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Arsenic and lead in foods: a potential threat to human health in Bangladesh
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(Received 12 May 2014; accepted 5 October 2014)

The non-carcinogenic and carcinogenic risk of arsenic and lead to adults and children via daily dietary intake of food
composites in Bangladesh was estimated. The target hazard quotients (THQs), hazard index (HI) and target carcinogenic
risk (TR) were calculated to evaluate the non-carcinogenic and carcinogenic health risk from arsenic and lead. Most of the
individual food composites contain a considerable amount of arsenic and lead. The highest mean concentrations of arsenic
were found in cereals (0.254 mg kg–1 fw) and vegetables (0.250 mg kg–1 fw), and lead in vegetables (0.714 mg kg–1 fw)
and fish (0.326 mg kg–1 fw). The results showed the highest THQs of arsenic in cereals and lead in vegetables for both
adults and children which exceeded the safe limit (> 1) indicating that cereals and vegetables are the main food items
contributing to the potential health risk. The estimated TR from ingesting dietary arsenic and lead from most of the foods
exceeded 10−6, indicating carcinogenic risks for all adult people of the study area.
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Introduction

Arsenic (As) and lead (Pb) are ubiquitous elements that
can contaminate soil, water and plants including other
compartments of the ecosystem and ultimately affect
human health and well-being (Roychowdhury et al.
2003; Buschmann et al. 2008; Bundschuh et al. 2012).
As can be taken up by terrestrial and aquatic biota which
are either consumed by humans or incorporated into fod-
der for livestock (Bundschuh et al. 2012). Therefore, it is
necessary to assess human exposure to As and Pb present
in the food chain as humans are one of the topmost
consumers. Although the most widely distributed toxic
metals in foods (Llobet et al. 2003), there is no evidence
that As and Pb are essential in humans. Humans are
exposed to many different inorganic and organic As spe-
cies present in food, water and other environmental media.
Routes of As and Pb intake include respiratory exposure
from dust and fumes and oral exposure from water, bev-
erages, soil and food (Figure 1). The most common mode
of metal toxicity in human is the inactivation of an
enzyme system by binding through various biological
ligands (Nagvi et al. 1994; Shen et al. 2013). In contrast,
chronic As poisoning can cause serious health effects
including cancers, melanosis (hyperpigmentation or dark
spots and hypopigmentation or white spots), hyperkerato-
sis, restrictive lung disease, peripheral vascular disease
(blackfoot disease), gangrene, diabetes mellitus, hyperten-
sion and ischemic heart disease (Morales et al. 2000;

Cohen et al. 2007; Lindberg et al. 2008; Caldwell et al.
2009; Argos et al. 2010; Kitchin & Conolly 2010). Pb
causes renal failure and liver damage (Lee et al. 2011).
Moreover, prolonged exposure to Pb will result in coma,
mental retardation and even death (Al-Busaidi et al. 2011).
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. As is recognised as a toxic element and has
been classified as a human carcinogen to skin and lungs
(WHO 2001). As and Pb have been considered the most
toxic elements in the environment and included in the
USEPA list of priority pollutants (Lei et al. 2010; Islam
et al. 2014).

Bangladesh is a developing country and As contam-
ination is one of the most important public health.
Groundwater is the main source of potable water in
Bangladesh and the agricultural system is mostly ground-
water-dependent. Food chain aspects of As and Pb con-
tamination in Bangladesh have recently received attention
(Duxbury et al. 2003; Meharg & Rahman 2003; Das et al.
2004; Rahman et al. 2013). The total dietary study per-
formed by the USFDA indicated that food contributes
93% of the total intake of As (Adams et al. 1994). In
fact, there were many studies concerning the high As and
Pb concentrations in different terrestrial and aquatic food-
stuffs collected from different regions in Bangladesh
(Chowdhury et al. 2000; Alam et al. 2002; Anawar et al.
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2002; Das et al. 2004; Rahman et al. 2012, 2013). It is
well known that levels of metals in foods generally accu-
mulate from the local environments which indicate that
foodstuffs grown in As and Pb enriched areas are con-
taminated with these metals in Bangladesh. The identifica-
tion of daily dietary intake of total As and Pb and health
risk assessment based on the daily food consumption
studies is urgent for both the adult and children in
Bangladesh.

