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• A comprehensive health risk assess-
ment from dietary arsenic exposure
was evaluated.

• Sample collected from 30 agro-ecologi-
cal zones for the first time in
Bangladesh.

• Rural and urban adults are consuming
more arsenic through food than the safe
limit.

• Cereals, vegetables, milk, and fish con-
tribute about 90% to EDI of inorganic As.

• Inhabitants are exposed chronically to
arsenic induced risks.
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Arsenic (As), particularly of its inorganic form (iAs) is highly toxic, and its presence in food composites is amatter
of concern for the public health safety, specifically in Bangladesh which is regarded as the most arsenic affected
country throughout theworld. This studywas carried out to investigate the levels of As in the composite samples
of commonly consumed foodstuffs collected from 30 different agro-ecological zones for the first time in
Bangladesh. Most of the individual food composites contain a considerable amount of As which was, as a
whole, in the range of 0.077–1.5 mg/kg fw which was lower than those reported from Spain, EU, France,
Korea, whereas higher than those of Mexico, Chile, Japan, Cambodia, Hong Kong, Serbia, respectively. Cereals,
vegetables, milk, and fish contribute about 90% to the daily intake of inorganic arsenic. Human health risk of di-
etary iAswas assessed separately for both the rural and urban adults. The estimated daily dietary intakes (EDI) of
iAs for the exposed rural (3.5) and urban residents (3.2 μg/kg-BW/day) clearly exceeded the previous provisional
tolerable daily intake (PTDI) value of 2.1 μg/kg-BW/day, recommended by the World Health Organization
(WHO). From the health point of view, this study concluded that both the rural and urban residents of
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Bangladesh are exposed to carcinogenic and non-carcinogenic risks who consume As-contaminated water and
foodstuffs.

© 2015 Elsevier B.V. All rights reserved.
Cancer
Bangladesh
1. Introduction

Arsenic (As) is omnipresent in almost each and every compartment
of the environment that can pollute soil, water, and biota and ultimately
affects human health and well-being (Bundschuh et al., 2012; Culioli
et al., 2009). Arsenic contamination in the ground water has been re-
ported worldwide (Nordstrom et al., 2002). The contaminated ground
water with higher levels of arsenic compared to surface water is being
mainly used as drinking water and irrigation for agriculture and aqua-
culture practices (Bhattacharya et al., 2010; USEPA, 1989). Arsenic can
be taken up by biota, which is either consumed by humans or incorpo-
rated into fodder for poultry and livestock (Bundschuh et al., 2012). Al-
though the groundwater contamination by arsenic is already
considered as a serious and severe global environmental problem, but
little is known about diet as an additional source of arsenic exposure.
Recently, diet studies that included evaluations of total arsenic (tAs)
and inorganic arsenic (iAs) in foods have been reported for many coun-
tries (Diaz et al., 2015;Wang et al., 2013;Wong et al., 2013; Arain et al.,
2009; Li et al., 2006; Muñoz et al., 2005; Del Razo et al., 2002). The total
dietary study performed by US Food and Drug Administration (FDA) in-
dicated that food contributes 93% of the total intake of arsenic (Adams
et al., 1994).

Arsenic in which humans are exposed can be both inorganic and or-
ganic forms. Chronic exposure to inorganic arsenic creates several disor-
ders on different biological systems including digestive, respiratory,
cardiovascular, hematopoietic, endocrine, renal, neurological, and re-
productive, which ultimately lead to cancer (Santra et al., 2013;
Maharjan et al., 2005). Daily intake of 1 mg inorganic arsenic may give
rise to skin effects within a few years (WHO, 1981). Drinking 1 L of ar-
senic contaminated water (50 g/L) per day can create life risk from can-
cer of 13 per 1000 persons (Smith et al., 1992). The U.S. National
Research Council concluded that exposure of 50 g/L of arsenic to
human could easily result in a combined cancer risk of 1 in 100 persons
(NRC, 1999). The various effects of arsenic poisoning on human health
are melanosis, leuco-melanosis, keratosis, hyperkeratosis, dorsum,
non-petting oedema, gangrene and skin cancer. Some of these human
health effects are currently being observed in populations in South
and South-eastern Asia, particularly in countries such as Bangladesh,
India and Taiwan (Islam et al., 2014; Halder et al., 2014).

Arsenic contamination is one of themost important issues regarding
public health and safety in Bangladeshwhich is regarded as themost ar-
senic affected country in theworld. According to Hopenhayn (2006), ar-
senic is probably the contaminant that induces the highest risk of
morbidity and mortality worldwide, due to its toxicity level and the
number of exposed people. Groundwater is the main source of water
for drinking, cooking and domestic use for Bangladeshis. About 27 mil-
lion Bangladeshis drink water with greater than 50 μg L−1 arsenic and
50 million people drink water with greater than 10 μg L−1 arsenic
(Smith et al., 2000). Moreover, groundwater is continuously being
used for irrigation to cultivate a variety of crops, vegetables and for
fish culture, including hatchery operation in Bangladesh. Irrigation
with arsenic-enriched groundwater is one of the main pathways for ar-
senic to enter the human food chain (Das et al., 2004; Meharg and
Rahman, 2003; Alamet al., 2003) and this has led to a number of studies
on transfer of arsenic through thewater-soil-crop-food system (Fig. S1).
For example, Das et al. (2004) reported arsenic accumulation in agricul-
tural products cultivated using arsenic-enriched groundwater. Some
studies showed that fish make the largest contribution of arsenic to
the diet. Kar et al. (2011) stated the health risks from human intake of
aquaculture fish with arsenic contamination. It was observed that
arsenic was bioaccumulated in fish from water (Larocque, 1998),
whereas arsenic accumulation in fish is higher than in water (Arain
et al., 2008; Liao and Ling, 2003).

The studies of arsenic in human food chain have been doneoccasion-
ally from specific areas or food systems in Bangladesh using different
methodologies (Islam et al., 2014; Saha and Zaman, 2013; Smith et al.,
2006; Williams et al., 2006; Alam et al., 2003). Hence, they are not nec-
essarily comparable and results are inconclusive. To estimate the public
health risk, it is necessary to analyze arsenic at different food chains of
the whole country within the same period and using the samemethod-
ology. It is well known that the levels of arsenic in foods are generally
accumulated from the local environments, indicating the foodstuffs
grown in arsenic-enriched rural areas are contaminated with arsenic
in Bangladesh. In fact, most of the foodstuffs available in urban markets
and commonly consumed by the urban residents originated from the
rural areas. Hence, the identifications of daily dietary intake of arsenic
and associated health risk assessment are urgent for both the rural
and urban residents in Bangladesh.

This study assessed arsenic levels in food composites covering all the
agro-ecological zones of Bangladesh and daily dietary intake for both of
its rural and urban residents. The potential health risk was assessed
through dietary intakes of commonly consumed food and drinking
water. To our knowledge, this is the first study to investigate the dietary
intake of arsenic and associated health risk at the population level (con-
sidering 30 agro-ecological zones of Bangladesh) based on the con-
sumption of daily common foodstuffs by the Bangladeshi adults.

