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Abstract
Heavy metal pollution is becoming one of the major problems around the globe resulting from the increase in
population, urbanization, and industrialization. Therefore, it is need of time and important to quantify the level of heavy
metals especially Pb and Cd in the soils and cereals grown along the highways. Here, we explore the status and intensity of
Pb and Cd pollution in roadside soils and cereals grown on these fields. A total of 500 soil and 250-grain samples were
collected from the wheat and rice field located along the road from Faisalabad to Sheikupura and Sheikupura to Lahore. The
outcomes depicted that the contents of Pb and Cd in the soils from the wheat fields located along Faisalabad to Sheikupura
was ranged from 1.18 to 4.98 mg kgˉ¹ and from 0.008 to 0.62 mg kgˉ¹ respectively. Together these new data shows that the
contents of both Pb and Cd in the soils from the wheat field located along the Sheikupura to Lahore road were lower than
the soils from the fields along Faisalabad to Sheikupura road. The average contents of Pb and Cd recorded in the grains of
wheat and rice grown along the road from Faisalabad to Sheikupura was 278 and 75.3 µg kgˉ¹ respectively and 269 and 39.5
µg kgˉ¹ respectively. Therefore, growing cereals in the vicinity of highways and heavy industries for longer times may cause
heavy metals accumulation in the cereal grains.
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Introduction
Recently, the development of the global economy has
resulted in increasing the content of heavy metals in the
soil and water thus deteriorating the environment
(Prajapati & Meravi, 2014; Raju et al., 2013). Besides
their natural occurrence, anthropogenic activities like
mining, smelting, pesticides and fertilizer application, and
waste disposal also caused the entry of heavy metals into
the ecological environment. Resultantly, the mounting
contents of heavy metals are damaging food quality and
human health (Kachenko et al., 2006). Heavy metals are
harmful because they tend to be bio-accumulated,
meaning that over a long time the concentrations of heavy
metal within a biological organism can be higher than that
in the environment. Long-term exposure to the polluted
dust environment would cause chronic damage through
inhalation, ingestion, and dermal contact (Du et al.,
2013). Moreover, chronic problems associated with longterm heavy metal exposures are metal lapse caused by Pb
exposure; Cd has effects on the kidney, liver, and
gastrointestinal tract (Willers et al., 2005).
Highways and intensively trafficked roads are major
sources for pollutants introduced into the environment.
The growing volume of worldwide traffic leads to
increasing emission rates causing contamination of
roadside soils (Monks et al., 2009). The traffic derived
pollutants originate from a variety of sources including
incomplete and complete fuel combustion, fuel losses,
and oil leakage from hydraulic systems. Corrosion, deicing activities and vehicle component wear and tear
(tires, brakes, clutch, and engine) are also important
sources of traffic emissions (McKenzie et al., 2009;
Zereini et al., 2006). Another relevant pollutant source is

the dust resulting from the abrasion of the road
construction material itself (Thorpe & Harrison, 2008).
Moreover, metals in road dust may be solubilized in road
runoff, or mobilized by storm water runoff, contaminating
receiving soils or water bodies (Birch & McCready, 2009;
Davis & Birch, 2010; Zhao et al., 2010; Munksgaard &
Lottermoser, 2010).
Roadside soils are important reservoirs for the direct
pollution from vehicle sources, which could easily come
in contact with pedestrians and people residing within
the vicinity of the roads either by suspended dust or
directly. The accumulation of trace metals in soils can
be a secondary source of water pollution in a
transformed environmental condition (Cheung et al.,
2003). Recently, street dust and top roadside soils in
urban areas are considered as indicators of trace metal
contamination
from
atmospheric
deposition
(Christoforidis & Stamatis, 2009; Chen et al., 2010) and
dust (Omar et al., 2007; Lu et al., 2009). The
composition and amount of dry and wet deposition
depend on many factors, such as traffic intensity (Arslan
& Gizir, 2006), wind direction, wind velocity, rain
events and intensity, previous dry periods, highway
design, or vegetation cover (Lee et al., 2011).
By keeping in mind the harmful effects of heavy
metals, it is necessary to evaluate the level and
distribution of heavy metals especially Pb and Cd in
roadside soils and crops grown on those soils. Therefore,
the current survey study was undertaken to investigate
the level and intensity of Pb and Cd in soils along and
away from the highways. The contents of the said heavy
metals were also quantified in the grain of rice and
wheat grown in those fields.
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Materials and Methods

