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Abstracts/To analyze the pollution characteristics and source apportionment of heavy metal pollution in soil of farmland surrounding the Gangue Heap of Coal Mine in
Nanchuan, Chonggqing, the Nemerow pollution index and Muller index were used. Meanwhile, to investigate the sources and contribution rate of heavy metals in the soil,
absolute principal component score-multiple linear regression receptor modeling ( APCS-MLR) and positive matrix factorization (PMF) were employed. The results showed
higher amounts of Cd, Hg, As, Pb, Cr, Cu, Ni, and Zn in the downstream area than those in the upstream area, and only Cu, Ni, and Zn showed significantly higher
amounts in the downstream area than those in upstream area (P <0.05). The comprehensive Nemerow pollution index was as follows: downstream area (1.22) > upstream
area (0.95), and the degree of heavy metal pollution was; Cd>Cu>Hg, As, Ph, Cr, Ni, and Zn. The Muller pollution index showed; Cd > As > Cu=Hg>Ni>Zn=Cr
>Pb. The pollution source analysis showed that Cu, Ni, and Zn were mainly affected by mining activities such as long-term accumulation of the gangue heap of coal mine,
with the contribution rates of APCS-MLR being 49. 8%, 94.5%, and 73.2%), respectively. Additionally, PMF contribution rates were 62.8%, 62.2%, and 63.1%,
respectively. Cd, Hg, and As were mainly affected by agricultural activities and transportation activities, with APCS-MLR contribution rates of 49. 8%, 94. 5%, and 73.2%
and PMF contribution rates of 62. 8%, 62.2%, and 63. 1%, respectively. Further, Pb and Cr were mainly affected by natural factors, with APCS-MLR contribution rates of
66.4% and 94.7% and PMF contribution rates of 42. 7% and 47. 7%, respectively. The results of source analysis were basically consistent hetween the APCS-MLR and PMF
receptor models.

Key words: gangue heap; soil; heavy metal; farmland; absolute principal component score-multiple linear regression receptor modeling ( APCS-MLR ) ; positive matrix

factorization( PMF)
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Table 1  Risk screening values and regional background values of agricultural soils/mg-kg~
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A pH< 5.5 5.5<pH< 6.5 6.5<pH< 7.5 pH>7.5 R
Cd 0.3 0.3 0.3 0.6 0.11
Hg 1.3 1.8 2.4 3.4 0.06
As 40 40 30 25 5
Pb 70 90 120 170 26
Cr 150 150 200 250 80
Cu 50 50 100 100 26
Ni 60 70 100 190 32
Zn 200 200 250 300 80
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Xt C; A TTRRR.

1.4.2  IEEH P50 (PMF) £

TS I P T 43 (PMF ) 45780 24 1 4 8
AR RN T SRR D T 0k 22 M0 SRR
ST 4 5 e TR A 1 S ) DR T Bk
2 mR(7) .

Xi,' = ; (gikfkj + eij) (7)
v, X WA AREAR T j R G R i O ) Al
BRI kA g, IRk X § AR
(s e, AR ZEHE.
PMF 5 358 b AN i /s — 3 i ik A7 R S A 3%
PR AW M X, PR L AAE R G FIF
2NN HAR R AL QM. s (8)

Xij - Zgikfkj ’
—— (8)

[ oy =
n

0 =
u;

j=1 i=1

HEERTRMT ST MDL i, w5740

(10) :
u; = ./(RSD x X;)* + MDL? (10)

A, w WA R R R A E
PER/IN; RSD W EE 4@ &% it (A X FR AR 25 ; MDL
KR, Cd, Hg, As, Pb, Cr, Cu, Ni fil Zn
Kt BR 43 %14 0.01, 0.002, 2.0, 2.0, 3.0, 1.2,
1.5 f12.0 mg-kg ™.
1.5 Hdmaba

BARG i Excel 2013 52, MHEME B .
BT 53 BT (PCA) Rl 28 %t P +-15 432 Ju 2 M [l 1
(APCS-MLR) 1 SPSS 24. 0 52 i, 1F & i (% K 1 7>
fi(PMF) i EPA PMF 5.0 52 1, 56345 ff th