2. Materials and methods

2.1. Sample collection and preparation

The per capita per day intake of major food items and intakes of in-
dividual food items (BBS, 2011) used to characterize the food consump-
tion pattern of both the rural and urban population in Bangladesh. Both
findings showed almost same food composition but different consump-
tion pattern for rural and urban residents. Fresh samples of cereals
(Oryza sativa, Triticum aestivum), pulses (Lens culinaris, Cicer arietinum),
vegetables (Solanummelongena, Daucus carota, Phaseolus vulgaris, Sola-
num tuberosum, Solanum lycopersicum, Allium cepa, Capsicum annuum
L.), fruits (Musa paradisiaca,Mangifera indica, Artocarpus heterophyllus),
freshwater fish (Labeo rohita, Pangasius pangasius, Oreochromis
mossambicus), meat (beef, mutton, chicken, duck), egg (chicken,
duck), milk (cow) were collected from different rural and urban mar-
kets occupying the 30 agro-ecological zones (Fig. 1 and Table S1) of
Bangladesh in 2013. These foodstuffs are highly consumed by the
Bangladeshi population as their daily diet (BBS, 2011). A composite of
at least 10 samples for each food item was prepared and homogenized
in a food processor and 50 g test portions were stored at −20 °C in
the Laboratory of the Institute of Nutrition and food Science (INFS), Uni-
versity of Dhaka. The pre-processed samples were then brought to the
Laboratory of Environment and Information Sciences, Yokohama Na-
tional University, Japan and analyzed for arsenic content, expressed as
mg/kg fresh weight (wt.).

2.2. Analytical methods

2.2.1. Reagents and sample extraction procedure
All solutionswere preparedwith analytical reagent-grade chemicals

and ultrapure water. An arsenic (As) standard stock solutions
(100 mg L−1) for the determination of the total arsenic (tAs) was



Fig. 1.Map showing the sampling sites covering 30 agro-ecological zones in Bangladesh (Source: http://www.bpedia.org).
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purchased from theKanto Chemical Co., Inc. (Tokyo, Japan). The internal
standard solutions containing 1.0 mg L−1 of indium (In), yttrium (Y),
beryllium (Be), telium (Te), cobalt (Co) and titanium (Ti) were pur-
chased from Spex Certi Prep® USA. The connected tube of ICP-MS was
inserted into the internal standard bottle and automatically added to
the samples during analysis. A solution of 10mg L−1 multi-element so-
lution (Merck, Darmstadt, Germany)was used to prepare a tuning solu-
tion covering a wide range of masses of elements. A microwave
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digestion system (Berghof, Bavaria, Germany) was used to extract
elements from sample. Digestion reagents that were used included
5 mL HNO3 acid (69%) and 2 mL H2O2 (30%). The weighed samples of
0.3 g were then placed into the digestion reagent in a Teflon vessel.
The following microwave program was applied: 10 min at 180 °C
with 800 W, 10 min at 190 °C with 900 W, and as a last step 10 min at
100 °C with 400 W. After digestion samples were then transferred into
a Teflon beaker and total volume was made up to 25 mL with MilliQ
water (Elix UV5 and MilliQ, Millipore, Billerica, MA, USA). The digest
solution then filtered (DISMIC® — 25HP PTFE syringe filter (pore
size = 0.45 mm); Toyo Roshi Kaisha Ltd., Tokyo, Japan), and stored in
crew cap plastic tube.

2.2.2. Instrumental analysis and quality assurance
Arsenic in samples were analyzed using inductively coupled plasma

mass spectrometer (ICP-MS, 7700 series). Detailed analytical procedure
of ICP-MS is presented in Table S2. All test batches were evaluated using
an internal quality approach and validated if they satisfied the defined
internal quality controls (IQCs). For each experiment, a run included
blank, an internal standard in samples and samples analyzed in tripli-
cate to eliminate any batch-specific error. Multi-element standard solu-
tion was used to prepare standard curve. Before starting the sequence,
RSD (b5%) was checked by using tuning solution purchased from
Agilent Co (Tokyo, Japan). Each analytical procedure was accompanied
with a quality assurance program to ensure the quality of the data.
The certified reference materials INCT-CF-3-Corn flour from Institute
of Nuclear Chemistry and Technology, Poland, and DORM-2-Dogfish
muscle from the National Research Council, Canada, were analyzed to
confirm analytical performance of the applied method. The data of cer-
tified referencematerial (CRM) is presented in Table S3. The limit of de-
tection (LOD) was 0.003 mg/kg with a good precision (2%).

2.3. Calculations

2.3.1. Estimated daily intakes (EDI)
Estimated daily intakes (EDI) of arsenic from food consumption

based on the concentration of As (on the freshweight basis) in the food-
stuffs, daily consumption rate of the foodstuffs and average bodyweight
of adults was calculated by using the formula:

EDI ¼ DFC �MC
BW

ð1Þ

where, DFC is the daily food consumption rate (g/day). MC is the
mean arsenic concentration in the composite samples of individual
foodstuffs (mg/kg, fresh wt.), and BW is the average body weight
(adult, 60 kg). The food consumption data for both the rural and
urban Bangladeshi population (presented in Table 2) was obtained
from the “Report of the household income and expenditure survey
2010” (BBS, 2011) and from the on spot survey during our sampling ac-
cording to the procedure reported by Kelley et al. (2003). Briefly, a die-
tary questionnaire survey was conducted where the participants were
asked for information about the type and quantity of water consumed,
foods ingested and how the foods were prepared for consumption
(raw or cooked), demographic characteristics (such as age, sex, place
of residence and occupation). The survey data were then analyzed to
calculate the food consumption rate for the food items that were not
available in the “Report of the household income and expenditure sur-
vey 2010”. However, the EDI of iAs was calculated by using the fraction
of iAs in the investigated food samples derived from literature surveys.
The fraction of iAs content in rice and vegetable samples was accounted
as 0.87 and 0.96, respectively as reported by Smith et al. (2006). For
freshwater fish samples, the fraction of iAs content was accounted as
0.26 (Piyawat et al., 2012). According to EFSA (2014), a fraction of 0.7
was applied to estimate iAs for the rest of foods of terrestrial origin.
No attempt was made to speciate As in drinking water, as it was
reported that As in groundwater is present primarily in inorganic form
(Shraim et al., 2002; Chowdhury et al., 2000) and total As concentration
was used for the subsequent daily intake calculation. It should be men-
tioned here that, at the recent 72nd meeting of the Joint FAO/WHO Ex-
pert Committee on Food Additives (JECFA), the previous provisional
tolerable daily intake (PTDI) value for inorganic As intake (2.1 μg/kg-
BW/day) has been withdrawn (JECFA, 2011; EFSA, 2014), because the
value was in the lower range of the bench mark lower confidence
limit for a 0.5% increased incidence of lung cancer (BMDL0.5) of
3.0 μg/kg-BW/day (2–7 μg/kg-BW/day based on the range of estimated
total dietary exposure) (WHO, 2011). Thus currently, there is no
established guideline to assess health risk due to dietary intake of inor-
ganic As. However, the Codex Committee on Contaminants in Foods
(CCCF) has argued that an EDI of iAs value below the BMDL0.5 does
not necessarily indicates that there is no risk and cannot be regarded
as a safety standard (JECFA, 2011) which motivated us to compare the
EDI of iAs with the previous PTDI value of 2.1 μg/kg-BW/day to assess
the health risk of inorganic As exposure from dietary components
along with drinking water.

