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Evaluation of heavy metal pollution in farmland soil around an abandoned silicon plant in Yunnan

LIU Yang"?, LIU Mingqing’, WANG Lei’, YIN Aijing’, HUANG Zhonglin’, YAO Dandan"?, DAI Wei"?, WANG Ning"?, WANG Hui"*
(1.Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2.University of Chinese Academy of Sciences, Beijing
100049, China; 3. Nanjing Institute of Environmental Sciences, MEE, Nanjing 210042, China; 4. Guangxi Bossco Environmental Protection
Technology Co., Ltd., Nanning 530000, China)

Abstract: To study the pollution status of heavy metals in farmland around an abandoned silicon factory in Yunnan Province and evaluate
the impact of heavy metals on soil environmental quality, the Cd, Cr, Cu, Ni, Pb, Zn, Hg, and As contents of soil were analyzed. Soil heavy
metal pollution was evaluated using the single pollution index method, the Nemerow index method, and the influence index of the
comprehensive quality method. In soil from the study area, the average values of Cd, Cr, Cu, Ni, Pb, Zn, Hg, and As were 0.39, 82.04,
33.24, 44.85, 50.62, 109.20, 0.12 mg-kg™', and 34.40 mg- kg™, respectively, which were 1.77, 1.26, 0.72, 1.06, 1.25, 1.22, 2.00 times, and
1.87 times of the corresponding Yunnan soil background value. Correlation analysis of soil heavy metals showed that Cd, Zn, Hg, As, and
Pb were positively correlated with each other, which likely originate from the soot of the waste silicon plant. Cr, Cu, and Ni were positively

correlated with each other and negatively correlated with or not correlated with other heavy metals. These metals may originate from parent
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materials or other pollution sources. The single pollution index showed that As in the soil exceeded the standard and was the main pollutant

in this area. The Nemerow index showed that the soil of orchards (S1) and paddy fields (S2) near the silicon plant were slightly polluted,

while the soil of paddy fields (S3) was far away from the silicon plant was not polluted. Similarly, the influence index of comprehensive

quality showed that the soil of S1 and S2 near the silicon plant were in a sub—polluted state, while the S3 far away from the silicon plant

were in a clean state. Therefore, attention should be paid to the heavy metal pollution of agricultural land in this region, and priority should

be given to the remediation of As pollution.

Keywords : heavy metals in soil; pollution assessment; influence index of comprehensive quality; silicon factory
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Figure 1 Distribution of sampling points in the study area
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Table 1 Evaluation grade of soil environmental quality
AT YR WHFE LR G TR EL LR BRI TR AL
S Single pollution index Nemerow index Influence index of comprehensive quality
Grade P, ﬂzﬁéﬁﬁ'ﬁ P ﬂzﬁl\%% 1co ﬂzfﬁ?ﬁ%
Appraisal result Appraisal result Appraisal result
| P<1 P REES P4<0.7 i HCQ<1 T
I 1<P<2 R hs Y 0.7<P4<1 ¥ I T 1<I1CQ<2 RIS e
I 2<P<3 L REE 1<P5<2 L SEEC 2<11CQ<3 LALREH
\% 3<P<5 TG Y 2<P <3 rpRE S Y 3<IICQ<5 RS Y
\i Pi>5 TG P:>3 TG 1CQ>5 PTG Y

VI £33 BURES MAR H0: P75 Y SR G T e 11CQ e, T sub- 11 -V 3R

Note: The classification of sub—pollution by the influence index of the comprehensive quality method is based on the //C(Q value and is represented by

sub—11-V.

R ARXIBEEECREZEURERMBEME (mg-kg™)
Table 2 Background value of soil heavy metals in the study area

and national screening value(mg-kg™")

[ A i 1 {H National screening value

e
ngvjf Bdckgﬁnd KM (pH>7.5) F:H(6.5<pH<7.5) FHI (pH>7.5)
metal  value  Paddyfield  Dryfarmland  Dry farmland

(pH>7.5) (6.5<pH<7.5) (pH>7.5)

cd 0.22 0.80 0.30 0.60

Cr 65.20 350.00 200.00 250.00
Cu 46.30 100.00 200.00 200.00
Ni 42.50 190.00 100.00 190.00
Ph 40.60 240.00 120.00 170.00
Zn 89.70 300.00 250.00 300.00
Hg 0.06 1.00 240 3.40

