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Abstract

This study was designed to evaluate heavy metal status in commonly consumed foodstuffs collected from two divisional cit-
ies, viz., Chottogram and Mymensingh of Bangladesh and to assess potential human health risks through the consumption of
those foodstuffs. A total of 90 food samples were analyzed for Cu, Zn, Ni, Pb, Mn, and Fe contents by an atomic absorption
spectrophotometer. The calculated per capita per day dietary intakes of Cu and Mn from rice and Mn’s same value through
spinach consumption in both cities were higher than the recommended daily allowances (RDA) for an adult human. Similarly,
the computed daily metal intake (DMI) values of Pb for both males and females were also higher than the upper tolerable
intake level (UTIL) through the consumption of rice collected from Mymensingh city. The average calculated hazard index
(HI) values for males and females due to dietary intake of rice were 47.67 and 93.30 in Chottogram city and 97.98 and 192.04
in Mymensingh city, respectively. The present study identified rice as the most contaminated food item, followed by spinach,
brinjal, and lentil. Still, dietary intakes of beef, broiler, and fish samples collected from both the cities were found as safe or
less hazardous. Among the individual metals, Mn was the most dominant metal present in different foodstuffs collected from
both the cities and contributed significant risk to the people. Finally, the study concluded that Bangladesh’s food consump-
tion patterns should be changed and advised to incorporate more proteins in regular diet charts by reducing carbohydrates.

Keywords Plant & animal origin foodstuffs - Metal contamination - Hazard index - RDA - PCA

Introduction

Heavy metal contamination in foodstuff is a severe public
health concern all over the world. In the meantime, both
producers and consumers have recognized these metals’
presence in foodstuffs as problematic for human consump-
tion. The occurrence of these heavy metals in the field and
farms, and then into the common foodstuffs of Bangladesh
is associated with various types of anthropogenic activities
like-rapid industrial growth, wastewater irrigation, sludge
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application, use of metal-contaminated agrochemicals, toxic
metal-rich fish and poultry feeds and inappropriate handling
of food during storage and transport (Rana et al. 2014; Zakir
et al. 2015, 2016, 2017; Hossain et al. 2017; Islam et al.
2020; Lamastra et al. 2018; Sarker et al. 2017). It has been
reported that the concentrations of various heavy metals in
different food items of our country are high, and the amount
is sufficient to cause multiple health hazardous problems
to the peoples (Aysha et al. 2017; Haque et al. 2018; Zakir
et al. 2020a). Several diseases may develop due to intake
of heavy metal-contaminated foodstuffs. Surplus Cu had
been associated with liver damage, and Zn may produce
adverse nutrient interactions with Cu (FDA 2001). On the
other hand, some toxic metals like Pb and Cd are lethal for a
human being even at the minute quantity (Llobet et al. 2003)
and may induce urologic disorders (viz., renal tumors and
kidney dysfunctions), softening of the bones, increase blood
pressure and heart diseases risk (Ikem and Egienbor 2005).

Traditionally, cereals, vegetables, and fishes (both cul-
tured and natural) are very common in Bangladeshi regular
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diet charts, but nowadays, cultured fishes and broiler cap-
tured most of the protein sources in our daily diet. Several
studies (Aysha et al. 2017; Zakir et al. 2018; Akter et al.
2020) reported higher uptake or accumulation of differ-
ent toxic metals in those foodstuffs. As a result, nowadays,
heavy metals’ accumulation in the human body from these
common foodstuffs is a burning question. Thus, toxic metal-
lic contaminated foodstuff is a crucial issue of food qual-
ity and safety assurance of Bangladesh. However, different
international and national regulations on food quality have
also lowered the acceptable limits of toxic metals in different
foodstuffs (Radwan and Salama 2006), which will reduce the
metallic contamination of the food chain through increased
awareness of peoples.

In Bangladesh, evaluating the risks and benefits of con-
suming different foodstuffs is critical; being a key source of
essential elements and nutrients. Thus, it is imperative to
investigate the level of toxic elements in common foodstuffs
to have insight into the safety of foodstuffs consumed by the
country’s people. Considering this fact, the present study
deals with determining different heavy metals in commonly
consumed foodstuffs and assessing their potential human
health risk. The study was focused mainly on two divisional
cities of Bangladesh, viz., Chottogram and Mymensingh.
From a demographic point of view, Chottogram is a cos-
mopolite city where peoples of different regions living
together. On the other hand, Mymensingh being another
populated city where the demography is more or less
homogenous. Both the cities are in close proximity to vari-
ous chemical contamination, including their point sources
of contamination.