ArcGIS 10.2 7818, | .--' ;
2 GRS ﬁzfu
2.1 IS R AR O 4

F5E 1Kot HE pH i ol 780 42 I Jk B0 4
e 2 R ORI IETX L4 pH 34 (8 43 3
5.5 6. 3, IR %R (P >0.05); LK
4 8 TR B R T T et
Ni Fl Zn S AFIE W E 22 5% (P <0.05). 5 L3

FUREM G, b KR RO X 8 i 4 JE

AR T S, Hod b X e AR R B
Cd >Hg=As>Cu>Cr>Zn>Ph>Ni; FIFX+E
AR B R . Cd > Cu > Hg > As > Ni > Zn > Cr
>Pb, YA WFSE X 3 Cd, Cu, Hg Fil As 2FFE
B X

AT RZE(CV) RE B _LiEX Cd Fl Cr A8 5
FEWE ST R AL, Hofth 6 WiH 4R ¥R K b
Ui DX AR S R BT N IX, Ul B R R X - 32 B
RIS B ) TR 4 BRAR S RAECK /NG Ry 55 8
(CV<15%) , H4A3 % (15% <CV <36% ) Ml
F(CV=36% )ik 3 AR 7. Hid 1 X 4 e
Hg. Pb, Cr fil Cu R AEGAE 5 (CV <15% ), T iif
X+ 4 Ph Fl Cr RICHFHEF (CV <15% ) ; H
45 Jm P R AR S (15% < CV <36% ) , Uit
HLEAR I Pb Fl Cr 32 NS Bl 52 e A /.

FIH AcrGIS 10.2 S B 85 In AU fH (1IDW) 43
Br, T3 G JE & s A A i 2 s, bR G &5
(] 3 A oW W AL AN FOA 7 00 4 e T = Y
TR TUFIX T X, FUEAT L AR K 37 ] i
100 m i B P 398 o 43 I & s AR A, U DI REAT
LLFRFR K BT 7 b 36 A2 AR F R X R U XA —
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Table 2 Statistical characteristics of heavy metal concentrations in soil
X 35k gt pH cd Hg As Pb Cr Cu Ni Zn
H/IME 4.4 0.21 0.13 9. 44 26. 4 91.0 44.8 24.4 81.2
FiEX 4 EOKE 7.8 0. 54 0.19 17. 4 37.7 141 75.7 52.3 159
(n=16) FYE 5.5a 0.34a 0.15a 12.5a 31.5a 120a 56.5a 35.7a 97.3a
5 5 R AL 20.3 32.3 12.3 20.0 10.0 14.1 14.1 22.3 20.3
/M 4.5 0.31 0.10 9.17 28.8 97.0 44.4 38.0 90. 1
Fex e ROl 8.0 0. 86 0.32 23.3 43.8 137 112 86.7 189
(n=16) FEHIE 6.3a 0. 49b 0.18a 14. 6a 34.3a 122.3a 83.1b 67.4b 147b
5 5 AL 20.9 30.7 31.7 31.8 13.0 9.8 23.2 22.3 20.1

D) RN FREFORIAE B2 5 (P <0.05) 5 pH T4, HARBUE B mg - kg ', 255 R BN N %

A0
2.2 BERFARUKEEE &R & R ARIE
9T XA A FIBUK YUK E £ 8 & B 5T 4
RO AR 3 Ak 4. BT pH BB R 5.8, 8 Wi
SEIE SR I/NEM K. Cr>Zn > Cu > Ni >Pb >
As >Cd > Hg. 7K# pH ¥{E K 2.9, Hg AR K H
by 7 35 5 4 SR A (E S K /NR IR . Zn > Ni€u >
Cr>Pb > Cd > As. 55 (MK PR 5T T E AR i) (GB
3838-2002) ML, ACkE pH (EANTE 6 ~9 (945 IfE -
TR, ﬁi)imf%%ﬂwﬁum%%ﬁ%d@ L
S R R T 7 0 S e Wi
ik A pH (ETRAT. 76 2. 46 ~ 2. 82 2 [l 25 A Tfi5c
&R —H EJEiTﬂ‘H%E’JI%HETF“FWfMﬁ
fET 807 Ve P 2 2 B B K, '?IHHE&EH

