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+is study was conducted to estimate the heavy metal pollution in groundwater, soil, fruits, and vegetables within the cement
industry and its vicinity. Seven different fruits and vegetables and seven heavy metals (Cd, Zn, Ni, Co, Cu, Cr, and Mn) were
selected for analysis in soil, groundwater, fruit, and vegetable samples by atomic absorption spectrometry (AAS). Results of this
study were compared with the National and International Standards of Pak NSWQD, WHO, and USEPA. +e pH of soil and
groundwater samples was within limits (WHO and Pak NSDWQ standards are 6.5–8.5). +e concentration of Cr and Cu in
groundwater samples was above the WHO and Pak NSDWQ standards (Cr� 0.05 ppm; Cu� 2 ppm). Vegetable samples were
contaminated with metals except for Ni and Mn, whereas, in fruit samples, Mn and Cd were not present (WHO limit for
Mn� 5 ppm). +e mean concentration of Ni was high in fruits (WHO limit� 10 ppm), Zn was high in vegetables (WHO
limit� 100 ppm), and Cu was high in soil and groundwater (WHO limit for soil� 36 ppm; for groundwater� 2 ppm). +e results
of daily intake of metals (DIM) for fruits, vegetables, and groundwater were compared with TDI by USEPA and PTDI of the
WHO/FAO, and all were within the recommended limits. Calculated BAF for the selected environmental sample, that is, Indian
Squash, lime fruit, and so on, was in order of Co>Cr>Cu and THQ; HRI was calculated to estimate the human health risk, and
they were in a trend of Ni>Co>Cd>Cr and for HRI Co>Cr.

1. Introduction

In the industrialized world, constructionmaterial is the most
important nonfuel material that flows worldwide, that is,
cement. Portland cement is used extensively in concrete
formation and as a binding agent in mortars [1]. Worldwide
cement production is increasing from 1990 to 2050, and it is
the second most demanded product in the world after water.
+e cement industry is one of the most important industries
in Pakistan and it plays a significant role in the economic
development of Pakistan. Pakistan’s cement industry is
fulfilling the domestic demand of the country and exporting
it to foreign countries as well. At present, twenty cement

firms are operational and producing cement at their max-
imum capacity in Pakistan. Most of the cement industries
are located in the southern and northern regions as they are
rich in clay, limestone, and other raw materials required for
the production of cement [2].

+e demand for cement will increase, especially in de-
veloping countries like Pakistan and India where the de-
mand for infrastructure and housing societies is high [3]. In
2012, the global production rate of cement reached 3.6
billion tons. It is expected to grow in the coming years by
0.8–1.2% per year and the projected production rate will be
between 3700Mt (megatons) and 4,400Mt. +e demand for
cement and concrete is increasing. Due to the limited
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resources, including fossil fuels and raw materials, the ce-
ment industries have to face many difficulties. With rapid
industrialization, the anxiety related to the environment is
also on the increase [4].

+e production of cement is an energy-intensive process,
and it requires a large amount of nonrenewable fuel and
organic rawmaterial. It was estimated that cement industrial
activities contribute 5% to 6% of the total percentage of
greenhouse gas emissions from human activities, to the
environment. Trace elements and toxic metals are released
into air when industrial waste and secondary fuel sources are
burnt in cement kilns as an alternative fuel source. Gases
released from the cement industry usually contain fluorides,
oxides, NOX, SOX, CO2, and heavy metals [5].

Cement dust can travel long distances through air and
rain, and it has the ability to bioaccumulate in plants and
soil. Heavy metals and other trace elements present in ce-
ment dust can enter the food chain through bio-
magnification and cause several health hazards to the living
beings. Due to the properties of heavy metals like high
bioaccumulative potential, persistence, and toxicity, heavy
metal pollution is a major environmental concern [6]. Trace
amounts of some metals are required for the growth and
functioning of living organisms, but if consumed in higher
quantities, they can be toxic for humans and aquatic life [7].
A high concentration of toxic metals in groundwater enters
the food chain and causes substantial risk [8]. Exposure to
heavy metals causes severe human health implications such
as infertility, neurotoxicity, and cardiovascular and skeletal
diseases in human beings [9]. Moreover, a genotoxic car-
cinogen is a group of toxicants that causes liver and kidney
disorders in humans due to exposure to heavy metals
[10, 11].

