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Ecological and health risk assessment of heavy metals in soils and their distribution in dominant plants in the
Xikuangshan mining area

BAI Jing', ZHANG Wen', ZHANG Si-si', XIANG Guo—hong', XU Hui-juan’, ZHENG Yu', ZHANG Xin', DUAN Ren-yan"

(1.College of Agriculture and Biotechnology, Hunan University of Humanities, Science and Technology, Loudi 417000, China; 2.College of
Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China)

Abstract: In order to understand the characteristics of heavy metals in the soil around the Xikuangshan mining area (XKS) and their
distribution in dominant plants, field investigations were conducted to analyze the quantities, sources, ecological and health risks,
enrichment coefficients, and transfer factors of heavy metals in the dominant plants at 16 sampling points in the XKS. The results showed
that the average concentrations of Sh, Cd, and Hg exceeded the corresponding background values of Hunan by 100%. The source analysis
suggested that Sb, Hg, Zn, Cd, Pb, and As were mainly contributed by human activities. However, the sources of heavy metal pollution were
not completely consistent, and there was combined pollution. The potential ecological hazard factor analysis showed that Sh, Cd, and Hg
were the main single ecological hazard factors, and 62.50% of the samples possessed a very high comprehensive ecological risk index. The

heavy metal health risk assessment results showed that the main pathway of human exposure was oral ingestion, and children were more
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susceptible to heavy metal pollution. Sb and As were the major non—carcinogenic and carcinogenic contributors, respectively. The

enrichment coefficients and transfer coefficients of As and Sb in Boehmeria nivea were greater than 1, and their retention rates in heavily

polluted areas were lower than those in the other six dominant plant species. Generally, there were severe ecological risks and health risks

in the XKS. Boehmeria nivea has a strong potential for remediation of heavy metals and can be used as a remediation plant for heavy metal

pollution in the XKS.

Keywords : heavy metals; potential ecological risks; accumulation; transfer; Xikuangshan; dominant plants; health risks
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YJT represents the Yanjingtang reservoir area; SYA represents the Sangyi
antimony industry area; SZS represents the Lengshuijiang Shizishan
antimony industry area; SXN represents the northern mine of the
Twinkling Star Antimony Company area; SXS represents the southern
mine of the Twinkling Star Antimony Company area ; LWC represents the

Longwangchi reservior area
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Figure 1 Distribution of soil sampling points in the research area
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* 1 BEERSRBEESRBIFLETMN 2 RITE
Table 1 Classification criteria of potential ecological risk index

method for heavy metal pollution

AR AU IR T RO IRTE A S WA %L

Single ecological risk factor(E!) Comprehensive ecological risk index(RI)

254 Grade 1543 Score 4% Grade 1543 Score
A S RS E: <40 A S KU RI<150
AR 40<E <80 LK e RN 54 150<RI1<300
SRR 80< B <160 B AR SR 300<RI1<600
BB 160< B <320 i A A R 600<RI<1 200
W EARE E 2320 B vy A 2 DR RI=1 200
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Table 2 Model exposure parameters of health risk assessment

TENSHL Sl Reference
Evaluation parameters M Adult  JLF Children
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WL CF/ (kg mg™) 107 10°
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& 4 280 (Enrichment coefficient, EC) | F%1z 2 %
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Table 3 Reference doses(RfD,mg-kg™+d™) and slope coefficient(SF,kg-d-mg™) of different exposure pathways for heavy metals

TFLE ZE 1185 Oral ingestion Bz 4% fih Dermal absorption I % A Inhalation

Heavy metals RD SF SF RID SF

Cd 1.00x10° 6.10 1.00x10° 6.10 2.40x10°° 6.30

Pb 3.50x10° 8.5x10° 5.25%10™ 1.7x107 3.52x10° 420107

Zn 3.00x10™ — 6.00x10™ — 3.00x10™" —

As 3.00x10™ 1.50 1.23x10™ 3.66 3.01x10™ 15.1

Cr 3.00x10° 5.01x10™ 6.00x10~ 20.00 2.86x107 42.0

Hg 3.00x10™ — 2.10x10° — 7.66x107° —

Sh 4.00x10° — 8.00x10° — 1.40x10™ —

—414— http://www.aed.org.cn



B %5 .57 LIREERETRRENB TN REERERBEMHNS

20214 5A8

2 #ER51TR

21 TIEEERESERTLEE

B L E SR SR R 4R, 5 Sh>Zn>Cr>
Ph>As>Cd>Hg, ¥ 2 #f L Wi 2 1 38 (i, 0 50 R
514 557.8.2.6.1.3.2.7.3.0.55.0 % H1 25.8 % , .
R 5 - S8 2 SR [RI R B 5 e, 5 ] o i S
WS R —2

