status, higher mud based floor material, less TV ownership, less TV watching daily, worse per-
ceived health status, higher dissatisfaction by daily activities, higher abnormal result of the arsenic test and red paint-
ing (arsenic contaminated) status of the tubewell than controls. Cases also reported significantly higher health prob-
lems such as conjunctivitis, losing hair, chronic cough, problem in the eye and ear, weakness, weight loss, loss of
appetite and depression than controls. Mean total bilirubin and AST were significantly higher among cases than con-
trols. The logistic regression model- adjusted for age, sex, body mass index (BM1), marital status, education, occupa-
tion, smoking status, watching TV daily and perceived health status- showed that ar senicosis was positively associated
with the highest quartile of bilirubin (OR=4.84; 95% confidence interval (Cl)=1.51-15.52) and AST (OR=2.94; 95%
Cl=1.15-7.52). Resultssuggest that arsenicosis cases are associated with poor socio-economic and health status as well
as with liver dysfunction. However, these findings should be validated by further studies with large number of sub-
jects.
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Bangladesh especially in rural areas where more than
95% people are drinking water from tubewel 1379,

Chronic arsenic poisoning in the general population The overall situation of Bangladesh is so severe
is a worldwide public health issue as it has been widely ~ that around 50% of the Bangladeshi population®?, liv-
reported in many areas of the world®. Although many  ingin 61 districts out of 64, is at risk of arsenic poison-
countries such as Argentina, Bangladesh, Chile, China, ing from naturally occurring arsenic in well water
India, Mexico and Taiwan have been notably affected by ~ where the maximum permissible level of arsenic in
arsenic contamination in drinking water>4, unfortunately ~ water is 0.05 mg/l®. Although arsenic contamination in
Bangladesh is the most affected country in the world®®9. groundwater was first detected in 1993%, already thou-
Most human are exposed to arsenic through drinking  sands of chronic arsenicosis patients are identified in
water containing high amount of inorganic arsenic?. Bangladesh, e. g., about 100,000 by Smith et al?, main-
Arsenicosis has caused a serious public health problem in ly manifested by skin lesions such as melanosis and

1 INTRODUCTION
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keratosis®. According to the Bangladesh Arsenic
Mitigation Water Supply Project (BAMWSP), 38,430
arsenicosis patients have been identified by a survey on
66 million people, living in 270 arsenic contaminated
Upzilas (i. e., a sub-district)(please see the link for Map:
http://www.bwspp.org/BAMWSPContents/M aps/Union
WiseAsConc.jpg). In these areas, overal 29% of the 4.9
million tubewells were found arsenic contaminated by the
field test. The cumulative number (percentage) of
Upzilas with arsenic contaminated tubewells of = 90%,
= 80%, = 60%, = 40% and = 20% were 11 (4.1%), 23
(8.5%), 61 (22.6%), 88 (32.6%) and 137 (50.7%) respec-
tively®. Some other large-scale studies also reported
almost similar overall rate of contaminated tubewells.
For instance, 25% of the tubewells were found arsenic
contaminated by British Geologica Survey™ and around
30% by Chowdhury?. Various studies have speculated
that if no action is taken now for discontinuing people to
drink arsenic contaminated water, this situation would be
more darming in future and as a consequence, substantial
proportion of the population will develop arsenic-related
diseases called arsenicosis** 2.

Review of literatures indicate that arsenicosis dis-
eases are associated with numerous health problems such
as dermatitis (e. g., melanoss, leukomelanosis, keratos's,
hyperkeratosis, Bowen's disease-carcinoma in situ, skin
cancer), cardiovascular (e. g., hypertension, myocardial
infarction, thickening of blood vessels, gangrene), respi-
ratory (e. g., bronchitis, shortness of breath), gastrointesti-
na (e. g., nausea, abdominal pain, diarrhea, anorexia,
weight loss), hematologica (e. g., anemia, bone marrow
depression), hepatic (e. g., jaundice, cirrhosis, enlarged
liver, fatty infiltration and degeneration, mitochondrial
damage, elevated level of liver enzymes), rena (e. g.,
hematuria, proteinuria, renal failure, cortical necrosis,
kidney cancer), neurologica (e. g., headache, lethargy,
mental confusion, hallucination, muscle weakness, numb-
ness), reproductive (e. g. low birth weight, spontaneous
abortions, still-birth, pre-eclampsia), mutagenetic (e. g.
chromosomal aberrations, DNA damage, inhibited DNA
repair), and malignancies (e. g. lung, skin, bladder, kid-
ney, liver): 9. It isalso associated with socia uncertainty,
socia injustice, social isolation and problematic family
issues®.

