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Abstract
Irrigation with contaminated wastewater is a common practice in cultivation of crops and vegetables in many developing 
countries due to the scarcity of available fresh water. The present study has investigated the transfer and mobilization trends 
of heavy metals in different crops and vegetables plants grown in contaminated soil and waterbody. The translocation patterns 
of metals from polluted sources into different organs of plants bodies such as roots and edible parts and associated health 
risks have been evaluated simultaneously. Total of 180 different environmental samples including food plants, agricultural 
soil, and irrigation water were collected and analyzed. Heavy metal concentrations (Fe, Ni, Mn, Pb, Cu, Cd, As) in water, 
soil, and different parts of crops and vegetable plants were compared with the permissible levels reported by FAO/WHO, 
EU, and USEPA. Different metals contents within the food plants were found to be in the order of Fe > Mn > Ni > Cu > Pb 
> Cd > As. Pollution load index (PLI) data indicate that soil is highly polluted with Cd as well as moderately contaminated 
by As and Cu. Bioconcentration factor (BCF) analysis showed excessive accumulation of some heavy metals in crops and 
vegetables. Target hazard quotient (THQ) and target carcinogenic risk (TCR) analysis data showed higher carcinogenic and 
non-carcinogenic risks for both adult and children from the consumption of metal-contaminated food items. The results 
of metal pollution index (MPI), estimated daily intake (EDI), and hazard index (HI) analyses demonstrated the patterns of 
metals pollution in different food plants.
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Introduction

Heavy and toxic metals contamination in waterbodies, 
agricultural soil, and different agricultural products such 
as crops, vegetables, and fruits has become a major pollu-
tion concern nowadays in many developing countries. Crops 
and vegetables offer essential nutrients such as vitamins, 
proteins, carbohydrates, minerals, and fibers along with 

other essential micronutrients and trace metals to human 
diet [1]. Regular consumption of a variety of fruits, crops, 
and vegetables is highly recommended by “Guidelines for 
Americans 2015–2020” for entire lifespan, even in the time 
of pregnancy [2]. Standard qualities of crops and vegetables 
with essential nutrients originate from their plants charac-
teristics and growth media. Plants can easily take up both 
essential and non-essential elements over a wide range of 
quantities from their growth mediums such as soil and water 
[3]. Any contamination in water and soil directly impacts 
plants growth, quality, and nutrient availability in differ-
ent parts of plants bodies. Among different toxic chemical 
species found in modern agricultural system, the metallic 
contaminants have been appeared as serious and emerg-
ing pollutants in recent years [4–6]. Unplanned industrial 
establishments, release of toxic industrial effluents, and 
excessive use of various agrochemicals, e.g., insecticides, 
pesticides, and fertilizers, as well as natural disasters are 
the common sources of metal pollution in waterbodies, soil, 
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and plants grown in developing countries [4, 7–10]. Other 
anthropogenic activities responsible for metals contamina-
tion include mining and uncontrolled release of domestic 
wastewater [11–13]. Metals toxicities in agricultural soil 
largely depend on soil pH, soil structure, soil parent materi-
als, and soil cation exchange capacity [4, 7, 14, 15]. Crops 
and vegetables plants can readily uptake different metallic 
species through their root systems, leading to the accumu-
lation of toxic metals in plants tissues when they are being 
cultivated in contaminated growth environment [6]. Depend-
ing on the chemical forms and biochemical interactions, dif-
ferent plants tissues can retain chemical compounds during 
bioaccumulation processes [5].

Heavy metals are non-biodegradable and generally 
categorized as essential (copper, zinc, iron, manganese, 
selenium, and cobalt) and toxic (arsenic, cadmium, lead, 
mercury, nickel, etc.). They can exist in different terrestrial 
environmental components such as water, soil, and plants. 
Toxicity in the respective environmental sources is realized 
after a long period of accumulation [16–18]. It has been 
well known that surface waterbody and soil pollution occurs 
because of industrial wastes, soil structures, municipal sew-
ages, agricultural runoff including fertilizers, pesticides, 
domestic wastes [4, 14, 15, 19, 20]. However, because of 
toxicity, abundance, persistence, and subsequent accumu-
lation in aquatic habitats, significant research is ongoing 
focusing on heavy metal contamination in aquatic environ-
ment, as well as in different agricultural products which 
directly impact agroecosystem [21–23]. Different metals 
from these polluted waterbodies, soil, and sediments can be 
transported to human body through the food chains and thus 
severely affect in many physical, chemical, and biological 
functions such as lower the energy levels, damage DNA, and 
change the gene expression [20].

Bangladesh is a small country whose economy is largely 
dependent on the agricultural products. A wide variety of 
crops, vegetables, and fruits are grown in different areas 
within the country throughout the year. However, as a devel-
oping country, there have been rapid expansion of industri-
alization and urbanization activities occurred in recent years. 
These have caused the transformation of significant arable 
land areas into industrial zones in Bangladesh. Unfortu-
nately, in most cases, these industrialization, urbanization, 
and other infrastructural developments underwent without 
any proper planning and guidelines. Most of the industrial 
and urbanization processes discharge their complex liquid 
wastes directly into the surrounding environment without any 
prior treatment or partial treatments and thus contaminate 
waterbodies, arable soil, and plants in the respective areas 
[10]. In addition, wastewater irrigation, frequent occurrence 
of floods and other natural disasters, and the excessive uses 
of different agrochemicals have caused the distribution and 
mobilization of toxic environmental pollutants from point 

sources to the non-contaminated areas in the country [24]. 
Due to the scarcity of available agricultural lands, a large 
variety of crops and vegetables species are grown near dif-
ferent industrial areas in Bangladesh. This may result in the 
accumulation and deposition of various heavy and toxic met-
als in different food plants bodies grown in contaminated 
waterbodies and soil within the respective areas [4, 10]. Lit-
erature reports on metals contaminants in soil and food plants 
grown in different countries around the world show the seri-
ous concern among scientific communities about the impacts 
of metals pollution in agroecosystem [15, 25, 26]. Necessary 
data have been documented and reported in the literatures 
from various countries regarding the impacts of industrial 
and agrochemical pollution in food chain and their growth 
media [7, 25–28]. Bangladesh is an agricultural and river-
ine country. A good number of crops and vegetables such 
as rice, wheat, egg plants, green bean, lady’s finger (okra), 
spinach, and bitter gourd are cultivated in the available arable 
lands near different industrial areas of Bangladesh. These 
crops and vegetables plants are at a serious risk of accumu-
lating excessive metals in the different parts of their bod-
ies from contaminated soil and waterbody. However, very 
limited information is available on the level, trend, and risk 
evaluation of bioavailable fraction and the transfer factor of 
heavy and toxic metals into crops and vegetables grown near 
industrial areas of Bangladesh [29]. Therefore, the present 
study aimed to investigate the accumulation and mobilization 
patterns of heavy metals from contaminated waterbody and 
arable soil into crops and vegetables grown around industrial 
areas of Bangladesh. This research also focused on trans-
location trends of toxic metals in different parts of crops 
and vegetables plants bodies as emerging contaminants in 
agroecosystem. In addition, this study concentrated on the 
assessment of various human health risks associated with 
the consumption of various metal-contaminated crops and 
vegetable species.

This study was carried around Dhaka Export Process-
ing Zone (DEPZ) located at Savar Upazilla in Dhaka dis-
trict of Bangladesh. DEPZ is the largest industrial area in 
Bangladesh, and it is located near (about 32 km away) the 
capital city Dhaka. Different crops and vegetables are grown 
randomly throughout the year in the available lands around 
DEPZ area where wastewater has been used in irrigation 
and cultivation of various food plants. All crops and veg-
etables samples were collected from the different plants’ 
fields within the study area. Soil and irrigation water sam-
ples were collected simultaneously with the plants from the 
respective crops and vegetables fields and nearby water-
bodies. After collection, food plants samples were washed, 
cleaned, and dried properly. Acid digestion method was used 
to process and digest all soil, crops, and vegetables sam-
ples with the application of appropriate mixture of Conc. 
 HNO3,  H2SO4, and  HClO4 solutions following the standard 
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established procedures reported in literatures [10, 30]. The 
solutions obtained from the digestion of different soil and 
plant samples were analyzed for heavy and toxic metals by 
using atomic absorption spectrophotometric method (AAS). 
The degree of toxicity induced by heavy metals in soil and 
various food plants was assessed by the analyses of differ-
ent pollution indices such as metal pollution index (MPI) 
and pollution load index (PLI) [31, 32]. Metal transfer from 
soil to plants and their mobilization in different plants parts 
were evaluated by the analysis of bioconcentration factor 
(BCF) [33]. Human health risk analyses were carried out 
by the determination of estimated daily intake (EDI), target 
hazard quotient (THQ), hazard index (HI), and total car-
cinogenic risk (TCR) associated with the consumption of 
different metal-contaminated crops and vegetables species 
[11, 12, 31].

Materials and Methods

Study Area

The present study covers the area from 23.81650° N to 
23.94880° N latitude and from 90.24390° E to 90.26870°E 
longitude of Savar Upazilla in the Dhaka district of Bangla-
desh (Fig. 1). Savar Upazilla is the fastest growing industrial 
area in Bangladesh which is situated near the capital city of 
Dhaka. Different environmental samples were collected from 
various agricultural fields located around the Dhaka export 
processing zone (DEPZ) in Savar Upazilla of Dhaka district 
(Fig. 1). DEPZ is the largest industrial area in Bangladesh, 
and it is situated about 32 km away from the capital city 
Dhaka. DEPZ accommodates about 400 industries including 
textile, dyeing, plastic, steel and metal processing, semicon-
ductor materials, lather, tanning, paper, pharmaceuticals, fer-
tilizer, and electroplating [34]. These industries continuously 
discharge their complex toxic effluents with a partial treat-
ment or without any prior treatment into nearby waterbody 
within a lake which is known as Ashulia Lake. Farmers in this 
area cultivate a good number of crops and vegetables in the 
available lands around the Ashulia Lake which is located at 
close vicinity of these industrial establishments. These food 
plants are being grown up in contaminated soil and irrigated 
with toxic effluents mixed wastewater bodies from the lake 
(Fig. 1). These polluted crops and vegetables later transport 
to Dhaka city and millions of people in the capital city con-
sume them. Various crops and vegetables such as rice, wheat, 
potato, brinjal, lady’s finger, spinach, bean, bitter gourd, and 
cucumber are cultivated in the study area throughout the year 
following the monsoon season and winter season. Some food 
plants are grown in monsoon season and other are grown in 
the winter season. Most of the farmers in Bangladesh are not 
well educated. Generally, they are highly reluctant to follow 

any specific standard protocols in their agricultural activities. 
Farmers dig soil in the available agricultural lands and make 
them suitable to grow various food plants. In most cases, they 
did not follow specific protocols to use fertilizer, pesticides, 
and other agrichemicals in cultivation. Farmers in the study 
area randomly grow different crops and vegetables in the 
available lands, and they extensively use fertilizers, pesticides, 
and other agrochemicals in growing crop and vegetables in the 
study area without following any specific protocols and thus 
contaminate arable soils and the respective food plants grown 
in there. The complex toxic effluents from various industries 
located in DEPZ within Savar Upazilla area are being released 
into an open drain which ends up mixing into waterbody of 
Ashulia Lake. Farmers use this mixed wastewater in irrigation 
and cultivation of various crops and vegetables species in the 
respective study area.