Crushing, bagging, and transportation of limestone in-
crease the risk of chemical spread over a large area. It triggers
a variety of problems, especially for soil and vegetation,
because of its alkaline nature. Cement production plants are
now considered a major source of metal pollution in the
environment. +ey emit organic and inorganic chemicals in
the form of metals and metalloids like Cu, Ni, Zn, Cr, Fe, Cd,
As, and Pb. Some of them are toxic to human and plant life
even at very low concentrations [12]. +us this research was
designed in order to determine and quantify heavy metals in
the groundwater samples, soil sediments, fruits, and vege-
tables by atomic absorption spectrometry and this study will
be significant in the determination of estimated health risk
especially carcinogenic risk by determining the Health Risk
Index (HRI) and Target Hazard Quotient.

2. Methodology

2.1. Sample Collection. Samples of fruits, vegetables,
groundwater, and soil were collected from the cement in-
dustry and nearby areas. Drinking water samples were stored
in autoclaved bottles to avoid any contamination, whereas
the samples of soil were collected and stored in sealed plastic
bags for further analysis. Total seven numbers of fresh fruits
(i.e., melon (Cucumis melo), pear (Pyrus), grapefruit
(Citrus× paradisi), mosambi (Citrus limetta), lime fruit

(Citrus× aurantiifolia), guava (Psidium guajava), and apple
(Malus domestica)) and vegetables (i.e., eggplant (Solanum
melongena), turnip (Brassica rapa subsp. rapa), bottle gourd
(Lagenaria siceraria), green chilies (Capsicum annuum),
cauliflower (Brassica oleracea var. botrytis), Indian squash
(Praecitrullus fistulosus), and sapsicum (Capsicum annuum
group) were collected.+e location of the cement industry is
shown in Figure 1.

2.2. Sample Preparation of Fruits and Vegetables. Samples of
fruits (i.e., apple, melon, pear, grapefruit, mosambi, lime
fruit, and guava) and vegetables (i.e., eggplant, bottle gourd,
green chilies, cauliflower, Indian squash, capsicum, and
turnip) were washed thoroughly to remove the dust particles
and other pollutants from the outer surface. +en, they were
sliced down into small pieces (0.5 cm) and sun-dried for
about 10 days. After getting completely dried, they were
grounded into powder form and stored in plastic sealed bags
with proper labels [13].

2.3. Digestion of Metals. For digestion of metals, 30% of
hydrogen peroxide (H2O2) and 50% of nitric acid solution
were prepared. H2O2 solution was labeled as solution A and
the nitric acid solution was labeled as solution B [14].

2.4. Soil Samples. For the preparation of soil samples, 5ml of
solution A and 5ml of solution B were added to a 1 gram of
soil sample with 10ml of deionized water. After this, the
solution was transferred to a round bottom flask. +is round
bottom flask was placed in a large beaker more than half-
filled with silica gel, a piece of Styrofoam was fitted around
the neck of the flask to provide support, and a small piece of
Styrofoam was placed within the neck of the round bottom
flask to avoid any outflow of solution during digestion. After
setting the flask in a beaker, it was placed for about 40
seconds in a microwave for digestion with intervals of 10
seconds. Within these intervals, the flask was taken out from
the beaker to let it cool down and then again placed in the
microwave for further digestion. After complete digestion of
metal, the solution was diluted with 100ml of distilled water
and stored in a vial for analysis by atomic absorption
spectrometry [13].

2.5. Fruits and Vegetables and Groundwater Samples. +e
same procedure was followed for fruits and vegetables. In
groundwater samples collected from the factory and com-
munity area, no digestion was required. Water samples were
filtered and stored in vials and labeled.

2.6. Human Risk Assessment. Human risk assessment was
done by calculating different indexes like THQ, DIM, HRI,
and BAF [15]. +e daily intake of metals (DIM) was cal-
culated by using the following formula:

DIM �
CCmetal × CCfactor × DDintake

Bweight
, (1)
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where Cmetal � concentration of metal in food,
Cfactor � conversion factor 0.085, Dintake � average daily in-
take of food (0.585 kg/person/day of vegetables, 0.256 kg/
person/day, and 1.5 liters/person/day of water intake of the
selected area), Bweight � average body weight for the adult
population, BAF�Cplants/Csoil, Cplants � concentration of
metal in plant, and Csoil � concentration of metal in soil.

