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Abstract—Cadmium and chromium are toxic to most organisms
and different mechanisms have been developed for overcoming with
the toxic effects of these heavy metals. We studied the uptake and
distribution of cadmium and chromium in different organs of tomato
(Lycopersicon esculentum L.) plants in nine heavy metal polluted
soils in western Hormozgan province, Iran. The accumulation of
chromium was in increasing pattern of fruit peel<edible
pulp<shoots<roots. Cadmium was detected neither in the peel nor in
the pulp of fruits. Shoots cadmium concentration was more than that
of the roots. Determination of bio-concentration factor (BCF) and
translocation factor (TF) revealed that tomato was suitable for
phytoextraction of cadmium, but not chromium, in all examined soil.
In addition, tomato showed no suitability for phytostabilization in the
soils polluted with cadmium and chromium.
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I. INTRODUCTION

EAVY metals are defined as a group of metals and

metalloids with atomic density higher than 5 g cm?,
including chromium, arsenic, lead, cadmium, mercury, zinc,
copper, iron, and so on. These metals are ubiquitous, highly
persistent, and almost non-biodegradable [1]-[3]. Heavy
metals are among the major contaminants of food supply and
may be considered as the most serious problem to the
environment [4]. Accumulation of heavy metals in the
environment increases as a result of natural weathering of
rocks, irrigation with contaminated waters, application of
fertilizers and metal based pesticides, industrial emissions,
transportation etc. Human activities in recent decades have
increased the quantity and distribution of some heavy metals
in the atmosphere, land and water bodies [5].

Tomato (Lycopersicon esculentum L.) is the second most
widely consumed vegetable after the potato [6]. Tomato is an
important source of micronutrients, minerals (notably
potassium), carboxylic acids, and carotenoids in the human
diet [7], [8].
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Human exposures to heavy metals may occur through
inhalation of air and ingestion of food and water. Heavy
metals concentration in the environment varies markedly
depending on their concentrations in soil and vicinity to
sources of emission [9]. Heavy metal accumulation in soil and
plants is of increasing concern because of the potential human
health risk. This food chain contamination is one of the most
important pathways for the entry of these toxic elements into
the human body. Heavy metals accumulation and distribution
in plant strongly depend on the plant species, metals level in
the soil and air, soil pH and CEC, vegetation period, and some
other parameters [10].

Phytoremediation, also known as green technology, which
consists of the use of plants including trees, grasses, herbs and
aquatic plants to extract, sequester, and detoxify heavy metals,
is a novel approach that has shown considerable promise as a
cost-effective and an environmentally friendly technology and
has received much attention in recent years [11], [12]. In this
technique, the natural capacity of plants is used to extract
some elements and compounds from soil and translocate them
between fruits, flowers, leaves, stems, and roots relating to the
biological stage in which the elements and compounds are
involved [11]. Phytoremediation of heavy metals is divided
into three categories: phytoextraction, which shows the ability
of plants to extract heavy metals from soil by accumulating
the metal in aerial parts of plant [13]; phytostabilization,
which is the use of plants to stabilize the soil surface by
maintaining the metals in the roots [14]; and rhizofiltration,
which is the use of plant roots to ab/adsorb metals from water
and aqueous waste streams [15].

In the present study, we evaluated the uptake and
distribution of cadmium and chromium in vegetative organs
(roots and shoots) and fruits (pulp and peel) of tomato
(Lycopersicon esculentum L.) plants in nine heavy metal
polluted soils located in western fields of Hormozgan
province, Islamic Republic of Iran.

II. MATERIALS AND METHODS

In this research, we studied three major tomato-growing
areas (Tazian, Kahurestan, and Parsian) located in western
parts of the Hormozgan province, Iran. Three farms were
selected in each area, differing in field management and
distance from roads, industries, cities and other pollution
sources. Farming management practices including rate, type
and method of fertilization, irrigation depth and interval,
application of pesticides and harvesting time, which were
recorded precisely. One composite soil sample was collected
from each site (0-30 cm) before planting, oven-dried, ground
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and sieved through 2 mm sieve and the DTPA extractable Cd
and Cr were determined by atomic absorption
spectrophotometer method as given by Lindsay and Norvell
[16]. Sampling of fruits, shoots, and roots was simultaneously
accomplished three times during the plant growth period.
After each sampling event, the fruit peel was separated from
the edible pulp. All harvested organs including fruits, shoots
and roots were rinsed with distilled water, oven-dried at 70 °C
for 48 hours, weighed, ground, and dry-ashed at 500 °C.
Concentrations of cadmium and chromium in fruit peel, fruit
pulp, shoots, and roots were measured by atomic absorption
spectrometric method [17] wusing atomic absorption
spectrophotometer model SpectrAA-220 made in Varian
company of Australia. BCF and TF show the capability of
plants for tolerating and accumulating heavy metals. These
indices were determined using the ratio of metal content in the
aerial parts of plant to the soil (BCF) and the ratio of metal
content in the aerial parts to the roots (TF) [18], [19]. Obtained
raw data were statistically analyzed. Means comparison was
performed by Duncan's Multiple Range Test, using MSTATC
software. Figures were drawn by Microsoft-Excel software.

