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Abstract; [ Objective | To investigate the heavy metal pollution and chemical forms and identify the hypertolerant
plants in Western Guizhou Province in order to provide a scientific basis for preventing and controlling heavy
metals pollution in the area. [ Methods] The ecological risks of heavy metals in mining areas and non-mining
areas were evaluated using potential ecological risk and fuzzy mathematic assessment models (the single
factor deciding and the weighted average models). The physical and chemical indexes affecting soil fertility were
tested. The chemical forms of heavy metals in soil samples were analyzed by risk assessment code. Bio-
concentration factors were used to select plants with high tolerance to heavy metals around the coal mining

area. [Results] The average concentrations of Hg, Cd, As, Zn, Cr and Ni in coal mining areas were 3. 37,
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1.11, 1.50, 1.63, 1.23 and 1. 73 times higher than the background values. The potential ecological risk of
studied heavy metals in coal mining area followed the order of: Cd>>Hg>As>Ni>Cr>Pb>Zn. The single
factor deciding model of the fuzzy mathematic assessment showed that the pollution of non-mining area was
higher than that of mining area, but the weighted average model was opposite. The potential risk indexes of
Cd, Cr, Cu, Mn, Ni, Pb and Zn in coal mining area were 69.17%, 7.97%, 8.24%, 40.10%, 45.29%.
53.70% and 29.90%, respectively. The As enrichment coefficient of Pteris vittata was greater than 1. 00.
The Cd enrichment coefficient of Pyracantha fortuneana, Broussonetia papyrifera, Rhus chinensis,
Coriaria nepalensis, P. cretica and Hypericum patulum were greater than 1. 00. The Pb enrichment
coefficient of C. nepalensis and Artemisia stelleriana were greater than 1. 00. [ Conclusion] There existed
more serious pollution in mining areas, especially Hg, Cd and As pollution. The potential risk of heavy
metals in soils around the coal mining area is in the order of Cd > Pb > Ni > Mn > Zn > Cu > Cr. In
conclusion, P. wittata can be used as the primary plant for remediation of As pollution surrounding the coal
mining area. In addition, P. cretica could be used as the primary plant to repair the Cd pollution, and

C. nepalensis could be used as the primary plant to repair the Pb pollution.

Keywords: heavy metals; potential ecological risk assessment; fuzzy mathematics; weighted average model;
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As Cd Hg Pb Zn Cr Ni

%1 0.218 8 0.175 0 0.042 6 32.566 1 19.102 4 10.771 3 6.783 3
BCF 0.007 3 0.239 7 0.115 2 1.410 4 0.155 9 0.068 8 0.100 3
K ERH 1 0.389 6 0.027 6 0.013 7 19.721 2 35.509 2 3.428 7 6.384 3
BCF 0.013 0.037 8 0.036 9 0.854 1 0.289 8 0.021 9 0.094 4
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IKEEMH 2 1.3307 0.103 4 0.045 7 ND* 82.854 8 2.645 9 27.870 3
BCF 0.044 4 0.141 6 0.123 6 — 0.676 2 0.016 9 0.412 1
RUE R 0.878 1 0.838 3 0.170 5 ND* 96. 860 0 ND* 35.255 5
BCF 0.029 3 1.148 4 0.460 7 — 0.790 5 — 0.521 3
BT 0.785 2 0.224 7 0.012 8 ND* 18.673 6 ND* 41,504 5
BCF 0.026 2 0.307 8 0.034 7 0.152 4 0.613 7
Kk ND* 0.883 5 0.028 6 ND* 29,149 9 ND* 33.280 7
BCF 1.210 3 0.077 2 0.237 9 0.492 1
B80S 0.140 9 ND* 0.014 3 5.3315 81.788 8 ND* 99. 443 2
BCF 0.004 7 — 0.038 6 0.230 9 0.667 5 — 1.470 4
AT 0.161 8 0.147 2 0.017 4 ND* 15.120 2 0.829 8 3.807 6
BCF 0.005 4 0.201 7 0. 047 — 0.123 4 0.005 3 0.056 3
iy 0.024 0 0.218 3 0.028 3 3.214 1 30. 938 8 1.017 6 6.181 4
BCF 0.000 8 0.299 1 0.076 4 0.139 2 0.252 5 0.006 5 0.091 4
11 % 2 0.344 7 0.039 4 0.032 6 ND* 14.691 3 ND* 3.726 4
BCF 0.011 5 0.054 0.088 1 0.119 9 0.055 1
A 1 0.215 8 0.211 0 0.003 3 16.587 9 24,334 5 ND* 3.138 0
BCF 0.007 2 0.289 1 0.008 8 0.718 4 0.198 6 — 0.046 4
M 0.188 8 0.116 0 0.038 0 25.179 6 55.089 5 ND* 4,943 8
BCF 0.006 3 0.158 9 0.102 8 1.090 5 0.449 6 — 0.073 1
ey 0.197 8 1.0713 0.038 0 15.449 5 31.428 9 ND* 5.302 2
BCF 0.006 6 1.467 6 0.102 8 0.669 1 0.256 5 — 0.078 4
kA 2 3.845 2 2.104 7 0.242 5 ND* 32.396 9 15.155 0 4.889 6
BCF 0.128 3 2.883 2 0.655 3 — 0.264 4 0.096 8 0.072 3
A 4.837 2 ND* ND* 10. 695 3 11.811 9 ND’ 3.442 4
BCF 0.161 4 — — 0.463 2 0.096 4 — 0.050 9
A 2.448 5 ND* ND* 17. 850 9 90. 427 1 26. 740 4 10.333 9
BCF 0.081 7 — — 0.773 1 0.738 0.170 8 0.152 8
o, % 2 7.3277 1.206 5 ND* 1.254 7 23.121 4 9.565 8 0.405 8
BCF 0.244 5 1.652 7 — 28.971 0 0.188 7 0.061 1 0.006
H X 0.710 3 ND* ND* ND* 22.815 1 12.290 0 18. 970 2
BCF 0.023 7 — — — 0.186 2 0.078 5 0.280 5
A 0.908 1 4.4215 ND* ND* 23.329 7 2.019 6 9.502 0
BCF 0.030 3 6.056 9 — — 0.190 4 0.012 9 0.140 5
BT 2.193 8 ND* 0.156 3 ND* 47.125 0 4,916 0 5.809 4
BCF 0.073 2 — 0.422 3 — 0.384 6 0.031 4 0.0859
By X ESEYE  29.97 0.73 0.37 23.09 122.53 156. 56 67.73

