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Human health implications of trace 
metal contamination in topsoils 
and brinjal fruits harvested 
from a famous brinjal‑producing 
area in Bangladesh
Anika Bushra1, H. M. Zakir  1*, Shaila Sharmin2, Q. F. Quadir1, M. H. Rashid3, 
M. S. Rahman1 & Supti Mallick1

A study was undertaken to determine the contents of trace metals in 60 topsoils and 80 brinjal 
fruits samples from a famous brinjal-producing area of Bangladesh using atomic absorption 
spectrophotometer. The study also looked at soil pollution levels, dietary intake of nutritionally 
important trace elements, and human health risks from toxic metals induced by dermal soil exposure 
and consumption of brinjal. The content of Pb, Ni, Cd, Cu, Fe, Mn, and Zn in brinjal fruits harvested 
from farmer′s fields ranged from 0.204–0.729, 0.031–0.212, < 0.010–0.061, 1.819–2.668, 3.267–
5.910, < 0.010–0.866 and 2.160–3.846 µg g-1, respectively, while the amount of Cr was negligible. 
The calculated enrichment factors showed that 70, 50, and 25% of soil sampling sites had values 
in the 2.00–5.00 range for Pb, Zn, and Cd, respectively, while 30% of sites had values > 5.00 for Cd, 
indicating moderate to significant enrichment of these metals in the soil. The study also revealed that 
brinjal consumption provides a tiny amount of nutritionally important trace elements required for an 
adult human. Regarding the computed incremental lifetime cancer risks (ILCR), the study revealed 
that the values for Pb and Ni in all samples and Cd in 40% of samples were several hundred times 
higher for males and females than the USEPA threshold level due to oral ingestion of brinjal fruits. In 
contrast, dermal exposures to soil trace elements were within an acceptable range. The PCA results 
revealed that the contents of Cd, Pb, Ni, and Cu in soils showed strong positive correlations with 
those elements present in brinjal. The current study suggests future traceability research, focusing on 
pinpointing potential entry routes for toxic elements into the vegetable food chain.

Trace metals such as lead (Pb), cadmium (Cd), chromium (Cr), copper (Cu), nickel (Ni), zinc (Zn), iron (Fe), 
manganese (Mn), and others are found in different compartments of the environment. Among these metals, 
some are considered hazardous (non-essential metals) to human or animal health, even at low concentrations1. 
However, a few of these metals possess some of the metabolic importance of biota (essential metals) and become 
toxic or poisonous at higher concentrations (Cu, Fe, Zn, Mn, and Ni)2. For example, excess intake of Cu is associ-
ated with liver damage3. Ni is an essential component of urease but possesses risks at higher concentrations. In 
contrast, even at low concentrations, Pb and Cd are lethal and may induce urologic disorders, bone weakening, 
high blood cholesterol, and an increased risk of heart disease4. Similarly, excess dietary or inhalation exposure 
to Cr may cause dermatitis, skin ulcerations, allergic asthmatic reactions, bronchial carcinomas, and gastro-
enteritis5, and Mn may create neurological disorder (manganism), mitochondrial dysfunction and inflammation6.

Bangladesh is one of the overpopulated developing countries in Southeast Asia, with a population of around 
160 million7 and the presence of different trace elements in Bangladeshi foodstuffs is highly concerning. It has 
been reported that food items in Bangladesh contain a higher amount of various metals and the concentrations 
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are enough to create different health problems for the people8,9. The occurrence of trace metals in the field and 
farm levels through soil contamination and subsequent accumulation in foodstuffs of Bangladesh is very com-
mon. Human-induced activities such as prompt industrialization and their waste disposal, wastewater irriga-
tion, sludge application, use of metal contaminated agrochemicals in soils, and inappropriate handling of food 
during storage and transport were considered major causes of metal contamination in soils and accumulation 
in foodstuffs in Bangladesh10–13.

Brinjal (Solanum melongena) is a popular vegetable used in our daily diet (7.28 g/person-day) and is served all 
around the year7,14. According to Naeem and Ugur15, dietary intake of brinjal fruits supplies a significant amount 
of an adult′s daily need for vitamins, minerals, and phenolic compounds. However, many studies at home and 
abroad suggested that vegetables such as potato, brinjal, arum, amaranth, radish, lady′s finger, and cauliflower 
are prone to metal accumulation16,17.

According to the Bangladesh Bureau of Statistics, brinjal is the second most important vegetable grown in 
both the summer (9.6% of total vegetable production) and winter (4.7% of total vegetable production) seasons 
of Bangladesh. Jamalpur district is one of the Bangladesh′s top producers of brinjal fruits, accounting for around 
8.5 percent of the country′s total production, and Islampur Upazila produced the highest amount (60.4 percent 
of the total output) of brinjal fruits14.

The nutritional quality and value of brinjal are well-studied. However, a corroborative study to understand 
the status of trace metals in brinjal-producing soils and edible parts of brinjal has not yet been conducted for 
Jamalpur districts in Bangladesh. Furthermore, most of the previous studies related to different metal contami-
nation in the soils of Bangladesh emphasized measuring the level of pollution and ignored assessing potential 
human health risks due to dermal exposure to those metals. Therefore, this study aims (i) to determine concen-
trations of different trace elements (Pb, Ni, Cd, Cu, Cr, Fe, Mn, and Zn) in topsoils and brinjal fruits harvested 
from two densely cultivated Upazila′s of Jamalpur district, Bangladesh, (ii) to evaluate soil pollution level, (iii) 
to compare the measured dietary intakes of nutritionally important trace metals with recommended dietary 
allowances (RDA), and (iv) to assess the carcinogenic and non-carcinogenic human health risk associated with 
oral consumption of brinjal fruits and dermal contact of brinjal-producing soils of Jamalpur district, Bangladesh.

Materials and methodology
Soil and brinjal sampling.  As illustrated in Fig. 1, two well-known brinjal-producing Upazilas, namely- 
Islampur and Melandaha of Jamalpur district, Bangladesh, were chosen, with 11 and 9 locations, respectively, 
representing intensively cultivated areas. Three (3) topsoils (depth, 15 cm) and four (4) brinjal fruits were taken 
directly from the same location of the fields. Thus, this study handled a total of 60 (20 × 3) soil and 80 (20 × 4) 
brinjal fruit samples. Sampling was accomplished following the methods mentioned by Tandon18.

Sample processing.  In December 2020, soil and brinjal samples were collected directly from the same 
location in farmers’ fields. The samples were then placed in an airtight zipper bag with unique codes and placed 
in an icebox to maintain a low temperature. Finally, all the collected samples were brought to the Laboratory of 
Plant Nutrition and Environmental Chemistry, Department of Agricultural Chemistry, Bangladesh Agricultural 
University (BAU), for further processing and chemical analyses. After homogenization, both brinjal and soil 
samples were air-dried first and then oven-dried at 50 °C till they reached a constant weight. To avoid cross-
contamination, oven-dried samples were thoroughly ground using a clean grinding tool and stored in zipper 
bags with proper labels and specific code numbers until subsequent chemical analysis. The plant experiments 
(analysis of brinjal fruits) were performed in accordance with relevant guidelines and regulations.

Preparation of extracts.  Soil samples were extracted in 15 mL Teflon (PTFE) containers for total trace 
metal contents following the protocol of Tessier et  al.19 with minor adjustments as mentioned by Zakir and 
Shikazono20. In the case of brinjal fruit, an acid mixture (HNO3 and HClO4 at a ratio of 2:1) was used to complete 
the digestion in a block digester (DK 20, VELP Scientifica, Italy)18.

Determination of trace metals and soil physicochemical properties.  Eight (8) trace metals, 
namely-Pb, Ni, Cd, Cu, Cr, Fe, Mn, and Zn, were determined in both extracts by an atomic absorption spec-
trophotometer (AAS) equipped with a highly sensitive background correction system (SHIMADZU, AA-7000, 
Japan) at the Department of Agricultural Chemistry, Bangladesh Agricultural University, Mymensingh-2202, 
Bangladesh. Thousand (1000) µg mL-1 stock solution, which was provided by Sigma-Aldrich, USA, was used to 
prepare standard series solutions for all trace metals. The instrument′s lowest detection limit for all trace metals 
was 0.01 µg g-1. Details of calibration of AAS during operations are presented in Table 1 (Suppl.). However, the 
determinations of soil physicochemical properties viz. pH, EC and organic carbon (OC) were accomplished fol-
lowing the methods mentioned by Tandon18.

Quality control in the experiments.  Two (2) certified reference materials (CRM), namely JSd-1 (Stream 
sediment) and 7502-a (White rice powder), were used in the present study, and the same procedure was employed 
to determine the amounts of different trace metals in the extracts of the CRMs to assess the effectiveness of the 
analytical processes. Table 1 displays the obtained values as well as their percent recoveries. In order to minimize 
errors in digestion, a blank was also prepared in each case. Additionally, all operations were completed with 
analytical reagent (AR) grade quality acids (Sigma-Aldrich, USA).
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Assessment of soil pollution level.  Enrichment factor (EFc) is an extensively used metric for determin-
ing the degree of change in soil characteristics, which is derived as follows:

where, (CM/CFe)sample = The ratio of metal concentration to Fe content in a soil sample and (CM/CFe)Earth’s crust = The 
same reference ratio in the Earth′s crust. The crustal average value of different metals was derived from Taylor21. 
Iron was selected as the benchmark metal because of its prevalence in the upper crust and strong immobility. 
After the measurement, enrichment levels in soils were categorized following the class mentioned by Barbieri22.