=)

INFEHBRART R T, & S B K AR E SR &=
Frin, RO R 0 B 4 e 2 RE 7 = it ) 1
PR X KRR AT Zn . Cu AT Ni 75
PRI A v 4 W 0 4 SR AR — 3 Eh?ﬁﬁﬁ”ilikﬁ
Ll J i R 48 SEHE AR Bt E’Fﬁﬁbkf‘%ﬁ/ﬁiT
0.8 hm® AYBLKIG. Ak, #Em 7M$EPE%J§/§EEZ
SR AR E’ﬂrﬁl T = i 35 R 7J<ﬁt{l;7kﬁ

WK, %iﬁtﬂﬂ%ﬁﬂﬁsﬁ«@ B%CL_Jiﬂﬁ%%ﬁmﬁ ﬁ»ﬂﬁ
T, VAR % B Eéaﬂwﬂﬁfﬁﬁi 7kbutlﬂé’j’7k
AT eNE | g %UHEJJ:%‘HE /~tﬂ7k%ﬂﬁ(;’é/&ff.
@{W%ﬁif;@@%aﬁ% 0890 sl A S 1
TWrIX A4 &@ﬁié)ﬁf@{ﬁé‘%i@@ﬂihﬁt,ﬁ
RT3 AR Zn . Ni R Cu 75 1 AR 6 2 85 T T

B A Co NG Zn R TR 5 L

1 Fe . Ma. G, Zn %45, Fihﬁﬁ%ﬁ@iu

$£,MWFK1E§7K1ZIK pHUS 2 ab A7 B 53, 6T

HHEE T Ui X G R A R S AT L A

B

®3 HENAHERESESEHITER

Table 3 Statistical characteristics of heavy metal concentrations in gangue

X 35§ gt pH cd Hg As Pb Cr Cu Ni Zn
e/ ME 5.3 0.19 0.308 11.3 40.4 112 68.0 30. 1 89.6
WEILEEA BORE 6.3 0.36 0. 438 13.7 47.9 153 72.0 38.4 107
(n=3) FHIE 5.8 0.26 0. 368 12.9 43.4 135 70.2 35.5 101
A5 5 AL 8.0 33.2 17.9 10.6 9.1 15.6 2.9 13.1 8.1
1) pH T, HARBE i img - kg 1 AR 5 RN N %
*4 BkFIABHESESESRITERY
Table 4  Statistical characteristics of heavy metal concentrations in water
[X 35, it pH Cd Hg As Pb Cr Cu Ni Zn
Fe/IME 2.8 3.4x10°* ND 8.2x107* 3.4x107° 2.1x107% 4.1x1072 0.12 0.31
BUKBUkEE  EBOKE 2.9 1.5x1073 ND L1x107% 6.6x1073 2.5x107% 7.7x1072 0.20 0.36
(n=3) FHIE 2.9 9.3x10°* ND 9.1x107* 5.5x107% 2.3x1072 6.1x1072 0.17 0.34
5 R 2.0 63.2 ND 14.6 33.1 9.2 29.9 24.3 8.1

