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Introduction

Soil contamination with anthropogenic heavy metals, 
mainly from industrial activities, agricultural practices 
and atmospheric deposition, has received increasing at-
tention in recent years [1-2]. These metals can be easily 
accumulated in the topsoil, resulting in bio-toxicity to 
plants and animals. as cities are densely clustered with 
pollution sources resulting from human activities, urban 
soils are prone to be polluted by heavy metals and other 
pollutants. extremely high levels of contamination with 
heavy metals in urban soils had been found in many coun-
tries [3-5]. continuous urbanization and industrialization 

of nanjing, P.R. China, leads to an increasing heavy metal 
pollution in urban soils. Wu et al. [6] investigated heavy 
metals in urban soils in nanjing City, and found that the 
total concentrations of Pb, cu, zn and cd were 177.1 ± 
103.7, 39.86 ± 39.9, 273.3 ± 131.6 and 1.1 ± 0.7 mg kg-1, 
respectively.

Soil is not only the key nutrient-bearing environment 
for plant life [7], but also a supplier of many pollutants to 
plants because plants can uptake toxic substances through 
their roots from soils [8-9]. The accumulation of heavy 
metals from soils to vegetables has been studied extensive-
ly due to the close relation of vegetables to human health. 
alam et al. [10] investigated the contents of arsenic and 
heavy metals in vegetables, and suggested that Pb concen-
trations in all the vegetables grown at Samta, in bangladesh, 
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would be a health hazard for human consumption. yusuf et 
al. [11] studied the concentrations of cd, cu and ni in five 
different edible vegetables from three industrial and three 
residential areas of lagos City, nigeria, and concluded that 
these heavy metals in industrial areas were much higher 
than those of the residential areas.

it is widely recognized that bioavailability of heavy 
metals in soils depends strongly on their chemical forms 
and their binding ways [12]. Therefore, both single and 
sequential extraction schemes have been developed to 
evaluate the mobility or bioavailability of metals in soils, 
sediments and sewage sludges during recent decades [13-
14]. Those techniques were thoroughly reviewed by kot 
et al. [15]. Among these extraction schemes, the bcr 
(now the Measuring and Testing Program), developed by 
the Community bureau of Reference, has been applied 
widely to fractionate metals in soils and sediments [16].

Many investigations on heavy metals in vegetables 
and their corresponding soils had been conducted in re-
cent years [17-19]. wenzel and Jokwer [20] found that the 
concentrations of Cd, Pb and zn in Thlaspi shoots were 
less or similar to the amount of these metals in the ex-
changeable fraction of the soils. Poschenriede et al. [21] 
reported that the Cu and zn concentrations in plants grow-
ing on and off a malachite site were correlated well to the 
metal concentrations in the soil. Sinha et al. [22] found 
highly positive correlations between metals accumulated 
in some plants (leafy vegetables and bearing plants) and 
the available metals in soils. however, fytianos et al. [23] 
concluded that the correlations between metal concentra-
tions in soils and vegetables were generally poor for the 
majority of cases. moćko and wacławek [12] used the 
linear multiple regression to describe the dependence of 
the metals uptake on the concentrations of their speciation 
mobile forms in soils, and their results indicated no such 
relation.

The aim of the present study is to investigate concen-
trations of Pb, Cu, ni, and zn in selected vegetables and 
corresponding soils collected from the suburban areas of 
nanjing City, to investigate the enrichment and transloca-
tion of these metals from soils to vegetables, and to iden-
tify the relationships among metal concentrations in veg-
etables, chemical forms of metals in corresponding soils, 
and the enrichment coefficients of the plant/soil system.

Materials and Methods

Description of the Sampling Sites

The city of nanjing, with more than 6 million inhabit-
ants, is located in the eastern part of china (e118°22’~ 
119°14’, n31°14’~32°37’). it is one of the biggest indus-
trial cities in Jiangsu province, P.R. China. a number of 
pollution sources in the city, including oil refineries, steel 
industries, electric manufactures and hundreds of other 
smaller industrial units, emit heavy metals and other toxic 
elements into the local environment.

