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ABSTRACT

An experiment was conducted in pots to study heavy metal uptake pattern and to assess health risk
for adult male and female through consumption of tomato grown in industrial contaminated soils.
The experiment was conducted at the net house of the Department of Agricultural Chemistry,
Bangladesh Agricultural University, Mymensingh-2202 followed by completely randomized design
(CRD) with four replications. Tomato fruits were grown in two types of agricultural soils, one was
industrial contaminated and the other was normal farm soil. Edible parts of tomato fruits were
harvested at maturity. The amount of Fe, Mn, Cu, Zn, Cr and Pb present in dried fruits, leaves,
shoots and roots of tomato were extracted using di-acid mixture and the concentrations of these
metals in aqueous extracts were determined by an atomic absorption spectrophotometer (AAS).
Health risk was measured by calculating target hazard quotients (THQ) as established by the US
EPA. Heavy metals uptake pattern was in the sequence of Cr > Fe > Mn > Cu > Zn = Pb; Fe > Cr >
Mn > Cu >2n >Pb; Fe > Cr>Mn >2n > Cu > Pb and Cr > Fe > Mn > Zn > Cu > Pb in fruits,
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leaves, roots and shoots of tomato, respectively. The present study revealed that tomato fruits
didn’t accumulate Zn although there was a significant amount of available Zn in the soils. The order
of Zn, Cr and Cu accumulation by tomato plants was root = shoot > leaf > fruit. In case of Fe and
Mn the sequence were root > leaf > shoot > fruit and leaf > shoot > root > fruit, respectively. Among
the metals, available concentration of Cr in soils collected from both sites exceeded the soil quality
standards, indicating a high risk to the surrounding ecosystems. The calculated THQ values for the
metals showed that only Cr had individual value that surpassed 1, and the values for male were
6.15 & 13.26 and for female were 10.63 & 22.93 due to consumption of tomato grown in farm and
industrial contaminated soils, respectively. The overall results showed that industrial contaminated
sites were more susceptible than normal agricultural farm sites. The study results inferred that Cr
health risk through consumption of tomato is unsafe; and in both places female is more vulnerable
than male. Finally, the study recommended to investigate the levels of heavy metals in other
vegetables and cereals, and also on the occurrence of the diseases linked to heavy metals in the

study area.
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1. INTRODUCTION

Heavy metal contamination in cereals and
vegetables is a burning question in Bangladesh
agriculture, which has become a challenge for
both producers and consumers. There are
several reports that discharge of untreated
industrial waste water is polluting soil and water
in the country [1-8]. Crops and vegetables grown
in contaminated soils can be a dietary source of
heavy metal for human beings [9-12]. Vegetables
grown in heavy metal contaminated soils usually
showed an increased metal uptake trend in all
over the world. Thus, crops and vegetables
cultivated in contaminated soils acquire heavy
metals in huge quantities to cause potential
health risks to the consumers [13]. It has been
reported that only 15 ppm available arsenic is
enough to create severe health risk through the
consumption  of  vegetables grown in
contaminated soils [9]. Accumulation of heavy
metals in human body through consumption of
cereals and vegetables created a growing
concern in the recent days. A number of serious
health problems such as kidney problem,
anaemia and blood disorders, stomach irritation,
vomiting etc. can develop due to excessive
dietary intake of heavy metals [14-15].

The daily vegetable consumption by an adult of
Bangladesh is 130 g [16]. Different kinds of
vegetables are grown during the year in tropical
Bangladesh, but very little is known about the
metal contents of vegetables [17]. According to
naser et al. [18], sporadic information regarding
the accumulation of heavy metals in vegetables
grown in industrially polluted soils of the country
is available. Nowadays, crops and vegetables
grown in contaminated soil or use of untreated

industrial wastewater for irrigation is a common
scenario in Bangladesh. But intake of heavy
metals contaminated vegetables may pose a risk
to the human health. So, heavy metal
contamination of the food items is one of the
most important assessment parameters of food
quality assurance [13,19], and international and
national regulations on food quality have lowered
the maximum permissible levels of toxic metals
in food items due to an increased awareness of
the risk [20]. Considering the fact, this study was
planned to study uptake patterns of different
heavy metals and to assess their potential health
risk for human through consumption of tomato
grown in industrial contaminated soils of
Bangladesh.

2. MATERIALS AND METHODS
2.1 Experimental Site

The pot experiment was carried out at the Net
House, Department of Agricultural Chemistry,
Faculty of Agriculture, Bangladesh Agricultural
University (BAU), Mymensingh-2202,
Bangladesh during the period from October 2015
to November 2016.

