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Introduction: Contamination with heavy and toxic metals along the food value

chain is a public health concern in Bangladesh.

Methods: In this study, 608 fish and chicken samples from traditional and modern

retail outlets in urban, peri-urban, and rural areas were collected and analyzed

for chromium (Cr), cadmium (Cd), and lead (Pb) contamination, using atomic

absorption spectrometry method. The daily intake, target hazard quotient and the

target carcinogenic risk (for lead only) as a result of fish and chicken consumption

was calculated based on mean results, and by Monte Carlo simulation in @Risk

with 100,000 iterations (quantitative risk assessment).

Results: Cr and Cd were detected in 80–86% of both chicken meat and fish

samples, while Pb positivity found in chicken meat and fish was 54.9 and 23.3%,

respectively. The mean concentration (±SD) of Cr, Cd, and Pb in chicken meat

were 0.66 ± 0.93, 0.02 ± 0.03, and 0.09 ± 0.10 mg/kg, respectively; and in fish

were 0.49 ± 0.62, 0.02 ± 0.03, and 0.06 ± 0.09 mg/kg, respectively. The estimated

daily intakes of Cr, Cd, and Pb from chicken and fishwere lower than themaximum

tolerable daily intake in all studied areas. In addition, the target carcinogenic risk

for Pb in chicken was lower than the negligible range, which indicated the risk of

cancer due to exposure to Pb through chicken meat and fish consumption was

very low.

Discussion: The present study concludes that consumption of chicken meat

and fish in Bangladesh, currently at very low levels, is unlikely to constitute a

major health risk for humans in respect to these metals. However, continuous

market surveillance for heavy metals in food stu� is recommended, especially

since consumers may increase their meat intake.
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1. Introduction

Heavy and toxic metals/metalloids are ubiquitous in the

environment with natural and anthropogenic sources, including

agriculture, industry, mining, land fill and transportation (Cui

et al., 2005; Zheng et al., 2007; Islam et al., 2014). Heavy

metals enter plant or animal-source foods through contaminated

soil or water, and can accumulate along the food chain, in

animals, and humans (Kachenko and Singh, 2006; Kumar Sharma

et al., 2007). Environmental pollution with heavy metals is a

serious threat because of their toxicity, bioaccumulation, and

biomagnification in the food chain (Demirezen and Uruç, 2006).

Although contamination of animal feed and water with toxic

metals cannot be entirely avoided, there is a clear need for such

contamination to be minimized, in order to reduce effects on

animal and human health. Under the food value chain aspect,

different production systems or raising locations may affect heavy

metal contamination level due to different environment (water and

air) and feed sources. Food at markets alsomay come from different

areas, and therefore the final consumers may be exposed to higher

levels depending on the origin of the products.

Heavy metal intoxication causes a range of adverse health

effects. Some micronutrients [e.g., copper (Cu), chromium (Cr),

and nickel (Ni)] are toxic at high concentration (McLaughlin et al.,

1999; Rahman et al., 2014) although small quantities are essential

for plant growth and human nutrition (Sankar et al., 2006; Kumar

Sharma et al., 2007; Bundschuh et al., 2012; Ji et al., 2013; Rahman

et al., 2014). Trace metals such as Cr, Ni, As, Cd, and Pb have

been considered as the most toxic elements in the environment by

the US Environmental Protection Agency (EPA) (Lei et al., 2009;

Islam et al., 2014), and dietary intake is an important exposure

pathway for these. For example, lead (Pb) hinders the cognitive

development and intellectual performance of children, causes high

blood pressure and cardiovascular disease in adults (Luckey and

Venugopal, 1979; Flora et al., 2006), and is also associated with

cancer (Steenland and Boffetta, 2000). Similarly, cadmium (Cd)

intoxication leads to cancer, but also to impaired kidney function,

poor reproductive capacity, hypertension, and hepatic dysfunction

(Luckey and Venugopal, 1979; Wilbur et al., 2012). Cd, classed as

a group 1 carcinogen, was estimated to cause over 2,000 deaths

globally in 2015 (Gibb et al., 2019). Chromium (Cr) exposure

may result in severe respiratory, cardiovascular, gastrointestinal,

hematological, hepatic, renal, and neurological effects, which may

ultimately lead to death (Wilbur et al., 2012). It is found in two

forms, trivalent and hexavalent. The latter has been classed as

a group 1 carcinogen (carcinogenic to humans) (International

Agency for Research on Cancer, 2012), and causes respiratory tract

cancers, often due to occupational exposure.

Animal-source foods are important sources of protein, and

major components of many diets (Alonso et al., 2019), particularly

in low- and middle-income countries (LMICs). Consumption

of poultry and fish is rising rapidly in LMICs as the result of

increasing incomes, increasing population, and urbanization (Rae,

1998). Poultry can acquire heavy metals from different sources,

including feed containing tannery waste, and heavy metal residues

may accumulate in body tissue as well as in eggs (Nisianakis

et al., 2009), while heavy metals easily sediment in the aquatic

environment from and bioaccumulate in fish and other aquatic

animals (Islam et al., 2015a; Ullah et al., 2017). The extensive

tannery industry in Bangladesh is a risk factor for Cr toxicity.