Eight sampling sites in the near suburb of nanjing, 
which named as banqiao (bQ), baguazhou (bz), Fang-
shan (fS), getang (gT), huaqi (hQ), Pukou(Pk), Shang-
fang (Sf), and Tangshan (TS), were selected for the 
present study, and these sites were scattered in different 
directions with similar distances away from the center of 
the city (Fig. 1). most vegetables cultivated in these areas 
are sold at the local markets. four kinds of vegetables, 
including Celery, spinach, cole and garlic, were selected 
as vegetable samples. These vegetables are considered as 
food sources for local residents, and thus they are of great 
importance to human health in this area.

Sampling and Pre-Treatment

A total of 32 vegetable samples and 32 corresponding 
soil samples were collected from the eight sites. at least 
three vegetable samples of each vegetable species includ-
ing celery, spinach, cole, and garlic, were randomly col-
lected, and then mixed to form a compound sample for 
each sampling site. soil samples were composite mixtures 
of soils from the rhizosphere of each vegetable sample. 
The maximum soil depth was about 20 cm, according to 
the ploughed horizon of local area (about 20 ± 2.5 cm 
deep). They were sampled manually in a corresponding 
area within a 30 cm diameter around each vegetable sam-
ple. The soil samples were packed carefully into polyeth-
ylene bags and transported to the laboratory.

In laboratory, the vegetable samples were washed with 
tap water, and then rinsed with deionized water. each veg-
etable sample was divided into root and leaf, cut into small 
pieces with a plastic cutter, and then dried at 90°c in a 
furnace to constant weights. The dried vegetable samples 
were ground, and then kept in clean polyethylene bags 
for measurement. The soil samples were air dried at room 
temperature. They were ground in an agate mortar, sieved 
through 0.25 mm nylon sieve, and then kept in clean poly-
ethylene bags for analysis [24].

Fig. 1. scheme of sampling sites in the suburban areas of nan-
jing City, P.R. China.
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Digestion and extraction Procedures

Determination of Physicochemical Properties of Soils

Soil ph and electric conductivity (EC) were mea-
sured with soil extract at a soil/deionized water ratio of 
1:5 (w/v) using a digital pH meter and electric conduc-
tivity meter. soil organic matter content and cation ex-
change capacity (CEC) were determined by the method 
described by lu [25]. Total nitrogen (Tn) was extracted 
by kjeldhal digestion, and Tn in the digest was deter-
mined in the form of nh4-n by indophenol blue method. 
Total phosphorus (TP) and total potassium (Tk) were 
measured by digesting soil samples, and then deter-
mined by inductively coupled plasma atomic emission 
spectrometry (ICP-aES, leeman labs Prodigy, uSa). 
The physicochemical properties of soil samples were 
summarized in Table 1.

Digestion of Vegetable Samples

To determined metal concentrations in the vegetable 
samples, 0.1g of each powdered vegetable sample was 
wet digested with 15 ml concentrated Hno3-hClO4 (3:1) 
acid mixture in a 25 ml Teflon PFA (perfluoroalkoxy) vial. 
After 3 drops of HF acid was added, the mixtures were 
heated to a clear solution, and then to near dry. The cooled 
residue was dissolved in 5 ml 10% Hno3 and the solution 
was diluted to 25 ml with deionized water for measure-
ments [23].

extraction Procedures for soil samples

sequential extraction was conducted by using the 
bcr sequential extraction procedure described as ure et 

al.[16]. For practical reasons, the weight of sample and 
volume of extractant were reduced by half to keep the 
same weight/volume ratio as the original bcr extraction 
scheme. The following extraction procedure was conduct-
ed in lab.
 • exchangeable Fraction (F1). Twenty ml 0.11 mol l-1 

acetic acid was added in a 50 ml polypropylene centri-
fuge tube containing 0.5000 ± 0.0001 g of soil sample. 
The tubes were shaken for 16 h at ambient tempera-
ture (20 ± 1 oC) on an end-over mechanical shaker op-
erating at 40 rpm. The extract was separated from the 
solid residue by centrifugation (4000 rpm), decanted 
into a polyethylene container, and stored at -4 oC un-
til analyzed. At this step, metals in ionic form, bound 
to carbonates and the exchangeable fraction were ex-
tracted.

