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Heavy metals are not biodegradable and can accumulate in human vital organs,
producing progressive toxicity. Many researches have revealed the carcinogenic
effects of several heavy metals such as cadmium (Cd), chromium (Cr), lead (Pb),
mercury (Hg) and arsenic (As) (Trichopoulos 1997; Feig et al. 1994; Gibb and
Chen 1989). High concentrations of metals (Co, Cd, Pb, Mn, Ni and Cu) in fruit
and vegetables in Van region of Eastern Turkey were related to the high prevalence
of upper gastrointerestinal (GI) cancer rates (Tiirkdogan et al. 2002). For most
people the main route of exposure to these toxic heavy metals is through the diet.
Some regulations to restrict the emission of heavy metals and the tolerance limit in
food have been set up in many countries or areas. Quality of the roadside
vegetables had also established in terms of heavy metals in the light of recent
dietary guidelines (Bahemuka et al. 1999). Heavy metal contamination of
vegetables was studied owing to mining operation, mine spill and volcanic events
(Queirolo et al. 2000; Miller et al. 2004; Liu et al. 2005). These studies primarily
evaluated the bioaccumulation of a few selected elements in a single plant type or
several plant types growing in high contaminated soils (Wong et al. 2002; Alam et
al. 2003; Samsee-Petersen et al. 2002). However, few emphases have been placed
on accumulation of heavy metal of various vegetables in agriculture soils,
determining differences in metals absorption by different vegetable species.

The soil and atmosphere affected the accumulation of heavy metals in vegetables in
a dual growth cabinet (Harrison and Chirgawi 1989). Moreno et al. (2002; 2005)
studied their accumulation in Chinese cabbage from agriculture soil under
protected cultivation. In China, the cultivation of vegetables is mainly under natural
open-field conditions. Accordingly, it is important to study heavy metals
accumulation in vegetables in natural environment. Hence, we performed a
comprehensive study of toxic heavy metals in 23 vegetable species from
agricultural soil under natural condition. Then principal component analysis (PCA)
was applied to identify the enrichment ability of various vegetables to these heavy
metals.

MATERIALS AND METHODS

Twenty three vegetable species were collected from four sampling sites:
MaoZhuang (MZ), LaoYaChen (LYC), YaoQiao (YQ) and HuaYuanKou (HYK).
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These sites locate in the suburb of Zhengzhou city, Henan Province, China (34°42'
N; 113°45' E; altitude 110.4 m). The area has a warm spring continental weather
with an annual average temperature and rainfall of 14.3 °C and 640.5 mm,
respectively. These selected vegetables are broadly cultivated, and have a large
abundance yields at MZ and LYC sites. YQ and HYK sites are bases to yield lotus
root. Most of the vegetables cultivated at these sites enter the local markets for a
population of approximately 2,000,000 inhabitants.

Vegetables were selected using a random sampling procedure (replicate) and
identified by a horticulturist (Table 1). They were collected during vegetables
maturity by hand using vinyl gloves in September—November 1999, carefully
packed into polyethylene bags. In addition, the corresponding soil (at 0-20 cm in
depth) was collected. In the laboratory, different parts of vegetables were separated
manually. The edible portions were washed three times with distilled water and
finally rinsed with deionized water and dried in an oven at 65 °C, ground using a
ceramic-coated grinder and used for metal analysis. The soil samples were air-dried
at room temperature, finely powdered and sieved through 2 mm nylon mesh to
remove large debris, stones and pebbles. Soil samples (500g) were dried at 105 °C
for 2 h and ground to pass through 60 mesh sieve and homogenized for analysis.

Metals As, Hg, Cd, Pb, Cu and Cr were determined according to previously
described methods (Schuhmacher et al. 1993). A microwave assisted digestion
procedure was used. About 0.5 - 3 g of homogenized samples was digested under
pressure in Teflon vessels with 4 mL of nitric acid and 1.5 mL of hydrogen
peroxide. Samples with a low aqueous content were ashed at 450 °C in a furnace.
On completion of the digestion and after adequate cooling, solutions were filtered
and made up to 50 mL with 1 % nitric acid.

