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We conducted a population-based prevalence survey in Araihazar, Bangladesh, to describe the dis-
tribution of arsenic exposure in a rural Bangladeshi population and to assess the population’s
awareness to this problem as well as to possible remediation options. Water samples from
5,967 contiguous tube wells in a defined geographic area were tested using laboratory-based methods.
Additionally, for each well, the owner/caretaker (or a close relative) was interviewed regarding his
or her awareness of the health consequences of As exposure. Arsenic exposure data and demo-
graphic characteristics for the 65,876 users of these wells were also collected from the 5,967 respon-
dents. Among the 65,876 residents, more than half (54%) regularly consumed well water with an
As concentration = 50 pg/L—above the acceptable government standard in Bangladesh.
Respondents were 15-92 years of age, with an average age of 42 years, and 43% were male.
Presence of awareness was significantly related to male sex, nonlabor head of household occupation,
better housing, and having had the well tested for As concentration. Most respondents (92%)
expressed a willingness to take steps to reduce their exposure, with switching to a safe well the most
favored option (46.2%). Willingness to reduce exposure was positively related to awareness of the
health risks of As. However, the association between awareness and switching to a safe well [odds
ratio (OR) = 1.25; 95% confidence interval (CI), 1.01-1.54] was no stronger than the associations
between awareness and using surface water (with or without treatments) (OR = 1.54; 95% CI,
1.22-1.95) or using an existing well after treatment or increasing the depth (OR = 1.34; 95% CI,
1.08-1.67). These findings suggest that health education programs may need to target individuals
with lower socioeconomic status and that well switching should be encouraged with more appropri-
ate health education. Increasing knowledge of the health consequences of As may be an important
element in facilitating remediation. Key words: arsenic, awareness, Bangladesh, drinking water,
environmental health, public health. Environ Health Perspect 114:355-359 (2006).
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Chronic arsenic exposure is associated with
many human health conditions, including
skin lesions and cancers of the liver, lung,
bladder, and skin (Ahsan et al. 2000; Guha
Mazumder et al. 1998; Haque et al. 2003;
Smith et al. 1998), as well as other noncancer
health effects, such as adverse reproductive
outcomes, neurologic disorders, and impaired
cognitive development in children (Ahmad
et al. 2001; Calderon et al. 2001; Mukherjee
et al. 2003; Wasserman et al. 2004). Inorganic
As is a natural element of the earth’s crust.
More than 100 million people worldwide
have been estimated to be chronically exposed
to As from drinking water containing high As
levels (Alaerts et al. 2001; Chowdhury et al.
2000; Dhaka Community Hospital Trust
2005). Although > 20 countries have been
affected by As contamination of drinking
water, the situation is perhaps the most devas-
tating in Bangladesh because of the number of
affected people. Among the country’s
7-11 million hand-pumped tube wells,
approximately half have been estimated to
supply groundwater with an As concentration
> 50 pg/L—the maximum allowable limit in

drinking water in Bangladesh (Bangladesh
Arsenic Mitigation Water Supply Project
20006; Josephson 2002). Among the country’s
total population of 130 million, 35 million
people are believed to be exposed to an As
concentration in drinking water > 50 pg/L,
and 57 million people to a concentration
> 10 pg/L, and thus are at higher risk of devel-
oping cancer and other As-related, life-threat-
ening conditions [British Geological Survey
(BGS) 2001; Dhaka Community Hospital
Trust 2005; Hoque et al. 2000; Milton and
Rahman 1999].

Although the exact time of onset of As
exposure in Bangladesh is unknown, it is sus-
pected to have started during the 1960s and
1970s when the United Nations Children’s
Fund (UNICEF), in collaboration with the
Bangladeshi government, started to install
hand-pumped tube wells to provide pathogen-
free drinking water to the population (Smith
et al. 2000). Unsafe levels of As in ground-
water were first detected in 1983 in
Bangladesh; subsequently, however, only a
small proportion of the country’s tube wells
have been tested for As (Dhaka Community
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Hospital Trust 2005). There is wide geo-
graphic variability in the As concentration of
groundwater. The percentage of As-contami-
nated wells ranges from as low as 0% to as
high as 99% of wells, depending on the region
(BGS 2001; Chowdhury et al. 2000; Dhaka
Community Hospital Trust 2005; Kurokawa
et al. 2001). The wide variation in As concen-
trations, even within a small geographic area,
has made it very difficult to assess the exact
magnitude of the As problem in terms of
number and severity of affected people.