 • reducible Fraction (F2). The residue from the step 
above was shaken with 20 ml 0.1 mol l-1 hydroxyl-
amine hydrochloride (acidified to pH=2 with nitric 
acid). The extraction procedure was the same as that 
of in the F1. at this step, metals bound to amorphous 
iron and manganese oxides and hydroxides were re-
leased.

 • oxidizable Fraction (F3). To residue from F2, 20 ml 
hydrogen peroxide (30%, acidified to pH=2 with nitric 
acid) was carefully added, and, after digestion, the ex-
traction was continued in 25 ml ammonium acetate (1 
mol l-1, acidified to pH=2 with nitric acid). The extrac-
tion procedure was the same as described for F1. At 
this step, metals bound to organic matter and sulfides 
were extracted.

 • Residual fraction(f4). The residue from F3 was dried 
at room temperature, and then digested using the 
method described for total metal concentrations of 
vegetables. at this step, metals bound to silicate lat-

Table 1. Physicochemical properties of soils collected from suburban areas of nanjing, china.

a) Sampling
Sites 

ph
1:5(w/v)

Organic Matters 
(%)

Tn
(%)

TP
(mg kg-1)

Tk
(g kg-1)

CEC
(me/100g)

bQ 6.72 0.64 3.30 764.49 13.55 182.28

Pk 7.04 1.44 7.67 855.32 16.05 344.54

hQ 5.93 1.19 4.86 478.02 12.09 231.35

gT 5.82 0.78 3.06 334.51 12.96 202.77

Sf 7.04 1.24 8.01 345.36 12.66 279.37

bz 7.48 1.29 4.92 672.85 15.68 470.76

fS 7.24 0.68 3.21 349.67 14.37 345.87

TS 7.05 0.97 4.05 327.13 12.20 328.90
b) Average ± sD 6.79 ± 0.60 1.03% ± 0.99% 4.88% ± 1.96% 515.92 ± 216.57 13.69 ± 1.53 298.23 ± 94.50

a) samping sites named after the first letter of corresponding sampling sites: bQ for the town of banQiao, Pk for Pukou, HQ for HuaQi, 
gT for geTang, Sf for Shangfang, bz for baguazhou, fS for fangShan, and TS for TangShang.  

b) Average values ± standard deviation (sD), total sampling numbers: n = 96.
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tice or crystalline iron and manganese oxides were 
dissolved.

enrichment coefficient for Vegetable/soil system 

enrichment coefficient (ec) was calculated to assess 
the accumulations of metals from soils to vegetables, and 
it is described as the following formula [26]:

[ ]
[ ]

vegetable

soil

M
EC

M
=

where: ec is the enrichment coefficient for vegetable/soil 
system;
[M]vegetable is the concentration of a metal in the tissue of 
vegetables (root or leaf), mg kg-1, in dry matter;
[M]soil is the total concentrations of a metal in soils where 
this vegetable is grown, mg kg-1, in dry matter. 

Determination

a blank was also run at the same time. all reagents 
used were of supra-pure quality. all glassware and plastic 
containers were previously soaked overnight in suprapure 
nitric acid, and then rinsed with deionized water (18mΩ). 
The concentrations of Pb, Cu, ni and zn in different frac-
tions of soils and vegetable digests were determined by 
ICP-aES.

Results and Discussion 

extractable Fractions of Pb, cu, ni and zn in soils

results of the extractable fractions of Pb, cu, ni, and 
zn in soils were shown in Fig. 2. Pb exhibited similar 
trends of chemical fraction distributions in all soils. The 
largest portion was in the residual fraction, accounting for 
50% of total Pb, followed by the oxidizable fraction (35%) 
and the reducible fraction (10%), while the exchangeable 
fraction was no more than 0.2% of the total Pb concen-
trations in soils. a similar distribution pattern was found 
for cu and ni. For cu in soils, 48%~72% of total cu 
was in the residual fraction, 21%~48% in the oxidizable 
fraction, 1%~8% in the reducible fraction, and less than 
2% in the exchangeable fraction. ni presented a much 
higher percentage in the exchangeable fraction (6%~15% 
of total ni) and a lower portion in the residual fraction 
(35%~60%) than those of Pb and cu. with respect to zn, 
no coherent distribution of chemical fractions was found 
among different soil samples. The biggest portion was in 
the oxidizable fraction, except for soils collected from 
banQiao. The sum of the exchangeable fraction and the 
reducible fraction accounted for 18%~58% of total zn in 
soils, and these fractions are normally recognized as the 
bio-available pool.