R % 1 + 3 b, Sh. Cd #l Hg 1Y #8 b R ik 2]
100% , H A8 5 2505 K, i HAE b i i AN 3
A, BRI B i, 32 ARG St K. Sh SR
FNA RG22 5 7= A LU AL e sAE e R 3R B A, 3L
A R K Sh, WOVESR T B B R TR
L&A%@Eiﬁ%,J?Eié‘ﬁﬁﬁﬁﬂ(E@Wﬁ?@fﬁf’ﬁﬂ%ﬁ%ﬁ
TiEESREE, D LAl E LSk T
T SR i R Pl
22 TEEERTRFMERKRIESH

X 16 4~ L3 AL 5 ) Cr . Zn . Cd . Pb, As  Hg Fl1 Sb

TARHEE AT E R i (8 2) . R B8, KT
15’9 SAFE LA 24, H R Y 2 4 3 A4 BB vk

F4 BT LTEEEESE (mg-kg")
Table 4 Contents of heavy metals in soils of Xikuangshan(mg-kg™)
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KR
Sampling Cr Zn Cd Pb As Hg Sh
point
1 75.69 8438 126 4242 5268 0.77 338.88
2 5324 12095 3.95 11749 18.14 3.40 676540
3 81.14 111.84 1.46 56.66 4232 0.78 825.22
4 103.02 115.12 1.60 60.48 32.68 0.82 741.48
5 9279 8753 030 29.40 1171 0.7 8233
6 8491 9625 0.76 3556 11.17 022  69.84
7 85.44 11828 0.65 3349 9.6 0.13 6701
8 91.56 102.40 0.87 3174 3690 0.17 61.00
9 5528 9524 1.00 26.62 3095 021 39.52
10 80.54 213.45 281 5396 50.05 1.46 5989.17
11 110.37 997.36 23.01 177.65 75.69 1.59 4349.83
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16 91.60 331.00 6.55 6280 77.90 296 2475.00
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Figure 2 Principal component analysis of the total heavy

metal concentrations

x5 ExRBAXMSH

Table 5 Correlation analysis of heavy metals

Heavy metal Zn Cd Pb As Hg Sb
Cr 1
Zn 0.526% 1
Cd 0.471 0.983*% 1
Pbh 0.220 0.710%* 0.640%* 1|
As 0371 0.726%*% 0.724**  0.447 1
Hg 0.063 0.404 0289 0.888*F 0311 1
Sb -0.134 0407 0432 0.541* 0269 0352 1
T4 #7E 0.05 7T OBUR ) ARG 8 25 5 7 0.01 7K (U ) AHOGHE:
B,

Notes: * At the level of 0.05 (double tails) , the correlation was

significant; ** At 0.01 level (double tails) , the correlation was significant.
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The black auxiliary lines in Figure (a) and Figure (b) show that the comprehensive potential ecological risk index RI reaches 600 and 1 200, respectively
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Figure 3 Potential ecological risk assessment of heavy metals in soil
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Table 6 Carcinogenic and non—carcinogenic risk values

Jz k32 it Dermal absorption

IFEZ 2 A Inhalation

JL 3 Children

J% A Adults

JLEE Children

ki Z: 14 A Oral ingestion
Index B Adults JL Children A Adults
HQc  4.93x107°#8.59x107%¢  3.52x107'+6.14x107%a  2.50x107°+4.36x107d
HQz  1.43x107£1.49x107°b  1.02x107+1.07x107%a  7.23x107°+7.58x107°h
HQci  7.74x107+1.06x107%c¢  5.53%107°+7.61x107%a  7.86X107°+1.08x107%c
HQp  3.69x107°£3.65x107b  2.64x107'+2.61x10"'a  2.50x107°+2.47x107°b
HQ.  2.42x107'£1.52x107'b  1.73x10°+1.09x10°%a  6.00x107°+6.00x10"h
HQu,  1.36x107+3.07x107b  9.71x107+2.19x10'a  1.97x107°+4.45x10"°b
HQs,  7.32x10°£9.95x10°b  5.23x10'+7.11x10'a  3.71x10°5.05x10°b
HI 7.67x10°£1.00x10'b  5.48x10'+7.16x10'a  3.76x10°+5.06x10°h
CRe.  247x107°+4.31x10°b  4.41x107°+7.69x10°a  1.00x107+1.74x10"°d
CRa  1.57x107°+2.16x107ab  2.81x107°£3.87x107%a  1.60x107+2.20x107"b
CRp,  3.66x107+3.62x107b  6.54x107+6.47x107a  7.44x107°+7.35%10°c
CRa  3.64x107°+2.28x107b  6.49x107°+4.07x107a  9.00x107+5.65%10¢c
CRI  7.72x107°+4.36x107°b  1.38x107+7.79x107%a 1.11x107°+2.17x10%

