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Table 1 Collection information of mine soil sample

WG4 Fr [FATE R b 2 AR B PR (m)
Pit name Sample number Geographic coordinates Altitude (m)
Pit No. 1 in Duosuogongma mining area ML1 # 5-1 38°9'56. 088"N,99°1'12. 608 4"'E 4 062. 20
ML1 #5-2 38°9'56. 602 8"N,99°1'15. 751 2"E 4078.26
Pit No. 3 in Juhugeng mining area ML3 # 10-1 38°6'56. 43"N,99°9'57. 888"E 4 042,94
ML3 #10-2 38°6'56. 43"N,99°9'57. 888"E 4 042.94
Pit No. 4 in Juhugeng mining area MIL4 #1-1 38°8'1. 467 6"N,99°9'9. 097 2"E 3 966. 19
ML4 #1-2 38°8'1. 467 6"N,99°9'9. 097 2"E 3966.19
ML4 #1-3 38°8'1. 467 6"N,99°9'9. 097 2"E 3966.19
ML4 #1-4 38°8'1. 467 6"N,99°9'9. 097 2"E 3966.19
ML4 #1-5 38°8'1. 467 6"N,99°9'9. 097 2"E 3966.19
ML4 #9-1 38°8'32.442"N,99°8'24. 817 2'E 3977.93
Pit No. 5 in Juhugeng mining arca ML5 # 8-1 38°6'40. 053 6'N.99°8'24. 446 4"E 4 057.75
MLS5 # 8-2 38°6'39. 358 8"N,99°8'24. 946 8"E 4 056. 09
ML5 # 8-3 38°6'38. 836 8"N,99°8'24. 27"E 4 060. 47
Pit No. 7 in Juhugeng mining area ML7 # 4-1 38°8'41. 449 2"N,99°6'39. 927 6"E 4 062. 53
Pit No. 9 in Juhugeng mining area ML # 3-1 38°8'9. 535 2'N,99°4'8. 853 6"E 4239, 01
ML9 # 3-2 38°8'7.576 8"N,99°4'8. 349 6"E 4 254. 34
ML9 # 3-3 38°8'6.982 8"N,99°4'7. 982 4"E 4 239.57
ML9 # 34 38°8'6.982 8"N,99°4'7. 982 4"E 4 239.57
Pit No. 1 in Jiangcang mining area JC1#1-1 38°2'23. 794 8'N.99°35'36. 452 4"E 3 625. 38
JC1#1-2 38°2'23. 794 8"N,99°35'36. 452 4"E 3 625. 38
JC1#1-3 38°2'29. 911 2"N,99°35'44, 25"E 3 743.89
JC1#1-4 38°2'29. 911 2"N,99°35'44, 25"E 3 743.89
Pit No. 2 in Jiangcang mining area JC2#2-1 38°243. 623 6"N,99°34'4. 054 8"E 3 796.37
JC2#2-2 38°243. 623 6"N,99°34'4. 054 8"E 3 796.37
JC2#2-3 38°2'43. 623 6"N,99°34'4, 054 8'E 3 796. 37
JC2#2-4 38°2'43. 623 6"N,99°34'4. 054 8"E 3 796.37
Pit No. 4 in Jiangcang mining area JC4#3-1 38°2'18.2"N,99°30'24. 1"E 3 842. 84
JC4#4-1 38°230.3"N,99°28'42. 4"E 3878.75
JC4£4-2 38°230.3"N,99°28'42. 4"E 3878.75
99°5'E 99°10'E 99°15'E 99°20'E 99°25'E 99°30'E 99°35'E
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Fig.1 Sampling area location and sampling point distribution
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Table 2 Soil heavy metal pollution evaluation classification
standard
- - 4Gk N
VA 7 1% A 5 %
. Classification )
Evaluation method Pollution level
standards
Single factor pollution P, <1 No
index (P;)
1<P,<2 Light
2P, <3 Mild
P, >3 Heavy
Nemerow pollution index P (<0.7 Clean
(P
0.7<P(<1.0 Still clean
1.0<<P<2.0 Mild
2.0<<P(<3.0 Moderate
P >3.0 Heavy
Geo-accumulation index I, =0 No
(I o)
0<I <1 Light
1<I,,,<2 Mild
2<< Ig60<3 Moderate
3<I, <4 Heavy
4<I,,<5 Very heavy
Individual potential eco- E, <40 Light
logical risk index (E;)
40<<E, <80 Medium
80<E, <160 Comparatively