This paragraph reports some of the findings associ-
ated with arsenic exposure through drinking water in
Bangladesh. Compared with drinking water containing
<8.1 ug/l of arsenic, drinking water containing 8.1-40.0,
40.1-91.0, 91.1-175.0 and 175.1-864.0 ug/l of arsenic

was associated with adjusted prevalence odds ratios of
skin lesions of 1.91 (95% Cl=1.26-2.89), 3.03 (95%
Cl=2.05-4.50), 3.71 (95% Cl=2.53-5.44), and 5.39 (95%
Cl=3.69-7.86), respectively*?. The prevalence ratios for
hypertension adjusted for age, sex, and BMI were 2.2
(95% CI=1.1-4.3) and 2.5 (95% CI=1.2-4.9) for those
exposed to arsenic by 0.5-1.0 mg/l and >1.0 mg/l respec-
tively compared with subjects not exposed to arsenic™.
The prevalence ratio for glucosuria in exposed subjects
with skin lesions amounted to 1.9 (95% Cl=1.5-2.4) com-
pared with subjects not exposed®. The multivariate
adjusted odds ratios were 2.5 (95% Cl=1.5-4.3) for spon-
taneous abortion, 2.5 (95% CI=1.3-4.9) for till birth, and
1.8 (95% CI=0.9-3.5) for neonatal death for them who
exposed to arsenic concentration of greater than 0.05 mg/l
compared with 50 mg/l or less”. The overall crude
prevalence ratios for chronic cough and chronic bronchi-
tis among the subjects with skin lesions and exposed to
arsenic drinking water were 3.0 (95% Cl=1.6-5.3) and 2.9
(95% Cl=1.5-5.3) respectively as compared to control
population®®. Chen and Ahsan'® estimated at least a dou-
bling of lifetime mortality risk from liver, bladder, and
lung cancers. According to Lokuge et a®, in Bangladesh
arsenic related disease results in 9,136 deaths and
174,174 disability-adjusted life years lost per year in
those exposed to arsenic concentration.

One of our previous studies based on arsenicosis
patients in Bangladesh reported that longer duration of
arsenicosis disease (>3 years) is significantly associated
with elevated level (3¢ tertile) of AST (P for trend=0.027)
and blood glucose (P for trend=0.029), athough no sig-
nificant association was found for ALT, total bilirubin and
hemoglobin. The mgjor limitation of this study was that
there was no control (arsenicosis free) group to compare
their blood chemicals®. Considering this limitation in
mind, we conducted the present case-control study in
some arsenic contaminated rural villages of Bangladesh.
This study initially compared the arsenicosis cases and
frequency matched controls with respect to socio-demo-
graphic and water related characteristics. Self reported
health problems were also compared by cases and con-
trols. Finally the association of arsenicosis disease with
AST, ALT, bilirubin, hemoglobin, and random blood
sugar were studied through logistic regression analysis.

2 METHODS
2.1 Study area

This study has been conducted in four rural villages
of two Upazilas in Narsingdi district, Bangladesh.
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According to the information of British Geological
Survey, this district is moderately affected where about
27% (26.8%) tested tubewells were found arsenic con-
taminated by Bangladesh standard (>0.05 mg/l) with a
mean concentration of 0.041 ug/l for al tested tubewells.
The mean concentration was below Bangladesh standard
as majority (73%) of the tubewells was not contaminated.
This district consists of 6 Upazilas. Belabo, Monohardi,
Shibpur, Raipura, Palash and Narsingdi Sadar. Because
of close geographical proximity, still Belabo and
Monohardi Upazilas are under the same constituency in
Bangladesh. There are 7 and 11 Unions in Belabo and
Monohardi Upzila respectively, of which 2 Unions
(Binyabaid Union from Belabo Upazila and Char
Mandalia Union from Monohardi Upazila) are selected
for this study, based on the available information of
arsenic contamination level in tubewell water provided by
the BAMWSP, affiliated with the Department of Public
Health Engineering (DPHE) of Bangladesh government.
Three closely located villages (namely Birkanda, Char
Kashimnagar and Chhayan) from Binyabaid Union and 1
village (namely Khdia Baid) from Char Mandalia Union
are selected for salecting arsenicosis cases and controls.