2.2 Collection of Soils for Experiment

Two types of agricultural soil (farm soil and
industrial contaminated soil) were used for the
pot experiment. Among these, farm soil was
collected from the field of Genetics and Plant
Breeding Farm of BAU, Mymensingh-2202,
Bangladesh. Industrial contaminated soil was
collected from the site near to Noman Composite
Textile Ltd., Habirbari, Bhaluka of Mymensingh.



Requisite amount of both the soils were brought
to the Department of Agricultural Chemistry,
BAU, Mymensingh and processed for pot
experiment.

2.3 Design Used for the Experiment

After collection, both soil samples were analyzed
for an available fraction of heavy metals (Fe, Mn,
Cu, Zn, Pb and Cr) as described by Tessier et al.
[21] and analytical results are presented in Table
1. The experiment was laid out, followed by
completely randomized design (CRD) with four
replications and thus total number of pots were 8
(2x4).

Intercultural

24 Test Crops and

Operations

The experiment was conducted with the
seedlings of tomato (Solanum lycopersicum L.)
var. Udayon collected from Horticultural Farm of
BAU, Mymensingh-2202, Bangladesh.

Fertilizers applied in the pots as recommended
for high yield goal and medium soil fertility status
as described in Fertilizer Recommendation
Guide [22]. Intercultural operations viz. weeding,
irrigation, disease and pest management were
done as and when necessary.

2.5 Harvesting and
Samples

Processing of

Tomato fruits were harvested during early
ripening stage when they attained red colour.
Harvesting was started on March 14 and
completed by March 28, 2016. Different plant
parts viz. leaf, shoot and root were also collected
after completion of tomato fruit harvesting
and samples were tagged and taken to the
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laboratory. Then the samples were air dried for
four days followed by oven drying for 72 hours
until the moisture content attained at desirable
state. Then dried samples were ground and
stored at room temperature for chemical
analyses.

2.6 Chemical Analysis of Plant Samples

Powdered samples of different parts of tomato
plant (viz. leaf, shoot, root and fruit) were used to
prepare aqueous extract by a wet oxidation
method using di-acid mixture as described by
Singh et al. [23]. The concentrations of different
heavy metals in aqueous extracts were
measured by atomic absorption
spectrophotometer (AAS) (AA-7000, Shimadzu,
Japan). Mono element hollow cathode lamp was
employed for the determination of each heavy
metal of interest. At first the AAS was calibrated
followed by the manufacturer's recommendation.
Then the aqueous extract was diluted and/or run
directly in AAS for the determination of metal in
the sample.

2.7 Estimation of Daily Metal Intakes
(DMI)

To appraise the health risk associated with heavy
metal contamination in edible parts of tomato, the
daily intake of metal was calculated with the
following formula-

DMI = (VIR x C)/ BW

Where, VIR is the vegetable ingestion rate (mg
person’ day'), C is the individual metal
concentration in edible parts of tomato samples
(mg kg, fresh weight), BW is the body weight
assuming 70 kg for adult male and 50 kg for
adult females in the present study [24].

Table 1. Morphological characteristics and available heavy metal contents present in the soils
used for the study

Name of soil Agro- Land Soil Conc. of available heavy metal (ug_g")
ecological type colour ¢ Zn Pb Cr Fe Mn
zone (AEZ)

Industrial AEZ-9 (Old Medium Light 9.05 66.34 Trace 79.43 1499 2550

contaminated Brahmaputra high brown

soils Floodplain) land

Farm soils AEZ-9 (Old Medium Dark 8.87 13.23 Trace 57.90 16.56 10.96
Brahmaputra high grey
Floodplain) land




2.8 Target Hazard Quotients (THQ)
THQ is calculated by the general formula
established by the US EPA as follows-

THQ = (EF x Fp x DMI) / (RfD x W x T)

Where, Er is exposure frequency; Fp is the
exposure duration; DMI is the daily metal
ingestion (mg person” day'); RfD is the oral
reference dose (mg kg™ day'); W is the average
body weight (kg) and T is the average exposure
time for noncarcinogens (365 days year' x
number of exposure years).