Materials and Methodology
Selection of Foodstuff Samples

There were 2 (two) types of origin of foodstuff considered
for collecting samples-(1) Plant origin such as rice (coarse
and fine), lentil (Lens culinaris) (coarse and small), wheat
flour, brinjal (Solanum melongena) and spinach (Spina-
cia oleracea), and (2) Animal origin such as beef, broiler
(liver, muscle, and skin) and fish (abdomen and muscle).
Furthermore, the present study selected two fish species,
viz., tilapia (Oreochromis niloticus) and ruhi (Labeo ruhita).
Category in selecting foodstuffs was done to minimize vari-
ations among the peoples of different income groups. Fine
rice and small lentil grains were collected as a choice of
higher-income group peoples, while coarse grains are choice
of lower-income group peoples, and both items are preva-
lent in Bangladeshi diet chart. Similarly, the tilapia fish is
comparatively cheaper, which is chosen by the lower-income
group peoples, while the ruhi fish is taken commonly by the
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higher-income group peoples. On the other hand, the broiler
is one of the most commonly consumed protein sources in
our diet nowadays.

Collection and Processing of Samples

A total of 45 (forty-five) samples of 15 food items, viz.,
rice (fine and coarse), lentil (small and coarse), wheat flour,
spinach, brinjal, beef, broiler (liver, muscle, and skin), ruhi
(muscle and abdomen) and tilapia (muscle and abdomen)
were collected from each city. Three (03) samples for each
foodstuff were collected from different vendors of each city
to minimize heterogeneity. Thus, the present study handled
a total of 90 (ninety) samples. Finally, the sample mass was
reduced to about 500 g for further processing of this study.
Samples were collected from Mymensingh city during
November 2017 and from Chottogram city in January 2018.
Collected samples were kept in individual polythene/zipper
bag with specific marking and tagging. After collection, all
samples were brought to the post-graduate laboratory of the
Department of Agricultural Chemistry, Bangladesh Agricul-
tural University, Mymensingh-2202, Bangladesh.

At the laboratory, plant origin samples were air-dried first
and then oven-dried for 48 to 72 h at 50 °C temperature,
and it was stopped when a constant weight was obtained
for a particular sample. After proper drying, the samples
were powdered using a grinding machine. In the case of
fish, samples were cleaned first, and then it was separated
into flesh (edible) and bone (non-edible). Fish flesh again
separated into muscle and abdomen. Similarly, collected
broiler samples were also separated into liver, muscle,
and skin after cleaning. Then fish (muscle and abdomen),
broiler (liver, muscle, and skin), and beef samples were dried
in an electric oven (Model: ED 56, Binder, Germany) at
60-80 °C temperature, and it was stopped when a constant
weight was obtained for each sample. After completing dry-
ing, all samples were ground/paste well separately using a
mechanical grinder and stored in a plastic zip-lock bag with
proper marking and labeling. Care was taken to avoid any
contamination during the grinding process.

Preparation of Extract for Chemical Analyses

Aqueous extracts for foodstuff samples were prepared fol-
lowing the wet oxidation method using a di-acid mixture
(HNO;:HClIO,=2:1) as described by Singh et al. (1999),
which is used for the determination of different heavy met-
als. For this purpose, exactly 1.00 g of powdered/fine paste
sample was taken into a 250 mL conical flask and digested
with 10 mL of the di-acid mixture at 180-200 °C temper-
ature. Then, the content was cooled to about 25 °C tem-
perature. After cooling, the flask was washed with double
distilled water, and the content was collected into a 100 mL
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volumetric flask as filtrate. Analytical reagent grade quality
(Merck, Germany) acids were used to prepare the extracts.

Determination of Heavy Metals Concentration
in Samples

Six metals, viz., Cu, Zn, Pb, Ni, Mn, and Fe were selected
for this study based on the previous published reports
(Haque et al. 2018; Zakir et al. 2018, 2020a; Akter et al.
2020). The concentration of these metals in aqueous extracts
of foodstuffs were measured by an atomic absorption spec-
trophotometer (AAS) (SHIMADZU, AA-7000, Japan), fur-
nished with single element hollow-cathode lamp as a light
source at the wavelength of 324.8, 213.9, 283.3, 232.0, 279.5
and 248.3 nm, respectively. For this purpose, the instrument
was calibrated according to the manufacturer’s recommenda-
tions. Maximum sensitivity with an air-acetylene flame was
used to operate the instrument, and the concentration limit
of detection for Cu and Zn was <0.01 ug g~!, while for Pb,
Ni, Mn, and Fe was 0.01-0.09 pg g~'. All glass apparatuses
were soaked in 14% HNO; for 24 h, and finally, they were
washed well using distilled water to avoid contamination.

Analytical Quality Control

In order to satisfy the defined internal quality controls
(IQCs), each sample was made to run, including blank, a
certified reference materials (CRM), and a known amount of
particular metal is “spiked” into powdered coarse rice sam-
ple collected from Mymensingh city. The obtained results
and calculated recovery percent are presented in Table 1.
CRM collected from the National Metrology Institute of
Japan (NM1J) (Reference # 7502-a, white rice powder) were
analyzed for the studied metals utilizing the same procedure
as that used for different food samples to check the effec-
tiveness of the digestion and analytical procedure, and the
recoveries were within 87-110% of the certified values. On

the other hand, in the spiked sample, the recoveries were
within 88.5-107.1% of the original sample values (Table 1).