Unitil recently, little systematic research
has been undertaken to assess the prevalence
of As exposure or awareness of the problem in
the population. Surveys conducted within
highly contaminated areas have found that
17-35% of the population examined have
skin lesions, and up to 3.4% of them have
gangrene and ulcers (Hassan et al. 2005). The
World Health Organization (WHO) has esti-
mated that at least 5 million individuals will
have As-induced skin lesions in Bangladesh
within the next 5-10 years (WHO 2001a). A
recent study from our group (Chen and
Ahsan 2004) predicted that the future burden
of deaths from internal cancers would at least
double in Bangladesh because of As exposure
from drinking water.

Arsenic contamination has had a profound
impact at both the individual and community
levels. Reports have attributed disease and
death caused by As toxicity to lack of knowl-
edge about the source of this metal (Hadi
2003). Fear of contagiousness has separated
families, created social isolation in schools,
and led to avoidance of people living in highly
contaminated regions (Dhaka Community
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Hospital Trust 2005). Therefore, it is impor-
tant to understand people’s perception and
awareness of the adverse effects of As in order to
tackle the psychosocial and health impacts and
to ultimately reduce disease burden and avoid-
able deaths. Awareness is also important for
strategies that could potentially reduce expo-
sure. Without appropriate knowledge of the
adverse health effects of As exposure and miti-
gation options, people will not be motivated to
participate in interventions initiated by govern-
mental and nongovernmental agencies.

As a first step in establishing the Health
Effects of Arsenic Longitudinal Study (HEALS),
a large prospective cohort study, we undertook
a population-based survey where all 5,967 con-
tiguous wells in a geographically defined area
of Bangladesh were tested and their owners/
users interviewed. In this article, we present the
findings of this comprehensive survey, with a
particular focus on the prevalence and aware-
ness of As exposure as well as factors associated
with exposure awareness in a rural Bangladeshi
population.

Materials and Methods

We conducted a population-based survey
between March and June 2000, in three
unions of Araihazar Upazila, Bangladesh—an
area 25 km east of the capital city, Dhaka.
The goal of this survey was to completely
enumerate and characterize the tube wells and
their users in the study area to create a sam-
pling frame for recruiting participants into
the HEALS cohort. From a 25-km? area in
Araihazar, water samples were collected from
5,967 contiguous tube wells, and their owners/
caretakers were interviewed to obtain demo-
graphic characteristics on the 65,876 users of
these wells. We selected this study area
because of the wide variation in well-water As
concentrations. A detailed description of the
HEALS methodologies, including selection of
the study area and population, is reported
elsewhere (Ahsan et al. 2005).

For this population-based survey, six
teams of trained male and female interviewers
and well-water samplers went to every bari in
the defined study area. A bari refers to a clus-
ter of households that reside closely. Many
individual households do not possess a tube
well, but at least one well was present in each
bari in this study area. After the identification
of each well and its owner/caretaker within a
bari, the field team performed the two major
components of the survey. The first compo-
nent was to collect water samples and geo-
graphic positioning system data for each well.
Water samples were collected in acid-washed
polyethylene bottles and were transported to
Columbia University, where total As was
measured by graphite-furnace atomic absorp-
tion spectrometry with a detection limit of
5 pg/L. A detailed description of the water
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sampling, processing, quality control, chemi-
cals used, and analyses has been published
elsewhere (Van Geen et al. 2002).