In the present investigation a micro-level study was
carried out to evaluate As and Pb levels in food compo-
sites and daily dietary intake for both adult and children
residents from the northern part in Bangladesh. The poten-
tial health exposure was assessed through dietary intakes
of commonly consumed food stuff. To our knowledge,
this is the first study to investigate the dietary intake and
human risk assessment of As and Pb at the population
level based on the daily food consumption by the
Bangladeshi population.

Materials and methods

Sample collection and preparation

The per capita per day intake of major food items (HIES
2011; Islam, Ahmed, & Habibullah-Al-Mamun 2014) and
intakes of individual food items used to characterise the
food consumption pattern of both adults and children in
Bangladesh. The seven types of most consumed food sam-
ples i.e. cereals, vegetables, fruits, fish, egg, milk and meat
were collected during February–March 2012 and August–
September 2013 from an urban area in Bangladesh. The

samples were collected from the agriculture field, dairy
farm, poultry farm, one river (Korotoa) and market from
the urban residential area of Bogra City, Bangladesh
(Figure 2). In the process of sample transport and storage,
we ensured that the samples did not make contact with
metal instruments in order to avoid cross-contamination.
From each sampling site a composite sample for each food
item was prepared and homogenised using food processor.
After collection from the field, about 200 g of fresh food
samples were put in the rotary type food processor. The
pretreated samples were first mixed and homogenised and
then oven-dried at 105°C for 24 h to remove the moisture
content. About 20–30 g dried samples were stored at – 20°
C in the laboratory of the Institute of Nutrition and food
Science (INFS), University of Dhaka, Bangladesh. The
processed samples were brought to Yokohama National
University, Japan and stored in the refrigerator until chemi-
cal analysis was carried out.

Reagents and sample extraction procedure

All solutions were prepared with analytical reagent-grade
chemicals and ultrapure water. Standard stock solutions
containing 10 µg l–1 of each element (Cd, As, Pb, Cr, Ni,
Zn, Se, Cu, Mo, Mn, Sb, Ba, Vand Ag and internal standard
solutions containing 1.0 mg l–1 of indium (In), yttrium (Y),
beryllium (Be), telium (Te), cobalt (Co) and titanium (Ti)
were purchased from Spex Certi Prep® USA. The con-
nected tube of ICP-MS was inserted into the internal stan-
dard bottle and automatically added to the samples during
analysis. A solution of 10 mg l–1 multielement solution

Rain
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pesticides and fertilizers
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Figure 1. Possible complex food chain pathways of the terrestrial ecosystem through which humans may be exposed to arsenic and lead
poisoning from many sources as they are one of the topmost consumers of the ecosystem.

Food Additives & Contaminants: Part A 1983

D
ow

nl
oa

de
d 

by
 [

72
.2

51
.1

79
.9

5]
 a

t 0
7:

05
 1

7 
D

ec
em

be
r 

20
14

 



(Merck, Darmstadt, Germany) was used to prepare a tuning
solution covering a wide range of masses of elements. A
microwave digestion system (Berghof, Bavaria, Germany)
was used to extract metals 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. After
digestion samples were then transferred into a Teflon bea-
ker 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.

Instrumental analysis and quality control

Metals in samples were analysed using inductively coupled
plasma mass spectrometer (ICP-MS, 7700 series). Detailed
analytical procedure of ICP-MS is presented in Table 1. 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
analysed in triplicate to eliminate any batch-specific error.
Multielement standard solution was used to prepare stan-
dard curve. Before starting the sequence, RSD (< 5%) was

checked by using tuning solution purchased from Agilent
Co (Tokyo, Japan). Each analytical procedure was accom-
panied 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

Figure 2. (colour online) Map of the study area of Bogra district in Bangladesh.

Table 1. ICP-MS operating conditions and measurement
parameters.

Operating conditions

Spray chamber Scott double-pass
Nebuliser pump (rps) 0.1
RF power (W) 1550
RF Matching (V) 0.2
Sample depth (mm) 8
Torch-H (mm) 0.2
Torch-V (mm) 0.2
Plasma gas flow rate (l min−1) 15
Carrier gas (Ar) flow rate
(l min−1)

0.9 (optimised daily)

Measurement parameters
Scanning mode Peak hop
Resolution (amu) 0.7
Readings/replicate 1
Number of replicates 3
Isotopes 52Cr, 60Ni, 63Cu, 75As, 111Cd,

208Pb

1984 M.S. Islam et al.
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– Dogfish muscle from the National Research Council,
Canada, were analysed to confirm analytical performance
and good precision (RSD below 20%) of the applied
method. The data of CRM is presented in Table 2.