Measurement of the Quantity of Nutritional
Important Metals

Among the metals studied, per capita per day intakes of Cu,
Zn, Mn, and Fe from individual foodstuff were calculated
using the following formula as most vitamin-mineral combi-
nations contain small amounts of these metals and compared
with their recommended daily allowance (RDA) as reported
by Connie and Christine (2009).

FR x C

Metal intak it day) =
etal intake (per capita per day) 1000

where FR is the food intake rate (mg person~! day™'), which
is taken from the Household Income and Expenditure Sur-
vey of Bangladesh (HIES 2017), and C represents the con-
centration of metal in the foodstuff sample (mg kg™, fresh
weight).

Assessment of Human Health Risk
Estimation of Daily Metal Intakes (DMI)

The DMI (mg kg-bw~! day~!) was calculated to assess
metallic health risk due to the intake of common foodstuff
samples using the following formula-

_FRxC
T BW

DMI

where FR is the food intake rate (mg person~! day™'), C
represents the concentration of metal in foodstuff sample
(mg kg~!, fresh weight), and BW denotes the average body
weight (70 and 50 kg for adult male and female, respec-
tively) (BBS 2015).

Table 1 Analytical results obtained for Certified Reference Material (CRM) and spiked samples along with per cent recovery

Heavy metal CRM sample

(Reference # 7502-a, white rice powder)

Spiked sample
(powdered coarse rice grain of Mymensingh city)

Certified Observed value (ug g~') Recovery (%) Original Added Observed value (ug g~')  Recovery (%)
value (ug amount (ug  amount (ug
gh gh gh

Cu 3.02 2.81+£0.060 93 5.90+0.39 2.00 8.06+0.32 102.0

Zn 26 22.62+0.041 87 20.26+3.58 2.00 21.52+2.54 96.7

Ni 0.39 0.414£0.008 106 0.30+0.52 2.00 2.13+£0.26 92.6

Fe 4.48 4.93+0.071 110 48.32+152 5.00 57.11£5.55 107.1

Mn 11.2 10.08 £0.085 90 10.22+3.37 5.00 15.97+2.74 104.9

Pb 0.0043 bdl (<0.01) - 2.17+0.29 2.00 3.78£0.22 88.5

bdl below detectable limit
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Calculation of Target Hazard Quotients (THQ)

The calculation of THQ was accomplished with the fol-
lowing formula as outlined by the US EPA (2010)

Er X Fy x DMI

THQ =
Rip XxBW X T

where Ep means exposure frequency; F, stands for the
exposure duration; DMI represents the daily metal intakes
(mg kg-bw~! day~!); RfD signifies the oral reference dose
(mg kg~! day™"); BW is the mean body weight (kg), and
T indicates the mean exposure time for noncarcinogens
(365 days year~! x number of exposure years).

Calculation of Hazard Index (HI)

Different contaminants can cause similar adverse human
health effects; hence, it is often appropriate to combine
hazard quotients associated with different substances (Al-
Jassir et al. 2005; Sharmin et al. 2020). Hazard index is
used to estimate the potential human health risk when
more than one heavy metal is consumed. HI was calcu-
lated as the sum of THQs (Ametepey et al. 2018; Zakir
et al. 2020b).

HI = THQ, + THQ, + THQ; ... THQ,

Principal Component Analysis (PCA)

Principal component analysis displays the correlation
structure of a data matrix. It is designed to transform the
original variables into a new one (axes), known as princi-
pal components (PC), lie along with maximum variance
directions. PCs are linear combinations of the original
variables (Sarbu and Pop 2005). In this study, the PCA
calculation was performed using Minitab 17, a statistical
and data analysis software package.

Results and Discussion

Heavy Metal Status in Different Grains
and Vegetables

In Bangladesh, anciently, rice has been cultivated all over
the country, and it is the principal source of carbohydrate
in our regular diet. Commonly consumed rice grains in
Bangladesh can be classified as fine and coarse, and both
types of grains were analyzed in this study. The content of
Cu, Zn, Pb, Ni, Mn, and Fe in rice grain samples are pre-
sented in Fig. 1. It is apparent from Fig. 1 that rice grains
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collected from Mymensingh city contained a compara-
tively higher amount of all studied metals. Notably, sig-
nificantly higher Pb, Cu, and Ni quantities were obtained
from coarse grain samples, usually consumed by the city’s
lower-income group peoples. However, Pb and Ni contents
were <0.01 pg g~! in both types of rice grains collected
from the Chottogram city. The amounts of Cu, Zn, and
Pb in wheat flour samples collected from both the cities
were almost equal (Fig. 1). Ni contents in wheat flour were
6.02+0.15 and <0.01 +£0.00 pug g~ in samples collected
from the Mymensingh and Chottogram city, respectively,
while Mn content was detected only in samples obtained
from Chottogram city (8.31 +2.43 pg g'). Such variation
in metal contents in the same food item between the cit-
ies might be due to the geographical pattern of cultivated
soil, farming practices, amount and type of agrochemicals,
water quality, handling, and processing of the crops.

