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Accumulation characteristics and environmental risk assessment of heavy metals in typical karst soils

LIU Nanting', LIU Hongyan', WU Pan**, LUO Guangfei’, LI Xuexian'"

(1.College of Agriculture, Guizhou University, Guiyang 550025, China; 2.College of Resources and Environmental Engineering, Guizhou
University, Guiyang 550025, China; 3.Key Laboratory of Karst Georesources and Environment, Ministry of Education, Guiyang 550025,
China)

Abstract: In this study, 225 topsoil samples were collected from different areas (natural background, agricultural planting, and mining
areas) in Guizhou Province to systematically investigate the concentrations, distribution, and accumulation characteristics of heavy metals
As, Cd, Cr, Cu, Hg, Pb, and Zn. Based on this, the potential ecological risk index (RI) and human health risk assessment were used to
assess the ecological risk level and human health risk of heavy metal exposure in different areas. Results indicated that the concentrations
of heavy metals in the topsoil of different regions in Guizhou Province were significantly different. Compared with the corresponding
background value of soil in Guizhou Province, the accumulations of Hg, Zn, Cd, and As in agricultural planting area soil were significant.
The mean concentrations of Hg, Zn, Cd, Pb, and As in the soil of mining areas were 52.55, 23.22, 16.32, 14.48, and 4.85 times of the soil

background values of Guizhou Province, respectively. The geoaccumulation index (I,.,) values showed that the heavy metals in the soil of
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the natural background areas were uncontaminated, while the pollution from heavy metals in the agricultural planting areas were at
uncontaminated or uncontaminated to moderately contaminated levels. The heavy metals contaminated levels were more prominent in the
mining area, and the pollution of Hg, Zn, Cd and Pb reached moderately contaminated levels. especially in the mineral resources
distribution areas, such as northwest Guizhou and Tongren areas. The Rl results showed that the ecological risk levels of heavy metals in
the soil of the mining area were considerably higher than those in agricultural planting areas and natural background areas. The ecological
risks of heavy metals in the soil of mineral-resource concentrated—distribution areas were relatively high, with some samples were in high
ecological risk levels. The potential ecological risk assessment of single heavy metal revealed that Hg, Cd, Pb, and As were the main risk
factors in the soil of agricultural planting and mining areas, while Cr and Cu were in low risk levels. The health risk assessment results
indicated that the non—carcinogenic risks existing in soils of agricultural planting and mining areas to adults were acceptable, but the
carcinogenic risk could not be neglected. The non—carcinogenic and carcinogenic risks to children were evident. The overall human health

risks in mining areas were higher than those in agricultural planting areas, and the human health risks for children were higher than those

for adults.

Keywords: soil heavy metals; accumulation; ecological risk; health risk; risk assessment; karst area
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Figure 1 Distribution map of soil sample points in different regions
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Table 1 Pollution judgment standard of land accumulation index

25 MR B EL 4 a5 YRR R
Class Geoaccumulation index Heavy metal pollution degree
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Table 2 Potential ecological risk coefficients (E/) ,risk indices

(RI) and risk level of heavy metals
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1 E,/<40 RI<150 ik
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Table 3 Parameters of human health risk assessment model

BRI 3 PR HU Values
Evaluation parameters Physical meaning J A Adults JL# Children
BW R Fifit kg 70 15
CF K AL F/ (kg mg™) 10° 10
IR, F R R AR/ (mg-d™) 100 200
IR, A5 %/ (mg - d ™) 20 7.65
ED R T " .
EF THERER/(d-a™) 350 350
SA A BRI BV em? 5700 2800
AF KR EE N 25U (mg - em™-d ™) 7%x107? 2x10™
ABS PR EISES 1107 1x107
PEF IRAHEHH F/(m* kg ™) 1.36x10° 1.36x10°
AT P E) A ER I ] /d EDx365 (IFEU) EDx365 CIFZU)
70x365 (B ) 70x365(EUi)
R4 TRESEARRTERETSENE(RD) NP RH(SF)
Table 4 Reference dose(RfD) and slope factor(SF) values of different heavy metal exposure pathways
e RfD/(mg-kg'-d™") SF/(kg+d-mg™")

Hears metal LA e K ST LA e K PRI
’ Oral ingestion Dermal absorption Inhalation Oral ingestion Dermal absorption Inhalation
As 0.000 3 0.000 3 0.000 3 1.50 3.66 1.51
Cd 0.001 0.000 01 0.000 01 6.30 — 6.30
Cu 0.04 0.001 2 0.04 — — —
Hg 0.000 3 0.000 3 0.000 0827 — — —

