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Abstract Drinking water and food are the two major routes
of the consumption of arsenic (As) by people in Bangladesh.
This study reports exposure of adults in two adjacent rural
villages of Bangladesh to As from drinking water and rice.
Uncooked and cooked rice, drinking and cooking water,
were sampled from 14 families to determine total As con-
centrations. Arsenic speciation in uncooked rice was also
conducted to determine the percentage of inorganic As (ar-
senite and arsenate). Arsenic intake by people from rice and
drinking water was also assessed. The average water in-
take rates were 3.2 and 2.7 L per day for adult males and
females, respectively, whereas no significant gender differ-
ence was observed for rice intake. The study revealed that
with one exception, all the families examined drank As-
contaminated groundwater. They used As-safe pond water
for cooking. The mean As concentrations in drinking and
cooking water were 328 and 2.5 pug/L, respectively. The av-
erage As concentrations in uncooked and cooked rice were
153 and 139 pg/kg (dry weight), respectively. On average,
73% of the As present in uncooked rice was inorganic. The
study showed that adult males and females consume 1099
and 933 pg of inorganic As per day, respectively, from rice
consumption and drinking water. Rice contributed 49 and
47 ug per day of inorganic As for adult males and females,
respectively. The study concluded that the villagers in the
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study area consumed considerable amount of As from drink-
ing water and that exposure from rice was also not negligi-
ble, despite intensive programs by governmental and non-
governmental agencies to reduce villagers’ exposure to As
consumption.
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Introduction

Chronic exposure of humans to As through drinking water
causes a range of dermatological signs and symptoms such
as melanosis, leuco-melanosis and keratosis (NRC 2001;
WHO 2001). Arsenic exposure may also cause respiratory
problems, nervous system disorders, obstetric problems, di-
abetes, hypertension, cardiovascular diseases, as well as
cancers relating to the skin, lung, liver, kidney and blad-
der (WHO 2001; NRC 2001; IARC 2004). Groundwater
extracted by hand tubewells is the major source of potable
water for the majority of the rural population of Bangladesh.
Geogenic As has been detected in the groundwater of
Bangladesh since 1992 (Dhar et al. 1997). The British
Geological Survey (BGS) analysed water samples from
3,534 tubewells from 61 of the 64 districts of Bangladesh
and reported that 35 million people are exposed to wa-
ter with As concentrations above 50 pg/L, the country’s
maximum permissible As concentration for drinking water
(BGS 2001). The mean As concentration was 55 pg/L and
the maximum As concentration detected in a tubewell was
1670 pg/L (BGS 2001). Based on 52,202 hand tubewell wa-
ter samples from throughout Bangladesh, Chakraborti et al.
(2010) recently found that 42% of the samples had As con-
centrations above 10 pg/L and 27% were above 50 pg/L.
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In addition to supplying drinking water, As-contaminated
groundwater is extensively used for the irrigation of crops
in Bangladesh and West Bengal, India. As a result, food
crops may accumulate elevated levels of As so that it poses
potential threat to human health. A huge amount of As is
deposited on to the farmlands of Bangladesh due to exten-
sive use of groundwater for irrigation. It is therefore im-
portant to assess As exposure from commonly used food
crops such as rice and vegetables grown on agricultural
lands. Rice is the main food of the Bangladeshi popula-
tion (Abedin et al. 2002) and the majority (>95%) of the
people use groundwater for drinking. For this reason, it is
crucial to determine As levels in rice and drinking water.
Several published articles have already reported the levels
of As in rice and vegetables grown in As-contaminated re-
gions of Bangladesh (Alam et al. 2003; Duxbury et al. 2003;
Meharg and Rahman 2003; Das et al. 2004; Williams et al.
2005, 2006; Rahman et al. 2009). A few articles also esti-
mated the intake of As by adult Bangladeshis (males and
females) from food and drinking water (Correll et al. 2006;
Smith et al. 2006; Ohno et al. 2007; Kile et al. 2007;
Rahman et al. 2009). Various studies (Bae et al. 2002;
Smith et al. 2006; Ohno et al. 2007; Pal et al. 2009; Mon-
dal et al. 2010) have already demonstrated the level of As in
cooked rice from Bangladesh and West Bengal in India. The
concentration of As in cooked rice can considerably vary
compared to uncooked rice based on the concentration of
As in cooking water (Mondal et al. 2010; Pal et al. 2009;
Ohno et al. 2007; Smith et al. 2006; Rahman et al. 2006;
Bae et al. 2002). Thus, it is essential to determine As levels
in cooked rice in contrast to uncooked rice, to determine the
contribution of As from cooking water.