The human health burden of disease caused by Cd and Pb has

been assessed globally by the World Health Organization, which

estimated that the median disability adjusted life years (DALYs) lost

in South-East Asian region D, where Bangladesh belongs, was 0.01

and 52 per 100,000 inhabitants, for Cd and Pb, respectively (Gibb

et al., 2019). However, the evidence and available data related to

human health risk due to consumption of different food items in

Bangladesh is limited. The concentration of heavymetals in fish and

chicken meat has been studied before in Bangladesh across urban

and peri-urban areas, indicating varying levels of contamination,

some in excess of the tolerable limit (Pintaeva et al., 2011; Hasan

et al., 2013; Ahmed et al., 2015; Ullah et al., 2017), but not put in

context of a risk assessment.

The present study was conducted as part of a broader project

which aimed to identify priority food safety hazards in animal-

source foods in Bangladesh. It aimed to determine concentrations

of Pb, Cd, and Cr in fish and chicken meat sold in different markets

in urban, peri-urban, and rural areas in order to produce a risk

assessment for the Bangladeshi population.

2. Materials and methods

2.1. Study design and area

A cross-sectional study was conducted between November

2018 and June 2019. In total, 71 traditional markets and 41 modern

markets were selected from urban (Dhaka), peri-urban (Savar)

and rural (Netrokona) areas (Figure 1), purposively selected to

represent areas of different degree of urbanization. In Bangladesh,

traditional markets often sell different type food commodities

(animal source food, fish, vegetable, dried food). Traditional

markets have permanent locations close to the residential area,

however, they often lack infrastructure to store food properly,

and lack food quality control as well as food traceability.

Modern markets are represented by convenience stores and

supermarkets which are mainly available in the urban area, and

have better infrastructure to keep and display food to sell. In each

area, traditional markets were selected using predefined criteria,

including markets that sold both chicken and fish. In addition, 41

modern markets were selected in urban area only.

2.2. Sample size and sampling

The selection of which food items to prioritize for the study

was decided in collaboration with national stakeholders, including

the Bangladesh Food Safety Authority (BFSA). In each selected

traditional market, three to four chicken and two to three fish

vendors were randomly selected, and chicken meat and fish were

purchased. Each selected vendor was asked for one sample of either

pangasius fish or chicken meat. Modern food retail outlets located

in the same area as the traditional markets were also included, and

in each modern food outlet, two chicken meat and fish (pangasius)

samples were also collected. We hypothesized heavy metals would
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FIGURE 1

The study sites in Bangladesh, showing Dhaka and Netrokona district in dark, and an arrow indicating the location of Savar within the Dhaka district.

be lower in rural areas, as we considered industrial pollution to be

themain source in Bangladesh and is lower in rural areas. The study

aimed to collect 350 samples per site, and was designed to detect

a difference of 10% between urban and rural contamination, 95%

confidence and 0.8 power, with no clustering assumed. In total,

608 samples (359 chicken meat and 249 fish) were collected. All
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collected samples were kept in cool box (0–4◦C) after sampling and

transported to the laboratory for analysis within 24 h.

For each shop where a sample was taken, one to two consumers

were interviewed and asked how much of this product they would

usually consume in the household, and how many members in the

household consumed it. A total of 675 consumers in rural, peri-

urban and urban areas were interviewed. An average meat amount

(gram) consumed per person per day was calculated by dividing

the total amount of fish or chicken/day/household by the number

of household members.

Ethical approval was given by International Livestock Research

Institute (ILRI) Institutional Research Ethics Committee (IREC)

with approval number 2018-27.

2.3. Laboratory analysis

2.3.1. Sample processing and testing
The selection of the prioritized heavy metals Pb, Cr, and Cd

was decided in collaboration with national stakeholders, including

BFSA, based on the perceived priorities and concerns of the

country. Approximately 5–10 g of meat was cut from four to six

(depending on size of the specimen) different parts of the whole

fish or chicken carcass sample (avoiding intestinal content or

giblet), cut into small pieces and mixed properly. One gram of

this homogenized sample was accurately weighted in a crucible,

then an oven (Nüve, Turkey) drying step was done at 120◦C for

1 h, until constant weight was obtained. The dried samples were

placed in a muffle furnace (Witeg, Baden-Württemberg, Germany)

at 450◦C for 10 h to generate ash. The ash was transferred into

the digestion vessel, a conical flask, by adding 5ml of 5M HCl

(Merck, Darmstadt, Germany) and 10ml of 0.01M HNO3 (Merck,

Darmstadt, Germany) per sample (Idera et al., 2015). Then the

vessel was heated to 120◦C until the fume disappeared. After

digestion step, a semi solid residue remains in the bottom of

the tube that was diluted with deionized water to a final volume

of 100 ml.

