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Abstract: A study of characteristics and speciation of 7 heavy metals in agricultural soil near mining
smelting of Hezhang were analyzed. The heavy metal concentration were determined by using ICP-
OES, the chemical fraction concentrations of heavy metal extraction were used a modified BCR-
SEPs. Tucker 3 was used to analyze the relationships between speciation data. Our results showed
that the concentration of As, Cd, Co, Cu, Ni, Zn and Cr in all studied areas were higher than
background of Guizhou, whereas As, Cu, Zn and Cd were higher in mining area; Ni and Cr in
mountainous area and Co in smelting areas. Zinc was the most serious pollution element in all studied
areas. The chemical speciation of heavy metals were relatively higher in residual fraction (F4)
especially Cu and Cr in the studied areas. The Co element was the highest percentage in acid
secondary-phase (F1+F2+F3). However some elements such as Zn in mining area and As, Co in both
smelting and mountainous areas were relatively high in reducible fraction (F1). Tucker 3 results
showed As, Cd, Cu, Zn, mainly from mining and smelting activities, mining areas (M1, M2, M15)
was particularly evident, mainly in residual fraction. Cu was mainly due to the impact of mining and
smelting (Model B1), while a small part of Cu exhibited similar source to Co, Cr, Ni (Model B2).

Introduction

Heavy metal pollution in different components of environment has become a global environmental
concern; soil is one of most essential components of the environment and it is the most direct
storage of elements [1]. In recent decades metals mining and smelting have been important source
of contamination in the environment because of waste and transportation of human activities [2].
Hence, it is necessary to identify and quantify the level of heavy metals to understand the
transportation and deposition in soil. An assessment of total amount heavy metal pollution may be
useful as global index of contamination, but it give limited information of their bioavailability,
mobility and reactivity in soils [3]. According to Tessier et al. [4], the evaluations of the individual
fractions of the metals facilitate the understanding of the actual and potential environmental effects.
The Sequential extraction procedures (SEPSs) are applied to evaluate the heavy metal mobility in soil
[5]. BCR-SEPs are designed to separate heavy metal into four operationally distinct fractions: 1)
acid soluble/exchangeable, 2) reducible, 3) oxidizable, and 4) residual fractions [6]. Meanwhile the
relationships between sample, heavy metal and fractions data [Sample x metal x Fraction] in soil is
studied by the Tucker 3 model analysis [7,8].

Based on the issues described above, this research was conducted in Hezhang (China). Hezhang
is County of Bijie City in Guizhou province, located in southwest of China. Hezhang is previously
known as an artisan Zn smelting using indigenous methods practiced in Guizhou for hundreds of
years, from at least the seventeenth century until 2004, when the practice stopped. Since the 17"
century, artisanal zinc smelting using indigenous methods had been extensively applied in Hezhang
County. The zinc smelting activities were ceased due to the concern of environmental pollution [9].
The objectives of this study were: (1) to analyze the total contents of selected metals As, Cd, Co, Cu,
Ni, Zn and Cr; (2) to interpret the mobility, dynamics and risk assessment of studied metals by
using modified BCR- SEPs; (3) to investigate the relationships of soil heavy metals fraction in
agricultural soil of mining, smelting and mountainous areas of Hezhang. The result of this study
may provide information about risk, mobility of heavy metal in the studied areas.
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Materials and Methods

Sampling. In this study, 19 samples were collected from the smelting area, mining area and
mountain. Specific sampling information: 1) 13 samples in smelting area (SM): 2 in Shehucun
(ZB), 3 in Shijiapo (ZBL), 4 in Haimeicun (LA) and 4 in Longjiayuan (ZZ); 2) 5 soil samples in
mining area (MM): Shangermachong; 3) 1 sample in mountainous area (HZS). The sample sites see
the location sites in Briki et al. [10]. The soil samples were collected in agricultural field from 0-15
cm. Every sample was placed in a polyethylene bag, which was preserved and transported to the
laboratory. Every sample was dried at 45°C in an oven until constant weight, then ground using an
agate ball mill. The sample was then passed through a 200-mesh sieve to determine the
concentration of heavy metals.

Chemical analysis. Total contents and fraction concentrations of As, Cd, Co, Cu, Ni, Zn and Cr in
the soil samples were measured with inductively coupled plasma-optical emission spectrometer
(ICP-OES, Varian 700-ES (Varian, Inc., Walnut Creek, CA). The processing of the analysis, blank
samples, standard, and duplicate samples were realized by following Huang et al. [8].