3. RESULTS AND DISCUSSION

3.1 Uptake Pattern of Heavy Metals in
Different Plant Parts of Tomato

Tomato fruits uptake heavy metals in the
sequence of Cr > Fe > Mn > Cu > Zn = Pb and
concentration of different heavy metals in tomato
leaves was obtained in the order of Fe > Cr > Mn
> Cu > Zn > Pb (Figs. 1 and 2). Tomato roots
uptake different heavy metal in the sequence of
Fe > Cr > Zn > Mn > Cu > Pb whereas, shoots
uptake in the order of Cr > Fe > Zn > Mn > Cu >
Pb (Figs. 3 and 4). The study results inferred that
tomato plants uptake very little amount of Pb
than other heavy metals, which might be due to
trace amount of available Pb content in both the
soils used for this study. On other hand, the
concentrations of available Zn in both the farm
and industrial contaminated soils were 13.23 and
66.34 g g, respectively (Table 1). Present
study results revealed that tomato fruits didn’t
accumulate Zn although there was a significant
amount of available Zn in the soils. The
sequence of Zn accumulation in tomato plants
was root = shoot > leaf > fruit. Furthermore, it
was reported that characteristically Pb and Zn
interact with each other negatively if present in
mixture form. In case of Solanum lycopersicum
L. seedlings both of Pb and Zn antagonistically
affected the uptake rates of each other. This
finding is consistent with the result reported by
MacFarlane and Burchett [25], who observed
that the accumulation of Zn reduced the
accumulation of Pb in leaves and vice versa. The
uptake pattern of Zn and Pb in Zn/Pb amended
soil showed that both Zn and Pb affect the
uptake of each other in an antagonistic way [26].
The uptake pattern of different heavy metals by
the tomato plants was at par with the results
observed by Ngayila et al. [27] for growth of
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Brassica juncea. However, the sequences of Cr,
Cu, Fe and Mn accumulation by different parts of
tomato plants were shoot = root > leaf > fruit, root
> shoot > leaf > fruit, root > leaf > shoot > fruit
and leaf > shoot > root > fruit, respectively.

3.2 Copper Contents in Different Plant
Parts of Tomato

Copper is an essential micronutrient for normal
plant growth and metabolism. It plays an
important role in a large number of
metalloenzymes, photosynthesis-related
plastocyanin and membrane structure [28]. On
the other hand, it has also been reported to be
among the most toxic of the heavy metals [29].
The mean Cu content in tomato fruits was
31.77+1.84 pg g in the sample qrown in farm
soil while it was 43.10+0.51 pug g for industrial
contaminated soil (Fig. 1). The average
concentrations of Cu in tomato leaves, shoots
and roots were 39.21+1.40, 47.93£3.96 and
63.06+2.21 g g, respectively for tomato grown
in farm soils (Figs. 2-4). On the other hand, in
case of industrial contaminated soils, the mean
concentrations of Cu in tomato leaves, shoots
and roots were 57.54+1.77, 60.12+4.24 and
72.0945.32 ug g'1, respectively (Figs. 2-4). The
Cu content in fruits, leaves, shoots and roots of
tomato grown in both farm and industrial
contaminated soils exceeded the critical limit
(5.10-30.00 pg g’1) as reported by Kabata-
Pendias and Pendias [30]. Alam et al. [17]
analyzed vegetable samples from Samta village
of Jessore, Bangladesh and reported average Cu
concentrations in leafy and non-leafy vegetables
were 15.50 and 8.51 ug g™, respectively.

3.3 Zinc Contents in Different Plant Parts
of Tomato

The concentration of Zn in tomato fruit was found
as trace for both the studied soils (Fig. 1). The
mean concentrations of Zn in tomato leaves were
traced and 53.10+2.94 nug g for farm and
industrial contaminated soils, respectively (Fig.
2). On the other hand, the mean concentrations
of Zn in tomato roots grown in farm and industrial
contaminated soils were 41.87+6.16 and
337.754#9.81 pg g, respectively (Fig. 4). The
average concentration of Zn in tomato shoot was
293.27+19.52 ug g in industrial contaminated
soil and it was 47.01+4.95 ug g™ in farm soil (Fig.
3). The study results inferred that leaves, roots
and shoots of tomato plant contained higher
amount of Zn, which was grown in industrial



contaminated soil. This is due to presence of >5
times of higher amount of available Zn (66.34 ug
g”) in industrial contaminated soil than farm soils
of BAU (13.23 pg g') (Table 1). According to
Codex Alimentarius Commission [31], maximum
permissible level of Zn in vegetables is 100 ug g
'. Considering this result, Zn content in leaves of
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both industrial contaminated and farm soils was
below this limit but industrial contaminated root
and shoot crossed this limit. According to Islam
et al. [16] Zn concentrations of leafy vegetables,
fruiting vegetables, and root and tuber
vegetables ranged from 5.81-25.40 ug g, 9.61-
30.48 ug g and 1.98-18.50 ug g, respectively.

