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Abstract

The phenomenon of soil heavy metal pollution refers to the alteration of soil chemical, physical, and
biological properties due to the introduction of certain heavy metal substances into the surface
layer of terrestrial soil, caused by the use of chemicals in agricultural activities, irregular discharge
of pollutants in industrial activities, and natural factors. Over time, this affects soil functionality and
effective utilization, and can even endanger public health or damage the ecological environment.
The abandoned mining areas left by mining enterprises in Ji’an County, Jiangxi Province, present a
series of environmental issues. Excessive levels of heavy metals can affect the growth and usability
of crops in the surrounding farmlands, necessitating an evaluation and assessment of the heavy
metal pollution and potential health risks in the area. Based on this, 69 soil samples from the agricul-
tural lands around the mining area were taken, and the heavy metal content in these soil samples
was measured using an XRF spectrometer. For heavy metal elements such as Pb, Cu, Zn, Cr, Cd, As,
Ni, and Hg in different environmental media, the single factor pollution index method, Nemerow
comprehensive pollution index method, and potential ecological risk index method were used to
analyze and discuss the environmental risk assessment of heavy metals in the farmland soil around
the abandoned mining area. The results indicate that, using the national standard limits from the
“Soil Environmental Quality Risk Control Standard for Soil Contamination of Agricultural Land
(Trial)” as reference values, the heavy metal content in the agricultural soil around the mining en-
terprise exceeds the standard to varying degrees, with the main excessive elements being Cd, Ni, Cu,
and Pb. Cd pollution is the most severe, presenting a very high ecological risk level, with 65% of the
area overall at a very high ecological risk level.
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Figure 1. The distribution of sampling point locations
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W TEIX I 75 22 T i % B RO — 2 Z B HHE A 1 FoR, SRR HIERE SR B IR0 L 4k
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2.2. BIRERBHRAREMALE

MG (IR MHARFIE) (HI/T1662004) I AH I ZE SR AN 75 22 17 UM 78 X 3/ T2 Hu ] H i)
FLEAT RS, TERERA S LI 5 I R M AL LR 0~20 em B 1L i F R 35858 2 - g
f AR T 2 X B AL A M ARIAEE I S AR, RAEAR AU E, DL 100 m o x 100 m A B AN REE A
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S AAER, FETERE SRS BT 0 T A B, KRR [l TR S OREAT T, TR B AT RIL
YT . HIRRT R AR KA BRI 5 B AR, AR T W AT 40°C I T4E hdkir.
R P R EER . S SR KRS e, TR IR R . B ER . BRSSP
2%, CABBPRER S IS BE[12] [13]. TR B o 1) L 30 i T M ik 0 B AT 05 40, DARA 2 BT it #0376 A2
SEEG R AR o i ol AR b TR A FH B e TR R 0 I, G e R A SR O R AT R I NS . T 0 5
JEIEPEARERNMEL . TR E) . JR /D B R, IR BOE PN FVR B 1) 3R i DA 7R 40 T AR R
VA B G 1) - SRR SN U B, 0 3R AT AR B R B R R MU T R, DR — R
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Table 1. Evaluation criteria for the single-factor pollution index method
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Table 2. Evaluation criteria for soil using the Nemerow Integrated Pollution Index method
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5 YL WHEE L2575 e fa ¥ V5 947K
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SIBITCRIVTEACT[17] 5 JIRIE[18] LUK IR 0T F i i MU ME S8 S BRI R, (R T SR KU
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Table 3. Toxicity response coefficient for heavy metal pollutants

* 3 EERFRIBMHHENRY

HEE Cr As Zn Pb Cd Ni Cu Hg
Tir 2 10 1 5 30 2 5 40

Table 4. Evaluation criteria for potential ecological risk

4. BEES RGN IRE

Eir HBEREREN RI SEATEIEAES ARTEEL
Eir <40 TRAEAS AR RI < 150 AR A
40 < Eir < 80 PR R 2 KUK 150 <RI < 300 A 2 B
80 < Eir < 160 B A R 300 <RI <600 B AR AS A
160 < Eir < 320 fen AR S R 600 <RI < 1200 e AR 2 R
320 > Eir W e AR AS A RI> 1200 W A A R
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2.6. WAEALE

