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ABSTRACT
Objective: The aim of this study was to determine the concentration of heavy metals such as cadmium (Cd),
copper (Cu), chromium (Cr) iron (Fe) and lead (Pb) in soil of vegetable crops (cucumber, corn, ladies’ fingers, luffa
and water spinach). Method: Utilising systematic grid sampling, 48 soil samples were collected from twelve
vegetable sites; each site comprised of four soil samples homogenised from a composite sample of three sub
points. Soil was collected at the depth of 20 cm using soil corer and undergone drying, acid digestion extraction
process and were analysed using Atomic Absorption Spectroscopy. Data obtained was analysed using Statistical
Package for the Social Science (SPSS) version 24 at significant level of p < 0.05. Result: The overall mean
concentration of heavy metal in soil measured in descending order was Fe (41.519 mg/L) > Pb (0.575 mg/L) > Cr
(0.377 mg/L) > Cu (0.166 mg/L) > Cd (0.027 mg/L). Concentration of Fe was statistically different among the
different vegetable (p=0.019). There were significantly lower concentrations of Fe in soil of corn versus cucumber
(p=0.018), ladies’ fingers (p=0.004) and luffa (p=0.017). Conclusion: However, the range of heavy metal
concentrations in soil were lower than the allowable limit indicating that the soil was not polluted by these heavy
metals.
Keywords: soil, vegetable crop, heavy metal

1. Introduction
Pollution of heavy metals has become one of the
biggest problems nowadays, attributable by rapid
development of industrialisation and urbanisation. Soil
pollution has become a common concern because
besides anthropogenic activities, heavy metals may
also be produced from natural processes (Arao et al.,
2010). Soil pollution occurring from anthropogenic
activities might be due to poor agricultural practices
such as usage of chemical fertilisers and herbicides as
well as due to domestic activities which can lead to poor
management of municipal wastes. The risk of food
contamination is a great concern as a result of the
heavy metal uptakes through root-soil interaction (Nazir
et al., 2015; Abdul-Satar et al., 2017; Yang et al., 2018).
Metals contamination in agricultural soil will pose as a
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potential threat to the yielded crops and ultimately
consumed by the local community. As a matter of fact,
quality of the soil indirectly will determine the heavy
metal contents of a crop owing to the food chain cycle.
Such proportional relationship between heavy metal
concentration in soil and the uptake of heavy metals by
plants usually depend on the soil type, plant growth
stages and plant species (Afzal et al., 2013) as well as
irrigation factor such as utilising waste water
contaminated with heavy metals (Abbas et al., 2014).
Accumulation of heavy metals can reduce soil quality,
crop yield and the quality of agricultural products
(Nagajyoti et al., 2010). Excessive concentration of
heavy metal contamination in the soil may cause risks
and hazards to humans’ health and the ecosystem. As
these contaminants may enter the crops from polluted
soil, water and air, and therefore causing food
contamination that will impact the health of human and
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animal (He et al., 2015). Given that heavy metals are
relatively everywhere thus it can impair human health
directly and indirectly. For examples, direct contact with
contaminated soil which inadvertently being ingested
via contaminated hands, through drinking of
contaminated ground water or direct ingestion via the
food chain such as soil-plant-human or soil-plantanimal-human routes (Wuana & Okieiman, 2011).
Unfortunately, there is no well-established mechanism
to eliminate them from the body. Thus, this study aims
to determine the concentration level of heavy metals
such as cadmium (Cd), copper (Cu), chromium (Cr) iron
(Fe) and lead (Pb) in soil of vegetable crops with a view
to recommend control measures to reduce the
concentration of heavy metals if their presence are
above the safe limit. In which elevated heavy metal
level might be contributed by widespread usage of
pesticides and fertilisers.

4.25 and 7.5m) (Figure 1). Approximately 2 inches of
soil sample was collected and placed into individual
polyethylene bag. Each sample was recorded, labelled
and transported in a cooler box to the laboratory. All
samples were oven-dried for three days (50℃) to
remove excess moisture.

2. Materials and Method
Figure 1. Point of sampling

2.1. Study area
This study was conducted in November 2018,
measuring the concentration of heavy metals (Cd, Cu,
Cr, Fe, Pb) in soils of vegetable crops at a rural
agricultural area in Pasir Puteh, Kelantan. The study
area was chosen because agricultural was one of the
residents’ main activities. The agricultural area span to
28 acres with chilly as their common yield. The farmers
utilised crop rotation method hence they grow other
types of vegetables such as cucumbers, corns, ladies’
fingers and luffa during the transition phase. The
sampling sites were selected based on judgmental
sampling to include all crops available during the
sampling period. The permission in collecting the soil
samples were asked from the management and
farmers, together with interview gathering information
on types of yields, types of soil, usage of pesticides and
fertilisers.