HE:“ND* "R KK il s BCF b 4 £ 4.
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(2) WEESBETNER DR, Cd, As K& Hg
B AR B X R K e 3 P E 4R .
RO A0 DA 153 A AL Pl A5 L AR B XY
Cd,As } Hg B0 i XN E Cd, As. Hg &
Cr, W& TEARBET XA 45 1 — B0 2 8 X PF M 45
RIAR—F . BUA, W EH E X E SR M
XAFIEE 4 BI5 Y It L Cd, As, Hg &8 Ry ™ i, H 45
AR NS A AT . ST RO AR R
PN ik s R 22 5 R @ WA 5% 2 —
B, XA TRENFZITMER IZBREHHE, 5
T He B E, O ks g B R B A 3 A P
B 5 AT Y B R 7 25 8 I o8 B R B, TR i 5
BT HESFRE, N L& 48 A E X A S0
F A BT B T RE AR B4 A ST 7 4
RBE 0 R W (A B WA A A S T M T S
BB D IBCT- SR 25 B35 B B X A7 7E 5 4
@G Hm e AR B T AR X, A g
DR R P SR PPN 25 R SRR X 4 8 s
e B T X 5 A0 AT 5T L A 3 KBS P
KIMA - Y A5 10 45 A7

B2 XA ESRIT Y, L Cd, As, Hg
R EE s FLR FH AR B0 1 0 BT B4 455 20 B 458 B A
EQ R IpSE R

(3) HEF X LA Cd B Pb ¥ 7E KUK 35 B8 = - Ho i
i 1 T PR AT BB Ok SR AT Bl 1) S 340 A 4 R HE Y
R PEB 110 B 7K B 3 BUBERT A7, 1M Pb 15 e I8 38 0] fE >
F A f 0 2240, A AR B X 4 JE A KU
BB Mn 5 Zn s i BEA., BRI X
PL Pb K Ni V78 XURS 5 £ 5% =1 - Ho i Pb ¥s 44 i AT g
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5 XU JRURSE DFA G B 32 285 SR AF AR R 25 5, X M B 2
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WL N ACPE 5 J5 #3354 i OB 2 Ok PE A H AR A Ak
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Cd>Pb>Ni>Mn>>Zn>Cu>>Cr, [fij JE B X i 5
4 :Pb>Ni>Cd>Cr>Zn>Mn>Cu, # T Cd ZIF
PERR G BN E SR TR Aok Zikis g, B
Sy 38 ot B e A AL 3 G R L Cd 15 L 7 A5 )
FHOCHER T E A
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Oy AT ARRE AR L OB R B R R T KR R
Koo gE b Cd #hA7 a4, Hrh B %550 A
I RURBR AT %t Cd BE4T & 48 L 48 B PR 412 i)
WFoE IR SE T RUZ X Cd BHA7 & 4 fg 71, i KR ik
FLA 0T FE 45 5, IF T2 A A 1 b 4548 L BT LT
W HAE R A w5 Cd M. BLAN AA D5 B I 5%
INRH KX Cd BA&E LRI AR & X —
G o H A S5 A R 0 BRI A T SO vE L b b
MRk 30 £ K A 3 LBRE T HAE B E Cd 5
Qe . SR KA Ph A S EMEH ALK IA
TR L Z2 w4 Ph A SEESY . AN 5 %
AIXF P fF A7 6 4R . D S LA AR 3R A 38 I, 4 3 S
BB SR AR, AT AR KA T R e B A A b, )
o2 i R =2 N+ ) N L8 1 7 [ AN A = 7 BN 3
B0 LSRRI VEN Pb 5 Y in BEA M e A 4 .
SAEY IR DL L S AN i — DRI

AT ST AN K 0 W By R A A (2R
T L EXT Y b R X i+ HE A TR 8 N DAAS Hh
FEY) R . BRI 6 224 T R A AT AR SR X
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