IZ I X FELTOCCEAXRF) T E & Jm & &, I Excel 5 L3 E & Jm A 7154, WP 458
TGRAR AN A S fEE TR, 8 SPSS MAT#AT e @ ARME T . 45 & ArcGis Xt 5 @ 34T
e E] AT AR EE

3. &R 57He
31. TREEESESH
XRF GG 5 1 69 131 i B 4 i & 8 SOGEbR B LI N 3% 5 BTz

Table 5. Heavy metal content values and exceedance status

*5 ESRSERRERBIFER

HEJE S PNE] B /ME ¥IME FrfE(E BB B bR 2
Pb 30.7 19.82 25.14 25 39 (56.5%)
cd 17.62 0.07 8.74 0.2 68 (98.6%)
Ni 80.64 12.8 50.37 40 56 (81.2%)
Cu 272.62 9.61 113.61 35 67 (97.1%)
Hg 0.54 0.01 13.84 0.15 26 (37.69%)

Zn 457.14 24,57 85.38 100 15 (21.74%)
cr 132.22 65.56 90.48 150 0 (0%)
As 81.96 9.21 23.26 25 18 (26.1%)

WG EE R R ZH X R B L3 7 MR E S8 il hs, Hh bR\ m 2Rk kN Cd >
Cu > Ni>Pb>Hg>As>2Zn, M¥WMEK/NEF Cd. Cu. Hg &8 E K ARAERR &1 3 3] 43 £%, Cr ot
R KIABEARIAE, o Cd bR ™ E . Cd FBhsI IS SRR, AR 1R B
Fgik i i, BRI e SRR, BRI TE, KRRAS5EHARIs . Fi, 2
W A A BRI EEEE T B AR BRI KRR KA IE B G XSS e AL dE
WEESE, eI WKME ST B B g b B A AR VR O R A AR R 2R R
ARG F BRI — REMRAPEAFREESBICR, Sl RRUTRES T N IR
W E VSRR, MR RS S S A REE SR TR B IE SR 25, X ek 2540 I B AR WAL,
BEKMREATIERE, HEAM ZFE S S HEPRE SN, D L% E &R B
B, BERIUA 0 it e o) AN B (1 HEFBOR R O] e B VG I B Y R i . R VA B L IX
1 G R TE Yok, T AT B R T .

3.2. EERITMEE S THHIE

7E ArcGis FAR KA T35 4 8 B AT 04, SR SR B ALV (IDW) DA 7 X R A s
PRA B AAKRE BN EERL, X% X 5 4 T R AT T RS E AU T, B5E T 8 MESE S RN
[ ARRFE . 01 2 FioR, BFC XIS E 48 A A, TEPE AL M E X PR LR A Zn. As. Nis
Cu. Cd, Zn. As i&PEIbEBAMLA X BN A] . Pby Niv Cu. Cr. Cd 7ERF I X 38 45 F a2 G s 23 A i
Z HEBim, SMEEIEE LS XL, 48RS EEN AN Pby Niv Cd 7EAREHX LK)
e R ) A B, RS X B ATRHE, TR IR R BHE R . 8 FiE SR IT R
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Figure 2. Spatial distribution map of heavy metal elements in soil
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3.3. TIMBRAFISHEHITMN

WIR2 6 AR, 8 Fhi & @ Ji 3 H IR Fi5 YR B 8 /N I s BIMRAK ¥ Cd (43.71) > Cu (3.25) >
Ni (1.26) > Pb (1.00) > As (0.93) > Hg (0.92) > Zn (0.85) > Cr (0.60), H:rf Cd R Fi¥uz kT 5, 4T
HEEEROKF: Cu M Fi5 48500 T 3 H/ANT5T 5, BHEIE KT Ni ARG K Cr,
As. Zn. Pb. Hg MHFE 5 R/ TET 1, A ESERICNEREKT . RITZU X8R A+
HA7AE Cd Cu Al Ni 5 4eftE B, b Cd 15 Gt il ol ™ 8