Results and Discussion

The current survey study was conducted at Soil
Chemistry Section, Institute of Soil & Environmental
Chemistry, Ayub Agriculture Research Institute,
Faisalabad, Pakistan for exploring the status of Pb and Cd
in soils and cereals (wheat and rice) grown around
Faisalabad to Sheikupura and Sheikupura to Lahore road.
Soil and grain samples were collected from wheat
and rice fields along and away from GT road from
Faisalabad to Sheikupura and Sheikupura to Lahore. The
fields at a distance of 2 to 10 m from the main road were
designated as fields along the road while the fields at a
distance from 10 to 50 m were designated as field away
from the GT road. The soils in the immediate vicinity of
the road (∼1 m) were not included to avoid the risk of
sampling recently disturbed soil from road construction
and upgrades (Werkenthin et al., 2014). Soil samples
were collected from the upper (0-15 cm) and lower (15-30
cm) soil layer at field capacity with soil auger both from
wheat and rice fields located along and away from the
road. From the selected fields soil samples were collected
randomly from various locations and the sub-samples
were homogenized to form a composite sample. The
collected samples were brought to the laboratory in plastic
bags for further processing and analysis. Likewise, wheat
and rice grains samples were taken from the same fields
chosen for soil samples collection. Total of 500 soil and
250-grain samples were collected. All chemicals used in
the analysis of Pb and Cd for soil and grain samples were
of analytical grade with the purity of ≥99%. Soil samples
were air dried and sieved using a 2 mm sieve. These
samples were sealed in zip lock polyethylene bags and
stored at ambient laboratory conditions (22±2 oC) in the
dark until analyzed. Similarly, grain samples were oven
dried and ground before analysis.

Pb and Cd in soil: The maximum Pb contents ranged
from 1.18 to 4.98 mg kg⁻¹ with average value of 3.21
mg kg⁻¹ in upper soil layer of wheat fields situated
along the GT road from Sheikupura to Lahore, while
the contents were a bit lower in wheat fields located
away from the same road (1.14-4.68; average, 3.01 mg
kg⁻¹) (Fig. 1). Furthermore, the concentration of Pb in
soil samples taken from the wheat fields located along
and away from the Faisalabad to Sheikupura road was
higher than the contents in the soil of the fields located
along and away from the Sheikupura to Lahore road.
The contents of Cd in the upper and lower depth of
soils along the Faisalabad to Sheikupura road were
ranged from 0.008 to 0.62 mg kg⁻¹ and 0.006 to 0.60
mg kg⁻¹ respectively (Fig. 2). While the range of Cd
contents in the upper and lower depth of soil from
wheat fields located along the Faisalabad to Sheikupura
road was from 0.002 to 0.28 mg kg⁻¹ and 0.001 to 0.19
mg kg⁻¹ respectively.
The content of Pb in upper layer soil of rice fields
located along and away from Sheikupura to Lahore road
was ranged from 1.29 to 4.23 mg kg⁻¹ and 1.13 to 4.03
mg kg⁻¹ respectively (Fig. 3). Whereas, the average
concentration in soil of rice fields located along and
away from the Faisalabad to Sheikupura road was 3.87
and 2.85 mg kg⁻¹ respectively. Moreover, the average
contents of Cd in the upper and lower depth of soil of
rice fields located along the road from Sheikupura to
Lahore were 0.17 and 0.13 mg kg⁻¹ respectively with a
range from 0.04-0.76 mg kg⁻¹ and 0.03-0.38 mg kg⁻¹
respectively (Fig. 4). While the average contents of Cd
in upper soil depth of rice field located along and away
from the Faisalabad to Sheikupura were 0.047 mg kg⁻¹
and 0.040 mg kg⁻¹ respectively.
Soils are deliberated to be the ultimate sink for
heavy metals released into the environment from various
anthropogenic sources. The discharged heavy metals can
accumulate in the top soils; however, their availability in
the soil strongly relies on their source (Lu et al., 2009;
Sridhara et al., 2008). Furthermore, for direct pollution
from vehicle sources, roadside soils are important
reservoirs. Therefore, the current study was undertaken
to explore the distribution pattern of Pb and Cd in the
soils and grain of wheat and rice grown in the vicinity of
GT road from Faisalabad to Sheikupura and Sheikupura
to Lahore. Pb and Cd were detected in measurable
contents in the soils from the fields located along and
away from the GT road (Figs. 1, 2, 3 and 4). Moreover,
it was seen that the contents of studied metals were
higher in soils located along the road compared with the
soils from the fields situated away from the road. Higher
Pb and Cd contents in a soil samples taken from the
fields located along the road; was may be due to their
entry through runoff of rainwater to the soils located in
the close vicinity of the road (Gunawardana et al., 2014;
Liang et al., 2016).