Environmental Samples Collection

Six different common crops and vegetables plants grown in 
industrially contaminated study area were selected for this 
research which were rice (Oryza sativa), brinjal or eggplant 
(Solanum melongena), lady’s finger (Abelmoschus esculen-
tus), water spinach (Ipomoea aquatica), red spinach (Ama-
ranthus dubius), and green spinach (Spinacia oleracea). All 
crop and vegetable plants (rice, brinjal, lady’s finger, water 
spinach, red spinach, green spinach), soil, and irrigation 
water were collected in August 2022 from the study area 
during the monsoon season, following the standard reported 
procedures [35, 36]. Random sampling procedures were 
used, and ten replicates were taken (at least 5 m away from 
each other) for each sample. Food plants and soil samples 
were collected from different agricultural plant fields located 
around Ashulia Lake in the study area (Fig. 1). During the 
environmental sample collection, the whole plants bodies of 
different crops and vegetables were collected from various 
plants fields. Soil samples were collected simultaneously 
with the food plants from the same sampling points within 
the respective agricultural fields where the plants were being 
taken. Water samples were collected from the Ashulia Lake 
water body which was used in irrigation (Fig. 1). All water 
samples were collected using the precleaned and presteri-
lized HDPE bottles, homogenized, and carried out to the 
laboratory, filtered, acidified with  HNO3 (pH < 2) and pre-
served into refrigerator (4 °C) for further analysis. Crops 
and vegetables samples were collected from the inner part 
of the agricultural land to eliminate the edge effect. The 
whole crops and vegetables plant bodies were collected by 
using plastic bags and the samples were taken to the labora-
tory, washed by tap water followed by distilled and deionized 
water. Different plants parts such as roots and edible parts 
were separated from the whole plants bodies, and they were 
dried in sunlight for 48 h and then dried in oven at 70–80 
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°C until a constant weight was achieved. The dried samples 
were ground by an electrical grinder (made of stainless steel) 
and passed through a 2 mm sieve, and finally, the powdered 
samples were saved in polythene zip bags and preserved in 

a refrigerator (4 °C) for metal analysis. Soil samples were 
collected simultaneously with the plants from the same sam-
pling points with 15 cm depth from the surface in each case. 
After collection, the soil samples were carefully transported 

Fig. 1  Map of the study area
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to the laboratory for processing. They were initially dried 
in sunlight 24 h followed by oven drying at 105 °C for 6 h 
to remove all the moisture contents. The soil samples were 
ground by stainless steel made electrical grinder, sieved 
through a 2-mm nylon mesh to remove large debris, stones, 
and pebbles. The resulting soil samples were preserved in 
appropriate sealed containers for further analysis. Total of 
180 different environmental samples including food plants, 
arable soil, and irrigation water were collected and analyzed 
during the present study. There were 60 samples of food 
plants (six different crop and vegetable plants: 10 samples 
of each type of food plants), 60 arable soil samples from six 
different crop and vegetable plant fields, and 60 samples of 
irrigation water.

Digestion of Crops, Vegetables, and Soil Samples

Water samples were processed by conventional digestion 
method. 100 mL of water sample was transferred to a coni-
cal flask. 10 mL conc.  HNO3 and 0.5 mL  H2SO4 were also 
added into the flask, and the liquid mixture was heated until 
the volume reduced to about 5 mL. The resulting mixture 
was filtered using Whatman no. 41 filter paper, transferred 
to a HDPE bottle, and diluted to 100 mL with distilled and 
deionized water and preserved for metal analysis. Wet diges-
tion method was used to process and digest all crops, veg-
etables, and soil samples [10, 30]. 0.5 g of each soil, crop, 
and vegetable sample was digested with 14 mL of acid mix-
ture (conc.  HNO3,  H2SO4, and  HClO4). The ratio of acids 
in the mixture was maintained as  HNO3:H2SO4:HClO4 = 
5:1:1 [10, 30]. Each environmental sample with acid mixture 
was heated on a hot plate until the volume of the mixture 
reduced to 5 mL. The resulting liquid mixture was cooled 
to room temperature, filtered to HDPE bottle, and diluted 
up to 100 mL with distilled and deionized water, which was 
then sealed and preserved for metal analysis. Blank digestion 
was also performed following the similar procedure using 
the same distilled and deionized water used for the dilution 
or original samples.

Quality Assurance and Quality Control

All reagents and chemicals used in this study were in analyti-
cal grades. Glasswares were made up of high-quality quartz 
glass and steel apparatus were made of stainless steel. Ana-
lytical grades chemicals and reagents were purchased from 
Merck, Germany, and used without any further purifications. 
Pre-cleaned and pre-sterilized HDPE bottles were used to 
collect and preserve water and digested crops, vegetables, 
and soil samples. High-quality polythene bags were used 
for the transportation and primary preservation of the soil, 
crops, and vegetable samples. Standard stock solutions of 
known concentrations of different metals were purchased 

from Merck, Germany, and appropriate dilute solutions 
were prepared from the respective standard stock solutions 
by adding doubled-distilled and deionized water. These 
standard solutions of the metals with different concentra-
tions were used to make standard calibration curves. Differ-
ent factors (midpoint standard checks, blanks, calibration 
curve, and spiked samples) were inspected to ensure quality 
control, quality assurance, and calibration curve construc-
tion. All heavy metal concentrations were measured in milli-
grams per kilogram of dry weight for soil and plant samples 
and milligrams per liter for water samples. The standards 
reference material (SRM 1547) for soil and (CRM 042-050) 
for plants were used for precision and quality control of the 
analyses of all elements. Recovery of the metals were found 
within the range of 98.54 to 99.35%. Some environmental 
samples (plants and soil) were also analyzed by using the 
Inductively Coupled Plasma Mass Spectrophotometric (ICP-
MS) method to cross-check the analyses of AAS and the cor-
responding data were well agreed with the results obtained 
from the AAS method.

Heavy Metals and Arsenic Analyses in Crops, 
Vegetables, Soil, and Irrigation Water

Heavy metal and arsenic concentrations in soil, crops, veg-
etables, and water samples have been assessed by using an 
atomic absorption spectrophotometer (PerkinElmer Analyst 
300, USA). Six different heavy metals (Cu, Fe, Pb, Cd, Ni, 
Mn) and one metalloid (As) have been investigated in all 
samples where the heavy metals were determined by using 
the flame AAS method, and for arsenic measurement, the 
hydrate generated AAS method was used. The detection lim-
its of different heavy metals and arsenic were 0.006, 0.005, 
0.04, 0.016, 0.05, 0.015, and 0.005 μg  kg−1 for Cu, Mn, Pb, 
Cd, Fe, Ni, and As, respectively. The wavelengths used in 
analyses of heavy metals and arsenic were 324.80, 279.50, 
217.00, 228.80, 248.30, 232.00, and 193.70 nm for Cu, Mn, 
Pb, Cd, Fe, Ni, and As, respectively.

Statistical Analysis

Reliable statistical software was used to analyze the concen-
trations of heavy metals found in irrigation water, soil crops, 
and vegetable samples of the study area. Microsoft Excel 
2013 was used to calculate the mean, standard deviation, 
and other health-related parameters. Pearson’s correlation 
package SPSS (version 16.0) was used for source analysis 
of heavy metals found in different environmental samples.

Bioconcentration Factor (BCF)

Bioconcentration factor (BCF) sometimes known as trans-
fer factor (TF) provides significant information on the 
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quantities of heavy metals which are transferred from con-
taminated soil to vegetables/crops or contaminated water-
bodies to vegetables/crops. It was first reported by Kloke et 
al. in 1984 [37]. BCF can be expressed as the ratio of metal 
concentrations in plant and the corresponding metal con-
tents in agricultural soil when the metal transfer from soil 
to plant is considered. In case of metal mobilization from 
contaminated water to plant, it is the ratio of heavy metal 
concentration in plant and that observed in water [33, 38, 
39]. The following equations were used to determine the 
degree of BCF in plants from corresponding contaminated 
soil and waterbodies:

Metal Pollution Index (MPI)

Metal pollution load index represents the total metal content 
in any specific environmental sample [40]. The concept of 
MPI was first reported by Usero et al. in 1997 [40]. It (MPI) 
explains the combined effect of pollution in any specific 
sample exerted by all metals. It can be calculated by using 
the following equation:

In the above equation, C1, C2, C3 … … .Cn represent 
the concentrations of different metals in a specific environ-
mental sample [32, 41]. The higher MPI values indicate the 
larger heavy metal contents in any specific food item which 
results in the higher human health risk due to the consump-
tion of that contaminated food item.

Pollution Load Index (PLI)

Pollution load index (PLI) was defined and reported by 
Tomlinson et al. in 1980 [42]. It is a significant param-
eter which is used to demonstrate the extents of pollution 
or degree of contamination in soil system within a study 
area [42]. PLI can be calculated by using the following 
equation:

The terms Ci and Cr denote the concentrations of heavy 
metal in the respective soil sample and the reference con-
centrations of heavy metal in soil, respectively [12, 31, 
42]. Heavy metal threshold concentrations used as refer-
ence standards in the present study to determine PLI were 
40,000 mg/kg for Fe, 50 mg/kg for Ni, 1000 mg/kg for Mn, 

BCFsoil to plant =
Cplant

/

Csoil

BCFwater to plant =
Cplant

/

Cwater

MPI =
(

C1 + C2 + C3 +…Cn

) 1∕ n

PLI = Ci
/

Cr

35 mg/kg for Pb, 30 mg/kg for Cu, 0.35 mg/kg for Cd, and 
6 mg/kg for As, respectively [42, 43].

Health Risk Assessment Methods

Health risk assessments provide an efficient way of deter-
mining the possible human health risks caused by the pres-
ence of excessive level of different heavy metals in specific 
food items [44]. In the present study, different health risk 
factors such as THQ, HI, and TCR were determined to inves-
tigate the health risks associated with the consumption of 
the different metal-contaminated vegetable and crop items.

Estimated Daily Intake (EDI)

The magnitudes of EDI explain the quantity of heavy met-
als taken up by a person daily through the consumption of 
metal-contaminated food items. It can be calculated using 
the following formula:

In the above equation, C represents metal concentra-
tion; EF is the exposure frequency (365 d  y−1); ED rep-
resents the exposure duration (30 years for adults and 15 
years for children) [45]; BW is the average body weight 
(adult = 60 kg and children = 16 kg) [30]; AT is aver-
age time (ED×EF); FIR is the food ingestion rate of the 
respective food items. A survey was conducted on 50 
families to find the FIR values of different crop and veg-
etable samples [46, 47].

Target Hazard Quotient (THQ)

Target hazard quotient sometimes referred as hazard quotient 
(HQ) is the non-carcinogenic risk caused by any specific metal 
through the consumption of a particular food item. The follow-
ing equation is used to determine the magnitudes of THQ for 
different metals in the crop and vegetable samples [48]:

The term RfD denotes the oral reference doses for met-
als, and the level of RfD for different metals was 0.7, 0.02, 
0.14, 0.004, 0.04, 0.0005, and 0.0003 for Fe, Ni, Mn, Pb, 
Cu, Cd, and As, respectively [16, 39, 48–51]. Appearances 
of THQ value less than 1 (THQ<1) indicate the absence 
of non-carcinogenic risks for human health through the 
consumption of food items, THQ equal to 1 (THQ=1) 
suggests that it is at the boundary level, and THQ data 
are quite alarming when the values get higher than the 1 
(THQ>1) which demonstrate that heavy metal levels in 

EDI =
C × FIR × EF × ED

BW × AT

THQ =
C × FIR × EF × ED

BW × AT × RfD
× 10−3
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food items pose serious threat of non-carcinogenic risks 
to human health [16, 52].

Hazard Index (HI)

Hazard index (HI) explains the health risks posed by 
a mixture of metals. The magnitudes of HI less than 1 
indicate the absence of non-carcinogenic risks through 
the consumption of different food items. However, the 
presence of HI values greater than 1 for metals in crops 
and vegetables is a matter of serious concern as there 
must be health hazard issues with the designated food 
items. The following equations can be used to determine 
HI [50, 51, 53]:

Here, the prefixes indicate different food items. TTHQ in 
the above equation can be determined by using the following 
equations:

In these cases, the prefixes indicate different heavy metals. 
It is noted that TTHQ is the sum of THQ values for differ-
ent metals in individual sample whereas the HI is the sum 
of TTHQ values for all studied environmental samples [50, 
51, 53].