Health risk assessment

Estimated daily intakes (EDI)

EDI for As and Pb were calculated using the respective
average concentration in composite food samples by the
weight of food item consumed by an individual (body
weight 60 kg for adult and 16 kg for children) in
Bangladesh which was obtained from the ‘Report of the
Household Income and Expenditure Survey 2010’ (HIES
2011; Islam et al. 2014), and calculated by using the
formula:

EDI ¼ FIR� C

BW
(1)

where FIR is the food ingestion rate (g/person day–1); C is
the As and Pb concentration in food samples (mg kg–1,
fresh weight (fw)); and BW is the body weight.

Target hazard quotient (THQ)

The equation used for estimating the THQ is as follows
(USEPA 1989a):

THQ ¼ EFr � ED� EDI

RfD� AT
� 10�3 (2)

where THQ is dimensionless; EFr is the exposure fre-
quency (365 days/year); ED is the exposure duration
(70 years) equivalent to the average human life time;
FIR is the food ingestion rate (g/person day–1); C is the
metal concentration in food samples (mg kg–1 fw); RfD is
the oral reference dose (mg kg–1 day–1); BW is the average
body weight; and AT is the averaging time for non-carci-
nogens (365 days/year × number of exposure years,
assuming 70 years). The oral reference doses were based
on 0.0003 and 0.0035 mg kg–1 day–1 for As and Pb
(JECFA 1993; USEPA 2010). If THQ is less than 1, the

exposed population is unlikely to experience obvious
adverse effects. If THQ is equal to or higher than 1,
there is a potential health risk (Wang et al. 2005; Islam
et al. 2014), and related interventions and protective mea-
surements should be taken.

Target carcinogenic risk factor (TR)

The equation used for estimating the target cancer risk
(lifetime cancer risk) is as follows (USEPA 1989a):

TR ¼ EFr � ED� FIR� C � CSFo

BW � AT
� 10�3 (3)

where TR represents the target cancer risk or the risk of
cancer over a lifetime; AT is the averaging time for carci-
nogens (365 days/year × ED); and CSFo is the oral carci-
nogenic slope factor from the Integrated Risk Information
System (USEPA 2010) database was 1.5 and 8.5 × 10−3

(mg kg–1 day–1)−1 for As and Pb.

Statistical analysis

The data were statistically analysed using the statistical
package, SPSS 16.0 (SPSS, Cary, NC, USA). The means,
median, 5th and 95th percentile values of trace metals in
food samples were calculated. Multivariate Post-Hoc
Tukey tests were employed to examine the significant
differences among mean concentrations of trace metals
among different food groups. Other calculations were
performed using Microsoft excel 2010.

Results and discussion

As and Pb concentrations in foodstuffs

The geometric mean, maximum and minimum concentra-
tions of As and Pb concentrations from each item of food
samples are presented in Table 3. The median, 5th 25th,
75th, and 95th percentiles values for each group of food
were presented in Figure 3. For all types of foods, a
relatively large variation in As and Pb concentrations
were observed, even within the same kind of food. The
observed variation of As and Pb concentrations for

Table 2. Measured and certified values of heavy metal concentration, as mg kg–1 dry weight, in standard reference material of INCT-
CF-3 – Corn flour and DORM-2 – Dogfish muscle.

INCT-CF-3 – Corn flour DORM-2 – Dogfish muscle

Metal
Certified
value

Measured
value
(n = 3)

Recovery
(%)

Certified
value

Measured value
(n = 3)

Recovery
(%)

As 0.01 0.0096 ± 0.001 96 18 ± 1.1 17.7 ± 1.6 98
Pb 0.052 0.051 ± 0.003 98 0.065 ± 0.007 0.068 ± 0.005 105

