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Heavy Metals Pollution Characteristics and Potential Ecological Risk
Analysis Around a Nickel Laterite Ore Tailings Pond in Southwest China
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Abstract; In order to explore the potential impact of laterite nickel tailings on the surrounding environment, a
typical laterite nickel tailings pond in southwest China were chosen as the research object. 67 samples of tailings,
soil,surface water,sediment and vegetation in the tailings pond and surrounding environment were collected,and the
pollution characteristics of the tailings pond and the pollution risk of the surrounding environment were analyzed,so
as to provide basic support for the treatment and restoration of heavy metal pollution in the tailings pond. The
concentrations of heavy metals such as copper,nickel, cobalt and chromium were determined by inductively coupled

plasma-optical emission spectroscopy(ICP-OES). By testing the morphological characteristics of heavy metals in the
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tailings pond.its potential migration ability was analyzed. The potential ecological risk indexes were used to analyze

the ecological risk level of the soil around the tailings pond. The results shown that,the heavy metals Ni,Co and Cr

in the surrounding soil of this nickel laterite tailings account for a high proportion, while copper concentration was

low, which is different from the nickel sulfide tailings in Northwest and Northeast China, where the main heavy

metals were Cu and Ni. The results of morphological analysis shown that the proportion of residual state of each

element is higher than that of other forms,but in some depths the proportion of reduced state is higher than that of

residual state. And the potential migration ability of Co is greater than that of Ni and Cr. Concentrations of heavy

metals Ni,Co and Cr in the surrounding environmental soil and river sediment seriously exceeded the standard,and

the average value of soil comprehensive potential ecological risk has reached serious pollution level, indicating that

the soil around the nickel tailings pond has been seriously threatened by heavy metals such as Ni,Co and Cr. The

analysis results of heavy metal content in plants near the tailings pond shown that the concentrations of Ni and Co in

some plants exceed the screening value of ecological soil(in plant).
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Table 1 Heavy metals concentration of tailings based on XRF
Element Content RSV Local background value
6. 5<pH<7.5 pH>7.5

As ND 30 25 21.9
Cd ND 0.3 0.6 0.19
Co 123—192 — — 18.95
Cr 1 387—4 082 200 250 71.6
Cu 23.9—36.1 100 100 47.25
Hg ND 2.4 3.4 0. 067
Ni 2 796—3 274 100 190 46. 75
Pb ND 120 170 40. 4
Zn 56—81 250 300 94. 4
pH 6.93—8. 26 — — —

Note: Local background values refers to the background values of soil elements for Yunnan Province,China(1990). RSV refer to risk screening

values for soil contamination of agricultural land,according to the national Soil Environmental Quality Standard(GB15618-2018).
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Table 2 pH and average concentration of heavy metals in tailings and soil samples

Sediment i
Element Tailings Soil ediment in

Local background

RSV6. 5<<pH<7.5/ RIV6. 5<<pH<7.5/

the river value pH>7.5 pH>7.5
Cu/(mg « kg™ 1) 23.6 46 26. 86 47.3 100/100 —
Ni/(mg + kg™ 1) 4 710 5708 5 453. 04 46. 8 100/190 —
Co/(mg » kg™ 1) 132 329 275.06 19 - —
Cr/(mg -+ kg™ 1) 3301 2 615 2 395.77 72 200/250 1 000/1 300
pH 7.63 7.36 7.76 — — —

Note: Local background values refers to the background values of soil elements for Yunnan Province, China(1990). RSV and RIV refer to risk

screening values and risk intervention values for soil contamination of agricultural land, respectively, according to the National Soil

Environmental Quality Standard(GB15618-2018).
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Table 3 pH and average concentration of heavy metals in water samples

River water

Rainfall Surface water in seepage in L
Elements - . X . Criterion”*
Upper reaches Middle reaches Lower reaches runoff the tailings pond sampling pit

Cu/(mg e+ L1 0. 000 6 0.010 5 0.001 4 0. 000 2 0.001 4 0.010 2 0.5
Ni/(mg+ L1 0.036 4 6.050 0 0.219 0 2.510 0 0.115 0 1.2200 0.2
Co/(mg+ L1 0.001 3 0.394 0 0.017 1 0.153 0 0.003 1 0. 060 5 1.0
Cr/(mg =« L 1) — — 0.027 8 — 0.124 0 0.180 0 —

pH 7.73 7.72 8.18 8.0 7.1 5.5—8.5

Note: * Criterion refers to the National Standard for Irrigation Water Quality(GB 5084-2021).
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Fig. 1 Location of river sampling points
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Fig. 2 Morphological distribution of Co,Ni and Cr in samples at different depths
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Table 4 Potential ecological risk index Er and RI of heavy metals in soil samples

