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Abstract In October 2012, an evaluation using potential ecological hazard risk index was carried out on soil heavy metal pollution around Ag-

Sbh deposit tailing areas in northeastern Guangdong. Results indicate that (i) soil heavy metal pollution is mainly Cd-Ni compound pollution,

including Cd content 0. 31 —2.66mg/kg (average content is 1. 11 mg/kg) , the situation of exceeding standard is serious ( the rate of exceeding
standard is 100% ) ; the total potential ecological hazard risk index (RI) is between 50 and 300, and it is moderate pollution; (ii) in soil

heavy metal content, only Ni and Cu are positively correlated. Since there is certain degree of Ni pollution in this deposit, the synergetic effect

of Cu and Ni may deteriorate Ni pollution.
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Heavy metals are metals with atomic weight higher than 40 and
specific density greater than 4 or 5. Many heavy metals are trace
elements having important function for plant nutrition. Physiologi-
cal functions of these elements depend on their concentration. At
low concentration, elements may be essential elements for living of
organisms, but they may be passively absorbed and do not gener-
ate physiological function; at high concentration, they will gener-
ate toxic function to organisms. Therefore, they are often consid-
ered as toxic elements, namely, heavy metal pollution. These
heavy metals include Cu, Zn, Cd, Pb, Hg, Cr, As, Ni, and Co,

etc t2]

. Heavy metals are easily accumulated in soil but difficultly
to be decomposed by soil microorganism. This not only influences
physical and chemical properties of soil, impedes effective supply
of nutrients, restricts growth and development of plant, but also
may be changed into methyl chemicals, and ultimately threatens
people’s health through transfer of biological chain and food
chain**’

Meizhou in eastern Guangdong is rich in mineral resources.
There are 48 proven minerals, including coal, iron, copper, man-
ganese, lead, zinc, silver, antimony, rare earth, limestone,
granite, marble, and 530 deposits. In more than 10 years of min-
ing, solid wastes of mines, such as open-cast, waste dump, tail-
ing areas, and subsidence areas are major sources of soil heavy
metal pollution®’. For this, we took Ag-Sb deposit tailing areas in
northeastern Guangdong as study object, and evaluated content of
heavy metals (Zn, Cu, Ni, Cd and Cr) and their pollution in Ag-

Sbh deposit tailing areas in northeastern Guangdong, in the hope of
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providing reference for land reclamation and ecological restoration

of this mining area.

1 Materials and methods

1.1 Collection of soil samples In October 2012, considering
specific terrain and hydrological conditions of this tailing area
stockpiling, we set sample collection points in hillside along sew-
age discharge ditches and two sides. In 1km range, we set 16
sampling points in different function areas (slag area, wild forest
land, paddy field, non-irrigated farmland ( peanut land and corn
land) ), 16 sampling points in orchards, including 3 in slag land,
3 in wild forest land, 2 in paddy field, 4 in non-irrigated land,
and 4 in orchard, as listed in Table 1. Sampling depth is 0 - 15
topsoil. In 1 x 1m* sampling area of each sampling point, we col-

lected 5 — 10 sub-samples to form a mixed soil sample.

Table 1 Generation situation of sampling points

No. Longitude Description Distance

and latitude m
1 N24°31.182', E116°16.813’ Slag No. 1 333
2 N24°31.182', E116°16.813’ Slag No. 2 416
3 N24°31.308', E116°16.955’ Slag No. 3 450
4 N24°31.307', E116°17.018’ Wild forest land No. 1 4438
5 N24°31.304', E116°17.045’ Wild forest land No.2 371
6 N24°31.279', E116°17.057’ Wild forest land No.3 284
7 N24°31.312', E116°16.981’ Paddy field No. 1 768
8 N24°31.335', E116°16. 824" Peanut land No. 1 742
9 N24°31.574', E116°16.961’ Corn land No. 1 576

10 N24°31.560", E116°16.959' Paddy field No. 2 (upstream) 623
N24°31.485", E116°16. 889’ Peanut land No. 2 (upstream) 643
12 N24°31.518", E116°16.826"  Honey pomelo land No. 1 622
13 N24°31.528", E116°16.780’ Peanut land No. 3 649
14 N24°31.505', E116°16.912"  Honey pomelo land No.2 649
15 N24°31.518', E116°16.922"  Citrus grandis land No . 1 823
16 N24°31.577", E116°17.036"  Honey pomelo land No. 3 912