The form of As present in rice is also important as the
main Bangladeshi consume food items such as rice and
vegetables, which predominately contain inorganic As [ar-
senite, As(IIl) and arsenate, As(V)] which is more toxic
than organic forms [monomethyl arsenic acid, MMA(V)
and dimethyl arsinic acid, DMA(V)] of As (Williams et al.
2005). The main As species detected in Bangladeshi rice is
As(IIT) or As(V) with DMA(V) being a minor component
(Williams et al. 2005; Smith et al. 2006; Ohno et al. 2007).

In this study, we collected drinking and cooking wa-
ter sources used by 14 families in two adjacent rural vil-
lages (Chiladi and Basantapur) of Senbagh thana in the
Noakhali district of Bangladesh to determine the consump-
tion of As by adults from drinking water and cooking wa-
ter. Noakhali is one of the most highly As-contaminated
districts in Bangladesh. It was reported in a recently pub-
lished article that 95% of 843 hand tubewell water sam-
ples from Noakhali district had As concentrations above
50 pg/L, and 11% exceeded 1000 pg/L (Chakraborti et al.
2010). The maximum concentration detected in a hand tube-
well was 4,730 pg/L (Chakraborti et al. 2010). Rice sam-
ples (uncooked and cooked) were also collected to estimate
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As ingestion from the villagers’ main foodstuff. The main
objective of this study were to assess the quantity of total
and inorganic As consumed by the adults of the surveyed
families from rice and water sources, including drinking and
cooking sources. Mondal et al. (2010) recently estimated the
total As exposure from different exposure routes (drinking
water, rice and cooking of rice) for three contrasting areas
[high (Bhawangola-I block, Murshidabad district), moderate
(Chakdha block, Nadia district) and low (Khejuri-I block,
Midnapur district) As levels in drinking water] of West Ben-
gal. The data of the present study was compared with the
results of Mondal et al. (2010). The concentrations of inor-
ganic As in uncooked rice were also measured to improve
understanding of the risks from rice consumption by adults.

Materials and Methods
Sample Collection and Preparation

Water sources (both drinking and cooking water) and rice
(both uncooked and cooked) were collected from 14 families
in two villages (Chiladi and Basantapur) of Noakhali district
of Bangladesh in December 2008. Most of the villagers in
the study area consume the rice grown in their own paddy
fields. Generally As-contaminated groundwater is used for
irrigating the agricultural crops, especially rice in dry sea-
son in the study area. All surveyed families revealed that the
collected rice samples were grown locally and harvested in
wet season (Aman rice). We were unable to collect cooked
rice samples from one family (No. 9). All surveyed fami-
lies used pond water for cooking at the time of the survey.
All family members drank water from their own tubewells.
All groundwater and pond water samples were collected in
polyethylene bottles without filtering. Nitric acid was added
after collection as a preservative. During the field sampling,
the intake rates of water and rice per day of each individual
were noted for all surveyed families by interviewing them.
Age, gender and knowledge of As contamination or toxicity
were also noted during field survey.

Uncooked rice samples were washed with de-ionized wa-
ter, and after removing the excess water, the samples were
dried in an oven at 65°C. Cooked rice samples were dried
without washing. The samples were homogenized by grind-
ing.

Sample Digestion and Analysis

Concentrated nitric acid (Mallinckrodt Chemicals, USA)
was used for the digestion of the uncooked and cooked
rice samples by the procedure of Rahman et al. (2009). For
As speciation, rice samples were extracted with 2 M tri-
fluoacetic acid (TFA) according to the procedure of Abedin
et al. (2002).



Arsenic Exposure from Rice and Water Sources in the Noakhali District of Bangladesh 3

An Agilent 7500c (Agilent Technologies, Tokyo, Japan)
inductively coupled plasma mass spectrometry (ICPMS)
was used for the determination of As in drinking and cook-
ing water, and digested rice samples. An Agilent 1100 lig-
uid chromatography system (Agilent Technologies, Tokyo,
Japan) equipped with a guard column and a Hamilton PRP-
X100 separation column, coupled with ICPMS was used
to determine As species [As(III), DMA(V), MMA(V) and
As(V)] in rice samples. The details of the instruments and
the procedure for speciation of As have been described ear-
lier (Chen et al. 2008).

