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ABSTRACT

The development artisanal and small-scale gold mining in recent years in Cote d'lvoire could pose a
risk to soils and health of local communities. This study aimed at assessing the impacts of artisanal and small-
scale gold mining on the soils in the areas in the northen localities (Boundiali, Korhogo and Tengrela) of Cote
d’Ivoire, where those activities are accentuated. Field observation and physico-chemical parameters analysis
(potential hydrogen (pH), cation exchange capacity (CEC), organic matter (OM)) and pollutants (mercury
(Hg), copper (Cu), zinc (Zn), arsenic (As) and cyanide (CN)) in soil samples were carried out. The results
indicate that artisanal gold mining create soils erosion and consequently, soil structure destruction. Trace
metals concentrations were 0.0001-0.0051 mg/kg (Hg), 0.002-0.32 mg/kg (CN), 18.90-73.10 mg/kg (Cu),
16.40-50.1 mg/kg (As) and 10.20-26.60 mg/kg (Zn). Geoaccumulation index (lgeo) in soils showed
uncontamination for Hg and Zn, uncontamination to moderate contamination for Cu and moderate to strong
contamination for As. According to ecological risk index (Er'), As could pose considerable to high risks to
biota in study area. This study highlights serious risks to soil biota and human health, from artisanal gold
mining activities. Thus, it is necessary to clean-up arsenic-contaminated soils.
© 2021 International Formulae Group. All rights reserved.
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INTRODUCTION crisis in Cote d'lvoire, have accentuated
The extractive industry becomes the artisanal gold mining activities. Those

second pillar of Cote d’Ivoire economy,
because of several ore deposits discovery.
Adoption of attractive mining laws caused the
massive establishment of mining industries
(Tape et al., 2019). However, the rise of gold
cost of and the last decade of socio-political

© 2021 International Formulae Group. All rights reserved.
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activities were practiced in 24 regions out of
the 31 in Cobte d'lvoire with more than
500,000 people concerned (Goh, 2016). If
artisanal gold mining practices present
significant impact on the socio-economic lives
of peoples and communities, it nevertheless
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represents a major environmental and human
if no follow-up precautions are taken. These
are the destruction of the plant cover, the

depletion of water resources and the
contamination of various environmental
matrices (soil, air, surface water and

groundwater) (Hinton et al., 2003; Ibrahim et
al., 2019). Chemicals such as mercury (Hg),
cyanide (CN), zinc (Zn), nitric acid (HNOs)
and sulfuric acid (H»SO.) used in ore
processing can cause enormous environmental
and health damage (Hinton et al., 2003; Dan-
Badjo et al., 2014). Furthermore, once
abandoned, artisanal gold mining sites pose
dangers to humans and animals through very
deep wells often covered by secondary
vegetation (Keita, 2003). Recent studies
carried out on the artisanal mining areas of
Cote d'lvoire have revealed contamination of
surface water by trace metals such as arsenic
(As), cadmium (Cd), copper (Cu), iron (Fe),
mercury, manganese (Mn), lead (Pb) and zinc
in Hiré (Yapi et al., 2014; Akpo et al., 2020)
and Kossou (Ouatttara, 2015). In addition,
Konaté (2016) detected concentrations of Cu
(0.82-12.21 mg/kg), Zn (15.38-40.99 mg/kg)
and CN (3.22-4.79 mg/kg) in the organs of
fish which were far above the toxicity
thresholds in the surface waters of Hiré. While
most of the work has focused on the quality of
water and aquatic organisms, the same cannot
be said for soil quality. As soil is an important
support for ecosystems, particularly terrestrial
ecosystems, a degradation of its physical,
chemical and biological properties affects
agro-pastoral activities (ACET, 2017). Also,
soil plays a filtering, buffering and
transformation role between the atmosphere,
groundwater and plant cover. Soil pollution
can affect human health by contaminating
agricultural products and water (ACET,
2017). However, knowledge of the nature of
soil pollution would make it possible to plan
treatment solutions. This study aimed at
characterizing soil pollution and degradation
by artisanal mining activities in northern
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localities in Céte d'lvoire (Korhogo, Boundiali
and Tengrela).