(1)EFc =
(CM/CFe)Sample

(CM/CFe)Earth′ s crust

Figure 1.   Map shows the soil and brinjal sampling locations of the farmers′ fields of Melandaha and Islampur 
Upazila of Jamalpur district, Bangladesh.

Table 1.   Analytical results obtained for Certified Reference Material (CRM) samples along with per cent 
recovery. bdl  below detectable limit.

Trace metals

Reference # 7502-a (White rice powder) JSd-1 (Stream sediment)

Certified value 
(µg g-1)

Observed value 
(µg g-1) Recovery (%)

Certified value 
(µg g-1)

Observed value 
(µg g-1) Recovery (%)

Cu 3.02 3.08 ± 0.060 102.0 22.00 22.62 ± 1.21 102.8

Zn 26.00 24.62 ± 0.041 94.7 96.50 104.22 ± 0.48 108.0

Ni 0.39 0.414 ± 0.008 106.0 7.04 7.66 ± 0.10 108.8

Fe 4.48 4.93 ± 0.071 110.0 – 20,010 ± 511 –

Mn 11.20 10.18 ± 0.085 90.9 – 488.9 ± 2.24 –

Pb 0.0043 bdl (< 0.01) – 12.90 13.80 ± 4.38 107.0

Cr 0.075 0.084 ± 0.036 112.0 21.50 20.36 ± 1.22 94.7

Cd 0.548 0.522 ± 0.18 95.3 0.146 0.134 ± 0.08 91.8
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Calculation of human health risk.  Calculation of daily intake of trace metals through brinjal consump‑
tion.  The daily intake of trace elements through the dietary consumption of brinjal was estimated using the 
following equation-

Calculation of chronic daily intake (CDI) of trace metals.  The CDIs (mg kg-1 day-1) of trace metals for dietary 
consumption of brinjal fruits and dermal adsorption of those metals of the brinjal cultivating soils were com-
puted using the USEPA’s exposure model23 to measure cancer and non-cancer risks.

The details of variable inputs used in the aforementioned calculations are summarized in Table 2. However, 
in the calculation of brinjal intake rate (BIR), this study considered total postharvest damage of brinjal 29.4%, 
which is subtracted from the total production of 557,787 metric tons24 and population under 6 years was esti-
mated 10% of total population25.

Calculation of non‑cancer health risk.  The non-cancer human health risks of different trace metals were meas-
ured using the following model of USEPA23

where, HQ refers hazard quotients, and RfD indicates reference dose. However, the RfDOral values for differ-
ent metals were taken from the literature, while RfDDermal values were measured following USEPA′s derivation 
methodology23. Both the RfDOral and RfDDermal values for different trace metals are presented in Table 3.

where, ABSGI means the fraction of contaminant/ toxicant absorbed in the gastrointestinal tract, and the values 
for different trace metals were taken from USEPA23 and other literature as mentioned in Table 3.

Calculation of carcinogenic health risk.  The incremental lifetime cancer risk (ILCR) was calculated to deter-
mine the risk of carcinogenic health effects from trace metal exposure by soil dermal adsorption and oral con-

(2)
Daily intake of metals

(

µg day−1
)

= [Daily brinjal consumption
(

g
)

×

Metal concentration in brinjal
(

µg g−1
)

]

(3)CDIOral
(

mg kg−1day−1
)

=

(

BIR × Cbrinjal × EF × ED
)

BW × AT

(4)CDIDermal

(

mg kg−1day−1
)

=
(Csoil × CF × AF × ABSd × EF × ED × EV × SA)

BW × AT

(5)HQOral =
CDIOral

Rf DOral

(6)HQDermal =
CDIDermal

Rf DDermal

(7)Rf DDermal
= Rf DOral × ABSGI

Table 2.   Input assumptions used to calculate non-carcinogenic human health risk due to different trace metal 
exposures through dietary intake of brinjal and dermal adsorption of soils. *ED is calculated by deducing the 
childhood period of 6 years from the total life expectancy.

Parameter Unit

Values

ReferenceIngestion Dermal adsorption

Metal concentration (Cbrinjal and Csoil) µg g-1 – – –

Brinjal ingestion rate (BIR) g person-1 day-1 7.28 – 24,25

Skin surface area available for contact (SA) cm2 – 5700 23

Dermal absorption fraction (ABSd) for metals – – 0.001 23,26

Adherence factor of soil to skin (AF) mg cm-2-event – 0.07 23

Exposure frequency (EF) Days year-1 365 350 23

Exposure duration (ED)* Year Male = 64.8; Female = 67.8 30 23,24

Conversion factor (CF) kg mg-1 – 10–6 23

Average body weight (BW) kg Male = 70; Female = 50 Male = 70; Female = 50 24

Event frequency (EV) (events day-1) – 1 23

Averaging time (AT) Days Male = 23,652; Female = 24,747 10,950 & 25,550 days for non-carcinogenic and carcinogenic 
effects, respectively

23,24
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sumption of brinjal fruits. The following equations, as defined by the USEPA23, were used to compute ILCR 
values for various trace elements.

The oral cancer slope factor (CSFOral) values for Pb, Ni, and Cd were considered 0.0085, 0.91, and 
15.0 mg kg-1 day-1, respectively29. On the other hand, CSFDermal values for these metals were calculated following 
USEPA′s derivation methodology23, and the obtained results are presented in Table 3. The total ILCR was calcu-
lated considering both the oral and dermal CDIs of these trace elements, and the tolerable range was considered 
1.0 × 10–6 to 1.0 × 10–4 for a single carcinogenic agent34.

Statistical analysis.  The data analyses were carried out using the statistical package ‘R’35. The data were 
tested for normality using the Shapiro–Wilk method before the statistical analyses. Non-parametric Kruskal–
Wallis tests were performed for mean comparison. Spearman’s rank-order correlation method was used to evalu-
ate the correlations between metal concentrations in soils and brinjal fruits grown on the respective soils. The 
relationship pattern of the data set was examined in this study via principal component analysis (PCA) in statis-
tical software Minitab 17 (Minitab Inc., State College, Pennsylvania, USA).

Ethical approval.  All studies were conducted in accordance with relevant guidelines and regulations for 
the brinjal samples, which were collected directly from the farmers′ field of the study area. This article does not 
contain any studies involving human and animal participants performed by any of the authors. The manuscript 
in part or in full has not been submitted or published anywhere.

Results and discussion
Physicochemical properties of soils.  Among the physicochemical properties, pH, electrical conduc-
tivity (EC), and organic carbon (OC) contents in topsoils (0–15 cm) of the study regions were measured. The 
calculated pH, EC, and OC ranged from 5.94 to 6.96, 72.6 to 276.0 µS cm−1, and 0.13 to 1.16%, respectively 
(Table 4). The study revealed a slightly acidic nature of soils, which might be due to plant residue or organic 
matter decomposition and then organic acid formation36. Among the various factors, soil pH is considered an 
important one, and the acidic nature of soil greatly influences the availability of heavy metals37. Similarly, the sol-
ubility of different metallic compounds depends on the fraction type of metals, particularly the form of oxides, 
hydroxides, carbonates, or mineral bound fractions are highly mobile in the acidic pH of the soil38. Soil EC is a 
suggestive result about soil salinity, and according to obtained results, the soils of the study area can be classified 
as non-saline (EC ≤ 2000 µS cm-1), i.e., the salinity effect in all sampling sites was negligible39. However, soil OC 
is another important index that controls the content of metals, the bio-availability, and the chemical behaviour 
of trace elements. Li et al.40 reported that soil OC showed a significant positive correlation with different metals. 
A higher amount of OC in the soil signifies that trace elements are firmly bound to OC and form metal chelate 
complexes, resulting in less metal availability for plants41. Thus, it can be inferred that a slightly acidic nature and 
comparatively lower amount of OC in the soil of the study area have a potential influence on the bio-availability 
of different trace elements.

Trace metal contents in the surface soils.  The present study assessed the contents of several trace ele-
ments in topsoils (0–15 cm) of the farmers′ fields of the study regions of Jamalpur district, and to our acquaint-
ance, this is the pioneer report on trace metal content in topsoils of the study area. However, our previous 

(8)ILCROral = CDIOral × CSFOral

(9)ILCRDermal = CDIDermal × CSFDermal

(10)CSFDermal =
CSFOral

ABSGI

Table 3.   Oral and dermal reference doses (RfDOral and RfDDermal) for different trace elements along with cancer 
slope factor (CSF).