Target Carcinogenic Risks (TCR)

Target carcinogenic risk (TCR) sometimes referred as life-
time cancer risk is the cancer forming risk caused by indi-
vidual metal throughout the whole life due to the consump-
tion of different metal-contaminated food species. In the 
present study, the magnitudes of TCR were calculated based 
on the carcinogenic slope factor (CFSo) and the equation 
provided in the USEPA Region III Risk-Based Concentra-
tion Table [43]. The magnitudes of carcinogenic slope fac-
tor (CFSo) for Ni, Pb, Cd, and As were 1.7, 0.0085, 6.1, and 
1.5, respectively [39, 51]. The higher degree of TCR (TCR 
>1×10−4) indicates the greater potential risks of causing 
cancer in both adult and children from the consumption of 
various metal-contaminated food items [49, 54, 55]. The 
equation used to determine the magnitudes of TCR is given 
below [49, 54, 55]:

HI =
∑

TTHQ

= TTHQ1 + TTHQ2 + TTHQ3 +⋯ + TTHQn

TTHQ =
∑

THQ

= THQ1 + THQ2 + THQ3 +⋯ + THQn

TCR =
C × FIR × EF × ED × CFSo

BW × AT
× 10−3

Results

Assessment of Heavy Metals and Arsenic in Soil

Total of seven elements were determined in soil of various 
crop and vegetable fields. The results of different met-
als analyses in agricultural soil from six different plants 
fields are presented in Table 1. Iron concentration in soil 
was observed to be the highest (54,447.04 mg/kg) whereas 
cadmium concentration was found minimum (6.60 mg/kg) 
among all the metals studied in the soil samples (Table 1). 
Soil from rice field accumulated the highest amount of iron 
which was 54,447.04 mg/kg, and the extent of nickel was 
85.47 mg/kg. Maximum arsenic concentration was14.01 
mg/kg observed in the green spinach field. The lowest 
concentration of iron was found to be 11,810.93 mg/kg 
in soil from the lady’s finger field whereas the minimum 
concentration of arsenic (12.68 mg/kg) was measured in 
soil of red spinach field and the highest manganese content 
was also found in the soil of rice field which was 138.03 
mg/kg (Table 1). Soil from red spinach field showed the 
lowest concentration of both manganese (54.33 mg/kg) 
and lead (8.62 mg/kg) whereas soil from water spinach 
field accumulated the highest amount of lead (35.23 mg/
kg), copper (89.56 mg/kg), and cadmium (9.69 mg/kg), 
respectively. The lowest quantities of copper (12.55 mg/
kg) and cadmium (6.60 mg/kg) were realized in soil of 
brinjal and green spinach fields, respectively (Table 1). 
Heavy metals concentrations determined in soils from 
various plant fields were varied significantly among dif-
ferent metals and agricultural fields. Metals pollution in 
arable soils and their variations in different agricultural 
plants fields might have occurred from various sources 
such as emission of untreated toxic effluents from indus-
tries, excessive uses of fertilizers, insecticides, pesticides 
as well as repeated uses of wastewater in irrigation [18]. 
Metals toxicities and their differences in agricultural soils 
and the corresponding uptake by plants also depend on soil 
pH, soil textures, types of soils, soil parent materials, char-
acteristics of pollutants deposited in soil layers from dif-
ferent sources, and soil cation exchange capacity [15, 18].

Heavy Metals and Arsenic Accumulation in Crops 
and Vegetables

Six different heavy metals such as Fe, Ni, Mn, Pb, Cu, 
Cd and one metalloid, As, were determined in different 
parts of crops and vegetables plants. The results of heavy 
metals and metalloid analyses in various food plants are 
presented in Table 2 and Fig. 2. Crops and vegetables 
plants showed significant variations to accumulate and 
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translocate different heavy metals in various organs of 
their bodies such as roots and edibles parts. In most cases, 
roots of crops and vegetables plants contained higher 
concentrations of heavy metals and metalloid than their 
respective edible parts. However, in some cases, metals 
concentrations were found higher in the edible parts than 
those observed in roots (Table 2). The highest concentra-
tion of heavy metal was recorded for iron (510.31 mg/kg) 
in green spinach whereas the lowest metal content was 
observed for arsenic (0.68 mg/kg) in brinjal. Out of seven 
elements studied, the accumulation of Fe was found to 
be the highest in all crops and vegetables samples and 
the lowest metal uptake by food plants was realized with 
arsenic and the extents of different metals were found to 
be in the order of Fe>Mn>Ni>Cu>Pb>Cd>As. Among 
the edible parts of different food plants, the highest con-
centration of Ni (30.33 mg/kg), Mn (374.23 mg/kg), Pb 
(8.75 mg/kg), Cu (18.25 mg/kg), Cd (2.58 mg/kg), and 
As (1.45 mg/kg) was found in lady’s finger, red spinach, 
water spinach, brinjal, and red spinach, respectively. The 
lowest concentration of Fe (125.58 mg/kg), Ni (16.83 mg/
kg), Pb (5.89 mg/kg), As (0.68 mg/kg), Mn (19.03 mg/
kg), Cu (11.20 mg/kg), and Cd (1.00 mg/kg) was found in 
lady’s finger, rice, brinjal, green spinach, and red spinach, 
respectively (Table 2).

Concentrations of Heavy Metals and Arsenic 
in Irrigation Water

Out of seven elements studied, Fe concentration in irri-
gation water was found to be much higher than all other 
metals. The highest concentration of metal in water was 
2.9468 mg/L which was observed with Fe and the lowest 
metal content was recorded for As (0.0022 mg/L). The 
overall order of different heavy metal concentrations in 
irrigation water was Fe>Mn>Ni>Cu>Pb>Cd>As. Differ-
ent metals and As contents determined in all water samples 
were found to be in range of Fe (0.8678–2.9468 mg/L), 
Mn (0.1761–1.0697 mg/L), Ni (0.0523–0.9651 mg/L), 
Cu (0.0757–0.8317mg/L), Pb (0.0640–0.1757 mg/L), 
Cd (0.0531–0.0908 mg/L), and As (0.023–0.042 mg/L). 
However, arsenic contents in all water samples were much 
lower than the concentrations of other metals found in the 
respective samples.

Pollution Level and Mobilization of Heavy Metals 
in Crops and Vegetables

Mobilization of any metal into plants organs from their 
growth media such as water, soil can be determined by bio-
concentration factor (BCF) analysis. The magnitudes of BCF 
determined for different metals in various food plants are 

presented in Fig. 3. In case of mobilization of metals from 
soil to food plants, the highest BCF value was recorded as 
3.207 for Mn in red spinach and the lowest degree of BCF 
was 0.05 for As in both rice and spinach. Pollution load 
index (PLI) for studied heavy metals in soil samples col-
lected from different crop and vegetable fields is shown in 
Fig. 4. The degrees of pollution load index (PLI) of dif-
ferent metals in crops and vegetables plants were found to 
be varied from 27.69 to 0.054. The highest BCF value was 
found for Cd in water spinach and the lowest extent of BCF 
was found for Mn in red spinach. The total pollution effect 
exerted by all the studied heavy metals into different crops 
and vegetables species was demonstrated by metal pollu-
tion index (MPI) which is depicted in Fig. 5. All the studied 
crops and vegetables items showed considerable extents of 
metal pollution index (MPI) which were ranged from 2.17 
(found in brinjal) to 2.49 (observed in green spinach).

Human Health Risk Assessment

Health risk analyses were carried out by determining and 
evaluating the carcinogenic risks and non-carcinogenic risks 
associated with the consumption of metal-contaminated 
crops and vegetables. Total target hazard quotient (TTHQ) 
demonstrates the total non-carcinogenic risks due to the 
intake of any polluted crop or vegetable.

Estimated Daily Intake of Heavy Metals

Estimated daily intake (EDI) describes the quantities of 
heavy metals intake by anybody through the consumption 
of different food items. In the present study, EDI of metals 
in both adult and children were investigated, and the corre-
sponding data are presented in Table 3. The results indicated 
that total estimated daily intake (TEDI) values were much 
higher than maximum tolerable daily intake of all the met-
als studied. The magnitudes of EDI for children were found 
to be higher than those observed with adult for all metals 
(Table 3). The highest TEDI was recorded for children which 
was 7460.84 for Fe whereas the minimum value was 15.31 
found in adult for As.

Non‑Carcinogenic Risk

Non-carcinogenic risk associated with consumption of dif-
ferent metal-contaminated food items was investigated by 
determining the target hazard quotient (THQ) for different ele-
ments. THQ and TTHQ are the commonly used characteristic 
parameters for describing non-carcinogenic risk associated 
with each metal from individual food item. Total target haz-
ard quotient (TTHQ) is the total non-carcinogenic risk exerted 
by all studied metals due to the consumption of any specific 
food item. Hazard index (HI) is another significant parameter 
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Fig. 2  Different heavy metals and arsenic concentrations estimated in various crops and vegetables
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which can be used to evaluate the health risks involved with the 
intake of metal-contaminated food species. The magnitudes of 
THQ, TTHQ, and HI determined for both adult and children 
for different metal contents in various crop and vegetables are 
presented in Table 4. A large range of THQ values for dif-
ferent metals were obtained, and the maximum THQ value 
was recorded for Fe (54.30) in children for rice whereas the 
minimum value was recorded for Mn (0.03) in adult for water 
spinach (Table 4). The degrees of TTHQ also showed a large 

variation which were in the range of 3.49 to148.47 (Fig. 6). 
The lowest TTHQ value was obtained for adult in spinach 
whereas the maximum value was found for children in rice. 
Hazard index (HI) values were found considerably higher for 
children than for adult indicating greater risk to children from 
the intake of contaminated crop and vegetable species.

Carcinogenic Risk

Target carcinogenic risk also known as target cancer risk 
(TCR) is the most widely used factor for carcinogenic risk 
measurement in human health. The results of TCR analysis 
in both adult and children showed possible carcinogenic 
risk to both adult and children from the consumption of 
different crop and vegetable items which were more or 
less contaminated with heavy metals. The maximum TCR 
value was recorded with children for Ni in rice which was 
0.14130 whereas the lowest value was found with adult for 
Pb in lady’s finger (0.00001). Total target carcinogenic risk 
(TTCR) values of all studied metals indicate that children are 
at higher risk for cancer than adult due to the consumption 
of polluted crop and vegetable species. The extents of TTCR 
for adults were in the range of 0.00080 to 0.75184 whereas in 
the case of children TTCR values were varied from 0.00114 
to 1.06742. Any magnitudes of TTCR greater than zero 

Fig. 3  The magnitudes of BCF for different metals in rice, brinjal, 
lady’s finger, water spinach, red spinach, and green spinach, respec-
tively

Fig. 4  Pollution load index 
(PLI) for different metals in 
soils of various crops and veg-
etables plants fields
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indicate the possible carcinogenic health risks to both adults 
and children.

Discussion

Due to scarcity of enough fresh water in many developing 
countries like Bangladesh, small and progressive level farmers 
often use untreated wastewater or partially treated wastewater 
in irrigation of crops and vegetables [56, 57]. Different metal 
concentrations found in irrigation water were compared with 
the permissible levels set up by FAO [58], Indian [59], and 
USEPA [43]. Fe concentrations in all irrigation water samples 
which were much higher than other metal contents measured 
in the respective samples, and the results of metals analysis in 
water were comparable with the data reported previously from 
similar studies [60]. All concentrations of Mn and Pb in water 
were found to be higher than permissible limits of India and 
USEPA with few exceptions. As concentrations in all water 
samples were found below the FAO standard permissible lev-
els [58], Cd contents in irrigation water were higher than FAO 
and Indian standard threshold metal values. Appearance of 
higher cadmium contents in irrigation water bodies might be 
due to the direct discharge of industry and municipal wastes 
[60, 61]. All metal concentrations measured in wastewater 
used in irrigation were varied significantly, and they were 
found to be in the order of Fe> Mn>Ni> Cu>Pb>Cd>As. 
All Cu concentrations determined in irrigation water were 
higher than Indian standard whereas they were observed to 
be lower than the permissible limits of USEPA and FAO [43, 
58]. Excessive appearance of Cu in water might arise from 
the sewage and industrial wastes. The discharges of tanning 
wastes could bring As to irrigation waterbodies [61, 62]. As 
concentrations measured in all water samples were consider-
ably lower in comparison to other metal contents found in the 
respective source, the results of metal analysis in irrigation 

waterbody showed a good agreement with the metal data 
reported previously in literatures from similar studies [54].