Verbal consent was obtained from all the subjects by
explaining the objectives and importance of the study.
Written consent was not taken because of high illiteracy
rate among study population. Before conducting the sur-
vey, we explained our objectives to the local Chairman
(administrative head of the Union Parisad) and elected
Members of the Union Parisad residing in the study aress.
With the help of the some other elite people, we first vis-
ited the selected villages to motivate the people, mainly
the arsenicosis patients, to participate into this study.
Within two or three days after getting the consent of par-
ticipation by most of the subjects, our survey including
blood collection was started by a trained team composed
of principal researcher, two laboratory technicians and
four other expert members from the study areas who had
experience of identifying arsenicosis patients.

2.2 Arsenic contamination leve in the selected villages

According to the information from BAMWSP,
arsenic contaminated tubewells were 53.7% (out of 177
tubewells tested), 53.2% (out of 280), 24.2% (out of 652),
and 11.7% (out of 240) with arsenicosis cases of 51 (out
of 1878 population), 32 (out of 2727), 47 (out of 5853)
and O (out of 1221) in Birkanda, Chhayan, Char
Kashimnagar, and Khalia Baid villages respectively.

Our survey team identified 138 arsenicosis cases

(231 from three villages of Binyabaid Union and 7 from
Khalia Baid of Charmandalia Union) during July-August
2006, of which 117 (male=55, femae=62) gave complete
information including blood. The cases of the present
study were selected using the criterion of having either
melanosis or keratosis at the time of survey. Some of the
arsenicosis cases were found common in the list provided
by the BAMWSP. This list had information of arsenico-
sSis cases such as name of the patient, age, sex, father's
name, village, Union, Upazila and district. We excluded
some as cases who were listed by the BAMWSP but not
fulfilled the above-mentioned criteria at the time of our
survey. One hundred twenty frequency matched controls
(male=56, female=64) from the study aress, based on age
and sex, are considered in this study. Briefly we
approached 138 cases and 142 controls for blood collec-
tion, of which 117 (84.8%) and 120 (83.3%) gave blood.

Information was collected through trained inter-
viewers from both cases and controls including socio-
demographic; body height and weight to calculate body
mass index (BMI); water related characteristics such as
duration and quantity of drinking water from tubewell,
contamination status of water; knowledge and attitudes
toward arsenic; food habits and smoking; and self report-
ed health problems; symptoms (melanosis and keratosis)
including duration of arsenicosis (for cases only). Expert
technicians (working in pathological laboratory) collected
the samples of blood (about 5 ml each) by using the ster-
ile disposable syringe and transferred into a clean and dry
centrifuge tube. The blood samples, taken into centrifuge
tube, are allowed to clot reaction and later centrifuged for
10-15 minutes at 4000 rpm. The serum samples storage
in deep freeze are used mainly to measure the AST, ALT,
hemoglobin, billirubin, and random blood sugar.

AST and ALT were determined according to the
recommendations of the Expert Panel of the International
Federation of Clinical Chemistry. Photometric
Colorimetric tests for the determination of hemoglobin in
blood (also called Cyanmethemoglobin method) and for
the determination of total serum bilirubin (known as
DCA method) were used. Random blood sugar was
determined using Enzymatic Colorimetric Test for
Glucose method without Deproteinisation (also called
GOD-PAP method). The temperature in the assayed
room was 37°C (Human Gesellschaft fur Biochemicaund
DiagnosticamBH, Wiesbaden, Germany).

2.3 Statidical analysis

First we compared socio-demographic information,
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Tablel Basic characteristics of the arsenicosis cases and frequency matched controls in some arsenic contaminated villages in

Bangladesh.

Characteristics Cases Controls P-value
(N=117) (N=120)

Sex:
Male (number) 55 56
Female (number) 62 64
Mean age (+ SD) 46.0 (£ 16.2) 452 (£ 13.9) 0.678
Mean BMI (+ SD) 19.2 (£ 2.0) 19.2(+ 2.6) 0.978
Mean per capita (in decimal) land owned (+ SD) 14.0(+ 21.9) 14.6 (+ 22.3) 0.841
Agriculture as occupation (%) 52.1 425 0.328
Educational years = 6 (%) 13.7 25.0 0.044
Single marital status (%) 10.3 17 0.005
Mud floor material (%) 96.6 85.8 0.004
Number of room = 2 (%) 214 26.7 0.364
Family members = 9 (%) 17.1 9.2 0.117
Living with other in the same room (%) 30.8 28.3 0.919
Having electricity (%) 27 475 0.461
Having radio (%) 19.7 26.7 0.201
Having TV (%) 34 20.0 <0.001
Watching TV daily (%) 7.7 19.2 0.010
Current tobacco consumption: smoking or chewing (%) 70.9 64.2 0.408
Better perceived health status compared with last year (%) 7.7 36.7 <0.001
Satisfied or highly setisfied by daily activities (%) 50.7 64.8 0.017
Having sufficient food (%) 325 425 0.111