As 18.40 20.00 30.00 25.00
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Table 3 Heavy metal content in the sampling area(mg-kg™)
ol S1 S2 S3 PR
Heavy metal I E bR Y A E bR L I E bR Y Study area
Average+SD Range Average+SD Range Average+SD Range

Cd 0.19+0.10 0.09~0.44 0.69+1.46 0.08~7.23 0.31+0.07 0.18~0.47 0.39+0.80
Cr 88.80+8.70 71.44~103.67 85.91+£16.97 39.97~114.91 77.67+22.40 59.27~207.91 82.04+19.51
Cu 32.20+4.17 25.57~41.77 33.15+6.05 21.53~45.10 33.77+4.99 24.96~47.57 33.24+5.21
Ni 45.01+4.92 36.20~51.70 48.94+8.33 31.55~63.29 42.66+4.84 33.58~57.25 44.85+6.63
Pb 44.04+9.96 34.67~67.26 46.40+9.29 29.55~68.99 55.22+6.29 41.80~71.94 50.62+9.43
Zn 138.89+110.63 54.51~417.34 130.26+51.30 77.62~315.68 87.29+19.22 59.55~164.35 109.20+62.25
Hg 0.10+0.04 0.05~0.19 0.22+0.23 0.07~1.15 0.08+0.02 0.04~0.13 0.12+0.14
As 66.46+37.16 29.98~148.42 52.98+35.74 16.38~170.81 12.15+1.81 8.60~19.16 34.40+34.52
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Figure 2 Enrichment factors of heavy metals in the soil of

the study area

44.85.50.62.109.20.0.12 mg- kg™ 1 34.40 mg-ke™", 43
BRI R AR 1.77.1.26.0.72.1.06. 1.25
1.22.2.00 151 1.87 %, BAHBR Cuoh , Hp A R
AR FEEE 0 RAL, ST I BR CAd AT Cubbh, HiRk TR
SRS T 28 R, b As BRI
R SR SE A 3.61 £ 5 S2 R Cusb, 4
ey s S R, K od Hg A
As BRVECN T, 43 51 T S AW 3.12.3.72 f5 A
2.881%;S3 THIHEFR Cu Zn Fl As Hh, A U E & 11
M = R S A, Hoh Cd B, B 5l
B 1ALRY . BRI WF9E X B 4R M BT R IA
TR

LA BT T 4 R 1 R 2 R] R R S BB 8 A 1T
SRS AHR . R4 FH, Cd Zn Hg Al As Z [ 47
FEM S8 2 B IE A 9E 56 2, Cd  Pb Al Zn 22 [A] A7 78
WEMIEA R, X U] Cd.Zn Hg As F1 PbiX 5
FEE 4 @ OC R B % iE 88 AL, T RESk A AR R TS

YR (AR UTRE) o 1 AT BF5E XA T 1R 3 dik
J R RUA], FLE PhAMN(Ph &5 B AE 3N FOC 3P
AT ), 13 Cd Zn Hg F1 As ¥ R BN Bl k)
BT, B R (S2<S3, F 2) , MRS s A
AR ACHE S RT BRI TR 3 3 Cd \Zn (Hg  As 11
R, F54h, Cr CaFINi Z 0] 5L A5 W 52 35 19 1E A5G ¢
Z,Cr.Cutyfl Cd . Hg & & A K R, U Cr,
Cu A1 Ni 3 F 5 4 Jm R U5 AH [8] Can a8 50) , 3 H 5
Cd.Zn . Hg As . Pb P A . H & 271, Cr,Cu F
Ni 7 S AEE Y X - 3 vh AR fp /N SRR 3 i T
R G 2R, DR ] R ke Y5 ol 4 B o 8 32 LAl 5 e Y
AT
22 TEEEETEITEM
2.2.1 FIG QAR ORI N B 25 G AR O