Health risk index (HRI)�DIM/ADI, where DIM� daily
intake of metal and ADI� acceptable daily intake.

Target hazard quotient (THQ) is as follows:

THQ �
EFr × EDtot × IFR × C( 

(RfDo × BWa × ATn)
  × 10− 3

, (2)

where EFr� the exposure frequency (365 days/year) (122
days/year), EDtot � exposure duration (66-year average life
span), IFR� food ingestion rate, C� concentration (ppm),
RfDo� oral reference dose (µg g−1 day−1), BWa� adult body
weight (60 kg), and ATn� average time for noncarcinogens
(it is calculated by EFr×EDtot).

3. Results and Discussion

+e groundwater samples of the cement industry and the
nearby community were odorless, and the taste was acceptable.
In physical appearance, all the samples were colorless as within
the physical appearance standards for drinking water of
Pakistan NSDWQ and WHO drinking water quality guide-
lines.+e groundwater pH values are shown in Figure 2.+ese
are found in the range between 6.5 and 8.5. +e pH of cement
industry water samples was 6.58 to 7.82, and the pH values for
community water samples rages from 7.63 to 7.96. All pH
values were within limits given byWHOand Pakistan standard
values NSQWQ.

+e pH of soil samples collected from the cement in-
dustry ranges between 6.68 and 7.81 and the soil samples
collected from the nearby area of industry range from 7.06 to
7.53 which was neutral slightly towards alkaline.

Heavy metals were detected in the collected samples
through atomic absorption spectrometry (AAS) in different
concentrations given in Table 1. Cobalt was present in both soils
(cement industry and in the nearby community). +e con-
centration of cobalt varies from 1.1ppm to 1.89ppm. +e

concentration of chromium in community area soil was from
0.8ppm to 1.35ppm, and the same goes for the chromium levels
in cement industry soil. Although chromium was detected in
the study area, its concentration levels do not exceed any of the
soil standards given by WHO. +e concentration of copper in
soil samples was also within the limits of WHO (36ppm).

Heavy metals such as Ni, Cd, Cr, Co, Mn, Cu, and Zn
were detected in the groundwater samples [16, 17]. +e
results of heavy metal detection showed that Ni was below
the detection limit in the groundwater [18]. +e concen-
tration of chromium in groundwater was between 0.8 ppm
and 5 ppm exceeding the standard values of WHO, Pak
NSDWQ, that is, 0.05 ppm, and also crossing the standard
limit of USEPA.+e highest concentration of chromiumwas
observed in samples numbers 3, 5, and 8 of the cement
industry, whereas in community groundwater samples, the
highest concentration of Cr was 5 ppm in sample 3 while Zn,
Cd, and Mn were not present. High Cr intake by the human
body can cause damage to the intestinal tract [19]. +e
mobility of chromium in soil depends on several soil factors
like clay content, soil characteristics, and organic content.
With the increase of soil pH, chromium leaches down deeper
in water reservoirs and contaminated groundwater sources.
Most of the chromium which leaches down from soil to
groundwater is an insoluble and unabsorbed form [20].

Copper enters surface and groundwater sources by con-
taminated soil and polluted urban dust. Several studies re-
ported that urban areas are highly contaminated with Cr, Ag,
Cu, Mn, Pb, and Zn [21]. Most critical levels of copper were
reported in all groundwater samples. Detected values of copper
were 1.75ppm, 2ppm, 2.5 ppm, 3.2 ppm, and 3.6 ppm,
whereas, in the community, the concentration ranges from
1.5 ppm to 36ppm. All samples exceeded the standard limits as
the maximum allowable limit for copper in drinking water by
WHO, PAK NSDWQ, is 2 ppm, and by USEPA, it is 1.3 ppm.
Heavy metals like copper leached down from soil to
groundwater and contaminate the drinking water resources

Figure 1: Map of study area (source: Google Earth).
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Figure 2: pH results of soil samples collected from the cement
industry and its nearby area.
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Table 1: Results of heavy metal concentration in samples.