high

160<<E,; <320 High
Comprehensive potential RI<<110 Light
ecological risk index
(RD 110<<RI<220 Medium
220< RI< 440 ()pmparatively
high
RI>440 High
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Table 3 Content of heavy metals in soil
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Lo Variable of shale and
value value value deviation coefficient (%) mudstone value
. -1 . -1 . -1 ) . -1
(mg + kg ) (mg+ kg ) (mg+ kg ) (mg* kg™ 1) (mg+ kg )
Cu 4.59 42,38 23.19 7.71 0.33 14.76 23.43
Zn 41.02 134. 56 83.19 23.22 0.28 58. 84 80. 64
Cd 0.039 0.297 0.154 0.07 0.42 0.08 0.14
Pb 12. 01 37.31 25.07 5.26 0.21 18.90 19. 06
Cr 31.75 110. 36 68. 41 15.79 0.23 52.67 57. 38
Ni 22.71 51.70 35. 84 7.56 0.21 29.99 36.76
As 0.13 14. 54 6.42 4.01 0.62 3.15 6. 83
Hg 0. 005 0.115 0. 043 0.03 0. 64 0.02 0. 036
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Fig.3 Relationship between geo-accumulation index and pollution degree
2.2.3 HAEAESNGFEN P 2% 2 VAR A A5 RV 5 B0075 Y S5 R 4 hr e L bR He
E 4 FroR &8GR 3 8 CuZn . Cd Pb, FCd LAAR , FoA 8 4 ) v AE A 28 AU 48 B0 e K
Cr.Ni.As.Hg B9 76 A 25 U 38 %0537 ok 0. 98 — BUNF 40,8 FRAGSYORG ., W FBERE . E4
9.05,0.51—1.67,8.52—64.88,3.15-9.79,1. 11 — JaB BTV E A SRR R RO BRIk SR B
3.85,3.09 - 7.03,0.18 — 21.30,5. 20 — 127. 50, Hg>Cd>As>Pb>Cu>Ni>Cr>Zn, V¥ Hg



I ARE,2022 ££,29 %, 5 3 #] Guangxi Sciences,2022,Vol. 29 No.3

PLAN Y AR 3 40, 4 370 J 320 Y 4 38 A 25 UK S5 20
JBFREASERBRE. B8N0 X2 ELE ML
A VAR KU A2 2538 8O 34. 25 — 208. 28, X [a] #5 i 1]
0, RO G P 0 A A AV TE Y A A XU AR
DU SIOXURS: SRy 3 A IR AT P AR XRS5 T E

130

SRR A2 258 BOF 9 0 110. 38, i T 40 T 1 5 5 4R
it 22 T 5 4 B &5 W A A A5 KU 8 B0 o V5 Y R
B TRMAERRER. SAMAEEETENESK
FERE, A He A1 Cd 2 32 220 i 7E A2 28 KU 7
TEXT RI B STHERRILE] 73.5%, W 24 5 R E A,

150 | B vioss-1 [ vLo#s-2 [ Mio#3-3 [ MLo#3-4 [ ML7#4-1
MLI1#5-1 MLI1#5-2 ML4#1-1 [ | ML4#1-2 [ | ML4#1-3
] ML4#1-4 ML4#1-5 MLs#8-1 [ ML5#8-2 [ MLs5#8-3

110 |

ML4#9-1 [l ML3#10-1 [ ML3#10-2 [ Jc1#1-1 [l JC1#1-2
100 Il ci#-3 Il cixi-4 [ jc2#2-1 [ Jc2#2-2 [ JC2#2-3
oo | [ JC2#2-4 [ ]Jicans-1 [ ]Icasa-1 [ | IC4na2 [ | Average
80 F
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B BUE RO EE HBEHBR K Uil & HE s A
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Table 4 Correlation analysis results of soil heavy metals