Nevertheless, Pb contents were <0.01 ug g~! in wheat
flour samples collected from both the cities. Iron and Mn
contents in fine rice samples collected from both cities were
almost the same. However, Fe content in coarse rice of
Chottogram city was higher than that of Mymensingh city,
and Mn content in the same rice was vice versa (Fig. 1). It
can be seen from Table 2 that the average contents of all
heavy metals in rice grain samples obtained in this study
were lower than wheat flour. In contrast, Cu, Zn, Ni, and
Fe contents in wheat flour samples were greater than the
previously published results from other countries globally,
including Bangladesh.

The recommended dietary allowances (RDA) for Zn
and Mn are 8.0 and 1.80 mg day~' for women, 11.0 and
2.30 mg day~' for adult men, respectively (Connie and
Christine 2009; FDA 2001). On the other hand, the RDAs
for Cu and Fe are 0.90 and 8.00 mg day~' for an average
healthy adult human, respectively (Connie and Christine
2009). The calculated amounts (mg per capita per day) of
nutritionally essential metals (viz., Fe, Zn, Cu, and Mn) in
Bangladeshi diet through consumption of individual food-
stuff of both cities along with the RDA are presented in
Fig. 2. Considering the RDA values of Cu and Mn, it can
be said that the consumption of rice collected from both the
cities provides higher amounts of these metals per capita per
day, which may be health hazardous. On the other hand, the
consumption of coarse rice collected from both cities pro-
vides higher amounts of Fe than the RDA (Fig. 2), although
the amount is very much lower than the upper tolerable
intake levels (UTIL) (45.0 mg day~! person~!) (FDA 2001),
thus assumed to be safe. It can also be seen from Fig. 2 that
considering RDA, per capita per day rice consumption rate
in the Bangladeshi diet is sufficient to supply more than 50%
of the daily requirement of Zn. However, the consumption
of wheat flour collected from both cities provides a lower
amount of those nutritionally essential metals than the RDA
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Fig.1 The concentration of heavy metals in different grains (rice, lentil and wheat) and vegetable samples collected from Chottogram and

Mymensingh cities of Bangladesh

(Fig. 2). However, their concentration (except Fe) in wheat
flour was almost similar to rice, which is mainly due to per
capita per day higher rice consumption rate (367.19 g for
rice and 19.83 g for wheat) in the Bangladeshi diet (HIES
2017). The UTIL for an adult human being are set at 1.0 and
0.24 mg day~! person~! for Ni and Pb, respectively (FDA
2001; Garcia-Rico et al. 2007). Considering these values,
we can summarize that rice consumption collected from the
Mymensingh city may be health hazardous in the context
of Pb content but seems to be safe regarding Ni content.
Similarly, wheat flour collected from both cities was also
assumed to be harmless in the context of both Pb and Ni
contents because the amounts of both metals were within
the UTIL.

Lentil is another commonly consumed food in our diet,
which is relatively cheaper than other protein sources, and
due to this, it is sometimes called “poor man’s meat” in
Bangladesh. Lentil samples collected from the Mymensingh
city contained comparatively higher amounts of Zn, Mn,
and Ni, while Cu content was higher in samples collected

from the Chottogram city. However, Pb contents in lentils
obtained from both cities and Ni content of the Chottogram
city were <0.01+0.00 pg g~! (Fig. 1). It is apparent from
Fig. 1 that both types of lentils (coarse and small) contained
a comparatively higher amount of Cu, Zn, and Mn than rice
grains and wheat flours. In Bangladesh, per capita per day
lentil consumption rate is 15.60 g (HIES 2017), which esti-
mates that consumption of lentils collected from both the cit-
ies is not sufficient enough to supply these essential metals.
However, they are a good source of these essesntial metals
for human nutrition by considering RDA (Fig. 2).
Similarly, lentils collected from both cities assumed to
be safe for dietary intake regarding Ni and Pb contents,
considering the UTIL as reported by FDA (2001) and Gar-
cia-Rico et al. (2007), respectively. Iron content in coarse
lentil was higher in samples of Mymensingh city than that
of Chottogram city. In contrast, in the case of small lentil,
it was vice versa, and both types of lentil contained a com-
paratively higher amount of Fe than rice grains and wheat
flour (Fig. 1). However, the calculated amount of Fe through
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Fig.2 Amount of nutritional important metals through human consumption of different foodstuffs (fresh weight basis) collected from Chotto-
gram and Mymensingh city of Bangladesh along with the recommended daily allowance (RDA)