2.3.2. Instruments and reagents
Atomic absorption spectrometer (AAS-7000, Shimadzu, Japan)

was used for the determination of Cr, Cd, and Pb. Hollow

cathode lamps used for Pb, Cd, and Cr were 283.3 nm and

slit 0.5 nm; 228.8 nm and slit 0.5 nm; and 357.9 nm and slit

0.2 nm, respectively. Analysis was carried out according to the

conditions recommended by the manufacturer. Atomic signals

were measured for Pb, Cd, and Cr in peak area. The AAS system

was standardized and validated using the limit of detection (LOD),

limit of quantification (LOQ), linearity test, precision, accuracy

and recovery. Calibration standards for each heavy metal were

prepared each day from the certified stock solution of 1,000 mg/kg

(manufactured under ISO 9001 quality assurance system). At least

five different concentrations of each metal were spiked into blank

matrix before digestion. At least 10 individual replicates were

prepared for each concentration. The concentration range was

considered to give linear analytical response when the regression

coefficient, R2
> 0.995. All solutions were prepared in double-

distilled water. All containers and glassware were cleaned by

soaking in 0.1% HNO3 (Merck, Darmstadt, Germany) for at least

24 h and rinsed three times with deionized water before using.

2.4. Data analysis

Survey and laboratory data were recorded in Microsoft Excel

2007 (Microsoft Corporation, WA, USA) and imported into

STATA 13 and 14.2 (StataCorp, College Station, TX 77845) for

analysis. Means, standard deviations of heavy metal concentration,

and percentage of samples contaminated with heavy metals

calculated. Chi-square or Fisher exact tests (where appropriate)

was used to compare proportions of heavy metals contamination

by heavy metal types and study areas. One-way analysis of

variance (ANOVA) with Bonferroni correction was applied to

assess differences in values by heavy metal types and study areas.

The correlation between the heavy metal in chicken and fish meat

was assessed using Pearson correlation test. A p-value <0.05 was

considered statistically significant. To account for variability in

amount of meat consumed, heavy metal concentration and body

weight, a stochastic risk assessment model was conducted using

Monte Carlo simulation in @Risk 7.6 (Palisade, USA) with 100,000

iterations to estimate the distributions of the health risks.

2.5. Point estimation of daily intake and
non-carcinogenic risk

The estimated daily intake (EDI) of metals due to consumption

of contaminated food on fresh weight basis (FW) was calculated

using the following formula:

EDI =

∑
FIRxC

BW

Where, FIR (food ingestion rate, kg/day) was the average amount

of meat (fish or chicken) (kg) eaten per day by fresh weight; C

was the concentration of heavy metal in food (mg/kg FW); BW

was average body weight, assumed to be 60 kg for an average adult.

For the point estimate, average FIR used in the point estimate for

adult consumers was 22.5 and 15.1 for meat and 67.9 and 60.6 g for

fish on FW basis from urban/peri-urban and rural area respectively

(HIES, 2019).

The oral reference dose (RfD) was set at 1.5 (EPA, 2000),

0.001 (EPA, 1989) and 0.0125 (FDA, 2019; Flannery et al.,

2020) mg/kg/day for Cr, Cd, and Pb, respectively, following the

United States Environmental Protection Agency (EPA). The EPA

does not have an oral reference dose for lead so the United States

Food and Drug Administration (FDA) interim reference level for

lead for adults was used instead. The non-carcinogenic risk for

each heavy metal through fish or meat consumption were assessed

using the target hazard quotient (THQ) (EPA, 2022), the ratio of a

single substance exposure level to the reference dose (RfD) for that

substance. The equation used for estimating THQ is as followed:

•THQ =
EDI

RfD
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Where, THQ is the target hazard quotient, EDI is the estimated

daily intake (mg/kg/day), and RfD is an oral reference dose

(mg/kg/day). Target carcinogenic risk factor (TR) was calculated by

following formula:

•TR =
FIRxCxCSFo

BW

Where, CSFo is the oral carcinogenic slope factor, which is

equal to 8.5 × 10−3 (mg/kg/day) for lead phosphate (OEHHA,

2009).

2.6. Stochastic risk assessment

A stochastic risk assessment model was built using @Risk

add-in in MS Excel. The model used the same equations as in

the point estimation of daily intake and non-carcinogenic risk

(Section 2.5). Meat consumption, heavy metal concentration and

body weight were parameterized to describe their variability by

distributions. Different input parameters of relevant variables were

generated from the data of consumer survey (meat consumption)

and laboratory analysis (heavy metal concentration). To define

body weight value of the adult, normal distribution was used, with

mean of 60 kg and standard deviation of 10 kg. The RfD for Cr,

Cd, and Pb, and oral carcinogenic slope factor for Pb were set as

fixed values as the same as in Section 2.5. Variables, distributions,

parameters and values used in the model were described in Table 1.

