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Abstract

In order to find out the pollution characteristics and pollution sources of heavy metal elements in
soil around Dongguashan Copper Mine in Tongling, Anhui Province, soil samples were collected
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systematically. The contents of heavy metals such as Cu, Pb, Ni, Zn, Mn, U and Cd in the soil
around Dongguashan Copper mine in Tongling were determined. The pollution status was eva-
luated by single factor pollution index, Nemero comprehensive pollution index and ground accu-
mulation index, and the source of heavy metals was analyzed by correlation. The results showed
that the average contents of Cu, Pb, Ni, Zn, Mn, U and Cd in the soil were 1570.32, 156.01, 321.3,
37.08, 1461.96, 3.42 and 1.43 ppm, respectively. The Nemerow comprehensive pollution index
showed that the mean of the comprehensive pollution index was 4.59, which was heavy pollu-
tion. The accumulation index of single factor pollution index showed that the soil heavy metals
Cu and Cd were the most polluted, followed by Pb, Zn, Mn, Ni, Cr, and U. Correlation analysis
showed that Ni was positively correlated with U, Cu, Mn, and Zn. Cd was positively correlated
with Zn, Mn, and Pb. There were significant positive correlations between Cu and Mn, Pb and Zn,
and the influence of Cu and Ni and U was mainly from natural sources. Pb may be mainly affected
by the deposition of gases from industrial activities and traffic emissions. Zn, Mn, and Cd are af-
fected by mixed sources.
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1. 5l

PRy —Fp B R SR IR, fE T RBIA T BARMER . g, 2015 4 EA L SR
fiti & 9910.2 JiMf, 2017 4E TR BT i &N 10607.8 JIWE[1]. EAEFR. L. WG e &4 KR
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Figure.1. Location and soil sampling site distribution of Dongguashan Copper Mine (according to Xu X.C. et al.
[5], 2014 Slightly modified)
1. & RERA XL R H 3R RAE = 0 Bl (R IRIREF(5], 2014 BXE)

FES TG FHR B4, R 2 IRG 5], i SR BE T I B . 72 R /K FERE TR
AT RO SRR G 8 R P B B 55 B TR 3% (X (Thermo Fisher Element 2)%Ff i 2 AT
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Table 1. Classification standard of soil comprehensive pollution index

1. PREATSERORITE

EHR CEETT YR EU(P ) 15 YL
I P <0.7 TBE(EA)
i 0.7<P%<1.0 T VR (T 2R)
11 1<P4<20 BB RE5 g
v 2<P4<3.0 RS Y
\Y, P4 >3.0 H5g

23.2. RARERCE
AR RFEHCOUPR Mull 4548, /2 20 228 60 UM IIE RN R AR 1)) V2 F T S DR KL E)
Joi 4 R TS YRR B ) R AR, HRIE U
Igeo =log, [Cn/(k * Bn)]

Hrr, Cn ZTCE n TR ISR Bn VTR Zu R IERL AT A0 kOB R A 1 257
AR ST RAEAR BN R H(— BEUE 1.5). AR RIEBGE LR B R R A 1E X SE AR
Wi fr AR AN T HARVEN T AR A R Z Ak, VAN G RIS HE . 3% 2 B RIR L 0 Sebnif .

Table 2. Evaluation index of ground accumulation index method

3 2. WRBRECETMNIERR

Igeo
Vix 0 0~1 1~2 2~3 3~4 4~5 5~10
0 1 2 3 4 5 6

SRR Bl RoPdEnR PSR hesiisde  sRISH R-BOTETGR AT E R

3. ER5He
3.1. TRESESERF

AR X 0 3 4/ & WA 3, 42 3 AT 40, W R X N G R BT 1 & & K/ NIRFF N Cu > Mn >
Zn>Pb>Cr>Ni>U>Cd, [ Cr B V& Ee K TVIER 35 5{E LL4h, Cu. Pb. Zn. Ni. Mn. U,

Cd [P & BB 2B TR 3 =18, © (Cu)s o (Pb). ® (Zn)s @ (Ni)» @ (Mn). o (U).  (Cd)
o (Cr)YE 7514 34.38~12122.19.19.46~903.86.59.64~1757.50.8.80~68.48 . 533.53~3499.85.2.37~4.22 |
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0.37~3.95 Al 16.29~126.80 ppm, HALE5r A 284.625. 46.475. 175.725. 36.88. 1409.08. 3.535. 0.865
A1 55.62 ppm, “FEIESHIN 1570.32. 156.01. 321.3. 37.08. 1461.96. 3.42. 1.43 F157.73 ppm, {54
RS Cus Pby Zn, Mn. U fl Cd IXNFicE, HA Cu. Zn. Mn. U, Cd & 5i@r, FEARKER
RiLF] 100%, Pb Al Ni [HBFRE D HIEE] 93.75%. 68.75%. HAtc R A EAFFLE MBI, WRiEgS
SR AL X 83 s 1 B 4 JE A G A RIREFE I & 4R
Table 3. Description of soil heavy metal content in the study area
3. MRXIEESEREWAR