Metals

Reference dose (mg 
kg-1 day-1)

% Absorbed ABSGI CSFOral (mg kg-1 day-1) CSFDermal (mg kg-1 day-1)RfDOral RfDDermal

Pb 0.003627 0.00108 30.028 0.008529 0.0283

Ni 0.0230 0.0008 4.023 0.9129 22.75

Cd 0.00130 0.000025 2.523 15.029 600

Cu 0.0430 0.012 30.031 – –

Cr 0.00127 0.000013 1.323 – –

Fe 0.7030 0.42 60.032 – –

Mn 0.1430 0.0056 4.023 – –

Zn 0.3030 0.06 20.033 – –
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study reported on the content of As in the mentioned area9. The present study revealed that the concentrations 
of Pb, Ni, Cd, Cr, Cu, Fe, Mn, and Zn in soil varied widely among the sampling locations ranging from 9.10–
23.66, 14.05–25.08, < 0.01–0.67, 45.76–75.28, 21.67–48.79, 27,126–36,304, 406.6–604.0 and 67.49–105.40 µg g-1, 
respectively (Fig. 2 and Table 4). The mean concentration of trace elements in soils of the study area were in 
the sequence of Fe > Mn > Zn > Cr > Cu > Ni > Pb > Cd. Among the trace metals studied, Ni, Cu, Mn, Zn and Fe 
contents in soils differ significantly between the two locations (Fig. 2). The study results revealed little bit higher 
amounts of Pb (17.80 µg g-1), Cd (0.39 µg g-1), Cu (37.20 µg g-1) and Fe (32,789 µg g-1) in soils of Melandaha 
Upazila compared to Islampur Upazila (16.20, 0.27, 27.40 and 31,141 µg g-1, respectively). On the other hand, 
the amounts of Ni, Cr, Zn, and Mn were comparatively higher in soils of Islampur Upazila (Fig. 2 and Table 3 
Suppl.), and such types of little deviations in trace elements content were mainly due to lithological variations in 
the formation of the soil. Taghipour et al.44 also stated that trace metal content could be quite variable in loca-
tions with heterogeneous lithology, with the diversity being just a consequence of the parent material and soil 
characteristics. However, according to Moslehuddin et al.45, the contents of Pb, Ni, Cr, Cu, Fe, Mn, and Zn in 
topsoils of 10 soil series of Bangladesh varied between 30.0–42.0, 8.0–92.0, 24.0–86.0, 8.5–43.3, 9200–47,600, 
122–590 and 18.9–92.3 µg g-1, respectively, and in most cases present study results were also within these ranges. 
Rahman et al.46 reported that Pb, Ni, Cu, and Fe concentrations in agricultural soils of the Jessore district var-
ied from 0.26–5.44, 2.41–58.35, 1.71–118.05, and 5900–46,000 µg g-1, respectively. Kormoker et al.47 collected 
agricultural field soils from 58 sites of the Jhenaidah and Kushtia districts, Bangladesh, and the mean con-
centration of Pb, Ni, Cd, Cr, and Cu was 19.20, 21.00, 1.20, 5.78, and 31.80 µg g-1, respectively. On the other 
hand, Chowdhury et al.48 analyzed 1209 paddy soils collected from 57 Upazilas (sub-districts) of 17 districts in 
Bangladesh and found that the mean concentrations of Pb, Ni, Cu, Fe, and Zn were 18.0, 41.0, 32.0, 28250, and 
70.0 µg g-1, respectively. For comparison with geochemical background concentration, the mean concentrations 
of all trace elements studied were lower than the average shale value49, soil toxicity reference values50, and soil 
quality guideline values of Canada51, and the Netherlands52 (Table 2 Suppl.). However, the average contents of Pb 
and Cd in soils of the study regions were higher than the crustal average values21 and the upper continental crust 
benchmark values mentioned by Yaroshevsky53 (Table 2 Suppl.). In China, Shi et al.54 classified the agricultural 
soils into five areas and reported an elevated concentration of Pb than the national soil background value. They 
also concluded that Pb was incorporated into agricultural soils from outside sources linked to human activities. 
The higher levels of Pb and Cd in the study area’s soils could be attributed to fluctuations in trace metal con-
centrations in irrigation water and other agronomic operations in the area. Furthermore, the agricultural soil 
in Bangladesh is contaminated with trace metals due to recurrent irrigation with wastewater and other sources, 
as well as the use of inorganic fertilizers and synthetic pesticides13,55. Pb and Cd, for example, can be found in 
irrigation water56, and Cd is present in phosphatic fertilizers because it is a contaminant in all phosphate rocks57.

The uptake of trace elements from soil to plant, on the other hand, is influenced not only by overall metal 
concentrations but also by other factors58. As a result, a high total trace metal concentration in one location may 
not be hazardous when contrasted to a low metal concentration in another. The advanced methods for total trace 
element risk and hazard assessments in surface soil are still in their early stages of development. Thus, future 
studies should focus on synchronizing soil physicochemical parameters with plant genomics to identify the 
disadvantages of worldwide comparisons on trace element pollution in the topsoil of farmers’ fields.

Trace metal contents in edible part of brinjal.  The content of Pb, Ni, Cd, Cu, Fe, Mn, and Zn in brinjal 
fruits harvested from the study regions of Jamalpur district ranged from 0.204–0.729, 0.031–0.212, < 0.010–
0.061, 1.819–2.668, 3.267–5.910, < 0.010–0.866 and 2.160–3.846 µg g-1 with the mean value of 0.431, 0.115, 0.018, 

Table 4.   Trace metal contents (in µg g-1) in soils and brinjal fruits collected from farmers′ fields of Jamalpur 
district, Bangladesh along with physicochemical properties of soils, and daily intake and recommended 
dietary allowances of nutritionally important elements. a Life stage group 19–50 years; RDA  recommended 
dietary allowances, UTIL  upper tolerable daily intake level, ND  not determined, M  males, F  females. bValue in 
parenthesis indicates the number of the samples that were above the limit of detection (LoD).

Parameters

Soil Brinjal fruit Daily intake of metal 
(µg day-1)

RDAa (mg day-1 
person-1)

UTILa (mg day-1 
person-1)Min Max Mean b Median Min Max Mean b Median

pH 5.94 6.96 6.41 6.30 – – – – – – –

EC (µS cm-1) 72.6 276.0 131.0 112.1 – – – – – – –

OM (%) 0.23 2.01 1.27 1.32 – – – – – – –

Pb 9.10 23.66 16.93 (60) 16.32 0.204 0.729 0.431 (80) 0.393 3.14 ND 0.2242

Ni 14.05 25.08 20.84 (60) 21.25 0.031 0.212 0.115 (80) 0.108 0.84 ND 1.0043

Cd  < 0.01 0.67 0.32 (33) 0.53  < 0.010 0.061 0.018 (32) 0.043 0.13 ND 0.0642

Cr 45.76 75.28 62.63 (60) 63.77  < 0.010  < 0.010  < 0.010 (0)  < 0.010 – M = 0.035, F = 0.02543 0.0642

Cu 21.67 48.79 31.81 (60) 28.42 1.819 2.668 2.189 (80) 2.130 15.94 M = 0.90, F = 0.9043 10.0043

Fe 27,126 36,304 31,882 (60) 31,169 3.267 5.910 4.673 (80) 4.833 34.02 M = 8.0, F = 18.043 45.0043

Mn 406.6 604.0 471.6 (60) 460.6  < 0.010 0.866 0.231 (68) 0.172 1.68 M = 2.3, F = 1.843 11.0043

Zn 67.49 105.40 79.44 (60) 80.82 2.160 3.846 2.685 (80) 2.550 19.55 M = 11.0, F = 8.043 40.0043
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2.189, 4.673, 0.231 and 2.685 µg g-1, respectively (Fig. 3 and Table 4). The study results revealed that all brinjal 
fruits harvested from the study regions possessed a tiny amount (< 0.010 µg g-1) of Cr. Similarly, 60% (44.4% 
and 88.8% of samples from Melandaha and Islampur Upazila, respectively) and 15% (all from Islampur Upazila) 
samples also contained negligible amounts (< 0.010 µg g-1) of Cd and Mn, respectively (Table 4 Suppl.). With 
respect to Ni, Cd, Cu, Mn, and Fe contents, there were significant differences observed between brinjal fruit sam-
ples collected from Islampur and Melandaha upazila of Jamalpur district (Fig. 3). The average concentration of 
trace elements in brinjal fruits were in the order of Fe > Zn > Cu > Pb > Mn > Ni > Cd > Cr. So far, we know, there 
is no study report yet, which is collected brinjal fruits directly from the producers/farmers of well-known brinjal 
cultivating areas of Bangladesh. Most of the previous studies gathered brinjal fruits from various marketplaces 
(at the retailer level)59,60, and or samples that were grown in contaminated sites17,55,61, thus in most cases elevated 
concentrations of Pb, Cd, Cu, Ni, Cr and Zn were reported when compared to this study. However, a few samples 
had greater levels of toxic metals (Pb, Cd, and Ni), which could be due to the abuse of toxic metal-containing 
insecticides during the brinjal’s fruiting period. Gimeno-Garcia et al.62 reported that inorganic fertilizers and 
pesticides contained a substantial amount of different trace elements, including Pb, Cd, and Ni. Brinjal produc-
ers in our country used a variety of pesticides almost daily from the early fruit setting stage to harvesting, per-
haps supplementing trace metals in the fruits63.

Table 4 shows the daily intake of trace elements due to consuming brinjal fruits as a vegetable, RDA values, 
and upper tolerable daily intake levels (UTIL) of metals. The National Academy Press determined the RDA 
values for nutritionally important trace elements (Cu, Fe, Mn, and Zn)43. However, the present study revealed 
only 1.8% Cu (for both males and females), 0.43% and 0.19% Fe, 0.07% and 0.09% Mn, and 0.18% and 0.24% 
Zn of total RDA as prescribed for males and females, respectively provided from brinjal, which seems insuf-
ficient. This finding suggests that the country’s population may be deficient in these nutritionally important 
trace elements. Hence, a whole diet evaluation and human biomonitoring study will be required in the future 
to thoroughly assess whether people in the country are at risk of insufficiency or overexposure to nutritionally 
important trace elements.

