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Abstract:

characteristics, pollution status and sources of heavy

In order to explore the spatial distribution

metals in farmland soil downstream of a heap leaching
field, 152 soil samples were collected from 76 sampling
points at 0.2 m and 0.5 m depths, and the contents of §
metal elements such as Cu, Zn and Cr were determined.
The pollution level was evaluated by single factor
pollution index method and Nemerow pollution index
method, and then the pollution sources were analyzed by
principal component analysis, absolute principal
component-multiple linear regression (APCS-MLR) model
and UNMIX model, and verified by geostatistical analysis.
The results showed that the average contents of Cr, Pb,
As and Hg in the soil exceeded the soil background values
in Yunnan Province, and the proportion of As content
higher than the background value and the screening value
exceeded 90% and 70%,

UNMIX model analysis showed that there were four main

respectively. The results of

sources of heavy metal pollution. Source 1 is the mining
development and traffic source, which contributed 65%
and 56% to As and Pb, respectively. Source 2 is the source
of agricultural activities, and the contribution rate to Cd
was 91%. and the

contribution rates of Cu, Zn, Cr and Ni were 63%, 61%,

Source 3 is the natural source,
62% and 55%, respectively. Source 4 is the coal-fired
source, which contributes 94% to Hg. The analytical
results of APCS-MLR model were basically consistent with
those of UNMIX model, but the natural parent material
source was not identified alone. The above results can

provide technical support for the precise implementation
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of farmland ecological environment management, and
provide theoretical basis for mine pollution prevention

and improvement of mining process.

Keywords: heavy metal; distribution characteristics;
pollution assessment;

field

source analyze; heap leaching
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Fig.1 Soil sampling point distribution map
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Tab.1 Chemical composition of ores

eEnidy Cu/% Pb/% Zn/% As/% Aglg/t)
it 1.24 0. 066 0.015 0. 279 11.98

PR R P A (R AR HE VR T — ELMEAA AR
HeiZZN . ALFREHEIR K 2 410m, $E24 330m , HE
W3RN 9. 0577 m*, LHEW™ 146. 21 T3 m’; B HPHT
eI K 247 480m, F5 2 140m , MW R ALK 6. 68 J7
m’, JHED”88. 62 1 m’, WilkIR %2 (4G 1 B AH R
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FH EATEURE | S48 3845 0% B 100m < 100m , 4
BEE 76 KRR SN (F 1) o RFEd R P il T T
XGPS E AL, FHHDIR - HERAEHL 2 BITE 0. 2m F
0. 5m IRAL R I A-HE , RAE SRR B 128 S5 3L, i
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JC & J7 ¥ K R 29 5 O Img-kg ', 0. Smg-kg !,

omg-kg ', Smg-kg ', 0.Img-kg ', 0.0lmg-kg ',
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Tab.2 Soil pollution risk screening values of other

agricultural land in GB15618—2018 standard
A E(E/ ( mgkg ™)

EEJEITR
pH<5.5  5.5<pH<6.5 6.5<pH<7.5
Cu 50 50 100
7n 200 200 250
Cr 150 150 200
Ni 60 70 100
Pb 70 90 120
Cd 0.3 0.3 0.3
As 40 40 30
Hg 1.3 1.8 2.4
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Tab.3 Classification standard of single factor
pollution index and Nemerow pollution

index method
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{ELTA] B AH DG VRS s R A A e B H 38 5 I (L
(] B A G R B ORERIHERE Min(Sig/Noise) >2, 77
U 322 B Y G ¥k 4 2 A M 45 R, T L FT AL Sig/
Noise F ML
1.7 HIELE

FIH Excel 2019 %) + 588 4 J& & & RN 115
PARBOE NS TS s Bk T g AT, A
ArcGIS 10. 7 2l R A 555377 R (R R Ji 7R 1
BERAE SR E 4@ (%) 404, B Origin 2018 22 4ilV5
PP a5 SR E . 3 4 8 F 54 B fT APCS-
MLR LAY i SPSS 25. 0 58 5%, + 38 5 4 J& IR AT i
BAFEPA UNMIX 6. 052