lentils’ consumption in the Bangladeshi diet is very much
lower than the RDA (Fig. 2). On the other hand, the average
contents of all heavy metals in lentils obtained by the pre-
sent study were lower except Cu than previously published
results from different parts of the world (Table 2).
Vegetables are ubiquitous in the Bangladeshi diet, which
is also an essential part of a healthy diet worldwide. There
were 2 (two) types of vegetables selected for this study, viz.,
brinjal (fruit vegetables), which is consumed throughout the
year in our diet, and spinach (leafy vegetables), which is
usually incorporated in our diet in the winter season. The
contents of Cu, Zn, Ni, and Mn in brinjal collected from
the Chottogram city were higher than the same collected
from the Mymensingh city, but Fe content in brinjal showed
the opposite trend (Fig. 1). On the other hand, in the spin-
ach case, the contents of Cu, Zn, and Mn collected from
the Chottogram city were higher than the spinach collected
from the Mymensingh city. In contrast, Ni and Fe contents
in the same vegetable showed a vice versa trend. However,
Pb contents were <0.01 +0.00 pg g~' in both brinjal and
spinach samples collected from both the cities (Fig. 1). It
is very much evident from Fig. 1 that the contents of all
metals were higher in spinach compared to brinjal collected
from both cities. In general, leafy vegetables like spinach

accumulate metals like Fe, Mn, and Ni in higher amounts as
some of these metals mediate the photosynthetic reactions in
leaves (Ondo et al. 2013). Considering the RDA, per capita
per day consumption of brinjal in the Bangladeshi diet was
insufficient to supply nutritionally essential metals (Fig. 2).

On the contrary, it can be said from Fig. 2 that the con-
sumption of spinach collected from both the cities pro-
vides more than sufficient amounts of Mn per capita per
day, which may be health hazardous. But per capita per day
consumption of spinach in our daily diet was insufficient to
supply other nutritionally essential metals. It can also be
inferred from the data presented in Figs. 1 and 2 that spin-
ach is an excellent source of Fe, which may reduce Fe defi-
ciency in humans by incorporating this item in our regular
diet chart. However, the average amounts of Ni and Mn in
brinjal, and Zn, Ni, Mn, and Fe contents in spinach obtained
by the present study were higher than the previously pub-
lished results from different parts of the world, including
Bangladesh (Table 2).

Heavy Metal Status in Meats and Fish Samples

Meat and fish are the most important and common pro-
tein sources in the regular diet worldwide. The mean
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concentrations of Cu, Zn, Ni, Pb, Mn, and Fe in beef, broiler
(liver, muscle, and skin), and fish species (ruhi and tilapia)
(muscle and abdomen) are presented in Fig. 3. Among the
meat proteins, nowadays, broilers captured the lions share
in the Bangladeshi diet due to its price difference with beef,
mutton, and others, and according to HIES (2017), in Bang-
ladesh per capita per day consumption rate of beef is 7.54 g
and chicken is 17.33 g. The contents of Zn, Ni, Mn, and
Fe in beef collected from the Chottogram city were higher
compared to the same collected from the Mymensingh city,
but Cu content in beef showed the opposite trend (Fig. 3).
In broiler, all heavy metal contents in different parts (liver,
muscle, and skin) were comparatively higher in samples col-
lected from the Mymensingh city. Such variations of metal
contents in meats of other cities may be due to the animal’s
age and size and feed used to rare those animals. Among
the different parts of the broiler, the accumulation pattern of
Cu and Zn followed the sequence as liver > skin > muscle;
Mn and Fe showed the order as muscle > skin > liver; while
Ni followed the sequence as skin > muscle > liver. However,
Pb contents were <0.01 +0.00 ug g~' in beef and different
broiler parts collected from both the cities (Fig. 3). Com-
pared to beef and broiler muscle collected from both cities,
the contents of Cu, Zn, and Ni in broiler were higher, while
Mn and Fe contents were higher in beef (Fig. 3). However,
in the context of the RDA, per capita per day consumption
of beef and broiler of our regular diet provides an insufficient

Fig.3 The concentration of

amount of nutritionally important (Fig. 2), as well as toxic
metals; thus, it can be assumed as safe for human health. So,
a higher amount of these items can be included in our diet
chart to meet the protein requirements. On the other hand,
the average contents of Cu, Zn, Ni, and Fe in beef, and Zn,
and Fe contents in broiler muscle obtained by the present
study were higher than the previously published results from
different parts of the world (Table 2).