JLER & &2 H (ppm) LA TPHIME + FRifEE A R A TR E i 2

Cu 34.38~12122.19 284.625 1570.32 £ 3471.34 2.21 24.9 100
Pb 19.46~903.86 46.475 156.01 £ 275.90 1.77 259 93.75
Zn 59.64~1757.50 175.725 321.3+413.88 1.29 53.2 100
Ni 8.80~68.48 36.88 37.08 £17.80 0.48 25 68.75
Mn 533.53~3499.85 1409.08 1461.96 £ 798.61 0.55 525.2 100
U 2.37~4.22 3.535 3.42+0.47 0.14 2.15 100
Cd 0.37~3.95 0.865 1.43+1.17 0.82 0.104 100
Cr 16.29~126.80 55.62 57.73 £29.65 0.51 69.4 37.5

FE: RATHEBH e S A E RS 7] 2012 L BUR VLRI R B, TR SEUE A%
Note: The soil background value used for calculation in the table was selected from Chen Xingren ef al. [7] 2012. The back-
ground value of soil geochemistry in Jianghuai River Basin, Anhui Province, where” represents the value of this column as %.

M ST ZECRE , 1X 8 Pl i 4 B A8 55 R AU K/ &8 Cu > Pb > Zn > Cd > Cr > Mn > Ni > U, Cu.
Pb. Zn AR RZFIIKT 1, BTRELS, HiX 3 MESBENSEEER S, EARMN S IERS
TREFEKR, VRFIX SR S 2 N SR R S A E P, TR AT X R 2
FHEVIILEAL . Niv Mn. U, Cd. Cr 3557 25005108 048, 0.55, 0.14. 0.82. 0.51, J& TR, ]
DRI, Hh Cd MBS REEAET 1, USR5 E &R A EEAXT N, HRTAATT 20
Hot LIRS YR

3.2, BEERRRITEN
3.2.1. BEFSREECEFAETIEECE

Table 4. Evaluation results of single factor index method

4. BRTHRICETNER

Pi<1(FTi54y) 1<Pi<2(BMi54) 2<Pi<3(@I54) 3<Pi<5 (P54 Pi > 5(EI54Y)

Cu 0 (0) 3 (18.75) 1(6.25) 2(12.3) 10 (62.5)

Pb 1 (6.25) 8 (50) 4(25) 0 (0) 3 (18.75)

Zn 1 (6.25) 4(25) 4(25) 2(12.5) 5(31.25)

Ni 8 (50) 8 (50) 0 (0) 0 (0) 0 (0)

Mn 4(25) 5(31.25) 5(31.25) 2(12.5) 0 (0)

U 1 (6.25) 15 (93.75) 0 (0) 0 (0) 0 (0)

cd 0 (0) 0 (0) 0 (0) 0 (0) 16 (100)

Cr 14 (87.5) 2(125) 0 (0) 0 (0) 0 (0)
VR R TR T S SE R B FRNMATEE7] 2012 R T HEIR T R TS S, F55 W BUE SRR VR 5
ANALE B AT S B A .

Note: The soil background value used for calculation in the table was selected from Chen Xingren et al. [7] 2012. The back-
ground values of soil geochemistry in the Jianghuai River Basin of Anhui Province are represented as the percentage of the
number of sample points in the total number of sample points.
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XPAE 5 XA B R R BOE AT B PPl 19 2045 R A& 4 s, W58 IXI8 Cu G 44(PCu > 5)
i 62.5%, F554(3 <PCu<5)ditt 12.5%, Bi5442 <PCu<3)hiltt 6.25%, Bii54%(1 <PCu<2)btt
3%; U. Ni fl Cr Bi544(1 < PU, Ni, Cr <2 ) 5435108 93.75%. 50%A11 12.5%, HAEBIATI5H. Pb [
FIGYL(PPb > 5) 5 EE 18.75%, V5942 < PPb < 3) 5 25%, BT 4«(1 <PPb<2)/H Ltk 50%, JoHhisie.

