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A B S T R A C T   

This study examined the quantities of heavy metals (Cd, Cr, Pb, Ni, Fe, and Cu) in commercially available meat, 
poultry, and game products in Noakhali, Bangladesh, and their potential health effects, as heavy metal 
contamination poses a significant food safety risk to human health Atomic Absorption Spectrophotometry was 
used to analyze heavy metals, and the health risk assessment was based on Estimated Daily Intake (EDI), Tar
geted Hazard Quotient (THQ), Total THQ, and Total Carcinogenic Risk (TCR). Most samples exceeded Maximum 
Allowable Concentrations (MAC) for heavy metals. The EDI value of Cd, Pb, and Cr for duck liver, goat liver, and 
pigeon brain, were higher than the Maximum Tolerable Dietary Intake (MTDI). Children had 1.28 times higher 
HI values than an adult. The calculation of THQ of all elements in adults and children was in the order of Cu; Pb; 
Ni; Cr; Cd; and Fe. The calculated TTHQ values were in the range of 0.051 to 1.988 and 0.047 to 3.975 for adults 
and children, respectively. The TCR values for Cd in poultry liver, brain, and meat, Sonali chicken, cow, pigeon, 
duck, and goat liver were higher than the reference value for adults and children, suggesting a potential cancer 
risk. The average exposure to lead leads to an increase in blood pressure by 0.47 mmHg and a decrease in IQ 
score by 1.94 points. The present study reveals the need to determine strong relationships between heavy metal 
exposure and food supply.   

1. Introduction 

Heavy metal contamination is a global food safety concern, as it can 
occur in a variety of food products, including meat, fish, dairy, fruits, 
and vegetables [1,2]. Dietary heavy metal exposure can have negative 
impacts on human health [3]. Heavy metals such as lead, cadmium, and 
mercury can accumulate in the body over time [4,5], and exposure to 
high levels can lead to developmental delays, behavioral and learning 
problems, kidney damage, cancer, osteoporosis, and damage to the 
nervous, immune, and cardiovascular systems [5–7]. Heavy metals in 
foods accumulated from environment can cause human health risks and 
estimation of potentil health risk associated with heavy metals on the 
human population over a certain period of time is one of the widely used 
method [8,9]. 

Heavy metal contamination in meat and poultry in Bangladesh is a 
major concern. The primary sources of heavy metal contamination in 
meat and poultry in Bangladesh are believed to be from the feed, as well 
as from the environment. Contaminated feed can be a result of the use of 

pesticides, fertilizers, and industrial waste in agriculture, and also from 
contaminated water used to grow crops [10,11]. The environment, 
including the soil, air, and water, can also be contaminated with heavy 
metals due to industrial activities, mining, and inadequate waste man
agement [12]. However, even though animal meat supplies 30–40% of 
the country’s protein needs [13], there is a paucity of published material 
in Bangladesh on the topic of heavy metals and the associated health risk 
in meat. Studies have found that meat and poultry products in the 
country can contain elevated levels of heavy metals. One study found 
that the levels of lead, cadmium, and chromium in chicken samples were 
higher than the permissible limits set by the World Health Organization 
(WHO) [14]. Another study reported that the higher levels of copper, 
cadmium, and chromium were higher in cattle and chicken [15]. 

The Noakhali region of Bangladesh is prone to heavy metal 
contamination due to a combination of factors. One primary reason is 
the widespread use of pesticides and fertilizers in agriculture, which can 
contaminate soil and water with heavy metals such as cadmium and lead 
[16]. Additionally, the region is known for its large shrimp farming 
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industry, and the use of antibiotics and other chemicals in shrimp ponds 
can contribute to heavy metal contamination in the surrounding areas 
[17]. Furthermore, the Noakhali region is near the coast, making it 
vulnerable to sea level rise, salinity intrusion, and coastal erosion, which 
can contaminate the soil and water with heavy metals [18]. The con
centrations of heavy metals in coastal areas like Noakhali are higher due 
to submarine groundwater discharge [19]. A recent study reported 
heavy metal pollution in Mechna river estuaruy, Noakhali coast [20]. 
However, there is few studies in Bangladesh concerning heavy metals in 
commonly meat, poutry and their edible offal and the potential health 
risk assessment and maximum of papers evaluated heavy metals in those 
areas which are situated in different industrial or river zone. Moreover, 
estimation of carcinogenic and non-carcinogenic risk from the con
sumption of heavy metals in meat, poultry and edible offals have not 
been studied in Noakhali region early. 

