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Abstract Concentrations of six trace elements [chromium
(Cr), nickel (Ni), copper (Cu), cadmium (Cd), lead (Pb) and
arsenic (As)] were assessed in ‘non-piscine protein source’
foodstuffs (meat, milk and eggs) to evaluate contamination
level and human health risks in Bangladesh. The range of
Cr, Ni, Cu, Cd, Pb and As in the investigated foodstuffs was
1.24–2.17, 1.29–2.56, 0.92–2.31, 0.12–0.44, 0.15–0.48 and
0.14–0.57 mg kg fresh weight−1, respectively. The estimated
mean levels of most of the elements were higher than the
maximum allowable concentration (MAC) for dietary foods.
The estimated daily intakes (EDIs) of Cr and Cd were higher
than the maximum tolerable daily intake (MTDI) for children,
indicating that they are more susceptible to toxic elements
through food consumption. The target hazard quotients

(THQs) and target carcinogenic risk (TCR) of As (THQ>1
and TCR>10−4) for both the adults and children suggest that
the consumers of non-piscine foodstuffs (especially cow milk
and chicken meat) are exposed chronically to metal pollution
with carcinogenic and non-carcinogenic health consequences.
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Introduction

Environmental pollution with heavy metals and metalloids is
now being considered as a major problem in developed, devel-
oping and undeveloped countries (Ahmed et al. 2015; Islam
et al. 2014, 2015a; Uluozlu et al. 2009). Elements from natural
and anthropogenic sources continuously enter the ecosystems
where they pose serious threat because of their toxicity, long
persistence, bioaccumulation and biomagnification in the food
chain (Alturiqi and Albedair 2012). Elevated concentration of
metals and metalloids in the environment is an ultimate result
from waste disposal, smelter stacks, atmospheric deposition,
application of fertilizer, pesticide and sewage sludge in the ar-
able land (Cui et al. 2004; Zheng et al. 2007; Pandey et al.
2012). Trace elements are important from the viewpoint of their
toxicity and their essentiality. Toxic elements can be very harm-
ful even at low concentration when ingested over a long time
period. The essential and probably essential elements can also
produce toxic effects when the metal intake is excessively ele-
vated (Uluozlu et al. 2009; Celik and Oehlenschlager 2007).
The elements that are of concern include chromium (Cr), nickel
(Ni), copper (Cu), cadmium (Cd), lead (Pb) and arsenic (As).
For instance, Cr and Cu are essential but may become toxic at
higher levels while Ni is known to cause a variety of pulmonary
adverse health effects, such as lung inflammation, fibrosis,
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emphysema and tumours (Tuzen 2009; Forti et al. 2011). Lead
has been associated with pathological changes in organs and
the central nervous system, leading to decrements in intelli-
gence quotients (IQs) in children. Cadmium is toxic to the
cardiovascular system, kidneys and bones (Fang et al. 2014),
while inorganic As, a known carcinogen, is the most toxic form
of arsenic (Ahmed et al. 2015; Islam et al. 2015b). Cadmium,
Pb and As are amongst the elements that have caused most
concern in terms of adverse effects on human health because
they are readily transferred through food chains and are not
known to serve any essential biological function. Children have
been shown to be more sensitive to Cd, Pb and As than adults,
and the effects are cumulative (Ataro et al. 2008; Liu 2003).
Many researchers are interested in the analysis of the contents
of trace elements in the environmental samples especially foods
(Uluozlu et al. 2009; Islam et al. 2014, 2015a, b; Ahmed et al.
2015) because the ingestion of food is an obvious means of
exposure to elements, not only because many elements are
natural components of foodstuffs but also because of environ-
mental contamination and contamination during processing.
There is no alternative of having an accurate and adequate food
composition data which are invaluable for estimating the ade-
quacy of intakes of essential nutrients and assessing exposure
risks from intake of toxic non-essential trace elements.

Non-piscine protein source foodstuffs, e.g. milk, meat and
eggs produced from the livestock and poultry sectors, are very
important for human diet in many parts of the world. These
foodstuffs are contributing a major role in solving the problem
of global food safety and security by providing a rich amount
of dietary proteins, essential amino acids, minerals, vitamins
and essential trace elements for a sound and safe health
(Alturiqi and Albedair 2012). In general, meat is an important
source for some micronutrients such as iron, selenium, vita-
mins (e.g. A, B12, D) and folic acid which are either not pres-
ent in plant-derived foods or have a poor bioavailability.
Moreover, meat as a protein-rich and low-carbohydrate prod-
uct contributes to a low glycemic index which is assumed to
be beneficial with respect to obesity, diabetes development
and cancer (insulin resistance hypothesis). Hence, meat is an
important nutrient for human health and development. As an
essential part of a mixed diet, meat ensures adequate delivery
of essential micronutrients and amino acids and is involved in
regulatory processes of energy metabolism (Cabrera and
Saadoun 2014; Biesalski 2005; Bauchart et al. 2007). Milk
is considered as an almost complete food product in the hu-
man diet especially for the growth and development of grow-
ing children as it provides all macronutrients (such as proteins,
lipids and carbohydrates) and all micronutrients (elements,
vitamins and enzymes) (Ataro et al. 2008). In order to fulfil
the requirements of calcium for adults to retain bone mass to
prevent fractures and osteoporosis, an appropriate intake of
milk is also recommended (Kira and Maio 2004). Egg is a
highly nutritious food and can be an effective delivery system

for health-regulating nutrients in human (Hashish et al. 2012).
In Bangladesh, the evaluation of risks and benefits of the
consumption of non-piscine foodstuffs (meat, milk and eggs)
is extremely important because these foodstuffs (approximate-
ly 10% of total food intake per day per individual) supply 30–
40 % of the animal protein needs of the country (BBS 2011)
and, being a key source of essential elements and/or nutrients,
act as a vital factor in child development and adult health
(Nriagu et al. 2009). Moreover, non-essential elements accu-
mulated in meat, milk and eggs can be passed on to people
who consume these foodstuffs and can become a health haz-
ard to the consumers. However, it is important to investigate
the level of toxic elements in dietary foods to get some ideas
about the safety of non-piscine protein consumed by the Ban-
gladeshi population and to understand its harmful effects
amongst individuals, population and ecosystem.

The levels of trace elements in non-piscine foodstuffs have
been widely reported in the literature (Mariam et al. 2004;
Kalisinska et al. 2004; Licata et al. 2004; Waegeneers et al.
2009; Okoye and Ugwu 2010; Sun et al. 2011; Tsipoura et al.
2011; Bilandzic et al. 2011; Abduljaleel and Othman 2011;
Hashish et al. 2012; Chen et al. 2013; Islam et al. 2015a, b).
However, the data on the levels of trace elements in non-piscine
protein source foodstuffs in Bangladesh are very limited.