MATERIALS AND METHODS
Study area

This study was conducted in the
departments of Korhogo, Boundiali and
Tengrela, located in the north of Cote d'lvoire
(Figure 1). Korhogo’s department with an area
of 12,5 km? is located between latitudes

9°00’and 10°24° North and longitudes
5°00’and  6°24° West (RGPH, 2014).
Boundiali is located between latitudes

9°00'and 10°00" North and longitudes 6°00
‘and 7°00" West with an area of 10.7 km?
(Zagbai et al., 2006). Regarding to Tengrela, it
covers an area of 2.2 km2 and is located
between latitudes 10°00° and 11°00° North
and longitudes 6°00’and 7°00° West. The
study area climate is tropical dry with two
contrasting seasons: the rainy season (monthly
rains greater than 50 mm) extends from May
to October and the dry season, from
November to April. 800 mm to 1,200 mm of
annual rainfall is recorded (Goula et al.,
2007). Annual temperature in Korhogo is 26.5
°C, that of Boundiali 26.1 °C and that of
Tengrela 25 to 29 °C. Soils in north of Cote
d’Ivoire are of the ferralitic type, moderately
and slightly desaturated under attenuated
rainfall. Ferruginous and granitic soils,
tropical ferruginous soils, hydromorphic soils
and ferralitic soils are encountered (Brou et
al., 2005).

Study procedure

Artisanal and small-scale gold mining
impact on soils in Korhogo, Tengrela and
Boundiali areas were studied by a field
observation and an analysis of physico-
chemical parameters (pH, CEC, organic
matter) and pollutants (Hg, Cu, Zn, As and
CN) in soil samples.

Field observations
It permitted to have a global view of
artisanal gold mining activity and the
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pressures generated on the soil. It consisted of
visiting the sites and illustrated observations.

Soil sampling

The soil sampling consisted of a
punctual sampling using an auger. The
sampling points were selected taking into
account the potential sources of soil pollution
(mineral processing areas) and the spatial
extent of the pollution. At each point, samples
were taken at depths of [0-20 cm], [20-40
cm], [40-60 cm]. A total of 108 samples,
including 51 from Korhogo, 27 from
Boundiali and 30 from Tengrela, were
collected. The soil samples were conditioned
in plastics to avoid further contamination.
Figure 2 presents the soil sampling points.

Analysis of samples
The different methods and norms used
to analyze soils are summarized in Table 1.

Assessment of contamination’s degree and
ecological risk of trace metals (Cu, Zn, Hg,
As)

The geoaccumulation index (lgeo) was
calculated as indicated by Equation 1. It
estimate the degree of enrichment of each
trace element in soils (Muller and Suess,
1979).

M

C
Igeo = log, (—1,5 xgcmf)

Where:
C; is the total content of the individual
element measured in this study,

Cwt is its  geochemical background
concentration in the Upper Continental Crust
(Uca),

1.5 is the background matrix correction factor
due to lithogenic eff ects.
Seven classes of the geochemical index have
been distinguished (Muller and Suess, 1979):
e Class 0 (uncontaminated): Igeo < 0;
e Class 1 (from uncontaminated to
moderately contaminated): 0 < Igeo
<1
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e Class 2 (moderately contaminated): 1
<lgeo<2;
e Class 3 (from moderately to strongly
contaminated): 2 < Igeo < 3;
e Class 4 (strongly contaminated): 3
<lgeo< 4;
e Class 5 (from strongly to extremely
contaminated): 4 < Igeo < 5;
e Class 6 (extremely contaminated):
Igeo > 5.
The ecological risk index (Er') (Equation 2)
was calculated to evaluate ecological risk of
an individual metal (Hakanson, 1980).
Erf = Tix—t @)
Cret
C; is the concentration of metal i in the soil,

Cret Is background concentration of metal i in
the UCC, given by Wedepohl (1995);

T,f is the biological toxicity factor of an

individual element.
Referring to Hakanson (1980), T,f values for
As =10; Cu=5;Zn=1and Hg = 40.
Hakanson (1980) categorized Er' values into
five potential ecological risk levels:

o  Er'<40: low risk,

e 40 < Er'< 80: moderate risk,

e 80 < Er'<160: considerable risk,

e 160 < Er'< 320: high risk,

e Er'>320: very high risk.