The objective of this study was to determine the levels of Cd, Cr, Pb, 
Ni, Fe, and Cu in Fresh meat, poultry, and game collected from the 
Noakhali district and assess the carcinogenic and non-carcinogenic ef
fects of these metals from dietary intake. For the first time, this study 
also evalutes the effects of heavy metals in systolic blood pressure and IQ 
score in Bangladeshi population. 

2. Methods 

2.1. Study area and sample collection 

The study focused on the areas located on the sothern part of 

Bangladesh e.g. Noakhali district of Bangladesh (N22◦49’28.7", 
E91◦6′6.24"). A total of 63 samples of seven (7) varieties of animals 
including muscle, brain, and liver were collected from three different 
local markets of that district, namely Maijdee Bazar, Pouro bazaar, and 
Sonapur Bazar from January to April 2022. The global positioning sys
tem was used to mapping the sampling positions using QGIS software (v- 
3.10.2) (Fig. 1). 

2.2. Sample analysis 

All samples were cleaned with distilled water and stored at − 20 ◦C 
in a refrigerator before starting drying. The sample were then dried in 
oven at 60 ◦C for 24 h and grinded for digestion [21]. Wet digestion of 
the collected sample was carried out using a 1:4 concentrated mixture of 
HNO3 (69% conc.) and H2S04 (97% conc.). The mixture was heated with 
0.5 g dehydrated homogenized sample from 130 ◦C to 170 ◦C using a 
thermostat-controlled heating block. The pre-digested samples were 
further digested by adding 2 ml of H2O2 (30% conc.) and heated again to 
ensure organic matters free solutions. Following filtration, the eluate 
was diluted to 50 ml with deionized water. 

2.3. Instrumental analysis 

The heavy metal determination was performed with a PerkinElmer 
Inc. PinAAcleTM 900 H Atomic Absorption Spectrometer (AAS) with a 
single beam and deuterium background correction. Limits of Detection 
and instrumental conditions during heavy metals analysis were 

Fig. 1. Map of the study area, Noakhali, Bangladesh.  
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calculated by following European Commission Guidelines (Supplemen
tary table 1) [22]. Pb, Cd, Cr, and Ni were quantified by graphite 
furnace, while Fe and Cu were quantified by flame technique. 

2.4. Quality control/quality assurance 

Quality control was performed using blank samples of each analysis. 
All samples were measured in triplate and presented as mean and 
standard deviation (SD). The results of the validation of procedures were 
summarized in supplementary table 2. The mean recoveries of heavy 
metals were found in the range of 91.7–101.5%, and the correlation 
coefficient (R2) of metals ranged from 0.995 to 0.998. The analytical 
detection limits of metals were Pb= 0.005321 mg/kg, 
Cd= 0.002134 mg/kg, Cr= 0.001569 mg/kg, Fe= 0.005391 mg/kg, 
Cu= 0.002153 mg/kg, Ni= 0.001328 mg/kg. Necessary precautions are 
taken to prevent contamination of samples and nitric acid (1%) was used 
to clean and rinse all glass materials. 

2.5. Health risk assessment 

The Health risk associated with heavy metal-contaminated meat 
consumption was assessed in terms of Estimated Daily Intake (EDI) of 
metals, Target Hazard Quotients (THQ), Hazard Index (HI), and Target 
Cancer Risk (TCR) according to the standards of The US Environmental 
Protection Agency [23]. 

Estimated daily intake (EDI): EDI is measured in mg/kg body 
weight/day [24]. To estimate EDI, the average metal content in each 
sample was calculated and multiplied by the respective consumption 
rate. Daily intake rate was determined by the following Eq. (1): 

EDI =
MC × IR

BW
(1)  

Where MC is the metal concentration in the meat, liver, and brain (mg/ 
kg wet weight), and IR (kg/day/person) is the ingestion rate of the 
sample, which is taken as 7.54 g/day for beef, 0.55 g/day for mutton, 
17.33 g/day for chicken/duck/others (quail, pigeon), for an adult in
dividual of 60 kg (adult) body weight respectively according to "Report 
of the household income and expenditure survey 2016 [25]. For 

children, the average body weight was 30 kg [26], and the ingestion rate 
is 3.1 g/day for beef, 0.3 g/day for mutton, 8.3 g/day for chicken, 
1.7 g/day for duck, quail, and pigeon [13]. The Bangladeshi population 
commonly consumes the liver of animals, especially children, and so, for 
accurate estimation, the ingestion rate of liver tissue and brain of ani
mals was estimated as 3 g/day [26]. 