The objectives of this study were to measure the concen-
trations of Cr, Ni, Cu, Cd, Pb and As in commonly consumed
non-piscine foodstuffs (meat, milk and eggs) in Bangladesh
and to evaluate the carcinogenic and non-carcinogenic health
hazards from consumption of these daily dietary foodstuffs. A
number of standard measures were used to assess the health
risks associated with the measured levels of trace elements in
the investigated foodstuffs.

Materials and methods

Sample collection and preparation

The per capita per day intake of major food items (BBS 2011;
Islam et al. 2014) and intakes of individual food items were
used to characterize the food consumption pattern of both
adults and children in Bangladesh. Fresh samples of meat
(beef, mutton, chicken and duck), milk (cow) and eggs (chick-
en and duck) were collected from different markets occupying
the 30 agro-ecological zones (Fig. 1, Table S1) of Bangladesh.
These food items are the main sources of non-piscine protein
which are frequently consumed in the daily diet by the Ban-
gladeshi population. The samples were analyzed for chromi-
um (Cr), nickel (Ni), copper (Cu), cadmium (Cd), lead (Pb)
and arsenic (As). In the process of sample transport and stor-
age, we ensured that the samples did not make contact with
metal instruments in order to avoid cross-contamination. From
each sampling site, a composite of at least ten samples for each
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Fig. 1 The agro-ecological zones of Bangladesh (Source: http://www.bpedia.org)
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food item was prepared and homogenized using a food pro-
cessor having a plastic container with stainless steel bottom
blade (WFP-GS503; Walton, Bangladesh). After collection
from the field, about 200 g of fresh food samples was put in
the rotary-type food processor. The pretreated samples were
first mixed and homogenized 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 Yokoha-
ma National University, Japan, and stored in the refrigerator
until chemical analysis was carried out.

Analytical methods

Reagents and sample extraction procedure

All solutions were prepared with analytical reagent-grade
chemicals and ultrapure water. Standard stock solutions con-
taining 10 μg L−1 of each element (Cd, As, Pb, Cr, Ni, Zn, Se,
Cu, Mo, Mn, Sb, Ba, V and Ag) and internal standard solu-
tions containing 1.0 mg L−1 of indium (In), yttrium (Y), be-
ryllium (Be), telium (Te), cobalt (Co) and titanium (Ti) were
purchased from Spex CertiPrep® USA. The connected tube of
an inductively coupled plasma mass spectrometer (ICP-MS)
was inserted into the internal standard bottle and automatically
added to the samples during analysis. A solution of 10 mg L−1

multielement solution (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 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.
After digestion, the samples were then transferred into a Tef-
lon beaker and the total volume was made up to 25 mL with
Milli-Q water (Elix UV5 and Milli-Q; Millipore, Billerica,
MA, USA). The digest solution was then filtered
(DISMIC®-25HP PTFE syringe filter (pore size=0.45 mm);
Toyo Roshi Kaisha, Ltd., Tokyo, Japan) and stored in a screw
cap plastic tube.

Instrumental analysis and quality assurance

Elements in the samples were analyzed using an ICP-MS
(7700 series). A detailed analytical procedure of inductively
coupled plasma mass spectrometry is presented in Table S2.
All test batches were evaluated using an internal quality ap-
proach and validated if they satisfied the defined internal qual-
ity controls (IQCs). For each experiment, a run included a
blank, internal standard in samples and the samples were an-
alyzed in triplicate to eliminate any batch-specific error. Mul-
tielement standard solution was used to prepare the standard

curve. Before starting the sequence, the repeatability and re-
producibility of the method calculated as the relative standard
deviation (RSD) was checked (RSD below 5 %) using a
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 cer-
tified reference material (CRM) DORM-2 dogfish muscle
from the National Research Council, Canada, was analyzed
to confirm the analytical performance (accuracy) and good
precision (RSD below 20 %) of the applied method. The data
of CRM is presented in Table S2.

Calculations

Estimated daily intakes

Estimated daily intakes (EDIs) of trace elements from food
consumption depend on the concentration of the elements
(on the fresh weight basis) in the foodstuffs, daily consump-
tion rate of the foodstuffs and body weight of the consumers,
which were calculated using the following formula:

EDI ¼ DFC �MC

BW
ð1Þ

where DFC is the daily food consumption rate (g day−1) for
Bangladeshi population (for adults and children in this study,
presented in Table 4) which was obtained from the ‘Report of
the household income and expenditure survey 2010’ (BBS
2011), MC is the mean metal concentration in the composite
samples of individual foodstuffs (mg kg fresh weight−1), and
BW is the body weight (60 kg for adults and 27 kg for children).

Non-carcinogenic and carcinogenic risk

In this study, the non-carcinogenic health risks associated with
the consumption of non-piscine foodstuffs were assessed
based on the target hazard quotients (THQs) and the calcula-
tions were made using the standard assumption for an inte-
grated United States Environmental Protection Agency
(USEPA) risk analysis as follows (USEPA 1989),

THQ ¼ EFr � ED� FIR� C

Rf D� BW � AT
� 10−3 ð2Þ

where THQ is the target hazard quotient (dimensionless), EFr is
the exposure frequency (365 days year−1), ED is the exposure
duration (70 years for adults and 14 years for children) equiv-
alent to the average human lifetime, FIR is the food ingestion
rate (g person−1 day−1), C is the element concentration in sam-
ples (mg kg fresh weight−1), BW is the average body weight
(60 kg for adults and 27 kg for children), AT is the average time
for non-carcinogens (365 days year−1×number of exposure
years), and RfD is the oral reference dose (mg kg−1 day−1);
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RfDs are based on 0.001, 0.0003, 0.004, 1.5, 0.02 and
0.04 mg kg BW−1 day−1 for Cd, As, Pb, Cr, Ni and Cu, respec-
tively (USEPA 2010). The RfDs represent an estimate of the
daily exposure to which the human population may be contin-
ually exposed over a lifetime without an appreciable risk of
deleterious effects. If the THQ is less than 1, the exposed pop-
ulation is unlikely to experience obvious adverse effects. If the
THQ is equal to or higher than 1, there is a potential health risk
(Wang et al. 2005) and related interventions and protective
measurements should be taken.

It has been reported that exposure to two or more pollutants
may result in additive and/or interactive effects (Hallenbeck
1993). The total THQ (TTHQ) of heavy elements for individ-
ual foodstuff was treated as the mathematical sum of each
individual metal THQ value

TTHQ individual foodstuffð Þ
¼ THQtoxicant 1 þ THQtoxicant 2 þ…þ THQtoxicant n ð3Þ

To assess the overall potential risk for non-carcinogenic
effects posed by more than one element, a hazard index (HI)
approach has been developed by the USEPA (1986). The HI
for a specific receptor/pathway combination (e.g. diet) was
calculated as follows:

HI ¼ TTHQfood 1 þ TTHQfood 2 þ…þ TTHQfood n ð4Þ

When the HI exceeds unity, there may be concern for po-
tential health risks.

