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Abstract: A study on the uptake of heavy metals by fruit vegetables from agricultural areas was conducted at
Agrotek, Sepang and Bangi, Selangor. The objective of the study was to determine the uptake of heavy metals
by chilies (Capsicum annum) and long beans (Vigna sinensis) from the soil. Heavy metals studied were Pb, Cd
and Zn. Wet digestion method was used for heavy metals analysis in the vegetables. Heavy metals from soil
samples were extracted by sequential extraction method, which extract heavy metals from easily and freely
leachable fraction (EFLE), acid reduction (AR), orgamic oxidation (OO) and resistant fraction (RR). The results
of the study showed that the level of Zn content in long beans (Vigna sinensis) was higher than m clilies
(Capsicum annum). However the concentrations of heavy metals studied in these vegetables were still below
the maximum level allowed by the Malaysian Food Act (1983) and Food Regulations (1985) for
Pb (2.00mg kg™, Cd (1.00 mg kg ™) and Zn (30.00 mg kg ).
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INTRODUCTION

The metal contamination in superficial soils and
vegetation is derived largely from several anthropogenic
activities such as mining operations, industrial process
emissions and transportation!”!. Heavy metals are mobile
and easily taken up by plants in the environment. Plants
have shown to have great ability to accumulate metals
from the environment. Metals uptake by plants may pose
risks to human health when vegetables are grown on or
near contaminated areas. The health risks will depend on
the chemical composition of the waste material, its
physical characteristics, the vegetables cultivated and the
consumption rate. Vegetables are highly recommended
foods for humens and large amounts are consumed
as part of their daily diets™. Malaysian dietary
guidelines recommend that adult eat five servings of fruits
daily to maintain geod health™. Thus accumulation of
heavy metals in the edible parts of vegetables represents
a direct pathway for their incorporation into the human
food chain'?.

Heavy metals occur mn the soil in soluble form and in
the combined state®. However, omly soluble,
exchangeable and chelated metal species in the soils are
the mobile and hence more available forms for plants!".

The mobility of trace elements is a very important factor
in determiming the availability and solubility of heavy
metals mn the soil and soil selution. The mobility of trace
elements is determined by their specification in the soil
and this speciation is in turn dependent on parameters
such as organic matter and mineralogical composition, pH
and Eh of the soil™ Mobility of heavy metals is also
related to their immobilization in the solid soil™.

Metals accumulation in plant depends on plant
species, growth stages, types of soil and metals, soil
conditions, weather and environment™". In scils, heavy
metals may be found in one or more of the following forms
namely a) dissolved (in soil solution), b) exchangeable
(in organic and inorgamc components), ¢) as structural
components of the lattices of soil minerals and d)
insoluble precipitates with other soil components. The
first two forms are available to the plants while the other
two are potentially available in the long term™.

In order to assess the availability of metals mn soil for
plant absorption, the chemical forms must be determined.
Sequential extraction procedures are useful to determine
the geochemical partitioming of heavy metals in the
soil"'"¥. The aim of this study was to determine the
potential uptake of heavy metals by fruit vegetables and
speciation of heavy metals from agricultural areas.
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MATERIALS AND METHODS

The study was carried out at two agricultural areas
namely Sepang and Bangi Selangor Darul Ehsan
Vegetables chosen for the study were long beans
(Vigna sinensis) and chilies (Capsicum annun). Random
sampling of vegetables and soil were done twice at three
sampling sites for each study area and experiments
were run replicated three times. Soil samples were taken at
1-30 ¢m depth.

Vegetable samples were washed with distilled water,
carefully dried with tissue paper and weighed immediately
after collection before being dried in the oven at 70°C for
24 h. Samples were weighed and ground m a mortar
followed by wet digestion with HNO, HCL.O, (2:1) in the
conical [lask for 2-3 h on a sand bath!™. Some 10 mL of
hydrochloric acid (HCL) was added to solute inorgamc and
oxides salt. Digested samples were filtered with 0.45 um
pore size cellulose mtrate membrane filter paper (Millipore)
and made up to 100 mIL, with distilled water. Heavy metals
concentration was determmed by atomic absorption
spectrometry (AAS) (Perkin Elmer model 1100B).