Fe

Pb

Zn

B Industrial contaminated soil
= Normal farm soil

o |

0 100

200
Concentration in pg g-'

300 400

Fig. 1. Heavy metal concentrations (ug g™') in tomato fruits grown in both industrial
contaminated and normal farm soils

Zn

Cu

® [Industrial contaminated soil
= Normal farm soil

0 130 260

Concentration in pug g

390 520 650

Fig. 2. Heavy metal concentrations (ug g™') in tomato leaves grown in both industrial
contaminated and normal farm soils
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Fig. 3. Heavy metal concentrations (ug g”') in tomato shoots grown in both industrial
contaminated and normal farm soils

3.4 Chromium Contents in Different

Plant Parts of Tomato

Chemically, trivalent Cr is non-toxic and
necessary for humans, while the hexavalent form
is toxic. Vegetables and fruits that contain higher
amount of chromium are tomato, spinach and
broccoli, and a half cup of these vegetables
contained 11.00 ug g’1 Cr [32]. The average
concentration of Cr in tomato fruits was
176.28+3.23 pg g' for farm soil while it was
380.20+1.40 ug g for industrial contaminated
soils (Fig. 1). The mean concentrations of Cr in
tomato leaves were 390.78%£2.62 and
408.65+1.93 g g'1 for farm and industrial
contaminated soils, respectively (Fig. 2). Average
concentrations of Cr in tomato roots were
402.61+8.37 and 410.7526.10 pg g”' for farm and
industrial contaminated soils, respectively (Fig.
4). The mean concentrations of Cr in tomato
shoots grown in farm and industrial contaminated
soils were 410.03+4.53 and 410.16+2.89 ug g™,
respectively (Fig. 3). The study results inferred
that the concentrations of Cr in all the samples
crossed the critical limit as mentioned by Kabata-
Pendias and Pendias [30], which is due to the
presence of higher amount of DTPA (Diethylene
triamine penta acetic acid) extractable i.e.
available Cr in both farm and industrial
contaminated soils (57.90 and 79.43 ug g,
respectively).

3.5 Lead Contents in Different Plant

Parts of Tomato

The concentration of Pb in tomato fruits, leaves,
roots and shoots sample was found as a trace.
This might be due to the presence of trace
amount of available Pb content in both the soils
used in the study. Furthermore, it was reported
by MacFarlane and Burchett [25], that the
accumulation of Zn reduced the accumulation of
Pb in leaves and vice versa. Lima et al. [33]
reported that the highest Pb concentration was
found in carrot roots, while green collards and
cabbage showed the lowest level of Pb allocated
in the root system. On the other hand, according
to Manecki et al. [34], there was a very low
bioaccumulation rate of the Pb present in the
soil, due to not only the toxicity of this metal to
the plants, but also to its inherent low solubility in
the soil.

3.6 Iron Contents in Different Plant Parts
of Tomato

Iron is an essential nutrient for plant growth and
development, but after certain limit it is regarded
as toxic element for the plants. The safe limit of
Fe in plants is 140 pg g' [35]. The average
concentration of Fe in tomato fruits was
138.90+11.24 ug g for farm soil while it was
142.03+9.34 pg g for industrial contaminated
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Fig. 4. Heavy metal concentrations (ug g™') in tomato roots grown in both industrial
contaminated and normal farm soils

soils (Fig. 1). Minimum and maximum
concentrations of Fe in tomato fruits were 130.28
and 152.74 pg g', respectively. The mean
concentrations of Fe in tomato leaves were
469.76+41.84 and 534.25+75.85 g g'1 for farm
and industrial contaminated soils, respectively
(Fig- 2). In case of root, the mean concentrations
of Fe were 641.72+54.43 and 968.24+84.13 ug
g' in tomato grown in farm and industrial
contaminated soils, respectively (Fig. 4). On the
other hand, average concentrations of Fe in
tomato shoots were 227.63+8.17 and
226.80+7.34 pg g' in farm and industrial
contaminated soils, respectively (Fig. 3). So that
it can be said that Fe concentrations in all parts
of tomato exceeded the safe limit (140 pg g’1) as
stated by Misra and Mani [35]. Arora et al. [36]
reported that Fe concentration in wastewater-
irrigated plants as 116.0 to 378.0 ug g’1 and the
highest mean levels of Fe was detected in mint
and spinach.

3.7 Manganese Contents in Different
Plant Parts of Tomato

Naturally, Mn occurs in many food sources, such
as leafy vegetables, nuts, grains and animal
products [37]. The concentrations of Mn in
different plant parts of tomato samples were
within the normal concentration (20-300 ug g’1)
for plant as described by Kabata-Pendias and

Pendias [30]. The highest amount of Mn (68.62
ug g’1) in tomato fruits was recorded in industrial
contaminated soil and the lowest (59.76 pg g”')
was obtained in tomato harvested from farm
soils. The average concentration of Mn in tomato
fruits was 60.64+0.94 pg g™ for farm soil while it
was 65.50+2.73 ug g' for industrial
contaminated soils (Fig. 1). The mean
concentrations of Mn in tomato leaves were
148.41+4.58 and 170.96+5.06 ug g~ for farm and
industrial contaminated soils, respectively (Fig.
2). In case of shoot, the mean concentrations of
Mn were 103.25+7.48 and 106.263.00 ug g™ in
tomato grown in farm and industrial
contaminated soils, respectively (Fig. 3). On the
other hand, average concentrations of Mn in
tomato roots grown in farm and industrial
contaminated soils were 92.98+8.57 and
90.00+5.13 ug g, respectively (Fig. 4).
3.8 Estimation of Daily Metal Intakes
(DMI)