For carcinogens, risks were estimated as the incremental
probability of an individual to develop cancer over a lifetime
exposure to that potential carcinogen (i.e. incremental or ex-
cess individual lifetime cancer risk) (USEPA 1989). Accept-
able risk levels for carcinogens range from 10−4 (risk of de-
veloping cancer over a human lifetime is 1 in 10,000) to 10−6

(risk of developing cancer over a human lifetime is 1 in 1,000,
000). The equation used for estimating the target cancer risk
(lifetime cancer risk) is as follows (USEPA 1989):

TCR ¼ EFr � ED� FIR� C � CSFo

BW � AT
� 10−3 ð5Þ

where TCR (dimensionless) represents the target carcinogenic
risk or the risk of cancer over a lifetime and CSFo is the oral
carcinogenic slope factor from the Integrated Risk Information
System (USEPA 2010) database which was 1.5 mg kg−1 day−1

for arsenic and 0.0085 mg kg−1 day−1 for lead.

Results and discussion

Levels of trace elements in non-piscine protein source
foodstuffs

The concentrations of Cr, Ni, Cu, Cd, Pb and As (mg kg fresh
weight (FW)−1) were determined in the most commonly con-
sumed non-piscine protein source foodstuffs in Bangladesh
(meat, milk and eggs) and are presented in Table 1. The

Table 1 Concentrations (mg kg fresh weight−1) of trace elements in the composite samples of non-piscine protein source foodstuffs (meat, milk and
egg) commonly consumed by the Bangladeshi population

Food items Scientific name Cr Ni Cu Cd Pb As

Meat

Beef (n= 30) Bos primigenius Mean ± SD 2.02 ± 0.66 1.34± 1.74 2.10± 1.01 0.12 ± 0.13 0.48± 0.67 0.57 ± 0.63

Range 1.04–3.27 0.19–9.22 0.26–3.91 0.001–1.04 0.005–1.03 0.014–0.86

Mutton (n= 30) Capra aegagrus hircus Mean ± SD 1.47 ± 0.87 1.29± 1.74 2.31± 1.51 0.14 ± 0.17 0.15± 0.12 0.14 ± 0.16

Range 0.59–3.70 0.07–8.25 0.44–6.38 0.001–1.12 0.006–0.69 0.008–0.71

Chicken (n= 30) Gallus gallus domesticus Mean ± SD 2.17 ± 0.66 1.48± 1.96 1.99± 1.20 0.23 ± 0.35 0.37± 0.16 0.43 ± 0.55

Range 0.70–3.65 0.10–9.08 0.13–5.86 0.001–0.98 0.005–0.97 0.009–0.96

Duck (n = 30) Anas platyrhynchos Mean ± SD 1.57 ± 1.12 1.37± 1.76 2.13± 0.87 0.16 ± 0.27 0.15± 0.10 0.16 ± 0.16

Range 0.058–5.36 0.13–8.85 0.48–4.10 0.001–0.87 0.01–0.75 0.014–0.75

Milk

Cow (n= 30) Bos primigenius Mean ± SD 1.68 ± 0.55 1.52± 1.91 1.15± 2.72 0.44 ± 0.34 0.27± 0.26 0.441± 0.55

Range 0.87–2.88 0.062–10.1 0.031–10.9 0.001–1.00 0.007–0.98 0.097–1.08

Egg

Chicken (n= 30) Gallus gallus domesticus Mean ± SD 1.34 ± 1.02 1.35± 1.05 1.71± 2.71 0.30 ± 0.38 0.28± 0.25 0.30 ± 0.25

Range 0.061–5.47 0.064–5.44 0.024–9.13 0.001–1.01 0.005–0.79 0.018–0.88

Duck (n = 30) Anas platyrhynchos Mean ± SD 1.24 ± 1.00 2.56± 3.42 0.92± 1.76 0.34 ± 0.57 0.32± 0.31 0.34 ± 0.30

Range 0.051–5.44 0.55–11.6 0.004–7.03 0.002–0.96 0.005–1.03 0.036–1.07

n= number of pooled samples
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average concentrations of trace elements amongst the food
groups showed the highest concentration of Cr and Cu in
meat, Cd and As in milk and Ni and Pb in egg, respectively.
For the investigated foodstuffs, a considerable variability in
element concentrations was observed, even within the same
kind of food which could be due to a variation in species,
growth period and stages of food crops (Saha and Zaman
2013); variable capabilities of absorption and accumulation
of heavy elements (Pandey and Pandey 2009); or climatic
differences of the study areas (Santos et al. 2004). In an at-
tempt of a rough comparison, the concentration data of trace
elements in this study were compared to the data reported in
other studies conducted in Bangladesh and/or other regions
and are given in Table 3.

The amount of chromium in the diet is of great importance
as it appears to make insulin function more efficiently by en-
hancing the uptake of glucose from the blood into the cell.
Chromium increases the number of insulin receptors on the cell
membrane and enhances insulin binding to cells. It also acti-
vates insulin receptor kinase, leading to increased insulin sen-
sitivity (Anderson 2000) and lipid metabolism (Bratakos et al.
2002). The mean concentration of Cr in foodstuffs followed the
descending order of meat >milk> egg. Statistical significant
differences (p<0.05) were observed for Cr concentrations
amongst the food samples. The highest mean concentration of
Cr was observed in chicken meat (2.17 mg kg FW−1), and the
lowest was found in duck egg (1.24 mg kg FW−1) (Table 1).
The observed elevated levels of Cr in the chicken meat samples
might be due to the use of tannery waste as feed in the poultry
farming, a common practice in most of the agro-ecological
zones of Bangladesh, which contain a very high level of Cr
(Mahmud et al. 2011). The concentrations of Cr in all of the
analyzed foodstuffs were higher than the maximum allowable
concentration (MAC) of Cr in foods (Table 2), indicating se-
vere Cr contamination in foodstuffs. However, the results of Cr
content in non-piscine foodstuffs obtained in this study were
higher than those obtained by Islam et al. (2015a), Licata et al.
(2004), Khan et al. (2014) and Tsipoura et al. (2011) and lower
than those obtained by Abduljaleel and Othman (2011) and
Sun et al. (2011) (Table 3).