All soil samples collected from six different agricultural 
fields showed the extents of Fe which were highest among 
the other metal concentrations (Table 1). This might be due 
to soil structures and parent materials available in soils of the 
respective plant fields [18]. Appearance of elevated Fe con-
centration in agricultural soil might also be related to higher 
Fe concentration in wastewater used in irrigation of crops 
and vegetables grown in the respective study area. After Fe, 
the maximum heavy metal contents in soil were observed 
for Mn which were varied from 54.33 to 138.30 mg/kg in 
different plant fields and followed the order of rice> brin-
jal> water spinach>lady’s finger>green spinach>red spin-
ach field (Table 1). Elevated Mn content in soil might be 
correlated to higher abundance of Fe in the respective soil 
profile systems [18]. All Ni concentrations (34.54 to 85.47 
mg/kg) in soil from six food plant fields were observed to be 
below the permissible value of 50 mg/kg with the exception 
in rice and water spinach plant fields where the average Ni 
content was 85.47 and 61.26 mg/kg, respectively (Table 1). 
The magnitudes of Pb in soil were varied from 8.62 mg/
kg (rice field) to 8.62 mg/kg (red spinach field), and all Pb 
concentrations measured in agricultural soil of different food 
plant fields were observed to be below the permissible limit 
of 35 mg/kg as reported in literature [43]. Pb contents in 
soil might arise from soil structures, soil parent materials, 
traffic emission, industrial, and natural activities [10, 15, 
18, 25]. Average Cu concentrations in soil of six food plant 
fields were in the range of 25.66 to 89.56 mg/kg which were 
considerably higher than the metal threshold limit value of 
30 mg/kg [43]. However, Cu contents in soil of brinjal field 
(12.55 mg/kg) and green spinach plant field (19.58 mg/kg) 
were observed to be below the USEPA standard permis-
sible limit [43]. Arsenic concentrations in all soil samples 
collected from six different plant fields were found to be 

Fig. 5  Metal pollution index 
(MPI) in different crops and 
vegetables
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higher than the standard threshold value of 6 mg/kg, but 
they were found to be lower than the permissible limit of 
China [63] (Table 1). Excessive appearances of Cu and 
As contents in arable soil might be due to the agricultural 
activities related to the extensive uses of fertilizers, animal 
manures, and pesticides as well as industrial activities [4, 10, 
18, 64, 65]. Cd concentrations in all soil samples collected 
from various crop and vegetable fields were in the range of 
12.68 to 15 mg/kg which were significantly higher than the 
corresponding permissible limit values obtained from three 
different sources (Table 1) [28, 43, 66]. Cd is considered 
as one of the most toxic and mobile elements in terrestrial 
environment. Higher Cd concentrations in arable soil might 
be attributed to soil structures, anthropogenic, and natural 
activities [10, 18, 25]. Among seven elements studied in soil 
of different food plant fields, the lowest metal concentra-
tion in soil was recorded for Cd and the trend of other five 
metal contents in soil followed the order of Mn>Ni> Cu 
>Pb>As. Differences in the extents of various heavy met-
als in agricultural soil might be attributed to the types and 
chemical forms of metallic species that exist in soil and soil 
properties and characteristics within the respective area [4, 
14, 18, 25]. Metal pollution in soils of arable lands might 
arise from various anthropogenic sources such as unplanned 
industrialization, urbanization, and agricultural activities as 
well as natural sources including rock weathering, parent 
materials in soil, and mining activities [4, 10, 14, 18, 67]. 
Fe, Mn, Pb, and Ni concentrations in most of the soil sam-
ples collected from different crop and vegetable fields were 
found to be lower than the recommended permissible levels 
[43, 66]. There were no established permissible values or 
threshold values for heavy metals and metalloids in soil and 
plants in Bangladesh. Therefore, all heavy metals and arse-
nic concentrations determined in different soil, crops, and 
vegetable samples during the present study were compared 
with the appropriate permissible limit values reported by 
EU, WHO, China, and India [59, 63, 68, 69]. The findings 
of different metal analyses in soil from different crop and 
vegetable fields were compared with the metal data obtained 
from similar studies conducted previously in different coun-
tries around the world and the results from the present study 
showed very good agreement with soil heavy metal data 
reported in literatures (Table 5) [14, 18, 25, 26].

To determine the toxicity levels of metals in different food 
plants, all heavy metals and arsenic contents found in differ-
ent crops and vegetables in the present study were compared 
with the corresponding permissible limit values reported 
by FAO/WHO, EU, India, and other sources [28, 58, 59, 
68–70]. Fe concentrations in some plants samples were 
higher than the permissible limit of FAO/WHO [58, 69, 70] 
(Table 2). Out of seven elements studied, uptake and accu-
mulation of Fe were highest in the edible parts of all crop and 
vegetable plants which well agreed with the data reported Ta
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previously in literature from similar studies (Tables 2 and 
5) [71]. Elevated uptake of Fe by food plants might occur 
due to the contamination in their respective growth media 
such as soil and irrigation water. The lowest accumulation of 
element was observed for As in the edible parts of all crops 
and vegetables plants which was supported by the results of 
similar studies reported previously in literatures (Tables 2 
and 5) [16, 28, 72]. All crops and vegetables showed Ni 
concentrations which were higher than the permissible levels 
of India, China, and EU [59, 63, 68]. Ni contents observed 
in different crops and vegetables in the present study were 
considerably higher than the metal data reported in literature 
from similar studies conducted previously in different food 
plants grown in Barcelona, Spain [16]; Beijing, China [72]; 
and Lahore, Pakistan [73] (Table 5). Appearances of higher 
nickel contents in the edible parts of crops and vegetables 
plants might be attributed to the continuous discharging of 
effluents from battery industry, nickel-plated jewelry indus-
try, machine parts industry, steel, wire, and electrical part 
manufacturing industries into surrounding waterbodies and 
arable lands. Mn contents in all crops and vegetables sam-
ples were found to be higher than WHO/FAO permissible 
limit values [58, 69, 70] (Table 2). Comparison of the results 

of Mn analysis in crops and vegetables with the data cited in 
the literatures from previous studies showed that Mn concen-
trations in different food items from the present study were 
higher than those observed in similar plant species grown 
in Lahore, Pakistan [73], but they were lower than those 
measured in different plant species grown in Mojo, Ethiopia 
[28]. Manganese might be transported into different crops 
and vegetable plants from soil and irrigation waterbodies 
which were being affected by toxic effluents emitted from 
manganese alloy production industry, ceramics production 
industry, and glass manufacturing industry. Application of 
manganese-containing agrochemicals, aluminum can pro-
duction, and welding activity might also have caused the 
excessive emission of Mn into nearby environment. All 
the crops and vegetables showed Pb concentrations which 
were higher than FAO/WHO [58, 69, 70] and Indian [59] 
threshold values, and the findings of Pb analysis in different 
food plants were highly comparable to the results of similar 
studies conducted previously by other research groups in 
different countries [28, 49]. House painting, plumbing with 
lead pipes, lead bullets, and lead storage batteries are fre-
quently used nowadays which might cause the Pb pollution 
in irrigation waterbodies and arable lands from where crops 

Table 4  THQ, TTHQ, and HI of different heavy metals and arsenic for adults and children associated with contaminated crops and vegetables

Samples Adult Children

Cu Pb Fe Ni Mn Cd As TTHQ Cu Pb Fe Ni Mn Cd As TTHQ

Rice 38.23 7.95 2.87 4.16 1.09 18.29 16.59 89.18 54.30 11.29 4.07 5.90 1.55 25.97 23.56 126.65
Brinjal 2.43 0.96 0.09 0.50 0.07 2.69 1.37 8.11 2.56 1.02 0.10 0.53 0.07 2.84 1.44 8.56
Lady’s finger 1.41 0.42 0.05 0.44 0.19 1.51 1.29 5.32 2.13 0.64 0.08 0.67 0.29 2.27 1.95 8.04
Water spinach 1.32 0.48 0.13 0.28 0.10 0.59 0.61 3.53 1.87 0.67 0.19 0.40 0.15 0.84 0.86 4.99
Red spinach 1.50 0.53 0.10 0.29 0.36 0.58 1.41 4.78 2.26 0.80 0.15 0.44 0.55 0.88 2.13 7.23
Green spinach 18.49 8.99 2.54 14.24 5.23 32.12 22.95 104.55 26.25 12.76 3.60 20.22 7.43 45.62 32.59 148.47
HI 215.47 HI 303.93

Fig. 6  The magnitudes of 
TTHQ in adult and children 
from the consumption of differ-
ent crops and vegetables
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and vegetable plants might uptake and distribute elevated 
quantities of Pb in their different body parts. Automobile 
emission might also be the possible source of Pb pollution 
as the study area was located in the vicinity of a highway. Cu 
contents found in all crops and vegetables plants were below 
the tolerable limits of EU [68] and India [59]. However, the 
findings of Cu analysis in the experimental crop and vegeta-
ble species were comparable with the Cu accumulation data 
reported previously in literatures from several similar studies 
conducted in different countries such as Ethiopia, Pakistan, 
China, and Ghana [26–28, 71, 72] (Table 5). With some 
exceptions, Cd concentrations in all crops and vegetables 
were found to be higher than the tolerable limits of FAO/
WHO [58, 69, 70] and India [59] (Table 2). The results of 
Cd analysis in crops and vegetable plants were highly com-
parable to the Cd data reported previously in literatures from 
other research groups who conducted their studies in similar 
crops and vegetable plants [27, 74] (Table 5). Copper and 
cadmium might have introduced into the food plants from 
their excessive presences in the respective polluted water-
bodies and arable lands due to the continuous discharge of 
effluents from different copper pipe manufacturing industry, 
cables, wires, copper cookware, plating, rayon, pesticides, 
paints, pigment paints, pigment alloys, coatings, and batter-
ies as well as plastic manufacturing industries in the respec-
tive areas.

In most cases, the uptake and accumulation of heavy met-
als and arsenic were much higher in roots in comparison to 
the edible parts of crops and vegetables plants bodies which 
was expected as plants roots have direct contact with water 
and soil. Any contamination in plant growth media such as 
water and soil could severely impact the nutrient contents 
in their roots and their subsequent translocation in other 
parts of plant bodies [10, 75, 76]. However, in some cases, 
the opposite trend was found where the edible parts showed 
higher deposition of metals than the respective roots of the 
plant bodies (Table 2). In the case of lady’s finger plants, 
Mn, Pb, Ni, and As concentrations were considerably higher 
in the edible parts in comparison to those observed in the 
respective roots. Mn and Pb contents in the edible parts of 
water spinach plants were much higher than the respective 
metal level found in roots. Significantly higher amount of 
Mn was detected in the edible parts of red spinach plants 
which was three times more than those observed in the cor-
responding root system (Table 2). Similarly, brinjal plants 
showed higher accumulation of Pb and As in their edible 
parts in comparison to the respective element concentrations 
measured in the roots. Plants could differ in their abilities 
to uptake different metals or metalloids from their growth 
media and to translocate them in the different organs of their 
bodies [77–79]. Mobilization and translocation of Cd and As 
from the roots to edible parts were much higher than other 
heavy metals irrespective of the crops and vegetable plant 

species studied in the present investigation. The uptake, 
accumulation, and translocation patterns of different heavy 
metals and arsenic found in various parts of the crops and 
vegetable plants in the present study were highly comparable 
to the results of metal analyses in similar plants grown in 
other countries (Table 5) [77–80].

The magnitudes of BCF for different metals were highly 
varied among various crops and vegetables species which 
might have occurred due to the variations in metal concen-
trations in soil of the respective plant fields as well as the 
differences in the uptake and accumulation capacity of dif-
ferent crops and vegetables species [25, 26, 78, 81]. Accord-
ing to the guidelines of WHO/FAO [58, 69, 70], heavy metal 
contamination may occur if the BCF values exceed 0.2. For 
rice, the highest and lowest BCF values were recorded for 
Cu and Fe respectively which indicate that this food item 
has higher tendency of accumulating Cu in comparison to 
Fe from the similar sources and the BCF contents of other 
elements followed the order of Pb>Cd>Mn>Ni>As (Fig. 3). 
Accumulation and mobilization of Ni in green spinach were 
higher (1.25) which indicated the greater risk of Ni pollution 
in rice grown in the respective study area and the pattern 
of BCF of different elements was in the order of Ni>Mn> 
Pb> Cu> Cd> As>Fe. Similarly, the magnitudes of BCF for 
various heavy metals and As in brinjal followed the order 
of Cu>Ni> Pb> Cd> Mn>As>Fe whereas in the case of 
lady’s finger the degree of BCF contents for different ele-
ments was in the order of Mn> Ni>Cu> Cd>Pb>As>Fe, 
and for the water spinach, the order was observed as Pb> 
Cu> Mn> Ni>Cd> As>Fe (Fig. 3). The uptake and trans-
location trends of different heavy metals and arsenic were 
highly differed among the types of elements as well as crops 
and vegetables plants studied which was revealed from the 
differences in the orders of BCF. These findings suggest 
that there were significant potential differences among the 
affinities of different crops and vegetables for the uptake and 
deposition of various heavy metals in their characteristic 
organs. Higher level of heavy metal uptake by different crops 
and vegetables might be related to the plant types, growth of 
plant species, their potential abilities to uptake and distribute 
nutrients from their growth media such as soil and water 
[33, 82, 83]. Metals uptake by plants from agricultural soil 
body greatly depends on soil properties, soil pH, soil cation 
exchange capacity, parent materials in soil [4, 10, 14, 18, 
25, 26, 33, 67].