On the other hand, regarding toxic metals (Pb, Cd, and Ni), the calculated daily intakes were 3.14, 0.13, and 
0.84 µg day-1, respectively (Table 4). According to the Joint FAO/WHO Food Standards Programme, permissible 
limits of Pb and Cd in vegetable samples are 0.30 and 0.05 µg g-1, respectively64. Considering these values, the 
present study revealed that 75% and 10% of brinjal fruits samples exceeded the prescribed limit of Pb and Cd, 
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Figure 2.   Trace elements concentration in different farmers′ fields soils of brinjal producing areas of Islampur 
and Melandaha Upazila of Jamalpur district, Bangladesh. Lower and upper box boundaries are 25th and 75th 
percentiles, respectively, whereas the colored (blue or red) horizontal line inside the box is median and the 
black line represents the mean value. The lower and upper error lines are 10th and 90th percentiles, respectively. 
Data points falling outside 10th and 90th percentiles are the outliers. The p-values are mean comparison 
(nonparametric Kruskal–Wallis test) of soil metal concentrations sampled from two study locations. Single and 
double asterisks associated with the p-values designate the means are different at 5% and 1% level of probability, 
respectively.
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respectively (Table 4 Suppl.), hence may be problematic for human health. However, when we compared with 
UTIL of Pb and Cd recommended by the AMEC42, the contents in brinjal fruits were within the limit (Table 4). 
On the other hand, the Ni contents in the brinjal fruit samples were within the permissible limit prescribed by 
the Joint FAO/WHO Food Standards Programme (10 µg g-1) and UTIL. This finding suggests that the country’s 
population may be safe as regards Ni content in brinjal. However, a more thorough and critical quantitative 
investigation should be conducted, taking into account all stakeholders in the distribution network as well as the 
total diet, to determine the actual status of trace element deficiency or excessive exposure, which will eventually 
lead to better agricultural practices and food safety in Bangladesh.

Evaluation of soil pollution.  The assessment of trace element pollution status in topsoils of the study 
regions was done based on enrichment factor (EFc) values. The measured EFc values for Pb, Ni, Cd, Cr, Cu, 
Mn, and Zn in topsoils of the study regions ranged from 1.33–3.79, 0.39–0.67, 0.08–6.81, 0.94–1.36, 0.61–1.73, 
0.66–1.15, and 1.55–2.44, respectively (Table  5). Typically, EFc values less than 1.00 means natural/ normal 
metal enhancement, but the values more than 1.00 suggest enhancement from the various influence of human 
activities65. Alternatively, Zhang and Liu66 reported that EFc = 0.50–1.50 suggests a considerable amount of the 
trace metal in the soil came through geogenic weathering processes, and EFc value of more than 1.50 indicates 
a substantial metal content came from the various influence of human activities. Hence, considering the later 
class, 100%, 80%, 55%, and 5% of soils of the study area had EFc values more than 1.50 for Zn, Pb, Cd, and Cu, 
respectively, which indicate anthropogenic sources of these trace elements to the soil. Furthermore, 70%, 50%, 
and 25% of topsoil of the study region possessed EFc values 2.00–5.00 for Pb, Zn, and Cd, respectively, indicating 
moderate enrichment of these metals in the soil. Additionally, 30% of the locations had EFc values > 5.00 for Cd, 
indicating significant enrichment of this toxic metal in the study region′s topsoils. However, different anthro-
pogenic activities such as inorganic fertilizers (i.e., phosphatic fertilizer) and pesticides used in farm areas may 
enrich Cd, Pb, and other trace elements in the soil57,62. Hence, thorough studies addressing all agro-ecological 
zones of the country should be conducted to determine the amounts of toxic compounds, especially metals, in 
order to help us preserve soil quality and safe agricultural production.
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Figure 3.   Trace elements concentration in brinjal fruits collected from different farmers′ fields of Islampur 
and Melandaha Upazila of Jamalpur district, Bangladesh. Lower and upper box boundaries are 25th and 75th 
percentiles, respectively, whereas the colored (blue or red) horizontal line inside the box is median and the 
black line represents the mean value. The lower and upper error lines are 10th and 90th percentiles, respectively. 
Data points falling outside 10th and 90th percentiles are the outliers. The p-values are mean comparison 
(nonparametric Kruskal–Wallis test) of brinjal metal concentrations sampled from two study locations. Single 
and double asterisks associated with the p-values designate the means are different at 5% and 1% level of 
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Evaluation of human health risk.  Non‑cancer health risk.  The total trace metal content in diverse types 
of Bangladeshi soils has been thoroughly examined10,11,45–47,61, but soils trace metal adsorption through dermal 
route was mostly ignored. Hence, one of the major goals of our research was to assess both the non-cancer and 
cancer risk due to dermal exposure to different trace metals in the soils of Jamalpur, Bangladesh. The hazard 
quotient (HQ) values were used to calculate non-carcinogenic human (both adult males and females) health 
hazards from dermal contact to topsoils in the study regions and consumption of brinjal fruits. A good number 
of published research studies worldwide used HQ analysis as a key instrument for determining the non-cancer 
risks caused by the ingestion of hazardous metal-rich foods8,26,56,59,61. The average calculated CDIDermal values for 
Pb, Ni, Cd, Cu, Cr, Fe, Mn and Zn were 9.25E-08, 1.14E-08, 1.76E-09, 1.74E-07, 3.42E-07, 1.74E-04, 2.58E-06 
and 4.34E-07 mg  kg-1  day-1 for adult males, and 1.30E-07, 1.59E-08, 2.47E-09, 2.43E-07, 4.79E-07, 2.44E-04, 
3.61E-06 and 6.08E-07 mg kg-1 day-1 for females, respectively (Table 6). On the other hand, the mean measured 
HQDermal values for Pb, Ni, Cd, Cu, Cr, Fe, Mn, and Zn were 8.57E-05, 1.42E-04, 7.05E-05, 1.45E-05, 2.63E-
02, 4.15E-04, 4.60E-04, and 7.24E-06 for males, and 1.20E-04, 1.99E-04, 9.87E-05, 2.03E-05, 3.69E-02, 5.81E-
04, 6.44E-04, and 1.01E-05 for females, respectively. Hence, Table 6 shows that soils of the study regions had 
HQDermal values for trace elements below 1.0, indicating that trace metal levels in soils in the Jamalpur district 
study regions were within an acceptable range of non-carcinogenic detrimental human health concerns.

The mean calculated CDIOral values for Pb, Ni, Cd, Cu, Cr, Fe, Mn and Zn were 0.045, 0.012, 0.002, 0.228, 
0.000, 0.486, 0.024, and 0.279 mg kg-1 day-1 for males, and 0.063, 0.017, 0.003, 0.319, 0.000, 0.680, 0.034, and 
0.391 mg kg-1 day-1 for females, respectively (Table 7). The average calculated HQOral values for Pb, Ni, Cd, Cu, 
Cr, Fe, Mn, and Zn were 12.81, 0.60, 1.88, 5.69, 0.00, 0.69, 0.17, and 0.93 for males, and 17.94, 0.84, 2.64, 7.97, 
0.00, 0.97, 0.24, and 1.30 for females, respectively (Table 7). The study results revealed non-carcinogenic risks 
(HQOral) of Pb and Cu for both males and females (HQOral > 1.00) due to dietary intake of all samples of the 
study area. Similarly, the calculated HQOral of Zn for females in all samples also had values > 1.00, thus hazard-
ous for a human being. Furthermore, it can be summarized from the study that the calculated HQOral of Cd 
in 40% of farmers′ field samples had HQOral values > 1.00 for both males and females and Ni in 35% and Fe in 
50% samples possessed values > 1.00 for females only, thus harmful for a human being (Table 9 Suppl.). On the 
other hand, the calculated HQOral value < 1.00 means trace metal contents in those samples were below the non-
carcinogenic risk threshold. Islam et al.61 also reported non-carcinogenic potential health risks of trace metals 
(Cd, Pb, Cr, and As) due to the consumption of vegetables. Almost similar observations were also reported by 
Islam et al.17. They stated that the HQ of trace metals through the dietary intake of vegetables decreased in the 
order of Cd > Cu > As > Pb > Ni > Cr.

Table 5.   Summary statistics for enrichment factors (EFc) calculated for selected trace elements in soils of 
brinjal-producing areas of Jamalpur district, Bangladesh. Value in parenthesis indicates the study average.

Trace metals

Melandaha Upazila Islampur Upazila

EFc values Type of enrichment EFc values Type of enrichment

Pb 1.33–3.59 (2.50) Anthropogenic 1.35–3.79 (2.37) Anthropogenic

Ni 0.39–0.51 (0.45) Natural/ normal 0.45–0.67 (0.52) Natural/normal

Cd 0.00–5.89 (3.20) Anthropogenic 0.00–6.81 (2.63) Anthropogenic

Cr 0.95–1.15 (1.03) Natural/ normal 1.04–1.36 (1.17) Natural/normal

Cu 0.61–1.73 (1.18) Natural/ normal 0.74–1.21 (0.91) Natural/normal

Mn 0.66–1.05 (0.82) Natural/ normal 0.74–1.15 (0.93) Natural/normal

Zn 1.55–2.34 (1.92) Anthropogenic 1.89–2.44 (2.09) Anthropogenic

Table 6.   Calculated chronic daily intake (CDI), hazard quotients (HQ) and incremental lifetime cancer risk 
(ILCR) values for male and female due to dermal exposure of trace metals to the soils of brinjal-producing 
areas of Jamalpur district, Bangladesh. Bold ILCRDermal values indicates the cancer risk.