Sample Cobalt
(ppm)

Nickel
(ppm)

Cadmium
(ppm)

Chromium
(ppm)

Zinc
(ppm)

Copper
(ppm) Manganese (ppm)

Vegetables
Eggplant (Solanum melongena) 1.85 — 0.6 0.8 9.98 1.5 —
Turnip (Brassica rapa subsp. rapa) — — 0.8 — — —
Bottle gourd (Lagenaria siceraria) 1.97 — — — 10.2 1.5 —
Green chilies (Capsicum annuum) 4 — — — 4.18 — —
Cauliflower (Brassica oleracea var.
botrytis) 4 — — 0.8 4.47 — —

Indian squash (Praecitrullus
fistulosus) 4.1 — — 0.8 6.8 1.5 —

Capsicum (Capsicum annuum
group) — — 0.8 — — —

WHO 0.01 67 0.1 1.3 100 73 6.61
USEPA — — — — — 1.3 —
Fruits
Melon (Cucumis melo) 3.9 — — — 4.2 — —
Pear (Pyrus) 1.42 — — — — — —
Grapefruit (Citrus× paradisi) 1.42 — — 0.8 3.9 — —
Mosambi (Citrus limetta) 0.7 — — 0.8 1.25 — —
Lime fruit (Citrus× aurantiifolia) 1 — — 0.8 1.2 — —
Guava (Psidium guajava) 1.75 4.6 — 1.35 0.9 — —
Apple (Malus domestica) — — — — — 1.5 —
WHO — 10 0.02 1.3 60 10 5
Soil samples from the community
0-1 1.1 — — — — 2.5 —
0-2 1.1 — — — — 2 1.68
0-3 1.75 — — — — 1.5 1.9
0-4 1.86 — — 0.8 — 1.5 1.1
0-5 1.87 — — 0.8 — — 2.03
0-6 1.88 — — 1.35 — — —
0-7 1.87 — — — 2 —
0-8 1.86 — — — — 2 0.85
0-9 1.88 — — 0.8 — — 2.1
0-10 1.89 — — — — 1.75 1.7
Soil samples from the industry
F—1 1.86 — — 0.8 — 1.5 —
F—2 1.75 — — — — 2 —
F—3 1.87 — — — — 1.75 —
F—4 1.85 — — — — 3 —
F—5 1.86 — — 1.35 — 1.75 —
F—6 1.85 — — 0.8 — 3.2 —
F—7 1.87 — — 0.8 — 1.75 —
F—8 1.87 — — 0.8 — 1.5 —
F—9 1.86 — — 0.8 — 2 —
F—10 1.85 — — 0.8 — 2.5 —
WHO 20 35 0.8 100 50 36 12
Groundwater samples from the industry
w/f-1 1.86 — — 0.3 — 2.5 —
2 1.75 — — 0.8 — 1.75 —
3 1.42 — — 1.35 — 2 —
4 1.75 — — 0.8 — 2.5 —
5 1.85 — — 1.35 — 3.6 —
6 1.86 — — 0.8 — 2 —
7 1.85 — — 0.8 — 3.2 —
8 1.75 — — 1.35 — 2 —
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[19]. Copper is essential for the human body in trace amounts,
high levels of copper can result in renal failure, liver damage,
anemia, and intestinal and stomach problems. Most common
sources of copper in drinking water are copper pipes and
additives which are added in water tanks and pipes to control
algal growth [22]. All heavy metals were detected in fruits and
vegetables except for manganese [23].

Cd concentration (0.6ppm) in eggplant was found higher
than the CODEX, EU, and WHO standards for cadmium
concentration in food. Cadmium is easily taken up by the plants
and food crops grown near or within the vicinity of the cement
industry. Different studies havewitnessed a high concentration of
cadmium in food crops near the cement industries. Plants have
the capacity to accumulate Cd from soil and cause serious threats
to consumers [24, 25]. Vegetables grown in the industrial area of
Faisalabad also showed a very high concentration of Cd [22].

Zinc is quite immobile in the soil; however, the majority of
the food crops have a high level of accumulated zinc. High
concentrations of zinc have been reported in vegetables and fruits
grown within the cement industry area and near to it [12, 24].
Zinc was present in almost all of the vegetables as follows:
eggplant 9.98ppm, bottle gourd 10.2ppm, green chilies 4.18,
cauliflower 4.47ppm, and Indian squash 6.8ppm, except for the
turnip and capsicum.+e levels of Zn in all of the vegetables were
within the recommended standards of WHO which was
100ppm.+epresence of zinc in soil interrupts the breakdownof
organic matter by microbes and plants usually accumulate an
excessive amount of Zn, which their system cannot handle at all.
+e production rate of zinc in this modern age is increasing with
time, whichmeans that it will end up in the ecosystem and enters
the food chain [22]. Copper was also present in eggplant, bottle
gourd, Indian squash, and apple. In the presented study, copper
was also reported in groundwater samples, and soil are given in
Table 2. Most of the copper leached down from soil to
groundwater sources, due to which the amount of Cu present in
soil and plants is less as compared to groundwater. Copper levels
were usually high in industrial area vegetation and groundwater
as it can travel through air over large distances. From the soil, it
leached down in water reservoirs [12, 19].