Analytical methods: The Pb and Cd contents in soil
samples were estimated by following DTPA extraction
method. Briefly, about 10 g dried soil sample was mixed
with 20 mL of DTPA (diethylene triamine penta acetic
acid) extracting solution at pH 7.3 and kept on a
reciprocal shaker at 120 rpm for 2 h. The aliquot was
centrifuged at 5000 rpm for 5 min and supernatants were
collected for heavy metal determination (Lindsay and
Norvell, 1978). The grain samples were digested using
concentrated nitric acid and perchloric acid (Anon.,
2005). The contents of Pb and Cd were analyzed using
Atomic Absorption Spectrophotometer (AA-7000,
Shimadzu, Japan). Sigma plot software (version 12.5,
Sigma, Inc.) was used for plotting and data analyses.
Quality assurance and control: The chemicals used in
the current study were purchased from Merck Chemical
Germany. Double distilled water was used for solution
preparation and washing of glass wares. Standard solution
for each metal was prepared from their stock solution of
concentration 1000 ppm in order to calibrate the
instrument. The accuracy and precision of the analysis
were investigated through repeated analysis against
SRM2709 for soil and NIST standard reference material
for plant heavy metals analysis.
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Fig. 1. Contents of Pb in soil samples (on dry weight basis)
taken from wheat fields along and away from GT road from
Faisalabad to Sheikupura and Sheikupura to Lahore.
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Fig. 3. Contents of Pb in soil samples (on dry weight basis)
taken from rice fields along and away from GT road from
Faisalabad to Sheikupura and Sheikupura to Lahore.
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Fig. 2. Contents of Cd in soil samples (on dry weight basis)
taken from wheat fields along and away from GT road from
Faisalabad to Sheikupura and Sheikupura to Lahore.
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Fig. 4. Contents of Cd in soil samples (on dry weight basis)
taken from rice fields along and away from GT road from
Faisalabad to Sheikupura and Sheikupura to Lahore.
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Pb and Cd in grain: The Pb contents in wheat grain
samples taken from the fields along the Faisalabad to
Sheikupura road was ranged from 77-615 ppb with
average value of 278 ppb (Fig. 5) while the grain
samples taken from the fields located away from the
formerly mentioned road was in the range of 56 to 456
ppb. A similar trend of Pb contents in wheat grain was
observed for samples taken from fields located along the
road from Sheikupura to Lahore. However, the contents
of Pb in grain samples taken from fields along and away
from the Sheikupura to Lahore road were lower than the
contents recorded in grain samples taken from wheat
fields located along and away from Faisalabad to
Sheikupura road. The highest contents of Cd (ranged
from 26.8 to 131 ppb) were recorded in wheat grain
samples taken from the fields located along the
Faisalabad to Sheikupura road (Fig. 5) while the
maximum and average Cd contents in grain samples
taken from the fields located along the Sheikupura to
Lahore were 94.5 ppb and 44.5 ppb respectively.
Similarly, the Pb and Cd contents in rice grain
samples taken from the fields located along the Faisalabad
to Sheikupura road were ranged from 84 to 414 ppb and
10.5 to 79 ppb respectively with average values of 269
ppb and 39.5 ppb respectively (Fig. 6). The contents of
both Pb and Cd in grain samples taken from the fields
located away from the same road were lower than the
contents in grain samples collected from the fields located
along the road. Likewise, the sequence of both Pb and Cd
contents was the same for grain samples taken from the
fields located along and away from the Sheikupura to
Lahore road. However, the contents of Pb and Cd in rice