Metals

CDIDermal HQDermal ILCRDermal

Male Female Male Female Male Female

Min Max Mean Min Max Mean Min Max Mean Min Max Mean Min Max Mean Min Max Mean

Pb 4.97E-08 1.29E-07 9.25E-08 6.96E-08 1.81E-07 1.30E-07 4.61E-05 1.20E-04 8.57E-05 6.45E-05 1.68E-04 1.20E-04 6.03E-10 1.57E-09 1.12E-09 8.44E-10 2.20E-09 1.57E-09

Ni 7.68E-08 1.37E-08 1.14E-08 1.08E-08 1.92E-08 1.59E-08 E9.60–05 1.71E-04 1.42E-04 1.34E-04 2.40E-04 1.99E-04 7.49E-07 1.34E-06 1.11E-06 1.05E-06 1.87E-06 1.56E-06

Cd 0.00E + 00 3.64E-09 1.76E-09 0.00E + 00 5.10E-09 2.47E-09 0.00E + 00 1.46E-04 7.05E-05 0.00E + 00 2.04E-04 9.87E-05 0.00E + 00 9.36E-07 4.53E-07 0.00E + 00 1.31E-06 6.34E-07

Cu 1.18E-07 2.67E-07 1.74E-07 1.66E-07 3.73E-07 2.43E-07 9.87E-06 2.22E-05 1.45E-05 1.38E-05 3.11E-05 2.03E-05 – – – – – –

Cr 2.50E-07 4.11E-07 3.42E-07 3.50E-07 5.76E-07 4.79E-07 1.92E-02 3.17E-02 2.63E-02 2.69E-02 4.43E-02 3.69E-02 – – – – – –

Fe 1.48E-04 1.98E-04 1.74E-04 2.08E-04 2.78E-04 2.44E-04 3.53E-04 4.72E-04 4.15E-04 4.94E-04 6.61E-04 5.81E-04 – – – – – –

Mn 2.22E-06 3.30E-06 2.58E-06 3.11E-06 4.62E-06 3.61E-06 3.97E-04 5.89E-04 4.60E-04 5.56E-04 8.25E-04 6.44E-04 – – – – – –

Zn 3.69E-07 5.76E-07 4.34E-07 5.16E-07 8.07E-07 6.08E-07 6.15E-06 9.60E-06 7.24E-06 8.61E-06 1.34E-05 1.01E-05 – – – – – –
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Carcinogenic health risk.  Toxic metals (viz. Pb, Cd, and Ni) have long been known to be carcinogenic to humans. 
According to Kim et al.67, Cd and Ni are classified as a group 1 carcinogen in humans, while Pb is classified as a 
group 2A probable human carcinogen by the International Agency for Research on Cancer (IARC). Toxic met-
als cause oxidative stress, altered gene expression, and cell death, all of which raise the risk of carcinoma and 
melanoma disorders67. The calculated incremental lifetime cancer risks (ILCRDermal) posed by Pb, Ni, and Cd due 
to dermal exposure to the topsoils of the study regions varied from 6.03E-10 to 1.57E-09, 7.49E-07 to 1.34E-06, 
and 0.00E + 00 to 9.36E-07 for males and 8.44E-10 to 2.20E-09, 1.05E-06 to 1.87E-06, and 0.00E + 00 to 1.31E-06 
for females, respectively (Table 6). Carcinogenic health risks of less than one chance in 1.00E-06 are regarded 
as minimal, and a value of 1.00E-06 to 1.00E-04 is considered tolerable23. However, the calculated ILCRDermal 
values for Ni (65 and 100% samples for males and females, respectively) and Cd (50% samples for females only) 
showed values within the acceptable range of carcinogenic risk index as proposed by the USEPA, while others 
were smaller than this range. Hence, the present study summarized that the risk of developing cancer due to der-
mal absorption of toxic metals in soils in the study regions could be considered negligible (Tables 6 & 7 Suppl.).

The calculated ILCROral values for Pb, Ni, and Cd due to ingestion exposure of brinjal fruits collected from 
farmer′s field are presented in Table 7. The values ranged from 1.80E-04 to 6.45E-04, 2.94E-03 to 2.01E-02, 
and 0.00E+00 to 9.54E-02 with the mean values of 3.81E-04, 1.09E-02, and 2.83E-02 for males, and 2.52E-04 
to 9.03E-04, 4.12E-03 to 2.81E-02, and 0.00E+00 to 1.34E-01 with the mean values of 5.34E-04, 1.52E-02, and 
3.96E-02 for females, respectively. Thus, this study revealed that the calculated ILCROral values for Pb and Ni in all 
samples and Cd in 40% of samples were several hundred times higher for males and females than the threshold 
(1.00 × 10–6 to 1.00 × 10–4) (Tables 7 & 10 Suppl.). Such high ILCR values suggested that consumers in the country 
who ate brinjal grown in the study area of Jamalpur, Bangladesh, were at much higher cancer risks. Islam et al.61 
also reported that the probable health threat to people of Bangladesh from As and Pb exposure from the dietary 
intake of vegetables should not be overlooked, and the residents are susceptible to carcinogenic risks. As men-
tioned earlier, the application of various synthetic substances, irrigation water, fertilizers, and pesticides, might 
be a source of these toxic metals in brinjal fruits, which is at par with the observations of Ahmad and Goni55. 
Furthermore, they also concluded that long-term intake of such metal-contaminated vegetables could promote 
thalassemia, dermatitis, brain and kidney damage, and even cancer in humans.

Principal component analysis (PCA).  Principal Component Analysis (PCA) allows us to deduce how 
certain variables characterize the target substances and define their associations68. PCA also calculates the struc-
tural relationship of the data by identifying additional hypothetical variables (principal components, PC) that 
account for as much variation (or correlation) as feasible in a multi-dimensional data set. This approach aids in 
the identification of groupings of variables (for example, trace metals in vegetables and soil) based on weight and 
sample classes based on scores69.

The PCA was used to determine the trace metal content of brinjal and soil. Figure 4 and Table 11 (Suppl.) 
show the loading plot of the PCA findings for various variables, as well as their Eigen analysis of data. In Fig. 4, 
the length of each eigenvector is proportionate to the variation in the data for independent factors, and the angle 
between the eigenvectors denotes the correlations between the soil and brinjal variables. In the figure, the colored 
circle sets of soil and brinjal characteristics represented by I, II, III, and IV demonstrated substantial positive 
associations. Strong positive correlations were observed for soil and brinjal Cu (group I), Cd and Zn (group II), 
Ni (group III), and Pb (group IV). Such a positive association is an indication that these metals accumulate in 
brinjal fruits from the soil. On the other hand, however, Fe and Mn in brinjal do not correspond with the soil 
level. Interestingly, soil OC, pH and EC were strongly correlated with soil Fe, Cr and Ni contents. However, only 
Ni content was synchronized in both soil and brinjal fruits (group III).

Table 7.   Calculated chronic daily intake (CDI), hazard quotients (HQ) and incremental lifetime cancer risk 
(ILCR) values for male and female due to oral exposure of trace metals from the dietary intake of brinjal fruits 
collected from different producer levels. Italic HQOral values indicate non-cancer risk and bold ILCROral values 
indicate the cancer risk.

Metals

CDIOral HQOral ILCROral

Male Female Male Female Male Female

Min Max Mean Min Max Mean Min Max Mean Min Max Mean Min Max Mean Min Max Mean

Pb 0.021 0.076 0.045 0.030 0.106 0.063 6.06 21.67 12.81 8.48 30.34 17.94 1.80E-04 6.45E-
04

3.81E-
04 2.52E-04 9.03E-

04
5.34E-
04

Ni 0.003 0.022 0.012 0.005 0.031 0.017 0.16 1.10 0.60 0.23 1.55 0.84 2.94E-03 2.01E-
02

1.09E-
02 4.12E-03 2.81E-

02
1.52E-
02

Cd 0.000 0.006 0.002 0.000 0.009 0.003 0.00 6.36 1.88 0.00 8.90 2.64 0.00E + 00 9.54E-
02

2.83E-
02 0.00E + 00 1.34E-

01
3.96E-
02

Cu 0.189 0.277 0.228 0.265 0.388 0.319 4.73 6.94 5.69 6.62 9.71 7.97 – – – – – –

Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.00 0.00 0.00 0.00 0.00 0.00 – – – – – –

Fe 0.340 0.615 0.486 0.476 0.860 0.680 0.49 0.88 0.69 0.68 1.23 0.97 – – – – – –

Mn 0.000 0.090 0.024 0.000 0.126 0.034 0.00 0.64 0.17 0.00 0.90 0.24 – – – – – –

Zn 0.225 0.400 0.279 0.314 0.560 0.391 0.75 1.33 0.93 1.05 1.87 1.30 – – – – – –
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Usually, Cd and Zn showed antagonistic behaviour for plant uptake. However, higher amounts of Zn and 
Cd as impurities have been reported in phosphatic fertilizers62, and commercial and regularly sold Zn fertiliz-
ers have also been discovered to have large quantities of Cd contaminants70. In this study, soil Cd level showed 
a positive correlation with soil Zn (group II). Metals like Ni, Fe, and Cr in soil are closely correlated with soil 
organic carbon (OC), and possibly, soil organic matter may be a major contributor to the release of these trace 
elements in the soil. The PCA results suggest that the content of trace metals in soils is an important source for 
those elements (viz. Pb, Cd, Ni, and Cu) in brinjal. Thus, a further pinpoint investigation should be designed 
to limit the toxic elements in all kinds of used agricultural inputs, particularly organic and inorganic fertilizers, 
irrigation water, and pesticides, to ensure soil quality and safe agricultural production.