SD=Standard deviation

Table2 Drinking water related characteristics for the arsenicosis cases and frequency matched controls in some arsenic contaminated vil-
lages in Bangladesh.

Characteristics Categories Cases Controls P-value
N(%) N (%)

Drinking tubewell water: Yes 117 (100.0) 120 (100.0)
No 0(0.0) 0(0.0)

Having own tubewell: Yes 108 (92.3) 114 (95.0) 0.395
No 9(7.7) 6 (5.0)

Adge (in year) of the tubewell for tubewell owner =10 50 (46.3) 54 (47.4) 0.752
11-20 41 (38.0) 46 (40.4)
=21 17 (15.7) 14 (12.3)

Depth (in feet) of the tubewell: =75 68 (63.0) 76 (66.7) 0.563
=76 40 (37.0) 38(33.3)

Water was tested for arsenic: Yes 97 (89.8) 109 (95.6) 0.095
No 11 (10.2) 5(4.4)

Result of the last test for arsenic in water: Contaminated 80 (82.5) 19 (17.4) <0.001
Not contaminated 17 (17.5) 90 (82.6)

Still drinking contaminated water even knowing that the Yes 68 (85.0) 14 (73.7) 0.240

water is arsenic contaminated: No 12 (15.0) 5(26.3)

Amount of drinking water by number of glass: 39 72 (61.5) 66 (55.0) 0.466
10-12 35(29.9) 45 (37.5)
=13 10 (8.5) 9(7.5)

Distance (in yard) of the nearest tubewell: <15 49 (41.9) 44 (36.7) 0.077
16-30 45 (38.5) 62 (51.7)
=31 23(19.7) 14 (11.7)

Present status/marking of the nearest tubewell: Painted green (safe) 31(26.5) 85 (70.8) <0.001
Painted red (unsafe) 62 (53.0) 14 (11.7)
Painted nothing 24 (20.5) 21 (17.5)

Changed previous tubewell for arsenic contamination: Yes 20 (17.1) 12 (10.0) 0.110

No 97 (82.9) 108 (90.0)
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Table3 Perceived health problems reported by cases and fre-
quency matched controls in some arsenic contaminated
villagesin Bangladesh

Characteristics Cases Controls P-value
(N=117) (N=120)
% yes % yes
Itching 61.5 29.2 <0.001
Pain during urination 222 20.0 0.675
Nail problem 13.7 5.0 0.021
Constipation 51.3 36.7 0.023
Conjunctivitis 231 117 0.020
Hair loss (alopecia) 50.4 317 0.003
Joint pain 51.3 40.0 0.081
Chest pain 57.3 43.3 0.032
Breathing problem 35.0 29.2 0.333
Swollen joint 34.2 20.0 0.014
Chronic bronchitis 41.0 26.7 0.019
Diarrhea (frequent) 12.0 5.8 0.097
Headache 49.6 41.7 0.222
Problem in the eye and ear 48.7 317 0.007
Anemia 43.6 275 0.010
Weakness 87.2 75.0 0.017
Weight loss 70.9 383 <0.001
Loss of appetite 67.5 34.2 <0.001
Restlessness 50.4 40.8 0.138
Insufficient sleep 53.0 35.8 0.008
Drowsiness 63.2 36.8 0.001
Vomiting tendency 359 19.2 0.004
Depression 60.7 442 0.011
Burning hand and leg 57.3 26.7 <0.001

Table4 Results of the blood test for some selected indicators by
cases and frequency matched controls in some arsenic
contaminated villages in Bangladesh

Cases(N=117) Controls(N=120) P-value

Characteristics

mean = SD mean = SD
Hemoglobin (g/dl) 10.70 = 1.36 1194 = 1.38 0.184
Billirubin (mg/dl) 0.58 = 0.15 0.53 + 0.17  0.017
AST (U/L) 3589 + 11.81 31.88 + 9.27 0.004
ALT (U/L) 2277 + 701 2150 +6.38 0.147