2.6. Non-carcinogenic risk 

Target hazard quotient (THQ): THQ is an estimation of the risk 
level (non-carcinogenic) due to pollutant exposure (Eq. 2). THQ was 
calculated as per USEPA Region III Risk-based Concentration Table [27] 
and in Wang et al. [28]. 

THQ =
EF × ED × FIR × CM

BW × AT × RfD
× 10− 3 (2)  

Where EF is the exposure frequency (365 days/year), ED is the exposure 
duration (70 years for non-cancer risk in this study), as used by [29], FIR 
is the food ingestion rate (g/person/day) (BBS, 2016), CM is the heavy 
metal concentration in meat, liver, and brain (mg/kg, w/w), BW is the 
average body weight (bw) (adult: 60 kg and children: 30 kg) and AT is 
the average exposure time for non-carcinogens (EF×ED) (365 days/year 
for 70 years (i.e. AT=25,550 days). The oral reference dose (RfD) of the 
metal (an estimate of the daily exposure to which the human population 
may be continuously exposed over a lifetime without an appreciable risk 
of deleterious effects) are based on 0.001, 0.003, 0.04, 0.02, and 0.004 
(mg/kg-BW/day) for Cd, Cr, Cu, Ni, and Pb, respectively [27,30,31]. 
According to the guidelines of the Chinese Nutrition Society (CNS), the 
RfDs for Fe is 0.667 mg/kg-BW/ day [32,33]. 

Total target hazard quotient (TTHQ): TTHQ for an individual from 
THQs is expressed as the sum of the hazard quotients (Eq. 3) [29]. 

TTHQ=THQ(Cr)+THQ(Pb)+THQ(Cd)+THQ(Ni)+THQ(Fe)+THQ(Cu)
(3)  

Where TTHQ≤ 1 is safe, TTHQ> 1 is hazardous. 
Hazard index (HI): HI is assessed to estimate the overall potential 

for non-carcinogenic health risks from consuming more than one metal. 

Table 1 
Concentrations of heavy metals in foodstuffs (meat, brain, and liver) commonly consumed by Bangladeshi populations in Noakhali region.  

Foodstuffs Scientific name Heavy Metals (mg/kg fw) 

Cd Cr Pb Ni Fe Cu 

Brain Poultry (n = 9) Gallus gallus domesticus 0.40 ± 0.024 1.62 ± 0.29 7.54 ± 2.54 4.47 ± 0.40 131.31 ± 1.41 98.11 ± 2.86 
Cow (n = 9) Bos primigenius 0.46 ± 0.019 1.29 ± 0.28 4.62 ± .85 10.64 ± 0.14 97.35 ± 0.63 88.0 ± 0.72 
Sonali Chicken (n = 9) Gallus gallus domesticus 0.39 ± 0.021 0.95 ± 0.008 5.59 ± 1.81 8.58 ± 0.39 152.41 ± 3.33 120.56 ± 1.32 
Pigeon (n = 9) Columba livia 0.19 ± 0.047 4.38 ± 0.48 4.45 ± .31 5.47 ± 0.24 150.43 ± 0.33 98.65 ± 0.15 
Quail (n = 9) Coturnix coturnix 0.04 ± 0.023 .92 ± 0.05 3.07 ± 2.29 4.32 ± 0.26 112.76 ± 0.59 161.45 ± 1.77 
Duck (n = 9) Anas platyrhynchos 0.28 ± 0.019 2.38 ± 0.05 3.25 ± 1.11 5.55 ± 0.05 125.15 ± 2.50 106.02 ± 1.48 
Goat (n = 9) Capra aegagrus hircus 0.26 ± 0.021 1.82 ± 0.06 3.11 ± 1.77 4.35 ± 0.22 112.32 ± 0.36 176.26 ± 2.03 

Muscle Poultry (n = 9) Gallus gallus domesticus 0.16 ± 0.005 0.46 ± 0.018 3.13 ± 1.01 5.48 ± 0.16 64.60 ± 2.63 83.07 ± 1.66 
Cow (n = 9) Bos primigenius 0.48 ± 0.005 1.22 ± 0.05 4.83 ± 1.01 5.29 ± 0.05 114.72 ± 1.03 92.57 ± 0.66 
Sonali Chicken (n = 9)↱ Gallus gallus domesticus 0.06 ± 0.021 .96 ± 0.016 1.91 ± 1.00 7.39 ± 0.22 120.35 ± 1.17 88.67 ± 0.26 
Pigeon (n = 9) Columba livia 0.13 ± 0.022 2.39 ± 0.27 5.91 ± .94 3.55 ± 0.24 167.43 ± 0.39 99.48 ± 0.58 
Quail (n = 9) Coturnix coturnix BDL 1.39 ± 0.05 1.64 ± 1.32 4.27 ± 0.08 92.36 ± 0.21 87.96 ± 1.42 
Duck (n = 9) Anas platyrhynchos 0.11 ± 0.022 1.40 ± 0.06 1.92 ± .88 5.09 ± 0.28 112.06 ± 2.14 93.34 ± 0.56 
Goat (n = 9) Capra aegagrus hircus 0.31 ± 0.025 3.15 ± 0.13 2.05 ± 1.33 7.74 ± 0.18 128.04 ± 0.97 94.25 ± 0.28 