TERURFE s LLE T, Cu 175 P B B, A 75% BRAE fi5 P8 BUA B 1 Y5 G2k F. Cd A 100%
FRRAE TS AR B B V5 4%, Pb A7 18.75%HIKAE RS YedB BUA B ET5 G4, 25% 1 KAE mlT5 Gt 2
NERIG . Niv Uy Cr FENRFGG YR, 183 5 G Ha 208 0%, Mn FEGHIE S8 508 31.25%, .
5 QAR EU I N 31.25%. 12.5%, Zn [ E IS GHRHOL F] 31.25%, B2 o BI5GB 50N 25%. 12.5%
25% . IR NG Z TR HOE VPN 45 IR a2 5 o, W FLIX P o R3AE A 4.59, X H AL N E TS B4(P » > 3.0)
EE 50%, FIE5HQ <P o <3.0)0AERIGH( <P <2.0)7 50 5 12.5%81 37.5%. B7CX i HE &R
Yt Cd>Cu>Zn>Pb>Mn>U>Ni>Cr.

Table 5. Evaluation results of Nemerow index method

5. RS HREUEITNER

£ GAETBRIREP &) 15 YE el R H(%)
I Py <07 THIE (R4 0
Il 0.7<Ps <1.0 R VR (R ZR) 0
1 1<Py4 <2.0 BRI Y 4.59 37.5
v 2<P; <3.0 Hh RS G 12.5
A% P4 >3.0 5L 50
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Figure 2. Statistical results of ground accumulation index method evaluation

2. WRRRBCETNRITER

DLt 5 B R HOEG 45 AT, RIS R wnlE 2 iR, BFAXIR Cu PEA ™ E 5 G4 (Igeo >
5)i bl 12.5%, GE~H™ HE 444 < Igeo < 5)FNRI5 44 (3 < Igeo < 4)¥J (L 18.75%, &5 (1 <Igeo <2)
AIH~58 35942 < Igeo < 3)3 A7 Lk 12.5%, FB~H1Z15 440 < Igeo < 1) 7 EL 18.75%; Pb [)58~H ™ {5 (4 <
Igeo < 5)EL 12.5%, H~5Ri54%(2 < Igeo < 3)i5tk 6.25%, H~FF2E7544(0 < Igeo < 1)tk 37.5%; Zn [
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B~ (0 < Igeo < 1) i bk 37.5%, FEEI544(1 <Igeo < 2)FIHH~5E75 442 < Igeo < 3)34 i Lk 25%, 9~
W™ H 5 G(4 < Igeo < 5) (5 EL 6.25%; Ni HIHR~TF45755%(0 <Igeo < 1) 5tk 50%, H AL NTLIGY:; Mn 1
HH~BRI5 L2 < Igeo < 3) /5 EL 6.25%, &5 H(1 < Igeo < 2) /5L 37.5%, HB~TFEEI54L(0 < Igeo < 1)Lk
31.25%; U fil Cr 8~ 2E15 940 < Igeo < 1) (5L 7°8 68.75%F1 6.25%, FHAhYI NG Cd [15E~
B ™ B 5 (4 < Igeo < 5) A5 EL 25%, #EV54%(3 <Igeo < 4)di bk 12.5%, F&5EI54L(1 < Igeo < 2)Fl Fhi~5iys 4L
(2 <Igeo <3)# itk 31.25%. HFCIX LiEHE &8 RHI5S Cu>Cd>Pb>Zn>Mn>U>Ni>Cr.
33. TMESEMEXMESH

A 23 M A2 T 1398 4 ORI D i) 2 A, ] LI ik 12 7 VA B HE L33 Y5 edR,  FIIF Pearson
FHRAE TR SR/ Z MM E R R, GHRWN%E 6 fion. 8 FESEZ B RGeS EMH. H
t Cu 1 Ni. Mn Z [AJFEAE MR 2 IEA DG 22(P < 0.01), #3250 5N 0.645 A1 0.760, 7] LLEWT H
Cu M1 Ni. Mn Z [AIEEB IS 45; Pb A1 Zn. Cd Z [ AEEMR B 2 IEA R R (P <0.01), HIXR
BAE 0.8 £ 4; Zn 5 Ni fR7EE 3 IEM LM% R (P < 0.05) Zn 5 Cd Z [MAFAEN R 2 IEAHSS(P < 0.01), #H
KRB HIAE 0.5, 0.7 LAL, AT LAHEWTH Zn A1 Ni. Cd Z [AJAELEMBAIR)YS Gedi B 2 75 Y45 Mn A1 Cd.
Ni Z [AAAE L3 IEAH IR SR R (P < 0.05), MO RFUIHAE 0.5 LA b, UiB] Mn 1 Cd. Ni Z [AAELEARBLR)TS
LU Ni U AFAEN 3 IEAH R R(P < 0.01), MHRREN 0.638. LE& /T KAE, nIHeHE AL KIE,
Pb SKYEANE, Zn. Mn fl Cd HE & K.