Nickel normally occurs at very low levels in the environ-
ment, and it can cause a variety of pulmonary adverse health
effects, such as lung inflammation, fibrosis, emphysema and
tumours (Forti et al. 2011). The mean concentration of Ni in
the analyzed foodstuffs followed the descending order of
egg>milk>meat. The highest mean concentration of Ni was
observed in duck egg (2.56 mg kg FW−1), and the lowest was
found in mutton (1.29 mg kg FW−1) (Table 1). The concen-
trations of Ni in meat and milk samples were higher than the
MAC of Ni in foods, whereas the MAC of Ni for eggs was not
available (Table 2). However, the results of Ni content in non-
piscine foodstuffs obtained in this study were higher than the
results obtained byKalisinska et al. (2004), Khan et al. (2014),
Islam et al. (2015a) and Abduljaleel and Othman (2011) and
lower than those obtained by Sun et al. (2011) (Table 3).

Amongst the analyzed food items, the mean Cu concentra-
tions followed the descending order of meat> egg>milk. The
highest mean concentration of Cu was observed in mutton
(2.31 mg kg FW−1), and the lowest was found in duck egg
(0.92 mg kg FW−1) (Table 1). The concentrations of Cu in the
analyzedmeat and milk samples were higher than theMAC of
Cu in foods (Table 2). However, the result from this study
revealed that the concentration of Cu in the milk sample was
in the lower ranges than those of the previous studies conduct-
ed elsewhere by Mariam et al. (2004), Okoye and Ugwu
(2010), Sun et al. (2011), Kalisinska et al. (2004) and Hashish
et al. (2012) and higher than those obtained by Bilandzic et al.
(2011), Licata et al. (2004) and Tripathi et al. (1999) (Table 3).

Cadmium is a highly toxic metal with a natural occurrence
in soil which might be transported in the food chain by ‘soil-
plant-animal’ and/or ‘soil-water-animal’ pathways of the eco-
systems. Cadmium may accumulate in the human body and
may give rise to renal, pulmonary, hepatic, skeletal and repro-
ductive effects and cancer (Zhu et al. 2011). The mean con-
centration of Cd in the analyzed foodstuffs followed the de-
scending order of milk> egg>meat. The highest mean con-
centration of Cd was observed in cow milk (0.44 mg kg
FW−1), and the lowest was found in beef (0.12 mg kg
FW−1) (Table 1). The concentrations of Cd in chicken meat,
milk and egg samples were higher than the MAC of Cd in
foods (Table 2). However, the results of Cd content in non-
piscine foodstuffs obtained in this study were higher than the
results obtained by Islam et al. (2015a), Waegeneers et al.
(2009), Chen et al. (2013), Licata et al. (2004), Kalisinska
et al. (2004), Khan et al. (2014), Abduljaleel and Othman
(2011) and Tsipoura et al. (2011) and lower than those obtain-
ed by Sun et al. (2011) and Mariam et al. (2004) (Table 3).

Lead is a non-essential element, and it is well documented
that Pb can cause neurotoxicity, nephrotoxicity and many oth-
er adverse health effects (Garcia-Leston et al. 2010). Amongst
the analyzed food items, the mean Pb concentrations followed
the descending order of egg>meat>milk. The highest mean
concentration of Pb was observed in beef (0.48 mg kg FW−1),

Table 2 Maximum allowable concentration (MAC) (mg kg FW−1) of
trace elements (Cr, Ni, Cu, Cd, Pb and As) in meat, milk and egg

Foodstuffs Cra Nib Cuc Cdb Pbb Asb

Meat 1.0 0.5 0.1 0.1 0.1 0.1

Milk 1.0 0.1 0.02 0.1 0.02 0.1

Egg 1.0 NA NA 0.1 0.1 0.1

NA not available
a FAO/WHO (2002)
b JECFA (2005)
c JECFA (2012)
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and the lowest was found in mutton and duck meat
(0.15 mg kg FW−1) (Table 1). The elevated levels of Pb in
meat samples may be attributed to the high bioaccumulative
characteristics of Pb in muscle tissues of animals. The concen-
trations of Pb in the analyzed beef, chicken meat, milk and egg
samples were higher than the MAC of Pb in foods (Table 2).
However, the results from this study regarding Pb concentra-
tions were higher than those obtained by Waegeneers et al.
(2009), Bilandzic et al. (2011), Licata et al. (2004), Kalisinska

et al. (2004), Tripathi et al. (1999), Khan et al. (2014) and
Tsipoura et al. (2011) and lower than those obtained by
Mariam et al. (2004), Okoye and Ugwu (2010), Sun et al.
(2011) and Hashish et al. (2012) (Table 3).

Chronic exposure to arsenic can lead to dermatitis, mild
pigmentation keratosis of the skin, vasospasticity, gross pig-
mentation with hyperkeratinization of exposed areas, wart for-
mation, decreased nerve conduction velocity and lung cancer
(Occupational Safety and Occupational Safety and Health

Table 3 Comparison of elemental concentrations (mg kg FW−1) in selected food items (meat, milk and egg) with the reported values in the literatures

Food items and region Cr Ni Cu Cd Pb As References

Beef

Bangladesh 1.3 0.1 1.2 0.005 0.17 0.042 Islam et al. (2015a)

Belgium NA NA 2.2 0.004 0.004 0.017 Waegeneers et al. (2009)

Pakistan NA NA 81.5 0.33 2.19 46.5 Mariam et al. (2004)

Bangladesh 2.02 1.34 2.1 0.12 0.48 0.57 This study

Mutton

Bangladesh 1.2 1.5 2.5 0.046 0.45 0.042 Islam et al. (2015a)

Pakistan NA NA 5.01 0.37 4.25 42.4 Mariam et al. (2004)

China 7.08 1.5 6.06 24.11 0.21 2.36 Sun et al. (2011)

Nigeria NA NA 10.44 0.69 0.47 NA Okoye and Ugwu (2010)

Bangladesh 1.47 1.29 2.31 0.14 0.15 0.14 This study

Chicken meat

Bangladesh 1.4 0.39 2.5 0.03 0.17 0.032 Islam et al. (2015a)

Pakistan NA NA 12.86 0.31 3.1 44.09 Mariam et al. (2004)

Bangladesh 2.17 1.48 1.99 0.23 0.37 0.43 This study

Duck meat

Poland NA 0.014 5.62 0.002 0.018 NA Kalisinska et al. (2004)

Bangladesh NA NA NA NA 0.005 0.033 Islam et al. (2014)

Taiwan NA NA NA 0.036 0.046 0.012 Chen et al. (2013)

Bangladesh 1.57 1.37 2.13 0.16 0.15 0.16 This study

Milk (cow)

Croatia NA NA 0.093 0.018 0.059 0.019 Bilandzic et al. (2011)

Bangladesh 1.6 1.5 2.3 0.029 0.2 0.056 Islam et al. (2015a)