Food Additives & Contaminants: Part A 1985
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analysed foodstuffs could be due to variable capabilities of
absorption and accumulation of heavy metals (Pandey &
Pandey 2009), variations in growth period and growth
rates (Moseholm et al. 1992; Islam et al. 2014), and
climatic differences of the producing areas (Santos et al.
2004). As concentrations on fresh weight (fw) basis in
foodstuffs decreased in the order of cereal (0.254) > vege-
table (0.250) > fruit (0.187) > fish (0.121) > egg
(0.102) > milk (0.051) > meat (0.023) and for Pb concen-
trations were in the order of vegetable (0.714) > fish
(0.326) > egg (0.183) > fruit (0.178) > milk (0.125) > cereal
(0.100) > meat (0.057). In cereals, Zea mays had the
highest mean concentration of As and in vegetables;
Solanum tuberosum contained the highest concentration
of Pb. Among the individual food item the species which

showed the highest concentrations of As, fish – Cirrhinus
reba (0.94), egg – Gallus gallus domesticus (0.13), meat –
G. gallus domesticus (0.035), milk – Bos primigenius
(0.051), vegetables – Lagenaria siceraria (0.30), fruits –
Musa paradisiacal (0.30) and cereals – Z. mays
(0.32 mg kg–1 fw), respectively. The highest concentra-
tions of Pb was observed in the species of individual
group, fish – Mastacembelus armatus (0.69), egg –
G. gallus domesticus (0.26), meat – Capra aegagrus hir-
cus (0.12), milk – B. primigenius (0.12), vegetables –
Solanum tuberosum (1.3), fruits – Mangifera indica
(0.32) and cereals – Oryza sativa (0.17 mg kg–1 fw),
respectively (Table 3). Statistically significant differences
(p < 0.05) were observed for As and Pb concentration in
the studied food samples (Figure 3).

Table 3. Metal concentration (mg kg–1 fw) in food samples [mean ± SD (range)].

Local name Scientific name As (mg kg–1 fw) Pb (mg kg–1 fw)

Fish (n = 96)
Batashi Pseudeutropius atherinoides 0.045 ± 0.02 (0.029–0.082) 0.051 ± 0.02 (0.027–0.077)
Shing Heterponeustes fossilis 0.080 ± 0.05 (0.035–0.17) 0.026 ± 0.01 (0.014–0.039)
Tengra Mystus vittatus 0.068 ± 0.05 (0.035–0.19) 0.12 ± 0.04 (0.062–0.18)
Mola Amblypharyngodon mola 0.087 ± 0.05 (0.052–0.19) 0.27 ± 0.08 (0.14–0.39)
Folli Notopterus notopterus 0.081 ± 0.06 (0.046–0.22) 0.39 ± 0.12 (0.20–0.56)
Puti Puntius ticto 0.088 ± 0.05 (0.044–0.21) 0.31 ± 0.09 (0.16–0.46)
Chapila Gudusia chapra 0.23 ± 0.08 (0.13–0.36) 0.62 ± 0.19 (0.32–0.91)
Baim Mastacembelus armatus 0.24 ± 0.08 (0.13–0.37) 0.69 ± 0.21 (0.36–1.0)
Taki Channa punctatus 0.25 ± 0.09 (0.17–0.42) 0.63 ± 0.19 (0.32–0.93)
Baila Glossogobius giuris 0.11 ± 0.06 (0.050–0.22) 0.043 ± 0.01 (0.023–0.065)
Tatkeni Cirrhinus reba 0.94 ± 0.05 (0.032–0.18) 0.38 ± 0.11 (0.19–0.55)
Kachki Corica soborna 0.077 ± 0.06 (0.033–0.20) 0.39 ± 0.12 (0.20–0.57)

Egg (n = 32)
Chicken Gallus gallus domesticus 0.13 ± 0.06 (0.05–0.28) 0.26 ± 0.09 (0.11–0.45)
Duck Anas platyrhynchos 0.079 ± 0.03 (0.056–0.14) 0.10 ± 0.07 (0.031–0.26)

Meat (n = 72)
Chicken Gallus domesticus 0.035 ± 0.02 (0.012–0.074) 0.014 ± 0.01 (0.003–0.032
Duck Anas platyrhynchos 0.033 ± 0.02 (0.015–0.070) 0.005 ± 0.00 (0.003–0.008)
Beef Bos primigenius 0.018 ± 0.01 (0.008–0.066) 0.043 ± 0.04 (0.002–0.14)
Mutton Capra aegagrus hircus 0.016 ± 0.02 (0.001–0.075) 0.12 ± 0.17 (0.001–0.50)

Milk (n = 40)
Cow Bos primigenius 0.051 ± 0.04 (0.004–0.16) 0.12 ± 0.09 (0.014–0.43)

