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Characteristics and remediation strategy of heavy—metal polluted agricultural soil near a lead and zinc mine in
Guangxi
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(1.College of Environmental Science and Engineering, Guilin University of Technology, Guilin 541004, China; 2.Guangxi Key Laboratory of
Environmental Pollution Control Theory and Technology, Guilin University of Technology, Guilin 541004, China )

Abstract : The aim of this study was to investigate the distribution characteristics of heavy metals in farmland areas affected by a lead—zinc
mine and to explore remediation measures of polluted farmland. Heavy metal concentrations were surveyed using 41 background soil and
277 agricultural soil samples as well as 62 vegetable and 35 food samples collected near a lead—zinc mine in Guangxi Province. The results
showed that the concentrations of heavy metals in soils were 4.500~104.8 (As), 0.031~36.26(Cd ), 24.80~2989(Pb ), 16.90~251.6(Cu),
79.90~11 500(Zn ), and 24.00~222.0( Cr) mg-kg™', which exceeded the baseline values of the six heavy metals by 1.4%, 91.7%, 60%,
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60%, 60%, and 0, respectively. The concentrations of As, Pb, and Cd in rice, and Pb and Cd in maize exceeded the Maximum Levels of
Contaminants in Foods(MLC, GB 2762—2017) by 93%, 86%, 64%, 100%, and 100%, respectively. As, Pb, and Cd, exceeded the MLC by
50%, 100%, and 60% in leaf vegetables, 23%, 100%, and 100% in root vegetables, 23%, 100%, and 100% in root/stem vegetables, and
14%, 96%, and 100% in fruit vegetables, respectively. As, Pb, and Cd are thus the priority heavy metals for treatment. According to the

spatial distribution characteristics of the surveyed heavy—metal pollutants in the area, three remediation strategies are recommended. In ar—

eas lightly polluted by Cd, the use of an activator and plant extracts to remove pollutants is recommended. In moderately polluted areas, the

combination of a passivator with low—accumulating crops is recommended. In heavily polluted areas, the combination of an activator with

hyperaccumulation plants is suggested, and main food crops should be avoided.

Keywords: lead zinc mine; farmland soil; heavy metal pollution; remediation
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Figure 1 Distribution of sampling sites
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Table 1 Sample Recovery of element(% )
JLE As Pb Cd Zn Cu Cr
135 93.60 93.40 90.50 92.10 92.00 91.30
ARrF=hh 1052 91.00 90.10 97.60 97.50 91.70

10% AN, 6 109%AFE il AR 2, AR 25 e+
5%VIH .

2015 4 11 J]—2016 4 5 J , B AR IR EF
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Table 2 River water quality monitoring statistics(n=22)

Wil As/pg-L! Ph/pg- L Cd/pg- L™
BifsbrE bR ZEM Wb R S0 Yftebrfie  EARR Sl
X1 0.522 8+0.211 4 0 50 4.955+2.319 0 200 6.191+£1.972 0 10
X2 0.562 7+£0.274 2 0 50 12.32+8.818 0 200 3.750+1.733 0 10
X3 0.236 4+0.125 5 0 50 8.591+4.847 0 200 5.397+1.996 0 10

T X1 TR0 R 2R 78 /K 5 X2 i K AR BE 11 5 X3 Sl B .

Note: X1 for the lead—zinc mine tail cavern reservoir; X2 for the sewage treatment port ; X3 for the river section.
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Table 3 The content of heavy metals in the natural soil

of the study area
e RUMHbRIE U (/e ke

R R meke'  Olftages) R
As 41 24.87+14.37 20.54(1.95) E A
Pb 41 61.01+50.20 52.05(1.68)  XEGES
Cd 41 0.114£0.060 0.100(1.68) E &
Cr 41 133.5£63.20 124.6(1.51) EA
Cu 41 31.81£12.30 28.88(1.63) EA
7n 41 184.6+100.1 154.9(1.92) EOA