Pollution load index (PLI) is a significant parameter 
which demonstrates the level of soil pollution regarding the 
excessive presence of metals and metalloids. The degree 
of PLI suggests the sustainability for crops and vegetables 
production and its preferable magnitudes are considered as 
PLI<1 [83]. In the present study, the magnitudes of PLI for 
different metals were greater than the recommended values 
(Fig. 4) which apparently indicated that soil from various 
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crop and vegetable fields were highly contaminated with 
Cd as well as moderately polluted with the excessive pres-
ence of As and Cu. PLI analysis data for other metals sug-
gest that soil of arable lands in the respective area was rela-
tively safe from Mn, Pb, Ni, and Fe pollution (Fig. 4). On 
the other hand, MPI analysis data revealed the combined 
effects of all seven elements (Fe, Ni, Mn, Pb, Cu, Cd, and 
As) for their uptake and accumulation in each of the crops 
and vegetable plants and MPI data were found to be signifi-
cantly varied among different food plant species (Fig. 5). 
Total estimated daily intake (TEDI) analysis effectively 
determines the exposure level of heavy metals associated 
with the consumption of different metal-contaminated crop 
and vegetable items [71]. The results of EDI and TEDI 
analyses indicate that both adults and children are at higher 
risks due to the consumption of metal-contaminated food 
items (Table 4). The TEDI data associated with adults for 
different metals were observed as Cu (47.9), Pb (449.9), Fe 
(348.8), Ni (491.4), Mn (218.2), Cd (16.5), and As (117.8) 
which were 2.8% (Cu), 26.6% (Pb), 20.6% (Fe), 29.1% 
(Ni), 12.9% (Mn), 1.0% (Cd), and 7.0% (As) of total heavy 
metal intake from the consumption of contaminated crops 
and vegetables. Similarly, in the case of children, the mag-
nitudes of TEDI for different metals were observed as Cu 
(67.8), Pb (638.2), Fe (497.4), Ni (697.7), Mn (311.7), Cd 
(23.3), and As (167.1) respectively which were 2.8% (Cu), 
26.6% (Pb), 20.7% (Fe), 29.0% (Ni), 13.0% (Mn), 1.0% 
(Cd), and 7.0% (As) of total heavy metal intake from the 
intake of respective crops and vegetables. It is noticeable 
that the percentages of total heavy metal intake for different 
metals in crops and vegetables are almost identical for both 
children and adults. The findings of EDI and TEDI analy-
ses for both adult and children for their intake of seven ele-
ments from different crops and vegetables were comparable 
with the results of similar studies conducted previously 
by other research groups [6, 13, 35]. The magnitudes of 
THQ for Cu and Pb were found higher than the acceptable 
value 1 for both adult and children in all the studied crops 
and vegetables. THQ data obtained from the present study 
were much higher than those reported from similar stud-
ies conducted previously by several research groups [16, 
45, 48]. Fe and Ni contents in all crops and vegetables 
showed relatively lower non-carcinogenic health risks to 
both adult and children as revealed from THQ data which 
were found below one. Exception was observed with green 
spinach where the THQ value was higher than 1 suggesting 
the possible health risk to both adult and children. THQ 
values for Mn with both adult and children were shown 
below 1 for most of the crop and vegetable items with the 
exceptions in rice and green spinach. THQ contents of Cd 
and As showed non-carcinogenic risk to adult and chil-
dren for almost all the food items whereas the results of 
THQ were comparable with the findings of similar studies 

reported previously in literatures [16, 84, 85]. It has been 
apparent that rice and green spinach exerted the highest 
non-carcinogenic risks for both adult and children than 
other vegetables as revealed from the magnitudes of THQ 
(Table 4). The results of overall TTHQ and HI analyses 
indicated higher non-carcinogenic risks to both adult and 
children due to consumption of the different contaminated 
crops and vegetables items (Table 4 and Fig. 6). TCR data 
of metals in crops and vegetables were found in the range 
of 0.00001 to 0.48417 whereas the magnitudes of total tar-
get carcinogenic risk were varied from 0.00114 to 1.06742 
which demonstrated the possible target cancer risks to both 
adults and children. Most of the target cancer risk (TCR) 
values for different metals in the experimental food plants 
were found higher than the recommended permissible lev-
els [30]. The results of TCR analysis showed that children 
are at higher carcinogenic risk than adult. The TCR data 
obtained from the present study were more or less similar 
to the findings of previous studies as reported in litera-
tures [74, 86]. Assessment of total target carcinogenic risks 
(TTCR) suggested that As, Pb, Ni, and Cd in crops and 
vegetables showed higher carcinogenic risks to both adult 
and children. Previous studies on TTCR analyses of metals 
in food plants also provided similar information regarding 
carcinogenic risks to human health as observed in the pre-
sent investigation [74, 87, 88].

These significant research findings will potentially bene-
fit the Department of Environment of Bangladesh and other 
developing countries to formulate necessary environmental 
policies and guidelines for industries as well as agricultural 
activities which may eventually reduce metal pollution in 
food chain and thus can save the health of millions of peo-
ple. Higher magnitudes of BCF, the corresponding TCR 
values and 𝑇𝐻𝑄≥1 of metals found from the present study
suggested that crops and vegetable plants should not be 
cultivated in the contaminated study areas. The interesting 
results of this study indicate that all industries in Bang-
ladesh should be equipped with proper effluent treatment 
plants (ETP) and they should operate those ETP units dur-
ing the entire period of the manufacturing processes. These 
research findings will create necessary awareness among 
people about consequences of metal pollution in food 
chain and related carcinogenic as well non-carcinogenic 
health risks associated with the consumption of different 
metal-contaminated crop and vegetable items. Continuous 
monitoring of industrial activities should be performed by 
the Department of Environment (DoE) to minimize the dis-
charge of untreated industrial effluents into surrounding 
environment. The outcome of this study emphasizes that 
long-term monitoring and evaluation of metal pollution in 
crops, vegetables, and other food plants grown in different 
areas of the country are highly necessary. Further study on 
the detailed impacts of metal toxicities on human health 
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from the consumption of metal-contaminated food items 
can be considered in the near future. The interesting results 
of the present investigation may also benefit the researchers 
and policymakers of many developing countries to under-
stand and evaluate the sources, mobilization patterns of 
metal toxicities into food chain, and their ultimate conse-
quences in the health of millions of people who are highly 
exposed to various contaminated food items.

Correlation Analysis of Heavy Metals in Crops 
and Vegetables

Pearson correlation analysis was performed to visualize the 
inter-relationship among the heavy metals’ contents found 
in soil as well as crops and vegetables studied in the pre-
sent investigation. This correlation analysis provided sig-
nificant information about the source metals in arable soil 
and the corresponding accumulation properties of heavy 
metals in different food plants [85]. A significant correla-
tion between heavy metal concentrations suggests that they 
have similar or almost identical accumulation properties. 
It also provides information on common sources of the 
respective elements [89, 90]. In the present study, Fe con-
tents in agricultural soil of six crop and vegetable fields 
were observed to be positively correlated with Ni, Mn, Pb, 
Cu, Cd, and As (r > 0.1; p < 0.01), indicating their com-
mon availability in soil which might be originated from 
similar sources such as soil properties, parent materials in 
soil profiles, agricultural and industrial activities [4, 10, 
14, 18, 33, 67]. Ni concentrations in soil were positively 
correlated to Mn and Pb (r > 0.2; p < 0.05). Similarly, Mn 
contents in soil were observed to be correlated with As 
and Pb measured in the respective environmental samples 
(r > 0.1; p < 0.01). Pb contents determined in soil were 
positively correlated to Cu, Cd, and As (r > 0.5; p < 0.05) 
suggesting that they might have appeared in arable soil 
from similar sources and activities [4, 14, 18, 33]. Simi-
larly, the extents of Cu in soil showed positive correlation 
with Cd and As (r > 0.4; p < 0.05). However, negative 
correlations were found among Ni, Cu, Cd, Cd, As as well 
as Mn, Cu, Cd in soil collected from six different crop and 
vegetable fields. The positive collections among the metal 
contents in agricultural soil apparently indicated that they 
might have originated from identical sources like industrial 
emission, agricultural activities, soil textures, soil parent 
materials available in the study area [4, 10, 14, 18, 33, 
67]. In most cases, negative correlations were found among 
the different metal contents found in the crops and veg-
etable plants. However, a strong positive correlation was 
observed between the extents of Mn and As measured in 
all crops and vegetables (r > 0.7; p < 0.01), which might 
be due to their coexistence with similar chemical forms in 

the respective plant growth media. The uptake of metals by 
plants from different sources is greatly dependent on plants 
characteristics including plants types, plants growth pat-
terns, availability of nutrients in their growth media [6, 10, 
12, 16, 33]. Plants are found to be highly differed in their 
abilities to uptake and accumulate metals from their growth 
media as well as translocate them in different organs of 
their bodies [6, 10, 12, 16, 33].

Conclusion

Herein, different heavy metals (Fe, Ni, Mn, Pb, Cu, Cd) 
and arsenic contamination profiles in various crops and 
vegetables plants grown in industrially polluted areas 
have been demonstrated with the evaluation of associated 
health risks to adult and children. Elevated uptake and 
mobilization patterns of various heavy metals in roots and 
edible parts of various crops and vegetables plants have 
been investigated. Heavy metal analyses were also carried 
out in plants growth media such as soil and irrigation 
water. Transfer and translocation patterns of these heavy 
metals from water and soil to different parts of crops and 
vegetables plants bodies were analyzed effectively. Soil of 
different crop and vegetable fields were found to be polluted 
with Cu, Cd, and As whereas the excessive presence of 
Mn and Cd was observed in irrigation water. Accumulation 
of metals was found to be considerably higher in roots 
than edible parts of the respective food plants bodies. 
However, the translocation and deposition of some metals 
were observed to be higher in the edible parts which were 
Ni in brinjal; Mn in lady’s finger, water spinach, and red 
spinach; Pb in brinjal, lady’s finger, and water spinach; Cd 
and As in brinjal respectively which revealed the differences 
in the abilities and choices of food plants to uptake and 
mobilize different metals in the various parts of their 
bodies. Ni, Pb, Cd, and As contents in the edible parts of 
all crops and vegetables plants were significantly higher 
than the corresponding permissible limit values. Excessive 
appearances of Ni, Pb, Cd, and As in the edible parts of 
different crops and vegetables are quite alarming regarding 
the food safety and health issues. Pollution characteristic 
analysis by PLI revealed the metal pollution in soil (PLI 
> 1) whereas the magnitudes of MPI greater than one 
apparently indicated the metal contamination in the crops 
and vegetables species. Human health risk analyses by EDI, 
THQ, HI, and TCR showed the possible non-carcinogenic 
as well as carcinogenic risks to both adult and children from 
the consumption of different metal-contaminated crops 
and vegetables grown in the study areas. TTCR of metals 
have been found in the range of 1.14 ×  10−3 to 1.06742 for 
children and 0.8 ×  10−3 to 0.75184 for adult indicating that 
children are at higher carcinogenic risk than adult due to 
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metals contamination in crops and vegetables. EDI of all 
heavy metals and arsenic in both adult and children from 
the consumption of metal-contaminated food items were 
much higher than the corresponding recommended levels. 
TTHQ data of metals determined for adult (3.53–89.18) and 
children (4.99–148.47) as well as hazard index (HI) values 
of metals for adult (215.47) and children (303.93) revealed 
that children are at higher threat of non-carcinogenic risks 
than adults from the intake of polluted crops and vegetables 
species. The significant findings of this study reflect the 
qualities and heavy metals characteristics in crops and 
vegetables grown in the vicinities of industrials areas with 
possible health risks of millions of people in developing 
countries like Bangladesh. These interesting results may 
be highly useful for making different environmental 
policies to control heavy and toxic metals pollution in 
food plants with the management of industrial effluents 
as well as food safety in many developing countries. The 
present investigation mainly focused on the accumulation, 
mobilization, and translocation of heavy metals and 
arsenic in different parts of six crops and vegetables 
plants grown in contaminated soil and water as well as 
assessed the corresponding human health risks. Further 
study on soil types, soil textures, and soil profiles in 
the agricultural lands of the study area is under active 
consideration which will provide better understanding of 
metal pollution in soil system. Future study on seasonal 
variations of metals pollution in all crops and vegetables 
grown in the contaminated areas is also necessary to save 
the health of millions of people in the respective areas. 
Regular monitoring of heavy and toxic metals status in 
crops and vegetables grown around different industrial 
areas of Bangladesh is needed in an urgent basis. The 
Department of Environment should formulate appropriate 
policies and guidelines and implement them to minimize 
the metal pollution in human food chain.