+e majority of heavy metals were detected in the soil
samples of the cement industry and the nearby area. Co,Mn, Cr,
and Cu were detected at different concentrations in soil. +e
level of cobalt in soil ranges from 1.1ppm to 1.89ppm. Cobalt
was reported in the soil and in a number of vegetables and fruits.

In vegetable samples, the concentration levels of cobalt were as
follows: Indian squash> cauliflower>green chilies>bottle
gourd> eggplant with concentrations of 4.1ppm, 4ppm,
1.97ppm, and 1.85ppm. In case of fruits, Cowas present in all of
them except for apple, and the levels of Co range from 0.7ppm
to 3.9ppm in the order of melon>guava>pear>grapefruit>
lime fruit>mosambi. AAS detected Cr not only in groundwater
and vegetables but also in the fruits and soil of the study area.+e
concentration of Cr was reported by several researchers. +e
highest concentration of Cr was found in sample 6 of the
community and sample 5 of cement industry soil which was
1.35ppm. Overall, the Cr contamination in soil was within the
WHO standards. Contaminated soil with heavymetals increases
the risk of metal uptake by plants and accumulation in different
edible parts [24, 25]. Plants grown near the surface of con-
taminated soil have a high potential to uptake heavymetals as the
contaminants were absorbed by the plants and stick on the outer
surface of plants [16, 26, 27].Manganesewas only detected in the
community’s soil, the highest concentration ofMnwas 2.03ppm
in sample 5, and 1.1ppmwas the lowest concentration in sample
4. No manganese was detected in the soil samples of the cement
industry. Vegetation grown in Mn soil can decrease the level of
Ca and Mg in plants, disturb the protein synthesis, and increase
the risk of nitrate uptake from the soil [16]. Nitrogen is added to
the soil in the form of fertilizers and contaminates the soil from
various natural and anthropogenic sources.

+e soil standard for copper by WHO is 36ppm; when
compared with the concentration levels of Cu in the soil, the
concentration of copper for all the samples falls within the
recommended range of standards. In fruit samples, Ni and Cu
were detected in apples as the concentration of Cu was 1.5 ppm
falling within the standards of CODEX and WHO of 40ppm
and 10ppm,whereas the concentration level ofNiwas 4.6 ppm;
it was also within the recommended standard of WHO. Plants
uptake metals from the soil, whereas some of the metals leach
down from soil to groundwater.

Mean concentrations of all heavy metals were calculated
to determine the highest concentration of metals in soil,
groundwater, fruits, and vegetables (Table 2).

3.1.MeanConcentrationTrend ofHeavyMetals inVegetables.
+e trend of the study area was Zn (7.126)>Co (3.184)>Cu
(1.5)>Cr (0.8)>Cd (0.6), and in fruits, it was Ni (4.6)>Zn
(2.29)>Co (1.698)>Cu (1.5)>Cr (0.9375).

Table 1: Continued.

Sample Cobalt
(ppm)

Nickel
(ppm)

Cadmium
(ppm)

Chromium
(ppm)

Zinc
(ppm)

Copper
(ppm) Manganese (ppm)

Groundwater samples from the community
w/0-1 — — — 0.3 — 2 —
2 — — — 1.35 — 3.2 —
3 — — — 5 — 3.2 —
4 — — — — — 2 —
5 — — — — — 2.5 —
6 — — — — — 3.2 —
7 — — — — — 3.6 —
8 — — — — — 1.5 —
WHO — 0.02 0.003 0.05 3 2 0.5
NSDWQ — 0.02 0.01 0.05 5.0 2 0.5
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3.2. Soil Samples of the Community. +e highest concen-
tration of copper was observed, and chromium concen-
tration was the least one. Mean concentrations were in order
of Cu (1.8928)>Co (1.698)>Mn (1.6228)>Cr (0.9375).