Vegetables (n = 64)
Brinjal Solanum melongena 0.14 ± 0.05 (0.093–0.23) 0.25 ± 0.08 (0.13–0.37)
Tomato Solanum lycopersicum 0.27 ± 0.14 (0.11–0.50) 0.18 ± 0.05 (0.090–0.26)
Potato Solanum tuberosum 0.25 ± 0.09 (0.17–0.43) 1.3 ± 0.39 (0.67–1.9)
Onion Allium cepa 0.27 ± 0.10 (0.17–0.43) 0.44 ± 0.48 (0.12–1.5)
Carrot Daucus carota 0.25 ± 0.09 (0.16–0.41) 1.1 ± 0.32 (0.55–1.6)
Chilli Capsicum annuum 0.23 ± 0.08 (0.15–0.37) 0.52 ± 0.16 (0.27–0.77)
Bottle gourd Lagenaria siceraria 0.30 ± 0.11 (0.20–0.49) 1.2 ± 0.36 (0.62–1.8)
Cucumber Cucumis sativus 0.29 ± 0.11 (0.17–0.49) 0.77 ± 0.23 (0.39–1.1)

Fruit (n = 24)
Banana Musa paradisiaca 0.30 ± 0.17 (0.086–0.57) 0.015 ± 0.01 (0.01–0.023)
Mango Mangifera indica 0.15 ± 0.06 (0.10–0.25) 0.32 ± 0.10 (0.17–0.47)
Jackfruit Artocarpus heterophyllus 0.11 ± 0.04 (0.076–0.19) 0.20 ± 0.06 (0.10–0.29

Cereals (n = 72)
Rice Oryza sativa 0.26 ± 0.17 (0.021–0.66) 0.17 ± 0.08 (0.046–0.35)
Maize Zea mays 0.32 ± 0.12 (0.20–0.55) 0.039 ± 0.03 (0.015–0.12
Wheat Triticum aestivum 0.21 ± 0.13 (0.027–0.50) 0.045 ± 0.03 (0.01–0.14)

1986 M.S. Islam et al.
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Total exposure of As and Pb from the food composites in
the urban population of Bogra City, Bangladesh

The scenario of health risk due to intake of metal con-
taminated foodstuffs was the main focus of this study.
Among the fish species selected, some species contained
a considerable amount of As. The results of the present
study were in line with former studies conducted in
Cambodia (Wang et al. 2013), UK (Al Rmalli et al.
2005), China (Li et al. 2011) and Bangladesh (Das et al.
2004; Ohno et al. 2007) indicating high As contents were
observed in fish and seafood comparing to other food-
stuffs. It is well known that metal levels in the food
crops are high if they are grown in metal enriched soil.
However, unlike cadmium, Pb and As have limited plant

bioaccessibilities, and they vary from place to place. As a
whole, the range of As in food crops was 0.021–0.66 and
Pb was 0.008–1.9 mg kg–1, which was in line with other
studies (Table 4).

Dietary intake of As and Pb

The mean concentrations, consumption rates and esti-
mated daily intakes (EDI) of As and Pb in adults and
children from different food groups are listed in Table 5.
To evaluate the daily intake, the average concentration for
As and Pb in each food category was calculated, and then
multiplied by the respective consumption rate (Santos
et al. 2004). The daily intake of As via food consumption
was 2.59 × 10−3 and 4.75 × 10−3 mg kg–1 bw day–1

for adults and children and Pb was 3.08 × 10−3 and
7.00 × 10−3 mg kg–1 bw day–1 for adults and children,
respectively (Table 3). Total EDI value of As for adult
inhabitants was higher than the Maximum tolerable daily
intake (MTDI) (2.1 × 10−3 mg kg–1 bw day–1) and recom-
mended provisional tolerable intake value recommend by
WHO benchmark dose (BMDL0.5 = 1.9 × 10−3 mg kg–1

bw day–1) (JECFA 2011). Former studies suggested the
most important pathway for As exposure was dietary
intake (Alam et al. 2003; Steinmaus et al. 2005). Our
study indicated that total daily intake of As and Pb via
foodstuffs in children was higher than that of adult resi-
dents (Table 5).