The second component was an in-person
interview with the well owner/caretaker (or a
close relative, if the owner/caretaker was not
available) using a structured questionnaire.
Sociodemographic characteristics, occupation
of the head of the household, and respondent’s
awareness of and possible solutions for the As
problem were ascertained from one respondent
(well owner/caretaker or close relative) for each
well. Eighty-eight percent of respondents were
the well owner/caretaker, and 12% were other
close relatives living in the same household
with the well owner/caretaker. Occupation of
the head of the household was defined as the
job where the person spent the most time
working in the past year, indicative of the main
source of household income for the past year.
Although 57% of the interviewees were female,
the head of the household was usually male.

Knowledge regarding the health risks of As
was assessed by asking whether the respondent
was aware of any adverse health effects from
As in drinking water. Specifically, the respon-
dents were asked the following question: “Are
you aware that drinking As-contaminated
water may cause adverse health effects?” The
answers were recorded as “yes,” “no,” or
“don’t know.” Answers of “no” and “don’t
know” were combined into a single category
for the purposes of this analysis. Those who
answered “yes” were asked to further specify
As-related diseases or adverse health effects.
This was an open-ended question for which
responses were subsequently categorized by
the study physicians to simplify the analysis.

Study participants were also asked about
options they were willing to take if As was
found in their well. There were 11 mutually
exclusive choices listed in the questionnaire:
a) will not do anything, 4) use dug-well
water, ¢) use pond water, ) boil well/pond
water, ¢) use rain water, /) boil tube-well
water, g) settle tube-well water, /) increase the
depth of the well, 7) use filter, ;) switch well,
and 4) unknown. Five categories were created
based on these 11 choices: do nothing, use
surface water with or without treatments
(combined b-¢), use existing well after treat-
ment or increasing the depth (combined f£-3),
switch to safe well, and unknown.

In addition, the well owners/caretakers or
their close relatives were asked for informa-
tion on the number of regular users of the
tube well, as well as demographic and family
characteristics of the users, in order to assess
the As exposure distribution among the over-
all population in the study area.

Statistical analysis. Descriptive analyses
involved calculations of frequency distribu-
tions, means/medians, and tabular statistics.
Categories were created for age. All other

variables for demographic characteristics and
factors related to well use were categorical.
We compared distributions of demographic
characteristics and factors related to well use
between subjects with and without exposure
awareness using chi-square tests. A major goal
of this analysis was to determine the preva-
lence of awareness of the health risks of As
and to determine factors that are associated
with this awareness. We estimated adjusted
odds ratios (ORs) and their 95% confidence
intervals (Cls) to assess the strength of the
associations of awareness of As problems
(dependent variable) with different socio-
demographic and mitigation-related variables
(independent variables) using unconditional
logistic regression models. Study participants
with missing information on any of the
covariates were excluded from logistic regres-
sion analysis (7 = 825). All statistical analyses
were conducted using SAS software (version
8.2; SAS Institute Inc., Cary, NC, USA).

Results

The demographic characteristics of the study
participants are shown in Table 1. Among the
5,967 tube-well owners/caretakers or their
close relatives interviewed, 57% were female
and 43% were male. The average age of
respondents was 42 years. A large percentage of
respondents owned or were employed in small
businesses (40%); others worked in textile fac-
tories (15.6%), other paid employment (18%),
and agriculture (25%). Only one tube well was
typically present in each bari (72%), with only
28% having more than one (Table 1). The
average number of tube wells was 1.9 per bari.
More than half (61%) of the well owners/
caretakers or their close relatives reported they
were aware of health problems associated with
As from drinking water. Nearly 89% of those
aware of the problem (2,891 of 3,631) associ-
ated As with skin disorders (Table 1).

The distribution of As exposure among
the 65,876 residents in the study area is pre-
sented in Table 2. Approximately 53% of
residents in the study area drank water with
an As concentration > 50 pg/L, and nearly
75% of the population drank water with a
concentration > 10 pg/L (Table 2).

The adjusted ORs for the association
between awareness of health consequences
and several sociodemographic variables are
shown in Table 3. These variables include
age, sex, occupation of the head of household,
socioeconomic status (SES), status of tube-
well testing, and mitigation option prefer-
ences. Age of the respondents was associated
with awareness, with the highest awareness
observed among those 30-44 years of age
(OR =1.21; 95% CI, 1.02-1.43) and the
lowest among those = 60 years of age (OR =
0.70; 95% CI, 0.56-0.88). Male respondents
were more likely to be aware of health risks
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than female respondents (OR = 1.29; 95%
CI, 1.14-1.47).