To evaluate the health risk associated with heavy
metal contamination of tomato, the daily intake of
metals was calculated. There are several
possible pathways of exposure of metals to
humans, but the food chain is the most
important. The daily intake of different heavy
metals was calculated according to the average
vegetable consumption for both adults male and



female. A survey was conducted in March 2016
by using a prepared questionnaire of 30 family
heads at industrial contaminated sites in the
Habirbari area of Bhaluka Upazila and 50 family
heads at Sutiakhali area of Mymensingh Sadar
Upazila. Thus a total of 80 families faced the
interview and in total 270 persons were
effectively interviewed from two study areas. This
survey data were used to calculate an average
consumption rate of tomato per person per day.
The survey results revealed 0.017 kg of tomato
as typical serving for a day for male and 0.015 kg
for female [9]. The daily metals intakes estimate
of Fe, Mn, Zn, Cu, Cr and Pb from tomato were
calculated by multiplying the daily intake (from
survey results) by the mean metal concentrations
determined in this study. The DMI was compared
with the upper tolerable daily intakes for metals.
It is evident from Table 2 that daily metal intake
for Cr, Mn and Cu were several time higher than
that of oral reference doses.

3.9 Target Hazard Quotients (THQ)
Target hazard quotients (THQ) are a complex

parameter used for the estimation of potential
health risks associated with long term exposure
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to chemical pollutants [11,42-43]. The THQ <1
means the exposed population is assumed to be
safe, 1 < THQ < 5 means that the exposed
population is in a level of concern interval and
THQ > 5 indicates the exposed population is in
health risk. THQ parameter is a dimension less
index and THQ values are additive, but not
multiplicative.

In this study, THQ was calculated considering
DMI of people, average body weight for male: 70
kg and female: 50 kg as mentioned by Guyton
and Hall [44], and average life expectancy (male:
70.6 and female: 73.1) [24]. Values of this
parameter (THQ) due to edible part of tomato for
investigated metals are presented in Table 3,
and there was only one individual THQ value that
surpassed 1 i.e. Cr; and the values for male were
6.15 & 13.26 and for female were 10.63 & 22.93
for farm and industrial contaminated soils,
respectively. So it can be inferred from the
present study that Cr health risk through the food
chain via consumption of tomato was unsafe;
and in both places female is more vulnerable
than male. The contributions from all metals
bring the combined target hazard quotients
(CTHQ) value was also surpassed 1 and

Table 2. Daily intakes of heavy metals (DMI) from tomato fruits for both male and female at
farm and industrial contaminated soils of the study areas

Heavy DMI from tomato DMI from tomato Oral reference Tolerable upper

metals grown in farm soils grown in industrial  doses (RfD) intake level (UL)
(mg day” person”)  contaminated soils (mg kg™ day") (mg day™ person ™)

(mg day™ person™)

Male Female Male Female

Cu 0.463 0.572 0.628 0.776 0.040° 10.00°

Zn 0 0 0 0 0.300° 40.00°

Cr 2.568 3.172 5.539 6.842 0.003° NE“

Pb 0 0 0 0 0.004° 0.24°

Fe 2.024 2.500 2.069 2.556 0.700° 45.00°

Mn 0.883 1.091 0.954 1.179 0.0142 11.00°

NE= Not established;? = US EPA [38]; ° = IRIS [39]; ° = Khan et al. [13]; ° = FDA [40] and ° = Garcia-Rico et al.
[41]

Table 3. Target hazard quotients (THQ) and combined target hazard quotient (CTHQ) of heavy
metals for both male and female due to consumption of tomato fruits

Target Hazard Quotients (THQ) CTHQ
Cu Zn Cr Pb Fe Mn

Industrial Male 0.113 0 13.260 0 0.021 0.490 13.884
contaminated Female 0.195 0 22.932 0 0.037 0.847 24.011
soils of the study
area
Farm soils of the  Male 0.083 0 6.148 0 0.021 0.453 6.705
study area Female 0.144 0 10.633 0 0.036 0.784 11.596




the value for male ranged from 6.71 to 13.88 and
for female 11.60 to 24.01, which is also an
indication of potential health risks for population
of the study areas.