Total concentration of a certain metal in specific soils 
was represented by the sum of concentrations of the four 
extractable fractions for each metal (total concentrations
=F1+F2+F3+F4). Total concentrations of zn, Pb, cu, and 

Fig. 2 The fraction distribution of Pb, cu, ni, and zn in soils.
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ni in soils was 21.17~79.50, 24.36~40.69, 21.67~46.85, 
and 13.72~24.00 mg kg-1 (in dry matter), respectively. 
Compared to the published results in literature, the con-
centrations of metals in soils obtained in the present work 
were much lower than those of Wu et al. [6]. An explana-
tion might be that these soils of the present study were col-
lected from the suburb areas of nanjing City, P.R. China, 
while those samples studied by Wu et al. were collected 
from the urban area of the same city.

Metal Concentrations in Vegetables

The concentrations of metals in vegetables were sum-
marized in Table 2. The concentrations of metals in veg-
etables varied greatly from one vegetable to another, and 
the variation also existed among different sampling sites 
for the same vegetable species.

Vegetable is one of the Pb exposure sources for ha-
bitants of nanjing city, and the exposure to Pb is of the 
main concern because of its possible detrimental effects 
on intelligence. The garlic and cole contained higher 
concentrations of Pb than that of celery and spinach, 
with 0.43~4.72 mg kg-1 in roots and 0.65~6.67 mg kg-1 
in leaves for garlic, and 0.94~2.74 mg kg-1 in roots and 
0.74~3.59 mg kg-1 in leaves for cole. The spinach pre-
sented the lowest concentrations of Pb among the four 
kinds of vegetables, with 0.48~1.86 mg kg-1 in roots and 
0.75~4.12 mg kg-1 in leaves. The concentrations of Pb in 
roots and leaves of celery were 0.73~3.28 mg kg-1 and 
0.75~4.12 mg kg-1, respectively. This indicated that the 
accumulation of Pb in vegetables was influenced by the 
vegetable species. however, it was evident from Table 
2 that the differences of Pb concentrations in vegetable 
were caused more significantly by different sampling sites 
than by the vegetable species.

zn and Cu are essential nutrients for plants (e.g. 
15.0~30.0 mg zn kg-1 of dry plant matter satisfies physi-
ological needs of plants), but concentrations higher 
than 20.0~30.0 mg kg-1 for cu and 50.0~60.0 mg kg-1 
for zn can be toxic, and lead to the plant growth inhi-
bition [1]. The concentration of cu was 4.34~31.27, 
4.60~15.65, 4.24~9.30, and 6.98~26.09 mg kg-1 in roots, 
and 3.83~11.42, 2.75~4.92, 1.96~5.75, and 5.59~9.03 mg 
kg-1 in leaves for celery, garlic, cole, and spinach, respec-
tively. The increasing order of the average concentrations 
of Cu for these vegetables was celery > spinach > garlic 
> cole.

zn was the most abundant metal among these four 
metals in vegetables studied in this work. On average, 
spinach contained the highest zn concentration among 
the four vegetables, with 14.35~33.28 mg kg-1 in roots 
and 13.20~31.69 mg kg-1 in leaves, and the least zn con-
centration was found in garlic, with the concentrations of 
6.39~24.80 mg kg-1 in roots and 3.81~11.46 mg kg-1 in 
leaves. The concentration range of zn was from 13.01 to 
29.87 mg kg-1 in roots and from 0.32 to 22.47 mg kg-1 in 
leaves for celery, and from 6.62 to 49.44 mg kg-1 in roots 

and from 7.25 to 38.68 mg kg-1 in leaves for cole.
With respect to ni, little differences of concentrations 

were found among different vegetable species sampled, 
with the average concentrations of 5.41, 5.38, 5.66, and 
4.27 mg kg-1 in roots, and 2.59, 2.09, 2.56, and 2.54 mg 
kg-1 in leaves for celery, garlic, cole, and Spinach, respec-
tively. however, the ni concentrations of the same veg-
etable species differed significantly from one sampling 
site to another.