In brief, meat consumption data was fitted following Pert

distribution using minimum, most likely, and maximum which

were derived from the dataset of a consumer survey. Concentration

of Pb, Cd, and Cr data were obtained in Section 2.3 above.

Samples which had concentration below detectable level (BDL)

were assumed to be equal to 0.0001 mg/kg. Sample groups were

categorized by areas, heavy metal and meat types, and fitted

with Exponential distribution using fitting distribution function

in @RISK. “RiskExpon(λ,RiskShift(0.000001))” function was used

to compute concentration of heavy metal as positive values. For

each sample group, lambda (λ) values were obtained from fitting

distribution in @RISK accordingly. The file containing data and

simulations are provided as Supplementary material 1.

3. Results

3.1. Prevalence of heavy metal
contamination in chicken meat and fish

Out of 359 chicken meat samples, 80.2%, 85.5%, and 55% were

contaminated with Cr, Cd, and Pb, respectively; while out of 249

fish samples, 86%, 85%, and 23% were contaminated with Cr,

Cd, and Pb, respectively. Least detected metal was Pb with 55%

in chicken and 23% in fish, while the most detected metal was

Cd in chicken, 86%, and Cr in fish, 86% (Table 2). Prevalence of

heavy metal contamination in both chicken and fish samples was

significantly lower in rural area compared to that in urban area (p

< 0.01, Table 2).

3.2. Concentration of heavy metals

Average concentrations of heavy metals (mean ± SD) in

chicken meat and fish are presented in Table 3. Highest mean

concentration was found in chicken meat sold in different areas:

0.78 ± 0.077 mg/kg, 0.02 ± 0.04 mg/kg (urban) and 0.05 ±

0.11 mg/kg (rural) for Cr, Cd, and Pb, respectively, whereas the

lowest mean concentration was found in the peri-urban markets.

Regarding fish samples, the highest mean concentration of Cr,

Cd, and Pb was 0.68 ± 0.67 mg/kg, 0.02 ± 0.03 mg/kg (urban)

and 0.02 ± 0.08 mg/kg (rural), respectively. There were significant

differences (p< 0.05) in heavy metals concentration of chicken and

fish samples between study sites.

Correlation among the tested heavy metals in the meats tested

with Pearson’s correlation depicted in Table 4. Only Cr and Cd

showed a clear pattern of positive correlation found in both chicken

meat and fish (p= 0.003 for chicken and p < 0.0001 for fish).

3.3. Estimated daily intake

The consumption rates and estimated daily intakes (EDIs) of

heavy metals in adult inhabitants from eating chicken and fish were

listed in Table 5. Total daily intakes of Cr, Cd, and Pb by eating

chicken meat were 0.00029, 0.000008, and 0.000011 mg/kg/day BW

in urban area, while in rural area intakes were 0.00016, 0.000003,

and 0.000013mg/kg/day BW, respectively. The total daily intakes of

Cr, Cd, and Pb by eating fish were 0.00077, 0.000023, and 0.000023

mg/kg/day BW in urban area, and 0.000283, 0.00001, and 0.00002

mg/kg/day BW in rural area, respectively. A higher contribution of

dietary intake of metals came from fish, due to these being the most

highly consumed protein-based food in urban and rural area (67.9

and 60.6 g/person/day, respectively) (HIES, 2019). Metal specific

point estimates for the EDIs revealed that EDI of Cr, Cd and Pb

from consumption of all examined foodstuffs were lower than the

maximum tolerable daily intake (MTDI, Table 5). The stochastic

model which allowed for slightly higher consumption had higher

estimates, but still well below the MTDI.

3.4. Non-carcinogenic risk and target
carcinogenic risk

THQs of individual heavy metal through chicken meat and

fish consumption by average Bangladeshi adults are presented

in Table 6. Average heavy metal concentration in chicken and

fish (pangasius) was used to calculate THQ for the people of

Bangladesh. The THQ value for the targeted heavy metals followed

the order Cd > Pb > Cr in chicken and fish. Table 6 indicated

that the THQ value for all three metal Cd, Cr and Pb were <1

in all study areas. The maximum THQ was the highest for Cd in

chicken meat and fish across urban, peri-urban and rural areas.

The average target carcinogenic risk of Pb due to exposure from

the consumption of targeted chicken meat and fish samples were

9.6 × 10−8, 1.9 × 10−7 (urban area) and 1.0 × 10−7, 1.7 × 10−7

(rural area), respectively. Regarding consumption of chicken meat,

the stochastic model showed 3.7 to 10 times higher average target
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TABLE 1 Variables, distributions, parameters and source of data used in the stochastic risk assessment model.