4.31x107°£7.52x107cd 4.36x107°+7.61x107%cd  7.79x107°+1.36x10"°h
1.25%107*£1.31x10™*b  1.20x107°+1.26x10”°b  2.15%107°+2.25%10"b
1.35%107°£1.86x10he 2.72x107+3.74%10abc 4.86%107°£6.69%10ab

4.31x107°+4.26x10"°b
1.03x107°£6.48%10~°h
3.40x107°+7.67x10"°b
6.40x10°+8.70x10°h
6.47x10°+8.71x10°h
4.31x107°£7.52x107"e
6.88x107°+9.47x10"*h
3.20x107+3.17x10%c
3.88x107+2.43x107¢c
4.77x107°+9.33%107"c

3.10x107+3.06x10™*h
2.04x107£1.28x107°h
4.49x107£1.01x10"°b
1.76x107'£2.40x10™'h
2.50x107"'+2.59x10™"'h
1.75%107°£3.05%10 "%
1.37x107£1.89x107b
1.53x10°+1.51x10"%c
3.09x10°+1.94x10"c
2.07x107°+4.31x10"c

5.54x107£5.47x10™*h
3.64x107°+2.28x10"°b
8.02x107+1.81x10"°b
3.15x107'+4.28x10"'b
4.47x107'£4.62x10™'b
7.80x10°£1.36x10°de
6.12x107°+£8.42x10*b
6.82x107°£6.74%10c
1.38x10°+8.65x107c
9.25x107°+1.92x10%¢

T A T AN NG FREROR 28 53 0. 2% (P<0.05)

Notes: Different lowercase letters in a line indicate significant differences at P<0.05 level.
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RT7T EYHHELE As SHhE=E(mg-kg™)
Table 7 Contents of As and Sb in plants(mg-kg™)

ity SRR R As sh
Plant  Distribution sample 2 Root 2% Stem i Leaf 2 Root 2% Stem i Leaf
153 1 6.64 224 10.08 44.62 3111 46.38
2 1.70 0.54 2.04 78.86 14.39 14.28
8 232.18 29.82 209.00 92.77 21.11 27.30
Mean=SD 80.17+131.66 10.87+16.44 73.71£117.24 72.09+24.78 22.20+8.41 29.32+16.15
i 2 2.83 1.09 4.57 39.39 12.96 9.90
6 1.05 0.61 1.00 5.34 2.68 2.64
14 18.22 2.88 16.14 58.78 26.70 230.13
Mean=SD 7.3749.44 1.52+1.19 7.24+7.92 34.50+27.05 14.12+12.05 80.89+129.30
b'a 10 10.74 9.06 30.01 42.15 23.76 74.76
12 17.44 19.74 156.00 40.02 37.93 284.89
15 0.23 1.06 1.43 26.19 1.45 2.42
Mean=SD 9.47+8.67 9.95+9.37 62.48+82.24 36.12+8.66 21.05+18.39 120.69+146.73
INKTE 3 3.26 26.84 219.76 18.06 232.46 301.90
5 4.62 1.84 2.45 13.79 5.69 478
11 4.48 4.85 52.80 55.40 36.16 239.00
Mean+SD 4.12+0.75 11.18+13.65 91.67+113.75 29.08+22.89 91.44+123.08 181.89+156.58
WAL 4 18.88 5.26 117.40 60.75 29.80 76.44
7 0.85 1.18 3.67 2.67 3.59 6.24
11 15.34 10.31 59.00 36.61 34.05 298.00
Mean=SD 11.69+9.55 5.58+4.57 60.02+56.87 33.34+29.18 22.48+16.50 126.89+152.28
R 9 3.42 3.82 13.51 107.16 36.91 23.87
10 1.71 5.18 76.46 10.23 25.99 118.79
12 4.05 18.16 148.00 23.80 18.65 91.10
Mean=SD 3.06+1.21 9.06+7.92 79.32+67.29 47.06+52.48 27.19+9.19 77.92+48.81
Jrefa 2 8 2.74 1.54 7.00 20.99 3.39 21.61
13 11.35 6.87 93.70 264.27 28.08 225.00
16 433 6.65 16.03 3243 62.31 194.09
Mean=SD 6.14+4.58 5.02+3.02 38.91£47.67 105.90+137.27 31.26+29.59 146.90109.60
E (a) 50 a (b)
2 E a
E . E a0t
g =
= 19 20 .
e i a a
& a 5 a a a a a
e 2. | |8 a a ’_L’l‘ e ol iy |_L|—T—\ o o
O UNKE RIS R AR Beooo X UNEE EER MUK BAR
O fifAs [ #6Sh
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HENG PR ZE 7 AR (P<0.05)

The same lowercase letters indicate no significant differences (P<0.05)

Figure 4
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Enrichment coefficient and transfer factor of plants
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Figure 5 Retention rate of As and Sb in roots
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