Heavy metal

4 oG JE B T AR A XU 4 2

Fig.4 Single potential ecological risk index of heavy metal

Pb-Cr.Pb-Ni, Cr-Ni, As-Hg #H X &2 % M 0. 522 —
0.894, fHXM: B ¥, 7£ 0. 05 KF I, Ni-Zn,Ni-Cd,
Ni-As. Hg-Cu,Hg-Pb 15 R%M 0. 379 — 0. 467, #
Kt E . ZZ LT IAZ P, Cu.Zn.Cd.Pb.Cr Ni Bi
PIZIE DG R B %, As 5 H A 8 4 8 2 18] AH L4 /)
(Hg 1 Ni B4h), Hg 5 Zn,Cd, Cr, Ni % #
BN,

Cu Zn Cd Pb Cr Ni As Hg
Cu 1
Zn 0.718 % * 1
Cd 0.788 % * 0.835 % x 1
Pb 0.789 % * 0.561 % * 0.614 * * 1
Cr 0.878 » * 0.673 % * 0. 787 % * 0.894 x * 1
Ni 0. 361 0.428 * 0. 390 * 0.522 % * 0.532 % * 1
As 0.301 0.161 0.210 0.268 0.201 0.467 * 1
Hg 0.379 0.237 0.172 0.404 * 0.243 0. 358 0.643 % * 1

Note: * * and * mean significantly correlated at the 0. 01 and 0. 05 level (both sides) ,respectively
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Soil Heavy Metal Pollution and Potential Ecological Risk Assess-
ment in Plateau Alpine Open-pit Coal Mining Area

XU Tai"***,E Chongyi'*"

(1. Key Laboratory of Tibetan Plateau L.and Surface Processes and Ecological Conservation (Ministry of Education) , Qinghai Nor-
mal University, Xining, Qinghai, 810008, China; 2. Qinghai Province Key Laboratory of Physical Geography and Environmental
Process,College of Geographical Science, Qinghai Normal University, Xining, Qinghai, 810008, China;3. Academy of Plateau Sci-
ence and Sustainability, People’s Government of Qinghai Province and Beijing Normal University, Xining, Qinghai,810008, China;
4. College of Energy Engineering.l.ongdong University.Qingyang,Gansu, 745000, China)

Abstract: The content and pollution status of heavy metals in the soil around the plateau alpine open-pit min-
ing area are closely related to the formulation of the ecological environment governance and restoration plan.
The soil around the Muli open-pit coal mining area in Qinghai Province was taken as the research object,a to-
tal of 54 samples were collected from the soil around the pit and the meadow soil that had not been disturbed
by humans. The content and distribution characteristics of heavy metals in each soil were analyzed,and the
single factor pollution index, Nemerow comprehensive pollution index, geological accumulation index and po-
tential ecological risk index were used to comprehensively evaluate the pollution degree and potential ecologi-
cal risks of heavy metals in the soil around the mine pit. The research results showed that there was no signif-
icant difference between the heavy metal content the background value in soil around each mine pit. Only the
average contents of Zn,Cd,Pb,Cr and Hg was higher than the background value. The overall performance of

the heavy metal single factor pollution index in the soil of mining area was Pp, > Py, = P, > P> P, >
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P.,>P>P,, ,which was within the range of clean and safety. The Nemerow comprehensive pollution in-
dex was between 0. 55— 2. 52, the average value was 1. 39, which belonged to light pollution and partly was in
a clean,alert and moderate state. The average value of the accumulation index of all heavy metals was nega-
tive,and the pollution level was 0. The single potential ecological risk degree of heavy metals in descending
order was Hg=>Cd>As>Pb>Cu>Ni>Cr>Zn. The average value of the comprehensive potential risk eco-
logical index was 110. 38, mainly with slight risk. The correlation between Cu and Cr,Pb,Cd,Zn,Cr and Zn,
Cd,Pb,Ni,Zn and Cd in the soil around the mining area was obvious,and the spatial distribution was interde-
pendent and had a relatively specific source. Overall, the soil around the mining area was not polluted by
heavy metals except for some mild pollution signs in some areas. However,Hg and As were sensitive to hu-
man activities such as open-pit mining and gangue accumulation, which should be paid attention in the later
stage of ecological environment monitoring and remediation.

Key words: open-cast coal mine;plateau alpine; mine soil;heavy metal;pollution assessment; potential ecologi-

cal risk; Muli mining area
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