Liver Poultry (n = 9) Gallus gallus domesticus 0.65 ± 0.017 0.82 ± 0.23 7.05 ± .73 2.72 ± 0.12 94.26 ± 2.04 77.51 ± 1.67 
Cow (n = 9) Bos primigenius 2.40 ± 0.008 1.32 ± 0.11 10.54 ± 2.23 41.42 ± 0.27 203.71 ± 2.23 86.51 ± 0.34 
Sonali Chicken ↱(n = 9) Gallus gallus domesticus 1.45 ± 0.007 1.27 ± 0.014 5.15 ± 2.22 6.34 ± 0.1 191.48 ± 0.68 109.98 ± 0.67 
Pigeon (n = 9) Columba livia 0.69 ± 0.075 3.81 ± 0.26 2.79 ± 1.42 2.71 ± 0.41 1650.60 ± 4.51 101.82 ± 0.06 
Quail (n = 9) Coturnix coturnix 0.78 ± 0.023 3.21 ± 0.12 4.88 ± 1.16 3.22 ± 0.38 227.99 ± 0.46 103.35 ± 0.37 
Duck (n = 9) Anas platyrhynchos 15.98 ± 0.87 2.51 ± 0.34 7.48 ± 1.64 3.64 ± 0.38 824.25 ± 1.63 173.72 ± 0.61 
Goat (n = 9) Capra aegagrus hircus 1.81 ± 0.024 3.71 ± 0.19 81.87 ± 29.95 3.26 ± 0.34 611.55 ± 1.69 473.99 ± 2.81  
MAC  0.1a 1a 0.1a 0.5a NA 0.1b 

Cd, Cadmium; Cr, Chromium; Pb, Lead; Ni, Nickel; Fe, Iron; Cu, Copper; BDL, below detection limit; MAC, maximum allowable concentration 
a JECFA 2005 [60] 
b JECFA 2012 [61] 
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HI = TTHQ(food1)+TTHQ(food2)+………….+TTHQ(food23)

Target cancer risk (TCR): TCR was used to indicate carcinogenic 
risks. The method to estimate TCR is also provided in USEPA Region III 
Risk-Based Concentration Table [29]. The model for estimating TCR was 
shown as follows (Eq. 4): 

TCR = EDI × CPSo (4)  

Where EDI is estimated daily intake (mg/ kg/ day), CPSo is the carci
nogenic potency slope for oral route of 0.0085 (mg/kg bw/day)− 1 for 
Pb, 6.3 (mg/kg bw/day)− 1 for Cd, and 0.5(mg/kg bw/day)− 1 for Cr and 
TA is the averaging time of carcinogens (365 days/year for 70 years), as 
used by USEPA (2011) [29,33,34]. 

2.7. Estimation of health effects 

There is no direct calculation to estimate the effects of heavy metal 
exposures on health due to the lack of human dose-response functions 
between heavy metal concentration and human illness rate. However, 
according to JECFA methodology [35], there is link that concerns Pb 
exposures with increased systolic blood pressure in adults and decline IQ 
level in children. In this present study, we calculated the effect of lead 
intake on systolic blood pressure in adult population and on IQ level in 
children based on JECFA approach [35]. According to JECFA approach, 
1 mmHg systolic blood pressure increased due to ingestion of 1.3 µg/kg 
bw/day of lead (Pb) in adult and 1 IQ point was decline due to ingestion 
of 0.6 µg/kg bw/day of lead [35]. 

2.8. Statistical analysis 

Data collected were presented as mean and standard deviation and 
were tested for normality and homogeneity of variance prior to analysis. 
One-way analysis of variance (ANOVA) (p < 0.05) was performed to 
assess whether heavy metals varied significantly between animals. 
Pearson correlation and Principal Component Analysis (PCA) were 

performed to get detailed information about the distribution of heavy 
metals and their similarities and dissimilarities in the samples. All sta
tistical calculations were performed with SPSS 23.0 Inc., Chicago, IL, 
USA, for Windows. 