1)ND FREHH , pH JTCEA, HiAy

2.3 HEFELSEIGYITN
2.3.1 WP IEHL

G R BOE PR T, 0 X 1 S o 4 e 25
B YR P YIE M 0. 95 TP B L, FiFIX

B mg - L1 AR BB %

TIEE SRS TSR P W 1. 22,3 N
Bigge. £EERITEITEM AR E 3 s, Hi b
iE X -4 Cd Al Cu N EBI5 YY), Cd RINFRE TS
Pe(2<P,<3,56.3%),%Mi5%(1 <P, <2,5
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Fig. 2 Spatial distributions of heavy metal content in soil
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e 43.7% ), Ji55 (P, <1, 5 50.0% ) ; Cu £
MG (1 <P, <2, 56.3% ), KI5 4 (P, <
1,510 43.7% ) 5 HoAlh 6 3 5 43 J@ S 37A Sy e v g
(P,<1); FU#X +3E Cd il Cu N FEEI5YY) R E
Y2 <P, <3, ¥ 12.5% ), BiMi5 Y (1 < P,
<2, /0915 H 56. 2% F150. 0% ) , Bi5Ye (P, <1,%
ST b 31.3% F137. 5% ) 5 HoAth 6 T8 4 )& B 1EAN
RIIEG (P <1). & b A5 IX e 4 @ 15 e 3k
A :.Cd > Cu>Hg, As, Pb, Cr, Ni fll Zn, X375
YRREE R . TUEX > FUFIX. B, B insExt cd
H Cu (75 4L BIA.
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léflg. 3 Statistical results of single-factor pollution in soil

2.3.2 M EBREGE

H R PR EOEIPAN S5 R AR 4 s, BYFIX
5 cd ERGQEE T R (1 <1, <2,
g R 56.3% ) MR EEIS (0 <1, <1, diLH
43.8% ) ; HUkE As Al He, PP w5 g (1<,
<2, HHA R 31. 2% F125. 0% ) R JE 159 (0 <
1., <1, 0H5M5% 68. 8% F175.0% ) 5 FHAZE Cu,
PPN REG Y (0T, <1, 5 100% ) 5 e
J& Cr, Ni, Zn #1 Pb, PPN AR S (0<1,, <1,
N 56.2% , 12.5% . 6.2% F16.2% ). T i
X A3 Cd BTG et PN AP RS Y (2 <1,
<3, 5 12.5%) WP Is g (1 <1, <2, di b
68.8% ) RS Y (0<I,, <1, 18.7% ) ; Hik
J& Cu, Hg A As , PEN MR PG gL (1<1,,, <2, 53
b 62.5% ., 37.5% F137.5% ) ], R E Y (0<1,,
<1, 5 37.5% ., 62.5% F162.5% ) 3 f)ri St
Ni, Zn, Cr #1 Pb, {0 RREETGYL(0<T,,, <1,53 51
i 87.5% ., 81.2% . 31.2% M1 18.8% ). & b, Bf

FEX R RS RARE RN . Cd > As > Cu
=Hg>Ni>Zn=Cr>Pb. X BFRELAK. T
WX > LIiEIX.

BRI T Hg As, Ni Fll Zn #9075
Yo AR KU T e 8, (H 48 ot SRR EOTAN 2 R
B 2R UL 32 3 — % AR i shaZ e, N AinsR Hg
As Ni il Zn 19 53 AW W, 43 B #a 3528 A
A M IO e R . AN, B Cu, Ni Fll Zn
15 Y SRR AR T R U X, AT IR 5 AT LU o
FERBRUKA O U AR HEIA | B 14200 R Ui
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Fig. 4 Statistical results of Muller index in soil

2.3.3 HHEESE S BT

FHOCHE ST M e S e+ 18 B 4 o0 38 22 0] I
B, T4 2 - 605 Yo R e pr g SR AN S
Jiiw, L3 He A As fEAE W 2 IEAH GG R (r =
0.731, P <0.01), W] B A7 76 AH [F) 5l A AL 75 G U5
Cu, Ni fl Zn Z [AIfF4E B 3 IEAH G R, W BEAE1E
AR IR AL Y5 YL V8 (r 7E 0. 808 ~0.907 Z[a], P <
0.01); Cd 5 Hg. As. Cu, Ni, Zn #7712 1EM
KKFR UL Cd AT RESZ PN K LA 15 G Y5 ) 5
Cr Fll Pb FETE R E MK R (r =0. 445, P <0.05),
A AR LEAR [ sl AR AL T L U5
2.4 HIEESERIEAT
2.4.1 4 X AT 15 5r-2 Ju 2% 19 5 35 (APCS-
MLR)