We observed strong associations between
the respondents’ awareness and measures of
their SES, including occupation of the head
of the household and house type. Those with
higher income or occupations related to
higher education were more likely to be aware
of the health problems of As. Compared with
agricultural laborers (considered the lowest
socioeconomic group by occupation in rural
Bangladesh), respondents who were paid
employees (OR = 3.66; 95% CI, 2.38-5.65),
small business owners/employees (OR = 3.39;
95% Cl, 2.23-5.14), farmers with agricul-
tural land (OR = 2.26; 95% CI, 1.47-3.47),
daily contract laborers (OR = 1.90; 95% CI,
1.21-2.99), or factory workers (OR = 1.89;

95% CI, 1.23-2.90) were more likely to
be aware of As-related health problems.
Similarly, better living conditions were posi-
tively associated with the awareness of health
risks. Compared with those living in thatched
houses (houses with the poorest living condi-
tion in the area), respondents living in brick
(OR =4.37; 95% CI, 3.14-6.07), partial
brick (OR = 4.27; 95% CI, 3.18-5.74), cor-
rugated tin (OR = 2.16; 95% CI, 1.73-2.69),
or other nonthatched houses (OR = 2.00;
95% CI, 1.39-2.88) were more likely to be
aware of As-related health problems. The
number of wells in the ari was not associated
with respondent awareness.

Willingness to adopt any mitigation
options and/or to have the well tested for As
was associated with awareness of As-related

Table 1. Distribution of respondents’ sociodemographic characteristics and other key variables, by awareness
of health consequences from drinking As-contaminated water.

Aware of health effects of As

Total participants?  Yes? No/don’t know®
Characteristic n(column %) n(row %) nirow %)  p-Value?
Age (years)
15-29 830(15.2) 483 (58.2) 347 (41.8) <0.01
30-44 2,269 (41.7) 1,448 (63.8) 821(36.2)
45-59 1,613 (29.6) 960 (59.5) 653 (40.5)
60-90 733(13.5) 398 (54.3) 335(45.7)
Unknown 522 342 180
Sex
Female 3,390(56.8)  2,019(59.6)  1,371(40.4) 0.02
Male 2,577 (43.2) 1,612 (62.6) 965 (37.4)
Occupation of the head of the household
Agricultural labor 12(1.7) 38(33.9) 74 (66.1) <0.01
Daily contract laborer 425(7.2) 209 (49.2) 216 (50.8)
Factory worker 935(15.8) 458 (49.0) 477 (51.0)
Farmer (with own land) 970 (16.4) 524 (54.0) 446 (46.0)
Small business owner/employee 2,392 (40.3) 1,609 (67.3) 783(32.7)
Other paid jobs 1,093 (18.4) 766 (70.1) 327(29.9)
Unknown 40 27 13
Type of house
Thatched 401 (6.8) 151(37.7) 250 (62.3) <0.01
Corrugated tin 4,196 (70.6) 2,475 (59.0) 1,721 (41.0)
Semi pakka (partial brick) 641(10.8) 495 (77.2) 146 (22.8)
Pakka (brick) 498 (8.4) 377 (75.7) 121(24.3)
Other nonthatched types 203 (3.4) 112 (55.2) 91 (44.8)
Unknown 28 21 7
No. of tube wells in the bari
1 4312 (72.3) 2,554 (59.2) 1,758 (40.8) <0.01
> 1 1,655 (27.7) 1,077 (65.1) 578(34.9)
Tube-well water previously tested for As
No 5560(93.2)  3,300(59.4) 2,260 (40.6) <0.01
Yes 407 (6.8) 331(81.3) 76 (18.7)
Steps to be taken if As found in tube-well water
Do nothing 181(3.2) 77 (42.5) 104 (57.5) <0.01
Use surface water with or without treatments 1,140(20.2) 746 (65.4) 394 (34.6)
Use existing well after treatment or increasing the depth 1,716 (30.4) 1,062 (61.9) 654 (38.1)
Switch wells 2,610(46.2) 1,547 (59.3) 1,063 (40.7)
Unknown 320 199 121
Specific health conditions mentioned by participants who
were aware of health risks (column %)
Skin changes 2,891 (88.8)
Neurologic disorders 23(0.7)
General bad health 253(7.7)
Other specific diseases 90(2.8)
Unknown 374