Random blood sugar (mmol/l) 6.38 + 1.06
SD=Standard deviation

6.13 + 1.10 0.078

water related characteristics, self-reported health prob-
lems and blood related variables by cases and control. P-
values based on x? test and t-test are also presented. Later
blood chemicals were categorized using quartile tech-
nigue and the odds ratio of having arsenicosis (adjusted
for age, BMI, sex, marital status, education, occupation,
smoking status, watching TV daily, and perceived hedlth
status) by quartiles, estimated by logistic regression
analysis, are calculated. All the analyses were performed
using SPSS. Significant level was set at P<0.05.

3 RESULTS

Among arsenicosis cases, having melanosis and ker-

Table5 Adjusted odds ratio (OR) for having arsenicosis by
quartiles of different blood chemicals

Characteristics Case/Control OR (95% ClI)
n
Hemoglobin (g/dl):
1= quartile (< 10.90) 37/31 1.00
2 quartile (10.91-12.00) 28/26 0.96 (0.40-2.28)
39 quartile (12.01-12.60) 27/31 0.80 (0.31-2.05)
4" quartile (= 12.61) 25/32 0.81(0.31-2.13)
P for trend=0.622
Billirubin (mg/dl):
1¢ quartile (= 0.40) 23/43 1.00
2 quartile (0.41-0.60) 58/51 1.80 (0.82-3.96)
34 quartile (0.61-0.70) 17/14 2.06 (0.70-6.05)
4" quartile (= 0.71) 19/12 4.84 (1.51-15.52)**
P for trend=0.010
AST (U/L):
15 quartile (= 27.45) 25/35 1.00
2 quartile (27.46-32.00) 34/25 2.09 (0.83-5.24)
3 quartile (32.01-38.00) 21/40 1.19 (0.48-3.00)
4" quartile (= 38.01) 37/20 2.94 (1.15-7.52)*
P for trend=0.074
ALT (UL): 1.00
1= quartile (= 18.00) 30/30 1.03 (0.43-2.49)
2 quartile (18.01-20.00) 26/34 1.17 (0.50-2.73)
3 quartile (20.01-25.00) 28/29 1.77 (0.71-4.41)
4" quartile (= 25.01) 33/27 P for trend=0.238

Random blood sugar (mmol/l):

1% quartile (= 5.50) 29/40 1.00

2 quartile (5.51-6.30) 27129 1.55 (0.63-3.85)
3¢ quartile (6.31-6.80) 28/33 1.33(0.54-3.28)
4" quartile (= 6.81) 33/18 2.17(0.82-5.72)

P for trend=0.176
**P<(00.01, *P<0.05; Cl=Confidence Interval
Adjusted for age, BMI, sex, marital status, education, occupation,
smoking status, watching TV daily and perceived health status

atosis were 93.2% and 73.5% respectively. The average
duration of arsenicosis disease was 61.2 months with a
standard deviation (SD) of 30.2 months (not shown).
Table 1 presents some of the basic characteristics of the
arsenicosis cases and frequency matched controls. The
average age (+ SD) of the cases and controls were 46.0
(% 16.2) and 45.2 (+ 13.9) years respectively. The rate
of education by 6 years and above was found to be signif-
icantly lower among cases (13.7%) than controls
(25.0%). Remained single (unmarried) was significantly
higher among cases than controls. Mud based floor of the
house was significantly higher among cases than controls.
Having TV aswell as watching TV daily was significant-
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ly lower among cases than controls. Perceived hedth sta-
tus and satisfaction about daily activities differed signifi-
cantly between cases and control. However, several char-
acteristics such as age, BMI, per capital land owned,
occupation, number of room, family members, household
having radio and electricity, smoking/chewing tobacco,
and food sufficiency in the whole year differed insignifi-
cantly between cases and controls.

Drinking water related characteristics by cases and
controls are shown in Table 2. This table also revealed
that all the cases and controls (i. e. 100%) were drinking
tubewell water, although 92.3% cases and 95% controls
owned own tubewell (P=0.395). Only two characteristics
namely result of the last test for arsenic in water (contam-
inated versus not contaminated) and painting status of the
tubewell (painted green means safe, painted red means
unsafe, painted nothing) differed significantly (P<0.001)
by cases and controls.