4. CONCLUSION

Tomato fruits, leaves, roots and shoots contained
metals in the order of Cr > Fe > Mn > Cu > Zn =
Pb; Fe > Cr > Mn > Cu > Zn > Pb; Fe > Cr > Mn
>Zn > Cu>Pband Cr>Fe>Mn>2Zn>Cu>
Pb, respectively. The present study revealed that
tomato fruits didn’t accumulate Zn although there
was a significant amount of available Zn in the
soils. But roots and shoots of tomato plants
contained higher amount of Zn for both types of
soils and the sequence of Zn accumulation was
root 2 shoot > leaf > fruit. On the other hand, the
order of Cr, Cu, Fe and Mn accumulation by
different parts of tomato plants were shoot = root
> leaf > fruit, root > shoot > leaf > fruit, root > leaf
> shoot > fruit and leaf > shoot > root > fruit,
respectively. The present study also revealed
that available concentration of Cr in soils
collected from both sites exceeded the soil
quality standards, indicating high risk to the
surrounding ecosystems. Tomato grown in those
soils was also contaminated by the relevant
metal, which could pose a potential health
concern to the local residents.

Among the heavy metals present in edible parts
of tomato, only Cr had individual THQ value that
surpassed 1 (6.15 to 13.26 for male, and 10.63
to 22.93 for female). Thus the study results
inferred that Cr health risk through the food chain
via consumption of tomato was unsafe; and in
both places female was more vulnerable than
male. In conclusion, as the estimated intake of
heavy metals in the present study does not
include the contribution of other vegetables and
foods that may represent further contamination
sources to the population subjected. So further
investigation should be focused on the levels of
heavy metals in other vegetables and cereals
along with water and air, also on the occurrence
of the diseases linked to heavy metals in the
study area.

ACKNOWLEDGEMENT

This work was financially supported by the
Ministry of Science and Technology, Government
of the People’s Republic of Bangladesh, Dhaka-
1000, Bangladesh for the financial year 2015-16
under the project no. BS-237.

Haque et al.; AJAAR, 5(4): 1-11, 2018; Article no.AJAAR.40169

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Hossain MA, Zakir HM, Kumar D, Alam
MS. Quality and metallic pollution level in
surface waters of an urban idustrialized
city: A case study of Chittagong city,
Bangladesh. J Ind Safety Engg. 2017;4(2):
9-18.

2. Zakir HM, Islam MM, Hossain MS. Heavy
metal contents in sediments of an urban
industrialized area- a case study of Tongi
canal, Bangladesh. Asian J Water Environ
Pollut. 2017;14(1):59-68.

DOI: 10.3233/AJW-170007

3. Zakir HM, Hossain MS. Metallic pollution
level in soils of Mymensingh town,
Bangladesh: An impact of urbanization and
industrialization. J Ind Safety Engg. 2016;
3(3):17-25.

4, Al Zabir A, Zaman MW, Zakir HM, Uddin
MN, Islam MS, Islam MS. Spatial
dissemination of some heavy metals in soil
adjacent to Bhaluka industrial area,
Mymensingh, Bangladesh. Am J Appl
Scientific Res. 2016;2(6):38-47.

DOI: 10.11648/j.ajasr.20160206.12

5. Zakir HM, Hossain MA, Alam MS. Metallic
pollution in top soils of an urban
industrialized city: A case study of
Chittagong city, Bangladesh. J Chem Bio
Phy Sci. 2017;7(4):835-850.

DOI: 10.24214/jcbps.D.7.4.83550

6. Hossain MS, Zakir HM, Rahman MS, Islam
MM. Toxic metallic contamination in
wastewater of some industrial areas of
Mymensingh town, Bangladesh. Adv Archit
City Environ. 2015;1(3):7-13.

7. Zakir HM, Islam MM, Hossain MS. Impact
of urbanization and industrialization on
irrigation water quality of a canal- a case
study of Tongi canal, Bangladesh. Adv
Environ Res. 2016;5(2):109-123.

DOI: 10.12989/aer.2016.5.2.109

8. Zakir HM, Sumi SA, Sharmin S, Mohiuddin
KM, Kaysar S. Heavy metal contamination
in surface soils of some industrial areas of
Gazipur, Bangladesh. J Chem Bio Phy Sci.
2015;5(2):2191-2206.

9. Aysha MIJ, Zakir HM, Haque R, Quadir
QF, Choudhury TR, Quraishi SB, Mollah
MZI. Health risk assessment for population
via consumption of vegetables grown in



10.

11.

12.

13.

14.

15.

16.

17.

soils artificially contaminated with arsenic.
Arc Cur Res Int. 2017;10(3):1-12.

DOI: 10.9734/ACRI/2017/37612.