an = 5,967 total participants. ?n = 3,631 “yes” responses. °n = 2,336 “no/don’t know” responses. ?p-Value for chi-square
test comparing participants who were aware of health effects of As with those who were not. Unknowns were not

included in statistical comparison.
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health problems. Those who had previously
tested their wells for As were nearly three times
(OR = 2.70; 95% CI, 2.05-3.57) more likely
to be aware of the health effects of As com-
pared with those who had not tested their
wells. Similarly, respondents willing to adopt
one of the major mitigation options were more
likely to be aware of the health effects of As
(ORs ranging between 1.25 and 1.54) com-
pared with those who preferred to do nothing.
However, the association between awareness
and switching to a safe well (OR = 1.25; 95%
CI, 1.01-1.54) was no stronger than the asso-
ciations between awareness and using surface
water (with or without treatments) (OR =
1.54; 95% CI, 1.22-1.95) or using existing
well after treatment or increasing the depth

(OR =1.34; 95% CI, 1.08-1.67).

Discussion

In the present study, we found that 35 and
54% of the 65,876 residents in the study were
exposed to drinking water with As concentra-
tions exceeding 100 pg/L and 50 pg/L (the
Bangladesh government standard), respec-
tively. Almost three-fourths had been drinking
water with an As concentration above the
WHO recommended level of 10 pg/L (WHO
2001b). We interviewed 5,967 well owners/
caretakers or their close relatives and found
that awareness of the health effects of As expo-
sure was independently associated with factors
including age, sex, occupation of household
head, type of house, and prior testing of tube
well for As concentration. In addition, aware-
ness of health effects of As was positively asso-
ciated with remediation options, including the
use of surface water, treatment of contami-
nated well/well water, and well switching,
compared with doing nothing.

The extent of As exposure in this study
area is comparable with what has been
reported in other national surveys, although
previous surveys did not assess the exposure
distribution in a systematic manner to cover
every well and associated users within a given
area. The percentage of wells with an As con-
centration > 50 pg/L in other studies ranged
from 30% (BGS 2001) to 59% (Chowdhury

Table 2. Arsenic exposure distribution among
residents of Araihazar, Bangladesh.

People regularly
As using the tube wells
concentration for drinking/cooking  Wells/respondents?

(ug/L) n(%) n(%)
5-9 17,271(26.2) 1,476 (24.7)
10-49 13,052 (19.8) 1,240 (20.8)
50-99 11,960 (18.2) 1,132 (19.0)
100-199 12,397 (18.8) 1,158 (19.4)
200-399 9,841 (14.9) 828(13.9)
400-864 1,355(2.1) 132(2.2)
Total 65,876 (100.0) 5,966 (100.0)

a0ne well had unknown As concentration and was excluded
from the analysis.
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et al. 2000); the percentage > 300 pg/L ranged
from 8.4% (BGS 1998) to 20% (Chowdhury
et al. 2000). In our study area, the percentages
of the wells with an As concentration
> 50 pg/L and > 300 pg/L were 54.5% and
6.8%, respectively. Field kits have been used
in many of the previous surveys to test for
well-water As concentration. The lack of relia-
bility and sensitivity of these kits complicates
exposure assessment. Most of the field kits are
not able to quantitate As concentrations
< 100 pg/L. Additionally, one recent report
showed 45% of 2,866 wells tested by both
field kits and standard laboratory methods
were found to be discrepantly labeled either as
safe or unsafe (Rahman et al. 2002).