Metals Cr, Cd, Pb and Cu contents were analyzed by flame atomic absorption
spectrometry (FAAS, Hitachi Z-8000, Hitachi Ltd., Tokyo, Japan), whereas
concentrations of Hg and As were determined using cold-vapor atomic absorption
spectrometry (CV-AAS) with a hydride generation VA-90 model ( Tongli
University, China) and sodium borohydride as the reductant. All reagents were
supra-pure and high-purity water was employed throughout. A sample of standard
reference material (NIST SRM 2709), a blank, and a determination in duplicate
were included for assurance of analytical accuracy. The analytical results showed
no signs of contamination and that the precision and bias of the analysis were
generally < 10 % for metals. The recovery rates for heavy metals in SMR were
around 85-105%.

RESULTS AND DISCUSSION

The results of heavy metals in the soils are presented in Table 2. The
concentrations of Cd, Pb, Cr, As and Cu at all four sites were below the threshold
levels in natural background soil as defined by China. The mean concentrations of
Cd, Pb, Cr and Cu were lower in these soils compared with crop soils of the Pearl
River Delta, South China (Wong et al. 2002). Average Cd and Pb levels were
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Table 2. Average concentrations of heavy metals in the soils (mg kg'dw).
MAC of Threshold of Sampling Site

Element elementsin  elements in natural
agricultural ~ background soil in

LYC HYK YQ

soil in China® China®
Cd 0.6 0.2 0.17 0.15 0.18 0.13
Pb 300 35 1449 14.47 983 5.23
Cr 200 90 1345 6.61 453 248
As 30 15 5.54 6.48 5.57 349
Hg 1.0 0.15 5.50 4.03 6.55 6.57
Cu 100 35 1241 10.72 924 443

? National Environmental Protection Agency of China, GB15618,1995.

significantly lower than that in the endemic upper gastrointestinal cancer region of
Turkey, where mean Cd and Pb levels were 5.9 and 80 mg kg, respectively
(Turkdogan et al. 2002). The range of Hg concentration in the four soils was
narrow, whereas these values exceed the maximum allowable concentration (MAC)
level in agricultural soil in China. This showed that the soil was contaminated by
mercury.

Table 1 summarized the concentrations of heavy metals in the vegetables. 87%
vegetable species for Cu, 87% for Cd, 96% for Pb, 65% for As, 65% for Cr and
100% for Hg exceeded tolerance limit of Food Sanitary Regulation of China. The
mean Cd, Pb, As, Cr, Hg and Cu concentrations of these vegetables were elevated
compared with the corresponding tolerance limit. The maximum concentration of
Hg was found in radish leaves, followed by swamp cabbage. High Hg levels of
vegetables could be related to their high concentration in the soils. The highest Cr
concentration was 15.38 mg kg ™' (leek) and 8.58 mg kg ™' (yubaicai pakchoi). The
concentration of Cu was the highest in asparagus bean (317.71 mg kg ') and
tomato (201.75 mg kg ), which exceeded tolerance limit for Cu by approximately
31 and 19 times, respectively. The range of copper was higher than these values
(from 2.5 to 16 mg kg ™) reported by Bahemuka and Mubofu (1999). In addition,
the average value of Cu was higher than these values for Msimbazi (9.1 mg kg ')
and Sinza (6.8 mg kg ') green vegetables, and also higher than that of vegetable
from Samta village, Bangladesh (Alam et al. 2003).

The concentration of Pb was the highest in asparagus bean (7.75 mg kg ™),
followed by tomato (5.23 mg kg '), which exceed the tolerance limit level of China
for Pb by approximately 38 and 25 times, respectively. The concentration of Pb
was higher than Cd in all the vegetables. The concentration of Cd was the highest
in Chinese cabbage (0.2 mg kg ™), followed by radish leaves (0.18 mg kg 7).
However, the concentration of Cd was lower than the range (from 0.1 to 0.6
mg kg) for vegetable reported by Bahemuka and Mubofu (1999). Mean Cd and
Pb levels of vegetables were significantly lower than that in the endemic upper
gastrointestinal cancer region of Turkey, where mean Cd and Pb levels of the fruit
and vegetables were 25 and 409 mg kg™, respectively (Tiirkdogan et al. 2002).
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Figure 1. BCF values of Cd and Pb of 23 vegetable species from the suburb of
Zhengzhou, China.