Among all population groups, fish plays a vital role in
the Bangladeshi diet. In between the 2 (two) selected fish
species, tilapia is among the commonly consumed fish
species by the lower-income group people. In contrast,
the higher-income group people usually choose ruhi. The
average contents of Cu and Mn in the ruhi collected from
the Chottogram city were higher than the same collected
from the Mymensingh city, but Zn, Ni, and Fe contents in
the same species showed the opposite trend. In the tilapia,
Cu and Zn contents were comparatively higher in samples
collected from the Chottogram city. At the same time, Ni,
Mn, and Fe were relatively higher in samples collected from
the Mymensingh city (Fig. 3). Such variations of different
metal contents in the same fish species of other cities are
mainly influenced by the quality of feeds and raw materials
(Sarker et al. 2017). Among the different parts of fish spe-
cies studied, the accumulation pattern of Cu, Zn, Ni, and
Fe in the ruhi followed the sequence as muscle > abdomen,
while Mn contents showed the order as abdomen > muscle.
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In the tilapia case, the accumulation pattern of Zn, Ni, Mn,
and Fe followed the sequence as muscle > abdomen, while
Cu content showed the order as abdomen > muscle. Lead
contents were <0.01 +0.00 ug g~! in different parts (muscle
and abdomen) of the ruhi and tilapia collected from both the
cities. Similarly, Ni contents were also <0.01 +0.00 ug g~!
in different parts (muscle and abdomen) of the ruhi collected
from the Chottogram city (Fig. 3). As regards to fish mus-
cles collected from both the cities, the contents of Cu, Zn,
and Fe were higher in the ruhi, while Mn and Ni contents
were higher in the tilapia (Fig. 3). Considering the RDA, per
capita per day consumption of fish in Bangladeshi regular
diet chart supplied comparatively little amount of nutrition-
ally important (Fig. 2), as well as toxic metals; thus, it can
be assumed as safe for human health. So, similar to beef and
broiler, a higher amount of fish species can also be included
in our diet chart to meet the protein requirements. On the
other hand, it can also be seen from Figs. 2 and 3 that both
fish species are a good source of Fe, which may help to
reduce Fe deficiency in peoples of the cities through the con-
sumption of those fish species. Then again, the average con-
tents of Cu, Zn, Mn, and Fe in the ruhi muscle, and Cu, Zn,
Ni, Mn, and Fe contents in the tilapia muscle determined in
this study were higher than the previously published results
from different parts of the world (Table 2).

Assessment of Human Health Risk
Daily Metal Intakes (DMI)

Daily metal intake was calculated to measure human health
risks associated with different heavy metals via commonly
consumed foodstuffs. In the calculation of DMI, different
food ingestion rates were taken from a preliminary report on
the HIES of Bangladesh. According to this report, per capita
per day consumption rates were-367.19 g for rice, 19.83 g
for wheat, 15.60 g for lentil, 167.30 g for vegetables, 7.54 g
for beef, 17.33 g for chicken, and 62.58 g for fish (HIES
2017). The calculated DMI values for different foodstuffs of
both the cities and genders are presented in Table 3, along
with the UTIL and oral reference doses (RfD) of heavy met-
als. It can be seen from Table 3 that the DMI values obtained
for Cu, Zn, Mn, and Fe due to consumption of both types of
rice in both cities; the values found for Pb due to the con-
sumption of both kinds of rice in Mymensingh city for male
and female were higher than that of UTIL.

Moreover, the same values obtained for Ni, Mn, and Fe
due to intake of spinach for both genders in both cities were
greater than that of UTIL, which indicates that the cities’
peoples may have to face adverse effects due to dietary con-
sumption of those foodstuffs. Similarly, DMI values for Ni
for both males and females were also higher than that of
UTIL due to the dietary intake of coarse rice collected from

the Mymensingh city and brinjal collected from Chottogram
city (Table 3). Zakir et al. (2020a) also reported higher DMI
values for different heavy metals for both genders due to the
consumption of different rice varieties cultivated in waste-
water irrigated sites of Bhaluka area, Mymensingh.

Target Hazard Quotients (THQ)