III. RESULTS AND DISCUSSIONS

The suitability of using a plant for removal of heavy metals
from a contaminated soil depends on uptake, accumulation
and distribution of metals in different organs of plant [20].
Figs. 1, 2 show the pattern of distribution of two heavy metals
Cd and Cr in fruit peel, edible pulp, shoots and roots of tomato
in the nine studied regions. According to Fig. 1, neither peel
nor edible pulp of tomato fruits showed cadmium in their
tissues; however, some amounts of this heavy metal were
measured in shoots and roots. Calculating the average ratio of
shoots Cd concentration to roots Cd content for all studied
regions revealed that more than 90% of the cadmium uptaken
by tomato plants was found in the shoots. Cadmium
accumulation in shoots could be reckoned as a possible
strategy for removal of this metal from contaminated soils.
The results presented in Table I show the BCFs and TFs for
Cd and Cr. These indices are important values that estimate
the potential of a plant for phytoextraction and
phytostabilization. Plants showing a shoot BCF>1 may be a
phytoextractant, and plants having a root BCF>1 and TF<1 are
suitable for phytostabilization [18], [19]. Therefore, tomato
could be considered as a phytoremediant in cadmium polluted
soils in the studied regions. It has been proved that plants are
able to take up elements electively. They may uptake heavy
metals by their roots, stems, and leaves and accumulate them
in their organs. Plants are employed for decontaminating
heavy metals from soils and waters and have demonstrated
high performances in treating these polluted resources. Several
parameters including plant species, element species, pH,
exposure duration, and temperature can affect the purification
capacity of heavy metals by plants [21]. Cadmium is one of
the mobile elements that could be easily absorbed by roots and
transmitted into the shoots [20]. Its uptake from soil is
completely dependent on the cadmium concentration in the
soil [22]. Its distribution is based on the mobilization of the

protective mechanisms of plants which inhibit the transport to
tissues and organs [20]. Other researchers also reported tomato
as a phytoremediant for removing the heavy metal cadmium
from the contaminated soils [23], [24].
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Fig. 1 Cadmium distribution in different tomato organs

TABLEI
BCF AND TF FOR CD AND CR IN TOMATO

Heavy metal Region Harvestable parts BCF Roots BCF  TF
Konaroo 1.38 0.21 6.50
Ghadhar 1.03 0.07 15.00
Patel 1.04 0.15 7.00
Aldarvish 1.01 0.08 12.63
Cd Borghesoltan 1.29 0.60 2.15
Shibravan 1.10 0.37 3.00
Buchir 1.10 0.07 16.00
Fomestan 1.01 0.08 12.63
Davazdahpol 1.15 0.08 15.00
Konaroo 0.06 0.04 1.52
Ghadhar 0.09 0.06 1.50
Patel 0.08 0.05 1.50
Aldarvish 0.07 0.05 1.47
Cr Borghesoltan 0.07 0.04 1.52
Shibravan 0.07 0.04 1.59
Buchir 0.09 0.06 1.57
Fomestan 0.06 0.04 1.59
Davazdahpol 0.09 0.06 1.59

All parts of tomato plants had significantly different
concentrations of chromium and increased in the order of fruit
peel<edible pulp<shoots<roots (Fig. 2). The highest and
lowest Cr contents were recorded in the roots and fruit peel
with 6.62 and 1.77 mg kg' dry weight, respectively. The
average concentration of chromium in tomato fruits (4.74 mg
kg! dry weight) was about twice the maximum allowed level
(2.30 mg kg'! dry weight) suggested by WHO/FAO [25]. It is
necessary to mention that 40% of fruit Cr content was
accumulated in the peel (Fig. 2), and therefore, separating the
peel from the tomato fruits can be a good strategy for
decreasing daily intake of chromium in our daily diet. BCF
and TF values were too small to introduce tomato as a
phytoremediant in soils contaminated with the heavy metal
chromium (Table I). The high concentration of Cr in soil and
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plant could be attributed to the high levels of industrial
activities, metal works, overuse of phosphorus fertilizers,
vehicular emissions, small scale tanning operations, etc. [26].
Other researchers have also reported the potential of tomato
plants for uptake of the heavy metal chromium from
contaminated soils [26]-[28].
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Fig. 2 Chromium distribution in different tomato organs

IV. CONCLUSIONS

The elemental distribution of the heavy metal Cr in
different parts of tomato was in increasing pattern of fruit
peel<edible pulp<shoots<roots. However, the average
concentration of chromium in the fruits was about twice the
maximum allowed level suggested by WHO/FAO [25]. The
results showed that 40% of fruit Cr content was present in the
peel, and therefore, removing the peel from the tomato fruits
can be a good tactic to decrease daily intake of this heavy
metal in our daily diet. The high concentration of Cr in soil
and plant could be associated to the factors such as industrial
activities, metal works, overuse of phosphorus fertilizers,
vehicular emissions, small scale tanning operations, etc.
Cadmium was observed neither in the peel nor in the pulp of
tomato fruits. Furthermore, cadmium accumulation in the
shoots was higher than in the roots. In general, Cd was
accumulated in the vegetative parts and not in the fruits of
tomato, making it safe for public consumption. This shows a
selectivity for metal compartmentation in the plant. BCF and
TF values for chromium were too small to introduce tomato as
a phytoremediant in soils contaminated with these three heavy
metals. On the other hand, the high BCF and TF values for
cadmium (>1) along with the high biomass production of
tomato could result in making tomato as a good choice for
phytoremediation of cadmium polluted soils.

Further research is necessary in order to find the potential
transformation mechanisms for heavy metals tolerance of
tomato and to assess the effects of each heavy metal as well as
the interactions of different levels on soil quality and relative
uptake to the edible plant species.
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