Conclusions
Contamination of foodstuffs by different toxic trace elements is alarming worldwide, including in Bangladesh. 
Our current study examined the total trace metal content of topsoils and brinjal fruits harvested from a brinjal-
producing hotspot in Bangladesh i.e. Jamalpur district. The study’s findings suggested that using various synthetic 
materials, such as inorganic fertilizers and pesticides, along with manures and irrigation water, could become a 
cause of toxic elements in brinjal fruits, which would need to be confirmed by the extensive investigation. Thus, 
monitoring trace metals in vegetables and other aspects of nature on a routine basis is critical for identifying 
sources of contamination and preventing or reducing crop (and human) exposure to excessive levels of these 
pollutants. Moreover, our study results also suggested that toxic metals deposited in soils are an important source 
for those elements accumulated in brinjal. Therefore, this uncertain entry point for toxic elements into the veg-
etable supply chain should indeed be considered a serious roadblock to Bangladesh′s food safety. Furthermore, 
a thorough evaluation should also be conducted to confirm the level of trace elements in other vegetables and 
grains that could accumulate hazardous elements at a faster rate than brinjal.

Data availability
The data that support the findings of this study are available on request from the corresponding author.

Received: 16 April 2022; Accepted: 2 August 2022

References
	 1.	 Briffa, J., Sinagra, E. & Blundell, R. Heavy metal pollution in the environment and their toxicological effects on humans. Heliyon 

6(9), e04691. https://​doi.​org/​10.​1016/j.​heliy​on.​2020.​e04691 (2020).
	 2.	 Rai, P. K., Lee, S. S., Zhang, M., Tsang, Y. F. & Kim, K.-H. Heavy metals in food crops: Health risks, fate, mechanisms, and manage-

ment. Environ. Int. 125, 365–385. https://​doi.​org/​10.​1016/j.​envint.​2019.​01.​067 (2019).
	 3.	 FDA. Dietary reference intakes for vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, 

nickel, silicon, vanadium, and zinc. Report of the Panel on Micronutrients. Food and Drug Administration. National Academy 
Press, Washington, DC (2001).

	 4.	 Ikem, A. & Egiebor, N. O. Assessment of trace elements in canned fishes (mackerel, tuna, salmon, sardines and herrings) marketed 
in Georgia and Alabama (United States of America). J. Food Comp. Anal. 18(8), 771–787. https://​doi.​org/​10.​1016/j.​jfca.​2004.​11.​
002 (2005).

Figure 4.   Loading plot presentation of the Principal Component Analysis (PCA) results showing the brinjal 
fruit (blue lines) and soil (dashed red lines) parameters. In the figure, the length of each eigenvector is 
proportional to the variance in the data for that variable. The angle between the eigenvectors represents the 
correlations among the different variables. The colored circle groups of variables indicated by I, II, III and IV 
show strong positive correlations with each other.

https://doi.org/10.1016/j.heliyon.2020.e04691
https://doi.org/10.1016/j.envint.2019.01.067
https://doi.org/10.1016/j.jfca.2004.11.002
https://doi.org/10.1016/j.jfca.2004.11.002


12

Vol:.(1234567890)

Scientific Reports |        (2022) 12:14278  | https://doi.org/10.1038/s41598-022-17930-5

www.nature.com/scientificreports/

	 5.	 Baruthio, F. Toxic effects of chromium and its compounds. Biol. Trace Element Res. 32, 145–153. https://​doi.​org/​10.​1007/​BF027​
84599 (1992).

	 6.	 Pajarillo, E., Nyarko-Danquah, I., Adinew, G., Rizor, A., Aschner, M. & Lee, E. Chapter Six - Neurotoxicity mechanisms of man-
ganese in the central nervous system. In: Michael Aschner M. and Costa L. G. Advances in Neurotoxicology. Academic Press, 5, 
215-238. https://​doi.​org/​10.​1016/​bs.​ant.​2020.​11.​003 (2021).

	 7.	 BBS. Population Projection of Bangladesh: Dynamics and Trends 2011–2061. Bangladesh Bureau of Statistics, Statistics and Infor-
matics Division, Ministry of Planning, Govt. of the People’s Republic of Bangladesh (2015). www.​bbs.​gov.​bd

	 8.	 Zakir, H. M., Quadir, Q. F. & Mollah, M. Z. I. Human health risk assessment of heavy metals through the consumption of common 
foodstuffs collected from two divisional cities of Bangladesh. Expo. Health 13, 253–268. https://​doi.​org/​10.​1007/​s12403-​020-​00380-
7 (2021).

	 9.	 Zakir, H. M. et al. Human health exposure and risks of arsenic from contaminated soils and brinjal fruits collected from different 
producers and retailers levels. Environ. Geochem. Health https://​doi.​org/​10.​1007/​s10653-​022-​01227-7 (2022).

	10.	 Hossain, M. A., Zakir, H. M., Kumar, D. & Alam, M. S. Quality and metallic pollution level in surface waters of an urban indus-
trialized city: A case study of Chittagong city, Bangladesh. J. Ind. Safety Engg. 4(2), 9–18. https://​doi.​org/​10.​37591/​joise.​v4i2.​1941 
(2017).

	11.	 Islam, F., Zakir, H. M., Rahman, A. & Sharmin, S. Impact of industrial wastewater irrigation on heavy metal deposition in farm 
soils of Bhaluka area, Bangladesh. J. Geogr. Environ. Earth Sci. Int. 24(3), 19–31. https://​doi.​org/​10.​9734/​JGEESI/​2020/​v24i3​30207 
(2020).

	12.	 Rather, I. A., Koh, W. Y., Paek, W. K. & Lim, J. The sources of chemical contaminants in food and their health implications. Front. 
Pharmacol. 8, 830. https://​doi.​org/​10.​3389/​fphar.​2017.​00830 (2017).

	13.	 Sarker, M. S., Quadir, Q. F., Zakir, H. M., Nazneen, T. & Rahman, A. Evaluation of commonly used fertilizers, fish and poultry 
feeds as potential sources of heavy metals contamination in food. Asian-Australasian J. Food Saf. Sec. 1(1), 74–81 (2017).

	14.	 BBS. Bangladesh Agricultural Statistics Yearbook. Bangladesh Bureau of Statistics, Statistics and Informatics Division, Ministry of 
Planning, Govt. of the People’s Republic of Bangladesh (2018). www.​bbs.​gov.​bd

	15.	 Naeem, M. Y. & Ugur, S. Nutritional content and health benefits of eggplant. Turk. J. Agric. Food Sci. Technol. 7, 31–36 (2019).
	16.	 Samal, A. C., Kar, S., Bhattacharya, P. & Santra, S. C. Human exposure to arsenic through foodstuffs cultivated using arsenic 

contaminated groundwater in areas of West Bengal, India. J. Environ. Sci. Health, Part A 46(11), 1259–1265. https://​doi.​org/​10.​
1080/​10934​529.​2011.​598810 (2011).

	17.	 Islam, M. S., Ahmed, M. K., Al-Mamun, M. H. & Masunaga, S. Trace metals in soil and vegetables and associated health risk 
assessment. Environ. Monit. Assess. 186, 8727–8739. https://​doi.​org/​10.​1007/​s10661-​014-​4040-y (2014).

	18.	 Tandon, H. L. S. Methods of Analysis of Soils, Plants, Waters, Fertilizers & Organic Manures. 2nd edition, Fertilizer Development 
and Consultation Organisation, New Delhi, India (2005).

	19.	 Tessier, A., Campbell, P. G. C. & Bisson, M. Sequential extraction procedure for the speciation of particulate trace metals. Anal. 
Chem. 51(7), 844–851. https://​doi.​org/​10.​1021/​ac500​43a017 (1979).

	20.	 Zakir, H. M. & Shikazono, N. Metal fractionation in sediments: A comparative assessment of four sequential extraction schemes. 
J. Environ. Sci. Sustain. Soc. 2, 1–12. https://​doi.​org/​10.​3107/​jesss.2.1 (2008).

	21.	 Taylor, S. R. Abundances of chemical elements in the continental crust: A new table. Geochim. Cosmochim. Acta 28, 1273–1285. 
https://​doi.​org/​10.​1016/​0016-​7037(64)​90129-2 (1964).

	22.	 Barbieri, M. The importance of enrichment factor (EF) and geoaccumulation index (Igeo) to evaluate the soil contamination. J. 
Geol. Geophys. 5(1), 237. https://​doi.​org/​10.​4172/​2381-​8719.​10002​37 (2016).