The contributions of As and Pb from different food
items to the dietary intake are shown in Figure 4. Cereals
consumption contributed the greatest proportion of total
As intake in adults (about 62%) and children (about 50%).
This might be due to the fact that cereals contained much
higher concentrations of As than other food items and the
consumption rate was also higher than other foods
(Table 5). Previous studies showed that an elevated accu-
mulation of As in rice (Ma et al. 2008; Xu et al. 2008)
might be due to the high As content in soil of crop fields
and excessive use of contaminated irrigation water. In
Bangladesh, Das et al. (2004) found the concentration of
As in soil was 15.68 ± 6.59 mg kg–1 (mean ± SD), which

Median 

25%–75% 

5%–95% 

Figure 3. Concentrations (mg kg–1 fw) of arsenic and lead in
food composites in Bangladesh. Different letter indicates statisti-
cally significant difference (p < 0.05).

Table 4. Comparison of metal concentration in crops (mg kg–1 fw) with other study in Bangladesh and other countries.

Study area As Pb References

Bogra, Bangladesh 0.24 (0.021–0.66) 0.36 (0.008–1.9) This study
Noakhali, Bangladesh 0.05 (0.01–0.2) 3.7 (0.7–17) Rahman et al. (2013)
Dhaka, Bangladesh 0.08 (0.01–0.45) 0.84 (0.08–3.7) Islam et al. (2014)
Patuakhali, Bangladesh 0.3 (0.04–0.8) 0.7 (0.04–1.6) Islam, Ahmed, & Habibullah-Al-Mamun (2014)
Beijing-Tianjin, China 0.03 0.04 Wang et al. (2012)
Kunshan, China 0.029–0.086 0.017–1.2 Huang et al. (2008)
Catalonia, Spain 0.10 (0.045–0.18) 0.040 (0.025–0.094) Martí-Cid et al. (2008)
Sardinia, Italy 0.10 (0.041–0.25) 0.56 (0.074–3.3) Beccaloni et al. (2013)
Varanasi, India Not analysed 1.4 (0.9–2.2) Sharma et al. (2007)
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was higher than the reported average of 10 mg kg–1 of As
naturally occurring in the soil worldwide. The other food
groups, such as vegetables, fruit, meat, milk and eggs
contributed a limited proportion of As intake among all
foodstuffs in the present study, which was in line with the
former studies conducted in Cambodia (Wang et al. 2013)
and Chile (Muñoz et al. 2005). Vegetable consumption
contributed the greatest proportion of total Pb intake in
adult (60%) and children (67%) (Figure 4). It might be due
to the higher Pb concentration in vegetables of this study.

The results showed that cereals and vegetables contributed
the highest proportion of Pb intake for both adults and
children. This might be due to the transportation of heavy
metals from soil to cereals and vegetables resulting in the
relatively high Pb concentrations in vegetables and cereals
(Cui et al. 2004; Wang et al. 2006; Zheng et al. 2007).

From the ecosystem approach, it should be noted that the
Bangladeshi populations are living in complex food chain
pathways which are, of course, interlinked to one another.
Figure 1 shows those possible food chain pathways through

Table 5. Concentrations, food consumption rates and estimated daily intakes of arsenic in different food groups commonly consumed
by Bangladeshi population.

Concentration
(mg kg–1 fw)

Consumption rates
(g day–1)c Estimated daily intake (EDI) (mg kg–1 bw day–1)

Food items As Pb Adult Child As – adult As – child Pb – adult Pb – child

Fish 0.121 0.326 59.9 35.1 1.20 × 10−4 2.65 × 10−4 3.25 × 10−4 7.15 × 10−4

Egg 0.102 0.183 11.3 6.5 1.93 × 10−5 4.15 × 10−5 3.45 × 10−5 7.43 × 10−5

Meat 0.023 0.057 17.4 5.0 6.57 × 10−6 7.07 × 10−6 1.65 × 10−5 1.78 × 10−5

Milk 0.051 0.125 39.2 35.2 3.30 × 10−5 1.11 × 10−4 8.13 × 10−5 2.74 × 10−4

Vegetable 0.250 0.714 155 106 6.45 × 10−4 1.65 × 10−3 1.84 × 10−3 4.71 × 10−3

Fruit 0.187 0.178 50.6 25.3 1.58 × 10−4 2.97 × 10−4 1.50 × 10−4 2.82 × 10−4

Cereal 0.254 0.100 378 150 1.60 × 10−3 2.39 × 10−3 6.28 × 10−4 9.35 × 10−4

Total daily intake of As and Pb via food consumption 2.59 × 10−3 4.75 × 10−3 3.08 × 10−3 7.00 × 10−3