2.4. Statistical analysis

The data were statistically analyzed using the statistical package,
IBM SPSS 22.0 (IBM SPSS, NY, USA). The mean, median, minimum and
maximum values of arsenic in food samples were calculated. Multivari-
ate Post-Hoc Tukey tests were employed to examine the significant dif-
ferences among mean concentrations of arsenic among different food
groups. Other calculations were performed using Microsoft excel 2013.

3. Results and discussion

3.1. Arsenic concentrations in foodstuffs

In the present study, concentrations of total arsenic (mg/kg fw)were
determined in the composite samples of the foodstuffs most commonly
consumed daily by Bangladeshi population. The mean, maximum and
minimum concentrations of tAs in each food samples are presented in
Table 1. The median, 5th, 25th, 75th, and 95th percentiles values for
each group of foodstuffs were presented in Fig. 2. The highest and low-
est concentration of tAs were found in Tilapia (1.486) and Pangas
(0.077 mg/kg fw) fish, respectively. The estimated average concentra-
tions of tAs (mg/kg fw) in the investigated foodstuffs decreased in the
order of fish (0.56) N milk (0.44) N meat (0.33) N eggs (0.32) N cereals
(0.31) N vegetables (0.29) N fruits (0.21) N pulses (0.11). The observed
variation of tAs concentrations for the analyzed foodstuffs could be
due to the variable capabilities of absorption and accumulation of As,
variations in growth period and growth rates (Islam et al., 2014), and
climatic differences of the producing areas (Santos et al., 2004). Accord-
ing to the study of Zhang et al. (2011), dietary uptake could be the pri-
mary route for arsenic bioaccumulation in fish. Higher level of tAs in fish
compared to other foodstuffs is also reported in Cambodia (Wang et al.,
2013), UK (Al Rmalli et al., 2005), China (Li et al., 2011) as well as by
other studies in Bangladesh (Ohno et al., 2007; Das et al., 2004). It is
worthwhile to mention that As concentrations in muscles of carnivo-
rousfish aremuchhigher than herbivorous/detrivorous ones, indicating
the potential for bioaccumulation of As in fish of specific feeding guilds
(Fattorini et al., 2004). The observed differences in the concentration of
tAs among the studied food itemswere statistically significant (p b 0.05)
(Fig. 2).

Among the individual food categories, the food sample which
showed the highest concentrations of tAs are, cereals — O. sativa
(0.32), pulses — C. arietinum (0.13), vegetables — S. tuberosum (0.35),
fruits — Musa paradisiaca (0.32), fish — Oreochromis mossambicus
(1.5), meat — Bos primigenius (0.57), milk — Bos primigenius (0.44)
and egg — Anas platyrhynchos (0.34 mg/kg fw), respectively. Arsenic
levels in the agricultural food crops could be high due to three distinct



Table 1
Concentrations of arsenic (mg/kg, fw) in commonly consumed foodstuffs by the Bangladeshi population with mean, standard deviation (SD), minimum, median and maximum values.

Foodstuffs Scientific name N Mean SD Minimum Median Maximum

Cereals 0.31
Rice Oryza sativa 30 0.32 0.16 0.14 0.39 0.43
Wheat Triticum aestivum 30 0.28 0.17 0.095 0.33 0.42

Pulses 0.11
Lentil Lens culinaris 30 0.093 0.062 0.021 0.13 0.13
Chickpea Cicer arietinum 30 0.13 0.071 0.071 0.12 0.21

Vegetables 0.29
Brinjal Solanum melongena 30 0.25 0.14 0.16 0.18 0.41
Carrot Daucus carota 30 0.29 0.17 0.17 0.22 0.49
Bean Phaseolus vulgaris 30 0.31 0.16 0.20 0.25 0.49
Potato Solanum tuberosum 30 0.35 0.12 0.22 0.37 0.46
Tomato Solanum lycopersicum 30 0.28 0.21 0.11 0.22 0.52
Onion Allium cepa 30 0.28 0.14 0.17 0.23 0.44
Green chili Capsicum annuum 30 0.25 0.10 0.15 0.23 0.36

Fruits 0.21
Banana Musa paradisiaca 30 0.32 0.27 0.082 0.26 0.62
Mango Mangifera indica 30 0.17 0.12 0.10 0.10 0.32
Jackfruit Artocarpus heterophyllus 30 0.14 0.056 0.074 0.16 0.18

Fish 0.56
Rui Labeo rohita 30 0.11 0.098 0.048 0.055 0.22
Pangas Pangasius pangasius 30 0.077 0.10 0.010 0.035 0.19
Tilapia Oreochromis mossambicus 30 1.5 0.44 0.98 1.7 1.8

Meat 0.33
Beef Bos primigenius 30 0.57 0.48 0.014 0.84 0.86
Mutton Capra aegagrus hircus 30 0.14 0.23 0.002 0.008 0.41
Chicken Gallus domesticus 30 0.43 0.49 0.010 0.32 0.96
Duck Anas platyrhynchos 30 0.16 0.25 0.014 0.016 0.45

Milk 0.44
Cow Bos primigenius 30 0.44 0.56 0.097 0.15 1.1

Eggs 0.32
Chicken Gallus bankiva murghi 30 0.30 0.50 0.002 0.018 0.88
Duck Anas platyrhynchos 30 0.34 0.46 0.036 0.11 0.87

N = Number of pooled samples.
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reasons, such as: i. grown in As enriched soil, ii. irrigation with As con-
taminated water, iii. application of As enriched fertilizers. In
Bangladesh context, the agricultural systems are highly exposed to all
the abovementioned scenarios. As a result, this study revealed elevated
levels of As in agricultural crops like rice, wheat, pulses, vegetables and
fruits. Another interesting finding from our study is the higher levels of
tAs in cowmeat (0.57mg/kg fw) than that of cowmilk (0.44mg/kg fw)
which could be attributed to the higher accumulation of As inmeat than
in milk.

In an attempt of a rough comparison, arsenic concentration data of
this study were compared to the data reported in other studies
Fig. 2. Average concentrations (mg/kg fw) of total arsenic (tAs) in food composites com-
monly consumed in Bangladesh. Different letter indicates statistically significant differ-
ence (p b 0.05).
conducted worldwide and given in Table 3. The range of concentration
of arsenic in commonly consumed foodstuffs in Bangladesh was lower
than those reported from Spain, EU, France, Korea, whereas higher
than those of Mexico, Chile, Japan, Cambodia, Hong Kong, Serbia,
respectively.