Quality Control: Analysis of Standard Reference Materials
(SRM)

Trace elements in natural water (SRM 1640) and trace ele-
ments in water (SRM 1643e), and rice flour (SRM 1568a)
from the National Institute of Standard and Technology
(NIST), USA, and unpolished rice flour (CRM 10) from the
National Institute for Environmental Studies (NIES), Japan
were used to verify the analytical results for As. The stan-
dard reference materials (SRM) were analysed after em-
ploying the same digestion and analysis procedures as the
samples. The certified concentration of As in NIST SRM
1640 is 26.67 & 0.41 pg/L and in NIST SRM 1643 it is
58.98 + 0.7 ug/L. From the analytical results, the mean As
concentration of NIST SRM 1640 was detected as 26.86 £+
0.45 pg/L (n = 8) with a recovery of 100.7% and the mean
As concentration of NIST SRM 1643 was 56.42 £ 1.1 ug/L
(n = 8) with a recovery of 95.6%.

The certified concentration of As in NIST SRM rice
flour is 0.290 + 0.03 pg/g and the reference value of As
in NIES CRM rice flour is 0.170 pg/g. Our results were
an average As concentration in NIST SRM rice flour of
0.263 £0.012 pg/g (n = 3) with a recovery of 91%, and in
NIES CRM unpolished rice flour, it was 0.155 £ 0.02 pg/g
(n =3), with a recovery of 93%.

There is no certified material currently available for rice
grain speciation. However, NIST SRM 1568a was used to
validate the results of As speciation in rice samples using
the extraction procedures of 2M TFA (Abedin et al. 2002).
The detection limit for speciation in As standard solutions
by the IC-ICPMS ranged between 0.1 and 0.3 pg/L (Chen et
al. 2008). The As speciation result of NIST SRM is given in
Table 1. The sum of As species was 257 £ 6 pug/kg (n =4),
which was consistent with other studies on As speciation in
NIST SRM rice sample. Table 1 also presents the compari-
son of the results (As speciation of standard reference mater-
ial rice flour, NIST SRM 1568a) of this work with those pub-
lished by others. The percentage of DMA(V) and inorganic
As were close to other published studies (Table 1). Surpris-
ingly, this study could not detect any MMA(V) in the NIST
SRM rice samples whereas most of the studies reported a
small amount of MMA(V) except Smith et al. (2006) study.

Results and Discussion
Arsenic Content in Drinking Water Sources

The mean, median and range of As in tubewell water sam-
ples recorded were 328, 279 and 14-772 pg/L, respectively.
Arsenic concentrations in all drinking water samples ex-
ceeded the recommended level for drinking water set by
the WHO (10 pg/L). The average As concentration in tube-
well water samples was almost 33 times greater than the
WHO recommended level. Out of 14 water samples, only
a single sample was found to be As-safe according to the
Bangladesh standard (50 pg/L). Therefore all surveyed fam-
ilies except one drank water from tubewells that contained
levels of As above those considered safe. In a recent study
conducted from three contrasting areas (high, moderate and
low As levels in drinking water) of West Bengal, the mean
As concentrations was reported as 130, 40 and 1 pg/L
for Bhawangola-I, Chakdha and Khejuri I blocks, respec-
tively (Mondal et al. 2010). The mean As concentration in
the study area is 2.5 and 8 times greater than the highly
(Bhawangola-I) and moderate (Chakdha) As-impacted area
of West Bengal as reported by Mondal et al. (2010).

Arsenic in Cooking Water Sources

All cooking water samples were found to have As concentra-
tions below the WHO guideline value (10 pg/L). The range
for As in all cooking water samples was 0.3-8.6 ng/L, with a
mean value of 2.5 pug/L. Based on the recent household sur-
vey conducted from three contrasting areas of West Bengal,
Mondal et al. (2010) reported that the mean As concentra-
tions in cooking water for Bhawangola-I, Chakdha and Khe-
juri I blocks were 130, 37 and 1 pg/L, respectively. Mondal
et al. (2010) also reported that all surveyed families used
As-contaminated tubewell water for cooking except Khe-
juri I block which was used as control, whereas all surveyed
families involved in this study used As-safe pond water for
cooking. Figure 1 shows bar diagram of As concentrations
in drinking and cooking water sources used by 14 families
included in this study.