Variables/input Abbreviation Unit Distribution/parameter/value Data source

Meat/Fish ingestion rate-FIR FIR kg/day RiskPert(min, most likely, max) This study

Heavy metal concentration

Concentration of chromium CCr mg/kg FW RiskExpon[λ,RiskShift(0.000001)] This study

Concentration of cadmium CCd mg/kg FW RiskExpon[λ,RiskShift(0.000001)] This study

Concentration of lead CPb mg/kg FW RiskExpon[λ,RiskShift(0.000001)] This study

Body weight of adult people BW kg RiskNormal(60,10) Author’s assumption

Daily intake of heavy metal

Estimated daily intake (EDI)-Cr EDI.Cr mg/kg BW/day (output): FIRxCCr/BW

Estimated daily intake (EDI)-Cd EDI.Cd mg/kg BW/day (output): FIRxCCd/BW

Estimated daily intake (EDI)-Pb EDI.Pb mg/kg BW/day (output): FIRxCPb/BW

Oral reference dose

Oral reference dose-Cr RfD.Cr mg/kg/day Fix value: 1.5
EPA, 2000

Oral reference dose-Cd RfD.Cd mg/kg/day Fix value: 0.001
EPA, 1989

Oral reference dose-Pb RfD.Pb mg/kg/day Fix value: 0.0125
FDA, 2019; Flannery et al.,

2020

Target hazard quotient

Target hazard quotient-Cr THQ.Cr No unit (output): EDI.Cr/RfD.Cr

Target hazard quotient-Cd THQ.Cd No unit (output): EDI.Cd/RfD.Cd

Target hazard quotient-Pb THQ.Pb No unit (output): EDI.Pb/RfD.Pb

Oral carcinogenic slope factor-Pb CSFo mg/kg/day Fix value: 8.5× 10−3

Flannery et al., 2020

Target carcinogenic risk factor-Pb TR.Pb No unit (output): EDI.PbxCSFo

TABLE 2 Number of chicken and fish samples collected and tested positive for heavy metals contamination in di�erent areas of Bangladesh.

Areas Chicken (%) Fish (%)

n Cr Cd Pb n Cr Cd Pb

Urban 170 160 (94.1)a 158(92.9)a 124 (72.9)b 123 115 (93.5)a 112 (91.1)a 19 (15.4)e

Peri-urban 94 68 (72.3)b 86 (91.5)a 44 (46.8)c 65 51 (78.5)b 62 (95.4)a 26 (40.0)c

Rural 95 60 (63.2)b 63 (66.3)b 29 (30.5)d 61 47 (77.0)b 37 (60.7)b 13 (21.3)d,e

Total 359 288 (80.2) 307 (85.5) 197 (54.9) 249 213 (85.5) 211(84.7) 58 (23.3)

Different superscripts indicate statistically significant differences.

carcinogenic risk of Pb. Whereas average target carcinogenic risk

of Pb due to consumption of fish calculated between point estimate

and the stochastic model was almost similar (Table 6).

4. Discussion

Determination of heavy metal concentration in different food

types is important from a public health aspect. This present study

highlighted the heavy metal contamination in fish and chicken

meat in different areas of Bangladesh, and provided an estimation

of the risk for consumers. We found that the contamination levels

varied both between and within the different sampling sites. These

observed variations in heavy metal concentrations in foodstuffs

could be due to various absorption and accumulation capabilities

(Pandey and Pandey, 2008), growth period and stages during food

production (Saha and Zaman, 2013) as well as climatic differences

of the study areas (Santos et al., 2004).

The presence of chromium (mean± SD) in chicken meat were

found as 0.64 ± 1.24, 0.04 ± 0.05 and 0.78 ± 0.077 mg/kg in rural,

peri-urban and urban, while in fish samples, mean value were 0.28

± 0.50, 0.06 ± 0.09 and 0.68 ± 0.67 mg/kg in rural, peri-urban

and urban, respectively. This could indicate a great concern for

the public, but the levels observed here were generally lower than

what was found in other studies. An earlier study conducted in

Bangladesh stated that mean concentration of Cr in chicken was 1.4

± 0.31 mg/kg (Islam et al., 2015a), which is almost double the levels

detected in our study. In fish species caught from different rivers,
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TABLE 3 Metal concentration [mg/kg fresh weight (FW)] in chicken meats and fish of three study sites in Bangladesh.

