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Abstract: Systematic analyses were conducted on total contents and pollution characteristics of Zn, Pb, Cd, Hg, As, Mn and Sb in
surface (0~0.5m), middle (1.0~1.5m), and deep (2.5~3.0m) soils of the Xikuangshan area. Ecological risks of heavy metals (HMs)
were evaluated by using potential ecological risk index (PERI), mean effect range median quotient (MERMQ) and network environ
analysis (NEA), and their potential sources were apportioned and identified through an absolute principal component score-multiple
linear regression (APCS-MLR) receptor model. The results showed that the HM contents in the surface layer were highest, and the
average contents of all elements except Pb in soils exceeded the background values of Hunan Province. As the soil depth increased,
the changes of HM contents were not significant, indicating contamination has diffused to deeper layers. The antimony mining area
exhibited a high probability of toxic effect and severe ecological risk for Sb and Hg, moderate toxic probability and risk for As, and a
high risk yet low toxic probability for Cd. In topsoil, the initial risk transmitted from vegetation to microorganisms was 2.23-fold that
to herbivores and 22.33-fold that to carnivores. Notably, Sb posed the highest comprehensive ecological risk, and soil
microorganisms were the most vulnerable ecological receptor. Source apportionment revealed that Zn, Pb and Cd in soils primarily
originated from atmospheric deposition of industrial/mining smelting and transportation, and also impacted by the waste
rocks/tailings leaching. As, Mn and Sb predominantly derived from waste rocks /tailings leaching, supplemented by natural resource
of high geological background. Hg mainly stemmed from agricultural activities, particularly sewage irrigation, with secondary
contributions from waste rocks /tailings leaching.

Key words: soil heavy metals; source analysis; ecological risk; network environ analysis; the Xikuangshan area
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Table 2 Description of soil heavy metals at different depths in the Xikuangshan area (mg/kg)

KIE ZH pH fH Zn Pb Cd Hg As Mn Sb

BiME 7.40 130.83 16.13 0.88 434 106.39 566.17 323.90
FCON: ] 9.66 800.00 91.80 9.08 52.40 758.00 1840.00 2760.00

FEW /Ml 456 33.70 0.20 0.02 0.01 138 48.00 0.57
b2 0.62 109.76 14.90 1.51 8.88 147.57 317.49 524.14

B 5 R EU(%) 8.40 83.89 92.38 172.55 204.48 138.70 56.08 161.82

Bl 7.39 115.56 15.15 0.78 3.48 97.54 561.97 304.94
e KA 9.04 667.00 81.75 28.30 63.10 687.00 1860.00 4110.00

hE fe/ME 527 23.90 0.64 0.01 0.01 1.05 71.50 1.24
iR 0.56 89.54 13.23 241 8.01 139.76 297.97 589.11

5 R EU(%) 7.62 77.48 87.35 308.48 230.35 143.28 53.02 193.19

By 7.44 113.37 14.80 0.59 3.91 91.35 557.75 303.86
EONI:E 9.15 690.00 87.32 11.70 69.50 654.00 2380.00 4100.00

Wz w5/ ME 5.70 33.10 0.40 0.01 0.01 0.59 83.00 0.28
b2 0.54 92.18 14.20 1.40 8.91 134.17 322.61 620.79

A5 R HU(%) 7.23 81.31 95.98 239.08 227.99 146.87 57.84 204.30

IR TS Sl - 94.40 29.70 0.13 0.12 15.00 459.00 2.98

Hh ] - Y S - 74.20 26.00 0.097 0.065 11.20 583.00 -
V5 RAREARE 4) 6.5-7.5 250.0 120.0 0.30 2.40 30.00 - 180.0
V5 Y (g1 ) - 500.0 700.0 3.00 4.00 120.0 - 360.0