3.3. Soil Samples of the Cement Industry. Copper was at the
highest level of contamination: Cu (2.095) >Co (1.849) >Cr
(0.8785).

3.4. Cement Industry Groundwater. It was enriched with
copper with an average concentration of 2.4437 ppm and the
trend of heavy metals was Cu (2.4437)>Co (1.93875)>Cr
(0.9437).

3.5. 7e Groundwater of Community. +e trend of heavy
metals observed in the groundwater of the community was
Cu (2.65)>Cr (2.216).

Table 2: Mean concentration of heavy metals (ppm).

Samples Co Zn Ni Cu Mn Cd Cr
Vegetables 3.184 7.126 — 1.5 — 0.6 0.8
Fruit 1.698 2.29 4.6 1.5 — — 0.9375
Soil from the community 1.706 — — 1.8928 1.6228 — 0.9375
Soil from the cement industry 1.849 — — 2.095 — — 0.8785
Groundwater sample from the cement industry 1.9387 — — 2.4437 — — 0.94275
Groundwater sample from the community — — — 2.65 — — 2.216

Table 3: Comparison of daily intake of metal with tolerable daily intake (mg/kg/day) and provisional tolerable daily intake (mg/kg/day) for
vegetables, fruits, and groundwater samples.

Sample Cr Ni Cd Zn Cu Mn Co
Vegetables
Eggplant (Solanum melongena) 0.000663 — 0.00022525 0.008270925 0.001243125 — —
Bottle gourd (Lagenaria siceraria) — — — 0.00845325 0.001243125 — —
Green chilies (Capsicum annuum) — — — 0.003464175 — — —
Cauliflower (Brassica oleracea var.
botrytis) 0.000663 — — 0.0037045125 — — —

Indian squash (Praecitrullus fistulosus) 0.000663 — — 0.0056355 0.001243125 — —
Capsicum (Capsicum annuum group) 0.000663 — — — — — —
Turnip (Brassica rapa subsp. rapa) 0.000663 — — — — — —
Fruits
Apple (Malus domestica) — 0.00172691666 — — 0.000563125 — —
Melon (Cucumis melo) — — — 0.00157675 — — —
Pear (Pyrus) — — — — — —
Grapefruit (Citrus× paradisi) 0.00030033333 — — 0.001464125 — — —
Mosambi (Citrus limetta) 0.00030033333 — — 0.00046927083 — — —
Lime fruit (Citrus× aurantiifolia) 0.00030033333 — — 0.0004505 — — —
Guava (Psidium guajava) 0.0005068125 — — 0.000337875 — — —
Groundwater
1 0.0006375 — — — 0.0053125 — 0.0039525
2 0.0017 — — — 0.00371875 — 0.00371875
3 0.00286875 — — — 0.00425 — 0.0030175
4 0.0017 — — — 0.0053125 — 0.00371875
5 0.00286875 — — — 0.00765 — 0.00393125
6 0.0017 — — — 0.00425 — 0.0039525
7 0.0017 — — — 0.0068 — 0.00393125
8 0.00286875 — — — 0.00425 — 0.00371875
Ground water from the community
1 0.0006375 — — — 0.00425 — —
2 0.00286875 — — — 0.0068 — —
3 0.010625 0.0068
4 0.00425
5 0.0053125
6 0.0068
7 0.00765
8 0.0031875
Mean 0.0017448 0.001726 0.00022525 0.00338268733 0.0043279 — 0.00374265625
TDI (mg/kg/day) 0.03 0.02 0.001 0.3 0.04 0.14 —
PTDI (mg/kg/day) 0.06 — 0.06 60 3 9 —
TDI: by USEPA; PTDI: by WHO/FAO.
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According to USEPA, there is a tolerable daily intake
(TDI) of metals as follows: 0.03 for Cr and 0.02 for Ni. DIM
daily intake of metals was calculated for fruits, vegetables,
and groundwater samples, and the mean average of each
metal was compared with provisional tolerable daily intake
(PTDI) of WHO/FAO and TDI by USEPA as given in
Table 3.+e daily intake values for all metals were within the
prescribed limits.