Acknowledgements The authors would like to express their gratitude 
to the Department of Chemistry at Bangladesh University of Engineer-
ing and Technology as well as the Asia Arsenic Network in Jashore, 
Bangladesh, for providing necessary instrumental supports during this 
research.

Authors’ Contributions Md Abdul Goni conceptualized, designed, and 
supervised the research project and reviewed and edited the draft as 
well as the final version of the manuscript; Lokman Hosen carried 
out main research works, methodology, sample collection, digestions 
and analyses, data collection, and analyses and wrote the first draft 
and modified version of the manuscript; Abu Shamim Khan provided 
instrumental support (AAS), instrument operations, sample analysis, 
and data collection; M. Abdullah-Al-Mamun provided necessary sup-
port and help to collect samples, sample digestion, and data collec-
tion; Most. Johura Khatun provided necessary support in the sample 
digestions and data collection; Tasneem Siddiquee reviewed and edited 
the final version of the manuscript. Design of the study, collection, 
analysis, interpretation of data, and writing the manuscript—all works 
are done by the authors.

Funding The authors are grateful to CASR at Bangladesh University of 
Engineering and Technology (BUET) for financial support to complete 
this research.

Data Availability No datasets were generated or analyzed during the 
current study.

Declarations 

Consent for Publication Not applicable.

Competing Interests The authors declare no competing interests.

References

 1. Alam M, Khan M, Khan A et al (2018) Concentrations, dietary 
exposure, and human health risk assessment of heavy metals in 
market vegetables of Peshawar, Pakistan. Environ Monit Assess 
190:1–15. https:// doi. org/ 10. 1007/ s10661- 018- 6881-2

 2. Chiu YH, Williams PL, Gillman MW et al (2018) Maternal intake of 
pesticide residues from fruits and vegetables in relation to fetal growth. 
Environ Int 119:421–428. https:// doi. org/ 10. 1016/j. envint. 2018. 07. 014

 3. Banerjee BP, Raval S, Zhai H, Cullen PJ (2017) Health condi-
tion assessment for vegetation exposed to heavy metal pollution 
through airborne hyperspectral data. Environ Monit Assess 189:1–
11. https:// doi. org/ 10. 1007/ s10661- 017- 6333-4

 4. Aytop H (2023) Evaluation of environmental and ecological risks 
caused by metals in agricultural areas: an example in the Amik 
Plain of South Turkey. Int J Environ Health Res 33:1418–1429. 
https:// doi. org/ 10. 1080/ 09603 123. 2022. 20972 03

 5. Pecoraro GD, Hortellani MA, Hagiwara YS et al (2019) Bioaccu-
mulation of total mercury (THg) in catfish (Siluriformes, Ariidae) 
with different sexual maturity from Cananéia-Iguape Estuary, SP, 
Brazil. Bull Environ Contam Toxicol 102:175–179. https:// doi. 
org/ 10. 1007/ s00128- 018- 2485-3

 6. Navaretnam R, Soong AC, Goo AQ et al (2023) Human health 
risks associated with metals in paddy plant (Oryza sativa) 
based on target hazard quotient and target cancer risk. Envi-
ron Geochem Health 45:2309–2327. https:// doi. org/ 10. 1007/ 
s10653- 022- 01344-3

 7. Aytop H, Ateş Ö, Dengiz O et al (2023) Environmental, ecologi-
cal and health risks of boron in agricultural soils of Amik Plain 
under Mediterranean conditions. Stoch Environ Res Risk Assess 
37:2069–2081. https:// doi. org/ 10. 1007/ s00477- 023- 02380-w

 8. Bhatti ZI, Ishtiaq M, Khan SA et al (2022) Contamination level, 
source identification and health risk assessment of potentially 
toxic elements in drinking water sources of mining and non-
mining areas of Khyber Pakhtunkhwa, Pakistan. J Water Health 
20:1343–1363. https:// doi. org/ 10. 2166/ wh. 2022. 087

 9. Ghani J, Nawab J, Ullah Z et al (2023) Multivariate statistical 
methods and GIS-based evaluation of potable water in urban chil-
dren’s parks due to potentially toxic elements contamination: a 
children’s health risk assessment study in a developing country. 
Sustain 15:1–20. https:// doi. org/ 10. 3390/ su151 713177

 10. Goni MA, Ahmad JU, Halim MA et al (2014) Uptake and trans-
location of metals in different parts of crop plants irrigated 
with contaminated water from DEPZ area of Bangladesh. Bull 
Environ Contam Toxicol 92:726–732. https:// doi. org/ 10. 1007/ 
s00128- 014- 1264-z

 11. Alfaro MR, Ugarte OM, Lima LHV et al (2022) Risk assessment 
of heavy metals in soils and edible parts of vegetables grown 
on sites contaminated by an abandoned steel plant in Havana. 

https://doi.org/10.1007/s10661-018-6881-2
https://doi.org/10.1016/j.envint.2018.07.014
https://doi.org/10.1007/s10661-017-6333-4
https://doi.org/10.1080/09603123.2022.2097203
https://doi.org/10.1007/s00128-018-2485-3
https://doi.org/10.1007/s00128-018-2485-3
https://doi.org/10.1007/s10653-022-01344-3
https://doi.org/10.1007/s10653-022-01344-3
https://doi.org/10.1007/s00477-023-02380-w
https://doi.org/10.2166/wh.2022.087
https://doi.org/10.3390/su151713177
https://doi.org/10.1007/s00128-014-1264-z
https://doi.org/10.1007/s00128-014-1264-z


Elevated Uptake and Translocation Patterns of Heavy Metals in Different Food Plants Parts and…

Environ Geochem Health 44:43–56. https:// doi. org/ 10. 1007/ 
s10653- 021- 01092-w

 12. Khan ZI, Ugulu I, Ahmad K et al (2018) Assessment of trace 
metal and metalloid accumulation and human health risk from 
vegetables consumption through spinach and coriander speci-
mens irrigated with wastewater. Bull Environ Contam Toxicol 
101:787–795. https:// doi. org/ 10. 1007/ s00128- 018- 2448-8

 13. Singh PK, Shikha D, Saw S (2023) Evaluation of potential toxic 
heavy metal contamination in soil, fly ash, vegetables and grain 
crops along with associated ecological and health risk assessment 
of nearby inhabitants of a thermal power station in Jharkhand 
(India). Environ Sci Pollut Res 30:7752–7769. https:// doi. org/ 10. 
1007/ s11356- 022- 22638-0

 14. Nawab J, Khan N, Ahmed R et al (2019) Influence of different 
organic geo-sorbents on Spinacia oleracea grown in chromite 
mine-degraded soil: a greenhouse study. J Soils Sediments 
19:2417–2432. https:// doi. org/ 10. 1007/ s11368- 019- 02260-3

 15. Ghani J, Nawab J, Faiq ME et al (2022) Multi-geostatistical analy-
ses of the spatial distribution and source apportionment of poten-
tially toxic elements in urban children’s park soils in Pakistan: a 
risk assessment study. Environ Pollut 311:1–15. https:// doi. org/ 
10. 1016/j. envpol. 2022. 119961

 16. Margenat A, Matamoros V, Díez S et al (2019) Occurrence and 
human health implications of chemical contaminants in vegetables 
grown in peri-urban agriculture. Environ Int 124:49–57. https:// 
doi. org/ 10. 1016/j. envint. 2018. 12. 013

 17. Sawut R, Kasim N, Maihemuti B et al (2018) Pollution character-
istics and health risk assessment of heavy metals in the vegetable 
bases of northwest China. Sci Total Environ 642:864–878. https:// 
doi. org/ 10. 1016/j. scito tenv. 2018. 06. 034

 18. Aytop H, Koca YK, Şenol S (2023) The importance of using soil 
series-based geochemical background values when calculating the 
enrichment factor in agricultural areas. Environ Geochem Health 
45:6215–6230. https:// doi. org/ 10. 1007/ s10653- 023- 01640-6

 19. Khan AS, Hakim A, Waliullah et al (2019) Seasonal water quality 
monitoring of the Bhairab River at Noapara industrial area in Bangla-
desh. SN Appl Sci 1:1–8 https:// doi. org/ 10. 1007/ s42452- 019- 0583-4

 20. Ms I, Mohanta SC, Siddique MA et al (2018) Physico-chemical 
assessment of water quality parameters in Rupsha River of Khulna 
Region, Bangladesh. Int J Eng Sci Technol 7:73–78. https:// doi. 
org/ 10. 9790/ 1813- 07010 17378

 21. Zhang Z, Lu Y, Li H et al (2018) Assessment of heavy metal con-
tamination, distribution and source identification in the sediments 
from the Zijiang River, China. Sci Total Environ 645:235–243. 
https:// doi. org/ 10. 1016/j. scito tenv. 2018. 07. 026

 22. Wang XH, Luo WW, Wang Q et al (2018) Metal (loid)-resistant 
bacteria reduce wheat Cd and As uptake in metal (loid)-contami-
nated soil. Environ Pollut 241:529–539. https:// doi. org/ 10. 1016/j. 
envpol. 2018. 05. 088

 23. Liu M, Chen J, Sun X et al (2019) Accumulation and transforma-
tion of heavy metals in surface sediments from the Yangtze River 
estuary to the East China Sea shelf. Environ Pollut 245:111–121. 
https:// doi. org/ 10. 1016/j. envpol. 2018. 10. 128

 24. Sultana R, Tanvir RU, Hussain KA et al (2022) Heavy metals in 
commonly consumed root and leafy vegetables in Dhaka City, Bang-
ladesh, and assessment of associated public health risks. Environ 
Syst Res 11:1–12. https:// doi. org/ 10. 1186/ s40068- 022- 00261-9

 25. Nawab J, Ghani J, Khan S, Xiaoping W (2018) Minimizing the 
risk to human health due to the ingestion of arsenic and toxic met-
als in vegetables by the application of biochar, farmyard manure 
and peat moss. J Environ Manage 214:172–183. https:// doi. org/ 
10. 1016/j. jenvm an. 2018. 02. 093

 26. Ghani J, Nawab J, Khan S et al (2022) Organic amendments min-
imize the migration of potentially toxic elements in soil–plant 
system in degraded agricultural lands. Biomass Convers Biorefin 
1:1–9. https:// doi. org/ 10. 1007/ s13399- 022- 02816-3

 27. Ametepey ST, Cobbina SJ, Akpabey FJ et al (2018) Health risk 
assessment and heavy metal contamination levels in vegetables 
from tamale metropolis, Ghana. Int J Food Contam 5:1–8. https:// 
doi. org/ 10. 1186/ s40550- 018- 0067-0

 28. Gebeyehu HR, Bayissa LD (2020) Levels of heavy metals in soil 
and vegetables and associated health risks in Mojo area, Ethiopia. 
PLoS One 15:1–22. https:// doi. org/ 10. 1371/ journ al. pone. 02278 83

 29. Rezapour S, Atashpaz B, Moghaddam SS, Damalas CA (2019) 
Heavy metal bioavailability and accumulation in winter wheat 
(Triticum aestivum L.) irrigated with treated wastewater in cal-
careous soils. Sci Total Environ 656:261–269. https:// doi. org/ 
10. 1016/j. scito tenv. 2018. 11. 288

 30. Rahman M, Islam MA (2019) Concentrations and health risk 
assessment of trace elements in cereals, fruits, and vegetables 
of Bangladesh. Biol Trace Elem Res 191:243–253. https:// doi. 
org/ 10. 1007/ s12011- 018- 1596-3

 31. Ávila PF, Ferreira da Silva E, Candeias C (2017) Health 
risk assessment through consumption of vegetables rich in 
heavy metals: the case study of the surrounding villages from 
Panasqueira mine, Central Portugal. Environ Geochem Health 
39:565–589. https:// doi. org/ 10. 1007/ s10653- 016- 9834-0

 32. Eliku T, Leta S (2017) Heavy metals bioconcentration from soil 
to vegetables and appraisal of health risk in Koka and Wonji 
farms, Ethiopia. Environ Sci Pollut Res 24:11807–11815. 
https:// doi. org/ 10. 1007/ s11356- 017- 8843-6