Location Chicken [mg/kg FW, mean (SD)] Fish [mg/kg FW, mean (SD)]

n Cr Cd Pb n Cr Cd Pb

Overall 359 0.66± 0.93 0.02± 0.03 0.09± 0.10 249 0.49± 0.62 0.02± 0.03 0.06± 0.09

Urban 170 0.78± 0.077a 0.02± 0.04a 0.03± 0.06a 123 0.68± 0.67a 0.02± 0.03a 0.02± 0.05a

Peri-urban 94 0.04± 0.05b 0.01± 0.04b 0.001± 0.01b 65 0.06± 0.09b 0.01± 0.01a 0.01± 0.01a

Rural 95 0.64± 1.24a 0.01± 0.02b 0.05± 0.11a 61 0.28± 0.50b 0.01± 0.02b 0.02± 0.08a

P-value∗ 0.001 0.001 0.001 0.001 0.02 0.09

Maximum

allowable

concentration‡

1§ 0.05† 0.1¶ 1§ 0.05† 0.3¶

Different superscript in the same column indicated statistically significant difference, ∗ANOVA test, ‡Maximum allowable concentration varies with countries, and here some examples are

presented: maximum allowable concentration according to †Codex Alimentarius (2019), §Islam et al. (2015a), ¶JECFA (2005). Different superscripts indicate statistically significant differences.

TABLE 4 Correlation coe�cient among heavy metals in chicken and fish.

Sample type Chicken (n = 249) Fish (n = 359)

Metals Cr Cd Pb Cr Cd Pb

Cr 1 1

Cd 0.1553∗ 1 0.2816∗ 1

Pb −0.0776 −0.0400 1 −0.0374 0.0172 1

∗Significant (p < 0.05) correlation between these heavy metals.

much higher Cr concentration have also been reported previously

in Bangladesh, such as 6.92–12.23 mg/kg dry weight (Dhaleshwari

river, Ahmed et al., 2009), 0.47–2.07 mg/kg dry weight (Bangshi

River, Rahman et al., 2012), 5.27–7.38 mg/kg dry weight (Buriganga

River, Ahmad et al., 2010). Our finding on Cr concentration was

also lower compared to fish caught from urban rivers around

the Dhaka city (0.75–4.8 mg/kg wet weight) or from cultured

fishes (1.054–1.349 mg/kg wet weight, Islam et al., 2015b). The

differences in contamination levels to our results could be explained

by different study areas, but could potentially also indicate an

improvement of food production conditions and environmental

pollution compared to the earlier studies.

Cadmium is a highly toxic element capable of causing severe

toxicity even when it is present at a very low concentration of

∼1 mg/kg (Friberg et al., 2018). The accumulation of Cd in the

human body may give rise to hepatic, pulmonary, renal, skeletal,

reproductive effects, and even cancer. The mean Cd concentration

in both chicken and fish detected in this study were between 0.01

and 0.02 mg/kg amongst rural, peri-urban and urban areas. Islam

et al. (2015a) reported 0.030 ± 0.032 mg/kg FW in chicken meat,

whereas another study reported much higher levels 0.23 mg/kg

FW in chicken meat (Islam, 2018). Cd concentration in fish in the

present study were similar to the concentrations reported earlier in

Bangladesh, which ranged from 0.51–0.73 mg/kg dry weight (fish

from Dhaleshwari river, Ahmed et al., 2009), 0.09–0.87 mg/kg dry

weight (fishes from Bangshi River, Rahman et al., 2012), 0.008–

0.13 mg/kg wet weight (fish from urban rivers around Dhaka city,

Islam et al., 2015b), 0.001–0.003mg/kg wet weight in cultured fishes

(Ahmed et al., 2015). In addition, the concentration of Cd found in

the different study sites in this study was lower than the maximum

allowable range (JECFA, 2005), indicating that consumption of

these two commodities may rarely contribute to toxic effects of Cd.

Regarding the lead contamination in chicken meat,

concentrations were 0.05 ± 0.11, 0.001 ± 0.01, and 0.03 ±

0.06 mg/kg in rural, peri-urban and urban areas, respectively.

Average concentrations of lead in fish were 0.02 ± 0.08, 0.01 ±

0.01, and 0.02 ± 0.05 mg/kg collected in rural, peri-urban, and

urban, respectively. Previous studies reported that lead in chicken

meat was 0.17 ± 0.16 mg/kg (Islam et al., 2015a) which was

higher compared to our finding. It was reported that the range

of lead contamination in fish caught from different rivers were

4.25–8.17 mg/kg dry weight (Dhaleshwari river, Ahmed et al.,

2009), 1.76–10.27 mg/kg dry weight (Bangshi river, Rahman et al.,

2012), 8.03–13.52 mg/kg dry weight (Buriganga river, Ahmad et al.,

2010), 0.052–2.7 mg/kg wet weight (urban rivers around Dhaka

city, Islam et al., 2015b), 0.017–0.090 mg/kg wet weight (cultured

fishes, Ahmed et al., 2015). Lead is a non-essential heavy metal and

may cause many adverse health effects, including neurotoxicity

and nephrotoxicity (García-Lestón Julia et al., 2010). Compared

to the earlier studies, it may seem that the lead contamination in

chicken meat and fish has been reduced, which shows a positive

signal in improving the safety level related to lead.