3. Results and discussion 

3.1. Concentration of heavy metals in commonly consumed animal tissues 

The concentrations of heavy metals (Cd, Cr, Pb, Ni, Fe, and Cu) from 
different varieties of animal tissues are presented in Table 1. Concen
tration of heavy metals varies among different species of animals. 

Cadmium is one of the most common toxic metals that occurs 
naturally in soil and is transmitted to food via soil-plant-animal or soil- 
water-animal routes [36]. A statistically significant difference 
(p < 0.05) in Cd levels was found between meat and liver as well as 
between brain and liver in this study (Supplementary table 3). The 
highest Cd concentration in an animal’s brain was found in a cow’s brain 
and lowest in a quail brain which is higher than some reported studies 
[37,38]. In the case of muscle meat, the concentrations of Cd were 
higher than MAC except for the Sonali chicken muscle meat (Table 2). 
The results of Cd levels in meat in this study were higher than those 
found in [38–45] and lower than those obtained in [37,46–49]. Cad
mium levels in different animals’ livers were also higher than previously 
reported findings [37,40,43,45–50]. 

Chromium is an essential metal for our diet as it helps to maintain the 
blood glucose level of our body by making the function of insulin effi
cient [51]. However, Cr toxicity affects the function of different enzymes 
like catalase, peroxidase, and cytochrome oxidase [52]. There were 
significant differences observed amongst brain, meat, and liver for Cr 
concentrations (Supplementary table 3). The highest mean concentra
tion of Cr levels was observed in the pigeon brain (4.8 mg/kg/fw), and 
the lowest was found in poultry muscle (0.46 mg/kg/fw). The observed 
concentrations of Cr among the maximum food samples were higher 
than MAC level (Table 1). The higher level of Cr in poultry muscle may 

Table 2 
Non-carcinogenic (THQ and TTHQ) health risks of trace elements due to consumption of brain, muscle, and liver in Bangladesh.  

Foodstuffs THQ TTHQ   

Cd  Cr Pb Fe Cu    

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

Brain Poultry  0.021  0.041  0.023  0.047  0.102  0.205  0.010  0.021  0.009  0.019  0.125  0.249  0.291  0.583  
Cow  0.022  0.044  0.019  0.038  0.055  0.109  0.026  0.053  0.007  0.015  0.109  0.218  0.238  0.477  
Sonali chicken  0.020  0.040  0.016  0.032  0.080  0.160  0.022  0.044  0.011  0.023  0.152  0.303  0.300  0.602  
Pigeon  0.011  0.021  0.068  0.136  0.060  0.120  0.014  0.027  0.065  0.023  0.123  0.246  0.341  0.574  
Quail  0.003  0.005  0.016  0.032  0.029  0.059  0.010  0.020  0.049  0.017  0.200  0.400  0.307  0.533  
Duck  0.014  0.029  0.039  0.078  0.039  0.079  0.014  0.029  0.055  0.019  0.131  0.263  0.294  0.498  
Goat  0.014  0.028  0.031  0.063  0.037  0.073  0.010  0.020  0.002  0.017  0.219  0.438  0.312  0.638 

Muscle Poultry↱  0.047  0.046  0.042  0.040  0.219  0.209  0.075  0.072  0.028  0.027  0.599  0.574  1.012  0.969  
Cow  0.059  0.049  0.051  0.042  0.141  0.116  0.033  0.027  0.022  0.018  0.289  0.238  0.595  0.489  
Sonali chicken  0.020  0.020  0.095  0.091  0.132  0.127  0.105  0.101  0.052  0.049  0.642  0.615  1.047  1.003  
Pigeon  0.042  0.008  0.218  0.043  0.452  0.089  0.055  0.011  0.013  0.014  0.721  0.141  1.501  0.306  
Quail  < 0.001  < 0.001  0.129  0.025  0.058  0.011  0.061  0.012  0.007  0.008  0.640  0.126  0.895  0.182  
Duck  0.036  0.007  0.138  0.027  0.168  0.033  0.074  0.014  0.008  0.009  0.673  0.132  1.097  0.223  
Goat  0.003  0.003  0.009  0.010  0.004  0.004  0.004  0.004  0.009  0.002  0.026  0.024  0.051  0.047 