Arsenic can exist in the environment in several different forms, each
having unique chemical characteristics that influence its toxicity and
potential for human and ecological exposure. However, speciation of
As (organic and inorganic species) accumulated in the foods is neces-
sary to accurately estimate the potential dietary As exposure. In general,
organic As species are considered either non-toxic or less toxic than iAs
compounds which are known carcinogens. Arsenobetaine (AsB) is con-
sidered non-toxic to humans (Francesconi, 2010). Organic arsenicals
like arsenosugars and arsenolipids are still being researched for poten-
tial toxicity effects with no conclusive findings to date (Feldmann and
Krupp, 2011; Francesconi, 2010). In the present study, estimates of inor-
ganic arsenic were derived by applying conversion factors to total arse-
nic levels for different foods or food groups prior to estimating exposure
which were obtained from the previously published literatures. Smith
et al. (2006) determined iAs in rice and vegetables sourced from
Bangladeshi households which was 87% and 96%, respectively. Specia-
tion data specific to Bangladesh for animal-origin food such as fish,
meat, egg or milk is now being underexplored. Reference to speciation
studies conducted outside Bangladesh provides insight into the As
chemical forms in animal-origin food. For freshwater fish samples, we
assumed a 26.2% of tAs as iAs according to a study conducted by
Piyawat et al. (2012). According to EFSA (2014), a factor of 70% was ap-
plied to tAs to estimate iAs for the rest of foods of terrestrial origin. The
results of the estimated iAs concentrations in the investigated food
items are provided in Table 2 which were used for the subsequent cal-
culations of the dietary exposure estimates.

At present, Bangladesh has no recommended maximum allowable
limits for iAs in the studied foodstuffs. We compared our results with



Table 2
Estimated daily intake (EDI) of dietary inorganic arsenic (iAs) from commonly consumed
foodstuffs by the Bangladeshi rural and urban population.

Foodstuffs Consumption
rate (g/day)

iAs concentration (mg/kg) EDI
(μg/kg-BW/day)

Rural Urban Rural Urban

Cereals
Rice 441.61 344.2 0.28 2.1 1.6
Wheat 23.38 33.69 0.19 0.077 0.11

Pulses
Lentil 11.31 14.27 0.065 0.012 0.015
Chickpea 1.92 3.03 0.093 0.003 0.005

Vegetables
Brinjal 31.37 19.34 0.24 0.13 0.078
Carrot 5.49 10.58 0.28 0.026 0.050
Bean 18.72 9.27 0.30 0.093 0.046
Potato 71.74 67.08 0.33 0.40 0.37
Tomato 11.31 12.26 0.27 0.051 0.056
Onion 19.9 27.46 0.27 0.089 0.12
Green chili 11.51 8.96 0.24 0.046 0.036

Fruits
Banana 13.26 15.63 0.22 0.049 0.058
Mango 18.1 20.67 0.12 0.037 0.042
Jackfruit 11.37 14.29 0.096 0.018 0.023

Fish
Rui 12.03 24.39 0.028 0.010 0.012
Pangas 18.28 16.7 0.020 0.010 0.010
Tilapia 15.36 18.82 0.39 0.10 0.12

Meat
Beef 4.77 12.63 0.40 0.032 0.084
Mutton 0.5 0.89 0.098 0.001 0.001
Chicken 9.01 17.42 0.30 0.045 0.087
Duck 5.31 13.42 0.11 0.010 0.025

Milk
Cow 36.78 39.16 0.31 0.19 0.20

Eggs
Chicken 4.3 9.31 0.21 0.015 0.033
Duck 1.5 5.01 0.24 0.006 0.020

Total 3.5 3.2
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the maximum allowable concentration (MAC) of iAs in polished rice
(0.20 mg/kg) which was proposed by JECFA (2012). Our findings re-
vealed that the estimated concentrations of iAs in the investigated rice
samples (0.279 mg/kg) exceeded the JECFA proposed MAC.
3.2. Human health implications of dietary As

The dietary exposure approach of daily food consumption is a reli-
able tool for investigating a population's diet in terms of intake levels
of nutrients, bioactive compounds, and contaminants, providing impor-
tant information about thepotential nutritional deficiencies or exposure
to food contaminants (WHO, 1985). This study provides an estimate of
Fig. 3. Relative contribution of daily consumed foodstuffs to the daily dietary
the dietary intake and examines the dietary exposure to As through
commonly consumed daily foodstuffs in the population's daily diet for
both the rural and urban residents.

The EDI of iAs were evaluated according to the average concentra-
tion of iAs in each foodstuffs and the respective consumption rate
(Islam et al., 2014; Santos et al., 2004) followed by average bodyweight
of adult consumers. The EDI for both rural and urban residents from
consumption of daily common foodstuffs are shown in Table 2 and
Fig. 3. Cereals contributed to the largest proportion of iAs intake in
rural (59.4%) and urban (53.0%) areas. Previous studies revealed that
an elevated accumulation of As in rice (Ma et al., 2008; Xu et al., 2008)
may be due to the high As content in soil of crop fields and excessive
use of As-contaminated irrigation water. Recently, Halder et al. (2014)
confirmed that cooking with As-safe water reduces total and inorganic
arsenic contents in cooked rice samples collected from household in
rural areas of West Bengal, India affected by endemic arsenicism. In
Bangladesh, Das et al. (2004) found 15.68 mg/kg of arsenic in soil
which is higher than the reported average of 10 mg/kg of arsenic natu-
rally occurring in the soil worldwide. They also found a positive correla-
tion (r = 0.74, p b 0.01) of arsenic in contaminated water and soils.
Vegetables added the second largest portion of iAs intake for both the
rural (25.2%) and urban (25.3%) residents whereas milk contributed
the third largest portion of dietary iAs intake in rural (6.1%) and urban
(7.1%) areas followed by fish and fruits (Fig. 3). In the report of the
seventy-second meeting of the Joint FAO/WHO Expert Committee on
Food Additives (JECFA), it was found that the major food groups con-
tributing to inorganic arsenic dietary exposure differed by country: for
the United Kingdom, fish was the major contributor (36.7%), followed
by beverages (14.3%), bread (12%) and other cereals (12%); for
Canada, bakery goods and cereals were the major contributor (31.3%),
followed by meat and poultry (21.6%), beverages (12.2%) and milk
and dairy products (9.7%); for Spain, fish was the major contributor
(66.1%), followed by milk (6.3%), meat (6.3%), bread (5.3%), potatoes
(5.3%), vegetables (5.3%) and fruits (5.3%); for Japan, rice was the
major contributor (47.4%), followed by vegetables and seaweed
(29.9%), potatoes and cereals (9.3%) and seafood (8.1%) (JECFA, 2011).