Maximum tolerable daily intake (MTDI) 2.1 × 10−3 a 7.9 × 10−3 a 8.3 × 10−3 b 3.1 × 10−2 b

Notes: aFAO (2006).
bWHO (2004).
cHIES (2011).
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Figure 4. Contribution of individual food item to the total daily intake of arsenic and lead for adults and children.
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which Bangladeshi people are generally being exposed to As
and Pb toxicity. Humans, as one of the topmost consumers of
the ecosystem, uptake As and Pb from contaminated rice,
vegetables, fish, milk and meat hence ‘soil–plant–human’
and/or ‘plant–animal–human’ and/or ‘soil–water–animal’
could be the potential food chain pathways (Figure 1) of
As and Pb accumulation in human beings.

Health risk assessment

Table 6 showed the THQs and TRs of As and Pb in different
foodstuffs commonly consumed by the Bangladeshi people
in their daily diet. In this study, the non-carcinogenic health
risks associated with the consumption of food composites by
the inhabitants were assessed based on the THQs.
Comprehensive data on dietary As and Pb in the daily diet
were obtained herein and the estimated THQ and TR values
adequately represent the health risk under realistic condi-
tions. The results showed the highest THQ of As in cereals
for the adults (5.34 × 100) and children (7.95 × 100) inhabi-
tants which exceeded the safe limit (> 1) and Pb in vegetables
for both the adults (5.27 × 10−1) and children (1.34 × 100),
indicating that cereals and vegetables are the main food items
contributing to the potential health risk. Total THQ due to all
categories food consumption were higher than 1 for both
adults and children (Figure 5). Therefore, health risks from
exposure to daily consumable foods are of some concern.
The non-carcinogenic risk due to As and Pb ingestion from
food stuffs, children experienced higher risk than adults.

For carcinogens, risks were estimated as the incre-
mental probability of an individual to develop cancer
over lifetime, as a result of exposure to that potential
carcinogen (i.e., incremental or excess individual life-
time cancer risk; USEPA 1989b). Inorganic As is clas-
sified as known carcinogen (USEPA Group A) and Pb
as probable carcinogen based on animal studies (USEPA
Group B2). Results are listed in Table 6 which indicate
that TR values were (4.93 × 10−6 to 1.20 × 10−3) and

(1.41 × 10−7 to 1.57 × 10−5) for As and Pb, respec-
tively. Among the food items, higher cancer risk of Pb
was obtained due to vegetables consumption
(1.57 × 10−5); high cancer risk of Pb due to vegetables
consumption was also obtained by Abbasi et al. (2013).
The estimated target cancer risks from ingesting dietary
As and Pb were clearly higher than the USEPA thresh-
old level (10−6) for causing cancer (USEPA 2010),
indicating carcinogenic risks for all adult people of the
study area. Based on the assumptions in Table 6, the
residents of the study area may be exposed to high
dietary As concentrations through consumption of cer-
eals and Pb through the consumption of vegetables that
could direct to cause cancer.

The As toxicity mainly depends on the species and
chemical form. The exposure time to develop

Table 6. Target hazard quotients (THQs) and target carcinogenic risk factor (TR) of arsenic and lead for adult and children due to
consumption of each food group.

THQs Target carcinogenic risk (TR)

As Pb Asa Pb

Food items Adult Children Adult Children Adult Adult

Fish 4.01 × 10−1 8.82 × 10−1 9.29 × 10−2 2.04 × 10−1 1.88 × 10−4 2.76 × 10−6

Egg 6.42 × 10−2 1.38 × 10−1 9.85 × 10−3 2.12 × 10−2 1.44 × 10−5 2.93 × 10−7

Meat 2.19 × 10−2 2.36 × 10−2 4.72 × 10−3 5.08 × 10−3 4.93 × 10−6 1.41 × 10−7

Milk 1.10 × 10−1 3.71 × 10−1 2.32 × 10−2 7.84 × 10−2 2.48 × 10−5 6.91 × 10−7

Vegetables 2.15 × 100 5.49 × 100 5.27 × 10−1 1.34 × 100 4.84 × 10−4 1.57 × 10−5

Fruit 5.27 × 10−1 9.89 × 10−1 4.29 × 10−2 8.05 × 10−2 1.18 × 10−4 1.27 × 10−6

Cereal 5.34 × 100 7.95 × 100 1.79 × 10−1 2.67 × 10−1 1.20 × 10−3 5.34 × 10−6

Total 8.62 × 100 1.58 × 100 8.80 × 10−1 2.00 × 100 2.04 × 10−3 2.62 × 10−5

Note: aTR value for arsenic was calculated assuming 50% of inorganic arsenic (Saha & Zaman 2013; Islam et al. 2014).