2 HRESH

2.1 THRHIESEES=RR

HER G T e 1 IX e 4 Rt R S gt Il
Fdo 4iRExR, HIEESRSEFHEEO. 2m
J& 4. Cr(78.91mg-kg ') =>7Zn(59. 02mg-kg ') =>As
(55.86 mg+kg') >Pb (43.80mg-kg') >Cu
(37.03mg-kg )  >Ni (29.63mg-kg') >Cd
(0. 10mg-kg ') >Hg (0. 09mg-kg ') ; 7E 0. 5m ¥ J&
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(62.74mg-kg ') >Pb (45.38mg'kg ') >Cu
(34.88mg-kg) >Ni (32.08mg-kg™') >Hg
(0. 09mg-kg ') >Cd (0. 05mg-kg "), HH Cr.ZnFl
As & B FIRT =, 205 & 48 A S B
65% . Cu.Zn NiFlCd HF-BEAF LA 1 5
{EAR. Cr.Pb.As#IHg B F-HE S EA S 11
SOEM 1. 25.1.10.3. 22 F1 1. 5 4%, HoS (7 d AR 4

Wk 63.16% .54. 61% .95. 39% F177.63% , ¥yt
50%. Hifth 4 Fhoc R I RFEFREE AR, X ek
R MR R P E S R B —
FERERYE 4. BR As UGN, HoAth 55 4 & 0 34 E 35718
T GB15618—2018 A i 1% - Ath A FH Hh 75 326 {8 .
Zn Ni Fl Hg JIrA i o7 i & s/ NF i BE i .

®4 THRKEARITEpHMELESEMIR(n=152)

Tab.4 Description of pH and soil heavy metal content in downstream farmland area (n=152)

R e T lil/ EP{E/ﬁ %i’%{ﬁiiﬁ‘(ﬁiﬁ/ AEREH ﬁﬁ%@/ RBLHRAE L
(mgkg ") (mgkg ™) (mgkg ") (mgkg ") bR/ Y MR/ %

pH 4.11~6.73 4. 98 5.09+0. 47 0.09 — — —
Cu 18. 00~190. 00 34.00 37.03420. 96 0.57 46. 30 14. 47 7.89
Zn 22.50~145. 00 58. 05 59.02£17.75 0.30 89. 70 5.26 0.00
Cr 8.00~163. 00 79. 50 78.91+33.49 0.42 65. 20 61.84 2.63

0.2m Ni 5. 00~55. 00 29. 50 29.63+12.92 0.44 42.50 18.42 0.00
Pb 11. 30~94. 30 41.70 43.80413.74 0.31 40.60 51.32 2.63
Cd 0.01~2. 60 0.04 0.1040. 31 3.02 0.22 5.26 2.63
As 6.99~163. 00 55. 10 55.86+24. 18 0.43 18.40 96. 05 73.68
Hg 0.02~0. 32 0.09 0.09=+0. 04 0. 46 0.06 77.63 0.00
pH 4.13~7.37 5.07 5.2040. 64 0.12 — — —
Cu 18. 00~63. 00 35. 00 34.88410. 85 0.31 46. 30 13.16 1.32
7n 29. 70~159. 00 59. 35 63.41+£23.33 0.37 89. 70 7.89 0.00
Cr 21.00~165. 00 85. 50 84.03+33.51 0. 40 65. 20 64.47 1.32

0.5m Ni 9. 00~57.00 31.50 32.08413.38 0.42 42.50 28.95 0.00
Pb 17.30~128. 00 42.80 45.38414. 84 0.33 40. 60 57.89 1.32
Cd 0.01~0.18 0.04 0.05=£0. 04 0.77 0.22 0 0.00
As 3.86~178.00 58. 40 62.74+31.94 0.51 18.40 94. 74 76.32
Hg 0.02~0. 23 0.10 0.0940. 04 0.44 0.06 77.63 0.00