	23.	 USEPA. Risk assessment guidance for superfund. Volume 1: Human health evaluation manual (Part E, Supplemental guidance 
for dermal risk assessment). EPA/540/R/99/005. Office of Superfund Remediation and Technology Innovation, Washington, DC, 
USA (2004).

	24.	 BBS. Bangladesh Statistics 2019. Bangladesh Bureau of Statistics, Statistics and Informatics Division, Ministry of Planning, Govt. 
of the People’s Republic of Bangladesh (2019). www.​bbs.​gov.​bd

	25.	 HIES. Preliminary Report on Household Income and Expenditure Survey 2016. Bangladesh Bureau of Statistics, Statistics and 
Informatics Division, Ministry of Planning, Govt. of the People’s Republic of Bangladesh (2017).

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

	27.	 Health Canada. Federal Contaminated Site Risk Assessment in Canada. Part II: Health Canada Toxicological Reference Values 
(TRVs). Cat. H46–2/04–368E (2007).

	28.	 ATSDR (Agency for Toxic Substances and Disease Registry). Toxicological Profile for Lead. Atlanta, GA: Department of Health 
and Human Services (2010).

	29.	 OEHHA. California Office of Environmental Health Hazard Assessment. Technical Support Document for Cancer Potency Factors 
2009, Appendix A: Hot Spots Unit Risk and Cancer Potency Values. Updated May 2019, (2019).

	30.	 USEPA. Regional Screening Levels (RSLs) - Generic Tables. Summary Table (TR=1E-06, HQ=1) May 2021 (2021). https://​semsp​
ub.​epa.​gov/​work/​HQ/​400750.​pdf

	31.	 Wapnir, R. A. Copper absorption and bioavailability. Am. J. Clin. Nutr. 67(suppl), 1054S-1060S. https://​doi.​org/​10.​1093/​ajcn/​67.5.​
1054S (1998).

	32.	 Wheby, M. S. & Crosby, W. H. The gastrointestinal tract and iron absorption. Blood 22(4), 416–428. https://​doi.​org/​10.​1182/​blood.​
V22.4.​416.​416 (1963).

	33.	 ICMM (International Council on Mining & Metals). Gastrointestinal uptake and absorption, and catalogue of toxicokinetic models. 
Health Risk Assessment Guidance for Metals. HERAG Fact Sheet- 04 (2007). http://​www.​metal​srisk​asses​sment.​org/

	34.	 FAO/WHO. Joint FAO/WHO food standards programme. Codex Committee on Contaminants in Foods. Fifth Session. The Hague, 
The Netherlands. CF/5 INF/1 (2011).

	35.	 R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. 
(2021). https://​www.R-​proje​ct.​org/

	36.	 Fageria, N. K. & Nascente, A. S. Chapter Six - Management of Soil Acidity of South American Soils for Sustainable Crop Produc‑
tion. Editor(s): Donald L. Sparks, Advances in Agronomy. 128, 221-275. https://​doi.​org/​10.​1016/​B978-0-​12-​802139-​2.​00006-8 
(Academic Press, 2014). 

	37.	 Sintorini, M. M., Widyatmoko, H., Sinaga, E. & Aliyah, N. Effect of pH on metal mobility in the soil. IOP Conf. Ser. Earth Environ. 
Sci. 737, 012071. https://​doi.​org/​10.​1088/​1755-​1315/​737/1/​012071 (2021).

	38.	 Ali, S., Mustafa, S., Erkan, Y., Selehattin, Y. & Hasan, O. Characterization of heavy metal fractions in agricultural soils by sequential 
extraction procedure: The relationship between soil properties and heavy metal fractions. Soil Sediment Contam. An Int. J. 24(1), 
1–15. https://​doi.​org/​10.​1080/​15320​383.​2014.​907238 (2015).

	39.	 Shahid, S. A., Zaman, M. & Heng, L. Introduction to soil salinity, sodicity and diagnostics techniques. In: Guideline for salin‑
ity assessment, mitigation and adaptation using nuclear and related techniques. Springer, Cham. (2018). https://​doi.​org/​10.​1007/​
978-3-​319-​96190-3_1

	40.	 Li, G., Lu, N., Wei, Y. & Zhu, D. Relationship between heavy metal content in polluted soil and soil organic matter and pH in 
mining areas. IOP Conf. Ser. Mater. Sci. Engg. 394, 052081. https://​doi.​org/​10.​1088/​1757-​899X/​394/5/​052081 (2018).

https://doi.org/10.1007/BF02784599
https://doi.org/10.1007/BF02784599
https://doi.org/10.1016/bs.ant.2020.11.003
http://www.bbs.gov.bd
https://doi.org/10.1007/s12403-020-00380-7
https://doi.org/10.1007/s12403-020-00380-7
https://doi.org/10.1007/s10653-022-01227-7
https://doi.org/10.37591/joise.v4i2.1941
https://doi.org/10.9734/JGEESI/2020/v24i330207
https://doi.org/10.3389/fphar.2017.00830
http://www.bbs.gov.bd
https://doi.org/10.1080/10934529.2011.598810
https://doi.org/10.1080/10934529.2011.598810
https://doi.org/10.1007/s10661-014-4040-y
https://doi.org/10.1021/ac50043a017
https://doi.org/10.3107/jesss.2.1
https://doi.org/10.1016/0016-7037(64)90129-2
https://doi.org/10.4172/2381-8719.1000237
http://www.bbs.gov.bd
https://doi.org/10.1016/j.mex.2019.07.017
https://semspub.epa.gov/work/HQ/400750.pdf
https://semspub.epa.gov/work/HQ/400750.pdf
https://doi.org/10.1093/ajcn/67.5.1054S
https://doi.org/10.1093/ajcn/67.5.1054S
https://doi.org/10.1182/blood.V22.4.416.416
https://doi.org/10.1182/blood.V22.4.416.416
http://www.metalsriskassessment.org/
https://www.R-project.org/
https://doi.org/10.1016/B978-0-12-802139-2.00006-8
https://doi.org/10.1088/1755-1315/737/1/012071
https://doi.org/10.1080/15320383.2014.907238
https://doi.org/10.1007/978-3-319-96190-3_1
https://doi.org/10.1007/978-3-319-96190-3_1
https://doi.org/10.1088/1757-899X/394/5/052081


13

Vol.:(0123456789)

Scientific Reports |        (2022) 12:14278  | https://doi.org/10.1038/s41598-022-17930-5

www.nature.com/scientificreports/

	41.	 Dhaliwal, S. S., Naresh, R. K., Mandal, A., Singh, R. & Dhaliwal, M. K. Dynamics and transformations of micronutrients in agri-
cultural soils as influenced by organic matter build-up: A review. Environ. Sustain. Indic. 1–2, 100007. https://​doi.​org/​10.​1016/j.​
indic.​2019.​100007 (2019).

	42.	 AMEC. Human Health Risk Assessment. Technical Data Report. AMEC Earth & Environment. A division of AMEC Americas 
Limited, Calgary, Alberta. pp. 21–23 (2010).

	43.	 NAP (The National Academy Press). Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, 
Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc (2001). www.​nap.​edu.

	44.	 Taghipour, M., Ayoubi, S. & Khademi, H. Contribution of lithologic and anthropogenic factors to surface soil heavy metals in 
Western Iran using multivariate geostatistical analyses. Soil Sediment Contam. An Int. J. 20(8), 921–937. https://​doi.​org/​10.​1080/​
15320​383.​2011.​620045 (2011).

	45.	 Moslehuddin, A. Z. M., Laizoo, S. & Egashira, K. Trace elements in Bangladesh paddy soils. Commun. Soil Sci. Plant Anal. 
30(13–14), 1975–1996. https://​doi.​org/​10.​1080/​00103​62990​93703​47 (1999).

	46.	 Rahman, M. S. et al. The occurrences of heavy metals in farmland soils and their propagation into paddy plants. Environ. Monit. 
Assess. 190, 201. https://​doi.​org/​10.​1007/​s10661-​018-​6577-7 (2018).

	47.	 Kormoker, T. et al. Toxic metals in agricultural soils near the industrial areas of Bangladesh: Ecological and human health risk 
assessment. Toxin Rev. 40(4), 1135–1154. https://​doi.​org/​10.​1080/​15569​543.​2019.​16507​77 (2021).

	48.	 Chowdhury, M. T. A., Meharg, A. A., Price, A. H. & Norton, G. J. Geochemical variability in the soils of Bangladesh as affected by 
sources of irrigation water and inundation land types. SN Appl. Sci. 3, 256. https://​doi.​org/​10.​1007/​s42452-​021-​04269-1 (2021).

	49.	 Turekian, K. K. & Wedepohl, K. H. Distribution of the elements in some major units of the earth’s crust. Bull. Geol. Soc. Am. 72(2), 
175–192. https://​doi.​org/​10.​1130/​0016-​7606(1961)​72[175:​DOTEIS]​2.0.​CO;2 (1961).

	50.	 USEPA. Screening Level Ecological Risk Assessment Protocol. Appendix E: Toxicity Reference Values. EPA 530-D99–001C. U. S. 
EPA Region 6, Office of Solid Waste (1999).

	51.	 CCME (The Canadian Council of Ministers of the Environment). Canadian Soil Quality Guidelines for the Protection of Environ-
mental and Human Health. Summary Tables, Update 7.0, September 2007. Excerpt from Publication No. 1299; ISBN 1–896997–
34–1 (2007).