Liver Poultry  0.033  0.066  0.016  0.032  0.081  0.163  0.007  0.014  0.007  0.014  0.095  0.190  0.239  0.479  
Cow  0.120  0.240  0.021  0.043  0.132  0.265  0.103  0.207  0.015  0.031  0.108  0.216  0.501  1.001  
Sonali chicken  0.073  0.145  0.021  0.042  0.052  0.105  0.016  0.032  0.0143  0.029  0.137  0.274  0.314  0.627  
Pigeon  0.037  0.073  0.066  0.132  0.029  0.059  0.007  0.014  0.123  0.247  0.127  0.254  0.390  0.780  
Quail  0.039  0.079  0.052  0.104  0.061  0.122  0.008  0.016  0.017  0.034  0.129  0.259  0.307  0.614  
Duck  0.774  1.548  0.045  0.090  0.093  0.185  0.009  0.019  0.062  0.124  0.217  0.435  1.201  2.402  
Goat  0.091  0.182  0.059  0.119  1.192  2.383  0.009  0.017  0.046  0.092  0.591  1.181  1.988  3.975 

Hazard 
Index             

13.223                 

THQ, target hazard quotient; TTHQ, total target hazard quotient, HI, hazard index 
Values in bold indicate THQ≥ 1 and TTHQ> 1 
THQ< 1, no health risk; THQ ≥ 1 indicates potential health risk 
TTHQ< 1 indicates safe and TTHQ> 1 indicates hazardous 
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be due to the use of feed from tannery waste which contains an elevated 
level of Cr [53]. However, these concentrations of Cr were lower than 
some of the previous literature [14,37,41,47]. 

Heavy metals accumulate in the brain, especially Pb, which easily 
pass the blood-brain barrier and accumulate, leading to damage to the 
central nervous system. In the present study, the highest concentration 
of lead (Pb) was found in the poultry brain (7.54 ± 2.54) and lowest in 
the quail brain (0.04 ± 0.023). The concentration of Pb in different 
animal’s brains and muscle were higher than MAC (Table 1) and other 
reported studies [15,37–47]. However, the concentrations of Pb found 
in goat and duck muscle were lower than in some studies [48,54]. The 
concentration of Pb in animal’s liver was in order pigeon > quail 
> Sonali chicken > cow > duck > poultry > goat, and the concentra
tions of Pb were higher than other studies report [37,38,40,45–49,54]. 

Nickel, the metallic element mostly used for industrial purposes, can 
show some adverse health effects like immunologic, neurologic, repro
ductive, carcinogenic, and allergic reactions depending on the route of 
exposure (inhalation, oral or dental) [55]. The mean concentration of 
nickel in the analyzed animal’s foodstuffs was in order brain > muscle 
> liver. The highest mean concentration was found in cow liver 
(41.42 mg/kg fw), and the lowest Ni level was found in pigeon liver 
(2.71 mg/kg fw). All of the mean Ni concentrations among animal’s 
brains, muscles, and liver were higher than MAC (Table 1) and the 
findings of previously reported literatures [14,15,38,40,41,47] and 
lower than those found in [46]. 

Iron is the most crucial element for living creatures due to its support 
in the respiratory process [56]. The free radical formation is most 
common due to iron toxicity that may cause DNA damage leading to 
initiate cancer [57]. In the present study, the highest mean concentra
tion of Fe was found in pigeon liver, followed by the descending order of 
duck liver > goat liver > quail liver > cow liver > Sonali chicken liver 
> pigeon muscle > Sonali chicken brain > pigeon brain > poultry brain 
> goat muscle > duck brain > Sonali chicken muscle > cow muscle 
> quail brain > goat brain > duck muscle > cow brain > poultry liver 
> quail muscle > poultry muscle. There was a statistically significant 
difference (p < 0.05) observed between meat and liver and brain and 

liver (Supplementary table 3). There is no MAC value for Fe in foods. 
However, the concentration of Fe found in the present study was higher 
than those reported by [38–40] and lower than those reported by [47, 
54]. 

The highest mean concentration of trace element Cu was found in 
goat liver (473.99 mg/kg fw), and the lowest concentration of Cu was in 
poultry liver (77.51 mg/kg fw). Statistically significant differences 
(p < 0.05) among brain, muscle, and liver for Cu concentrations were 
found in the present study (Supplementary table 3). The mean concen
trations of Cu in the muscle, liver, and brain were much higher than in 
MAC. The concentrations of Cu in these foodstuffs were also higher than 
some previously reported findings [14,15,37,38,41–43]. However, the 
concentrations of Cu in duck liver, cow liver and goat meat were lower 
than the findings reported in previous studies [40,49,54]. 

The present study findings showed different concentrations of heavy 
metals in different types of animal’s meat and offals. The differences in 
concentration of heavy metals are due to the age of the animal, feed, 
bioaccumulation process, and sex as these factors affects the accumu
lation of heavy metals in muscle, liver, kidney and brain [58,59]. 