Pb 0.003 5 0.000 525 0.003 52 — 0.008 5 —
Zn 0.30 0.06 0.30 — — —

N bR A R R R X E R X AR
SERERWFERNZ -, 7 X @b & ESRE &
S T SN S S, As .Cd . Cr.Cu,
Hg . Pb Fl Zn 437 J& + 5875 5 1) 4.85.16.32.1.07 .,
2.48.52.5514.48 3% Fl1 23.22 1% , 17 16 A 7 2 1) 22
UL JLLL Cd \Hg . Pb Zn fi 58 Y, R85 SEN G /=%
VR A5 K P2 IR T & A 5, Ph Al Zn B by - HE4E
H 3 A EES PE AL X, 59 XA I VR Bk 2 AN AT
gy o AT INIX e He SRRV 3, BN 4
- HERE S5 Cd Pb Al Zn RBVER B AR B, B
DX SR A AT 7 0 A A ST SR M A 7 B R A A
B KM BRI R R ERT AR R KR
E LB X JH 3, A5 R 4R
) R

W&o X L E SR & SRR i K
FH b, A 3 75 G RUBS 48 1 b ofE (i1 T ) ) (GB 15618—
2018 ) HLE 114 i 3 1L A 1 (L 43 ) 2R A7 B A (3R 5) 75
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Table 5 Descriptive statistics of heavy metals in soils of Guizhou Province

S IX Wi H #H 4 JRITHE Heavy metal elements/(mg-kg™)
Area Ttem As Cd Cr Cu Hg Pb Zn
HARE 5 X (n=10) I/MA 1.13 0.21 19.67 4.03 0.04 9.05 87.62
Natural background area(n=10) Fekft 2178 1.29 76.91 39.00 0.26 7753 92.7
S 11.42 0.62 40.92 20.93 0.13 28.50 90.16
bR 2E 8.56 0.50 18.67 14.11 0.09 23.84 3.59
LA FPHIIX (n=124) e/ MH 0.41 0.001 1 0.2228 0.264 4 0.033 2 0.0417 0.606 7
Agricultural planting area(n=124) PN ] 3680.00  103.13 21676  237.00  23.00  1466.00 14076.98
S 59.23 2.19 75.55 46.01 0.53 62.52 449.86
il 2E 372.66 10.76 38.52 39.03 2.51 141.87 183494
WX (n=91) f/IMA 8.17 0.07 0.5 6.2 0.07 6.04 25.1
Mining area(n=91) o] 1799.00  77.89 35322 29278 12904  6578.00 9 535.99
M 96.94 10.77 101.79 79.28 5.78 509.69  2310.49
brifEzE 249.41 17.01 58.78 54.28 21.16 1108.73  3101.02
TME T EE Background value of Guizhou Province 20.00 0.66 95.50 32.00 0.11 35.20 99.50
XU 07 e Risk screening value(6.5<pH<7.5) 30 0.3 200 100 2.4 120 250
ARS8 Risk control value(6.5<pH<7.5) 120 3.0 1000 — 4.0 700 —

TE - LN A L SR i DT 3R At A Dy 7 SR (0, XU, 7 0 (L0 R XU 7 i (22 (L SR BARE Tt A T b b 5 e XU AP s b o (1847 ) (GB

15618—2018) .

Notes: Taking the content of heavy metal elements in soil of Guizhou Province as the background value™!. The risk screening value and risk control
value are from Soil Environment Quality Risk Control Standard for Soil Contamination of Agricultural Land (GB 15618—2018).

Class 6 | : 2% : : 1% - 3%
Class 5 | : 1% : : : 1%

Class 4 | 1% 1% : : 1% : 1%
Class 3 | 1% : : 1% 4% 3% 1%
Class 2 | 1% 7% : 10% 13% 1% 4%

Class 1 | 6% 6% 5% 19% 49% 23% 28%
ClassOF  91% 83% 95% 70% 32% 72% 62%

As  Cd Cr Cu Hg Pb Zn
A FIE X Agricultural planting area

Class 6 [ 2% 14% : 9% 5% 27%
Class 5 [ 2% 10% - : 9% 8% 3%
Class 4 [ 5% 8% : - 15% 14% 5%
Class 3 [ 6% 6% : 3% 18% 15% 11%
Class 2 [ 8% 1'% 2% 34% - 5% 6%

Class 1 16% 18% 19% 22% 13% 12% 19%
ClassO  61% 33% 79% 41% 18% 41% 29%

As Cd Cr Cu Hg Pb Zn
"X Mining area

B2 Al FhE Xy Xt RREH (L) RS HE

Figure 2 Sample points distribution map of accumulation index(I,,) in agricultural planting area and mining area
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Figure 3 Spatial distribution of soil heavy metal accumulation index(/,.,) in Guizhou Province
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Continued figure 3 Spatial distribution of soil heavy metal accumulation index (I,.,) in Guizhou Province
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Table 6 Ecological risk assessment of heavy metals in soils of different areas in Guizhou Province
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Figure 4 Spatial distribution of potential ecological risks of heavy metals in soils of Guizhou Province
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