Target hazard quotients were calculated following the proce-
dure outlined by US EPA (2010) to evaluate both males’ and
females’ possible health risks due to long-term exposure to
heavy metals. If the calculated THQ value is less than 1.0,
then it is assumed as “safe”; a value in between 1.0 to 5.0
indicates “there exists a possibility of adverse effects,” and
a value greater than 5.0 specifies “unsafe” when peoples
are exposed to heavy metals. The calculated THQ and haz-
ard index (HI) values of heavy metals for different genders
due to the consumption of studied foodstuffs of both cities
are presented in Table 4. It can be comprehended from the
Table 4 that the calculated THQ values for individual metals
of different foodstuffs collected from the Mymensingh city
decreased in the sequence as-Mn > Pb > Cu>Zn>Fe > Ni.
In contrast, Chottogram city, the values decreased in the
order as-Mn > Cu>Zn > Fe > Ni > Pb. Alternatively, consid-
ering individual foodstuffs, which contributed to a higher
THQ value, the most contaminated food item was rice, fol-
lowed by spinach, brinjal, and lentil. In rice, Mn contrib-
uted a major risk for both males and females in both cit-
ies. It accounted for 71.28 and 69.78% for coarse and fine
rice, respectively of the HI in Chottogram city, followed by
Cu (10.70 and 17.36%, respectively), Zn (7.70 and 9.46%,
respectively), and Fe (9.88 and 2.87%, respectively). On the
other hand, in the case of Mymensingh city, Mn contributed
for 44.26 and 36.43% for coarse and fine rice, respectively of
the HI, followed by Pb (37.61 and 47.03%, respectively), Cu
(8.95 and 9.44%, respectively), Zn (4.10 and 5.30%, respec-
tively), and Fe (4.19 and 1.77%, respectively) (Table 4).
However, the calculated THQ values for all metals in grains
(rice and lentil) and vegetables were higher than 1.0 for
both adult males and females; thus, all of these metals are
exceeded the acceptable level of non-carcinogenic harmful
health risk. On the contrary, the THQ values for all metals in
most of the protein food items were below 1.0 for both adult
males and females; thus, metals are within an acceptable
level of non-carcinogenic harmful health risk in both cit-
ies. The calculated HI values also revealed that the peoples
of Mymensingh city are more vulnerable than Chottogram
city, considering most of the food items except vegetables
and wheat flour. It can also be inferred from this result that
females are more vulnerable than men regarding the heavy
metal risk associated with consuming different foodstuffs
collected from both the cities.
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Table 3 (continued)

Fe

Mn

Pb

Ni

Zn

Cu

45.00*

11.00*

0.24°

1.00*

40.00*

10.00*

UTIL

(mg day™" person™")

0.700 ¢

0.014¢

0.0035¢

0.020¢

0.300 ¢

0.040 ¢

RfD

(mg kg™" day™)

MYM CHO MYM CHO MYM CHO MYM CHO MYM CHO MYM

CHO

14.76
20.66

13.65

8.03E-01
19.11

0.45
0.63

2.00E—-03
2.90E-03

1.90E-03
2.70E-03

6.90E-02
9.60E-02

1.16E-01
1.62E-01

7.42

7.11
9.95

0.51

0.71

56
78

0.

Male

Tilapia (muscle)

1.12E+00

10.39

0.

Female

CHO Chottogram, MYM Mymensingh

SEDA (2001)

bGarcia-Rico et al. (2007)

CUSEPA (2010)

dKhan et al. (2008)

Principal Component Analysis (PCA)

Research in food contamination involves various food sub-
stances of diverse origin. Hence, to obtain valid results on
heavy metals contamination, it requires modern analytical
methods with sensitivity, specificity, and high accuracy;
simultaneously, it demands the employment of complex
statistical methods that provide the big picture in what they
are concerned. Multivariate statistical techniques are the
right tool for viewing and analyzing complex data (da Silva
Tores et al. 2006). PCA and cluster analysis (CA) are two
unsupervised methods that allow us to deduce how certain
variables such as heavy metal concentrations, the origin
of foodstuffs and other parameters characterize target sub-
stances and define their associations (Gergen and Harma-
nescu 2012). The CA method is used for samples grouping
original variables, PCA estimates the correlation structure of
the variables by finding hypothetical new variables (princi-
pal components-PC) that account for as much as possible of
the variance (or correlation) in a multi-dimensional data set.
This method helps us to identify groups of variables (i.e.,
heavy metals concentrations or locations or other param-
eters) based on the loadings and groups of samples based on
the scores (Hammer et al. 2001). This study applied the PCA
for different metal contents of various foodstuffs from the
two target cities. The loading plot and score plot of the PCA
results obtained for the city-wise heavy metal data points
and their eigen analysis of data for various food categories
are presented in Fig. 4 (A and B) and Table 5.

In Fig. 4A, each eigenvector’s length is proportional to
the variance in the data for individual food items, and the
angle between the eigenvectors signifies the correlations
among the different food items. In the figure, the colored
groups of food items indicated by (I), (II), and (III) show
strong positive correlations with each other. Interestingly,
foods of similar type clustered in the same group except for
brinjal, ruhi fish and broiler skin. In organisms, homeostasis
mechanisms are in place at the cellular level to regulate the
transition metals such as Fe, Zn, Cu, etc. (Pilon et al. 2009).
Hence, the same sources’ food items showed a somewhat
similar trend in metal content, likewise showing a strong
positive correlation. However, for items like ruhi fish or
brinjal, the metal variation was significantly contributed by
sampling location. The difference in variety or production
practice might play critical roles in this difference.