Results and Discussions

Total content of heavy metals. The concentrations of As, Cd, Co, Cu, Ni, Zn and Cr are presented
in Table 1. The metal concentration in mining, smelting and mountainous areas exceeded the
background levels in Guizhou and only Cd in smelting and mountainous areas were less than the
background concentrations. Furthermore the concentration of As, Cu, Zn and Cd in agricultural soil
from mining area were higher than smelting and mountainous areas; the concentration of Co was
higher in smelting areas than mountainous and mining areas. However Ni and Cr concentration
were relatively higher in HZS, this might be due to the transportation of metals in air or during
entrained soil particles after being emitted from mining and smelting activities [11].

From the range of metal contents in mining and smelting areas, the difference between the
maximum and minimum values was relatively higher. Zinc was the highest contaminant in mining,
smelting and mountainous areas. In mining area Zn was higher because of the closeness between
sampling agricultural soil and working area. The transportation of metal was one of the most
important way of dissemination of metals into soil. And Zn was high in smelting areas due to the
earlier zinc smelter [10]. Overall anthropogenic activities were the main cause of the higher
concentration in both mining and smelting areas.

Table 1. Total content of heavy metal concentrations of all samples

El t Maximum Minimum SD Mean
[megmlf;q MM SM MM SM MM o MM SM HZS
n=5 n=13 n=5 n=13 n=5 n=5 n=13 n=1
As 266.00 30.05 60.50 16.60 90.02 4.95 154.18 22.82 20.80
Cd 121.14 15.89 8.56 1.86 51.19 4.27 69.50 7.68 16.66
Co 37.60 54.50 15.90 22.70 8.12 10.06 24.92 40.21 38.40
Cu 644.66 327.32 62.75 53.38 261.11 103.81 318.13 161.39 98.10
Ni 94.68 166.81 72.71 43.46 10.24 40.12 83.47 107.24 120.68
Zn 31108.12 962.09 2259.65 150.73  11952.58 286.53 13940.84 408.27 388.72
Cr 181.10 427.77 108.02 79.81 26.70 112.61 147.51 210.99 306.68

Speciation of heavy metals. Heavy metal speciation of the extracted elements percentage of As, Cd,
Co, Cu, Ni, Zn and Cr are showed in Fig 1. As can be seen from Fig 1, the common characteristics
of these elements had the highest proportion in residual fraction (F4).

Acid soluble fraction (F1) was considered to be most biologically available form but also most
easy to transport and transformation of metals. In mining area, Zn and Cd were the highest values
with proportion of 21.04% and 15.76% respectively. In smelting areas, As, Co and Cd were the
highest elements with 16.73%, 16.68% and 10.36% respectively. In mountainous area, the
percentage of As, Co and Cd were 21.81%, 16.74% and 8.43%, respectively. In acid soluble fraction
Zn was the highest percentage in mining area and As, Co and Cd were the highest percentage in
smelting and mountainous areas, meaning that those elements were mobile and bio-available in
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those areas. However the lowest F1 percentage of selected metals in mining, smelting and
mountainous areas was Cr, which might be due to its inability of mobility. Cr** cannot precipitate or
co-precipitate with carbonate complexation, and the similar result was found in Huang et al. [8].

In reducible fraction (F2), Co and Zn in mining were higher with 33.38% and 15.14%
respectively. In smelting areas, Co, Cd and As elements in reducible fraction (F2) were higher, and
the proportion of the total amount were 26.97%, 19.38% and 14.67% respectively. In mountainous
area Co, Cd and Zn proportion total amount were 29.42%, 12.35%, 8.14% respectively. Arsenic
metal did not exist in F2. Co in reducible fraction was obviously high in the study areas, which may
be caused by organic complex and water soluble oxidation state.

In oxidizable fraction (F3), according to Huang et al. [8], F3 was related with sulfide mineral or
organic material. Co, Ni and Cr in mining area had higher percentage 17.28%, 16.56% and 14.34%
respectively. In smelting areas As, Co and Ni had higher percentage with the proportion of 21.82%,
16.40% and 14.60% respectively. And in mountainous area higher percentage was observed in Co,
Cu and Ni with proportion values of 15.36%, 9.14% and 8.77% respectively. The Cd metal did not
exist in F3. In residual fraction (F4), the speciation data of As, Cu, Cr, Cd, Ni, Zn, Co were
dominant in mining area; As, Cu, Cr, Zn, Ni, Cd, and Co dominant in smelting areas and Cr, Cu, Ni,
Zn, Cd, As and Co dominant in mountainous area .
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Fig 1. Percentage of heavy metal extracted from the BCR steps in mining, smelting and
mountainous areas