3.6. Target HazardQuotient (THQ). THQ was calculated for
the contaminated fruits and vegetables to find out the risk to
consumers. +e value of THQ in case of cobalt is greater
than 1 for eggplant, bottle gourd, green chilies, cauliflower,
and Indian squash. In vegetable samples, the highest risk was
posed to the population by the consumption of Indian
squash. +e THQ for fruits contaminated with cobalt also
poses serious health risks to the study area population. +e
trend of THQ in the case of cobalt was
melon> guava> pear> grapefruit> lime fruit>mosambi
and for vegetables, Indian squash> cauliflower> green
chilies> bottle gourd> eggplant. +e concentration of heavy
metals differs in the part of fruits and vegetables.

Nickel was detected in only one fruit with a concen-
tration of 0.6 ppm in apple. +e calculated THQ value was 1,
which showed that the consumption of nickel-contaminated
apples could cause health risks to people. THQ for eggplants
with high levels of cadmium concentration was also not safe
for the consuming population.

Zinc and chromium were present in vegetables and
fruits, but their concentrations were within the standards,
and the THQ results of fruits and vegetables contaminated
with zinc and cadmium showed that their consumption was
on the safe side as the values were <1.

THQ values in the case of chromium were all >1,
which clearly means that they pose a risk on the pop-
ulation, and in fruit samples, guava poses the highest risks
as its THQ was greater than the other Cr contaminated
fruits. However, vegetables contaminated with chromium,
eggplant, turnip, capsicum, cauliflower, and Indian
squash pose a major threat to consumers’ life more than
fruits.

3.7. 7e Bioaccumulation Factor. +e bioaccumulation
factor was calculated by dividing the metal concentration in
plants by the concentration of metal in soil shown in
Figure 3.

BAF is used to estimate the capacity of plants for the
accumulation of metals from contaminated soil. +e cal-
culated results of BAF showed that the transfer of metals
from soil to plant was in the order of Co>Cr>Cu.+e least
value of BAF was calculated in mosambi for cobalt. +e
metal with a higher value of BAF is more available for fruits
and vegetables and more mobile in soil. +erefore, cobalt
and chromium were absorbed more than the others. Cal-
culated values of BAF in this study showed that the vege-
tation grown within the cement industry and nearby areas
has the potential to accumulate cobalt and chromium.+ese
heavy metals enter the food chain through the consumption
of fruits and vegetables by humans and animals as they are
nonbiodegradable and persist in the environment for a long
time [28–30].

HRI was calculated to determine the risk on population
by consuming fruits, vegetables, and water contaminated
with heavymetals.+e calculated value of HRI for cobalt was
greater than 1 in all of the vegetables, groundwater samples,
and fruits (i.e., for melon, HRI> 1).
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Figure 3: Bioaccumulation factor of heavy metal.
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3.8. HRI Value for Cobalt. +e values of HRI of all
groundwater samples of the cement industry were >1,
ranging from 3.9 to 3.1. So, the workers of the cement in-
dustry were at high risk. +e index value for Ni, Cd, Zn, and
Cu was <1, meaning the workers and local inhabitants were
safe. In case of Cr in fruits and vegetables, HRI was <1, but in
groundwater samples of cement industry except for sample
1, the values of all were greater than 1, whereas, in case of
groundwater from nearby area, samples 2 and 3 showed that
the local inhabitants experience health risks. Sample 2 of the
cement industry’s groundwater poses health risks to in-
dustrial staff and workers. So, overall, the groundwater of the
cement industry poses more health risks to the industrial
staff and workers than other local inhabitants because of >1
values of the calculated HRI:

Indian squash> cauliflower> green chilies

> bottle gourd> eggplant>melon.
(3)

4. Conclusion

It is concluded that cement production generates various
pollutants of which heavy metals are the major ones. +ese
toxic heavy metals are responsible for polluting the soil,
groundwater reservoirs, fruits, and vegetables. Within the
vicinity of the cement industry and its nearby area, soil and
groundwater resources were highly contaminated by copper,
whereas fruits and vegetables were enriched with Zn, Ni, Co,
Cu, and Cr. Toxic heavy metals like Co, Cu, and Cr have the
highest potential to transfer from soil to plants and bio-
accumulates. Risk indexes such as HRI and THQ was also
calculated and it was seen that Cu, Co, Ni, Cd, and Cr pose
serious health hazards.
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+e data used to support the findings of this study are in-
cluded within the article.
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