Soil samples were air dried in the laboratory
environment before being ground with mortar and sieved
to pass through 250 pm mash size. Heavy metals were
extracted using sequential extraction which provided four
different fractions namely: easily leachable and ion
exchange fraction (EFLE), acid reducible fraction (AR),
organic oxidation fraction (O0) and resistant fraction
(RR)". Ten gram of soil samples were added with 50 mL
of 1.0 M NH,CH,00 (pH 7) to extract metals from easily
leachable metals from the soil. Samples were shalcen for
1% h and centrifuged for ' h at 3000 rpm before being
filtered with 0.45 um pore size filter paper (Milipore) and
brought to 50 mIL volume with distilled water. Samples
were washed by adding 50 mL distilled water, followed by
shaking and centrifuging in the same way for every
fraction in the sequential extraction.

The metals from acid reducible fraction were extracted
by adding 50 mL of 0.25 M NH,OH.HCI (pH 2). The
organic oxidation fraction was produced by using 50 mL
of 1.0 M NH,CH,OO0 after oxidation with 30% H,0,in a
water bath for 1-1 4 h. The rest of the samples were
digested using HNO, : HC1O, on sand bath at 1 00°C until
the samples became whitish i colour. Concentration of
metals in the soil samples was determined by atomic
absorption spectrometry (Perkin Elmer model 1100B). All
analysis were replicated three times. Carbon orgamic
analysis was determined by using method by Walkey and
Black™.

RESULTS AND DISCUSSION

The study showed that the concentration of metals in
long beans (Vigna sinesis) and chulies (Capsicum annum)
were 1n sequence for Sepang and Bangi areas were
Zn=Pb=>Cd for both vegetables (Fig. 1). The study of the
metals in the soil from long bean and chili indicated that
Pb and Cd levels were higher in Sepang from easily
leachable and 10n exchange fractions whereas Zn content
showed the same concentration. In the acid reduction
fraction, heavy metals content studied were higher in
samples Bangi (Table 1).

The metals easily leachable and ion
exchangeable fractions represent metals that are mobile in
the soil, including those metals that are leachable and
potentially  bioavailable to plants. The Ilugher
concentration of heavy metals in the available form
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corresponds directly to higher accumulation in the plant.
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Fig. 2: Average organic content and grain size for long
beans in sepang and bangi soils
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Table 1: Average of heavy metals contents in the soil (mgkg™) (n=6)

EFLE AR 00 RR

Sepang Bangi Sepang Bangi Sepang Bangi Sepang Bangi
Long beans
Pb 0.56% 0.19% 0.34°, 0.39%, 417 6.16% 10.97 15.63%,
Cd 0.11%; 0.03% 0.04% 0.12%g 0.27%¢ 0.22%p 0.84%, 0.83%,
Zn 0.97%¢ 0.95%; 0.25% 0.25% 10.63% 17.13% 3645 T61%
Chili
Pb 0.60%, 0.22% 0,14 0.45% 6.92% 5.33%, 16.33%, 16.98,
Cd 0.0%%; 0.03% 0.03% 0.12%g 0.37% 0.20°p 0.73%, 0.83%,
Zn 0.73%¢ 0.6%%5 0.15% 437y 12.57%% 15.84%, 362 9.83%

Note: Different capital letters-refers to significant difference (p=0.05) among the different fraction for both location. Different small letters-refers to significant

difference (p<:0.05) between different location in the same fraction
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Fig. 3: Average organic content and grain size for chilies
in sepang and bangi soil

Hence tlus fraction may indicate the potentially risky
forms of metals. Metals extracted from the other fractions
were strongly trapped in the soil and could not be taken
up easily by plants. Maiz et al.'? reported that Cd, Zn,
Mn and Pb were loosely bonded and easily extracted from
the soil in the easily leachable and ion exchange fraction.

Heavy metals in both long beans and chilies from the
same area indicated the same sequence of metals content.
This suggested that the uptake of metals by frty
vegetables from the same species were the same
regardless of the area in which they which they were
grown. This finding also agreed with Xian"” that the
metals concentrations in the cabbage studied were in the
same order of metals as in the soil"”. The uptake of metals
by plants depended on the availability of metals from the
soil and, the amount of metals in plants would reveal the
availability of metals in soil to the plants.