Risk index The minimum Mean/Contribution/ % The maximum
Cu 2.04 4.92/1.3 10. 84
Potential risk index of Ni 113.9 212.6/57.8 354. 38
individual metal (Er) Co 52.2 104.97/28.5 256.7
Cr 28.01 45.53/12. 4 83. 05
Total potential ecological B 995. 43 368. 02 661,03

risk index(RI)
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Table S Concentration of heavy metals in local crops
Element 17 2% 3% 4% 5% Eco-SSLs(For plant)
Cu 4.73 3.83 7.45 1. 39 7.45 70
Ni 9.8 25.6 81.5 21.4 52.8 38
Co 0. 984 3.22 19.9 1. 29 15.9 13
Cr 5. 40 8. 06 27.4 5.23 13.5 -

Note: Eco—SSLs stands for American ecological soil screening levels.

3 ik

‘o

DIZLL TR0 A TS G Ak 5 3 = T L f AR
et XA R A AN [6] R 0 8 1 3 rp 2 2
4 J8 A Ni.Co.Cr . fEfa MR ETs Jiadirh 45 7 &
RORTE. R N RFER B K P, NI Co HR 2%
ETEANRZEUK, R RT ENESBEE SN
R TR 2K I N BT 2 JH B AT
BRI i A AT P TN B 4 I R TBURY s T IR A
W58, Co WETEIT B RE 1 008 W e | G 1 .

2) A PERETR AR Ni, Co ¥ B2y, HLW &
[T R 8% NG ATV N R ) | R O P TR SRR
Bij i A« /0 T 4 Ja B /K AR It 2E A S0 A

3D R DX I, MV AE AR S KU 43 A 3R B L i R
R FERN HECEZ 3 T Ni,Co.Cr FHE RN
JE M .V E A SRR i B R A 1Y DT RR 3 R
57.8 %61 28. 5% T He Al m LA A . AR 5% X9 A 1Y)
PR FE Y Ni fil Co & i 8 5 AR 25 + 398 0 e 1
B — s A A XU 5 R 22 oA AV e 4 O JR i —
AT

Sk

[1] HEIKKINEN P, KORKKA-NIEMI K, LAHTI M, et al.
Groundwater and surface water contamination in the
area of the Hitura nickel mine [ J]. Environmental
Geology,2002,42(4) :313-329.

[2] SABRY MS V A E K. Soil contamination by
potentially toxic elements and the associated human
health risk in geo and anthropogenic contaminated
soils; A case study from the temperate region
(Germany ) and the arid region ( Egypt) [ ] .
Environmental Pollution,2020,262(5):102-109.

(3] . Hol 4 B s o X T 4 8 5 Je 09 A48 25 UKL o7

Bt 5L [D]. 165 FH - jg A K, 2012.
GOA Jing. Study of ecological risk evaluation of heavy
metal pollution at nickel-copper mining area in
Jinchang city of Gansu province [ D ]. Hengyang:
University of South China,2012.

(4] E 3w PEm ik, 55, & W8 R 4 s 5 e kit
B WrFEL]]. MRS iR 44, 2019,18(2)  147-152.
XIA Yu,FENG Zekun, ZHANG Qing, et al. Study on
the dissolution characteristics of heavy metals in
nickle-copper tailings [ J ]. Journal of Materials and
Metallurgy,2019,18(2) :147-152.

(5] B0, SAMREHET XA -5/ ERIER T ES BT
QR AE KBRS LA D] K A& 35 AR, 2016,

JIA Li. Pollution characteristics and migration of heavy
metals in soil-corn system located in nickel mining area of
Jilin province[ D]. Changchun: Jilin University,2016.

(6] ZPel, XA e, RoRuR, 3. ML R KK E 4

J& HETCRHE 5 By i % 5 LT ). M (B A% 2019, 38 (19)
244-246.
LI Zexi,ZHAO Zhilong, XU Ronggiang, et al. Emiision
characteristics and prevent countermeasures of heavy
metals in wastewater from mickel sulfide ore mining
and mineral processing[ J]. Value Engineering, 2019,
38(19) :244-246.