	52.	 Swartjes, F., D′Alessandro, M. & Carlon, C. Variability of Soil Screening Values. In: Carlon, C. (Ed.). Derivation methods of soil 
screening values in Europe. A review and evaluation of national procedures towards harmonization. European Commission, Joint 
Research Centre, Ispra, Italy, EUR 22805-EN, 306 pp. (2007).

	53.	 Yaroshevsky, A. A. Abundances of chemical elements in the Earth’s crust. Geochem. Int. 44(1), 54–62. https://​doi.​org/​10.​1134/​
S0016​70290​60100​6X (2006).

	54.	 Shi, T. et al. Status of lead accumulation in agricultural soils across China (1979–2016). Environ. Int. 129, 35–41. https://​doi.​org/​
10.​1016/j.​envint.​2019.​05.​025 (2019).

	55.	 Ahmad, J. U. & Goni, M. A. Heavy metal contamination in water, soil, and vegetables of the industrial areas in Dhaka, Bangladesh. 
Environ. Monit. Assess. 166, 347–357. https://​doi.​org/​10.​1007/​s10661-​009-​1006-6 (2010).

	56.	 Zakir, H. M., Sharmin, S., Akter, A. & Rahman, M. S. Assessment of health risk of heavy metals and water quality indices for 
irrigation and drinking suitability of waters: A case study of Jamalpur Sadar area, Bangladesh. Environ. Adv. 2, 100005. https://​
doi.​org/​10.​1016/j.​envadv.​2020.​100005 (2020).

	57.	 Roberts, T. L. Cadmium and phosphorous fertilizers: The issues and the science. Proc. Engg. 83, 52–59. https://​doi.​org/​10.​1016/j.​
proeng.​2014.​09.​012 (2014).

	58.	 Gonzalez-Guerrero, M., Escudero, V., Saez, A. & Tejada-Jimenez, M. Transition metal transport in plants and associated endos-
ymbionts: Arbuscular mycorrhizal fungi and rhizobia. Front. Plant Sci. 7, 1088. https://​doi.​org/​10.​3389/​fpls.​2016.​01088 (2016).

	59.	 Shaheen, N. et al. Presence of heavy metals in fruits and vegetables: Health risk implications in Bangladesh. Chemosphere 152, 
431–438. https://​doi.​org/​10.​1016/j.​chemo​sphere.​2016.​02.​060 (2016).

	60.	 Sultana, R., Chamon, A. S., Mondol, M. N. & Tasnim, I. Metal concentration in commonly sold fruit vegetables in Dhaka city 
market and probable health risk. Dhaka Univ. J. Biol. Sci. 30(1), 35–47 (2021).

	61.	 Islam, M. A., Romic, D., Akber, M. A. & Romic, M. 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 (2018).

	62.	 Gimeno-Garcia, E., Andreu, V. & Boluda, R. Heavy metals incidence in the application of inorganic fertilizers and pesticides to 
rice farming soils. Environ. Pollut. 92(1), 19–25. https://​doi.​org/​10.​1016/​0269-​7491(95)​00090-9 (1996).

	63.	 Raza, M. S. et al. Present status of insecticides use for the cultivation of brinjal in Kushtia region, Bangladesh. Int. J. Engg. Sci. 
Inven. 7(1), 44–51 (2018).

	64.	 Codex Alimentarius Commission. Food additives and contaminants. ALINORM 01/12A (pp. 1–289). Geneva: Joint FAO/WHO 
Food Standards Programme (2001).

	65.	 Jahan, S. & Strezov, V. Comparison of pollution indices for the assessment of heavy metals in the sediments of seaports of NSW, 
Australia. Mar. Pollut. Bull. 128, 295–306. https://​doi.​org/​10.​1016/j.​marpo​lbul.​2018.​01.​036 (2018).

	66.	 Zhang, J. & Liu, C. L. Riverine composition and estuarine geochemistry of particulate metals in China-weathering features, 
anthropogenic impact and chemical fluxes. Estuar. Coast. Shelf Sci. 54, 1051–1070. https://​doi.​org/​10.​1006/​ecss.​2001.​0879 (2002).

	67.	 Kim, H. S., Kim, Y. J. & Seo, Y. R. An overview of carcinogenic heavy metal: Molecular toxicity mechanism and prevention. J. 
Cancer Prev. 20(4), 232–240. https://​doi.​org/​10.​15430/​JCP.​2015.​20.4.​232 (2015).

	68.	 Gergen, I. & Harmanescu, M. Application of principal component analysis in the pollution assessment with heavy metals of veg-
etable food chain in the old mining areas. Chem. Central J. 6, 156 (2012). http://​journ​al.​chemi​stryc​entral.​com/​conte​nt/6/​1/​156

	69.	 Hammer, O., Harper, D. A. T. & Ryan, P. D. PAST - Palaeontological statistics software package for education and data analysis. 
Palaeontol. Electron. 4, 1–9 (2001).

	70.	 Afyuni, M., Khoshgoftarmanesh, A. H., Dorostkar, V. & Moshiri, R. Zinc and cadmium content in fertilizer commonly used in 
Iran. In: International Conference of Zinc Crops, 24–26 May 2007 Istanbul, Turkey (2007).

Acknowledgements
The Ministry of Science and Technology, Government of the People’s Republic of Bangladesh, Dhaka-1000, 
Bangladesh financially supported this work for the fiscal year 2020-21 and 2021-22 under Special Allocation 
for Science and Technology, Sanction Order nos. 39.00.0000.009.06.009.20-1331(90BS) dated December 08, 
2020 and  39.00.0000.009.14.019.21-745(416ES) dated December 15, 2021 (BAURES IDs #  2020/04/MoST 
and 2021/68/MoST, respectively).

Author contributions
A.B. Investigation, Resources, Methodology, Data curation. Z.H.M. Conceptualization, Methodology, Supervi-
sion, Fund acquisition, Writing- Reviewing and Editing. S.S. Data curation, Writing - Original Draft, Visualiza-
tion. Q.Q.F. Methodology, Validation, Writing- Reviewing and Editing. R.M.H. Data analysis with ’R’ software, 

https://doi.org/10.1016/j.indic.2019.100007
https://doi.org/10.1016/j.indic.2019.100007
http://www.nap.edu
https://doi.org/10.1080/15320383.2011.620045
https://doi.org/10.1080/15320383.2011.620045
https://doi.org/10.1080/00103629909370347
https://doi.org/10.1007/s10661-018-6577-7
https://doi.org/10.1080/15569543.2019.1650777
https://doi.org/10.1007/s42452-021-04269-1
https://doi.org/10.1130/0016-7606(1961)72[175:DOTEIS]2.0.CO;2
https://doi.org/10.1134/S001670290601006X
https://doi.org/10.1134/S001670290601006X
https://doi.org/10.1016/j.envint.2019.05.025
https://doi.org/10.1016/j.envint.2019.05.025
https://doi.org/10.1007/s10661-009-1006-6
https://doi.org/10.1016/j.envadv.2020.100005
https://doi.org/10.1016/j.envadv.2020.100005
https://doi.org/10.1016/j.proeng.2014.09.012
https://doi.org/10.1016/j.proeng.2014.09.012
https://doi.org/10.3389/fpls.2016.01088
https://doi.org/10.1016/j.chemosphere.2016.02.060
https://doi.org/10.1007/s10653-017-9907-8
https://doi.org/10.1007/s10653-017-9907-8
https://doi.org/10.1016/0269-7491(95)00090-9
https://doi.org/10.1016/j.marpolbul.2018.01.036
https://doi.org/10.1006/ecss.2001.0879
https://doi.org/10.15430/JCP.2015.20.4.232
http://journal.chemistrycentral.com/content/6/1/156


14

Vol:.(1234567890)

Scientific Reports |        (2022) 12:14278  | https://doi.org/10.1038/s41598-022-17930-5

www.nature.com/scientificreports/

Visualization, Writing- Editing. R.M.S. Data curation, Writing- Editing. S.M. Data curation, Writing- Editing. 
All authors reviewed the manuscript. All of the authors have read and approved the paper for submission of 
publication.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​022-​17930-5.

Correspondence and requests for materials should be addressed to H.M.Z.

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-17930-5
https://doi.org/10.1038/s41598-022-17930-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Human health implications of trace metal contamination in topsoils and brinjal fruits harvested from a famous brinjal-producing area in Bangladesh
	Materials and methodology
	Soil and brinjal sampling. 
	Sample processing. 
	Preparation of extracts. 
	Determination of trace metals and soil physicochemical properties. 
	Quality control in the experiments. 
	Assessment of soil pollution level. 
	Calculation of human health risk. 
	Calculation of daily intake of trace metals through brinjal consumption. 
	Calculation of chronic daily intake (CDI) of trace metals. 
	Calculation of non-cancer health risk. 
	Calculation of carcinogenic health risk. 

	Statistical analysis. 
	Ethical approval. 

	Results and discussion
	Physicochemical properties of soils. 
	Trace metal contents in the surface soils. 
	Trace metal contents in edible part of brinjal. 
	Evaluation of soil pollution. 
	Evaluation of human health risk. 
	Non-cancer health risk. 
	Carcinogenic health risk. 

	Principal component analysis (PCA). 

	Conclusions
	References
	Acknowledgements