 33. Gemeda FT, Guta DD, Wakjira FS, Gebresenbet G (2020) 
Occurrence of heavy metal in water, soil, and plants in fields 
irrigated with industrial wastewater in Sabata town, Ethiopia. 
Environ Sci Pollut Res 28:12382–12396. https:// doi. org/ 10. 
1007/ s11356- 020- 10621-6

 34. Mahurpawar M (2015) Effects of heavy metals on human health 
effects of heavy metals on human health. Int J Res-GRAN-
THAALAYAH 3:1–7. https:// doi. org/ 10. 29121/ grant haala yah. 
v3. i9se. 2015. 3282

 35. Tran THM, Nguyen KG (2018) Metal and metalloid concentra-
tions in soil, surface water, and vegetables and the potential 
ecological and human health risks in the northeastern area of 
Hanoi. Vietnam Environ Monit Assess 190:1–14. https:// doi. 
org/ 10. 1007/ s10661- 018- 6994-7

 36. Islam MS, Hoque MF (2014) Concentrations of heavy metals in 
vegetables around the industrial area of Dhaka city, Bangladesh 
and health risk assessment. Int Food Res J 21:2121–2126

 37. Kloke A, Sauerbeck DR, Vetter H (1984) The contamination of 
plants and soils with heavy metals and the transport of metals in 
terrestrial food chains. Chang Met Cycles Hum Heal 113–141. 
https:// doi. org/ 10. 1007/ 978-3- 642- 69314-4_7

 38. Liu CW, Chen YY, Kao YH, Maji SK (2014) Bioaccumulation 
and translocation of arsenic in the ecosystem of the Guandu 
Wetland. Taiwan Wetlands 34:129–140. https:// doi. org/ 10. 1007/ 
s13157- 013- 0491-0

 39. Sarwar T, Shahid M, Natasha et al (2020) Quantification and 
risk assessment of heavy metal build-up in soil–plant system 
after irrigation with untreated city wastewater in Vehari, Paki-
stan. Environ Geochem Health 42:4281–4297 https:// doi. org/ 
10. 1007/ s10653- 019- 00358-8

 40. Usero J, GonzBlez-Regalado E, Gracia I (1997) Trace metals 
in the bivalve Molluscs Ruditapes Decussatus and Ruditapes 
Philippinarum from the Atlantic Coast of Southern Spain. Envi-
ron Int M 23(3):291–298 PI1 SO160-4120(97)0003

 41. Pajević S, Arsenov D, Nikolić N et al (2018) Heavy metal accu-
mulation in vegetable species and health risk assessment in Ser-
bia. Environ Monit Assess 190:1–14. https:// doi. org/ 10. 1007/ 
s10661- 018- 6743-y

 42. Tomlinson DL, Wilson JG, Harris CR, Jeffrey DW (1980) 
Problems in the assessment of heavy-metal levels in estu-
aries and the formation of a pollution index. Helgoländer 

https://doi.org/10.1007/s10653-021-01092-w
https://doi.org/10.1007/s10653-021-01092-w
https://doi.org/10.1007/s00128-018-2448-8
https://doi.org/10.1007/s11356-022-22638-0
https://doi.org/10.1007/s11356-022-22638-0
https://doi.org/10.1007/s11368-019-02260-3
https://doi.org/10.1016/j.envpol.2022.119961
https://doi.org/10.1016/j.envpol.2022.119961
https://doi.org/10.1016/j.envint.2018.12.013
https://doi.org/10.1016/j.envint.2018.12.013
https://doi.org/10.1016/j.scitotenv.2018.06.034
https://doi.org/10.1016/j.scitotenv.2018.06.034
https://doi.org/10.1007/s10653-023-01640-6
https://doi.org/10.1007/s42452-019-0583-4
https://doi.org/10.9790/1813-0701017378
https://doi.org/10.9790/1813-0701017378
https://doi.org/10.1016/j.scitotenv.2018.07.026
https://doi.org/10.1016/j.envpol.2018.05.088
https://doi.org/10.1016/j.envpol.2018.05.088
https://doi.org/10.1016/j.envpol.2018.10.128
https://doi.org/10.1186/s40068-022-00261-9
https://doi.org/10.1016/j.jenvman.2018.02.093
https://doi.org/10.1016/j.jenvman.2018.02.093
https://doi.org/10.1007/s13399-022-02816-3
https://doi.org/10.1186/s40550-018-0067-0
https://doi.org/10.1186/s40550-018-0067-0
https://doi.org/10.1371/journal.pone.0227883
https://doi.org/10.1016/j.scitotenv.2018.11.288
https://doi.org/10.1016/j.scitotenv.2018.11.288
https://doi.org/10.1007/s12011-018-1596-3
https://doi.org/10.1007/s12011-018-1596-3
https://doi.org/10.1007/s10653-016-9834-0
https://doi.org/10.1007/s11356-017-8843-6
https://doi.org/10.1007/s11356-020-10621-6
https://doi.org/10.1007/s11356-020-10621-6
https://doi.org/10.29121/granthaalayah.v3.i9se.2015.3282
https://doi.org/10.29121/granthaalayah.v3.i9se.2015.3282
https://doi.org/10.1007/s10661-018-6994-7
https://doi.org/10.1007/s10661-018-6994-7
https://doi.org/10.1007/978-3-642-69314-4_7
https://doi.org/10.1007/s13157-013-0491-0
https://doi.org/10.1007/s13157-013-0491-0
https://doi.org/10.1007/s10653-019-00358-8
https://doi.org/10.1007/s10653-019-00358-8
https://doi.org/10.1007/s10661-018-6743-y
https://doi.org/10.1007/s10661-018-6743-y


 M. A. Goni et al.

Meeresuntersuchungen 33:566–575. https:// doi. org/ 10. 1007/ 
BF024 14780

 43. USEPA (2010) Exposure factors handbook- non-dietary inges-
tion factors. EPA/600/P-95/002Fa, vol. I. Office of Research and 
Development. National Center for Environmental Assessment. 
US Environmental Protection Agency. Wahington, DC.

 44. Doabi SA, Karami M, Afyuni M, Yeganeh M (2018) Pollution 
and health risk assessment of heavy metals in agricultural soil, 
atmospheric dust and major food crops in Kermanshah province. 
Iran. Ecotoxicol Environ Saf 163:153–164. https:// doi. org/ 10. 
1016/j. ecoenv. 2018. 07. 057

 45. Li Y, Wang S, Nan Z et al (2019) Accumulation, fractionation 
and health risk assessment of fluoride and heavy metals in soil-
crop systems in northwest China. Sci Total Environ 663:307–
314. https:// doi. org/ 10. 1016/j. scito tenv. 2019. 01. 257

 46. Sanaei F, Amin MM, Alavijeh ZP, Esfahani RA (2020) Health 
risk assessment of potentially toxic elements intake via food 
crops consumption : Monte Carlo simulation-based probabil-
istic and heavy metal pollution index. Environ Sci Pollut Res 
28:1479–1490. https:// doi. org/ 10. 1007/ s11356- 020- 10450-7

 47. Zhong T, Xue D, Zhao L, Zhang X (2018) Concentration of 
heavy metals in vegetables and potential health risk assessment 
in China. Environ Geochem Health 40:313–322. https:// doi. org/ 
10. 1007/ s10653- 017- 9909-6

 48. Kladsomboon S, Jaiyen C, Choprathumma C et al (2020) Heavy 
metals contamination in soil, surface water, crops, and resident 
blood in Uthai District, Phra Nakhon Si Ayutthaya, Thailand. 
Environ Geochem Health 42:545–561. https:// doi. org/ 10. 1007/ 
s10653- 019- 00388-2

 49. Proshad R, Kormoker T, Islam MS, Chandra K (2020) Potential 
health risk of heavy metals via consumption of rice and vegetables 
grown in the industrial areas of Bangladesh. Hum Ecol Risk Assess 
26:921–943. https:// doi. org/ 10. 1080/ 10807 039. 2018. 15461 14

 50. Ihedioha JN, Ukoha PO, Ekere NR (2017) Ecological and 
human health risk assessment of heavy metal contamination 
in soil of a municipal solid waste dump in Uyo, Nigeria. Envi-
ron Geochem Health 39:497–515. https:// doi. org/ 10. 1007/ 
s10653- 016- 9830-4

 51. Kormoker T, Proshad R, Islam MS et al (2022) Presence of toxic 
metals in rice with human health hazards in Tangail district of 
Bangladesh. Int J Environ Health Res 32:40–60. https:// doi. org/ 
10. 1080/ 09603 123. 2020. 17242 71

 52. Yang L, Di L, Sun F et al (2020) Bioaccessibility and health 
risk assessment of trace metals in soils of greenhouse vegetable 
production near the industrial areas of the Yangtze River Delta , 
China. Environ Sci Pollut Res 27:30729–30740. https:// doi. org/ 
10. 1007/ s11356- 020- 09345-4

 53. Hussain MI, Qureshi AS (2020) Health risks of heavy metal 
exposure and microbial contamination through consumption of 
vegetables irrigated with treated wastewater at Dubai, UAE. 
Environ Sci Pollut Res 27:11213–11226. https:// doi. org/ 10. 
1007/ s11356- 019- 07522-8

 54. Sardar A, Shahid M, Khalid S et al (2020) Risk assessment 
of heavy metal (loid ) s via Spinacia oleracea ingestion after 
sewage water irrigation practices in Vehari District. Envi-
ron Sci Pollut Res 27:39841–39851. https:// doi. org/ 10. 1007/ 
s11356- 020- 09917-4

 55. Islam MA, Romić D, Akber MA, Romić M (2018) Trace metals 
accumulation in soil irrigated with polluted water and assessment 
of human health risk from vegetable consumption in Bangladesh. 
Environ Geochem Health 40:59–85. https:// doi. org/ 10. 1007/ 
s10653- 017- 9907-8

 56. Maiolo M, Mendicino G, Pantusa D, Senatore A (2017) Optimiza-
tion of drinking water distribution systems in relation to the effects 
of climate change. Water (Switzerland) 9:1–14. https:// doi. org/ 10. 
3390/ w9100 803

 57. Hussain MI, Muscolo A, Farooq M, Ahmad W (2019) Sustain-
able use and management of non-conventional water resources 
for rehabilitation of marginal lands in arid and semiarid envi-
ronments. Agric Water Manag 221:462–476. https:// doi. org/ 10. 
1016/j. agwat. 2019. 04. 014

 58. FAO/WHO (1984) Codex Alimentarious Commission,1984. Con-
taminants, Joint FAO/WHO Food standards Program (Vol. XVII, 
1st ed.), Codex Aliment, Geneva.

 59. Awashthi SK (1954) The prevention of food adulteration act, 
(act 37 of 1954). In: Central and State rules as amended for 
1999, 3rd edn. Ashoka Law House, New Delhi

 60. Ugulu I, Khan ZI, Rehman S et al (2019) Trace metal accumu-
lation in Trigonella foenum-graecum irrigated with wastewater 
and human health risk of metal access through the consumption. 
Bull Environ Contam Toxicol 103:468–475. https:// doi. org/ 10. 
1007/ s00128- 019- 02673-3

 61. Bhuiyan MAH, Suruvi NI, Dampare SB et al (2011) Investiga-
tion of the possible sources of heavy metal contamination in 
lagoon and canal water in the tannery industrial area in Dhaka, 
Bangladesh. Environ Monit Assess 175:633–649. https:// doi. 
org/ 10. 1007/ s10661- 010- 1557-6

 62. Islam MS, Ahmed MK, Habibullah-Al-Mamun M et al (2016) 
Health risk assessment due to heavy metal exposure from 
commonly consumed fish and vegetables. Environ Syst Decis 
36:253–265. https:// doi. org/ 10. 1007/ s10669- 016- 9592-7

 63. NEPA-Chaina (1995) Maximum allowable concentrations of 
metals in plants (MAC). In: National Environmental Protec-
tion Agency of China GB, vol 15618. https:// doi. org/ 10. 1007/ 
978-1- 4020- 9139-1

 64. Ateş Ö, Taşpınar K, Yalçın G et al (2022) Ecological and con-
tamination assessment of soil in the region of coal-fired thermal 
power plant. Int J Environ Health Res 33:1558–1567. https:// 
doi. org/ 10. 1080/ 09603 123. 2022. 21083 84

 65. Varol M, Sünbül MR, Aytop H, Yılmaz CH (2020) Environ-
mental, ecological and health risks of trace elements, and their 
sources in soils of Harran Plain, Turkey. Chemosphere 245:1–
12. https:// doi. org/ 10. 1016/j. chemo sphere. 2019. 125592

 66. Coşkun M, Steinnes E, Frontasyeva MV et al (2006) Heavy 
metal pollution of surface soil in the thrace region, Turkey. 
Environ Monit Assess 119:545–556. https:// doi. org/ 10. 1007/ 
s10661- 005- 9042-3

 67. Otunola BO, Ololade OO (2020) A review on the application 
of clay minerals as heavy metal adsorbents for remediation 
purposes. Environ Technol Innov 18:1–14. https:// doi. org/ 10. 
1016/j. eti. 2020. 100692

 68. Standards EU (2006) Commission regulation (EC) No. 
1881/2006 of 19 December 2006 setting maximum levels for 
certain contaminants in foodstuffs. Off J Eur Union L 364:5–24

 69. FAO/WHO (2007) Joint FAO/WHO Food Standard Program 
Codex Alimentarius Commission 13th Session. Report of the 
Thirty-Eight Session of the Codex Committee on Food Hygiene, 
Houston, United States of America.