Arsenic Content in Uncooked and Cooked Rice

The mean As concentration in 14 uncooked Aman rice
samples was 153 ug/kg (dry wt.) with a range of 74—
302 pg/kg. In a previous study from 25 villages in four dis-
tricts of Bangladesh (Comilla, Brahmanbaria, Munshiganj
and Manikganj), the mean concentration of As in rice grain
(polished) was found to be 143 pg/kg (Rahman et al. 2009).
Duxbury et al. (2003) reported that the mean As concentra-
tion in Aman rice was 117 pg/kg, based on the rice grain
samples collected from different districts of Bangladesh.
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Williams et al. (2005) previously reported that the mean As
concentration in uncooked rice samples (n = 15, majority
of the rice samples was Aman) collected from Bangladesh
was 130 pg/kg. Arsenic concentrations in uncooked rice in
this study are almost similar to those of previous studies.
Williams et al. (2006) analysed 189 Aman rice samples from
25 districts of Bangladesh and the range of As concentra-
tion was <40-920 pug/kg. However, most of the Bangladeshi
rice samples analysed in previous studies showed almost
similar mean As values (range: 117-183 ug/kg), excep-
tions are there. Recently Mondal et al. (2010) reported
that the mean As concentrations in raw rice samples for
Bhawangola-I, Chakdha and Khejuri I blocks of West Ben-
gal were 120, 160 and 120 pg/kg, respectively. It is note-
worthy that Bhawangola-I, Chakdha blocks are As-exposed
areas and Khejuri I block is unexposed area. But the mean
As levels in rice are broadly comparable with other studies
conducted from Bangladesh and West Bengal (Mondal et al.
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2010). Meharg and Rahman (2003) reported much higher
concentrations of As (496 pg/kg) in rice from Bangladesh,
yet Al Rmalli et al. (2005) found very low concentrations
of As (11.3 pg/kg) in Bangladeshi rice sold in UK mar-
kets. These variations are probably due to either soil varia-
tions in As or potentially cultivar variations (Lu et al. 2009;
Norton et al. 2009). Khan et al. (2009) mentioned that if
the rice was obtained from markets or imported to the vil-
lage from neighbouring localities or from other countries, it
hence was potentially lower in As due to the mixing of rice
from various geographic locations.

The mean, median and range of 13 cooked rice sam-
ples were 139, 128 and 68-260 pg/kg, respectively. There
was no significant difference in the mean As concentrations
between uncooked and cooked rice samples in this study.
Figure 2 shows a bar diagram of As concentrations in un-
cooked and cooked rice used by 14 households. Smith et al.
(2006) reported that the mean As level in 46 cooked rice
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samples was 358 pg/kg (range: 46-1110 ug/kg). Based on
their study in Bangladesh, Ohno et al. (2007) reported that
the average As contents in uncooked and cooked rice were
340 and 460 pg/kg, respectively, which were much higher
than in our study. Recently Ohno et al. (2009) further re-
ported that the average As contents in uncooked and cooked
rice samples collected from Chapai Nawabganj district were
220 and 260 pg/kg, respectively. Both these studies (Ohno et
al. 2007, 2009) were conducted in highly As-contaminated
Chapai Nawabganj district of Bangladesh and their studies
revealed that cooked rice contained higher As concentra-
tions than uncooked rice. They also suggested that As in
cooking water affected the As concentrations of rice after
cooking (Ohno et al. 2009). In a recent study conducted
from three contrasting areas (high, moderate and low As-
affected areas) of West Bengal in India, the mean As con-
centrations in cooked rice were 310, 220 and 100 ug/kg for
Bhawangola-I, Chakdha and Khejuri I blocks, respectively
(Mondal et al. 2010). The study revealed that cooking raw
rice with As-contaminated water increased the level of As
in cooked rice in Bhawangola-I, Chakdha blocks whereas
slightly decrease As concentration in cooked rice in Khejuri
block. In our study, As concentrations in cooked rice were
less in most of the cases than those of uncooked rice, ex-
cept two samples. The probable reason was that all surveyed
families used pond water low in As (<10 ng/L) for cooking.
It is most common practice in Bangladesh and West Bengal
for people to wash rice with water till the washing water has
become clear (5-6 times), water is discarded and then rice
is boiled in excess water till cooked, finally discarding the
excess water before consumption (Mondal et al. 2010). This

washing and cooking process with As-safe water, and dis-
carding of the excess water, probably reduces As levels in
cooked rice.