Again, if we consider only the sampling site as a prin-
cipal variant (shown in Fig. 4B), the food items collected
from the two divisional cities cluster separately (closed
symbols for Chottogram city and open symbols for
Mymensingh city). Based on the heavy metal status of the
food items, there were five distinct clusters in the PCA
outcome, where rice, wheat flour, brinjal, lentil, fish, beef,
and broiler collected from Chottogram city form cluster 1,
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Fig.4 Loading plot (A) and
score plot (B) presentation

Loading plot of PCA for city wise food samples

of the Principle Component 0.31
Analysis (PCA) results show- (A)
ing the city wise clustering

of data points of various food
categories. In (A), the length

of each eigenvector is propor-
tional to the variance in the data
for that food item. The angle
between the eigenvectors rep-
resents the correlations among
the different food items. The
colored groups of food items
indicated by (I), (I) and (III)
show strong positive correla-
tions with each other. In figure
A, samples from Chottogram
(C) and Mymensingh (M) cities
are indicated by continuous and
dashed lines, respectively. In
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indicating a more or less similar trend in the heavy metal
status. Cluster 2 includes wheat flour, brinjal, lentil, fish,
beef, and broiler samples collected from Mymensingh
city. On the other hand, rice and spinach collected from
Mymensingh city form clusters separately (clusters 3 and
4, respectively), and spinach collected from Chottogram
city also creates a cluster alone (cluster 5), indicating dif-
ferent patterns of metal content. Such distinct clustering
of the same food items from different locations may sug-
gest that the products reaching in the two locations’ city
markets were from diverse origins and/or under different
production management.

First Component

Conclusions

Recently, food adulteration and contamination in Bang-
ladesh have received significant attention due to imple-
menting a government strategy to provide safe food to the
peoples of the country. This study was planned to evalu-
ate heavy metal status in commonly consumed foodstuffs
collected from two divisional cities of the country and
to assess the possible health risks for both males and
females. Based on THQ, the study results identified rice
as the most contaminated food item, followed by spinach,
brinjal, and lentil. On the contrary, the consumption of
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Table 5 Eigenanalysis of the PC1 PC2 PC3 PC4 PC5 PC6

correlation matrix and the PC

Yalues _Of the eigenvectors up to Eigenvalue 15914 2.943 1.392 1.033 0.375 0.201

six variables Proportion 0.723 0.134 0.063 0.047 0.017 0.009
Cumulative 0.723 0.857 0.920 0.967 0.984 0.994
Variable
Rice-CHO 0.112 0.012 0.754 —-0.070 —0.054 —-0.024
Lentil-CHO 0.244 —0.096 0.052 —0.044 0.199 0.029
Wheat flour-CHO 0.240 0.016 —0.051 0.153 0.368 —-0.169
Brinjal-CHO 0.208 0.053 0.167 0.390 0.469 0.242
Spinach-CHO 0.214 0.278 0.079 —-0.019 0.163 —-0.182
Beef-CHO 0.227 —0.091 —-0.138 0.248 —0.338 0.241
Broiler liver-CHO 0.152 —0.450 —0.108 0.052 0.089 0.228
Broiler muscle-CHO 0.225 0.227 —-0.110 —0.085 -0.210 0.055
Broiler skin-CHO 0.203 -0.317 0.135 0.009 —0.041 0.270
Ruhi-CHO 0.178 -0.235 —-0.073 0.470 —0.298 —0.548
Tilapia-CHO 0.240 0.075 —0.200 0.004 —-0.145 0.057
Rice-MYM 0.226 0.122 —0.305 —-0.020 0.073 0.088
Lentil-MYM 0.231 0.080 0.296 —0.094 —0.043 —-0.021
Wheat flour-MYM 0.225 0.118 0.145 0.145 —0.456 0.270
Brinjal-MYM 0.229 0.202 —0.090 —-0.016 0.164 —0.090
Spinach-MYM 0.197 0.274 —-0.018 0.366 0.063 —-0.100
Beef-MYM 0.198 —-0.337 0.072 —0.109 —0.048 —0.282
Broiler liver-MYM 0.178 —0.399 0.007 —-0.119 0.154 0.071
Broiler muscle-MYM 0.219 0.237 0.094 -0.214 —0.140 0.053
Broiler skin-MYM 0.239 0.009 -0.117 —0.247 0.000 0.195
Ruhi-MYM 0.227 —-0.079 0.010 -0.342 —0.054 —0.404
Tilapia-MYM 0.226 0.016 -0.219 —-0.333 0.063 —0.032

CHO Chottogram, MYM Mymensingh

different sources of protein foodstuff was found as safe.
The calculated hazard index for both adult males and
females exceeded the threshold value 1, which may create
health risk such as cancer. The study results also revealed
that in most cases, the peoples of Mymensingh city are
more vulnerable than Chottogram city. Among the indi-
vidual metals, Mn was the most dominant metal in differ-
ent foodstuffs collected from both the cities, which con-
tributed significant risks to the peoples of the cities. The
PCA results also suggest that the foodstuffs available in the
city markets were from diverse origins and/or under dif-
ferent production management. Thus, it can be concluded
that Bangladesh’s food consumption patterns should be
changed. More protein items and higher amounts may be
incorporated in our regular diet chart by reducing carbo-
hydrates, especially rice.
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