2.2. Soil sampling
A total of 48 soil samples from twelve sampling sites
involving five types of vegetable crops namely
cucumber, corn, ladies’ fingers, luffa and water spinach
were collected. The soil samples were collected at the
depth of 20 cm from the surface using a pre-cleaned
soil corer at four points utilising systematic grid
sampling. Three sub-samples were taken at each point
that were homogenised into one composite sample.
Within the area of 100 m2 (10 m x 10 m), the four points
were chosen at the same gap distance of two meter
(starting point starts at 2.0, 4.0, 6.0 and 8.0 m). At each
selected point, the three sub-points were determined at
one line within the 7.5m length (gap distance were 1.0,
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2.3. Soil acid digestion
The dried soil samples were mashed up using pestle
and mortar then were passed through a 2 mm sieve to
remove granulometric fraction and any other unwanted
materials such as plastics, leaves and rocks. Using
analytical balance, 2 g of homogenous soil sample was
weighed into 100 ml beaker. The soil acid digestion
process was conducted in a fume hood whereby 60%
of concentrated HCI and HNO 3 were mixed into the soil
sample and was slowly heated until refluxing. After a
series of slow heating, refluxing and stirring
occasionally, all the digested samples solution was
filtered through Whatman filter paper into a 50
volumetric flask and then the volume was diluted with
50 ml of deionised water. Each flask was inverted for at
least 13 times to mix and then was transferred into the
screw-capped polyethylene bottles. The polyethylene
bottles were kept in 5oC until further analysis using
Atomic Absorption Spectroscopy (AAS).

2.4. Soil sample analysis
AAS was used to determine the Pb, Cu, Cd, Fe, Cr
concentration in acid digestion extraction of soil
samples. Prior to that, as quality control and quality
assurance, the standard solution for each heavy metal
were prepared by serial dilution from reagent grade
chemicals following manufacturer’s instruction.
Deionised water was used as blank solution.
Calibration standard solutions were prepared in 50 ml
volumetric flasks by using molarity standard equation,
M1V1=M2V2, where M was the concentration of stock
standard solution while V was the volume of stock
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3. Results

standard solution. The calibration graph curve was
generated for each calibration standard solution of
heavy metal, then were followed by each acid digestion
extraction of soil samples to obtain the reading.

3.1. Concentration of heavy metals in soils
at the sampling sites

2.5. Data analysis
The Statistical Package for the Social Science (SPSS)
version 24 was used for data analysis, at significance
level of p<0.05. As the data obtained was not normally
distributed, descriptive results were presented in
median and interquartile range whereas value of nondetected was replaced by ½ of limit of detection (Helsel,
2010). The heavy metal concentration in soil between
sampling sites and vegetable sites were compared by
Kruskal Wallis and Mann-Whitney tests.

The concentration level of Cd, Cu, Cr, Fe and Pb at
all sampling site are shown in Table 1. Overall, for total
sample, Fe has the highest mean concentration
(41.519 mg/L) > Pb (0.575 mg/L) > Cr (0.377 mg/L) >
Cu (0.166 mg/L) > Cd (0.027 mg/L).
Table 2 shows the highest median concentration of
Cd and Cr were measured in soil collected from ladies’
fingers crop C (sampling site 9). Whereas, water
spinach crop has the highest level of Cu (0.205 mg/L)
compared to other sites. Half of the sampling sites
reported non-detected for Pb, the highest level (1.355
mg/L) measured at sampling site 10 (luffa crop A).
Except for Cd, all four heavy metals concentration in
soil were significantly different between the vegetable
sites (p<0.05).

Table 1: Concentration level of heavy metals at all sampling sites
Heavy

n

metal

Concentration level (mg/L)
Mean±SD

Median (IQR)

Minimum

Maximum

Cd

48

0.027±0.023

0.021 (0.004-0.053)

0.004

0.066

Cu

48

0.166±0.123

0.153 (0.129-0.184)

0.041

0.940

Cr

48

0.377±0.268

0.259 (0.133-0.184)

0.081

0.794

Fe

48

41.519±12.371

44.935 (43.808-46.083)

0.325

48.580

Pb

48

0.575±0.597

0.231 (0.008-1.190)