TR BRI R,

2.2 RIEESE XY
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Zn. Pb H1 Mn [ 350 2 XU HR £ty /T 40,Cd
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2.16 F 224,24 At 4 RN i 85 7E B (75%). i
KR 2R A MERMQ 4L T 0.1~0.5(11% & 4541
e IR bE 2y B A 25.00%  32.04% Al
29.83%, /= A B PE M AT g ME A 30%; b T
0.5~1.5(F mft )t 28.33%. 27.62% Al
32.04%, 47 E B PEME R 50%; KT 1.5t st )
H LA 45.00% 40.33%A1 37.02%, 17 76 B PE A%
N 75%. LR & R 4 A AR A R LS T AL
N3 ] AL PR 2 P (Rl A o B 4 SRR (] 2), 3R 2
R T PR (RP=0.967), 42 & A2 A X
B0 A AR S MR R T L RS g A
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5 P
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Table 3 PERI and RI values of soil heavy metals pollution at different depths in the study area

R EiELin Zn Pb Cd Hg As Mn Sb RI
B 1.47 2.82 198.85 1365.99 62.72 1.14 1188.06 2821.05
e R/ME 0.36 0.03 4.62 1.67 0.62 0.10 1.91 71.37
- SEPNE 8.47 15.45 2095.38 17466.67 505.33 4.01 9261.74 18142.12
AR (%) 0.00 0.00 78.81 94.92 3432 0.00 90.68 97.88
BTN 1.39 2.72 202.59 1448.24 70.93 1.23 1086.93 2814.03
e M 0.36 0.03 4.62 1.67 0.92 0.10 1.91 77.37
SEPNE 8.47 15.45 2095.38 17466.67 505.33 4.01 9261.74 18142.12
HBFR R (%) 0.00 0.00 75.14 93.37 38.67 0.00 87.85 97.24
BIE 1.20 2.49 135.22 1302.16 60.90 1.22 1019.65 2522.84
- /M 0.35 0.07 2.31 1.67 0.39 0.18 0.94 59.42
W2
SEPNE ] 731 14.70 2700.00 23165.56 436.00 5.19 13758.39 23918.30
AR (%) 0.00 0.00 65.19 92.82 33.70 0.00 82.87 98.90

x4 BT LHRARRETEESESENE
Table 4 Toxic effects of soil heavy metals at different depths in the study areas

MERMQ/J 562481 43 i L (%)

NAdid {5

I it & " « e As * ¥IE #1(75%) 1 (50%) fi%—(30%) %(10%)
¥iE 0.32  0.07  0.09 6.12 1.52 6.61 2.46

KE BJME 008 000  0.00 001 0.02 0.01 0.08 37.02 32.04 29.83 1.10
WA 195 042 095 7380 1083 5633 1519
¥iE 0.28 0.07 0.08 4.90 1.39 6.22 2.16

B BME 006 000  0.00 0.01 0.02 0.03 0.11 40.33 27.62 32.04 0.01
A 163 038 295 8887 9.81 83.88  14.87
BifE 028 0.06 0.07 5.50 1.31 6.20 2.24

WA W/ME 008 0.00  0.00 0.01 0.01 0.01 0.07 45.00 28.33 25.00 1.67
Af 168 040 122 97.88 9.34 83.67 17.06
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Table 5 Fuzzy information, probability of risk existence and probability of risk occurrence from soil heavy metals in the