Currently, there is no level of iAs exposure that has been shown to be
completely safe, but most experts believe that ingestion of these small
amounts of iAs pose minimal risk when eaten as part of a balanced
diet. The present study revealed that the EDI of iAs through intake of
daily foods for both the rural (3.5 μg/kg-BW/day) and urban
(3.2 μg/kg-BW/day) residents exceeded the previous PTDI (2.1 μg/kg-
BW/day). A rough comparison of daily intake of arsenic from commonly
consumed foodstuffs in Bangladesh and that of some other countries
worldwide are presented in Table 3. Our findings revealed that the die-
tary exposure of As to the Bangladeshi population were lower than
those reported in Chile, France, Korea, Hong Kong, Serbia, whereas it
was higher than the exposed population of Spain, Mexico, Japan and
Cambodia.
intake of inorganic arsenic for Bangladeshi rural and urban population.



Table 3
Comparison of concentration of arsenic (mg/kg) in commonly consumed foods and estimated daily intakes (mg/day) for adults obtained from different studies.

Study Concentration of As in foods Estimated daily intake (EDI) References

Spain, 2000 0.03–2.21 0.223 Llobet et al. (2003)
EU, MSs, 2001–2002 0.001–18 1.42 SCOOP (2004)
Mexico, 2002 0.01–0.61 0.056–0.89 Del Razo et al. (2002)
Chile, 2001–2002 0.00003–0.0013 0.077 Munoz et al. (2005)
Chile, 2008–2009 0.06–1.02 0.181–1.370 Diaz et al. (2015)
France, 2000–2004 0.003–2.237 0.062 Leblanc et al. (2005)
Korea, 2005 0.02–7.02 0.0385 Lee et al. (2006)
France, 2007–2009 0.007–2.519 0.054 Arnich et al. (2012)
Spain, 2008 5.48 0.328 Martorell et al. (2011)
Japan, 2009 0.0031 0.27 Oguri et al. (2012)
Cambodia, 2009–2011 0.004–0.141 0.0022–0.4361 Phan et al. (2013)
Hong Kong, 2010 0.00075–0.074a 0.013 Wong et al. (2013)
Serbia, 2012–2013 b0.03–0.43 0.022 Škrbic et al. (2013)
Bangladesh, 2014 0.077–1.5 0.21 (rural)b; 0.19 (urban)b This study

a Inorganic As (iAs).
b The unit of EDI (μg/kg-BW/day) was converted to (mg/day) for the comparison with the previous studies conducted elsewhere other than Bangladesh.
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Former studies suggested two potential important pathways for ar-
senic exposure such as dietary intake and drinking water (Steinmaus
et al., 2005; Alam et al., 2003). In Bangladesh, 35 million people are be-
lieved to be exposed to anAs concentration in drinkingwater exceeding
0.05 mg/L (Drinking water standard in Bangladesh) (BGS and DPHE,
2001). Assuming water intake of 3 L/day with As concentration of
0.055 mg/L (mean As concentration in drinking water in Bangladesh)
(BGS and DPHE, 2001), the total daily intake would be 7 μg/kg-BW/
day approximately (including EDI of iAs from drinking water;
2.8 μg/kg-BW/day), exceeding the JECFA limit of tolerable daily intake
of iAs by a factor of three. In addition, the total intake of iAs from food
and drinkingwater was greater than the lower limits on the benchmark
dose for a 0.5% increased incidence of lung cancer (BMDL0.5 of
2–7 μg/kg-BW/day is equal to 3.0 μg/kg-BW/day).

Moreover, the dietary exposure estimates of iAs are significantly
higher than those derived from the scientific reports of European Food
Safety Authority (EFSA), which ranged from 0.13 to 0.56 μg/kg-BW/
day for 2009 and 0.09 to 0.38 μg/kg-BW/day for 2014 (EFSA, 2014).

3.3. Limitations

The actual intake of total As by Bangladeshis may be higher than the
reported values presented in our findings as we have considered some
selected commonly consumed food items and drinking water. The ap-
plicability of our analyses is limited as the present study did not con-
sider the other foodstuffs that are consumed by the common people
occasionally and/or regionally. Inmost cases, food is subjected to boiling
prior to consumption. People generally use the same water for cooking
purposes as they usually drink. As a result more amount of dietary arse-
nic would be included in their final diet which we did not consider in
this study. Bangladeshi foodstuffs are also contaminatedwith other pol-
lutants such as other metals and pesticides (Rahman et al., 2013;
Chowdhury et al., 2013; Rahman et al., 2012; Dasgupta et al., 2007;
Alam et al., 2002; Jabber et al., 2001). Considering the fact that arsenic
could accumulate in the organism and there were possibilities of syner-
gistic effects when other pollutants are taken up simultaneously (Zhang
et al., 2011), an alarming public health concern. However, the present
data afford a clear picture on the high dietary intakes of arsenic via
food consumption in Bangladesh. The results obtained are an essential
component for future more in-depth epidemiological studies which
will include exposure of the population to the different arsenic species.
Moreover, while analysis of food samples for inorganic arsenic is gener-
allymuchmore expensive and difficult to perform than analysis for total
arsenic, it may be possible to generate more accurate exposure assess-
ments by focusing inorganic arsenic analyses on the primary food
groups contributing to inorganic arsenic exposure. Focusing analytical
approaches to detect inorganic arsenic from this food group could
serve to reduce uncertainty in the exposure assessment by precluding
the need to make assumptions concerning how much of the total arse-
nic from these foods is present in the inorganic form.

4. Conclusions

Bangladesh has become dependent upon groundwater as a source of
drinking and irrigation water. The ecological systems and population
are vulnerable to arsenic contamination due to ubiquitous in nature of
arsenic. The groundwater arsenic contamination in Bangladesh and its
further spreading into soil and food crops seems to be in a very critical
condition. The consumption of arsenic-contaminated food poses health
risk to a larger number of populations in the arsenic affected areas and
non-affected areas through their imported food crops from both
arsenic-contaminated areas as well and the present critical situation
will become severely life-threatening if effective mitigation action
plans are not taken as well as implemented immediately. A detailed
monitoring programs, mitigation measures, awareness creation, and
management of arsenic problem in Bangladesh are urgently needed
from all levels (Government, academicians, NGOs and community) to
overcome this burning problem. The overall arsenic contamination sce-
nario needs a comprehensivemanagement planwith respect to conser-
vation and use of surface water bodies, harvesting of rain water, careful
use of uncontaminated groundwater for agriculture, aquaculture, and
household purposes. Furthermore, it is important to monitor the food
chain because continued use of arsenic contaminated water and soil is
likely to increase the probability and magnitude of dietary arsenic in-
take which will pose a severe carcinogenic and non-carcinogenic risk
to the population.

Acknowledgments

The authors thank the authority of the Centre of Excellence, Univer-
sity of Dhaka, Bangladesh and Yokohama National University, Japan, for
providing laboratory facilities.

Appendix A. Supplementary data

Supplementary material.