4B 4y 1 h 53.04.146.9 .0.23 .257.4 .55.92 380.8
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Cu Zn HHFI15 Y4805 000 1.42.2.41, ¥RTF 1;
As IR FI15 Y48 5B F R 0.10~2.0, 2 BRHRT5 42
ML, Cr IR FIS YA EUNT 1, A TN IS
R UEHIZIFFE X L5832 5] As .Cd \Pb Cu . Zn [#){5
e ARl T RS B X IR A TE YR 8L
(P s )5 FERIIME Ry 0.28~38.97 1 3.18, J& T E i
V5P (P 5s>3) 0 LA ESEIRERE WF 58 X AF A H A
GEIEE A TGP S, 2SI Cd P Cu . Zn. J&)
TRAELE As RIS

HRPEFFE X A H A3 4 )8 i, R AreGIS
AL, A Kriging Fi{A7E215 3] 6 FhE 4 )& 19725 (8] 43
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Table 4 Heavy metal content and pollution index in farmland soil

(GR: £75:-95ie ¢ 7l i)

ST - ﬁ%]/,, SIRYffe LT g ke 25 M (GB 15618—1995) i K
meke IRk OUITRIRD SR e ke Sl bk H

As  4.500~104.8  19.02+10.58 16.87(4.18) 0.56 53.04 1.4 40 4 0.10~2.0 036 &4
Pb  24.80~2989 601.3£622.0 271.9(1.62) 1.03 146.9 60 250 56 0.20~20.3 4.09 5
Cd  0.031~36.26  2.054+2.967 1.116(3.31) 3.13 0.23 91.7 0.3 83 ND~157.6 8.87 {5l
Cu  16.90~251.6  79.31+49.49 64.96(1.90) 0.62 5592 60 50 56 0.30~4.50 142 53
Zn 79.90~11 500 917.3+1031 541.4(2.97) 1.12 380.8 60 200 68 0.20~30.2 241 5y
Cr 24.00~222.0 114.1+30.74 110.1(1.31) 0.27 2574 0 150 12 ND-0.90 041 L4




244 VoglllE7S e SRl 55 37 555 2 1A
BB ERR, (AEA —EMaE, 45 i, Cd Rz XI5 R/ ERNIoR, 15K
GEEESE G, TR WA AT DL KRR 910 fhAe - 3EAAAE AR (50.23 mg-kg™ ) BE
B FHE 2 IX T e 5 A WA T 42, Pb Cu Al Zn IR Z,3/5 2245 AR H A S A AE A

P& 4] P&l 4]
Cd/mg kg™ Pb/mg-kg™
0.031~0.114 124.8~52.02
52 0.114~0.23 5% 52.02~146.9
0.23~0.30 77 146.9~250
123510 61351334
w4 1.23~2. 7 9~
Q20 600 m 72 2.10~36.26 O 00 m 72 1354~2989
N N
% 4
i
lg] /{ﬁl } x‘l’,,.;‘_- Igl 'fﬁl
Cu/mg-kg N Zn/mg-kg™
L1169~31.81 S 79.9~184.6
£31.81~50 2 184.6~200
7750~55.92 771 200~380.8
55.92~81.95 %8(5)88~428()5588
7 ~ w ~.
N

N

A

7 By

7 iy
el : % bl
As/mg-kg™ 7 Cr/mg-kg™
4.5~10.70 Z 0.1~24
&35 10.70~13.83 £ 24~103.7
@i BT
£ .0/~ 4 ;// ), 1133.5~1
W 40~53.04 Yy, i 150-223
) 600 m 77 53.04~104.8 O 0 600 it 77 <2574

2 IRRRELFEESEZESHE

Figure 2 Spatial distribution of heavy metals in farmland soils in study area
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Table 5 Correlation analysis of heavy metal content

JLE Pb As Cu Zn Cr
cd 0.690%*  0.439%%  0.659%*  0.746**  —-0.057
Ph 0.673%%  0.949%%  0970%*  -0.107
As 0.722%%  0.676%* 0.006
Cu 0.933*%  —0.093
Zn -0.075

% FIRTE 0.01 ASECRUI ) b B 2840

Note: ** indicates a significant correlation at 0.01 level.

