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Fig. 1 Location of study area and sampling sites
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Table 1 Classification criteria of soil pollution
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Table 2 Classification criteria for geologic accumulation index
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Table 3 Classification criteria of potential ecological risk
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2.1 TtEEEERESNTH

WX JE A M R AR B AL T L3R 4, K
F 4T, I pH (EHYE K 4. 09~5. 86, & B2 1 1
HE; + 8 Cd. Cr. Cu. Ni, Hg. Zn @ &2 5 %9 K

0.79~2.08 mg *+ kg™, 144. 2~464. 4 mg * kg™ ',
91.63~187.5 mg * kg '.49. 94 ~ 104. 47 mg -
kg '.0.14~2.33 mg » kg '.144.35~272. 4 mg *
kg s EB4> THERE S MY M He MM Zn R CE T E
KA Ui bR e BT A A AU R Cd.
A Cr B Cu i NI & it o B 58 4 9 B o & —
PARUE R W] I8 32 B AN ) 72 B2 00 o 4 R V5 g .

4 TEABKHIEESCESE (mg  ke™')

Table 4 Heavy metal content of farmland soil around mining areas(mg * kg ')

SFhE A pH MoCd M Cr M Cu HONi M Hg M Zn
1 4.59 1.45 240. 60 130.13 68.12 0.56 243.51
2 4.89 1.48 196. 80 93. 16 53.94 0. 66 210. 41
3 4.09 1.29 211. 00 100. 88 49.96 0.68 207. 38
4 1.67 1.14 203. 90 91.63 70. 38 0.20 229, 47
5 5.46 1.01 258. 40 146. 37 61.99 0.97 228. 27
6 5. 80 2.03 285. 00 176. 54 97. 90 0.24 246. 67
7 4. 85 2.08 329. 40 176. 31 101. 69 0.43 265. 89
8 5.06 1.73 340. 50 154.10 104. 47 0.16 225, 04
9 5.10 1.13 464. 40 137.53 92.34 0.14 209. 33
10 5.35 1. 30 416. 90 142.71 100. 67 0.50 229. 22
11 5.26 1.72 337.90 174. 97 101. 54 1.08 272.40
12 5.79 1.98 416. 10 180. 84 101. 06 1.76 253. 94
13 5.86 1.87 370. 70 187.50 95. 62 0.47 241. 20
14 1. 80 1.10 459. 80 108. 10 78.38 0. 46 172.76
15 5.22 1.09 234. 20 94,02 69. 69 1.14 144. 35
16 4.75 1.55 239. 30 145.05 85. 80 1.27 220. 47
17 5.08 2.02 144. 20 181. 85 100. 19 0.48 252.68
18 4. 74 0.79 267. 30 116. 40 48.13 0.29 152.76
19 4.93 0.92 245. 40 141. 67 69. 28 2.33 182.72
20 4.74 0. 82 289. 70 152.72 66. 87 0. 46 194. 70
M T R 0. 66 95. 90 32.00 39.10 0.11 99. 50
H R b fE(E 0. 30 150 50 40 0. 30 200

2.2 TCLP— BT HEEIBHEE

4 P HUR 5 PRAR E(E AT TR, 45 R L
F 5. RS ATALBIEM T A TR W TCLP $#2HK
I /N T E R AR . & RSN G
HYAE R N T 0. 7 MK S N 2R G AR Bk bR
e, & R T2 2K,
2.3 AN L MEGHEERZE

R BIREOL M A R K 2. R 2 AT, AE

SR RS L 15 Y B RE S Cd A TET5 Y, T0%
MR Cd R RE TS gy, oAy 16 20 AR i 32 31 Cd
HREIG Y K2 5] Cr 5 YRR 5 520, % % Cr &
FETG YR 50 % Hi Ay 45 WO MIRE &L 32 B Cr i Hh BE TS
Yo Z 3 Cu BT QAR S o5 1506, 85 %0 A il 32
F Ca i EEISYL s 0 BIA 15 % F1 5% B9 FE fh ok %2 3
Ni A1 Zn 8975 4%, 85 % Fl 95 % B FE & 52 3] Ni F1 Zn
BT Y10 % A5 %6 1 RE A 4 i 32 B Hg 1) fm
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Table 5 Comparison between the concentrations extracted by TCLP and international standards
P Cd/ Cr/ Cu/ Ni/ Hg/ Zn/ WT@?}%Q v g
mg * kg ! mg * kg ! mg * kg ! mg * kg ! mg kg ! mg + kg ! £
1 <0.5 <5 <15 <20 <0. 2 <25 0.125 1
2 0.5 <5 <15 <20 <20. 2 <25 0.041 1
3 <<0.5 <5 <15 <20 <0. 2 <25 0.120 1
4 <0.5 <5 <15 <20 0.2 <25 0.134 1
5 0.5 <5 <15 <20 <20. 2 <25 0.136 1
6 <<0.5 <5 <15 <20 <0. 2 <25 0.099 1
7 <0.5 <5 <15 <20 0.2 <25 0.083 1
8 0.5 <5 <15 <20 <0. 2 <25 0.194 1
9 <<0.5 <5 <15 <20 <0. 2 <25 0.155 1
10 <<0.5 <5 <15 <20 0.2 <25 0.123 1
11 <<0.5 <5 <15 <20 <0. 2 <25 0. 302 1
12 <0.5 <5 <15 <20 <<0. 2 <25 0.281 1
13 0.5 <5 <15 <20 0. 2 <25 0.199 1
14 0.5 <5 <15 <20 <0. 2 <25 0. 034 1
15 <<0.5 <5 <15 <20 0. 2 <25 0.052 1
16 0.5 <5 <15 <20 <20. 2 <25 0.074 1
17 <<0.5 <5 <15 <20 <0. 2 <25 0. 146 1
18 <0.5 <5 <15 <20 0.2 <25 0.029 1
19 0.5 <5 <15 <20 0.2 <25 0.047 1
20 <0.5 <5 <15 <20 0.2 <25 0.061 1
[ PrAR el 0.5 5 15 20 0.2 25