Bi 0. 2m Y Cd TG R RN 55 A8 S+ LASR , H
i 8 43 J& 76 0. 2m A1 0. 5m I FE 14 Sy v &5 5 B AR
51 Cd AT BE A2 BRI P A 25 B4 A ET b 36 3h
SEHMRHZE R RN, & E a8 R T R E0Y
KF0. 1, a0 SFpE 4 & HLHe B, /A ¥ )k 22,
AN TR) A5 A0 T 4 T i XA K, AR H X 4
sz N AEREAILYE PR 252 m (R FH B
2.2 SHEMER
2.2.1 HPHFI5 YR B 4

04 B i YR g (P) DL 2, P AR
0. 2m ¥ K : As(1.40) >Cu (0. 73) >Pb (0. 59) >
Cr(0.52) >Ni(0.48)>Cd (0. 31)>Zn (0. 29) >Hg
(0.07);7E0. 5Sm ¥RE H : As(1. 63)=>Cu(0. 66)>Pb
(0.59) =>Cr (0.54) >Ni (0.50) >Zn (0. 31) >Cd
(0.15)>Hg(0.09) . Hrr, As I M s YL 5
G, 1 H 152 B ff A 5. 26 96 B As BTG G
oAt H 4 Jm P T IO i5 Y G, fE R 2 AR
HUR TG — 8205 YK, U Zn  NiRIT Hg (18 fir A AR AR
AL T IC5 Ye sk -, Cr . Pb Fl Cd 1 A REASER AL T
-5 YK,

2.2.2 MBS AR BRI R

WFFE X 25 A AR 25515 et B A o347 UL
K3, g5 KM, T liea H X N 28 55 Yt e
0.31~6. 32 Z [a] , £ & JZ - AR JZ L 00F 2 (EH K
L4 A1 240 W2 BRI IBNEE 285715
B R, AT B — B S YOKE . W2 L
& 0@ P TS Y L SRR A RS Bk, B
INT TUA B BE V5 YR ) 0 bR X
2.3 TESEEEITLEMEN
2.3.1 EWSHT

i SPSS 25. 0 FX B 4 Jm 40 bh ik i i i
17 KMO £ 55 F1 Bartlett BROE £ 55, KMO 4 0. 654,
P A 0/NTF 0. 05, 2 B0 b e 52 H5 0 s 2 R T
SYMTELR™ . Gl KIESSHER: 5 , BB v 2 B
Ao -5 ARG 1R A 3 3 B 43 I 2 4 T 1105 U
HI 3 F s Bt 25miK8 79. 27 %, s FRE R
&GS EEEN T2 B TTIE 20
R O U2 i R 22 2 Ji 1) 28y 0l L% 5.

H— R (PCL) 55— R (PC2) FIsE = 3
B 4 (PC3) 1y 5 22 53 ik 5% 4 51 ok 38.714% .
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Fig.2 Single factor pollution index of soil heavy metals
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Fig.3 Spatial distribution of Nemerow comprehe
nsive pollution index of heavy metals in

surface and deep soil

23.366% F117.192% . — M BY 43 38 ey 43 A i 2K

fir (>0.75) &3k fa7 (0. 5~0. 75) Fg5 2k far (0. 3~
0.5)3 44 . £ PC1 1, Zn . Cr.Ni.Pb Fll As iy
TE R (58K, MR M 0. 843.0.913.,0. 844.,0. 477
0. 642, =, As Sy h 88487, Ph o 554800 . ILAh,
Pb &5 = F M B RO 0. 277, AIE AR T 25—
TS E 0 28, UL Ph 25— s A — &
WAL FRI M . Zn ., Cr NG 2 Ry 3 27, H 3 Fh
LB TGRS FEPC2H, CufilCd 1)
TEFATEEI MR 0. 870 F10. 968, Y M s 2k fif
UESE Cu A1 Cd BA R RG34, 76 PC3 H {UA &
4 )@ Hg IEZR A (E 42K, Ph i gk {55 K, i35 4
AR 0. 835 Al — 0. 658, 1 B Hg 11 Pb 4 2k I A
—F.