Italy 0.002 NA 0.002 0.001 0.001 0.038 Licata et al. (2004)

India NA NA 0.04 0.0007 0.0017 NA Tripathi et al. 1999

Pakistan 0.251 0.053 0.164 0.02 0.068 NA Khan et al. (2014)

Bangladesh 1.68 1.52 1.15 0.44 0.27 0.441 This study

Egg (chicken)

Malaysia 3.24 1.11 NA 0.054 0.42 0.3 Abduljaleel and Othman (2011)

Egypt NA NA 6.7 0.012 0.3 0.033 Hashish et al. (2012)

Bangladesh 1.4 1.9 4.0 0.022 0.24 0.087 Islam et al. (2015a)

Bangladesh 1.34 1.35 1.71 0.3 0.28 0.3 This study

Egg (duck)

Canada 0.043 NA NA 0.0003 0.062 0.016 Tsipoura et al. (2011)

Bangladesh NA NA NA NA 0.01 0.079 Islam et al. (2014)

Bangladesh 1.24 2.56 0.92 0.34 0.32 0.34 This study

NA not analyzed
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Administration 2004). The mean concentration of As in food-
stuffs followed the descending order of milk>meat> egg. Sta-
tistical significant differences (p<0.05) were observed for As
concentrations amongst the food samples. The highest mean
concentration of As was observed in beef (0.57 mg kg FW−1),
and the lowest was found in mutton (0.14 mg kg FW−1)
(Table 1). The present study revealed that not only the beef
samples but also the milk samples showed elevated levels of
As which might be attributed to the use of As-contaminated
groundwater (Ahmed et al. 2015; BGS, DPHE 2001) and rice
straw for feeding the cattle. It is well documented that grazing
cattle involuntarily ingest a certain amount of soil (up to 18 %
of their dry matter intake) which can lead to a significant
exposure to non-essential elements that may be present in
the soil (Thornton and Abrahams 1983; Blanco-Penedo et al.
2010). Moreover, some farmers also use certain As-enriched
fertilizers (Islam et al. 2015a) with feeds for the cattle to make
them very healthy (fattening) in a short period of time. The
concentrations of As in all of the analyzed foodstuffs were
higher than the MAC of As in foods (Table 2), indicating
severe As contamination of foodstuffs. However, the results
of As content in non-piscine foodstuffs obtained in this study
were higher than those obtained by Tsipoura et al. (2011),
Licata et al. (2004), Islam et al. (2014, 2015a), Waegeneers
et al. (2009), Chen et al. (2013), Bilandzic et al. (2011) and
Hashish et al. (2012) and lower than those obtained by
Mariam et al. (2004) and Sun et al. (2011) (Table 3).

Health risk assessment

Estimated daily intake and maximum tolerable daily intake

The dietary exposure approach of non-piscine food consump-
tion is a reliable tool for investigating a population’s diet in
terms of intake levels of nutrients, bioactive compounds and
contaminants, providing important information about the po-
tential nutritional deficiencies or exposure to food contami-
nants (WHO 1985). The intake data can then be used to ex-
amine a specific element of interest to assess the health risk in
terms of maximum tolerable daily intake (MTDI). The MTDI
is the upper limit of a metal ingested through food that has no
or negligible cumulative adverse effects on human health
(JECFA 2003). This study provides an estimate of the dietary
intake and examines the dietary exposure to six trace elements
(Cr, Ni, Cu, Cd, Pb and As) through consumption of non-
piscine foodstuffs (meat, milk and eggs) in the population’s
daily diet. Data are then compared to the respective MTDI of
the studied trace elements.

The EDI of trace elements (Cr, Ni, Cu, Cd, Pb and As) was
evaluated according to the average concentration of each trace
element in each foodstuff and the respective consumption rate
(Santos et al. 2004; Islam et al. 2014). The EDI for both adults
and children from consumption of meat, milk and eggs and
the MTDI of the studied elements are shown in Table 4. For
adults , the EDI showed the descending order of

Table 4 Food consumption rates and estimated daily intakes of trace elements (Cr, Ni, Cu, Cd, Pb and As) from consumption of non-piscine protein
source foodstuffs (meat, milk and egg) by Bangladeshi population

Foodstuffs Consumption rate
(g day−1)a

Estimated daily intake (EDI) (μg kg BW−1 day−1)

Cr Ni Cu Cd Pb As

Adult Child Adult Child Adult Child Adult Child Adult Child Adult Child Adult Child

Meat

Beef 12.6 3.1 0.42 0.23 0.28 0.15 0.44 0.24 0.03 0.01 0.10 0.06 0.12 0.07

Mutton 0.9 0.3 0.02 0.02 0.02 0.01 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00

Chicken 17.4 8.3 0.63 0.67 0.43 0.45 0.58 0.61 0.07 0.07 0.11 0.11 0.12 0.13

Duck 7.3 1.7 0.19 0.10 0.17 0.09 0.26 0.13 0.02 0.01 0.02 0.01 0.02 0.01

Milk

Cow 33.7 31.5 0.94 1.96 0.85 1.77 0.65 1.34 0.25 0.51 0.15 0.32 0.25 0.51

Egg

Chicken 11.3 6.5 0.25 0.32 0.25 0.33 0.32 0.41 0.06 0.07 0.05 0.07 0.06 0.07

Duck 8.2 3.6 0.17 0.17 0.35 0.34 0.13 0.12 0.05 0.05 0.04 0.04 0.05 0.05

Daily intake via food consumption 2.63 3.46 2.35 3.15 2.41 2.89 0.46 0.73 0.48 0.61 0.62 0.84

Maximum tolerable daily intake (MTDI) 2.8b 4.3c 166.7d 0.66e 3e 1.8e

a BBS (2011)
b RDA (1989)
cWHO (1996)
d DRI (2001)
e JECFA (2003)
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Cr>Cu>Ni>As>Pb>Cd, whereas for children, it was of
Cr >Ni >Cu>As >Cd> Pb. However, the total EDI from
milk consumption was higher than that of other foodstuffs
for both the adults and children which may be attributed to
the higher consumption rate of milk as well as higher levels of
metal contamination in milk. Overall, the intake levels of Cr
and Cd through consumption of investigated foodstuffs were
above the permissible limit for children whereas the intake
levels of Cr and Cd for adults and As for children were about
to reach the upper limits of safety concern.