2 W8 A M+ 3207 1 (. (GB 15618—2018) , LI
15 QAR B N A2 25 B3R B0 15 Qe RN 25 R ANk 5
JR7R o BB QLR RO 0 SRR IX A ST A S2
B As V5, AT S B A W R 35 Yy Hodp ST
P A7 93% FRE A As B TR, AT RE(E Y 2.60 1%,
KRFN RS Y (LRSI ) 5 S2 4 919% HIRE fH 1 1
As bR, Ry O 2 (5 B4 2.65 £ , 38 B 6 5 e (i 12 45
G 5S3 HHE As R Li5 Y. BLAh, ST b b
A H I Zn BT As AR ; S2 AT — A s ALY 3
As Fll Cdi#BAR , — S H B As .Cd Hg Al Zn #8475 5 S3
THEESER BB S . SR E S L
4 BTG YL FE E WL R As (2.60 £75 ) >Zn (0.47 £%5) >Crr
(0.38 1% )>Cd (0.37 1% ) >Ni(0.29 1% ) >Ph (0.28 % ) >Cu
(0.16 4% )>Hg(0.11 %) ;2 -3 T 4> J& 5 YL 7 85 5
7 As (2.65 f% ) >Cd (0.86 1% ) >Zn (0.43 1% ) >Cu (0.33
fi5)>Ni(0.26 %) >Cr(0.25 i5 ) >Hg (0.22 £i5 ) >Ph (0.19

WWW.Qes.019.CN




VRETS Rt Y F41EF 45

m@g 790

fi5) 3 S3 1 4 @ 15 P R Y A As (0.61)>Cd
(0.39) >Cu (0.34 £ ) >Zn (0.29 £% ) >Pb (0.23 £ ) >Cr
(0.22%)=Ni(0.221%)>Hg(0.08 fi5) . 1tAb, i5H155]
F S1.S2 F1S3 3 N g 2 25645 B B A 43 1)k
1.88.1.95 F10.48, f 7 1 0] 41, S1 F1S2 - 225
PPl ) ,S3 R ERPIRS (R REHR T ).
2.2.2 TEERNAR P LR A BRI FE EOE M

5% X A 1ICQs DL I 45 PE M 2 50 26 6 i .
- R A o A AR R A A X K
W H S2(1.14)>81(1.07)>S3(0) 5 8 3 75 5 {E 10 &
4 JE PR Y W Y (E AR Ty S2(5.91) >S1 (4.67) >S3
(4.55) 33~ KFE X (1 RIE F1 DDDB {8 AH T , Ut B A

G X A IR 5 2 A1 IR B W AR T s DDSB (.
KME YR S1(19.25)>92(16.88)=S3(16.88) , 1B
ST 158 HLA o vy 1 - 97 2 2 ok, X AR ) IO 1Y) 2%
P B

P TSR A 8 40 A 7™ il A R A A [ SR 4 e
P R A EE A R R A L TR AR W oY AN R AT
QIAP R HICQx T . SR HCQs #E 47 X 38 A 48 iT
IR, PR S5 SRR FH 5 Y S K 4y

H 4 TICQs F5 %55, 456 3% 1 A HERAE X - 3E 2R
el RO . ST AN S2 H AL F W i5 YR A, S1 i i
GG R sub— 11, S2 lT it S 9y sub— 11, 17 S3 235 Mk
SURREFERT ),
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Table 4 Correlation analysis of different heavy metal contents in the study area

T 4> J& Heavy metal Cd Cr Cu Ni Pb Zn Hg As
Cd 1
Cr -0.244% 1
Cu -0.262+ 0.457%* 1
Ni -0.063 0.616%* 0.698%* 1
Ph 0.2967%* -0.119 0.252% 0.019 1
Zn 0.454%% 0.158 0.101 0.212 0.382% 1
Hg 0.894% -0.224% -0.323%* -0.045 0.137 0.521% 1
As 0.499% 0.010 -0.181 0.084 0.006 0.842% 0.679%* 1

TE #RRTE 0.05 K- ERFHG, #+3RIRTE 0.01 K- | EHC

Note: * indicates significant correlation at 0.05 level, and ** indicates significant correlation at 0.01 level.
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Table 5 Evaluation results of soil heavy metal single pollution index and Nemerow index in the study area