&5 APCS-MLR #&2Y 3 By 53 fi# K A 53 56 BE
Tab.5 Principal factor solution and component matrix of APCS-MLR model
PRI AT -7 TERE B AT~ 7 A TE J o3 4 R

Y it ity

i v 43 A > ) i ) s

Mt E/% /v i IgrE/% o Cu 7n Cr Ni Pb cd As Hg
PC1 3.525 44.064 44.064 3.097 38.714 38.714 0.426 0.843 0.913 0.844 0.477  —0.056 0.642 0.131
PC2 1.572 19.645 63.708 1.869 23.366 62.079 0.870 0.267 0.139 —0.009 0.277 0. 968 0.048  0.077
PC3 1.245 15.564 79.272 1.375 17.192 79.272 0.039 —0.185 0.098 0.399 —0.658 —0.066 —0.191 0.835

2.3.2 T APCS—MLR B 1 54 Ja IR AT
FEE AT SR T, R I APCS-MLR 571
XF - 4 JE R VR DTRR A T A AR L 6., Fr
E/O hy 5 4 J& () e Fb ST, B As o2kl
AT P R B (R M 0. 45140, KA E SR IC R R
YIRF 0.7, 50 M e 14 & o0 28 10 S0 4/ S50
E(E/O) 0 1, T2 3B 25 R ] 5
Cu.Zn.Cr.Ni.Pb #l As DA {5 1 B ok R h
F, B4 1 XX 6 Fl G ER 1 BT AR R4 R 62, 15%
88.30% . 94.00% . 91.67% . 70.23% Fi1 92.84%.
Cu.Zn,Cr Fl Ni 8 50K 75 YL P8 508 B s v R0 6
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Tab.6 Source apportionment results of APCS-MLR model for soil heavy metal pollution

=R 531/ % 18532/ % 18533/ % T L/ S BiE (E) SM{E(O) K
Cu 62.15 36. 80 1.05 1.00 35.95 35.95 0. 940
Zn 88. 30 8.11 3. 60 1.00 61.21 61.21 0. 816
Cr 94. 00 4.13 1.87 1.00 81.47 81.47 0.861
Ni 91.67 0.29 8.03 1.00 30. 86 30. 86 0.871
Pb 70.23 11.80 17.97 1.00 44.59 44.59 0.738
Cd 16. 10 80.42 3.49 1.00 0.07 0.07 0.944
As 92. 84 2.02 5. 14 1.00 59. 30 59. 30 0.451
Hg 44. 89 6. 50 48.61 1.00 0.09 0.09 0.721

A JE FE - 338 , b o Ak -3 As V5 AT it 2
UGB . BOsisr 1 220 FARTE S @ IR AT
FER TR AR

B4y 2 g2 Cd iy 3 2R IR, 57wk R 4 Bk
80.42% , Cd /& R (/) N\ WG TE 4| , & 2 fF £ 3
MR B Waptt. A& HP CARRF SR
glyrfe 25 A A SRR RS 55 A ST K A
K AEARAE I B KA Cd A 25 R4 Ak
JECKS- R3O i Cd A 3 rh B, O Cd 22842
Al i B .

BT 3 T Hg 1Y DTk Ee e i, 48, 61700, AR 4=
G5 e R RZ . BIFSY R I Hg ot R 2R IR
I AR pE ™ ket B rh Hg S AR R,
R, BRI R B A T AT S ] o 2] - 3
a0 i Hig 1Y 32 B IR

H 4 APCS-MLR A5 B335 45 21 K W] 15 G I3 %
HEEJRICE TR R 4, Hre R
BT 34 oy 1CA SRIE S E IR L R 1
BAEWR:70.02%) oy 24N IE Bh IR - 18. 76 %6) Uik
o3 3CEIER : 11. 22%0) , 43 Hr & R BRI Y X A4 H 4
HeEH SR Y2 NSRS MR .