BN R FEMOCOCR, ATREkREAR, F
BORIEF AR 500 G5B HE sy, TRERERED
J7 A B B () P SY X G Yok R T TR
SO IE] 7= A B4 R KRR R D A R A T R0 A B AR B
FHIL A BERS Bt , (75 ) [ Ay 4 39 FOK (A 52 2175
e, JKUAE S b FE P E R A X, TR
M, S5 YL,
24 RERESESEHM

W5 XARAVEY) AT 253 As Pb.Cd & R0 (3£
6) 5 (& s PR ) (GB2762—2017) H il 1)
FORFNF KRB BT H A, mT UL B E oK As %
1#(0.076 mg-kg™)Fh, HAWEE 4 Jm & 3 82 5 T
EMIBRAE, Kk As.Pb.Cd &1l ik 0.762.1.763
2.286 mg-kg!, JEATAENY 4.08 .8.815.11.43 f%, F K
Pb.Cd & {Eik 3.593.0.685 mg-kg™', JEFRUEM 17.97,
6.85 5, KoK Cu. Zn &S558 5.895.28.13 mg-ke™,
R XM S EY AL ™ R 48 Hids , BoKh
FEJE Pb Al Cd AR, MiAKH As (Pb.Cd B #it5,

AFERBGE P EESR T EAR, MK As,
Pb Cd Frfeeg, MRZEZAIIRZE Ph & 2 35(E
1, Cd i As T fiff. S5 ) (GB
2762—2017 ArifEAA LL , B8R 32 EA As B i 2 5 TRR
{E, EBAREECR 17.38 MR 2528 JIRZAIFE As %
4331k 0.035.0.043 mg-kg™ Fl 4.603 mg-kg™, {1
I As O R TR, MAREECH 92.06, HRZ%
e RIS Cd SR 0 2 TR,

®o6 FRRK=RARMBIEESRESE

Table 6 The content of heavy metals in edible parts of agricultural products in the study area

JLR el MZEE(n=22) JIRLE(r=26) ML (n=14) FEFHEIT(n=62) KK(n=18) FAK(n=17) HWELIT(n=35)
As  BEEMHARHEX/mg kg 0.035£0.055  0.043£0.116  4.603x11.23  0.869%4.917  0.31320.166 0.076:0.071  0.187x0.171
JUT M JUAaFRTERS )/mg-kg" 0.021(1.01)  0.011(1.47)  0.102(3.46) 0.021(1.98)  0.280(1.60) 0.057(2.19)  0.120(2.81)
foe] g 23% 14% 50% — 93% 6.2% —
Pb  EEIEAFMESE/mg kg 4.296+2.561  1.867x0.908  6.20£9.612 3.627+4.584  0.604+0.493 29350447  1.847+1.269
JUAEIE O U bRE2E )/mg-kg™ 3.446(0.745)  1.556(0.77)  2.03(1.55) 2.245(0.97)  0.362(3.88) 2.904(1.16)  1.099(1.49)
foe] g 100% 96% 100% — 86% 100% —
Cd  BEHEAREL/mg kg 075920473 0.865x1.268  2.339+6.427  1.09122.825  0.858+0.832 0.490£0.063  0.662+0.589
JUT M JUAaTFRTES )/mg-kg™ 0.594(0.78)  0.500(1.03)  0.206(2.48) 0.456(1.36)  0.239(9.64) 0.486(1.13)  0.349(4.77)
fec] e 100% 100% 60% — 64% 100% —
Cu  BEHIMHFR M /mg ke — 11.39642.450 13.076+5.690  12.6024.822  5.895+2.552 — 5.895+2.552
JURIIE O UThRIEZE ) /mg kg™ — 11.26(0.22)  11.92(0.51) 11.73(0.43)  5.379(1.58) — 5.379(1.58)
feel T — — — — — — —
Zn  EBIIHARERE/mg ke — 38.85:15.00  496.4+484.0  365.7+4539  28.13+7.803 — 28.13+7.803
JUR B U ARiE RS ) /mg - kg™ — 37.37(0.40)  205.1(1.94) 126.1(1.79)  27.22(1.30) — 27.22(1.30)
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Figure 3 Distribution of heavy metals in the study area
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