Sheikupura to Lahore
Faisalabad to Sheikupura

Likewise, the higher contents of heavy metals in the
soil samples taken from the fields located along and away
from the Faisalabad to Sheikupura road than the soil
samples taken from the fields located along and away
from the Sheikupura to Lahore road was may be due to
higher intensity of industries along the formerly
mentioned roads. Moreover, the contents of both heavy
metals were below the permissible limits (Table 1). Islam
et al., (2016) conducted a study for the determination of
heavy metals in the soils and vegetables grown on the
fields along the highways. They found that the contents in
the soils and vegetables samples were within the
permissible limits as observed in this study. Recently,
Inelova et al., (2021) collected soil and plant samples
from for evaluating heavy metals contents and observed
that the contents of heavy metals in soil samples were
below the permissible limits like the current study.

grain samples taken from fields located along and away
from Faisalabad to Sheikupura road were lesser than the
contents in grain samples taken from fields situated along
and away from the Sheikupura to Lahore road.
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Table 1. Permissible limits for lead and cadmium for
soil and grain.
Heavy metal
Pb
Cd
Reference
(mg/kg) (mg/kg)
Soil DTPA
13.0
0.31
Mclean et al., (1987)
Soltanpur (1985)
Soil total
300
3.00
WHO, 2007
Plant
5.0
0.20
WHO, 2007
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Fig. 5. Contents of Pb and Cd in wheat grain grown along and
away from GT road from Faisalabad to Sheikupura and
Sheikupura to Lahore.

The contents of heavy metals accumulated in the
crops depend upon their availability in the soil as well as
the type of plants. The vegetables tend to accumulate
higher contents of heavy metals compared with the
cereals (Islam et al., 2016). Likewise, the lower contents
of Pb and Cd were observed in the wheat and rice grain
samples in the current study. Among cereals, wheat grain
tends to accumulate more metals compared with rice
grain. Moreover, it was found that the contents in the
grains also decrease with increase in distance from the
road. Like the findings of the present study Jankowski et
al., (2014) investigated the contents of lead and cadmium
in two species of grasses grown along the highways. They
reported that the contents of both metals were well below
the safe limits and they further found that the contents
decrease with increase in distance from the highway.
Furthermore, the contents of Pb and Cd observed in the
current study were far lower than the already reported
contents (Filipek-Mazur et al., 2007; Jankowski et al.,
2014). Higher contents of heavy metals were also
reported in vegetables by Liu et al., (2006) and Islam et
al., (2016). Therefore, the findings of the current study
clearly depicted that the cereals grown along the studied
roads were safe to consume as food owing to their fewer
contents of both Pb and Cd than the permissible limits.
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Fig. 6. Contents of Pb and Cd in rice grain grown along and
away from GT road from Faisalabad to Sheikupura and
Sheikupura to Lahore.

Conclusions
The current survey study was conducted for the
evaluation of status and contents of Pb and Cd in the soils
and cereals grown on the fields situated along the
highways. The results perceived that the contents of both
Pb and Cd were well below safe limits (13 mg/kg and
0.31 mg/kg for Pb and Cd respectively). Moreover, the
content in soils decreases with increase in distance from
the main road. Likewise, both wheat and rice grains were
observed to have lower contents than the permissible
limits (5 ppm and 0.20 ppm for Pb and Cd respectively),
therefore were safe for consumption. However, long term
cultivation of the cereals especially on the fields located
in the neighborhood of the main road may cause heavy
metals contamination.
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