18.76%

B4 13 APCS-MLR R &R FHRIKE
Fig.4 The average contribution rate of each source
was analyzed by soil APCS-MLR model
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TR . HoH 4R P Min R=0. 93, ft 3%
93% Rl 7 25 0] lZ BT iR R, KT R ER 1Y
f5e/IME (Min R>0. 8) ; i/ ]MEWE L Min Sig/Noise=
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ol A R B 07 , A BE & PR al K i 52 1 161 78 o5
RS L, 15 TS Y NI 1T RS SRR, A5 8K
FEER R R . EAE R AR T,
A A FHERR ) T Ui BB ARG As 15 4 =22 LU 0~
YEIZ A5 385 AV FH 32 75 Y ) 5536 /K A A 7 R 7P e
Rt ABNA I 3 T Pb A8 % shis Y 3

Bbp iz, B LAIR 1022 b T K M A 3 1 2
AW,

FETR 2 BRI, Cd s THA G %, 3%
BYR 2 F 8 Cd A TTmk. Cd 7285 2Bk, W
Cd e FEZ B ARG T, BRIt A, Ak
Wil oA S A E AR TR JUHRE Cd R R
L BEAE AN A I Cd 2 f i — 8 R 0. 18mg-
kg ' I H Cd 23 Bl 5 A AR BsF [] 385 Jon i 3 8 5 4 o
UL, AT HERTIR 2 AL 15 SR

TEVR 3 U5 433 b, Cu. Zn ., Cr M Ni & #1R
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Tab.7 Four source composition spectrum of soil

heavy metals

JLER 51 152 ] 54
Cu —0.001 0. 066 0.275 0.025
Zn 0. 189 0.072 0.191 —0.087
Cr 0. 146 0.130 0.275 0.161
Ni 0.032 2 0.124 0.258 0.434
Pb 0.291 0.0179 0.135 —0. 106
Cd —0.005 0.274 0.003 —0.007
As 0.351 —0.047 0.112 —0.044
Hg —0.003 29 0.154 —0.041 0.624

syl 0.631 0.109 1. 060 0.441

FITNI B 5 T e B Y sl AR BN I 1005 B Cr
Hh, Cu Zn FINI 5 i 5 15 S8 10 S AR BT
30% , 2 B IR TG Y8 BT R TG TS YK,
XFAAE Y A K S AR S IABE A KUK . PRt vl DA
Wi, Cu.Zn Cr FINi N 1% 2 E 27 [ SR BETR

FEVR A IR B D, A B T R T Hg 1Y & i
e , 36 2 T A 3SR TR, B 4 X He & 2t 32
SRR, KL, TR 4 9 & He i E 2RI, A
W Hg 3 22 RIS YL 52, 38 2R IR T KA T
B, Tl IR SR R DR BRI . BRI
R R AN Hg BEiltIE 2 — , T AR H X P g
A — AT, T A P DA 2Rk, H 242 v
AL, B R ZE TR AR, Bl R R
F R, 2 FECR e H X VG R 38 Hg e 3G 5 o
HCIR A Ak A R HE O .

WA & IR ITCR AR R otk an & 5 TR, L Pb
H1 As (IR SRR, HLA AL VR AL R A EL o], 2
B EATRRIRIS YY) . X As it 5 1A sTikicR,
17 65%0, U8 2 B DTRR IR 2, 1 35%0 3 X Ph et U 1/
IR, 15 56 %60, I 2 I BIMkIK 2, 5 43% . 7E Cd
VR STk U8 2 DTk R, o5 91%0. £E Cu.Zn .Cr
FIN IR ST R, I 3 4 4 R e R Y STk,
S e 63%,61% .62% F155%, P Cu. Zn.,
Cr A1 Ni i 5T ik ok P52 U8 3. U8 4 X} Hg i 5Tk 4
94 %6 , H2 ME— DTHER AR , HoAth >k U5 v] 2 B AT G 2
E6%).
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Fig.5 UNMIX model source analysis
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Fig.6 Contribution of each sampling point to differ-

ent pollution sources
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Fig.7 Distribution of four heavy metals in 0.2m and 0.5m
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