[u—
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1.2 Sample processing and test

1.2.1 Preprocessing of samples. Put collected samples in shady
and cool place for 12 — 13 days. After naturally dry, using quarte-
ring, we took about 2 kg samples, ground proper soil samples in
agate mortar, prepared samples in 20 mesh (bore diameter 0. 84
mm) , 80 mesh (bore diameter 0.200 mm) , and 120 mesh (bore
diameter 0. 133 mm) , and placed samples in bake oven to dry for
24 hours for use.

1.2.2 Measurement of samples. After samples were digested in
mixed acid HCI - HNO; - HF — HCIO, , we measured concentra-
tion of heavy metals Zn, Cu, Ni, Cd, and Cr by atomic absorption
spectrometry ( Shimadzu atomic absorption spectrophotometer AA
—-6300 (P/N 206 —51800) ), and repeated three times of test.
1.3 Evaluation methods

1.3.1 Single factor pollution index method of heavy metals. We
made single factor pollution evaluation of heavy metals using the
following calculation formula'® ;

P.=C/S, (1)
where P, denotes single factor pollution index of the i-th heavy
metal in soil; C; is measured content of the i -th heavy metal in
soil; S, is evaluation standard of the i -th heavy metal. We adopt-
ed Grade II Criteria of the Standard for Soil Environmental Quality
in GB15618 - 1995

In general, the higher P, means the higher pollution. P, <1
not polluted; 1 <P, <2; mildly polluted; 2 < P, <3 moderately

polluted; P, >3 seriously polluted.

Table 2 Toxic coefficient of soil heavy metals

Metal elements Ni Zn Cr Cd Cu
Toxic response factor 5 1 2 30 5
1.3.2  Ecological hazard index evaluation method. The potential

ecological hazard index method is an influential method widely ap-
plied in the world™ *". According to researches of Swedish scholar
Hakanson, the potential ecological hazard coefficient Ei of the i-th
heavy metal of single heavy metal in soil can be denoted as:

E =T xP, (2)
where T is the toxic coefficient of the heavy metal i’ , as indica-
ted in Table 2; P, is single pollution index of the i-th metal in
soil.

The potential ecological hazard coefficient (E;) describes the
pollution degree of a certain pollutant (element), while potential
ecological hazard index (Table 3) describes the overall value of
potential ecological hazard coefficient in certain point, namely,
the potential ecological hazard risk index (RI) of many heavy
metals in soil is the sum of potential ecological hazard coefficient

(E,) of single heavy metals:
RI=3E, (3)

Table 3 The relation between potential ecological hazard coefficient and pollution degree of heavy metals

Grades of pollution degree

E, <40 40<FE, <80 80<FE, <160 160<EFE, <320 E, =320
RI <50 50<RI <300 300 <RI <600 RI=600 RI=600
Pollution degree Low General Medium High Higher
Table 4 Content of heavy metals in soil / mg/kg 10 .l
Heavy . Average Standard ~ GB15618 — 1995 = 9 . = (n
Min. Max. . Q = Ni
metal value deviation  Grade IT standard ; g .
Zn 49.10  448.20 153.00 97.0 200.00 § *Cr
Cu 14.50  108.30 35.30 28.3 50.0 5 1 .
Ni 51.20  206.10 92.90 45.5 40.0 § 6
cd 0.31  2.66 111 6.4 0.3 =5 .
Cr 28.70  361.20 178.80 103.1 250.0 -E 4 T . -
=1 & .
g3 . - T,
2 Results and analyses g, - -
2.1 Heavy metals in soil With reference to grade II standard 8 r 2.5 2 = s E g s . »
in Standard for Soil Environmental Quality in GB15618 — 1995, f:n LI # 2 = s : ¥ ® ve %
from Table 5, we know that Cd and Ni exceed the standard, the a0 EEEE 5 € % 8 0101 113 14 15 1

average value of Cd (1.11 mg/kg) reaches 4 times the standard,
the maximum value exceeds 9 times, average value of Ni (92.9
mg/kg) exceeds one time the standard, and the maximum stand-
ard exceeds 5 times. The standard deviation indicates that there is
a high difference in heavy metal content in sample points. There-
fore, to evaluate actual level and degree of heavy metal pollution,
it is necessary to make evaluation of different sampling points and

their function areas.