Statistical analysis

Statistical analysis of the data was
performed with R software version 3.3.2. The
normality of the data distribution and the
homogeneity of the variances were verified
respectively with the Shapiro test. To examine
the differences between the concentrations of
pollutants in the soil horizons as well as
between the values of the physico-chemical
parameters, data were analyzed using the
parametric test (ANOVA test). Statistical
significance was defined at the level of P <
0.05. Concerning correlations of pollutants
and physico-chemical parameters in soils,
they were determined with Statistica 7.1
software.
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Figure 1: Location of the study area.
Table 1: Methods and norms for analysis of soil samples.

Parameters Methods of analysis Norms

pH Measurement in soil solution using a pH meter -

CEC Metson method NFX 31-130 : 1999

Organic matter

Oxidation of carbon by potassium dichromate (K2Cr,07)
in an acid medium

NF 1SO 10 694 : 1995

Arsenic
Mercury Aqua regia digestion of samples and reading on an )
Zinc Atomic Emission Spectrometer coupled to Plasma NF IS0 11 466 : 1995
Copper

. Transformation of cyanide ions of samples into cyanogen )
Cyanide NF T90-107 : 2002

chloride and reading on a Visible UV spectrometry
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Figure 2: Sampling points of soils.
A = Korhogo; B = Boundiali; C = Tengrela.
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RESULTS
Impacts of artisanal and small-scale gold
mining on the soil physical properties
Figure 3 show impacts of artisanal and
small-scale gold mining on the soil physical
properties. The main negative effects of
artisanal gold mining observed in the study
areas on soil physical properties were erosion
and soil structure destruction (reversal of soils
horizons, soil excavations).

Soils physico-chemical parameter

The values of the physicochemical
parameters (pH, organic matter and cation
exchange capacity) decrease in the soil
horizons with depth (Figure 4). The pH values
range from 5.10 and 6.58, from 5.19 to 6.24,
from 5.2 to 6.19 respectively in the soils of
Boundiali, Korhogo and Tengrela. The pH
values in soils horizons from all sites were not
significantly different. The cation exchange
capacity (CEC) varied between 4.20 and
22.12 meq / 100g at Boundiali, between 2.90
and 19.43 meq / 100g at Korhogo and
between 4.00 and 24.00 meq / 100g at
Tengrela. CEC values of soils horizon from
Korhogo and Tengrela doesn’t differ (P>
0.05). Conversely, soil horizons [0-20 cm] and
[20-40 cm] present CEC values significantly
higher than that of the [40-60 cm] horizon (P
< 0.05) on Boundiali site. Considering the
similar soil horizons, we note that the average
CEC values of the Tengrela soils are
significantly higher than those of Korhogo
and Boundiali (P < 0.05). Concerning organic
matter content, it ranged between 2.54 to
4.89%, 2.28 to 4.87%, 2.86 to 4.12%,
respectively in the soils of Boundiali,
Korhogo and Tengrela. The average contents
of organic matter do not differ significantly
between the soil horizons (P > 0.05) of studies
areas. However, difference between the
average organic matter contents of similar
horizons in the Boundiali, Korhogo and
Tengrela soils (P> 0.05) were noted.
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Concentrations of pollutants (copper, zinc,
arsenic, mercury and cyanide) in soils

Trace metals (copper, zinc, arsenic,
mercury) and cyanide concentrations in the
soil horizons decrease with depth on all
studied sites. Cyanide (CN) concentrations
ranged from 0.04 to 0.28 mg/kg, from 0.01 to
0.32 mg/kg and from 0.002 to 0.12 mg/kg,
respectively in the soils of Boundiali,
Korhogo and Tengrela. Considering the
similar horizons of the different zones,
cyanide concentrations of the soils do not
differ significantly (P > 0.05). Mercury (HQg)
concentrations ranged from 1.2x10** to 6.61x
10° mg/kg in Boundiali, from 2x10* to
5.1x10° mg/kg at Korhogo and from 1.8x10*
and 9x10% mg/kg at Tengrela. Mercury
concentrations in similar horizons of sites
were significantly difference (P < 0.05),
considering soils of Tengrela and those of
Korhogo and Boundiali. The range of copper
concentrations in the soils were 19.4 -64.22
mg/kg in Korhogo, 20.4 - 73.1 mg/kg in
Boundiali and 18.9 - 68 mg/kg at Tengrela.
Moreover, no difference was observed
between the Cu concentrations of similar
horizons from all studied sites (P> 0.05). As
for Arsenic (As) concentrations, it ranged
from 24.30 to 50.01 mg/kg, from 17.80 to
41.60 mg/kg, from 16.40 to 49.60 mg/kg,
respectively on Boundiali, Korhogo and
Tengrela sites. The comparison of the average
concentrations recorded on the three zones
reveal no significantly difference (P> 0.05).
The ranges of zinc (Zn) concentrations in the
soils were 12.7 - 23.8 mg/kg (Boundiali), 10.2
- 23.5 mg/kg (Korhogo) and 14.3 - 26.6 mg/kg
(Tengrela). In similar horizons of all studied