Table 6. Analysis results of soil content correlation coefficient in the study area

6. MAXTEIERXAUSHER

Cu Pb Zn Ni Mn U Cd Cr
Cu 1
Pb  —0.09219 1
Zn  0.119343 0.761753" 1
Ni  0.644587" 0.200082 0.524884" 1
Mn  0.759969™ 0.09564 0.238568 0.520413" 1
§] 0.337092 -0.03415 0.286005 0.638075" 0.402328 1
Cd  0.355041 0.801139™  0.714646" 0.451643 0.556826" 0.260342 1
Cr  —0.43226 0.284631 0.25491 0.253293 —0.36462 0.158112  —0.11842 1

T TROREEMIHE P <005, TRREEMKMEP <001,
Note: * indicates significant correlation P < 0.05, " indicates significant correlation P < 0.01.

3.4. LRESRKIESH

SHEJT R, IRBEFSE(R] [9D AL T & L s X B Fe 48 R, &L X &4 21250 R4 B
LB RAABBCIRET PR, Cu AT Ni W] RE 2320k B R Ra R H D B0 0 1K) B SR TREE 0, AR
TEAHTEAE[ 1010 BEA LR B TTRT LLHEN U 32 ZORIF T BEA AU IR B AR IR 45 & Bk 110 O ReR
N Pb AT REE B2 TAVIE B0 2 KA LR SSGE A BRI AR . Zn (ORISR BE 32 B EEH 1K)
F AR TAV AR M FH B AU E TR . S FRFIFRAE OB FCHEN Mn A1 Cd BRI AT REAFAE T
BRER AR = 5 R R SR A A Tl . R DA S RSB 2R AR B R

4. &
(1) BF5IX L4 R P o B 5 S EA L, B T Cr (080854 B LT3 548, Cu. Pb. Zn.
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Ni. Mn. U, Cd FPPBI& S m T R l. NERRECKE, X LIEE SRR R 2% Cu>Pb>Zn>
Cd>Cr>Mn>Ni>U,

(2) MR FIREOE T, X R E LB S Cd> Cu>Zn>Pb>Mn>U > Ni > Cr. %A
MEZ PN, BEFEIX P o318 4.59, HA SO NS J(P » > 3.0) i H 50%, SRR <P«
< 3.0)EI5Y(1 < Py < 200055 12.5%, 37.5%. %GR B3 80E 0, MIRX HIERESER
BG4 Cu>Cd>Pb>Zn>Mn>U>Ni>Cr. £ FJriR, BT X L EEE Cu M Cd I3/ H, HiX
#& Pb. Zn. Mn. Ni, Cr. Uj5#t.

(3) E&BEEMAMESH LY, Ni MU, Cu. Mn. Zn fFEEFEEME; Cd M Zn, Mn. Pb f£7E
BFEIEAS; Cu Ml Mn, Pb Ml Zn fF7E 23 IEAHSG, #EH] Cd A Ni B —@RIUENE, JoRE K.

(4) AL X JE i 458 B 4 g 52 SRRV AN R IE IR 820« Cu AT Ni 52K H Y R 50 IR 7™ Hi ek
BB AR AR . U FZRIE T35 2RI EZRUE . Pb 1] B8 32 252 T IE 3l 7= A5 SR DA R A
TEHER ) R ST RIS . Zny Mn A1 Cd 32 204 SR U5 R 52

e HE

A2 B ARRE I ST ETH (SRS : 2008085QD175); 15 M 24 B il LRI G 3% 410 H (%
5: No. 2017jb01); FE 5 HARBIEFE SRS : No. 42073059); E 5K % kA6 G2t RITH (w5 -
No. 202210379057); “Z#E K5ABEH QNI ZRrt-RIIT H Gl i & 5 s A A B e N RHEIR &R I8 Kl
ik 5 Al b K 5 IR ) s AE M 2R BE R 22 A BT AL I 2R RITE (45 No. KYLXYBXM22-078 Al
KYLXYBXM22-080)) 37 4.
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