In the present study, concentrations of the three heavy/toxic

metals were lower than maximum tolerable daily intake in all

three studied areas, which suggested that these food items alone

are not contributing to significant health risks for consumer.

However, the consumption amount revealed in this study was

relatively low, with <100 g consumed per person per day.

Growing income could lead to increased consumption of meat

and fish, which, along with poor monitoring, surveillance,
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TABLE 5 Food consumption rate and estimated daily intake of heavy metals from eating chicken meat and fish.

Food type Area Consum-
ption rate
(g/day)∗

Estimated daily intake (mg/kg/day BW)

Point estimate Stochastic (mean, min-max)

Cr Cd Pb Cr Cd Pb

Chicken meat Urban 22.5 0.000293 0.000008 0.000011 0.000982 (0–0.0259) 0.000029 (0–0.0010) 0.000042 (0–0.0011)

Periurban 22.5 0.000015 0.000004 0.000000 0.000054 (0–0.0026) 0.000007 (0–0.0002) 0.000004 (0–0.0001)

Rural 15.1 0.000161 0.000003 0.000013 0.000809 (0–0.0184) 0.000015 (0–0.0007) 0.000064 (0–0.0023)

Fish Urban 67.9 0.000770 0.000023 0.000023 0.000855 (0–0.0207) 0.000025 (0–0.0007) 0.000022 (0–0.0006)

Periurban 67.9 0.000068 0.000011 0.000011 0.000077 (0–0.0017) 0.000011 (0–0.0003) 0.000003 (0–0.0001)

Rural 60.6 0.000283 0.000010 0.000020 0.000527 (0–0.0131) 0.000031 (0–0.0007) 0.000023 (0–0.0006)

Both chicken meat and

fish

Urban 90.4 0.001062 0.000030 0.000034 0.001836 (0–0.0266) 0.000054 (0–0.0011) 0.000065 (0–0.0011)

Periurban 90.4 0.000083 0.000015 0.000012 0.000131 (0–0.0036) 0.000018 (0–0.0003) 0.000007 (0–0.0001)

Rural 75.7 0.000444 0.000013 0.000033 0.001337 (0–0.0202) 0.000046 (0–0.0008) 0.000087 (0–0.0023)

Reference

maximum tolerable

daily intake

(MTDI)∗∗

0.0033c 0.00083d 0.0036e 0.0033c 0.00083d 0.0036e

∗Consumption rate (g/day) was considered based on a national survey of 2016 (HIES, 2019).
∗∗Reference maximum tolerable daily intake (MTDI) indicated by (c) recommended daily intake of 0.2 mg/kg divided by 60 kg as average body weight (Recommended Dietary Allowances, 1989) and (d) calculated based on provisional tolerably monthly intake given

as 0.025 mg/kg bw (47)/30 days. (e) calculated based of the earlier provisional tolerably weekly intake (PTWI) given as 0.025 mg/kg bw (47)/7. The latter PTWI is no longer recommended since this level still may have negative health effects.
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TABLE 6 Mean contamination levels, oral reference dose (RfD), estimated daily intake (EDI), target hazard quotient (THQ) and target carcinogenic risk (TR) of metals for adults (assumed 60kg body weight) due to

consumption of chicken meat and fish in Bangladesh.

Food type and
Heavy metals

Mean
concentration
(mg/kg FW)

RfD
(mg/kg/day)

Point estimate Stochastic (mean, min-max)

EDI
(mg/kg/day

BW)

Target hazard
quotient
(THQ)

Target
carcinogenic
risk (TR)

Estimated daily
intake
(mg/kg/day BW)

Target hazard
quotient (THQ)

Target
carcinogenic risk
(TR)

Chicken meat

Urban

Cr 0.78 1.5 0.0002925 0.00020 NA 0.000982 (0–0.0259) 0.00065 (0–0.0173) NA

Cd 0.02 0.001 0.0000075 0.00750 NA 0.000029 (0–0.0010) 0.02945 (0–0.9986) NA

Pb 0.03 0.0125 0.0000113 0.00090 9.6× 10−8 0.000042 (0–0.0011) 0.00339 (0–0.0866) 3.6× 10−7 (0–9.2× 10−6)

Peri-urban

Cr 0.78 1.5 0.0000150 0.00001 NA 0.000054 (0–0.0026) 0.00004 (0–0.0017) NA

Cd 0.02 0.001 0.0000038 0.00375 NA 0.000007 (0–0.0002) 0.00746 (0–0.2025) NA

Pb 0.03 0.0125 0.0000004 0.00003 3.2× 10−9 0.000004 (0–0.0001) 0.00029 (0–0.0082) 3.1× 10−8 (0–8.7× 10−7)

