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Fig. 1 Distribution map of soil sample sampling points in copper

mine research area
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Table 1  Soil heavy metal content and different reference standards in copper mine area

Ttems As Cd Cr Cu Hg Mo Ni Pb Zn
Minimum value/(mg * kg ™) 4.10 0.033 28.70  21.10 0.015 0.48 16.70 14.10 37.10
Maximum value/ (mg - kg ™) 47.20 1.07  537.00 1497.00 0.13 10.60  222.00 90.10  207.00
Average value/(mg - kg™') 12.16 0.10 71.24  52.79 0.05 1.15 30.73 25.73  81.30
Standard deviation 5.22 0.10 38.56  113.95  0.02 0.83 15.39 7.57 22.74
Variable coefficient/ % 43 93 54 216 31 72 50 29 28
Comparison values of heavy metals in adjacent areas/(mg - kg™')  14.91 0.12 81.07 31.78 0.33 1.21 41.14  30.45 79.60
Cumulative contamination ratio/ % 14.60  20.35 9.29 68. 14 0 24.34 5.75 10.18  46.46
Class I national soil environmental quality standard/(mg + kg™') ~ 40.00  0.300 150.00 50.00  0.300 - 40.00  250.00 200.00
Over — limit ratio/ % 0.44 1.77 3.10 24.34 0 - 7.08 0 0.44
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Table 2 Correlation analysis of heavy metals in the surface soils

As Cd Cr Cu Hg Mo Ni Pb Zn

As 1.000

Cd 0.000 1.000

Cr 0.038 0. 006 1.000

Cu -0.074 0.092 -0.039 1.000

Hg -0.027 0.186" " -0.017 0.149° 1. 000

Mo -0.060 0.030 -0.131 0.914°" 0.143" 1. 000

Ni 0.058 0.031 0.527"" -0.014 0.1937" -0.075 1.000

Ph 0.087 0.524"" 0.007 0. 046 0.048 0.032 -0.041 1.000

Zn 0.071 0.800" " 0.075 0.054 0.049 -0.005 0.075 0.731"" 1.000

“means 0. 05 level (bilateral) was significantly correlated; " * means 0. 01 level (bilateral) was significantly correlated.

0.75% ~19.03% , % Cu &b, BFREEII A E . St
ARIX AT b X+ 3 4 8 O o (A g, BR
Hg 511 8 i 5 42 J& o0 K 3594 A [R) A2 5 1) B2 LTS e
(BBUG YL Bl 14.18% ~86.57% ) , /™ H|Hb X R FH
5 YRR (35 20 Z248%) .

W5 - R 5 b T 4 A 22 DA B R S, T LA
I e AR R SR, — Bk, AR T R
] an S B S AR S, W R E Ao B A AR )
BRI VR , Bk o ke V5 A 7] 1) b BR Ak 2 7 2k N R
B, ENE AR NTERERZE L EES
JEIEAT TS AT, A M R B T2 2, X BEAH
Fe R BR FER IS T A, TAEX N Cu 5 Hg Mo
FH5E, Hg 55 Cu Mo ,Cd \Ni i H56,Cd 55 Hg Pb,
Zn B FEAASE 1M As 5 HAh TR Z [ A e AR K
i SEHEWT , TAEX A Cu Hg Mo Ni Cd . Pb Zn 2 [H]
A IRIE PR o (FRSR A ), As NI 1A 42 )@ oo
FAIRVE, AT RESK [ T HEWR oA 20t F 26 AR TG 3

2.2 ITREESRSENN=RRSH

ZATIX [ 2005 4FZ 2017 AF a] S50 5 Y 5 (HE L
Y NP MERR ) BT g b 4 Jm i X (A

JBEA A R il B BRR: Wl i 45

HE LS M A [E] o 3 4 R A A 2
% EEAS T4 3 1) 498 5 4 T W B4 mT L 2017
FEE SRR 2005 4R B R, 408 12 4E R
VEIE S, HE 3 e As Hg I Ni %3 B, 8
RS I 0 2005 AF AR BF Y 1. 14 5 1. 17 {5 F1
2. 13f%; Cr 1 Cu RN K B, 5 2005 45K TF R B
2K Cd P Al Zn D) 3¢ B4 WS A0 D

R T liF 3 As Cr Hg Ni fil Pb SR 2
PLIE B2, 2017 47 ZFH &L 43 00 02 2005 4FE 1 1.22 f% |
1.04 1% 3.04 £% 1.94 f5H1 1. 14 1%, Zn 095 A8 (0 AN
K, Cu W& e g b, Cd & s (B 3) o

W 3Erh As (Cr Cu Hg \Ni fil Zn JTE M IE
FH,2017 45 BG4 A2 2005 44 1. 14 £5 1. 34
f5.3.62 %5 2.48 £% 1. 74 £5F1 1. 24 £i5, Cd (45 =4
AR, Ph (1) & IR (&1 4) o

FEARTN & AEPT IS I 12 A2 ACH 3 M E 4R
EHE L R, R BCR WAL, HEAERY FE T
T FNHER 37 W e B 27 T 4 J& o0 K 19 [R] i B2, A
B TC R W BB L DA B K S ) Y R

P W7 2, Horp 2005 AR KR U TR B Z iz Al b
%
g _ | Cd
b Hg
é —:?n,x
g 93 %0
2 =
© =4
c 2L L2 o7k
§ 0] “§ 1
—= &
8 30 %
> 40 S o1
kYl =
8 3
I 1w =
2005.11 2016.06 . 2016.10 2017.10 o 2005.11 2016.06 2016.10 2017.10
Sampling date Sampling date