Table 3 shows that itching (P<0.001 based on x?
test), nail problem (P=0.021), constipation (P=0.023),
conjunctivitis (P=0.020), losing hair (P=0.003), chest pain
(P=0.032), swollen joint (P=0.014), chronic cough
(P=0.019), problem in the eye and ear (P=0.007), anemia
(P=0.010), weakness (P=0.017), weight loss (P<0.001),
loss of appetite (P<0.001), insufficient sleep (P=0.008),
drowsiness (P=0.001), vomiting tendency (P=0.004),
depression (P=0.011) and burning hand and leg
(P<0.001) were significantly higher among cases than
controls.

Table 4 indicates that mean level of some blood
chemicals namely serum bilirubin (P=0.017) and AST
(P=0.004) were significantly associated with arsenicosis.
Hemoglobin (P=0.184), ALT (P=0.147) and random
blood sugar (P=0.078) were insignificantly associated
with arsenicosis.

The logistic model adjusted for age, BMI, sex, mari-
tal status, education, occupation, smoking/chewing tobac-
co, watching TV daily and perceived hedlth status (Table
5) indicates that arsenicosis cases were positively associ-
ated with the highest quartile of bilirubin (OR=4.84; 95%
Cl=1.51-15.52, P<0.01) and AST (OR=2.94; 95% Cl=
1.15-7.52, P<0.05) level. Hemoglobin, ALT and random
blood sugar were found to be insignificantly associated
with arsenicosis.

4 DISCUSSION

Among cases of the present study, percentage of
having melanosis and keratosis were 93.2% and 73.5%
respectively. Thisis consistent with the findings of some

other studies in Bangladesh®®. For instance, melanosis
and keratosis were reported 97.0% and 68.7% by Hossain
et d?, 100% and 80.9% by Milton et d*), and 94.4% and
65.3% by Guha Mazumder?.

Various socio-economic factors (Table 1) revealed
that arsenicosis cases are relatively poorer than controls,
which is consistent with the findings of other studies® 2+,
Some possible explanations could be given in this regard.
Firstly, a large percentage (20-70%) of the arsenicosis
patients, most of which are extremely poor, remains
untreated due to financial crisis. The status of being
untreated further deteriorates the condition of arsenic vic-
tims. In case of getting treatment for arsenicosis, the
spending money diminishes household income and
increases the economic burden of the poor victims and
their family. Poverty could also be aggravated as the
untreated poor victims are incapable of doing hard labor
and associated with socia discriminations such as losing
jobs, barrier to access new jobs and social rejections™.

Secondly, poorer families are more likely to depend
on arsenic contaminated tubewell than socio-economical-
ly better families because of limited alternatives of safe
water®® including inability to install a new tubewell.
Rich people generally have the ability to take advantage
of safe aternative water sources®™. Our data (not shown
in Table) support both the above-mentioned explanations.
For instance, 85 arsenicosis cases (out of 117) and 15
controls (out of 120) were continuing to dink arsenic con-
taminated water even after knowing that the water was
arsenic contaminated by a previous test. Each of them
was asked to mention the main reason of drinking such
contaminated water. In response, 55 arsenicos's cases out
of 85 (i. e., 68.6%) mentioned that scarcity of money
including inability to install a new tubewell was the main
reason, whereas this figure was 7 out of 15 (i. e., 46.7%)
among controls.

Thirdly, various studies reported that socio-econom-
ically poor people are significantly less likely to be avare
about arsenic and related problems™ 2", Fourthly, poor
nutritional status, highly correlated with poor socio-eco-
nomic status, is found to be associated with high arsenic
toxicity? 2313, For instance, the prevalence of keratosis
was found significantly higher among the people of poor
nutritional status than adequately nourished people®.
Mitra et al® also reported that the majority of the arseni-
cosis patients came from very socioeconomic class with
severely malnutrition. It is reported that poor nutritional
status or dietary deficiency, associated with lower intake
of the antioxidants, folate, and/or dietary proteins®,
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diminishes the ability of metabolism and detoxification of
arsenic in the body and hence increases an individual's
susceptibility of chronic arsenic toxicity®®. In short,
high protein containing diet possibly helpsin clearance of
inorganic arsenic by increased methylation®.
Unfortunately most of the poor people can not afford the
cost of buying nutritious foods against arsenic toxicity?.