sites, Zn concentration didn’t differ
significantly (P> 0.05).
Correlations  between pollutants and

physico-chemical parameter in soils

Organic matter correlated positively
with copper, zinc and cyanide (Table 2).
There was no correlation between trace metals
(Zn, Cu and As).
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Assessment of contamination’s degree and
ecological risk of trace metals (Zn, Cu, As,
Hg)

The geoaccumulation index values of
trace metals in soils collected from the three
artisanal mining sites are shown in Table 3.
Hg and Zn were uncontaminated in soils from
Boundiali, Korhogo and Tengrela (Igeo < 0).
Howover, most soils are  strongly
contaminated by As (3 < Igeo < 4). As for Cu,

W,

" N
T s

t .
T R

‘) 6 4

Excavation of soil

it wvaried between uncontamination to
moderate  contamination and  moderate
contamination in the soils. In Boundiali,
Korhogo and Tengrela areas, soils have
ecological risk (Er') values ranged between
0.20 and 25.05 with Cu, Zn and Hg (Table 4).
Trace metals pose low ecological risk in soils
contaminated with Cu, Zn and Hg. In contrast,
As poses considerable to high ecological risk
in soils.

Stérile deposit

Figure 3: Illustrations of artisanal mining effects on soils.
A = excavation of the soil at Papara (Tengrela); B = abandoned well at Tiasso (Boundiali); C = turning the soil by sterile at

Dasso (Tengrela).
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Figure 4: Variation in physico-chemical parameters (pH, organic matter and cation exchange
capacity) of soils at artisanal mining sites in Boundiali, Korhogo and Tengrela.
Box-plot marked with common letters do not differ significantly according to ANOVA test at P > 0.05.

Table 2: Pearson's correlation matrix of pollutants and physico-chemical parameters in soils.

Sa;nrp;gng Parameters Cu As Zn CN Hg oM pH CEC
Cu 1
As -0.07 1
Zn -0.28 -0.10 1
Korhogo CN 0.40 -0.04 0.10 1
Hg 0.39 0.20 -0.30 0.08 1
MO 0.47 0.08 0.43 0.48 0.10 1
pH 0.19 -0.07 0.05 0.14 -0.32 0.34 1
CEC -0.41 0.43 0.01 -0.17 0.07 048 -0.34 1
Cu 1
As 0.03 1
Zn 0.71 0.28 1
Boundiali CN 0.58 -0.06 0.40 1
Hg 0.59 -0.24 0.53 0.61 1
MO 0.61 -0.07 0.86 0.85 0.28 1
pH -0.06 0.50 0.14 0.12 -0.04 0.20 1
CEC 0.32 -0.13 0.28 0.50 0.33 0.37 0.05 1
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Cu 1
As 0.13 1

Zn 0.65 0.38 1

Tengrela CN 0.45 0.11 0.39 1

Hg 0.21 0.31 0.06 0.36 1

MO 0.45 0.33 0.51 0.63 0.56 1

pH 0.06 -0.21 -0.09 -0.12 -0.04 -0.24 1

CEC -0.15 0.56 -0.03 0,17 0.56 0.51 -0.02 1

Zn = zinc; Cu = copper; As = arsenic; Hg = mercury; CN = cyanide; OM= organic matter and CEC = cation exchange
capacity; Bold values are significant at p < 0.05.

Table 3: Geo-accumulation Index (Igeo) in soils.