Number of sampling points

Fig.1 The evaluation results of single factor pollution
2.2 Evaluation of heavy metal pollution
2.2.1 Analysis of single factor pollution index of heavy metals.
From Fig. 1 and Table 5, there is a sharp difference (1.03 —
8.87) in P, of soil heavy metal Cd in all sampling points. Sam-
pling point No. 2 has the highest P;(8.87), and sampling point
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No. 16 has the lowest P,(1.03), the rate of exceeding standard is
100% , number of heavy metal polluted points (P, >3) is 10 and
the percentage is 62.50% . Variance analysis indicates that the P,
difference of heavy metal Cd reaches the extremely significant lev-
el (P<0.01). Through Q test, as per L.S. D =Q,,, (s°/n)"?,
we obtained the minimum significance difference is 3. 54. With
distance increase of original ore processing shop, especially slag
piling place, Cd value drops accordingly. Generally, change trend
of heavy metal Cd in soil of different sampling points in different
function areas is as follows: slag area, forest land, paddy field,
non-irrigated farmland ( peanut land and corn land) , and orchard.

From Fig. 1 and Table 5, there is a sharp difference (1.28

Table 5 Single factor pollution evaluation results of heavy metals

—5.15) in P, of soil heavy metal Ni in all sampling points. Sam-
pling point No. 6 has the highest P;(5.15), and sampling point
No. 9 has the lowest P,(1.28) , the rate of exceeding standard is
100% , number of heavy metal polluted points (P, >3) is 5 and
the percentage is 31.25% . Variance decomposition analysis indi-
cates that the P, difference of soil heavy metal in sampling points
reaches significant level (P <0.05), but change trend of Ni in
different functions is not obvious. Other heavy metals such as Zn,
Cu, and Cr have certain difference in P, , but there is no sampling
point seriously polluted (P; >3), and the pollution is relatively
mild.

Pollution index P,

Heavy Of]\izm};ﬁ;g Evfrllt‘li:"“ p.<l 1 <P <2 2<P.<3 P >3 e)‘iit:d?rfg
metals points P, range (not polluted) (mildly polluted) (moderately polluted) (seriously polluted) standard //%
Qty % Qty % Qty % Qty %

7Zn 16 0.25-2.24 12 75.00 3 18.75 1 6.25 0 0.00 25.00

Cu 16 0.29 -2.17 14 87.50 0 0.00 2 12.50 0 0.00 12.50

Ni 16 1.29-5.15 0 0.00 9 56.25 2 12.50 5 31.25 100. 00
Cd 16 1.03 -8.87 0 0.00 4 25.00 2 12.50 10 62.50 100. 00

Cr 16 0.15-1.45 13 81.25 3 18.75 0 0.00 0 0.00 18.75

2.2.2 Potential ecological hazard risk index. From the single
factor potential ecological hazard coefficient E,(Table 6), among
16 sampling points surveyed, 2 sampling points have high Cd pol-
lution (160 <E, <320), sampling point No. 2 (265.99) and
sampling point No. 9 (190. 82) ; 8 sampling points have higher
Cd pollution (80<E, <160) ; 5 sampling points have medium Cd
pollution (40<E, <80); and one sampling point have low Cd
pollution (E; <40). Other four heavy metals Zn, Cu, Ni and Cr
are at low pollution level (E, <40).