(7] E£55. @B KRR F ARy EaMmEr hESE

HEHCRAE 5 B 6 X SR LT ] A g )8 TR, 2014,4(1)
57-59.
WANG Fang, HUANG Yufei. ZHANG Wang, et al.
Emission characteristics and control countermeasures
of heavy metals in waste rock and tailings of nickel
sulfide ore [ J ] Nonferrous Metals Engineering, 2014,
4(1):57-59.

(8] Mp¥dT, k3. 7. 5. 2L 1B AL B U7 B IR [T .
T E A R 4 ,2020,49(4) : 1-6
YANG Zeyu, ZHANG Wen. SHEN Yafang. et al.
Current status of smelting process of laterite nickel
ore[J]. China Nonferrous Metallurgy, 2020, 49 (4).
1-6.

(9] W% Wb Ak i b [0 e S0 L 4l 3R K 3l g 24 L B
WEFE[D]. Ak - A bR TR 2% 2020,
ZENG Jun. Study on recovery of managanese, cobalt
and nickel from purified sulfide slag and its kinetic
mechanism [ D ]. Guilin: Guilin  University of
Technology,2020.

L10] A=, T o 24 % 1 S 0 A W 2 1 R B R A T 25 1Y



192

ek LT

T2 w12 %

[11]

(12]

[13]

[14]

M F 7LD, Akt : v [ 3 5 K 2 (d 50 , 2019,

LI Hao. Effects of butyl xanthate on microbial toxicity
and nickel speciation in soil [ D]. Beijing: China
University of Geosciences(Beijing) ,2019.

B, B30, 2 RO A BT LD R KR B R BIF 5
JELI]. A s, 2014, 233 F) 2) : 85-88.

TIAN Feng,XIA Wenxi, LI Feifei, et al. A review on the
treatment technology of nickel mine wastewater [ ] ].
China Mining Magazine,2014,23(S2) ;85-88.

THILL, R AL R A S5 Bl R s ME i b T
J& 5 YR AE 5 1 B RUBS A LT ). A 4 8 R, 2021,
11(2) :120-126.

ZHANG Yanhong, TANG Yuhong, CHEN Junhua, et al.
Pollution characteristics and health risk assessemnt of
heavy metal in a waster residue disposal site [ ] ].
Nonferrous Metals Engineering,2021,11(2) :120-126.
HAZINGR S B AT X RE S S S BT R RIK H 4
J& AR AE DR ST, T B X BE IR 5 3R 8%,2011,25(1)
180-184.

HU Xiaona,NAN Zhongren, LIU Xiaowen, et al Study
on distribution characteristics of soil heavy metals in
Jinchang urban residential area[ J |Journal of Arid Land
Resources and Environment,2011,25(1) :180-184.
BEe 5 BR Ak, ot S5 IR D ST Y R 4 s
SRR S B A RN —R RS & B d
BIL)]. Hu B BF 5, 2006 (5) :843-852.

[15]

[16]

[17]

LIAO Xiaoyong, CHEN Tongbin, WU Bin. et al
Distribution characteristics and compound pollution
evaluation of heavy metals in soil of typical mining cities-a
case study of Jinchang city, the “nickel capital”[]J].
Geographical Research,2006(5) :843-852.

Kz HIEE, E L AR R X R i
R IE S AR A W A BRI LT ). A (04 Ji T #2021,
11(4):125-132.

ZHANG Yun, HU Zhengsheng, WANG Yan, et al.
Heavy metals pollution characteristics and crop healthy
risk assessment assessment around a copper oxide
taillings pond [ J ]. Nonferrous Metals Engineering.,
2021,11(4):125-132.

rh PR I Sl b T R R IML JE s
o [ BRI R 2 AL . 19902 330-381.

China National

Environmental Monitoring Centre.

Chinese soil elements background value[ M. Beijing:
China Environmental Science Press,1990:330-381.
XN, E O], TR 2L 55 4 S AL G WX A BR 1
S LT WOl TR 5 0 2 R 52016, 34(2) 1 111-113.
LIU Wuzhong, WANG Jianming,ZHANG Hong,et al.
Health effects of cobalt and its compounds [ ] .
Occupational Health & Emergency Rescue, 2016,

34(2):111-113.

(| £

)