References

Adams, M.A., Bolger, P.M., Gunderson, E.L., 1994. Dietary intake and hazards of arsenic. In:
Chappell, W.R., Abernathy, C.O., Calderon, R.A. (Eds.), Arsenic: Exposure and Health,
Science and Technology Letters. Northwood, UK, pp. 41–49.

Al Rmalli, S.W., Haris, P.I., Harrington, C.F., Ayub, M., 2005. A survey of arsenic in foodstuffs
on sale in the United Kingdom and imported from Bangladesh. Sci. Total Environ. 337
(1–3), 23–30.

http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0005
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0005
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0005
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0010
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0010
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0010


132 M.K. Ahmed et al. / Science of the Total Environment 544 (2016) 125–133
Alam, M.G.M., Allinson, G., Stagnitti, F., Tanaka, A., Westbrooke, M., 2002. Metal concen-
trations in rice and pulses of Samta Village, Bangladesh. Bull. Environ. Contam.
Toxicol. 69, 323–329.

Alam, M.G.M., Snow, E.T., Tanaka, A., 2003. Arsenic and heavy metal contamination of
vegetables grown in Samta village, Bangladesh. Sci. Total Environ. 308 (1–3), 83–96.

Arain, M.B., Kazi, T.G., Jamali, M.K., Jalbani, N., Afridi, H.I., Shah, A., 2008. Total dissolved
and bioavailable elements in water and sediment samples and their accumulation
in Oreochromis mossambicus of polluted Manchar Lake. Chemosphere 70, 1845–1856.

Arain, M.B., Kazi, T.G., Baig, J.A., Jamali, M.K., Afridi, H.I., Shah, A.Q., Jalbani, N., Sarfraz, R.A.,
2009. Determination of arsenic levels in lake water, sediment, and foodstuff from se-
lected area of Sindh, Pakistan: estimation of daily dietary intake. Food Chem. Toxicol.
47 (1), 242–248.

Arnich, N., Sirot, V., Rivicˇre, G., Jean, J., Noël, L., Guérin, T., Leblanc, J.C., 2012. Dietary ex-
posure to trace elements and health risk assessment in the 2nd French total diet
study. Food Chem. Toxicol. 50, 2432–2449.

BBS, 2011. Report of the Household Income and Expenditure Survey 2010. Bangladesh
Bureau of Statistics, Statistics division, Ministry of Planning, Bangladesh: Dhaka,
pp. 9–30.

BGS and DPHE, 2001. Arsenic contamination of groundwater in Bangladesh. British Geol-
ogy Survey and Department of Public Health Engineering, Bangladesh, BGS Technical
Report (WC/00/19).

Bhattacharya, P., Samal, A.C., Majumdar, J., Santra, S.C., 2010. Arsenic contamination in
rice, wheat, pulses, and vegetables: a study in an arsenic affected area ofWest Bengal,
India. Water Air Soil Pollut. 213, 3–13.

Bundschuh, J., Nath, B., Bhattacharya, P., Liu, C.W., Armienta, M.A., López, M.V.M., Lopez,
D.L., Jean, J.S., Cornejo, L., Macedo, L.F.L., Filho, A.T., 2012. Arsenic in the human food
chain: the Latin American perspective. Sci. Total Environ. 429, 92–106.

Chowdhury, U.K., Biswas, B.K., Chowdhury, T.R., Samanta, G., Mandal, B.K., Basu, G.C.,
Chanda, C.R., Lodh, D., Saha, K.C., Mukherjee, S.K., Roy, S., Kabir, S., Quamruzzaman,
Q., Chakraborti, D., 2000. Groundwater arsenic contamination in Bangladesh and
West Bengal, India. Environ. Health Perspect. 108, 393–397.

Chowdhury, A.Z., Islam, M.N., Moniruzzaman, M., Gan, S.H., Alam, M.K., 2013. Or-
ganochlorine insecticide residues are found in surface, irrigated water sam-
ples from several districts in Bangladesh. Bull. Environ. Contam. Toxicol. 90
(2), 149–154.

Culioli, J.L., Fouquoire, A., Calendini, S., Mori, C., Orsini, A., 2009. Trophic transfer of arsenic
and antimony in a freshwater ecosystem: a field study. Aquat. Toxicol. 94, 286–293.

Das, H.K., Mitra, A.K., Sengupta, P.K., Hossain, A., Islam, F., Rabbani, G.H., 2004. Arsenic
concentrations in rice, vegetables, and fish in Bangladesh: a preliminary study. Envi-
ron. Int. 30 (3), 383–387.

Dasgupta, S., Meisner, C., Huq, M., 2007. A pinch or a pint? Evidence of pesticide overuse
in Bangladesh. J. Agric. Econ. 58 (1), 91–114.

Del Razo, L.M., Garcia-Vargas, G.G., Garcia-Salcedo, J., Sanmiguel, M.F., Rivera, M.,
Hernandez, M.C., Cebrian, M.E., 2002. Arsenic levels in cooked food and assessment
of adult dietary intake of arsenic in the Region Lagunera, Mexico. Food Chem. Toxicol.
40 (10), 1423–1431.

Diaz, O.P., Arcos, R., Tapia, Y., Pastene, R., Velez, D., Devesa, V., Montoro, R., Aguilera, V.,
Becerra, M., 2015. Estimation of arsenic intake from drinking water and food (raw
and cooked) in a rural village of northern Chile. Urine as a biomarker of recent expo-
sure. Int. J. Environ. Res. Public Health 12, 5614–5633.

EFSA, 2014. Dietary exposure to inorganic arsenic in the European population. EFSA Jour-
nal 12 (3), 3597. http://dx.doi.org/10.2903/j.efsa.2014.3597.

Fattorini, D., Alonso-Hernandez, C.M., Diaz-Asencio, M., Munoz-Caravaca, A., Pannacciulli,
F.G., Tangherlini, M., Regoli, F., 2004. Chemical speciation of arsenic in different ma-
rine organisms: importance in monitoring studies. Mar. Environ. Res. 58 (2–5),
845–850.

Feldmann, J., Krupp, E., 2011. Critical review or scientific opinion paper: arsenosugars—a
class of benign arsenic species or justification for developing partly speciated arsenic
fractionation in foodstuffs? Anal. Bioanal. Chem. 399 (5), 1735–1741.

Francesconi, K.A., 2010. Arsenic species in seafood: origin and human health implications.
Pure Appl. Chem. 82 (2), 373–381.

Halder, D., Biswas, A., Šlejkovec, Z., Chatterjee, D., Nriagu, J., Jacks, G., Bhattacharya, P.,
2014. Arsenic species in raw and cooked rice: Implications for human health in
Rural Bengal. Sci. Total Environ. 497–498, 200–208.

Hopenhayn, C., 2006. Arsenic in drinking water: impact on human health. Elements 2,
103–107.

Islam, M.S., Ahmed, M.K., Al-Mamun, M.H., Islam, K.N., Ibrahim, M., Masunaga, S., 2014.
Arsenic and lead in foods: a potential threat to human health in Bangladesh. Food
Add. Contam.: Part A 31 (12), 1982–1992.