Table 3 The potential ecological hazard coefficient (Ei) and risk index
(RI) of heavy metals in soil

No. of samp- E, RI
ling point Zn Cu Ni Cd Cr

1 1.33 3.00 7.90 108.44 0.83 121.50
2 1.14 2.51 6.45  265.99 1.41 277.50
3 1.08 2.86 8.15 145.82 1.18 159.09
4 0.52 3.00 7.56  152.79 0.52 164.39
5 0.49 10.83 13.84 78.22  1.18 104.56
6 2,24 10.51  25.77 138.15 2.89 179.56
7 0.72 2.92  18.53  130.68 1.71 154.56
8 0.58 2.23 6.73 93.20 2.00 104.74
9 0.25 2.75 6.40 190.82 2.89 203.11
10 0.55 1.87 6.82 70.69  2.30 104.74
11 0.44 1.45 7.06 55.65 2.00 203.11
12 0.63 2.40 8.92 115.64 1.41 82.23
13 0.54 3.09 16.84 123.16 1.41 66. 60
14 0.55 2.84 15.68 40.59  0.23  129.00
15 0.54 2.23  15.24 40.59  0.53 145.04
16 0.67 2.06 13.83 30.61  0.53 59.89

From total potential ecological hazard risk index (RI), as
listed in Table 7, RI of all sampling points is in the range of 50 <
RI <300 and belongs to the medium pollution level. This is possi-
bly because Cd pollution and pollution degree in sampling points
are different. In general, RI change trend is slag land > forest
land > paddy field > non-irrigated farmland > orchard.

2.3 Correlation analysis of soil heavy metal pollution
From Table 7, we know that there is different level of correlation
between heavy metals in soil, but only Ni and Cu reach the signif-
icant level of correlation. It should be noted that because there is
certain level of Ni pollution in this tailing area, the synergetic
effect of Cu and Ni may deteriorate Ni pollution.

In addition, from the perspective of the distance from sam-
pling points to original ore processing shops, there is significantly
negative correlation between heavy metal Cd, Zn and Cu and the
distance, indicating that soil heavy metals fall with the increase in
distance to the ore separation processing shop. Therefore, in agri-
cultural and forestry production, to guarantee ecological security of
foods, it is not appropriate to carry out production activities near

the ore processing shops and slag stockpiling areas.

Table 7 Correlation of content of heavy metals in soil

Distance /m  Zn Cu Ni Cd Cr
Distance /m 1.00
Zn -0.58" 1.00
Cu -0.59 = 0.48 1.00
Ni 0.02 0.46 0.58" 1.00
Cd -0.55" 0.28 0.06 -0.23 1.00
Cr -0.20 0.22 0.22 0.02 0.36 1.00

Note: #* denotes significant correlation.
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3 Conclusions

Firstly, soil heavy metal pollution is mainly Cd — Ni compound
pollution, including Cd content 0.31 —2. 66 mg/kg (average con-
tent is 1. 11 mg/kg), and Ni content 51.2 - 92.9 mg/kg (aver-
age content is 92.9 mg/kg). From the single factor potential eco-
logical hazard coefficient Ei (Table 6) , among 16 sampling points
surveyed, 2 sampling points have high Cd pollution (160 <E, <
320) , sampling point No. 2 (265.99) and sampling point No. 9
(190.82) ; 8 sampling points have higher Cd pollution (80<E, <
160) ; 5 sampling points have medium Cd pollution (40 <E, <
80) ; and one sampling point have low Cd pollution (E, <40).
Other four heavy metals Zn, Cu, Ni and Cr are at low pollution
level (E, <40). From total potential ecological hazard risk index
(RI) , RI of all sampling points is in the range of 50 <RI <300
and belongs to the medium pollution level. Generally, change
trend of heavy metal Cd in soil of different sampling points in dif-
ferent function areas is as follows; slag area > forest land > pad-
dy field > non —irrigated farmland > orchard.

Secondly, relevant analysis indicates that in soil heavy metal
content, only Ni and Cu are positively correlated. Since there is
certain degree of Ni pollution in this deposit, the synergetic effect
of Cu and Ni may deteriorate Ni pollution. In addition, from the
perspective of the distance from sampling points to original ore
processing shops, there is significantly negative correlation be-
tween heavy metal Cd, Zn and Cu and the distance, indicating
that soil heavy metals fall with the increase in distance to the ore
separation processing shop. Therefore, in agricultural and forestry

production, to guarantee ecological security of foods, it is not ap-

propriate to carry out production activities near the ore processing

shops and slag stockpiling areas.
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