We found that 61% of study participants
were aware of at least some of the health
effects of As. This estimate is lower than what
has been seen in two very small previous stud-
ies. Rahman (2002) found that 82% of
respondents (7 = 224) in rural Bangladesh
associated As exposure with adverse health
effects, and Hanchett et al. (2002) reported
that 75% of all the female respondents
(n = 97) were aware of the As problem. In
both studies, however, surveys were carried
out after water samples were tested and
patients with skin lesions in the study area
were identified. In the present study, the

study area had not received much information
locally regarding the As problem compared
with the other regions in Bangladesh that have
been surveyed previously. Various health edu-
cation campaigns were implemented after the
well sampling and testing by the HEALS
because of ethical obligations (Ahsan et al.
2005). Participants were informed of the As
concentration in their well only after all the
sampling and testing were finished. A four-
member team disseminated a culturally
appropriate and acceptable message regarding
As-related health information to the entire
study area at the community level over a
5-month period. Because these measures were
taken after the completion of the household
survey and well sampling, it is unlikely that
they have biased our study results.
Eighty-nine percent of subjects who were
aware of potential health effects of As expo-
sure associated As exposure with skin lesions.
A recent study by a large nongovernmental
organization found that knowledge about the
As problem was related to a prior experience
of seeing an afflicted patient (BRAC 2000).
We did not assess the health conditions of
well owners/care takers in the present study.
Because definition of arsenicosis varies, we did
not ask respondents whether they knew an
individual affected by As toxicity. Therefore,

Table 3. Adjusted ORs for awareness of health consequences from drinking As-contaminated water in

relation to sociodemographic characteristics.

No. aware/not aware Adjusted ORs for

Characteristic (total n=5,142) awareness (95% Cl)
Age (years)?

15-29 453/337 1.00

30-44 1,365/778 1.21(1.02-1.43)

45-59 912/613 0.96 (0.80-1.16)

60-90 374/310 0.70(0.56-0.88)
Sex?

Female 1,789/1,240 1.00

Male 1,315/798 1.29(1.14-1.47)
Occupation of the head of the household?

Agricultural labor 33/70 1.00

Daily labor 189/197 1.90(1.21-2.99)

Factory worker 401/400 1.89(1.23-2.90)

Farmer 473/405 226 (1.47-3.47)

Small business owner/employee 1,396/690 3.39(2.23-5.14)

Other paid jobs 612/276 3.66 (2.38-5.65)
Type of house?

Thatched 136/231 1.00

Corrugated tin 2,180/1,526 2.16(1.73-2.69)

Semi pakka (partial brick) 402/117 4.27(3.18-5.74)

Pakka (brick) 286/81 4.37 (3.14-6.07)

Other type 100/83 2.00(1.39-2.88)
No. of tube wells in the bari®

1 2,167/1,516 1.00

>1 937/522 1.06 (0.93-1.20)
Tube-well water previously tested for As?

No 2,828/1,975 1.00

Yes 276/63 2.70(2.05-3.57)
Steps to be taken if As found in tube-well water?

Do nothing 69/97 1.00

Use surface water with or without treatments 670/363 1.54(1.22-1.95)

Use existing well after treatment or increasing the depth 951/604 1.34(1.08-1.67)

Switch wells 1,414/974 1.25(1.01-1.54)

20Rs were adjusted for all other social demographic characteristics.
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we were unable to evaluate whether awareness
was related to participant’s skin lesion status
or knowledge of a patient with arsenicosis. In
the large cohort study, HEALS—which was
initiated using the sampling frame based on
this present study—the health conditions of
its study participants were assessed (Ahsan
et al. 2005). Skin lesions are the most com-
mon manifestation of As toxicity (Alain et al.
1993; Yeh 1973), and this was also found in
the HEALS cohort (Ahsan et al., in press).
Epidemiologic literature has shown As to be
associated with a wide array of health condi-
tions, including cancers and cardiovascular
and neurologic diseases. Health education
programs should also provide information on
other potential health outcomes due to As
exposure in order to enhance awareness and
encourage behavioral changes such as well
switching.