Our study also showed significantly higher per-
ceived hedth problems among cases than controls related
to arsenic toxicity (Table 3). These findings are support-
ed by many other studies* %<9, For instance, |0ss of
appetite (anorexia), nausea (vomiting tendency), diarrhea,
anemia, neuropathy, hepatomegaly, lung disease, and
weakness are frequently reported by the arsenicosis
patients*. Mahmood and Ball® reported that patients
with chronic arsenicosis in Bangladesh often present with
weakness, conjunctivitis, aching, anorexia, nausea, vomit-
ing, pain in abdomen, constipation, diarrhea, and weight
loss. According to Milton et al®, the predominant fea-
tures of arsenicosis cases are cough, redness of eye, con-
junctivitis, chronic bronchitis. Hossain et a® found sig-
nificant association conjunctivitis, bronchitis, loss of
appetite and wasting with keratosis. Mitraet d* reported
that majority of the patients had multiple symptoms
namely weakness, chronic cough, joint pain, itching,
abdominal pain, chest pain, loss of appetite, insomnia,
shortness of breathing, and burning in urination.

AST and ALT are used as indicators of hepatocellu-
lar injury®®. Present study showed that AST level was
significantly higher among cases than controls. Although
elevated level of ALT was found among cases, it was sta
tigticaly insignificant. These findings are consistent with
the findings of some other studies>* ", For instance,
increased activities of AST or ALT or both were reported
among the individuals exposed to arsenic via drinking
water®®, An epidemiologica study showed the evidence
of hepatomegaly in 62 (92.5%) of 67 members who
drank arsenic contaminated water (ranging from 0.2-2
mg/l). In contrast, only 6 (6.3%) of 96 persons from the
same area who drank safe water (arsenic level, <0.05
mg/l) had non-specific hepatomegaly*. According to
Sinha et al®* the reduced urinary excretion of arsenic
observed in the arsenic affected patients may be related to
liver dysfunction. Studies reported that inorganic arsenic
is quickly absorbed into the blood stream* and mostly
transported to the liver®* and aters the hepatic functions
or increases the liver enzyme activity indicating hepato-
cellular injury®“, The hepatic arsenic, weight of the
liver, AST and ALT were increased significantly, after 6

or 12 months of arsenic contaminated water consumption,
among arsenic-fed groups (mice) than controls™.

Although hepatic damages caused by chronic expo-
sure to arsenic has been reported by many studies® %6574,
little is known about the arsenic-induced liver toxicity™.
Particularly the mechanism by which arsenic causes liver
damage remains elusive®. However, it is reported that
liver is the main site of inorganic arsenic methylation® 2
and associated with the process of liver dysfunction/car-
cinogenesis. Some possible of carcinogenesis due to
arsenic toxicity may include: DNA hypomethylation due
to continuous methy! depletion facilitating aberrant gene
expressions and abnormality in cell proliferation*“®,
decreased DNA repair®), excessive formation of oxygen
free radicals (oxidative stress) in plasma and reducing
antioxidant capacity "% 5 hypomethylation of the
estrogen receptor-a gene promoter®, loss of tumor sup-
pressor genes in the liver (e. g., glucocorticoid receptor
(GR)) resulting from increased chromosomal aberrations
and sister chromatid exchanges™ ), liver deletion of sde-
nium via biliary excretion™, presence of substantia chro-
mosome damage in lymphaocytes in the exposed popula-
tion*-®, and weakening of the antioxidant defense system
of the liver and consequent peroxidative damage of the
lipid membranes due to the cumulative depletion of
hepatic glutathione (GSH)*-%.

Present study revealed that serum bilirubin is signifi-
cantly higher among arsenicosi s cases than control (Table
4), which is consistent with the findings of some other
studies® * %0, Armstrong et a*” observed increased con-
centration of total bilirubins in serum samples from seven
individuals intoxicated with arsenic via drinking water.
Although insignificant, Lu et al*” reported higher total
bilirubin in arsenic affected areas than control area.
Hernandez-Zavala et a* aso found significant correla-
tion between total bilirubin and urinary arsenic concentra-
tions, which suggest that arsenic exposure is strongly
related to bilirubin dteration. The increase in bilirubin, a
heme degradation product, could be explained by the
induction of heme oxygenase (HO), the rate limiting
enzyme of heme catabolism, since it has been reported
that arsenic induces HO activity in rodents are associated
with marked elevations in the biliary excretion of biliru-
bin®.