Rural

Cr 0.64 1.5 0.0001611 0.00011 NA 0.000809 (0–0.0184) 0.00054 (0–0.0123) NA

Cd 0.01 0.001 0.0000025 0.00252 NA 0.000015 (0–0.0007) 0.01534 (0–0.7004) NA

Pb 0.05 0.0125 0.0000126 0.00101 1.0x10−7 0.000064 (0–0.0023) 0.00509 (0–0.1840) 5.4× 10−7 (0–2.0× 10−5)

Fish

Urban

Cr 0.68 1.5 0.0007695 0.00051 NA 0.000855 (0–0.0207) 0.00057 (0–0.0138) NA

Cd 0.02 0.001 0.0000226 0.02263 NA 0.000025 (0–0.0007) 0.02481 (0–0.7032) NA

Pb 0.02 0.0125 0.0000226 0.00181 1.9x10−7 0.000022 (0–0.0006) 0.00179 (0–0.0442) 1.9× 10−7 (0–4.7× 10−6)

Peri-urban

Cr 0.78 1.5 0.0000679 0.00005 NA 0.000077 (0–0.0017) 0.00005 (0–0.0011) NA

Cd 0.02 0.001 0.0000113 0.01132 NA 0.000011 (0–0.0003) 0.01061 (0–0.2579) NA

Pb 0.03 0.0125 0.0000113 0.00091 9.6× 10−8 0.000003 (0–0.0001) 0.00025 (0–0.0074) 2.6× 10−8 (0–7.9× 10−7)

Rural

Cr 0.28 1.5 0.0002828 0.00019 NA 0.000527 (0–0.0131) 0.00035 (0–0.0088) NA

Cd 0.02 0.001 0.0000101 0.01010 NA 0.000031 (0–0.0007) 0.03059 (0–0.7046) NA

Pb 0.02 0.0125 0.0000202 0.00162 1.7× 10−7 0.000023 (0–0.0006) 0.00186 (0–0.0497) 2.0× 10−7 (0–5.3× 10−6)
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and implementation, could contribute to higher exposure in

the future. In addition, a tendency of accumulation of metal

in various organ may trigger serious health implication in a

longer term. Positive correlation was shown between Cr and

Cd signifying it might be common sources of these metals,

such as contamination of feed (Hasan et al., 2013; Ullah et al.,

2017).

The result on THQ values related Pb, Cr, and Cd in this study

would suggest that on average, people would not be suffering

negative health risks through the consumption of these food. In

addition, TR for Pb was also lower than 10−6, which indicating

the risk of cancer due to exposure to Pb through chicken meat

and fish consumption was negligible, given the present amount of

consumption. Our results are in line with earlier assessments of

the risks from heavy metals in fish (Ullah et al., 2017), which also

concluded that there were negligible risks from fish consumption

at the present levels. Given the potential health benefits of

consuming animal-source foods, particularly by undernourished

children (Alonso et al., 2019), it may be important that people are

not afraid to increase their consumption from the presently very

low levels. However, this study could only cover a few of all the

potential heavy metal hazards in the food, and Pb, Cr, and Cd were

selected based on the priorities of the country, according to the

national stakeholders consulted. Future studies are needed to more

accurately assess the risks of additional hazards present in the food.

This study had some limitations. First, the risk assessment

based on the total amount of metals show actual exposure, that

could not cover the nature of the metal metabolism in the human

body, percentage of bio-accessible, e.g., not reaching the circulatory

system. Secondly, during food production and cooking processes,

part of the metal may be reduced which could also influence the

final exposure dose. However, using the total dietary intake, the

estimates provided here would likely be overestimations, and the

real risk, taking bioavailability into account would then likely be

even lower. Third, due to the laboratory capacity of the national

laboratory BLRI, AAS was used, which is not as accurate as

some other methods. Optimally ICP-OES or ICP-MS would have

been used for confirmation, but these methods were not available.

Instead all precautions were done to ensure validity of the results,

including the use of multiple standards for calibration. In addition,

the dietary intake was based on interviews, which also may be

prone to errors in the estimate. Thus, the final risk assessments

should be considered taking into account that the data is limited

and there are major assumptions, that may not make even the

stochastic estimates applicable to the entire population. Fourth, we

only found related data of Pb which we could conduct a cancer

risk assessment, while for other heavy metal (Cr and Cd), we have

limited access to the information which could use to carry out the

cancer risk assessment.

5. Conclusion

The results of this study revealed the prevalence and

concentration of Pb, Cr, and Cd in fish and chicken meat in

different retailed types and study areas. Their concentrations

were below the maximum allowable range which indicates

acceptable level for human consumption. However, heavy metal

contamination in fish and chicken meat would imply that

contaminated feed and water, potentially through environmental

sources like polluted sewage water, intensive use of pesticide

and rapid development of industry, which could affect the

quality and safety of livestock and aquaculture products, and as

consequence effect to human health. Therefore, it is important to

keep monitoring and implement measures to reduce heavy metals

contamination in feed and water along the food chain.
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