Arsenic Speciation in Uncooked Rice

The results of As speciation in uncooked rice samples are
presented in Table 2. From the analytical results, it appears
that inorganic As was the predominant species present in un-
cooked rice samples in this study. DMA(V) was also present
in all uncooked rice samples. This study could not detect
any MMA(V) in uncooked rice. The study shows that an
average of 72.8% of total As was present as inorganic As in
uncooked rice samples, with a range of 68 to 78% and on av-
erage 10.5% of total As was DMA(V). Williams et al. (2006)
reported a range of 60-83% for inorganic As in Aman and
boro rice samples from Bangladesh. Williams et al. (2006)
reported that the relative amount of inorganic As in boro rice
(mean 82%) was higher than in Aman rice (mean 66%) in
Bangladesh. In a recent study conducted from West Ben-
gal, it was reported that 90-100% of total recovered As was
present in the inorganic form in Aman rice collected from
As-contaminated areas (Pal et al. 2009). In this study, the
percentage of inorganic As in uncooked rice (Aman) is com-
parable with Williams et al.’s (2006) study conducted from
Bangladesh but less compared to West Bengal’s Aman rice
(Pal et al. 2009). Ohno et al. (2007) reported that the per-
centage of inorganic As was 87-107% for uncooked rice of
Bangladesh although the rice grain type was not mentioned
in that study.

Table 2 Total and speciated As

in uncooked rice samples Family Tfot:.il As Inorgar.lic DMA(V) Species % of . % of .
No. in rice As in rice in rice sum norganic recovery
(ugrkg) (ng/kg) (ng/kg) (ng/kg) As inrice?
1 222 159 39 197 71 89
2 127 86 21 107 68 84
3 158 126 9 135 80 85
4 139 98 19 117 71 84
5 302 238 14 252 79 83
6 133 94 19 113 71 85
7 231 180 21 201 78 87
8 138 97 20 116 70 84
9 109 77 85 71 78
10 154 115 122 75 79
11 109 76 18 94 70 86
12 138 97 19 116 70 84
13 74 51 59 69 80
2% of recovery = (inorganic 14 109 84 91 77 83
As/total As) Average 153 113 16 129 73 84
®% of recovery = (sum of As Range 74-301 51-237 7-39 59-252 68-78 78-89

species/total As)
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Table 3 Drinking water and

rice consumption rate for adults Group Gender n Average age (year) Water intake (L) Iptake rate of
rice per day (g)
Adults Males 30 36 (12-80) 3.2(2.04.0) 432 (200-600)
Females 41 32 (12-70) 2.7(1.5-3.0) 420 (200-600)

Arsenic speciation in cooked rice was not conducted in
this study. Smith et al. (2006) reported an average of 87% in-
organic As is present in cooked rice samples whereas Ohno
etal. (2007) reported that the percentage of inorganic As was
97-102% in cooked rice, based on the study conducted from
Bangladesh. In a recent study, Pal et al. (2009) determined
whether the cooking procedures can change the form of As
in cooked rice: they cooked two boro rice samples from con-
taminated areas by using the traditional rice cooking method
(Bae et al. 2002; Sengupta et al. 2006) using distilled de-
ionized water. The results showed that 95% of recovered As
is present as inorganic form in the cooked boro rice (Pal et
al. 2009). Thus the cooking procedures did not change the
nature of As in cooked rice.

Water and Rice Consumption Rates

The water and rice consumption rates for adult males and fe-
males are presented in Table 3. The survey data showed that
the average water intake rates were 3.2 and 2.7 L per day
for adult males and females, respectively. Recently Mon-
dal et al. (2010) estimated the mean daily water intake was
3.1 £ 1.0 L/day for males and 2.6 & 0.9 L/day for females
from West Bengal. The daily water intake rates for males
and females in our study were almost similar to Mondal et
al.’s (2010) study.

The study also revealed that the average rice consump-
tion rates for adult males and females were 432 and 420 g
(uncooked basis) per day. No significant difference was ob-
served on rice intake between adult males and females.
Ohno et al. (2007) reported that adult males and females
consume 776 and 553 g of cooked rice daily, based on their
study from Bangladesh.