Jabber, S.A., Khan, Y.S., Rahman, M.S., 2001. Levels of organochlorine pesticide residues in
some organs of the Ganges perch, Lates calcarifer, from the Ganges–Brahmaputra–
Meghna Estuary, Bangladesh. Mar. Pollut. Bull. 42 (12), 1291–1296.

JECFA, 2011. Safety Evaluation of Certain Contaminants in Food. Seventy-Second Meeting
of the Joint FAO/WHO Expert Committee on Food Additives. WHO Food Additives Se-
ries:63; FAO JECFA Monographs: 8. FAO, Rome.

JECFA, 2012. Report of the sixth session of the codex committee on contaminants in foods.
Joint FAO/WHO Food Standards Programme, Codex Committee on Contaminants in
Foods, 35th Session. CL 2012/7-CF, the Netherlands: Maastricht.

Kar, S., Maity, J.P., Jean, J.S., Liu, C., Liu, C., Bundschuh, J., Lu, H., 2011. Health risks for
human intake of aquacultural fish: arsenic bioaccumulation and contamination.
J. Environ. Sci. Health — Part A Toxic/Hazardous Subs. Environ. Eng. 46 (11),
1266–1273.

Kelley, K., Clark, B., Brown, V., Sitzia, J., 2003. Good practice in the conduct and reporting
of survey research. Int. J. Qual. Health Care 15 (3), 261–266.

Larocque, A.C.L., Rasmussen, P.E., 1998. An overview of trace metals in the environment
from mobilization to remediation. Environ. Geol. 33, 85–90.
Leblanc, J., Rin, T.G., NoeL, L., Calamassi-Tran, G., Volatier, J.L., Verger, P., 2005. Dietary ex-
posure estimates of 18 elements from the 1st French total diet study. Food Addit.
Contam. 22 (7), 624–641.

Lee, H.S., Cho, Y.H., Park, S.O., Kye, S.H., Kim, B.H., Hahm, T.S., Kim, M., Lee, J.O., Kim, C.,
2006. Dietary exposure of the Korean population to arsenic, cadmium, lead and mer-
cury. J. Food Compos. Anal. 19, S31–S37.

Li, X., Gao, J., Wang, Y., Chen, J., 2006. 2000 Chinese total dietary study— the dietary arse-
nic intakes. J. Hyg. Res. 35 (1), 63–66.

Li, G., Sun, G.X., Williams, P.N., Nunes, L., Zhu, Y.G., 2011. Inorganic arsenic in Chinese food
and its cancer risk. Environ. Int. 37, 1219–1225.

Liao, C.M., Ling, M.P., 2003. Assessment of human health risks for arsenic bioaccumu-
lation in tilapia Oreochromis mossambicus and large-scale mullet Liza macrolepis
from Blackfoot disease area in Taiwan. Arch. Environ. Contam. Toxicol. 45,
264–272.

Llobet, J.M., Falcoä, G., Casas, C., Teixidoä, A., Domingo, J.L., 2003. Concentrations of arse-
nic, cadmium, mercury, and lead in common foods and estimated daily intake by
children, adolescents, adults, and seniors of Catalonia, Spain. J. Agric. Food Chem.
51, 838–842.

Ma, J.F., Yamaji, N., Mitani, N., Xu, X.Y., Su, Y.H., McGrath, S.P., Zhao, F.J., 2008. Transporters
of arsenite in rice and their role in arsenic accumulation in rice grain. Proc. Natl. Acad.
Sci. 105 (29), 9931–9935.

Maharjan, M., Watanabe, C., Ahmad, S.A., Ohtsuka, R., 2005. Arsenic contamination in
drinking water and skin manifestations in lowland Nepal: the first community-
based survey. American Trop. Med. Hyg. 3 (2), 477–479.

Martorell, I., Perelló, G., Martí-Cid, R., Llobet, J.M., Castell, V., Domingo, J.L., 2011. Human
exposure to arsenic, cadmium,mercury, and lead from foods in Catalonia, Spain: tem-
poral trend. Biol. Trace Elem. Res. 142, 309–322.

Meharg, A.A., Rahman, M.M., 2003. Arsenic contamination of Bangladesh paddy field
soils: implications for rice contribution to arsenic consumption. Environ. Sci. Technol.
37 (2), 229–234.

Munoz, O., Bastias, J.M., Araya, M., Morales, A., Orellana, C., Rebolledo, R., Velez, D., 2005.
Estimation of the dietary intake of cadmium, lead, mercury, and arsenic by the pop-
ulation of Santiago (Chile) using a total diet study. Food Chem. Toxicol. 43 (11),
1647–1655.

Nordstrom, D.K., 2002. Public health. Worldwide occurrences of arsenic in ground water.
Science 296, 2143–2145.

NRC, 1999. Arsenic in DrinkingWater. National Academic Press, National Research Coun-
cil, Washington DC, pp. 27–82.

Oguri, T., Yoshinaga, J., Tao, H., Nakazato, T., 2012. Daily intake of inorganic arsenic and
some organic arsenic species of Japanese subjects. Food Chem. Toxicol. 50,
2663–2667.

Ohno, K., Yanase, T., Matsuo, Y., Kimura, T., Rahman, M.H., Magara, Y., Matsui, Y., 2007. Ar-
senic intake via water and food by a population living in an arsenic-affected area of
Bangladesh. Sci. Total Environ. 381 (1–3), 68–76.

Phan, K., Sthiannopkao, S., Heng, S., Phan, S., Huoy, L., Wong, M.H., Kim, K.W., 2013. Arse-
nic contamination in the food chain and its risk assessment of populations residing in
the Mekong River basin of Cambodia. J. Hazard. Mater. 262, 1064–1071.

Piyawat, S., Suthep, R., Bundit, T., Nongluck, R., 2012. Total and inorganic arsenic in fresh-
water fish and prawn in Thailand. J. Food Prot. 10, 1728–1902.

Rahman,M.S., Molla, A.H., Saha, N., Rahman, A., 2012. Study on heavymetals levels and its
risk assessment in some edible fishes from Bangshi River, Savar, Dhaka, Bangladesh.
Food Chem. 134, 1847–1854.

Rahman, M.M., Asaduzzaman, M., Naidu, R., 2013. Consumption of arsenic and other ele-
ments from vegetables and drinking waterfrom an arsenic-contaminated area of
Bangladesh. J. Hazard. Mater. 262, 1056–1063.

Saha, N., Zaman, M.R., 2013. Evaluation of possible health risks of heavy metals by con-
sumption of foodstuffs available in the central market of Rajshahi City, Bangladesh.
Environ. Monit. Assess. 185, 3867–3878.

Santos, E.E., Lauri, D.C., Silveira, P.C.L., 2004. Assessment of daily intake of trace elements
due to consumption of foodstuffs by adult inhabitants of Rio de Janeiro city. Sci. Total
Environ. 327, 69–79.