Table 6. Evaluation results of the single-factor index for heavy metals in soil
F# 6. TIRECRBFTREITNG

AN G R L1 5 L%

Hemfk  mKE /ME FEME

TE BWEg BEEYE hEER EEESR
cr 0.88 0.44 0.60 69 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
As 33 0.37 093  51(73.91%) 12 (17.39%) 5(7.25%) 1(1.45%) 0 (0%)
Zn 457 0.25 085  54(78.26%) 11 (15.94%) 2(2.90%) 2(2.90%) 0 (0%)
Pb 1.23 0.79 1.00  35(50.72%) 34 (49.28%) 0 (0%) 0 (0%) 0 (0%)
cd 88.1 0.35 4371 1(145%) 4(5.80%) 1(1.45%) 1(1.45%) 62 (89.86)
Ni 2.0 0.32 126  13(18.84%) 55(79.71%) 1(1.45%) 0 (0%) 0 (0%)
Cu 7.79 0.27 3.25 2(2.90%) 9 (13.04%) 18 (26%) 35 (50.72%) 5 (7.25%)
Hg 36 0.07 092  55(79.71%) 6(8.70%) 5(7.25%) 3 (4.35%) 0 (0%)

M EE BT5 YeRE i LR A, As. Zn. Pb =FhIt &R 90% L B IR R4 B T8 s A ks e
JKF, Hg J6E 85%LL & Tl AR s ek ~F, As. Zn. Pb. Hg PUFh G ZAUE A3 5%[ I35 RE 5
ZR TG Ni TR EHETREF YUK Cu JEERID 60%IAE M AL T A B 5 YL LL 1 #I7K
P Cd JTERZ 0% AR T HEEFYKE, JEH Cd R FREUTHE T 5, AT BRRES.
I XIS T Cr 62 (100%35 75 /KT BLAL , HoAth-EAh o0 R A EAN BIAE 5 52 25 G s i, JoH 2 Cd
FCu, HHEBEMEENS,

3.4. AT EATRIEHIEN

WREE 7 fin, Cd Ml Cu 5 4 ab T H S5 4%, Pb Al Ni 75 Y g5 9%, As. Zn. Hg

HIV5 GG BAab T 5 g, WA Cr RIS i A 15 B8 808 KT 0.7, RINERE KT .

Table 7. Evaluation results of the Nemerow Integrated Pollution Index for heavy metals in soil
7. TEEERENETEESRIBEITENER
HER Cr As Zn Pb Cd Ni Cu Hg
P& 0.75 2.42 2.28 1.12 69.54 1.67 5.97 2.6

3.5, BEESRETHNETN o4

R 8 . 8 ML JE U AR TR TS G XS R B4 K /A Cd > Hg > Cu > As > Pb > Ni > Cr >
Zn, B Cd A1 Hg A1 g B A TR A S RS FE HUKCT AR AT S X R Cd () B PHMEIA S 1 1311.22,
FEHLERR, AT 90%HIAE i R I B AR S AR KT, R VIR bR A AN A F] . T Hg Ak
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20% I RAERN BIA B | Hp SR A A KU KPR = AR S KU K. Hok 6 Rt E (Cu, As, Pb, Ni, Cr, Zn)]
E[ P FD S5 KB A A I B (AR #E(40.00), A s TARAE S MRRIRAS o Fi— 0 0 W R GBI TEAE RS
PR B (RIS = T W e A Ao, A0 65% 1) X IAL T 1) = AR 5 UK, A 109% 1) X 3ak+
AR KR KT, R BT ZH 7 X I A F 3 AR A 8E 22, %l Cd M Hy 75 Gt i, X mTREJR H
T2 b R A A G R TR0 X TR B B0 K BT, X 12 DX 3k ) A A PR B3 A 1 7™

Table 8. Evaluation results of the potential ecological risk of heavy metals in soil
8. TIREGRBEETSNEITENER