Consumption of As from Drinking Water and Uncooked
Rice by Adults

Based on average intake rates of drinking water and rice for
adult males and females and As concentrations observed in
rice and drinking water, we simply estimated the daily intake
of As from these sources. The groundwater of Bangladesh
contains mainly inorganic As (Samanta et al. 1999), so the
intake of inorganic As from rice and drinking was also eval-
uated. The concentrations of inorganic As in uncooked rice
samples along with total As content in uncooked rice are
presented in Table 2. The concentrations of As in drinking

water are presented in Table 4. Table 4 also presents the daily
total and inorganic As consumption from drinking water and
rice for adult males and females. The estimated average As
intake from rice was 66 and 64 g per day for adult males
and females, respectively. The calculated average inorganic
As intake from rice was 49 and 47 g per day for adult males
and females, respectively. The calculated daily average As
intake from drinking water was 1050 and 886 g for adult
males and females, respectively. Taken together, adult males
and females consumed 1116 and 950 pg, respectively, of to-
tal As; 1099 and 933 pg, respectively, of inorganic As daily
from rice and drinking water in the villages studied here. In
our previous study (Rahman et al. 2009) in Bangladesh, we
observed that adult males and females consumed 888 and
706 g of total As from rice and drinking water daily, which
was lower than found in this study. The daily As intake from
rice and drinking water was 1186 g according to the study
conducted by Smith et al. (2006), also in Bangladesh. The
As intake rate from rice and drinking water for adults was
also higher than that found by Roychowdhury et al. (2002)
conducted in Jalangi (males—693 g and females—560 Lg)
and Domkal (males—574 pg and females—474 Lg) in the
Murshidabad district in West Bengal of India.

Mondal et al. (2010) reported that the median contribu-
tions to total As exposure from drinking water were found
to be 70% for Bhawangola-I block, 58% for Chakdha block
and just only 2% for the unexposed area (Kejuri-I block).
Rice contributes 12% for Bhawangola-I block, 34% for
Chakdha block and 113% for uncontaminated area Kejuri-I
block (Mondal et al. 2010). Thus, raw rice contributes al-
most all the total As exposure in the unexposed area (Mon-
dal et al. 2010). Ohno et al. (2007) reported that the average
contributions to the total As intake were 13% from drink-
ing water and 56% from cooked rice. Ohno et al. (2007)
indicated that many families had changed their drinking wa-
ter sources to less contaminated ones and thus the average
As contributions from drinking water was less compared to
the cooked rice. In the present study, the average contribu-
tions to the total As intake were 94 and 93% from drink-
ing water; 6 and 7% from uncooked rice, for adult males
and females, respectively. The average As contribution from
drinking water was significantly high in this study as almost
all the surveyed families used highly As-contaminated wa-
ter for drinking. The present study also estimated that 98%
of the total As consumed by adult males and females was
inorganic. Thus consuming a high amount of inorganic As
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poses a real As-related health risk to the study population in
this study.

Conclusions

The study concludes that all surveyed households except
one used As-contaminated water for drinking as set by the
Bangladesh guideline value. Most of the family members
of the surveyed families are well aware of As contamina-
tion in tubewell water and the consequent symptoms. Due
to the social conventions, some villagers are reluctant to
collect drinking water from neighbouring houses that have
access to safe tubewells. Thus the study population in the
study area were consuming a significant amount of As from
drinking water during the study period. All surveyed house-
holds used As-safe pond water for cooking. So, cooking wa-
ter did not contribute additional As to the daily As consump-
tion. There was no significant difference between mean As
concentrations in uncooked and cooked rice samples. Thus
cooking water did not increase As levels in cooked rice in
this study. The study shows that inorganic As was the main
species present in uncooked Aman rice samples and a low
amount of DMA(V) was also detected. The water consump-
tion rates for adult males and females were in close agree-
ment with the previous studies conducted from West Ben-
gal (Mondal et al. 2010). Drinking water contributes to the
majority of As consumed by adults, in comparison to that
consumed in rice. In this study, about 98% of the total con-
sumed As was inorganic which cause As-related health haz-
ards to the study population. The study reveals that rice can
also be a most important contributor to the exposure of in-
organic As. The study did not consider the As intake from
other food sources such as vegetables. It would therefore
be useful to evaluate As intake from other food sources to
assess their contribution to total intake. Besides As, concen-
trations of other heavy metals also need to be evaluated to
determine the other possible health risk. More effort is re-
quired to reduce As consumption from drinking water and
crops. Detailed study is required on the actual health risks
from consuming As from all sources for this section of pop-
ulation. The government should educate rural people about
the risk of long-term As exposure through drinking water
and devise means for socially acceptable means of sharing
safe tubewells.
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