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Soil heavy metal pollution and risk assessment of agricultural soils in the Yunnan—Guizhou area, Upper Pearl
River Basin

YAO Bo, YANG Ai—ping, CHEN Hua-yi, GAO Jian—peng, ZHANG Yu—long, WANG Jin—jin, LI Yong—tao", REN Zong—ling"

(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China)

Abstract:To obtain a better overview of the status and potential ecological risks of heavy metal pollution in agricultural soils in the Yunnan—
Guizhou area in the upper reaches of the Pearl River Basin, 42 paddy soils and 63 dry land soils were collected from six industrial and
mining sites in this area, including(1) an abandoned phosphate fertilizer plant industrial area in Zhanyi District(ZY ), Qujing City, Yunnan
Province;(2) a historical Cr slag storage area and smelting industrial area in Luliang County (LL), Qujing City, Yunnan Province;(3) a Pb
and Zn smelter in Jijie Town (JJ), Gejiu City, Yunnan Province;(4) the Songshujiao mining area in Datun Town (DT), Gejiu City, Yunnan
Province;(5) the Shanshulin Ph—Zn mining area (SSL) in Liupanshui City, Guizhou Province; and (6) the Wulonggou Ph—Zn mining area

(WLG) in Qiannan Boeyi and Miao Autonomous Prefecture, Guizhou Province. The single factor pollution index, Nemero integrated
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pollution index, and Hakanson potential ecological risk index were used for the evaluation of potential environmental risks of heavy metals in

these soils. The results showed that the soils from the six sites were mostly heavily contaminated. Compared with the national standard
values, the rates of exceedance of the standards followed the order of Cd(95.24% )>As(53.33% )>Ph(42.86%)>Zn(30.48%)>Cu(26.67%)>
Cr(12.38%)>Hg(6.67%)>Ni(5.71%). The integrated pollution indexes suggested that the six sites were all exposed to heavily integrated
pollution with the order of JJ>SSL>DT>LL>ZY>WLG, and the sites from Gejiu in the middle reaches of the Nanpan River were the most
severely contaminated. The potential ecological risk index of soil heavy metals in the six sites followed the sequence of JJ>DT>SSL>LL>ZY>
WLG. These metals posed a very high potential risk in JJ, a high potential risk in SSL, LL, and DT, and a medium/high potential risk in ZY
and WLG. Among the metals, Cd was the most important risk factor, followed by Hg. Therefore, in addition to Cd pollution, Hg, As, and other
trace elements should be taken into consideration for the soil management and control in the upper reaches of the Pearl River Basin.

Keywords : soil; heavy metal; ecological risk; Upper Pearl River Basin
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Figure 1 Schematic diagram of sampling sites
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Table 1 Grading of single factor pollution index
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Table 2 Grading of integrated pollution index
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Table 3 Background values of soil heavy metal concentrations in

Yunnan and Guizhou(mg-kg™)

YN
é% Hg Cd As Pb Cu Ni Cr Zn
Provinces
oM 0.058 0.218 184 40.6 463 425 652 89.7
pigll 0.110 0.659 99.5 959 66.7 33.1 20.8 20.0

R4 TEESESHIMNRY

Table 4 Soil heavy metal toxicity response coefficient

JiZ Element Hg Cd  As Pb  Cu Ni Cr Zn

T: 40 30 10 5 5 5 2 1

RS BEESRERYERISRINE

Table 5 Criteria for classification of potential ecological
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Figure 2 Box plot of soil pH distribution in each sampling site
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Table 6 Single factor pollution index and integrated pollution index of soil heavy metals in each sampling site

KA X AT S YL S5 KL Single factor pollution index e A vE RN TR
Sampling sites Hg cd As Ph Cu Ni Cr 7n Integrated pollution index Pollution assessment
7Y 0.19 3.22 0.42 0.53 0.42 0.40 0.35 0.51 3.86 Y
LL 0.43 2.62 1.34 0.51 0.54 0.66 1.39 0.65 5.09 Y
JJ 1.04 50.8 25.7 9.35 3.65 0.59 0.48 3.94 166.60 i
DT 0.25 5.75 4.08 2.35 1.55 0.56 0.48 0.98 11.14 i
SSL 0.21 18.5 1.48 6.84 1.19 0.57 0.62 6.56 34.17 i

WLG 0.61 2.07 0.55 0.53 0.82 0.50 0.36 0.59 3.21 i
xR ERXFRLIEECREEESEETEHITNER
Table 7 Potential ecological risk index of soil heavy metals in each sampling site
ALK £ ar VYA
Sampling sites Hg cd As Ph Cu Ni Cr 7n Pollution assessment
Y 139.1 170.9 6.10 8.55 4.52 4.88 2.54 1.45 338.0 A
LL 295.3 141.7 21.39 6.61 4.18 6.19 9.68 1.65 486.7 R
1 784.6 26720 392.00 147.00 39.38 7.36 3.62 11.06 4057.0 e 1o 55
DT 225.8 277.1 70.35 32.50 11.79 5.70 2.93 2.48 628.6 s
SSL 173.4 264.8 4.69 38.95 6.84 7.88 11.17 76.82 584.6 s
WLG 173.1 28.3 2.01 2.12 3.07 4.60 6.27 5.87 225.3 LR
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WLG Hit DX 0] Ay v i 46 08 26 KUB 7K F- o Yang 55 4%
SRR EENE BR VT Ui R 25 VT H o B 12 > - R i gk
AT & RIS TE A B KBS 43 A5 L 29 58.3% 1) 1 AE
s A PE AR B R R TR TR A A XU, LA i 2 A s A
o VA AR S XU, 3 5 A 5 R BR VT i il o B Y
ZY (LL M X - 398 5 4 T 50 voi 100 0 o A 2 RUB: TR A &5
KAV G o W5 ICEKE B LL & WLG #h X D)
Hh,Cd & HHE AN ERERENILER IR E
B ARG R IR O He, A JT i [X -3
T S AR AR S KU K5 As  Pb E2E7E JT b X+
SR it 43 ) 2R R rh | AV AE AR A XU KO
HoAth To 2R R IMARIEAE L B A

3 #ie

(D H I EIARBE it A FH b 39805 G XU 45
bR E (AT ) ) (GB 15618—2018) H1 5 4 Ja i e (i
pH 73 Bt 2 JE A5 3], BR VLI IR 1 iE 6 4 RAE X 4 4y
AR EA R IE Yy, Hod Cdis gt e, 2kl
As F1Pb,Zn . Cu.Cr Hg Ni BB bR RART AL 54
FH M 4 3875 YL 48 15 (AR E L As. Cd. Pb 43 51 A
24.76% .22.86% .11.43%.,

(2) BT 5 Ye AR K s, A K I - S 4R 5
e i B A Cd>As>Pb>Zn>Cu>Cr>Ni>Hg, HH Cd
HYIURE . LA AR B R 6 A4S RAE X 1 4
I R s YK 15 Y AR R JJ>SSL>DT>LL>ZY >
WLG, LArg ST H A IH B X f Ry ™ 5, A fE 20 &
HARR TR 4 1 AR 155

Q) HEELE B AL B ERBLEREYN 6
A K AEHL X RIZE IR JI>DT>SSLSLLSZY>WLG,
Hh T KR R R S U AR XU L SSL L LL DT 1 X 15y
SV AE RS, 2Y Ko WLG Hiy X U] Sy Hh sy S50 e XU 7K
Vo FEBEASMEFEICRE N CAM Hg, He 7R H +
B E e IREE.
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