. TETETT R AR HR 4L AN GeBRE A B LR

e WK mME CPIME fi& LRk L3 5] M=
cr 176 0.87 1.21 69 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
As 3278 368 9.30 69 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Zn 457 0.25 0.85 69 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Pb 6.14 3.96 5.03 69 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
cd 2643 105 131122 2 (2.90%) 4 (5.80%) 1 (1.45%) 2(2.90%) 60 (86.96%)
Ni  4.03 0.64 252 69 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Cu 3895 137  16.23 69 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Hg 144 267 3691  43(62.32%) 13 (18.84%) 13 (18.84%) 0 (0%) 0 (0%)
RI 283150 59.88 1383.27  7(10.14%) 0 (0%) 4(5.80%)  14(20.29%) 44 (63.77%)

36. BRESEHEXMIH

FHORAE 3 BT B B Hh 4 7~ HH B i 76 3R 2 ) RO SRUEE 5 AF [R], 50 s PR L AF DG R B 4 T
KVET[F — 5 YL, BRI 5AH C RECGE R AU IX & 8 R T A RS 40H. B SPSS %t /\
i o & B T B AT A G A B 4 S R R 9 E G o R AR DCPE A AT I &N Cu A Zny As. Cd. Pb AR
fIIERESS, Zn 1 As. Pb HECKIIIEMSE, As M1 Cd AHECKHIIEA S, Cd 5 Hg. Pb HE/NIIEM S,
FIPIX LT A RESR AR [FS S Cr AR Ni DUAMASFoGER 2IMAHDE, Ni 5 Cu. Zn. Hg. Pb 2
PG, R L0 3R 175 Y s STk L/ o

Table 9. Correlation analysis among heavy metal elements
F9. EERTEEMEXMIT

BE Cr Ni Cu Zn As Cd Hg Pb
Cr 1
Ni 0.201 1
Cu —0.354™ -0.027 1
Zn -0.377 -0.244" 0.791* 1
As -0.395" 0.105 0.278" 0.238" 1
Cd -0.233 0.723" 0.416™ 0.127 0.314™ 1
Hg —0.090 -0.029 0.195 0.123 0.147 0.055 1
Pb -0.423™ -0.135 0.467" 0.354" 0.127 0.143 0.074 1
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4, g5ig

(1) WFFEXHkHIEES)E Py Cu. Zn. Cd. As. Niv Hg P& B350 H AR UHERR &, #hsfs
$h 1.26 £i5~92 fiF: Cd. Cu Al Hg F77E 8 XU 75 126 fELRL, Cd (1975 B4 il AR X 1T & fe ™ #. Cd 5 Cu.
Hg. Pb fJRER B THIFAMI540E. Ni 5 Cu. Zn. Hg. Pb BEILGUMIIE, TRER B TANE TS JI5

(2) MZ=[E EWisskE, WHFCIX Cdy Ni Al Hg & & S E X IR KRR AR e i 2, A ™
X HE AR IR B, AR PR A0 BRI, S sk P IR, HL Cd A Hg #77E Mk AR v &
BEIYOR DA Zn A1 As IRy B X S R E PG ALEE,  HARARIR BE XIS S 00 % R A . Cu 17
EXEFLETGILH, Cr WS X EFIRHE, Pb 1 & B LR 5T X A A A E SR BEE R oA, HORE & =
TFa) P 0] 52 T R B B A1

(3) BTV RAREOT R Cd 15 R nIIG DL A E, £ 90% 1)K A )& T 8 FE TS Gk, HARH
T IEAELE Cdy Cu A Ni V5315, Cd fl Cu AR EENR . WD LRET5 JIa8r R EH Cd
Cu J& THEES Y., Pb Ml Ni iG-S g N5, RA Cr RICNEBAE AT« B1EAS XS PN
P MR R Cd FEEN R ZE S XK KE, B Cd Al Hg AP Ay E 48 ¥ 40 TR AR S U FE 30K
Ak 1A 65%I1 DX AL T M A S B K T, Horh 2Bl Cd F Hg 975 4L pinid i, 48 1 R W2 7 X 5k
(4 F 33875 YK PR 2
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