In order to investigate the different accumulation in 
various parts of vegetables, transfer coefficient (Tc) of 
leaf/root system was calculated for each vegetable species 
(seen in Table 2), which described as, Tc=ml/mr, and 
Ml and MR represent metal concentrations in leaves and 
roots, respectively. In regard to the TC for the same metal 
in different vegetables, spinach showed the highest TCs 
for every metal among the four vegetables. This might be 
due to the rather bigger surface areas of leaves of spinach 
than that of other vegetables. and this could be further 
conformed by the fact that garlic, with the minimum sur-
face areas of leaves of these four vegetables, exhibited the 
lowest TC values of all vegetables. Sinha et al. [22] also 
found that the accumulation of metals in edible parts was 
higher in the leafy vegetables (chloroplast rich) than that 
in non-leafy vegetables/crops. with respect to the Tc for 
different metals in the same vegetable species, Pb exhib-
ited the highest TC value among the four metals, indicat-
ing that Pb was more likely to be transferred from roots 
to leaves than Cu, zn, and ni. another reason for higher 
accumulation in leaves might be related to atmospheric 
deposition. It had been reported that the Pb and zn con-
centration in the air of suburban areas of nanjing City in 
2003 were as high as 0.53 and 0.99 µg m-3 [27]. From the 
Tc values shown in Table 2, it could be concluded that 
Pb was mainly accumulated in the leaves of vegetables, 
while Cu, zn, and ni were mainly retained in the roots of 
these vegetables.

Relationship of Metals in Soils and Vegetables

The concentrations of metals in vegetables were gen-
erally lower than that of the corresponding soils. This 
might be attributed to the roots, which seems to act as a 
barrier to the translocation of metals [28, 29]. in order 
to evaluate the accumulating capacity of heavy metals 
from soils to plants, a quantitative evaluation of the rela-
tionship between metal concentrations in vegetables and 
in corresponding soils was made by calculating the en-
richment coefficients (ecs) for the vegetable/soil system 
(Table 3).

The highest mean EC value was found for Pb in gar-
lic (0.14), for zn in spinach (1.48), and for cu and ni in 
celery (0.63 and 0.47, respectively). The lowest average 
TC values of Pb and ni were both found in spinach with 
the value of 0.09 and 0.42, respectively. Cole and garlic 
exhibited the lowest average Tc values for cu (0.33) and 
zn (0.69). The ec value of same metal differed from one 
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Table 2. metals in vegetables and the transfer coefficients (Tc) for leaf/root systems (mg kg-1, in dry matter).