Our study clearly indicates that people
with higher SES (nonlabor occupation of the
head of the household and better housing)
were more aware of the health effects of As.
This is consistent with the findings of Hadi
(2003), who reported SES variables that were
related to the knowledge of the health prob-
lems of As exposure. A previous study (Hadi
and Parveen 2004) and research from our
group (Argos M, Parvez F, Chen Y, Hussain
AZMI, Momotaj H, Howe GR, Graziano
JH, Ahsan H, unpublished data) have found
that patients with As-related skin lesions were
more likely to have a lower SES. Taken
together, health education programs should
consider targeting individuals with lower SES
or be designed with the characteristics of this
subpopulation in mind. In the present study,
we also found that males were more aware of
As-related health problems than females,
which is also consistent with the findings of
Hadi (2003) and Hanchett et al. (2002). This
may possibly be due to the higher disease bur-
den in males or other cultural differences
between men and women.

Research of other health issues has shown
that awareness is related to knowledge of a cor-
rect behavioral or lifestyle modification
(Eloundou-Enyegue et al. 2005; Piechulek
et al. 2003). Previous studies have not associ-
ated awareness with preference of well switch-
ing in comparison with other remediation
actions (Hadi 2003; Hanchett et al. 2002). In
the present study, we observed that knowledge
of a correct remediation option, switching to a
safe well, was insufficient. For example, > 25%
of respondents reported boiling water as a
strategy to avoid the health risks from As, likely
due to the past promotion of boiling water to
reduce the prevalence of diarrhea and other
waterborne diseases (Hanchett et al. 2002). In
addition, although awareness was positively
related to each of the remediation options
compared with doing nothing, we also found
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that the positive association between well
switching and awareness was no stronger than
the associations between other erroneous miti-
gation options (using surface water or using an
existing well with or without treatment) and
awareness. Individuals reporting awareness of
the health consequences of As were willing to
adopt mitigation actions; however, it appeared
that individuals with awareness were not able
to all choose a correct remediation option, pos-
sibly due to lack of health education specifi-
cally addressing As mitigation. These findings
suggest that the reinforcement and implemen-
tation of health education and health policy are
still needed in a population with moderate
awareness because misconceptions still persist.

The strengths of this study include rigor-
ous study methodology, comprehensiveness of
well coverage, and laboratory-based As con-
centration analyses. The work was conducted
in an area where little prior As work had taken
place. Because people were interviewed before
they knew the As concentration of their well,
the survey results—regarding exposure (num-
ber of people regularly drinking from the
wells) and the extent of knowledge about the
As problem—are likely to be unbiased.

Despite the many strengths of this study,
there are some potential limitations. First, the
survey was conducted in a relatively small geo-
graphic area (25 km?) with a population of
about 65,876. We found that the extent of As
exposure in the study was comparable with esti-
mates from previous surveys using accurate lab-
oratory-based methods (graphite-furnace
atomic absorption spectrometry). Precise esti-
mates of the distribution of As for the whole
nation have yet to be determined. Such an
undertaking would require the participation of
local governments at the village level. Second,
in this study we interviewed either a tube-well
owner or caretaker or a close relative. The study
population (well owners and caretakers) would
be expected to have a higher SES on average
compared with the general population of
Bangladesh. Thus, the percentage of awareness
in the general population would be expected to
be lower. Last, we acknowledge that an in-
depth interview would reveal more information
about awareness of the As problem and selec-
tion of remediation options in this population.
For instance, information on levels of awareness
and reasons for selecting different remediation
options (particularly financial and social) would
be valuable for planning health education pro-
grams. In the near future, we plan to assess
these research questions in the HEALS.

In summary, using laboratory-based As
concentration analyses and detailed household
surveys, we found a large extent of high As

exposure in the study area. Awareness of As-
related health effects was positively related to
male sex, better housing, and nonlabor occu-
pation of the head of household among the
5,967 well owners/caretakers or their close rel-
atives. Awareness is positively related to reme-
diation options compared with doing nothing.
Educating the population about As-related
health problems is a necessary and important
first step in abating this problem. Increasing
public awareness and then offering practical
mitigation options are excellent ways to begin
making inroads in fighting this massive public

health problem.
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