Heavy metals levels m the plant are determined not
only by the concentration in soils, but also by
physicochemical properties of soil'®. Heavy metals found
n this study are generally at the same level or even lower
than those reported for vegetables consumed in several
countries and their levels in species grown in other
agricultural and industrial areas are also still bellow the
level allowed by the Malaysian Food Act!™,

Copper is one of the micronutrients required by
plants for metabolism®**1. Lead and cadmium are toxic
metals that have no clear function in plant metabolism'™.
Lead was reported to interfere with the electron flow at the
water spliting site in photosynthesis in  tomato,
spinach™ and Nostoc nmscorum™. A large proportion of
cadmium was known to accumulate in root tissues,
especially when plants were grown on contaminated
soill®,

The uptake of metals were reciprocal to levels
in the scil™  Cadmium bicaccumulation and
distribution within plants were strongly affected by
both soil type and plant cultivars/line™. The Cd
concentration was highest m gram/seed of durum wheat
(Tritictum turgidum var durum 1..) The Cd accumulation in
their study produced the distribution pattern that
corresponded to the metal-orgamc complex bound Cd
found in the soil. Plants grown m the Zn and Cu
contaminated soils also accumulated a great proportion of
metals in their roots.

The results of this study also showed that the
content of Pb and Zn was high in organic oxidation
fraction in the soil taken from the long bean farm in Bangi.
Lead and cadmium from the Sepang soils and Zn from the
soils of the chilies farm in Bangi were extracted m large
amounts from the organic oxidation fraction. Pb and Zn
from soils of the long bean farm in Bangi were higher than
those taken from Sepang, while Cd content was
discovered to be the same for both areas. The
concentrations of all metals m the chilies farms were
found to be similar in both study areas except for Zn,
which was higher in Bangi (Table 1). The percentage of
organic content and grain size in the Sepang soil was seen
to be higher while soil pH was higher in the Bang1 site
(Fig. 2 and 3).

Cadmium was highest in exchangeable phase
(51%)'" Zn was mainly associated with oxide fraction
(54%) and followed by exchangeable fraction (13%). Pb
was mainly in the fraction bound to Fe-Mn oxides from
acid reduction fraction. Many previous researchers have
reported the association of Mn and Pb to Fe-Mn oxides.
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Study of heavy metals from Zn smelting process
found that a high percentage of 7Zn (43%) and Pb (46%)
were bounded to organic matter’*?. Heavy metals tend
to form complexes with orgamc matter in the soil (humic
and fulvic acids) and affinity of each metal towards
organic matter is different. Organic matter plays an
important role not only m forming complexes, but also in
retaimng heavy metals in an easily exchangeable form.
These two properties affect each heavy metal differently™.
According to Tardac®™ the degree of binding of metals
with organic matter was seen as follows Cu>Zn>Pb> Cd.

The role of Fe, Al and Mn oxides and hydroxides in
heavy metals is well established, their ability to do this
being inversely proportional to their degree of
crystallization™. Studies done by previous researchers
indicated that heavy metals in the other forms such as
Fe-Mn oxides and organic compounds were very low in
solubility and high stability for biclogical activity would
not have direct bearings on their uptake by plants!™1.
Metals trapped in the silicate clay minerals were extracted
in the resistant fraction. Metals in this fraction were not
easily available to plants™",

The result of this study also indicated that potential
bioavailability of heavy metals in the soil was strongly
influenced by chemical forms of metals in the soil such as
whether it is chelated with organic matters, oxides and
hydroxides form and trapped in the silicate clay.

The heavy metals contents m long beans
(Vigna sinensis) and chilies (Capsicum anmun) studied
were generally low and still below the maximum
level allowed by the Malaysian Food Act™ for Pb
(2.00mg kg™, Cd (1.00 mg kg™ and Zn (30.00 mg kg ™).
The exchangeable form of metals studied were very low
mdicating that under the present conditions, the
availability of these metals to plant would be minimal.
Most of the metals were found in the resistant fraction.
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