Tucker 3. By using Tucker 3 models, the information of BCR database with tri-dimensional (19 x 7
x 4) was analyzed, knowing that (Nsample X Nmetal X Nrraction). 1he results of theses analysis give
information regarding the characterization and distribution of the fractionation of metals. To obtain
optimal model, a percentage of explained variance for all models using the smallest amount latent
factors in each mode from [1 1 1] to [19 7 4]. As shown in Fig 2, [3 2 2] presented 78.49% of total
variance. A further increase in terms better explained the variance, but made the models difficult to
interpret. Thus, [3 2 2] was selected as the optimal model for this research.

Fig 3 showed a summary of the component of the tucker 3 [3 2 2] model; which was composed
of three (3) loadings of the three (3) matrixes: (A) was representing samples, (B) was representing
metals and (C) was representing fraction. There were three factors in A model and two factors for
the metal and BCR fraction (B and C models). To completely separate the information of Tucker 3
the core matrix G was considered, model [3 2 2] generated the following matrix:

gl11 g211 g311 gl21 g221 g321
-15.4435 0.0203 -0.2956 0.0324 -10.7773 -1.2660
g112 g212  g312 g122 g222 g322

0.6177 5.6521 -2.5095 4.0038 -0.7062 -0.7426
Three components in A model represented different values. The model A1 was on the component
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SSEx as function of Tucker3 model dimensionality (3 3 2)
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Fig 2. Explained percentage of variance versus model dimensionally as determined by Tucker 3
modeling of the BCR fractions in all studied samples of Hezhang
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Fig 3. Loadings of the Tucker 3 [3 2 2] model of the BCR fractions results. (a) Factor 1 (1) samples;
(2) metals; and (3) fractions. (b) Factor 2 (1) samples; (2) metals; and (3) fractions.

who had positive loadings in all samples, with MM1, MM8 and MM12 having the highest values
(mining area). The model A2 contained both positive and negative loadings, but most of the
samples had positive loadings, negative loadings were in MM1, MM8 and MM 12 and the rest
samples were positive loadings. It was remarkably observed that MM1, MM8 and MM 12 in Al
were inversed in A2. However the model A3 contained negative loadings more than positive
loadings. As seen in Fig 3, mining areas including MM1, MM12 and MM15 were the most serious
pollution points, and these pollution characteristic were significantly different from (model A2)
smelting and mountainous areas, and the distribution of A3 was completely different comparing to
Al and A2. However mountainous area (HZS 3) was positive loadings in all models (A1-A2 and
A3).

In B model, Co, Ni and Cr had similar characteristic, less value in B1, and all positive values in
B2, it seemed that they were more similar, maybe the same source. And in B2, Cu also had positive
value. Thus we can infer that Cu may be a mixed source, with most of Cu similar to As, Cd and Zn,
and the rest similar to Co, Ni and Cr. Combined with the pollution characteristics found in the study
of Briki et al., [10] (e.g., Zn, As and Cd were a source of anthropogenic pollution Pb-Zn mine ore
for mining area and from zinc smelting ceased in 2004 for smelting areas), Co, Ni and Cr belonged
to nature process. For C model (fractions), in the first factor (C1), only fraction 4 was negative,
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which played a dominant role due to the higher absolute loading value. Whereas the second factor
(C2) contained negative loadings for all fractions.

Conclusions

The metal concentrations in mining and smelting areas exceeded the background levels of Guizhou.
And the heavy metals levels were higher in mining area than smelting areas. Zinc was the most
polluted heavy metal in mining areas. The percentage of the bioavailable metals in mining and
smelting areas were different, with mining area following the order of Zn > Cd > Co > Ni >As > Cu >
Cr, smelting areas Co > As > Cd > Zn > Ni > Cu > Cr and mountainous area As > Co > Cd > Ni > Zn >
Cu > Cr. The Co element was the highest percentage in acid soluble reducible fraction and oxidizable
(F1+F2+F3) However, some elements such Zn in mining area and As, Co in both smelting and
mountainous areas were relatively high in reducible fraction. Cu was present in residual fraction in all
studied areas. As, Cd, Cu, Zn, mainly from mining and smelting activities, mining areas (M1, M2,
M15) was particularly evident, mainly in residual fraction. Cu was mainly derived from the mining
and smelting activities (Model B1), while a small part of Cu exhibited similar source to Co, Cr, Ni
(Model B2).
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