3.2. Source identification 

3.2.1. Multivariate analysis 
By calculating a summary index, the Pearson correlation coefficient 

is a potential tool for assessing the strength of linear association between 
the pairs of variables [62]. Consequently, the Pearson product-moment 
correlation coefficients for the metal-to-metal correlation data that were 
significant at the 99% and 95% confidence levels were assessed (Sup
plementary table-4). At a 99% confidence level, the pairs of Fe-Cr 
(0.523) and Pb-Cu (0.889) displayed strong and significant correla
tions, and the pairs of Cd-Fe (0.382), Pb-Cr (0.327) and Cr-Cu (0.358) 
showed weak and significant correlations, while Cu displayed a weak 
correlation with Fe (0.268) at 95% confidence level. The strong con
nections provided evidence in favor of the theory that the sources of the 
metals might be comparable. From the analysis, we suppose that 
Fe-Cr-Pb-Cu were accumulated in animal body from same sources. In 

Fig. 2. : Principal component analysis (PCA) of heavy metals by scree plot and a three-dimensional plot showing loadings for heavy metals.  
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Bangladesh, most of the livestock and poutry were farming using arti
ficial feeds which may contain heavy metals that can affect our food 
chain [63,64]. Artifical feeds usually contaminated with harmful ele
ments such as Pb, Cr, Cd and As [65], however, there is limited data 
about heavy metals in feeds in Bangladesh context. 

3.2.2. Principal component analysis 
The principal component analysis (PCA) on meat and edible offal 

data utilizing varimax-normalized rotation was performed to observe 
the relationship of cluster variables in simple ways [66]. A large number 
of variables are reduced into a new set of reduced variables based on 
their mutual dependence, which is the PCA’s most significant contri
bution. A significant number of PCs was observed using a scree plot 
depicted in Fig. 1. According to the results, three eigenvalues greater 
than one account for 78.95% of the total variance. Supplementary 
Table 5 includes the computation of commonalities, percent of the total 

variance, and cumulative percent of the variance. While PC2 accounted 
for 20.75% of the total variation and exhibited the highest loadings for 
Fe, Cd, and Cr, indicating that they originated from the same origins, 
PC1 revealed the highest loadings for Cu and Pb, explaining more than 
40.7% of the total variance. With a variance of 17.42%, the final sig
nificant factor revealed that Ni had the highest loadings among the 
materials with different sources. To understand the relationship among 
metals, a three-dimensional plot of the PCA loadings was presented in  
Fig. 2. 

3.3. Health risk assessment 

3.3.1. Estimated daily intake (EDI) 
The health risk assessment of the population was estimated by the 

value of EDI for both adults and children and depicted in Fig. 3. The EDI 
of trace elements (Cd, Cr, Pb, Ni, Fe, and Cu) was compared with 

Fig. 3. : Estimated Daily Intake (EDI) of Cd (A), Cr (B), Pb (C), Ni (D), Fe (E), Cu (F) from commonly consumed brain, meat (muscle), and liver according to 
maximum tolerable dietary intake (MTDI) based on the data established by WHO/FAO joint committee for food additives and JECFA. 
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Fig. 4. : Calculation of total carcinogenic risk (TCR) in meat, liver, and brain by consumption of heavy metals according to USEPA. (A) Poultry, (B) Cow, (C) Sonali 
chicken, (D) pigeon, (E) Quail, (F) Duck, and (G) Goat. 
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maximum tolerable daily intake (MTDI) (Figs. 3a, 3b, 3c, 3d, 3e, 3f), 
which indicates no adverse health effects after consuming foods [67]. 
The EDI of adults from consuming different animal muscles, liver, and 
brain were shown in the descending order of Fe > Cu > Ni > Pb > Cr 
> Cd, and for children, it was of Fe > Cu > Pb > Ni > Cr > Cd. The 
value of Cd and Pb through consumption of duck liver and goat liver, 
respectively, were above the permissible limit for both adults and chil
dren, whereas the levels of Pb and Cr from the consumption of sonali 
chicken brain and pigeon brain respectively, were also above the MTDI 
value for children. The EDI revealed that brain and liver are more 
responsible to create health risk than muscle meat among Noakhali re
gion of Bangladesh. 