 70. FAO/WHO (2002b) Codex Alimentariusdgeneral Standards 
for Contaminants and Toxins in Food. Schedule 1 Maxi-
mum and Guideline Levels for Contaminants and Toxins 
in Food. Reference CX/FAC 02/16. Joint FAO/WHO Food 
Standards Programme, Codex Committee, Rotterdam The 
Netherlands.

 71. Latif A, Bilal M, Asghar W et al (2018) Heavy metal accumula-
tion in vegetables and assessment of their potential health risk. J 
Environ Anal Chem 5:1–7. https:// doi. org/ 10. 4172/ 2380- 2391. 
10002 34

 72. Song B, Lei M, Chen T et al (2009) Assessing the health risk of 
heavy metals in vegetables to the general population in Beijing, 
China. J Environ Sci 21:1702–1709. https:// doi. org/ 10. 1016/ 
S1001- 0742(08) 62476-6

https://doi.org/10.1007/BF02414780
https://doi.org/10.1007/BF02414780
https://doi.org/10.1016/j.ecoenv.2018.07.057
https://doi.org/10.1016/j.ecoenv.2018.07.057
https://doi.org/10.1016/j.scitotenv.2019.01.257
https://doi.org/10.1007/s11356-020-10450-7
https://doi.org/10.1007/s10653-017-9909-6
https://doi.org/10.1007/s10653-017-9909-6
https://doi.org/10.1007/s10653-019-00388-2
https://doi.org/10.1007/s10653-019-00388-2
https://doi.org/10.1080/10807039.2018.1546114
https://doi.org/10.1007/s10653-016-9830-4
https://doi.org/10.1007/s10653-016-9830-4
https://doi.org/10.1080/09603123.2020.1724271
https://doi.org/10.1080/09603123.2020.1724271
https://doi.org/10.1007/s11356-020-09345-4
https://doi.org/10.1007/s11356-020-09345-4
https://doi.org/10.1007/s11356-019-07522-8
https://doi.org/10.1007/s11356-019-07522-8
https://doi.org/10.1007/s11356-020-09917-4
https://doi.org/10.1007/s11356-020-09917-4
https://doi.org/10.1007/s10653-017-9907-8
https://doi.org/10.1007/s10653-017-9907-8
https://doi.org/10.3390/w9100803
https://doi.org/10.3390/w9100803
https://doi.org/10.1016/j.agwat.2019.04.014
https://doi.org/10.1016/j.agwat.2019.04.014
https://doi.org/10.1007/s00128-019-02673-3
https://doi.org/10.1007/s00128-019-02673-3
https://doi.org/10.1007/s10661-010-1557-6
https://doi.org/10.1007/s10661-010-1557-6
https://doi.org/10.1007/s10669-016-9592-7
https://doi.org/10.1007/978-1-4020-9139-1
https://doi.org/10.1007/978-1-4020-9139-1
https://doi.org/10.1080/09603123.2022.2108384
https://doi.org/10.1080/09603123.2022.2108384
https://doi.org/10.1016/j.chemosphere.2019.125592
https://doi.org/10.1007/s10661-005-9042-3
https://doi.org/10.1007/s10661-005-9042-3
https://doi.org/10.1016/j.eti.2020.100692
https://doi.org/10.1016/j.eti.2020.100692
https://doi.org/10.4172/2380-2391.1000234
https://doi.org/10.4172/2380-2391.1000234
https://doi.org/10.1016/S1001-0742(08)62476-6
https://doi.org/10.1016/S1001-0742(08)62476-6


Elevated Uptake and Translocation Patterns of Heavy Metals in Different Food Plants Parts and…

 73. Mahmood A, Malik RN (2014) Human health risk assessment of 
heavy metals via consumption of contaminated vegetables col-
lected from different irrigation sources in Lahore, Pakistan. Arab 
J Chem 7:91–99. https:// doi. org/ 10. 1016/j. arabjc. 2013. 07. 002

 74. Rahman MM, Asaduzzaman M, Naidu R (2013) Consump-
tion of arsenic and other elements from vegetables and drink-
ing water from an arsenic-contaminated area of Bangladesh. J 
Hazard Mater 262:1056–1063. https:// doi. org/ 10. 1016/j. jhazm 
at. 2012. 06. 045

 75. Begum ML, Naher UHB, Hosen MR, Rahaman A (2019) Levels 
of heavy metals in soil and vegetables and health risk assess-
ment. Int J Sci Technol Res 8:770–775

 76. Souri MK, Hatamian M, Tesfamariam T (2019) Plant growth 
stage influences heavy metal accumulation in leafy vegetables 
of garden cress and sweet basil. Chem Biol Technol Agric 6:1–
7. https:// doi. org/ 10. 1186/ s40538- 019- 0170-3

 77. Samantaray S, Rout GR, Das P (2001) Heavy metal and nutri-
ent concentration in soil and plants growing on a metalliferous 
chromite minespoil. Environ Technol 22:1147–1154. https:// 
doi. org/ 10. 1080/ 09593 33220 86182 04

 78. Naser H, Rahman M, Sultana S et al (2018) Heavy metal accu-
mulation in leafy vegetables grown in industrial areas under 
varying levels of pollution. Bangladesh J Agric Res 43:39–51. 
https:// doi. org/ 10. 3329/ bjar. v43i1. 36157

 79. Singh S (2012) Heavy metals accumulation and distribution 
pattern in different vegetable crops. J Environ Chem Ecotoxicol 
4:75–81. https:// doi. org/ 10. 5897/ jece11. 076

 80. Intawongse M, Dean JR (2006) Uptake of heavy metals by veg-
etable plants grown on contaminated soil and their bioavail-
ability in the human gastrointestinal tract. Food Addit Contam 
23:36–48. https:// doi. org/ 10. 1080/ 02652 03050 03875 54

 81. Cui YJ, Zhu YG, Zhai RH et al (2004) Transfer of metals from soil 
to vegetables in an area near a smelter in Nanning, China. Environ 
Int 30:785–791. https:// doi. org/ 10. 1016/j. envint. 2004. 01. 003

 82. Sultana MS, Rana S, Yamazaki S et al (2017) Health risk assess-
ment for carcinogenic and non-carcinogenic heavy metal expo-
sures from vegetables and fruits of Bangladesh. Cogent Environ 
Sci 3:1–17. https:// doi. org/ 10. 1080/ 23311 843. 2017. 12911 07

 83. Ahmed S, Biswas MH, Mottalib A et al (2019) Assessment of 
physicochemical properties of surface water of Mokeshbeel, 
translocation of heavy metals from industry into vegetables and 
crops through water and soil of Mokeshbeel in Bangladesh and 

their impact on human body. J Environ Sci Toxicol Food Tech-
nol 13:59–71. https:// doi. org/ 10. 9790/ 2402- 13050 15971

 84. Real MIH, Azam HM, Majed N (2017) Consumption of heavy 
metal contaminated foods and associated risks in Bangladesh. 
Environ Monit Assess 189:1–14. https:// doi. org/ 10. 1007/ 
s10661- 017- 6362-z

 85. Kormoker T, Proshad R, Islam MS et al (2021) Concentrations, 
source apportionment and potential health risk of toxic metals 
in foodstuffs of Bangladesh. Toxin Rev 40:1447–1460. https:// 
doi. org/ 10. 1080/ 15569 543. 2020. 17315 51

 86. Islam MS, Ahmed MK, Habibullah-Al-Mamun M, Raknuzza-
man M (2015) The concentration, source and potential human 
health risk of heavy metals in the commonly consumed foods in 
Bangladesh. Ecotoxicol Environ Saf 122:462–469. https:// doi. 
org/ 10. 1016/j. ecoenv. 2015. 09. 022

 87. Miri M, Akbari E, Amrane A et al (2017) Health risk assess-
ment of heavy metal intake due to fish consumption in the Sistan 
region. Iran Environ Monit Assess 189:1–10. https:// doi. org/ 10. 
1007/ s10661- 017- 6286-7

 88. Mohammadi AA, Zarei A, Majidi S et al (2019) Carcinogenic 
and non-carcinogenic health risk assessment of heavy metals in 
drinking water of Khorramabad. Iran. MethodsX 6:1642–1651. 
https:// doi. org/ 10. 1016/j. mex. 2019. 07. 017

 89. Ahmed M, Matsumoto M, Kurosawa K (2018) Heavy metal con-
tamination of irrigation water, soil, and vegetables in a multi-
industry district of Bangladesh. Int J Environ Res 12:531–542. 
https:// doi. org/ 10. 1007/ s41742- 018- 0113-z

 90. Abbasi AM, Iqbal J, Khan MA, Shah MH (2013) Health risk 
assessment and multivariate apportionment of trace metals in 
wild leafy vegetables from Lesser Himalayas, Pakistan. Ecotoxi-
col Environ Saf 92:237–244. https:// doi. org/ 10. 1016/j. ecoenv. 
2013. 02. 011

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.arabjc.2013.07.002
https://doi.org/10.1016/j.jhazmat.2012.06.045
https://doi.org/10.1016/j.jhazmat.2012.06.045
https://doi.org/10.1186/s40538-019-0170-3
https://doi.org/10.1080/09593332208618204
https://doi.org/10.1080/09593332208618204
https://doi.org/10.3329/bjar.v43i1.36157
https://doi.org/10.5897/jece11.076
https://doi.org/10.1080/02652030500387554
https://doi.org/10.1016/j.envint.2004.01.003
https://doi.org/10.1080/23311843.2017.1291107
https://doi.org/10.9790/2402-1305015971
https://doi.org/10.1007/s10661-017-6362-z
https://doi.org/10.1007/s10661-017-6362-z
https://doi.org/10.1080/15569543.2020.1731551
https://doi.org/10.1080/15569543.2020.1731551
https://doi.org/10.1016/j.ecoenv.2015.09.022
https://doi.org/10.1016/j.ecoenv.2015.09.022
https://doi.org/10.1007/s10661-017-6286-7
https://doi.org/10.1007/s10661-017-6286-7
https://doi.org/10.1016/j.mex.2019.07.017
https://doi.org/10.1007/s41742-018-0113-z
https://doi.org/10.1016/j.ecoenv.2013.02.011
https://doi.org/10.1016/j.ecoenv.2013.02.011

	Elevated Uptake and Translocation Patterns of Heavy Metals in Different Food Plants Parts and Their Impacts on Human Health
	Abstract
	Introduction
	Materials and Methods
	Study Area
	Environmental Samples Collection
	Digestion of Crops, Vegetables, and Soil Samples
	Quality Assurance and Quality Control
	Heavy Metals and Arsenic Analyses in Crops, Vegetables, Soil, and Irrigation Water
	Statistical Analysis
	Bioconcentration Factor (BCF)
	Metal Pollution Index (MPI)
	Pollution Load Index (PLI)
	Health Risk Assessment Methods
	Estimated Daily Intake (EDI)
	Target Hazard Quotient (THQ)
	Hazard Index (HI)
	Target Carcinogenic Risks (TCR)

	Results
	Assessment of Heavy Metals and Arsenic in Soil
	Heavy Metals and Arsenic Accumulation in Crops and Vegetables
	Concentrations of Heavy Metals and Arsenic in Irrigation Water
	Pollution Level and Mobilization of Heavy Metals in Crops and Vegetables
	Human Health Risk Assessment
	Estimated Daily Intake of Heavy Metals
	Non-Carcinogenic Risk
	Carcinogenic Risk

	Discussion
	Correlation Analysis of Heavy Metals in Crops and Vegetables

	Conclusion
	Acknowledgements 
	References