Xikuangshan area

P Sy EIX A Sy ¥R JE BN (P P
A3 NN - >’ R ) X(IH+IT)
(mg/kg) ot WP I I 111 (V5 5Y) (PGS IR
(0,94.4] 83 0.4586 1 0 0
0.7780 0.1690 0.0530 0.2220
(94.4,150] 61 0.3370 0.8213 0.1787 0
(150, 250] 24 0.1326 0.3213 0.6787 0
Zn 0.8334 0.1373 0.0293 0.1666
(250, 400] 6 0.0331 0 0.30 0.70
(400,500] 2 0.0110 0 0.80 0.20
0.8423 0.1190 0.0387 0.1577
[500, «) 5 0.0276 0 0 1
(0,29.7] 158 0.8729 1 0 0
0.9704 0.0296 0.0000 0.0296
(29.7, 60] 20 0.1105 0.8322 0.1678 0
(60, 120] 3 0.0166 0.3322 0.6678 0
Pb 0.9722 0.0278 0.0000 0.0278
(120, 400] 0 0 0 0.7586 0.2414
(400, 700] 0 0 0 0.2586 0.7414
0.9704 0.0296 0.0000 0.0296
[700, ) 0 0 0 0 1
(0,0.13] 25 0.1381 1 0 0
0.3122 0.5048 0.1830 0.6878
(0.13, 0.30] 63 0.3481 0.5 0.5 0
0.3,1] 59 0.3260 0 0.8704 0.1296
cd 0.4194 0.4553 0.1253 0.5806
1,2] 13 0.0718 0 0.5556 0.4444
2,3] 7 0.0387 0 0.1852 0.8148
0.3923 0.5041 0.1036 0.6077
[3, ) 14 0.0773 0 0 1
(0,0.12] 11 0.0608 1 0 0
0.4864 0.2290 0.2845 0.5136
0.12,0.5] 42 0.2320 0.9254 0.0745 0
0.5,1] 34 0.1878 0.7237 0.2763 0
0.5180 0.2361 0.2459 0.4820
Hg 1,1.5] 23 0.1271 0.4956 0.5044 0
(1.5,2.4] 11 0.0608 0.1974 0.8026 0
(2.4,4] 17 0.0939 0 0.5 0.5 0.5050 0.2381 0.2569 0.4950
[4, ) 43 0.2376 0 0 1
(0, 15] 52 0.2873 1 0 0
0.3619 0.2704 0.3677 0.6381
(15, 30] 27 0.1492 0.5 0.5 0
(30, 50] 27 0.1492 0 0.8889 0.1111
As 0.4116 0.2434 0.3284 0.5718
(50, 80] 14 0.0773 0 0.6111 0.3889
(80, 120] 13 0.0718 0 0.2222 0.7778
0.4309 0.2434 0.3450 0.5884
[120, «) 48 0.2652 0 0 1
(0,2.98] 4 0.0221 1 0 0
0.4301 0.2563 0.3135 0.5699
(2.98, 50] 65 0.3591 0.8672 0.1328 0
(50, 100] 23 0.1271 0.5932 0.4068 0
0.4914 0.2365 0.2721 0.5086
Sb (100, 180] 17 0.0939 0.226 0.774 0
(180, 270] 17 0.0939 0 0.75 0.25
(270, 360] 10 0.0552 0 0.25 0.75 0.5130 0.2342 0.2528 0.4870
[360, ©) 45 0.2486 0 0 1
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Initial risk (R;) of heavy metals to soil vegetations (a) and microorganisms (b) in the surface soil
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Table 6 Analysis results of heavy metals pollution resource at
different depths based on APCS-MLR

W JGE APCS1 RBAPCS2 REAPCS3 R¥ %% R* PO

Zn  81.697 18.856 20809  9.038 0.62 1.00
Pb 11166 -1.984 -2.946 0264 0.618 1.00
cd 1269 0.29 0.183  -0.909 0.753 1.00
#JZ Hg 0316 0.052 8365 -2.416 0.888 1.00
As 59295 70.635 8.88  47.581 0394 1.00
Mn 50239  -254313  60.175 264.01 0.703 1.00
Sb  120.561  384.442 114362 386.445 0.638 1.00
Zn 72759 7.703 -0261  1.944 0.668 1.00
Pb 10354 -2.62 -048  -3.594 0.653 1.00
cd 1391 0.672 0015 -1.001 0411 1.00
HhE Hg  -0.255 -0.251 7863  -1.329 0.966 1.00
As  56.84 71.637 29.161 40385 0472 1.00
Mn 64732  -229.109  33.002 258399 0.651 1.00
Sb 104368 418426  -2.802 456.379 0.536 1.00
Zn  79.042 18.143 2.196  19.837 0.775 1.00
Pb  10.541 -3.824 -1.904 -0.037 0.641 1.00
cd 1232 0.319 0.138  —0.876 0.836 1.00
HE Hg  0.062 -0.133 8796  2.108 0976 1.00
As 17652 89.247 -6.751  109.722 0462 1.00
Mn 42226  -232.146  -33.084 406.679 0.545 1.00
Sb 82368  438.798 26388 398.56 0.519 1.00

79 YIRTITN He 1 oaikisck, R 2 22 11
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KA I 2R K A2 AN I B e A ) S 8k 2
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Th . Rt AR R A U it FE R 95 7K SR 25 AR I 3 B A
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