SRREIX BT Y46 4L Single pollution index WM L 6 TR
Sampling area cd Cr Cu Ni Ph 7n Hg As Nemerow index Appraisal grade
S1 0.37+0.16 0.38+0.05 0.1620.02 0.29+0.08 0.28+0.05 0.47+0.36 0.03+0.01 2.60+1.54  1.88<1.10 I (R E5 )
S2 0.86+1.82  0.25+0.05 0.33+0.06 0.26+0.04 0.19+0.04 0.43:0.17 0.22:+0.23 2.65x1.79 1.95+1.36 INEIESEE D)
S3 0.39£0.09 0.22+0.06 0.34+0.05 0.22+0.03 0.23+0.03 0.29+0.06 0.08+0.02 0.61+0.09 0.48+0.06 I (i
Fo MRXTFEESRESMBLIEMER
Table 6 Evaluation results of influence index of comprehensive quality of soil in the study area
) ~ S1 S2 S3
PN AR - — - — : —
Eraluat PR S bR S bR s
Average+SD Range Average+SD Range Average+SD Range
X 1.07+0.44 0~2 1.14+0.76 0~4 0 0
Y 4.67+1.58 2~7 5.91£1.20 3~7 4.55+1.26 2~8
RIE 0.60+0.07 0.51~0.75 0.64+0.11 0.53~1.07 0.56+0.03 0.51~0.63
DDDB 1.07+0.15 0.92~1.40 1.21+0.25 0.98~2.18 1.04+0.06 0.94~1.17
DDSB 19.25+1.26 17.16~20.01 16.68+<0.01 16.68 16.68+<0.01 16.68
11CQs 1.99 +0.87 0.17~4.00 2.38+1.65 0.18~8.95 0.29+0.09 0.11~0.52
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3 e

WS X Sk ) JE a4 4458 Cd .Cr Ni.Pb.
Zn Hg F1 As [ 75 f Y i) 2= g 3808 S0, Ui X
SO 4 JE 7EAR H I AEAE 2RO . R 2 AT AL,
A LI As 0 S SR BT A R 1
e XSS bR GRAT) ) (GB 15618—2018) A AL Fi i
FE I A BT, by e As REVFITS JL 4 .
ST AN S2 4% H A3 As 7 5B [ R f vk, & = F
PIE 4> 5 M 66.46 mg- kg F152.98 mg-kg™'. HIHI5
Pedg BRI, ST A S2 &k H 458 vh As th B2 TS
Yy, S AR BN 93% F191% , -1 ik Ry i i
EAY 2.60 F5 71 2.65 4% 5 1M S3 - 458 5 43 J@ AR il T5 44 o
L, As 2% X - 300 = 25 Ye ), BRI As
15 Y IR R TAE

T4 JE V5 G p [R5 AT A 2 A4+ 4R
JCE 7B MR DGk A T4 T A ) Ol YR 1Y
HA R Z AL EAT B A e . BRI, 38 2 4 A 1 45
48 Z (A AH DT 1Y B 25 K, a] AR LI 4 R
15 YL RPN, AHOCHE BT R B, Cd . Zn \Hg . As I
PhiX 5FPOC &R S0 2 1A 56, AT ek A A R] %75
I8, BN KSR . AFFEERY], Cd . Heg As Rl Pb 1
KA TTHRR 8 A H 3 T 4 i A s 1Y)
42%~86% , K UTRE T8 A - 585 4 ) 1 31 22
SRS gk T AR A B Rl A 4 ™ E Y Zn
Pb . Cd Fll As 5 YLl 55 4> g 38 o S S5 A0 A R
BRETE N KA, W TR o+ b Je 45 TR
Rk A B AR R G, k] R R ik BRI
PR 4 a1 M R v R R AR A A R
RS 2 R R B P A R R KR e R
TR WFFE XA TP AL, R AT SRR R R
], ST M S2 M & % ik ] AL 900 m, HLXHIL T As
VYT S3 M B AR R, R A5, HE AR
Cd.Zn Fil Hg () REON W HE ST RS2/, HIL, R 57
R0 S A 7 1 Bl AT BEJR DX 3 As T
MELFEMBNEEFHE, F5, Cr.Cufl Ni FEMFFE
X A Herp S AR N (E 2) 3R 4R 2 [ A W)
BEMIEMAEXR, HY Cd.Zn Hg As Fl Pb X 5 FfC
B4 OGO G, R T Bk B R [R] A 75 G
U, 0 40 e E i kA2 HA 5 YR s i, A Rk — 4