BETG Y M 5 G, 40 Yo I RE 32 B Hg 190 b B2 5
Yo W 2 AL X A I SRR S He V5 Y i
Cu.Cr.Cd R Z . 1 Tz o8 X AL F 0w Mlix . Hg &
BRI T A AR A 7 i R TR L
W s s Ak 3 st 2 380 Cu.Cr.Cd K
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Fig.2 Assessment using geoaccumulation index method

SR T TG M PE Y B SRR ST BB AL A
1. LR TR 5 S W 65 %0 1Y R AE 5 52 2 oh B S
e 25 Vo MRFE R Z B EREE Y, A 1008
FERZ BRI Y,
2.4 BEESREIEHEGE

R, B4 Jm A R R A LI s
AR B AN BE R I AR 2R S AT B8 AR T R Al ) T
BEF AR A ACE . BT DAAS SCOR FH R AT 4 UGS AR Oy + 4
A ROSHETE R TR A R AN 3 s, H AL 3
RN BT A A i TR T R AL TR R A U
K-
2.5 JLAIEMAEMLEER

H 2 6 Al AL, =T M4 A AR, TCLP—
G F5 BOE VP 45 . A SR A R 2 35 gy,
Ab T2 A XU KT s TR AR A 1 HR BUR PR 45 SR R
BT BT SR A 3 A T 58 AR 28 AU 7K 5 T A
L., W ERA 8 EOEL PPN 245 S W 3R WY . 65 06 1 SR A AU AL
TR KT 250 MR M Z B R E S
e, HRI0V MM AZ BRI X AT RE S il T



376

2018 4F

0.0010

0.0008

0.0006

0.0004

0.0002

Cr

0.0000

0.40

0.35 1

0.30 1

0.25 1

0.20 -

0.15

0.10

0.05

0.00 -

2.5 7

2.0 1

1.5 1

1.0

0.5

T T T T
10 11 12 13 14 15 16 17 18 1

"

1234567 8 91011121314151617181920

d
9 20

0.0 -

”

123 4567 8 91011121314151617 181920

141 .
Ri
124

10

0.12 7

0.10

0.08 -

0.06 -

0.04

0.02

0.00 -
1

0.7

0.6

0.5

0.4

0.3

0.2

0.1 1

0.0 -
1

129

10

1

2 3 45 6 7 8 9 1011121314 1516 17 18 19 20

Ni

2 3 456 7 8 91011121314151617 181920

2 3 456 7 8 9 1011121314151617 18 19 20

12345678 91011121314151617 181920

B3

BEESREREITENER

Fig. 3 Assessment results of potential ecological risk index
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Table 6 Comparison of various kinds of evaluation method
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Ecological risk assessment of heavy metals in farmland soils around
karst coal mining areas: A comparison of various methods

LIU Pinzhen'?,JIA Yaqi', CHENG Zhifei' , YANG Zhen', DU Qilu' , WU Di'

(1. Guizhou Provincial Key Laboratory for Information System of Mountainous Areas and Protection of
Ecological Environment s Guizhou Normal University s Guiyang Guizhou 550001 ,China;

2.School of Chemistry and Chemical Engineering sQiannan Normal University for Nationalities s Duyun, Guizhou 558000, China)

Abstract In this paper, we use TCLP method and the methods of Nemerow comprehensive index and geoac-
cumulation index (Igeo) to evaluate heavy metal pollution in the farmland soils around mining areas in Zhijin
County of Guizhou province. The results show that the contents of cobalt (Cd), chromium (Cr), copper
(Cw), Nickle (Ni), mercury (Hg) and arsenic (As) in the soil are in the range of 0. 79~2.08 mg * kg ',
144.20~464.40 mg * kg ', 91.63~187.50 mg * kg ', 48.13~104.47 mg « kg ', 0.14~2.33 mg » kg ',
and 144.35~265.89 mg « kg '.respectively. And all the total contents of Cd, Cr, Cu, and Ni in the soil is
higher than those of the second — class standard of the national codes on soil environmental quality, while
parts of the Hg and zinc contents exceed this standard. The TCLP—Nemerow composite index shows that all
sampling points are at safe levels and not polluted by heavy metals. The assessment using Igeo method indi-
cates that 65% of the sample points are at a moderate pollution level, 25% of those are at moderate to severe
pollution levels. The potential ecological risk index shows that all the sampling points are at a slight ecologi-
cal risk level. It can be seen that the analytical results by different evaluation methods differ from each other.
Practically, it its hence recommended to choose an appropriate evaluation method based on the pollution de-
gree of the soils.

Key words mining area, heavy metals, soil, TCLP method, Nemerow comprehensive index, geoaccumula-

tive index, ecological risk
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