Sampling area Sampling point As Cu Zn Hg
P1 ~ 332 -2.01 5,39
P2 BRN298N 110 -2.30 -4,28
P3 -2.38 -4,67
P4 -2.04 -8,18
P5 -2.13 -4,81
P6 -1.88 -4,43
P7 -2.77 -7,38
P8 -2.04 -4.30
Korhogo P9 -2.12 -7.80
P10 -2.35 -6.96
P11 -2.34 -8.48
P12 -2.06 -7.31
P13 -2.02 -6.99
P14 -2.02 -71.27
P15 -1.95 -7.79
P16 -2.16 -7.21
P17 -2.18 -7.88
P18 -1.84 -4.25
P19 -1.86 -3.81
P20 -1.94 -5.84
P21 -2.16 -7.71
Boundiali P21 -2.44 -7.50
P23 -1.96 -6.85
P24 -1.92 -6.09
P25 -2.16 -5.32
P26 -2.09 -5.78
p27 -2.25 -7.05
P28 -2.34 -6.91
P29 -2.11 -7.84
P30 -1.76 -7.95
Tengrela P31 -2.34 -8.08
P32 -2.26 -8.25
P33 -1.78 -7.67
P34 0.46 -2.16 -7.20
P35 -1.98 -7.53
P36 -1.74 -7.31
[ ] Uncontaminated [ ] Uncontaminated to moderately contaminated
- Moderately contaminated - Moderately to strongly contaminated

- Strongly contaminated
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Table 4: Ecological risk of trace metals (Cu, Zn, Hg, As).

Sampling area Sampling point As Cu Zn Hg
P1 15017 | 9.77 0.37 1.43

P2 | 11450  16.05 0.31 3.10

P3 13.36 0.29 2.36

P4 10.02 0.36 0.21

P5 11.39 0.34 2.14

P6 14.49 0.41 2.79

P7 | 14200 1852 0.22 0.36

P8 19.54 0.37 3.05

Korhogo P9 9.36 0.35 0.27
P10 7.42 0.29 0.48

P11 | 16283 743 0.30 0.17

P12 | 13733 1248 0.36 0.38

P13 11.89 0.37 0.47

P14 13.07 0.37 0.39

P15 14.67 0.39 0.27

P16 | 12850 2058 0.34 0.40

P17 11.07 0.33 0.25

P18 25.05 0.42 3.14

P19 23.86 0.41 4.26

P20 17.85 0.39 1.05

P21 7.64 0.34 0.29

Boundiali P21 7.58 0.28 0.33
P23 22.33 0.39 0.52

P24 17.40 0.40 0.88

P25 20.13 0.34 1.50

P26 17.48 0.35 1.10

P27 15.17 0.32 0.45

P28 8.73 0.30 0.50

P29 17.01 0.35 0.26

P30 17.40 0.44 0.24

Tengrela P31 10.05 0.30 0.22
P32 7.69 0.31 0.20

P33 15.65 0.44 0.30

P34 10.32 0.34 0.41

P35 15.20 0.38 0.32

P36 21.36 0.45 0.38

[ ] Lowrisk [ ] Moderate risk

- Considerable risk

[ Highrisk
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Figure 5: Variation of zinc, copper, arsenic, mercury and cyanide in the soils studied.
Box-plot marked with common letters do not differ significantly according to ANOVA test at P > 0.05.