Non-carcinogenic health hazard and carcinogenic risk

Risk assessment is the process that evaluates the potential
health effects from doses to humans of one contaminant re-
ceived through one or more exposure pathways. The non-
carcinogenic risks from consumption of non-piscine food-
stuffs by the adults and children were assessed based on the
target hazard quotients (THQs). The THQ is the ratio of the
determined dose of a pollutant to a reference dose level. If the
ratio is greater than 1, the exposed population is likely to
experience obvious adverse effects (Wang et al. 2005). The
methodology for estimation of THQs does not provide a quan-
titative estimate on the probability of an exposed population
experiencing a reverse health effect, but it offers an indication
of the risk level due to contaminant exposure. The estimated
THQs of the studied elements are shown in Table 5, indicating
that THQ values of As were above 1 for both the adults and
children and more than 50 % of the acceptable range (unity)
for Cr and Cd for children through consumption of cow milk,
suggesting that the exposed population would experience sig-
nificant health risks in case of ingesting these elements from
milk. Given all the elements in consideration, the TTHQs
(sum of individual metal THQ) for the consumption of the
studied foodstuffs were in the range of 0.02 to 1.67 and 0.02
to 3.58 for adults and children, respectively (Table 5). Poten-
tial health risks from exposure to elements through consump-
tion of non-piscine foods are therefore of some concern. Dif-
ferent elements could have similar damage on some health
endpoints, such as Cu and Pb on cognitive impairments, mo-
tor disorders and on the gastrointestinal tract and cardiovascu-
lar system and Cd and Pb on the reproductive system. There-
fore, the TTHQ is reliably helpful to assess and compare their
combined risks from different foods and has been widely
employed in the recent literature (Wang et al. 2005; Song
et al. 2009). It is noteworthy that the TTHQ value is a highly
conservative and relative index. A TTHQ >1 may not, in re-
ality, show consumers actually experiencing the adverse
health effects (Islam et al. 2015b).

The hazard index (HI) value expresses the cumulative non-
carcinogenic effects of multiple elements exposed from con-
sumption of one or more foodstuffs. In Table 5, HI values
through consumption of investigated foodstuffs were 3.88

and 6.25 for adults and children, respectively, indicating that
consumers of studied foodstuffs may experience adverse
health effects. The relative contributions of investigated food-
stuffs to HI were in the descending order of cow
milk> chicken meat > beef > chicken egg>duck egg> duck
meat > mutton and cow milk > chicken meat > chicken
egg > beef > duck egg > duck meat >mutton for adults and
children, respectively (Fig. 2). Moreover, the element-
specific contributions of Cr, Ni, Cu, Cd, Pb and As to HI were
22.6, 2.9, 1.6, 12, 3.1 and 58 % for adults and 24.9, 3.4, 1.6,
16, 3.3 and 51 % for children, respectively. Hence, this study
reveals that exposure to Cr, Cd and As from consumption of
cowmilk might pose significant non-carcinogenic health risks
for both the adults and children in Bangladesh.

The target carcinogenic risks (TCRs) derived from the
intake of As and Pb were calculated since these elements
may promote both non-carcinogenic and carcinogenic ef-
fects depending on the exposure dose. Inorganic As is clas-
sified as a known carcinogen (USEPA group A) and Pb as
probable carcinogen based on animal studies (USEPA
group B2). The TCR values of As and Pb for both adults
and children due to exposure to these elements from con-
sumption of non-piscine foodstuffs are listed in Table 5.
The TCR values from exposure of As were found in the
range of 1.6E−06 to 3.8E−04 and 1.6E−06 to 7.8E−04,
whereas for Pb, it was 1.9E−08 to 1.3E−06 and 1.9E−08
to 3.6E−06 for adults and children, respectively. In general,
the excess cancer risk lower than 10−6 is considered to be
negligible, cancer risk above 10−4 is considered unaccept-
able, and cancer risk lying between 10−6 and 10−4 is gen-
erally considered an acceptable range (USEPA 1989,
2010). The carcinogenic risk for Pb was within the accept-
able range to the negligible range (<10−6 to 10−4), whereas
for As, it was in the unacceptable range (>10−4) to the
acceptable range (10−6 to 10−4). Considering the food-
specific exposure, it was found that the TCR values of As
from consuming milk (cow) were three times (adults) and
eight times (children) higher than the acceptable value
(10−4), which might be attributed to relatively higher con-
sumption rate of milk for children in terms of body weight
compared to the adults. Our findings also suggest that chil-
dren are more susceptible to toxic or non-essential element
exposure through daily food consumption than the adults
in Bangladesh. Therefore, the potential health risk to the
consumers due to elemental exposure through non-piscine
food consumption should not be ignored. In addition, there
are also some other sources of metal exposures, such as
consumption of other foodstuffs (e.g. rice, vegetables and
fish) and dust inhalation, which are not included in this
study. It is thus suggested that constant monitoring of both
toxic and essential elements in all food commodities is
needed in order to evaluate if any potential health risk to
the consumers does exist.
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Conclusions

In this study, concentrations of six trace elements (Cr, Ni, Cu,
Cd, Pb and As) in ‘non-piscine protein source’ foodstuffs
(meat, milk and eggs) in Bangladesh were assessed where the
highest average concentrations of Cr and Cu, Cd and As and Ni
and Pb were found in meat, milk and egg, respectively. The
estimated levels of most of the elements were higher than the
maximum allowable concentration (MAC) for dietary foods.
The estimated daily intakes (EDIs) of Cr and Cd were higher
than the maximum tolerable daily intake (MTDI) for children,
whereas concentrations of Cr and Cd for adults and As for
children were about to reach the upper limits of safety concern.
Single-element target hazard quotient (THQ) and combined-
elements hazard index (HI) revealed that exposure to Cr, Cd
and As from consumption of cow milk might pose significant
non-carcinogenic health risks to Bangladeshi adults and chil-
dren. Also, the estimation showed that the target carcinogenic
risks (TCRs) of As were higher than the lowest standard (10−6)
for both the adults and children. From the health point of view,
this study showed that the consumers of non-piscine foodstuffs
are exposed chronically to elemental pollution with carcinogen-
ic and non-carcinogenic consequences. It is our recommenda-
tion that the Government of Bangladesh should ensure the food
safety for the citizens by regular monitoring of contamination
levels of toxic elements and metalloids in their daily diets for
the enforcement of regulatory standards and assessing the risk
of long-term exposure.

Acknowledgments The authors thank the authority of the Centre of
Excellence, University of Dhaka, Bangladesh, and the YokohamaNation-
al University, Japan, for providing laboratory facilities.