It is worth noticing that the contents of heavy metals in leaves part of radish and
carrot were higher than the corresponding stem. Radish and carrot leaves were
efficient bioaccumulation of these heavy metals, and the edible parts of radish and
carrot were generally less contaminated than leaves.

To appraise the bio-accumulation effects of vegetables that uptake metals from the
soils, bioconcentration factors (BCF) values were calculated as the ratio between
the concentration of heavy metals in the vegetable and that in the corresponding
soil (all based on dry weight) for each vegetable at each site separately. The BCF
value ranges were: Cu 0.73-25.6, Cd 0.1-1.25, Pb 0.03-0.53, Cr 0.006-1.14, As
0.028-0.53 and Hg 0.031-0.26. The average BCF values were 5.31 for Cu, 0.65 for
Cd, 0.45 for Pb, 0.20 for Cr, 0.16 for As and 0.062 for Hg. This indicated that
mercury had the lowest bioavailability in our studied soil-vegetable system.

The BCF values for Cu of each vegetable species were the highest among all
considered heavy metals. The highest value was found in asparagus bean (25.6),
followed by tomato (18.82). Since a visual check of the BCF value of Cu was
exceedingly high, Cu BCF value was considered as an outlier. Cu concentrations in
these soils were below the threshold levels of national natural background (Table
2). Moreover, the exchangeable and carbonated-bound Cu, which were considered
readily and potentially bioavailability, accounted < 10% of the total Cu in crop
soils in general (Wong et al. 2002). Therefore, enrichment of vegetable for Cu had
other pathway except absorption from soils. Based on the field investigation,
during vegetation process of crop the pesticide containing Cu(OH), was sprayed on
the vegetables, so the copper residue was high and could accumulate in the
vegetables through foliage absorption.

The highest BCF value of Cd was 1.25 (Chinese cabbage), the second one was 1.16
(radish leaves). The highest BCF value of Pb occurred in asparagus bean (0.53),

167



PC2

Component 2

0.0

asr

hg

pbcd

Component 1

Figure 2. Component plot in rotated space (A rotation

converged in 3 iterations)

D§£ 53% &9

R

D S23
ngs

S0a
°%

&

S12

PC1
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Rotation Method: Varimax with Kaiser Normalization.

168



followed by tomato (0.36). BCF values of Cd were higher than Pb, while the
concentrations of Cd were lower than Pb in all the vegetables (Figure 1). Lead in
the crop soils was largely associated with the Fe-Mn oxide phase, followed by the
organic/sulphide and residual fractions, so that Pb bioavailability was not high
(Wong et al. 2002). Cadmium was more easily taken up and accumulated than Pb
by vegetables through the root systems from soil.

Further, to study the relationships among these heavy metals, principal component
analysis (PCA) was performed using SPSS 10.0 for windows. In the PCA, Varimax
with Kaiser Normalization was used as the rotation method in the analysis. Two
PCs were chosen as the most significant ones since they explained up to 65 % of
the total initial variance. The first PC, which showed high positive loading of
elements Hg, Cd and Pb, accounted for 37 % of the initial information (Figure 2).
The second PC (28 % of the variance) showed a definite relation with Cr and As.
These edible vegetables were divided into four main groups. It could be observed
that the first PC distinguished two essential blocks of samples (Figure 3). Using
sample scores, those samples (group A), such as radish leaves, on the right
sideshowed values higher than 2 on the first PC characterize. It had the maximum
BCF values for Cd, Pb and Hg (1.16, 0.28 and 0.26, respectively) and medium
values for As and Cr (0.062 and 0.18, respectively). PC2-scores > 2 discriminated
one set of samples (group B, Yubaicai pakchoi and Pak choi). They had the highest
BCF values for As and Cr (average 0.45 and 0.89, respectively). Group C could be
seen when PC2 scores range from +1 to +2. This group was formed by leek and
kidney bean, showing medium-high values for As and Cr (average 0.32 and 0.64,
respectively) along with low BCF values in Cd (average 0.28), Pb (average 0.065)
and Hg (average 0.046). Group D, containing 18 samples with PC1-scores form -2
to +1.5 and PC2- scores from -1 to +1, had low BCF values for heavy metals. The
results showed that Yubaicai pakchoi and pak choi had the highest enrichment
ability of As and Cr, and radish leaves had the highest enrichment ability of Pb, Cd
and Hg among all considering vegetable species.
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