Vegetable Sample 
Sites

Pb Cu zn ni

root leaf TC root leaf TC root leaf TC root leaf TC

Celery

bQ 1.99 1.57 0.79 18.89 11.42 0.60 29.87 13.90 0.47 4.49 1.99 0.44 

Pk 2.61 2.04 0.78 9.81 5.50 0.56 13.24 0.32 0.02 3.73 3.11 0.83 

hQ 1.00 1.34 1.34 4.34 3.83 0.88 29.30 20.26 0.69 3.97 2.39 0.60 

gT 0.73 0.75 1.03 15.42 7.75 0.50 22.43 13.09 0.58 11.67 5.17 0.44 

Sf 3.28 1.03 0.31 31.27 5.58 0.18 13.01 7.36 0.57 11.01 2.27 0.21 

bz 2.29 4.12 1.80 13.90 5.03 0.36 26.24 22.47 0.86 2.75 2.00 0.73 

fS 0.81 1.72 2.12 6.44 3.86 0.60 25.87 11.95 0.46 3.53 2.49 0.71 

TS 1.29 0.85 0.66 7.81 6.19 0.79 18.66 8.16 0.44 2.15 1.30 0.60 

average 1.75 1.68 0.96 13.48 6.14 0.46 22.33 12.19 0.55 5.41 2.59 0.48 

garlic

bQ 1.45 3.67 2.53 6.50 2.95 0.45 13.60 6.68 0.49 5.25 1.70 0.32 

Pk 3.84 0.65 0.17 7.85 4.81 0.61 24.80 11.46 0.46 7.17 2.85 0.40 

hQ 1.23 0.68 0.55 9.76 3.00 0.31 14.30 3.81 0.27 4.30 1.86 0.43 

gT 0.94 0.94 1.00 5.73 3.75 0.65 23.80 9.62 0.40 9.53 4.07 0.43 

Sf 1.62 1.41 0.87 10.39 4.92 0.47 6.39 5.83 0.91 4.65 1.37 0.29 

bz 1.98 1.30 0.66 15.65 3.64 0.23 3.12 10.89 3.49 2.04 1.37 0.67 

fS 4.72 6.67 1.41 4.48 2.75 0.61 19.38 3.92 0.20 8.16 2.00 0.25 

TS 0.43 0.93 2.16 4.60 2.79 0.61 24.43 6.32 0.26 1.96 1.48 0.76 

average 2.03 2.03 1.00 8.12 3.58 0.44 16.23 7.32 0.45 5.38 2.09 0.39 

Cole

bQ 2.06 2.98 1.45 8.01 1.96 0.24 16.68 11.12 0.67 2.90 1.38 0.48 

Pk 2.34 2.86 1.22 5.63 2.86 0.51 21.22 7.25 0.34 6.84 1.81 0.26 

hQ 2.74 0.74 0.27 9.30 5.75 0.62 49.44 24.78 0.50 8.48 4.51 0.53 

gT 2.61 2.44 0.93 6.55 2.42 0.37 15.28 15.74 1.03 5.54 1.84 0.33 

Sf 0.94 3.59 3.82 6.64 4.02 0.61 17.60 38.68 2.20 8.29 5.80 0.70 

bz 2.15 1.82 0.85 5.03 2.29 0.46 6.62 9.69 1.46 7.14 1.17 0.16 

fS 2.05 1.82 0.89 5.87 2.29 0.39 25.37 9.69 0.38 3.75 1.17 0.31 

TS 1.41 1.23 0.87 4.24 2.08 0.49 37.17 10.09 0.27 2.37 2.79 1.18 

average 2.04 2.19 1.07 6.41 2.96 0.46 23.67 15.88 0.67 5.66 2.56 0.45 

Spinach

bQ 1.86 2.07 1.11 9.35 6.87 0.73 14.35 24.83 1.73 8.04 2.79 0.35 

hQ 0.63 2.89 4.59 9.00 8.47 0.94 19.71 13.20 0.67 3.44 2.74 0.80 

gT 0.77 1.47 1.91 7.62 9.03 1.19 23.68 21.95 0.93 4.25 4.54 1.07 

Sf 0.48 0.87 1.81 26.09 7.20 0.28 22.71 24.50 1.08 2.34 1.46 0.62 

bz 1.69 1.18 0.70 10.54 6.99 0.66 30.25 19.38 0.64 1.36 0.99 0.73 

fS 1.44 1.49 1.03 8.87 5.83 0.66 33.28 24.10 0.72 5.88 3.34 0.57 

TS 0.57 0.90 1.58 6.98 5.59 0.80 27.52 31.69 1.15 4.62 1.95 0.42 

average 1.06 1.55 1.46 11.21 7.14 0.64 24.50 22.81 0.93 4.27 2.54 0.59 
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vegetable to another, suggesting a selectivity of the plants 
in absorbing elements from soils.

zn showed the highest EC values among these four 
metals in all vegetables, while Pb showed the lowest, 
indicating that zn was more capable of accumulating 
from soils to vegetables than Cu, ni, and Pb. The EC 
value of a certan metal in the same vegetable exhibited 
a great variation among different sampling sites, which 
probably resulted from different chemical fraction 
distributions of metals and different soil properties of 
these soils. 

The ec values of cu had been reported to be 0.13 for 
celery [30] and 0.319 for spinach [19]. Fytianos et al. [23] 
found that the EC values of Pb, Cu, zn and ni for spin-
ach was 0.46, 0.37, 0.36 and 0.07, respectively, and those 
for celery was 0.30, 0.24, 0.38 and 0.16, respectively. 
kachenk and singh [31] claimed high mean transfer coef-
ficients in leek (0.90), spinach (0.64) and lettuce (0.46) for 
Cu, and in cabbage (1.38), lettuce (0.84) and mint (0.30) 
for Pb. Compared the EC values obtained from the pres-
ent study, the differences might be attributed to the differ-
ences of soil properties.