Guerra F, Trevizam AR, Muraoka T,
Marcante NC, Canniatti-Brazaca SG.
Heavy metals in vegetables and potential
risk for human health. Sci Agric. 2012;
69(1):54-60.

Harmanescu M, Alda LM, Bordean DM,
Gogoasa |, Gergen |. Heavy metals health
risk assessment for population Vvia
consumption of vegetables grown in old
mining area; a case study: Banat County,
Romania. Chem Central J. 2011,;5:64.
Available:http://journal.chemistrycentral.co
m/content/5/1/64

Zhou H, Yang WT, Zhou X, Liu L, Gu JF,
Wang WL, Zou JL, Tian T, Peng PQ, Liao
BH. Accumulation of heavy metals in
vegetable species planted in contaminated
soils and the health risk assessment. Int J
Environ Res Public Health. 2016;13(3):
289.

DOI: 10.3390/ijerph13030289

Khan S, Cao Q, Zheng YM, Huang YZ,
Zhu YG. Health risks of heavy metals in
contaminated soils and food crops irrigated
with wastewater in Beijing, China. Environ
Pollut. 2008;152:686-692.

DOI: 10.1016/j.envpol.2007.06.056
Damek-Poprawa M, Sawicka-Kapusta K.
Damage to liver, kidney, and testis with
reference to burden of heavy metals in
yellow-necked mice from areas around
steelworks and zinc smelters in Poland.
Toxicol. 2003;186(1-2):1-10.

DOI: 10.1016/S0300-483X(02)00595-4
Turkdogan MK, Kilicel F, Kara K, Tuncer |,
Uygan |. Heavy metals in soil, vegetables
and fruits in the endemic upper
gastrointestinal cancer region of Turkey.
Environ Toxicol Pharmacol. 2003;13(3):
175-179.

DOI: 10.1016/S1382-6689(02)00156-4
Islam MR, Hoque ME, Jahiruddin M, Isalm
M. Heavy metal contamination of
vegetables grown in Chapainawabganj,
Bangladesh and its implication to daily
intake for human health. Bangladesh J
Agric Environ. 2005;1(1):37-48.

Alam MGM, Snow ET, Tanaka A. Arsenic

and heavy metal contamination of
vegetables grown in Samta Vvillage,
Bangladesh. Sci Total Environ. 2003;

308(1-3):83-96.
DOI: 10.1016/S0048-9697(02)00651-4

Haque et al.; AJAAR, 5(4): 1-11, 2018; Article no.AJAAR.40169

10

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Naser HM, Shil NC, Mahmud NU, Rashid
MH, Hossain KM. Lead, cadmium and
nickel contents of vegetables grown in
industrially polluted and non-polluted areas
of Bangladesh. Bangladesh J Agril Res.
2009;34(4):545-554.

Wang XL, Sato T, Xing BS, Tao S. Health
risks of heavy metals to the general public
in Tianjin, China via consumption of
vegetables and fish. Sci Total Environ.
2005;350(1):28-37.

DOI: 10.1016/j.scitotenv.2004.09.044
Radwan MA, Salama AK. Market basket
survey for some heavy metals in Egyptian
fruits and vegetables. Food Chem Toxicol.
2006;44(8):1273-1278.

DOI: 10.1016/).fct.2006.02.004

Tessier A, Campbell PGC, Bisson M.
Sequential extraction procedure for the
speciation of particulate trace metals. Anal
Chem. 1979;51(7):844-851.

DOI: 10.1021/ac50043a017

FRG (Fertilizer Recommendation Guide).
Bangladesh Agricultural Research Council
(BARC), Farmgate, Dhaka-1215; 2012.
Available:www.barc.gov.bd

Singh D, Chhonkar PK, Pandey RN. Sail,
Plant and Water Analysis: A Method
Manual. IARI, New Delhi. India; 1999.

BBS (Bangladesh Bureau of Statistics).
Health and Morbidity Status Survey- 2014.
Bangladesh Bureau of Statistics, Statistics
and Informatics Division, Ministry of
Planning, Govt. of the Peoples Republic of
Bangladesh; 2015.
Available:www.bbs.gov.bd

MacFarlane GR, Burchett MD. Toxicity,
growth and accumulation relationships of
copper, lead and zinc in the grey
mangrove Avicennia marina (Forsk.) Vierh.
Mar Environ Res. 2002;54(1):65-84.

DOI: 10.1016/S0141-1136(02)00095-8
Boedeker W, Drescher K, Burger AR,
Faust M, Grimme LH. Combined effects of
toxicants: The need and soundness of
assessment approaches in ecotoxicology.
Sci Total Environ. 1993;134(2):931-939.
DOI: 10.1016/S0048-9697(05)80100-7
Ngayila N, Botineau M, Baudu M, Basly J-
P. Myriophyllum alterniflorum DC. Effect of
low concentrations of copper and cadmium
on somatic and photosynthetic endpoints:
A chemometric approach. Ecol Ind.
2009;9(2):307-312.