0.008

1.486

14

Siti Marwanis et al., / Asia Pacific Environmental and Occupational Health Journal (ISSN 2462 -2214), Vol 5 (1): 12 - 18, 2019

Table 2. Median concentration of heavy metals in soils of vegetable crops at the sampling sites
Site

Vegetable
Site

Median (IQR) (mg/L)
Cd
#

Cu

Cr

Fe

Pb

0.157 (0.106-

0.193 (0.189-

44.925 (44.723-

1.240 (1.178-

1

Cucumber A

0.004

0.745)

0.212)

45.502)

1.437)

2

Cucumber B

0.020 (0.017-

0.169 (0.128-

0.366 (0.315-

43.510 (42.320-

0.008#

0.022)

0.210)

0.397)

44.453)

0.059 (0.058-

0.123 (0.116-

0.756 (0.738-

47.755 (47.478 -

0.060)

0.129)

0.782)

48.205)

0.004 (0.004-

0.127 (0.109-

0.145 (0.110-

44.590 (43.695-

1.127 (0.959-

0.021)

0.157)

0.156)

44.855)

1.276)

0.008 (0.004-

0.183 (0.144-

0.100 (0.098-

1.120 (0.431-

0.899 (0.737-

0.019)

0.219)

0.107)

2.625)

1.046)

0.140 (0.133-

0.596 (0.572-

44.370 (39.008-

0.008#

3
4
5

Cucumber C
Corn A
Corn B

0.008#

6

Corn C

0.053 (0.0520.056)

0.164)

0.628)

46.305)

7

Ladies’

0.004 (0.004-

0.185 (0.093-

0.134 (0.116-

46.005 (45.028-

1.307 (1.18-

0.015)

0.260)

0.151)

46.255)

1.346)

0.012 (0.004-

0.144 (0.109-

0.127 (0.905-

44.860 (42.435-

1.040 (0.582-

0.022)

0.179)

0.137)

45.035)

1.167)

0.064 (0.059-

0.149 (0.142-

0.777 (0.731-

47.670 (46.583-

0.008#

0.066)

0.179)

0.793)

48.360)

0.005 (0.004-

0.054 (0.041-

0.130 (0.119-

44.990 (44.668-

1.355 (1.308-

0.013)

0.140)

0.136)

45.433)

1.375)

0.156 (0.146-

0.714 (0.685-

45.665 (44.390-

0.008#

Fingers A
8

Ladies’
Fingers B

9

Ladies’
Fingers C

10

Luffa A

11

Luffa B

0.053 (0.0510.055)

0.157)

0.765)

45.860)

12

Water

0.031 (0.027-

0.205 (0.175-

0.506 (0.449-

45.520 (43.585-

0.036)

0.222)

0.542)

46.488)

Spinach

0.008#

p value
0.080
0.001*
0.001*
0.001*
0.001*
#
*Significant different at p<0.05; Statistical test – Kruskal Wallis, value non-detected was replaced by ½ of Limit of
Detection, IQR - Interquartile Range, Cd – Cadmium, Cu – Copper, Cr – Chromium, Fe- Iron, Pb - Lead

3.2. Concentration of heavy metal in
soils based on types of vegetables crop

(Median: 46.005 mg/L, IQR: 44.825-47.303 mg/L).
None of all other heavy metals in soils were found to
be statistically different between the types of
vegetable grown (p>0.05).

Table 3 categorised the soils collected from
sampling sites based on the types of vegetable
grown (cucumber, corn, ladies’ fingers, luffa and
water spinach) irrespective of the sites of sampling.
There was a significant different in the concentration
of Fe between the types of vegetable (p=0.019), with
the lowest Fe level was measured in soil grown with
corns (Median: 43.380 mg/L, IQR: 1.875-44.855
mg/L), and the highest was at ladies’ fingers’

In order to further compare the concentration of
heavy metal in soils between corn (lowest
concentration) and each type of vegetable crops, we
used Mann-Whitney test (results were not tabulated).
There were significantly lower concentrations of Fe
in corn soil versus cucumber (p=0.018), ladies’
fingers (p=0.004) and luffa (p=0.017). A significantly
higher median concentration of Cr was found in
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cucumber soil (0.366 mg/L) compared to corn soil
(0.146 mg/L), p=0.021. Whereas, for Cu
concentration, the median difference was statistically

significant between corn (0.140 mg/L) and water
spinach (0.205 mg/L) only, p=0.039.