B2 Hetb b E e &R B A O

Fig. 2 The variation of heavy metal content in the soil of the dump site year by year
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Fig. 3 The variation of heavy metal content in the soil downstream of tailing reservoir year by year

0.90

s

[
Hg

2

metal contents /(mgkg™)
®
AT

1]

]

o

Heavy metal contents /mgkg™")

0.08 10
0.06
- 00 5
§ 0.2
0.00 . 0
20511 _ 01710 2005.11 2017.10
Sampling date Sampling date

880

860

Heavy metal contents /(mgkg™")

2005.11

4 MR TSP SR SRR D

Cu
n

‘ Cr

1710
Sampling date

Fig. 4 The variation of heavy metal content in the soil of heap leaching field year by year
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Table 3  Soil heavy metals contents and ratio in the different period at copper mine /(mg - kg™")
Sites Tines As Cd Cr Cu Hg Ni Pb Zn
October 2005 8.10 0. 820 64.80 60. 80 0.030 14.00 28.30 93.10
June 2016 9.70 0.073 62.68 69.70 0.043 31.65 21.30 74.40
October 2016 9.80 0.050 63.70 58.00 0.040 31.90 23.20 70. 60
October 2017 9.20 0.049 60.90 51.50 0.035 29.80 24.70 62.60
Refuse dump Ratios of 2017/2005 1.14 0.06 0.94 0.85 1.17 2.13 0.87 0.67
Ratios of Oct.2016/2005 1.21 0.06 0.98 0.95 1.33 2.28 0.82 0.76
Ratios of June 2016,/2005 1.20 0.09 0.97 1.15 1.43 2.26 0.75 0.80
October 2005 9.20 0.910 57.40 52.50 0.027 14.00 18.30 74.60
June 2016 10.20 0.224 61.70 59.20 0.091 40.70 20.20 66. 10
October 2016 15.80 0.100 63. 60 41.40 0.076 29.20 20.90 73.40
Downstream of October 2017 11.20 0.058 59.90 29.80 0.082 27.20 20.80  70.70
tailings reservoir  Ratios of 2017/2005 1.22 0.06 1.04 0.57 3.04 1.94 .14 0.95
Ratios of Oct.2016,/2005 1.72 0.11 1.11 0.79 2.81 2.09 1.14 0.98
Ratios of June 2016,/2005 1.11 0.25 1.07 1.13 3.37 2.91 1.10 0.89
October 2005 9.10 0.89 47.30 242.90 0.033 12.00 25.00 71.10
Heap leaching field  October 2017 10.40 0.85 63.30 880.00 0.082 20.90 21,40 88.40
Ratios of 2017,/2005 1.14 0.96 1.34 3.62 2.48 1.74 0.86 1.24
T4 AR A0 LI SR R A
Table 4 Average annual growths and total change rates of soil heavy metals in different periods at the same places
Sites and . As Cd Cr Cu Hg Ni Pb Zn
nubler " T v "p v b Vv Db Vv Db Vv o v o v 0 ¥
Refuse dump 2016 0.15 0.21 -0.07 -0.94 -0.10 -0.02 -0.25 -0.05 0.001 0.33 1.63 1.28 -0.46 -0.18 -2.05 -0.24
16TQ0903 2017 0.09 0.14 -0.06 -0.94 -0.33 -0.06 -0.78 -0.15 0.001 0.17 1.32 1.13 -0.30 -0.13 -2.54 -0.33
Downstream of
{ailings reservoir 2016 0.60 0.72 -0.07 -0.89 0.56 0.11 -1.01 -0.21 0.004 1.81 1.38 1.09 0.24 0.14 -0.11 -0.02
16TQ0103
2017  0.17 0.22 -0.07 -0.94 0.21 0.04 -1.89 -0.43 0.005 2.04 1.10 0.94 0.21 0.14 -0.32 -0.05
Heap leaching
field 17TQ0104 2017 0.11 0.14 0.003 -0.04 1.33 0.34 53.09 2.62 0.004 1.48 0.74 0.74 -0.30 -0.14 1.44 0.24
Average value 0.22 0.28 -0.06 -0.75 0.34 0.08 9.83 0.36 0.003 1.17 1.23 1.04 -0.12 -0.03 -0.72 -0.08

Note: Initial data were obtained in 2005, 2016 data were obtained in October 2016 ; D was the annual growth ( mg/kg

of change, dimensionless.
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Fig. 5 The change rule of heavy soil metal content with distance along the stream along the shore
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Research on the Spatiotemporal Variation and Migration Rule of Soil Heavy
Metals in a High Latitude Alpine Copper Mining Area
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Abstract; Based on collecting and arranging the previous monitoring data and dynamic monitoring research in a high lati-
tude alpine copper mining area, the spatiotemporal variation trends of heavy metals of As, Cd, Cr, Cu, Hg, Mo, Ni,
Pb and Zn in the surface soil of the study area in the past 12 year were compared and analyzed, and the accumulation
rate of heavy metals in soil was quantitatively calculated. The analytical data showed that severe attention should be paid
to the large possibility of soil deterioration due to the Cd and Cu contents of the heap leaching field had exceeded the na-
tional soil level II standard limit when the heap leaching had not yet started, and the annual average growth rate was fas-
ter. Comparatively, there was large soil environmental capacity for heavy metals except Ni at tailing reservoir and dump
site. The transversal migration distance of Cr, Zn, Ni, Pb, Cr*", Cd and Cu was shorter than As, Hg and Mo at down-
stream of heap leaching field. Elements with longer moving distances were more likely to migrate downstream with heap
leaching. The profile soil sample content of Cu, Zn, Cr and Cd decreased with the increasing of depth, and the heavy
metal content in the topsoil was higher than that in the deep soil samples which shown the law of enrichment on the frozen
front of permafrost.
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