Figure 5. Hazard index (HI) of arsenic and lead for different
exposure populations.
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arsenicosis varies from case to case reflecting its depen-
dence on the As level in food, nutritional status, genetic
variant of human being and compounding factors
(Anawar et al. 2002; Banerjee et al. 2011). The various
effects of As poisoning on human health are melanosis,
leuco-melanosis, keratosis, hyperkeratosis, dorsum, non-
petting oedema, gangrene and skin cancer. Pigmentation
and keratosis are the specific skin diseases characteristic
of chronic As toxicity (Guha Mazumder & Dasgupta
2011). The symptoms of chronic As toxicity are insi-
dious in onset and are dependent on the magnitude of
the dose and duration of its exposure (Sun 2004; Sarkar
2009; Banerjee et al. 2011). Comparable peripheral vas-
cular disorders with varying degrees of severity includ-
ing Raynaud’s syndrome and acrocyanosis have also
been reported due to As exposure (Srivastava et al.
2009; Santra et al. 2013). Haematological abnormalities,
anaemia have been reported in acute and chronic As
poisoning (Mazumder 2008). Kar et al. (2011) stated the
health risks from human intake of aquacultural fish with
As contamination. As seems to be a cancer promoter
rather than a cancer initiator and the risk of cancer is a
dose-dependent because the cancer risk would be
expected to decline again when the As exposure ceased
and the substances was excreted from the body.
Malignant arsenical skin lesions may be Bowen’s dis-
ease, basal cell carcinoma, or squamous cell carcinoma
(Nagvi et al. 1994; Santra et al. 2013). Pb is a non-
essential element and it is well documented that Pb can
cause neurotoxicity, nephrotoxicity and many others
adverse health effects (García-Lestón et al. 2010). Pb
causes renal failure and liver damage (Lee et al. 2011).
However, still use As and Pb contaminated water for
drinking, cooking, irrigation and other domestic pur-
poses and based on their total dietary intake of As
and Pb from food, the Bangladeshi population are at
high risk of developing arsenical skin lesions and
cancer.

Limitations of this study

In the present study, some limitations associated with the
exposure can Pb to uncertainty in the overall risk assess-
ment. In this study we assumed 50% inorganic As in
foodstuffs and cancer risk was calculated. Other than the
seafood (containing mainly non-toxic organic forms of As
and rapidly excreted through urine) (Fattorini et al. 2004),
inorganic As may be the major contribution of As in many
foods. Furthermore, the investigation in the present study
only focused on selected food items. People generally use
the same water for cooking purposes as they usually drink.
As a result a greater quantity of dietary As would be
included in their final diet which we did not consider in
this study.

Conclusions

The ecological systems and population of Bangladesh are
vulnerable to As and Pb due to the fact that it is ubiquitous in
nature. The consumption of metal contaminated food poses a
health risk to a larger proportion of the population in As and
Pb affected areas and non-affected areas through imported
food crops from the contaminated areas as well. Food con-
sumption had been identified as the major pathway of human
exposure toAs and Pb and consuming foodstuff threatens the
health of the population. In the urban area of Bogra City,
cereals and vegetables are the main source of As and Pb
intake from foodstuff for the population and fruit, milk, meat,
fish and egg are secondary sources. The HIs for combinedAs
and Pb due to all the diet are higher than one, suggesting that
adults and children experience a potential health risk due to
dietary intake of As and Pb. The overall As and Pb contam-
ination scenario needs a comprehensive management plan
with respect to conservation and use of surface water bodies,
harvesting of rain water, careful use of uncontaminated
groundwater for agriculture, aquaculture and household pur-
poses. Furthermore, it is important to continue to monitor the
food chain because continued use of As and Pb contaminated
water and soil is likely to increase the probability and mag-
nitude of dietary metal intake.
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