Our study showed elevated glucose level among
cases than controls although it was insignificant. Higher
concentration of blood glucose can be asign of variety of
diseases such as diabetes mellitus (DM). This finding
may be supportive for other studies which reported the
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positive associations of DM with both long term arsenic
exposure and cumulative arsenic exposure®,
Significantly higher prevalence of DM was observed
among the subjects with keratosis compared with subjects
who did not have keratosis®. The administration of
arsenic has been demonstrated to cause hyperglycemiain
experimental animals and to affect the functions of
insulin receptor and glucose transportation®. Arsenic has
been found to cause mitochondrial damage, degeneration,
and necrosis of B-cellsintheidets of mice after intraperi-
toneal injection or arsenic plus hydroxylamine, with a
consequence of transient hyperglycemie®®. GR mediates
blood glucose regulation and disrupting its norma func-
tion due to arsenic which could be a part of how arsenic
affects diabetes™ ®2.

As arsenic toxicity is more pronounced among poor
and malnourished people as compared to rich, arsenic
mitigation programs should target the arsenic exposed
mal nourished population as a priority®. People should be
urged to take food containing proteins in good quantity
either from animal sources or if unable, from vegetable
sources like pulses, soybeans, wheat and so on??. Hedlth
education programs should be targeted to the lower socio-
economic society for encouraging the well-switching®.
Some chief remedy should be available for poor victims.
In this regard, taking a potentized homeopathic medicine,
called arsenicum albumin-30, may be beneficial at least
for sometime where provision of safe arsenic-free drink-
ing water or suitable medical help due to the remoteness
of the area or any other more efficient drug is available.
A recent randomized controlled trail indicated that taking
two doses of ‘verum’ (arsenicum album-30 soaked
globules) daily for 10 consecutive days (when each dose
contains eight small globules soaked) is effective in
improving the hepatic conditions. The notable changes
observed in activities of hepatic functions as well as
increased appetite reported by most of the subjects taking
‘verum’ may ameliorate the arsenic-induced toxicity.
As this homeopathic remedy is reasonable (in terms of
cost and accessibility) for most the poor people, thereisa
great potential of the remedy (by its large scale use) to
ameliorate the groundwater arsenic toxicity in millions of
poor rurd people living in remote places®.

Other mitigation activities or interventions such as
(i) identification of a nearby tubewell with water of low
arsenic concentration, (ii) installation of community wells
where the proportion of safe wellsis particularly low and
the sharing of tube-wells is consequently not a viable
option, (iii) close highly contaminated tubewells where

aternative water source is available, (iv) sharing nearby
arsenic free tubewells, (v) proper watershed management,
treating surface and ground water, (vi) rain water harvest-
ing, (vii) traditional water management such as dug well
and surface water with controls of bacterial and other
chemical contamination through filtration and chlorina-
tion, (viii) increasing public awareness of the arsenic
calamity® 8126 may be useful to address the arsenic
problem effectively in Bangladesh. Community educa-
tion, maobilization, motivation and proper monitoring may
be essentid for a sustainable solution to the problem® 2,

Media particularly TV can be used to deliver more
and more messages regarding the consequences of ingest-
ing arsenic as the significant negative association was
found between television and drinking arsenic contami-
nated water. As arsenic level may change over time*®
and midabeling of tubewells are reported®, all the tube-
wells should be checked periodically. Periodic testing by
trained persons is necessary because many of the coun-
try's people are facing the scarcity of uncontaminated
water. Government also may extent the laboratory facili-
ties phase by phase (based on contamination level) for
testing the arsenic concentration in drinking water at the
district level.

Some potential limitations such as small sample
size, the possibility of midabeling of arsenic contaminat-
ed tubewell by previous tests, motivating patients to par-
ticipate into the study, difficulty in obtaining blood in the
field and carrying blood samples from the field to the lab-
oratory for analysis within a reasonable time were impor-
tant to note. Although significantly higher health prob-
lems are reported by cases than control (Table 3), it is not
possible to determine whether their perceived health
problems appeared before or after their diagnosis of
arsenicosis.

In short, arsenicosis cases are socio-economically
poorer than controls. Perceived hedth problems as well
as liver dysfunctions are also higher among cases than
controls. These findings suggest us to recommend more
mitigation activities and interventions for poor segment of
the victimized society. The arsenicosis cases should be
advised by the available health services to consult with
medical practitioners for examining their liver functions
to reduce the risk of developing liver cancer. Finally,
arsenic poisoning should be on the top of the pubic heath
agendas because of its cascading effects.
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