DOI: 10.1016/j.ecolind.2008.05.006

Wong MH, Bradshaw AD. A comparison of
the toxicity of heavy metals using root



29.

30.

31.

32.

33.

34.

35.

36.

37.

elongation of rye grass, lolium perenne.
New Phytol. 1982;91:255-261.
DOI:10.1111/J.1469-8137.1982.TB03310.X
Li L, Xiong ZT. A novel response of wild-
type duckweed (Lemna paucicostata
Hegelm.) to heavy metals. Environ Toxicol.
2004;19(2):95-102.

DOI: 10.1002/t0x.20000

Kabata-Pendias A, Pendias H. Trace
Elements in Soils and Plants. CRC Press,
2" edition, Taylor & Francis Group, USA;
1992.

Codex Alimentarius Commission
(FAO/WHO). Food Additive and
Contaminants.  Joint FAO/ WHO Food
Standard Program, ALINORM 01/12A, 1-
289; 2001.

ATSDR. Toxicological Profile for
Chromium. Washington, DC, US Public
Health Service, (ATSFDR/TP 88/10); 1998.
Lima FS, Nascimento CWA, Silva FBV,
Carvalho VGB, Ribeiro Filho MR. Lead
concentration and allocation in vegetable
crops grown in a soil contaminated by
battery residues. Hortic Bras.
2009;27(3):362-365.

DOI: 10.1590/S0102-05362009000300019
Manecki M, Bogucka A, Badja T,
Borkiewicz O. Decrease of Pb
bioavailability in sols by addition of
phosphate ions. Environ Chem Let. 2006;
3(4):178-181.

DOI: 10.1007/s10311-005-0030-1

Misra SG, Mani D. Soil Pollution. Ashish
Publishing House, 8/81 Punjabi Bagh, New
Delhi, India; 1991.

Arora M, Bala K, Rani S, Rani A, Kaur B,
Mittal N. Heavy metal accumulation in
vegetables irrigated with different water
sources. Food Chem. 2008;111(4):811—
815.

DOI: 10.1016/j.foodchem.2008.04.049
Institute of Medicine. Dietary reference
intakes for vitamin A, vitamin K, arsenic,
boron, chromium, copper, iodine, iron,
manganese, molybdenum, nickel, silicon,

Haque et al.; AJAAR, 5(4): 1-11, 2018; Article no.AJAAR.40169

38.

39.

40.

41.

42.

43.

44.

vanadium and zinc. Institute of Medicine,
Food and Nutrition Board. Washington,
DC, National Academy Press; 2002.

US EPA. Human Health Risk Assessment:
Risk-Based Concentration Table; 2010.
http://www.epa.gov/reg3hwmd/risk/human/rb-

concentration_table/Generic_Tables/ index.htm
IRIS (Integrated Risk Information System).
Chemical Assessment Summary
(Chromium VI; CASRN 18540-29-9).
National  Center for  Environmental
Assessment, u.s. Environmental
Protection Agency; 1987.

FDA (Food and Drug Administration):
Dietary Reference Intakes for Vitamin A,
Vitamin K, Arsenic, Boron, Chromium,
Copper, lodine, Iron, Manganese,
Molybdenum, Nickel, Silicon, Vanadium,
and Zinc. Report of the Panel on
Micronutrients. National Academy Press,
Washington, DC, Food and Drug
Administration. Dietary  supplements.
Center for Food Safety and Applied
Nutrition; 2001.

Garcia-Rico L, Leyva-Perez J, Jara-Marini
ME. Content and daily intake of copper,
zinc, lead, cadmium, and mercury from
dietary supplements in Mexico. Food
Chem  Toxicol. 2007;45(9):1599-1605.
DOI: 10.1016/j.fct.2007.02.027

Khan S, Farooq R, Shahbaz S, Khan MA,
Sadique M. Health risk assessment of
heavy metals for population via
consumption of vegetables. World Appl Sci
J. 2009;6(12):1602-1606.

Petroczi A, Naughton DP. Mercury,
cadmium and lead contamination in
seafood: A comparative study to evaluate
the usefulness of Target Hazard Quotients.
Food Chem Toxicol. 2009;47(2):298-302.
DOI: 10.1016/j.fct.2008.11.007

Guyton C, Hall JE. Textbook of Medical
Physiology. 11" Edition, Elsevier Inc.,
1600 John F. Kennedy Blvd., Suite 1800,
Philadelphia, PA 19103-2899. 2006;1067.

© 2018 Haque et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://prh.sdiarticle3.com/review-history/23585

11