DISCUSSION

The study carried out in the Korhogo,

Boundiali and Tengrela areas permitted to
note the impact of artisanal mining on the soil.
The main negative effects of artisanal gold
mining on soil physical properties were
erosion, destruction of the soil structure.
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These same impacts have been observed by on
artisanal mining sites at Bouna (Wandan et al.,
2015) and Hiré (Kouadio, 2012). To operate,
the artisanal miners cut the plants to get
enough space to carry out their activity. This
deforestation exposes soil to erosion. Wells
and excavations contribute to an irreversible
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degradation of the soils since these are not
reconstituted at the end of the activities. Soil
degradation and loss of important soil
nutrients in the area cause by artisanal mining
activities could induce the reduction of
agricultural production and constitute a major
threat to qualitative food security and
sustainable livelihoods in the area (Adebayo
et al., 2017). The pH values indicate that soils
were acid. Indeed, phenomena such as the
leaching of the soil, losses of mineral reserves
and those of the power of retention during
pedogenesis, losses of basic cations by
leaching and by erosion after clearing,
constitute causes of the acidification of soils
(Blanchard, 2010). Koulibaly et al. (2014)
extend soil acidification to all the phenomena
of soil degradation: loss of structure, organic
matter, release of toxic elements. The soils of
studies areas show generally low organic
matter content. This could be explained that
by deforestation and soil erosion at the
artisanal gold mining sites. Indeed, the
destruction of the plant cover, the excavations
and the overturning of the soil cause a loss of
the nutritive elements and the organic matter
of the soil in rainy events (Diallo et al., 2020).
Our results were in line with a previous study
reporting low organic matter content in metal
contaminated  soils.  Concentrations  of
pollutants (Cu, Zn, As, Hg and CN) in the soil
horizons decrease with depth on all studied
sites. According to Baize (2010), such a
contamination profile comes from
anthropogenic ~ pollution. The mean
concentrations of Cu, Zn, Hg and CN in soils
are below Canadian Council of Ministers of
the Environment (CCME) standard (250
mg/kg for Zn, 6.6 mg/kg for Hg, 63 mg/kg for
Cu and 0.9 mg/kg for CN) (CCME, 2020). On
the other hand, As concentrations are above
CCME standard (12 mg/kg) (CCME, 2020).
Relatively zn, Cu and CN, these are
correlated positively with organic matter. This
correlation allows us to state that these
pollutants are governed by the same
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adsorption mechanism, in particular the
retention on organic matter. So, the low levels
of pollutants' contamination (Zn, Cu, CN)
would be due to soil erosion which would
have drained the pollution on the artisanal
mining sites studied. Concerning the low
concentrations of Hg recorded in the studied
soils, they would be due to the high volatility
of this chemical element. Indeed, during the
amalgamation process of gold ores, significant
amounts of Hg can be emitted to the
atmosphere by volatilization (YVE, 2012).
Moreover, mercury is eliminated in soils after
microbial reduction of Hg?* to Hg (0) (Lloyd,
2003) or after photo-reduction (Eriksen et al.,
2003). The high concentrations of arsenic
found in soils are believed to be due to the
high affinity of this pollutant with gold, but
also to the nature of the soils studied and the
climatic conditions in the different areas.
Indeed, although it is present in very varied
deposits because it is linked to metals (gold,
lead, zinc, copper, etc.), arsenic is particularly
present in high proportions in gold ores, up to
110 g/kg. The main arsenic-bearing mineral in
ores is arsenopyrite (Lombi et al., 2000). The
retention mechanism of arsenic in soils is
mainly by adsorption on iron hydroxides and
oxides contained in minerals (hematite,
goethite) associated with kaolinite in soils
(Pedron, 2004). In regions with a tropical
climate with a marked dry season, to which
belongs, Boundiali, Korhogo, Tengrela, there
is a strong accumulation of iron oxides in the
soil (Bohi, 2008). These iron oxides would
have adsorbed arsenic and thus favored a high
concentration of As in the soils. Considering
the geoaccumulation index values, most soils
are strongly contaminated by As (3 < Igeo <
4). According to the classification of
Hakanson (1980), As poses considerable to
high ecological risk in soils. As can cause
inhibition of germination, growth,
photosynthetic activity, deoxyribonucleic acid
damage, root system changes, chlorosis and
necrosis in plants (Li et al., 2007). The
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ingestion of products contaminated by As can
cause abdominal pain, hyperpigmentation of
the skin, vomiting, diarrhea, cholera and
cancers of the skin, bladder, lungs, kidneys
and stomach liver (National Institute for
Industrial Environment and Risks, 2007).

Conclusion

This study assessed the impact of
artisanal mining on the soils in the Korhogo,
Boundiali and Tengrela areas. It appears that
artisanal mining activity negatively affects the
physical properties of the soil (destruction of
the topsoil, modification of the soil structure
and soil erosion). Analysis of the samples
collected showed that the soils had an overall
acid pH and low organic matter contents
(from 2.28 to 4.89% in Boundiali, 2.28 to
4.87% in Korhogo, 2.86 to 4.12% at
Tengrela). CEC values varied between 4.20
and 22.12 meqg/100g in Boundiali, between
2.90 and 19.43 meqg/100g in Korhogo and
between 4.00 and 24.00 meg/100g at
Tengrela. Soils are contaminated with
pollutants such as Hg (1.2 10* - 5.1 10°%
mg/kg), CN (0.002 - 0.32 mg/kg), Cu (18.90 -
73.10 mg/kg), As (16.40 - 50.1 mg/kg) and Zn
(10.20 - 26.60 mg/kg). Geo-accumulation
index in soils showed uncontamination in Hg
and Zn, uncontamination to moderate
contamination in Cu and moderately to
strongly contamination in As. Element As
may pose high risks to biota base on the
results of combined ecological risk index and
CCME standard.
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