References

Abduljaleel SA, Othman MS (2011) Metals concentrations in eggs of
domestic avian and estimation of health risk from eggs consump-
tion. J Biol Sci 11(7):448–453

Ahmed MK, Shaheen N, Islam MS, Al-Mamun MH, Islam S,
Mohiduzzaman M, Bhattacharjee L (2015) Dietary intake of trace
elements from highly consumed cultured fish (Labeo rohita,
Pangasius pangasius and Oreochromis mossambicus) and human
health risk implications in Bangladesh. Chemosphere 128:284–292

Alturiqi AS, Albedair LA (2012) Evaluation of some heavy metals in
certain fish, meat and meat products in Saudi Arabian markets.
Egypt J Aquat Res 38:45–49

Anderson RA (2000) Chromium in the prevention and control of diabe-
tes. Diabetes Metab 26(1):22–27

Ataro A, McCrindle RI, Botha BM, McCrindle CME, Ndibewu PP
(2008) Quantification of trace elements in raw cow’s milk by induc-
tively coupled plasma mass spectrometry (ICP-MS). Food Chem
111:243–248

Bauchart C, Morzel M, Chambon C, Mirand PP, Reynès C, Buffère C,
Rémond D (2007) Peptides reproducibly released by in vivo diges-
tion of beef meat and trout flesh in pigs. British J Nut 98:1187–1195

BBS (2011) Report of the household income and expenditure survey
2010. Bangladesh Bureau of Statistics, Statistics Division,
Ministry of Planning, Bangladesh

BGS, DPHE (2001) Arsenic contamination of groundwater in
Bangladesh. British Geology Survey and Department of Public
Health Engineering, Bangladesh, BGS technical report, WC/00/19

Biesalski HK (2005) Meat as a component of a healthy diet—are there any
risks or benefits if meat is avoided in the diet? Meat Sci 70:509–524

Bilandzic N, Dokic M, Sedak M, Solomun B, Varenina I, Knezevic Z,
Benic M (2011) Trace element levels in raw milk from northern and
southern regions of Croatia. Food Chem 127:63–66

Blanco-Penedo I, Lopez-Alonso M, Miranda M, Hernandez J, Prieto F,
Shore RF (2010) Non-essential and essential trace element concentra-
tions in meat from cattle reared under organic, intensive or conven-
tional production systems. Food Add Contam: Part A 27(1):36–42

Bratakos MS, Lazos ES, Bratakos SM (2002) Chromium content of se-
lected Greek foods. Sci Tot Environ 290:47–58

Fig. 2 Relative contributions (%) of investigated ‘non-piscine protein source’ foodstuffs to the estimated hazard index (HI) for two exposed populations
(adults and children) in Bangladesh

7804 Environ Sci Pollut Res (2016) 23:7794–7806



Cabrera MC, Saadoun A (2014) An overview of the nutritional value of
beef and lamb meat from South America. Meat Sci 98:435–444

Celik U, Oehlenschlager J (2007) High contents of cadmium, lead, zinc
and copper in popular fishery products sold in Turkish supermarkets.
Food Control 18:258–261

Chen SS, Lin YW, Kao YM, Shih YC (2013) Trace elements and heavy
metals in poultry and livestock meat in Taiwan. Food Add Contam:
Part B 6(4):231–236

Cui Y-J, Zhu Y-G, Zhai R-H, Chen D-Y, Huang Y-Z, Yi Q, Liang J-Z
(2004) Transfer of metals from soil to vegetables in an area near a
smelter in Nanning, China. Environ Int 30:785–791

DRI (2001) Dietary reference intakes for vitamin A, vitamin K, arsenic,
boron, chromium, copper, iodine, iron, manganese, molybdenum,
nickel, silicon, vanadium, and zinc: a report of the panel on
micronutrients, 2001st edn. Standing Committee on the Scientific
Evaluation of Dietary Reference Intakes, Food and Nutrition Board,
Institute of Medicine, National Academic, Washington, DC

Fang Y, Sun X, Yang W, Ma N, Xin Z, Fu J, Liu X, Liu M, Mariga AM,
Zhu X, Hu Q (2014) Concentrations and health risks of lead, cad-
mium, arsenic, and mercury in rice and edible mushrooms in China.
Food Chem 147:147–151

FAO/WHO (2002) Codex Alimentarius—general standards for contam-
inants and toxins in food. Schedule 1: maximum and guideline
levels for contaminants and toxins in food. Joint FAO/WHO Food
Standards Programme, Codex Committee, Rotterdam, Reference
CX/FAC 02/16

Forti E, Salovaara S, Cetin Y, Bulgheroni A, Pfaller RW, Prieto P (2011)
In vitro evaluation of the toxicity induced by nickel soluble and
particulate forms in human airway epithelial cells. Toxicol in Vitro
25:454–461

Garcia-Leston J, Mendez J, Pasaro E, Laffon B (2010) Genotoxic effects
of lead: an updated review. Environ Int 36:623–636

Hallenbeck WH (1993) Quantitative risk assessment for environmental
and occupational health. Lewis, Chelsea

Hashish SM, Abdel-Samee LD, Abdel-Wahhab MA (2012) Mineral and
heavy metals content in eggs of local hens at different geographic
areas in Egypt. Global Vet 8(3):298–304

Islam MS, Ahmed MK, Al-Mamun MH, Islam KN, 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

Islam MS, Ahmed MK, Al-Mamun MH, Masunaga S (2015a)
Assessment of trace metals in foodstuffs grown around the vicinity
of industries in Bangladesh. J Food Compos Anal 42:8–15

IslamMS, AhmedMK, Al-MamunMH (2015b) Determination of heavy
metals in fish and vegetables in Bangladesh and health implications.
Human Ecol Risk Assess: An Int J 21(4):986–1006

JECFA (2003) Summary and conclusions of the 61st meeting of the Joint
FAO/WHO Expert Committee on Food Additives (JECFA).
JECFA/61/SC, Rome

JECFA (2005) Codex general standard for contaminants and toxins in food
and feeds. In: 64thmeeting of the Joint FAO/WHOExpert Committee
on Food Additives (JECFA), JECFA/64/CAC/RCP 49-2001

JECFA (2012) Working document for information and use in discussions
related to contaminants and toxins in the GSCTFF. Joint FAO/WHO
Food Standards Programme, Codex Committee on Contaminants in
Foods, Sixth Session, Maastricht, CF/6 INF/1, 2012. Available at:
<ftp://ftp.fao.org/codex/meetings/cccf/cccf6/cf06_INFe.pdf>

Kalisinska E, Salicki W, Myslek P, Kavetska KM, Jackowski A (2004)
Using the Mallard to biomonitor heavy metal contamination of wet-
lands in north-western Poland. Sci Tot Environ 320:145–161

Khan K, Khan H, Lu Y, Ihsanullah I, Nawab J, Khan S, Shah NS,
Shamshad I, Maryama A (2014) Evaluation of toxicological risk
of foodstuffs contaminated with heavy metals in Swat, Pakistan.
Ecotox Environ Saf 108:224–232