The accumulation of metals from soils to plants 
depends on many factors, such as metal forms, plant 
species and parts, and soil properties [32]. The enrich-
ment coefficient quantifies the relative differences in 

bioavailability of metals to plants and is a function of 
both soil and plant properties [31]. Therefore, the en-
richment coefficient (ecs) of plant/soil system could 
provide more useful inherent information on the accu-
mulation of metal from soil to plants. Some statistic 
analysis methods, such as the Pearson correlation co-
efficient and the linear regression process, were con-
ducted to investigate the relationships among the metal 
concentrations in vegetables, enrichment coefficients, 
chemical fractions of metals in soils, and the physico-
chemical properties of soils. However, no significant 
correlation was found among them, suggesting that the 
relationships among enrichment coefficients of plant/
soil system, vegetable species, soil types and proper-
ties, metal chemical fractions were far more compli-
cated than simple linear relationship. 

Conclusions

The three-step bcr extraction procedure was car-
ried out to characterize the chemical fractions of Pb, 
Cu, zn, and ni in soils. The results showed that domi-
nant proportion was bounded in the residual fraction for 
Pb, cu and ni, whereas for zn in oxidizable fraction. 
Translocation coefficients (Tcs) for leaf/root systems 

Table 3. enrichment coefficients (ec) for the vegetable/soil system.

metal Vegetable
a)Sampling sites

bQ Pk hQ gT Sf bz fS TS b)average c)SD

Pb

Celery 0.11 0.11 0.09 0.04 0.12 0.17 0.10 0.07 0.10 0.04

garlic 0.16 0.11 0.08 0.05 0.08 0.09 0.47 0.04 0.14 0.14

Cole 0.15 0.13 0.14 0.15 0.12 0.11 0.16 0.09 0.13 0.02

Spinach 0.12 / 0.14 0.06 0.04 0.08 0.12 0.05 0.09 0.04

Cu

Celery 0.65 0.71 0.31 0.79 1.09 0.58 0.48 0.46 0.63 0.24

garlic 0.20 0.59 0.48 0.32 0.45 0.59 0.34 0.24 0.40 0.15

Cole 0.21 0.40 0.56 0.31 0.32 0.22 0.38 0.21 0.33 0.12

Spinach 0.35 / 0.65 0.57 0.99 0.54 0.69 0.41 0.60 0.21

zn

Celery 1.48 0.28 0.62 1.68 0.85 1.26 1.40 0.49 1.01 0.52

garlic 0.69 0.75 0.23 1.58 0.51 0.36 0.86 0.56 0.69 0.41

Cole 0.94 0.59 0.93 1.47 2.34 0.42 1.30 0.87 1.11 0.60

Spinach 1.33 / 0.41 2.16 1.96 1.29 2.12 1.09 1.48 0.64

ni

Celery 0.47 0.28 0.33 1.04 0.87 0.23 0.35 0.19 0.47 0.31

garlic 0.51 0.42 0.32 0.84 0.39 0.16 0.59 0.19 0.43 0.22

Cole 0.31 0.36 0.68 0.46 0.92 0.40 0.29 0.28 0.46 0.23

Spinach 0.79 / 0.32 0.54 0.25 0.11 0.54 0.36 0.42 0.22

a) names of sampling sites were the same as described in Table 1; b) average values; c)sD, standard Deviation; /--lack of spinach in 
Pukou (Pk).
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showed that Cu, zn and ni were mainly accumulated 
in roots, whereas Pb mainly accumulated in leaves of 
the vegetables. The results of enrichment coefficients 
(ecs) for the vegetable/soil system revealed that zn 
could be accumulated in the vegetables more easily 
than Pb, Cu, and ni from soil. Relationship statistical 
analysis among the metals in vegetables, enrichment 
coefficients, chemical fraction of metals in soils, and 
the physicochemical properties of soils resulted in no 
significant correlation, suggesting the complexity of 
the relationship among those factors.
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