3.3.2. Targeted hazard quotient (THQ) and total targeted hazard quotient 
(TTHQ) 

The non-carcinogenic health risk was assessed in terms of targeted 
hazard quotients (THQ), and total targeted hazard quotients (TTHQ), 
summarized in Table 2. The estimated THQ value of Cd was greater than 
1 for children through consuming duck liver, whereas the THQ value of 
Pb was above 1 for both adults and children and for Cu for child through 
the consumption of goat liver. Furthermore, the THQ in adults and 
children found that Cu> Pb>Ni>Cr>Cd>Fe. However, the value of 
THQ does not provide a quantitative probability of experiencing adverse 
health effects. It only indicates the level of risk due to exposure [15]. 
Considering all elements, the TTHQ value was estimated in the range of 
0.051 to 1.988 and 0.047 to 3.975 for adults and children, respectively. 
The value of TTHQ is helpful to assess and understand the combined risk 
of different foods for human health. In the present study, TTHQ in 
children was almost two times higher than in adults, especially relating 
to poultry brain and liver, cow muscle and offal, Sonali chicken liver, 
pigeon muscle, and liver, and brain and liver of duck, goat, quail likely 
due to children consuming comparatively more muscle and edible offal 
than adults. 

The hazard index (HI) was calculated to assess the non-carcinogenic 
risk of multiple elements by consuming one or more food items 
(Table 2). HI values by consuming foodstuffs were 13.22 and 17.005 for 
adults and children, respectively. The contribution of Cu to HI value was 
the highest for both adult and child. 

3.3.3. Total carcinogenic risk (TCR) 
The target carcinogenic risks (TCRs) derived from Cr, Cd, and Pb 

consumption was calculated because ingestion of these compounds may 
result in both non-carcinogenic and carcinogenic consequences 
depending on the exposure amount (Fig. 4). The TCR values from 
exposure of Cd were found in the range of 9.46E-05 to 7.59E-04 and 
2.06E-05 to 9.75E-03, whereas for Cr, it was 1.4E-05 to 3.3E-04 and 
1.5E-05 to 2.04E-04, and for Pb, it was 1.3E-07 to 4.05E-05 and 1.37E- 
07 to 8.1E-05, for adults and children, respectively (Figs. 4a, 4b, 4c, 4d, 
4e, 4f, 4g). In general, TCR values below 1.0E-06 are regarded as 
negligible, those above 1.0E-04 are unacceptable, and those falling be
tween 1.0E-06 and 1.0E-04 are considered as falling within an accept
able range [68,69]. The estimation showed that the carcinogenic risk 
(TCR) of Pb due to consumption of muscle, liver, and brain was within 
the negligible range (<1.0E-4) to the acceptable range (1.0E-6 to 
1.0E-4), whereas the TCR of Cd for both adults and children were within 
unacceptable range (>1.0E-4) due to consumption of liver, brain, and 
muscle of poultry, Sonali chicken, cow as well as liver of pigeon, duck, 
and goat. In the present study, it was suggested that children are more 
susceptible to toxic elements from dietary intake of foods. Exposure to 
heavy metals especially Pb, Cd, and Cr may associated with several types 
of cancer risk such as ovarian cancer, lung cancer, prostate or testicular 
cancer, renal cancer and bladder cancer [9]. Although mechanism of 
progessing cancer from heavy metals via food remains unclear, foods are 
one kind of main source heavy metals found in human body [70]. 

3.4. Health effects of heavy metals 

According to the result, the average intake of lead (Pb) from meat 
and offal consumption in adults is about 0.61 µg which leads to 
increased systolic blood pressure about 0.47 mmHg in adults. The IQ 
score is declined to about 1.94 due to ingestion of 1.16 µg Pb on average 
in children. 

4. Conclusion 

The article focused on the levels of heavy metals in commonly 
consumed animal’s edible tissues (muscle, brain, and liver) and deter
mined the health risk in terms of EDI, THQ, TTHQ, and TCR. The 
maximum edible tissues contained heavy metals that exceeded the 
maximum allowable concentrations (MAC) and indicated potential 
health risks. However, a maximum of edible tissues had low EDI than 
MTDI values. PCA and multivariate analysis showed the sources of 
heavy metals in food and a strong correlation between the metals. In 
terms of health risk assessment, the present study found that children are 
more susceptible to developing cancer compared with adults. The pre
sent study does not include other foodstuffs (rice, vegetables, fish, pul
ses, ground vegetables etc) which are other sources of metals and can 
also cause cancer among people of Noakhali region. Thus, this study 
suggested that the Government of Bangladesh routinely monitors the 
contamination levels of hazardous heavy metals and metalloids in 
foodstuffs to enforce regulatory limits and assess the risk of long-term 
exposure. Determination of the effects of the geographical distribution 
of heavy metals and feedings practices in meat and edible organs, 
including assessment of hazardous elements in feeds and foodstuffs, is 
also recommended. 
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