Table 3. Comparison of heavy metal concentrations in soils between types of vegetable crops
Vegetable

n

Site
Cucumber
Corn
Ladies’

12
12
12

Fingers
Luffa
Water

8
4

Spinach

Median (IQR) (mg/L)
Cd

Cu

Cr

Fe

Pb

0.019 (0.004-

0.141 (0.117-

0.366 (0.200-

44.925 (43.970-

0.008 (0.008-

0.058)

0.179)

0.741)

47.633)

1.187)

0.017 (0.004-

0.140 (0.132-

0.146 (0.099-

43.380 (1.875-

0.843 (0.008-

0.052)

0.177)

0.588)

44.855)

1.054)

0.019 (0.004-

0.148 (0.132-

0.141 (0.120-

46.005 (44.825-

1.040 (0.008-

0.061)

0.187)

0.754)

47.303)

1.251)

0.033 (0.004-

0.149 (0.048-

0.408 (0.129-

45.375 (44.668-

0.650 (0.008-

0.053)

0.157)

0.718)

45.733)

1.357)

0.031 (0.027-

0.205 (0.175-

0.506 (0.449-

45.520 (43.585-

0.008#

0.036)

0.222)

0.542)

46.488)

p value
0.876
0.117
0.178
0.019*
0.240
*Significant different at p<0.05; Statistical test – Kruskal Wallis, #value non-detected was replaced by ½ of Limit
of Detection, IQR - Interquartile Range, Cd – Cadmium, Cu – Copper, Cr – Chromium, Fe- Iron, Pb - Lead

4. Discussion

that organic agricultural production not only ensures
better food quality but also helps maintaining soil
fertility (Karak et al., 2017). However, it is
recommended to have at least 10 mg/kg of iron
because it is considered as micronutrient and
essential in the formation of chlorophyll and
photosynthesis process (Cantisano, 2000; Westfall
& Bauder, 2014). Iron deficiency in soil may be due
to low pH level which cause the soil to become acidic
or it can happen to the area which frequently have
had the topsoil removed by leveling or erosion.
Further recommendation will be proposed to the land
owner to rectify the situation.

From the result, it can be summarised that the
overall agricultural area is still in a safe level, and did
not exceed allowable limit when compared to the
United States Environmental Protection Agency’s
(US EPA) levels for soil contamination (USEPA,
2002) and maximum allowable level regulated by the
Environment Protecting Administration of China
(EPAC, 1995). Fe was found to be the most
predominant at the soil sampling sites in which the
occurrence is rarely affected by anthropogenic
factors (Abdel-Satar et al., 2017). Based on our
interview and observation, the low levels of heavy
metal concentrations may be due to the fact that the
farmers at the vegetable farms had minimised the
usage of chemical-based pesticide in managing their
crops. It has been well established that usage of
pesticides and fertilisers can increase the level of
heavy metals in soils (He et al, 2005; Wuana &
Okieimen, 2011; Haliza & Farah Adhila, 2015). This
might as well be the case for the sampling site 5 of
corn crop B, which recorded the lowest median
concentration of Fe in soil (1.120 mg/L) compared to
other sites. It was statistically significant when
compared to cucumber, ladies’ fingers and luffa
(p<0.05). The farmer at site 5 used organic fertiliser
despite its high cost. It has been well documented

In contrast to our findings, higher level of Cu and
Pb were found in soils at vegetable areas in Kota
Bharu, Kelantan (Haliza & Farah Adhila, 2015),
although their levels were below the standards as
proposed by various agencies. They explained that
the below than safe level was might be due to the
farmers at Kota Bharu vegetable areas utilised
biological controls such as dragonflies to overcome
fruit flies attacking the plants. They also controlled
the pests physically and mechanically by using the
insect’s traps such as lights and stickers, instead of
relying to the conventional method of pest control.
Meanwhile in this study, the Cu concentration was
significantly higher in water spinach soil compared to
corn soil. Research shows that most Cu introduced
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into the environment will rapidly become stable and
results in a form which does not pose a risk to the
environment (Wuana & Okieimen, 2011). It has also
been documented that water spinach able to tolerate
high heavy metal uptakes or toxicity (Awangku Nabil
Syafiq, 2009) however, fortunately it is not magnified
in the body or bioaccumulated in the food chain
(Wuana & Okieimen, 2011). Meanwhile Cr level was
shown to be significantly different in the soils
measured between corn and cucumber. Cr
concentration largely depends on the characteristic
of the soil, including the content of clay and iron
oxide and the amount of organic matter present
(Wuana & Okieimen, 2011). The study location has
a clay type of soil and as an agricultural area which
crop rotation method was practiced, the soil
characteristic might be different. However, it must be
noted that Cr level was at a safe level.
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