Santra, S.C., Samal, A.C., Bhattacharya, P., Banerjee, S., Biswas, A., Majumdar, J., 2013. Arse-
nic in foodchain and community health risk: a study in Gangetic West Bengal. Prog.
Environ. Sci. 18, 2–13.

SCOOP, 2004. Assessment of Dietary Intake of Arsenic, Cadmium, Lead and Mercury by
the Population of EU Members' States. Scientific Cooperation (SCOOP). Health and
Food Safety, European Commission, Brussels, Belgium.

Shraim, A., Sekaran, C.N., Anuradha, C.D., Hirano, S., 2002. Speciation of arsenic in tube-
well water samples collected from West Bengal, India, by high-performance liquid
chromatography–inductively coupled plasma mass spectrometry. Appl. Organomet.
Chem. 16, 202–209.

Škrbic, B., Zivancev, J., Mrmoš, N., 2013. Concentrations of arsenic, cadmium and lead in
selected foodstuffs from Serbian market basket: estimated intake by the population
from the Serbia. Food Chem. Toxicol. 58, 440–448.

Smith, A.H., Hopenhayn-Rich, C., Bates, M.N., Goeden, H.M., Hertz-Picciotto, I., Duggan,
H.M., Wood, R., Kosnett, M.J., Smith, M.T., 1992. Cancer risks from arsenic in drinking
water. Environ. Health Perspect. 97, 259–267.

Smith, A.H., Lingas, E.O., Rahman,M., 2000. Contamination of drinking-water by arsenic in
Bangladesh: a public health emergency. Bull. World Health Organ. 78 (9),
1093–1103.

Smith, N.M., Lee, R., Heitkemper, D.T., Cafferky, K.D., Haque, A., Henderson, A.K., 2006. In-
organic arsenic in cooked rice and vegetables from Bangladeshi households. Sci. Total
Environ. 370, 294–301.

Steinmaus, C., Carrigan, K., Kalman, D., Atallah, R., Yuan, Y., Smith, A.H., 2005. Dietary in-
take and arsenic methylation in a U.S. population. Environ. Health Perspect. 113 (9),
1153–1159.

http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0015
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0015
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0015
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0020
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0020
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0025
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0025
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0025
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0030
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0030
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0030
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0035
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0035
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0035
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0040
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0040
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0040
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0045
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0045
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0045
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0050
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0050
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0050
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0055
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0055
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0060
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0060
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0065
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0065
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0065
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0065
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0070
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0070
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0075
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0075
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0075
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0080
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0080
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0085
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0085
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0085
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0090
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0090
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0090
http://dx.doi.org/10.2903/j.efsa.2014.3597
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0105
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0105
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0105
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0110
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0110
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0110
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0115
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0115
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0120
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0120
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0125
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0125
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0130
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0130
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0135
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0135
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0135
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0145
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0145
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0145
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0150
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0150
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0150
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0155
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0155
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0155
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0155
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0160
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0160
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0165
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0165
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0170
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0170
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0170
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0175
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0175
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0180
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0180
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0185
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0185
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0190
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0190
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0190
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0190
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0195
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0195
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0195
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0195
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0200
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0200
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0200
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0205
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0205
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0205
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0210
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0210
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0210
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0215
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0215
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0215
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0220
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0220
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0220
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0225
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0225
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0230
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0230
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0235
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0235
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0235
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0240
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0240
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0240
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0245
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0245
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0245
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0250
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0250
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0255
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0255
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0255
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0260
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0260
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0260
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0265
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0265
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0265
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0270
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0270
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0270
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0275
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0275
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0275
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0280
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0280
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0280
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0285
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0285
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0285
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0285
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0290
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0290
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0290
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0295
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0295
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0300
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0300
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0300
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0305
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0305
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0305
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0310
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0310
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0310


133M.K. Ahmed et al. / Science of the Total Environment 544 (2016) 125–133
USEPA, 1989. Assessing Human Health Risks from Chemically Contaminated Fish and
Shellfish: A Guidance Manual. EPA-503/8–89-002. U.S. Environmental Protection
Agency, Washington, D.C.

Wang, H.S., Sthiannopkao, S., Chen, Z.J., Man, Y.B., Du, J., Xing, G.H., Kim, K.W., Yasin,
M.S.M., Hashim, J.H., Wong, M.H., 2013. Arsenic concentration in rice, fish, meat
and vegetables in Cambodia: a preliminary risk assessment. Environ. Geochem.
Health 35, 745–755.

WHO, 1981. Arsenic: Environmental Health Criteria 18. World Health Organization, Ge-
neva, Switzerland.

WHO, 1985. Guidelines for the Study of Dietary Intakes of Chemical Contaminants. WHO
Offset Publication No. 87. World Health Organization, Geneva, pp. 1–100.

WHO, 2011. Evaluation of certain contaminants in food. Seventy-second report of the
joint FOA/WHO Expert Committee on food additives, WHO technical report series
No. 959. World Health Organization (WHO), Geneva.
Williams, P.N., Islam, M.R., Adomako, E.E., Raab, A., Hossain, S.A., Zhu, Y.G., Feldmann, J.,
Meharg, A.A., 2006. Increase in rice grain arsenic for regions of Bangladesh irrigating
paddies with elevated arsenic in groundwaters. Environ. Sci. Technol. 40 (16),
4903–4908.

Wong, W.W.K., Chung, S.W.C., Chan, B.T.P., Ho, Y.Y., Xiao, Y., 2013. Dietary exposure to in-
organic arsenic of the Hong Kong population: results of the first Hong Kong total diet
study. Food Chem. Toxicol. 51, 379–385.

Xu, X., McGrath, S., Meharg, A., Zhao, F., 2008. Growing rice aerobically markedly de-
creases arsenic accumulation. Environ. Sci. Technol. 42 (15), 5574–5579.

Zhang, W., Huang, L., Wang, W.X., 2011. Arsenic bioaccumulation in a marine juvenile fish
Terapon jarbua. Aquat. Toxicol. 105, 582–588.

http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0315
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0315
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0315
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0320
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0320
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0320
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0325
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0325
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0330
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0330
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0335
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0335
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0335
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0340
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0340
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0340
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0345
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0345
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0345
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0350
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0350
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0355
http://refhub.elsevier.com/S0048-9697(15)31116-5/rf0355

	A comprehensive assessment of arsenic in commonly consumed foodstuffs to evaluate the potential health risk in Bangladesh
	1. Introduction
	2. Materials and methods
	2.1. Sample collection and preparation
	2.2. Analytical methods
	2.2.1. Reagents and sample extraction procedure
	2.2.2. Instrumental analysis and quality assurance

	2.3. Calculations
	2.3.1. Estimated daily intakes (EDI)

	2.4. Statistical analysis

	3. Results and discussion
	3.1. Arsenic concentrations in foodstuffs
	3.2. Human health implications of dietary As
	3.3. Limitations

	4. Conclusions
	Acknowledgments
	Appendix A. Supplementary data
	References