A HL AR H 5 Y Tk — BRI T
VEH K . PRI Y48 B0 S g i 38 T4

L JE ) LIS YR BT, AN ST RS2 13 As B2 11
GG AR B R B BTG Y g B . JLAT,
FEIRBE LR A58 K Afi 1 38 PR 85 o PR B (K
TIESR B LA ) )b, 4 BRI 5 Y PR B85 i 25 D
T 4 48 B0 S5 KABAE oy 3 2 10005 YL Wy )15 g
B, H A P S G R S BRI S YR B
— 3, BARTE A AR E R T E R T A
(N e e o 1 s P IS S (ER 978 N R IR
PR B PEM AR R B R S IR D 2 S En
S T BTG YR B0 M B 25 G AR LA
FE R RE B R, 1% 07 A8 75 Y PE A s, 4% 1 4 2
Ui e B e KA FNF- SBR[ 45 B L 248
T B 45 5 5) 52 B AS RS SR AE FUR I 7™ A= 1 fe KB
5 EAER 2R, T BOL R R, 5L
B, RIS 25 SR B0 L B = X 4 B TR A (R M s
FNX I 1S 5 22 57 (0 2% B8, DR foff R sl o e 245 45 LAt
D7 iR T A A B PR 2R T R 4R B0
GAFZET 2R HIESERR T S v TR
FH 32 AR 42 A 75 YL A REMY 22 G2 EEE L
SRR 52 M 24 i (RIE ) FAEH B3 PR ROV 1 [FIB, iE 257
G 8T 0 R REURRE (RIC R I e vk 3 2
SEFEEE, DDDB) FI 4 50 2 45 1 (RIS hm v it 25
R HRE,DDSB) . A MR SR
o, PR R 4 T BN LA B, A IX
Cd.Cr.Ni.Ph.Zn Hg Fl As ¥ £ 16 A 5 B2 B2 1 B0
X RARAE TR PPAR ORI B 2 . [RIRE L,
4 VA 1) - 39 S (-5 R X 7 ) P 05 S R v 2 ) 7
ZEE, B - bR v O 25 SU(E R B (DDSB) v 8 44
AT FORT DA e fn A e . IR A A
FERE 22 I R A PRI BTG PN, e BEBR B8 0 St s o, 0 2
AR T 5T AR R ST AR 3 TS G
e ARAE . BE ST L, AR 25 G e B I
AW EZ R e =8 || DI EZ =2 g0in1e- A TEiE+¢
Dol A 3 MR RIS Y (sub— 11 ) o X F45
B TR BOETAL T A S R A R4S IR
S1 3% DDSB #5155 (19.25) , %F AR 5 4 )8 109 2% wh BE
J1ER, BIFE 25 2 IR AR AE T, BV IS g £
(TR 4 JE T AN AR . DR, R R S55 Jo at RE i 4 5505
PR AIEFE DX A H A 398 8 75 R 0 B 5 3L

4 Zig

(D)JESRET TR 1500 mSEFEINAHER -
1% Cd.Cr.Cu.Ni,Pb.Zn ., Hg Fl As () F 2 {8 2 5 A
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0.39.82.04.33.24,44.85.50.62.109.20.0.12 mg - kg™
F134.40 mg - kg™, 7 50 = Fg LR S E M 177,
1.26.0.72.1.06.,1.25.1.22 .2.00 51 1.87 £i5 , B& Cu 4,
HedEaRYHEl A T aE, RXKAHL
BT 4w B TR RE R 1) SR

(2) 4338 5 4 @ i A DGR 43 A R W, Cd . Zn \Hg .
As FlPh 1 it 2 (] A% S8 35 1B AR G, ok B Al —15 Ll
ATREAEET 7 S Az = HECAG AR 5 Cr L Cu A1 NG f 1L L
B E W IEMA LR, 5 Cd Zn Hg As fl Pb &
B E SRS, 5B Cr . Cu Ni X 3 FPE 4 @ ok
B o5 — 15 YU, mlBE Ry Al 4 B o sl At 5 e 5, A 1
HE— e .

(3) PRIty Y AR B0 SR WY, JR Faik ) il i i Ak
T AS ARG . Horp STRIS2 13 As iR 352
FEVG Y (R, S3 H 3R Z 25 Y% Ui As i
5T X A SR 235 e, N SO . NS 2R
BHCERY], ST S2 BN R TS e (s S5l ), S3
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