Kira CS, Maio FD (2004) Comparison of partial digestion procedures for
determination of Ca, Cr, Cu, Fe, K, Mg, Mn, Na, P, and Zn in milk
by inductively coupled plasma optical emission spectrometry. J
AOAC Int 87(1):151–156

Licata P, Trombetta D, Cristani M, Giofre F, Martino D, Calo M, Naccari
F (2004) Levels of Btoxic^ and Bessential^ metals in samples of
bovine milk from various dairy farms in Calabria, Italy. Environ
Int 30:1–6

Liu ZP (2003) Lead poisoning combined with cadmium in sheep and
horses in the vicinity of non-ferrous metal smelters. Sci Tot
Environ 309:117–126

Mahmud T, RehmanR,Ali S, Anwar J, AbbasA, FarooqM, Ali A (2011)
Estimation of chromium (VI) in various body parts of local chicken.
J Chem Soc Pak 33(3):339–342

Mariam I, Iqbal S, Nagra SA (2004) Distribution of some trace and
macrominerals in beef, mutton and poultry. Int J Agricul Biol 5:
816–820

Nriagu J, BoughanenM, Linder A, HoweA, Grant C, Rattray R, Vutchkov
M, Lalor G (2009) Levels of As, Cd, Pb, Cu, Se and Zn in bovine
kidneys and livers in Jamaica. Ecotox Environ Saf 72:564–571

Occupational Safety and Health Administration (2004) Toxic metals, oc-
cupational safety and health administration. US Department of
Labor, Washington, DC, Available at: <http://www.osha.gov>

Okoye COB, Ugwu JN (2010) Impact of environmental cadmium, lead,
copper and zinc on quality of goat meat in Nigeria. Bul Chem Soc
Ethiopia 24(1):133–138

Pandey J, Pandey U (2009) Accumulation of heavy metals in dietary
vegetables and cultivated soil horizon in organic farming system in
relation to atmospheric deposition in a seasonally dry tropical region
of India. Environ Monit Assess 148:61–74

Pandey R, Shubhashish K, Pandey J (2012) Dietary intake of pollutant
aerosols via vegetables influenced by atmospheric deposition and
wastewater irrigation. Ecotox Environ Saf 76:200–208

RDA (1989) Recommended dietary allowance, 10th edn. National
Academic, Washington, DC

Saha N, Zaman MR (2013) Evaluation of possible health risks of heavy
metals by consumption of foodstuffs available in the central market of
Rajshahi City, Bangladesh. Environ Monit Assess 185:3867–3878

Santos EE, Lauri DC, Silveira PCL (2004) Assessment of daily intake of
trace elements due to consumption of foodstuffs by adult inhabitants
of Rio de Janeiro City. Sci Tot Environ 327:69–79

Song B, Lei M, Chen T, Zheng Y, Xie Y, Li X, Gao D (2009) Assessing
the health risk of heavy metals in vegetables to the general popula-
tion in Beijing, China. J Environ Sci 21(12):1702–1709

Sun S, Guo B, Wei Y, FanM (2011) Multi-element analysis for determin-
ing the geographical origin of mutton from different regions of
China. Food Chem 124:1151–1156

Thornton I, Abrahams P (1983) Soil ingestion—a major pathway of
heavy metals into livestock grazing contaminated land. Sci Tot
Environ 28:287–294

Tripathi RM, Raghunath R, Sastry VN, Krishnamoorthy TM (1999)
Daily intake of heavy metals by infants through milk and milk prod-
ucts. Sci Tot Environ 227:229–235

Tsipoura N, Burger J, Newhouse M, Jeitner C, Gochfeld M, Mizrahi D
(2011) Lead, mercury, cadmium, chromium, and arsenic levels in
eggs, feathers, and tissues of Canada geese of the New Jersey
Meadowlands. Environ Res 111:775–784

TuzenM (2009) Toxic and essential trace elemental contents in fish species
from the Black Sea, Turkey. Food Chem Toxicol 47:1785–1790

Uluozlu OD, Tuzen M, Mendil D, Soylak M (2009) Assessment of trace
element contents of chicken products from Turkey. J Hazard Mat
163:982–987

USEPA (1986) Guidelines for the health risk assessment of chemical
mixtures. EPA 630/R-98/002. U.S. Environmental Protection
Agency, Washington, DC, Available at <http://ofmpub.epa.gov/
eims/eimscomm.getfile?p_download_id=4487>

Environ Sci Pollut Res (2016) 23:7794–7806 7805

ftp://ftp.fao.org/codex/meetings/cccf/cccf6/cf06_INFe.pdf
http://www.osha.gov/
http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=4487
http://ofmpub.epa.gov/eims/eimscomm.getfile?p_download_id=4487


USEPA (1989) Risk assessment guidance for superfund, vol. I: human
health evaluation manual. EPA/540/1–89/002. Office of Emergency
and Remedial Response, U.S. Environmental Protection Agency,
Washington, DC

USEPA (2010) Risk-based concentration table. U.S. Environmental
Protection Agency, Washington DC, Available at <http://www.epa.
gov/reg3hwmd/risk/human/index.htm>

Waegeneers N, Pizzolon JC, Hoenig M, De Temmerman L (2009)
Accumulation of trace elements in cattle from rural and industrial
areas in Belgium. Food Add Contam: Part A 26(3):326–332

Wang X, Sato T, Xing B, Tao S (2005) Health risks of heavymetals to the
general public in Tianjin, China via consumption of vegetables and
fish. Sci Tot Environ 350:28–37

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 (1996) Guidelines for drinking-water quality, vol. 2, 2nd edn.
World Health Organization, Geneva

Zheng N,WangQ, ZhengD (2007) Health risk of Hg, Pb, Cd, Zn, and Cu
to the inhabitants around Huludao Zinc Plant in China via consump-
tion of vegetables. Sci Total Environ 383:81–89

Zhu F, Fan W, Wang X, Qu L, Yao S (2011) Health risk assessment of
eight heavy metals in nine varieties of edible vegetable oils con-
sumed in China. Food Chem Toxicol 49:3081–3085

7806 Environ Sci Pollut Res (2016) 23:7794–7806

http://www.epa.gov/reg3hwmd/risk/human/index.htm
http://www.epa.gov/reg3hwmd/risk/human/index.htm

	Health...
	Abstract
	Introduction
	Materials and methods
	Sample collection and preparation
	Analytical methods
	Reagents and sample extraction procedure
	Instrumental analysis and quality assurance

	Calculations
	Estimated daily intakes
	Non-carcinogenic and carcinogenic risk


	Results and discussion
	Levels of trace elements in non-piscine protein source foodstuffs
	Health risk assessment
	Estimated daily intake and maximum tolerable daily intake
	Non-carcinogenic health hazard and carcinogenic risk


	Conclusions
	References