2 P5 KMO ( Kaiser-Meyer-Olkin ) 4 11 {5 Fl
Bartlett's BRI K3, 45 54351 - 0. 649 F10. 001, 3=
BT — 25 XA T 32 B0 A BT 45 G M G o Bt



4 1 TS . BT APCS-MLR 1 PMF A58 B AT 1L 8 0 8 1 338 o 4 8 75 YA B U i A 2199

ghEOL R N TECR 3, — B R 6 i 43 i
7 ( >0.75) . AT (0.5 ~0.75) IS 7 (0. 3
~0.5) X 3 AR BRI 6, /i =T B
o7 Lk 85. 5%, S — FE R 15 o 43. 2%, FEE S
JRICESE Cu, Ni M Zn, o0 %K 7 22 e KIE e 5% 5
(56 — 32 7 1E B fp R 55000 31 R 0.936 . 0. 962 FlI
0. 946 , BAsg A far. 55 — E R F iRl 27. 5%, B2
Fi 4 JBICEE Cd. Hg Fl As, JTCE 7 2% 5 KIF e
IS — N FIE U RT3 0. 637, 0.918

F10. 882, Hirfr Hg Fll As S5 77, Cd 45 6 1,
Ak Cd 55— FEHFIEffar ZRECH 0. 597, BT 46
TERETFIER AT RE, U Cd 25 RN
—ERWFILFE . 5= FEW TR 19. 7%, 3%
HEEJRICEIE Pb Ml Cr, JGER I 2 5 KIE S HER; i
P& = 3 R 1 B faf R 2053 51 R 0. 795 1 0. 907,
Pb il Cr ¥ A58 7 faf. A1 Ph 25 —PH 1 1E 6 faf R 4K
0.331, RN A 55 T far, UL 5% — A - X Pb A

P B
—FE .

®5 TEESEASEXESFERY

Table 5  Correlation between the heavy metals in soil

Cd Hg As Cr Cu Ni Zn
cd 1
Hg 0.527" 1
As 0.487" 0.731" 1
Ph 0. 250 0.297 0.445 1
Cr 0. 082 0. 002 0. 240 0.508 ™ 1 | e il 51
Cu 0.411" ~0.051 -0.139  0.106 0. 156 1 =7 &
Ni 0.575* 0.152 0.069 * 0.213 0. 050 =0. 885 ** 1
Zn 0. 637 ** 0. 166 0.108 4" 0.005 ~0.088 | . 0.808 "% 0.907 S #T°

- —

1) * FRBEAMLEIE P <0.05, =+ FR B EHEME P <0701
A6 ERTHMBEER

= Table 6 Mfluence factors of the principal, factots X

-

o T4 wnrannd)/ @ 2

— B LERT

‘ HoENT BRSO ER R
e/ 0. 597 0.637 | /A 0.0460"
“ Hg 0.046 0.08 |/ [' o 0107
7 /1 | 0046 o.882 4 (0276
| Pb 3 0.071 0.331 P75
ey ™ 0.016 -0.034 0. 907"
Gl 0. 936 -0. 164 0.145
Ni 0. 962 0. 098 0. 087
In 0. 946 0. 166 -0.127

FIFH 4 X6 745 43-22 o6 26 1 18] 9 3 (APCS-
MLR) Z3Hrgs 75 ,Cd, Hg, As, Pb, Cr, Cu, Ni
M Zn PIEE R 4358 0.77, 0.85, 0.85, 0.75,
0.83.0.92,0.94 F10.93. 8 WiESERBIUSE R 1
1E0.75 DA I

IR e 4 R R IR K SRR, S5 SR s 5
Jfizs. Cu, Ni fll Zn FEEZ 5 — EH T30, rpk%
YRR 75. 2%, 83.9% F176. 3% , H WG FK W, KERT
ARKIIHEATE , 7 ASREAE N R AWM (48 D
TRERERIE AT 2, 25 A A T K5 a0 , o A
K KEE Cu, Ni Ml Zn S REBERm S X—HNEA
K AR AT P A 45 R, T Bt FHEAKOR 1, S R
IKYUK I LB, R AZ | i 1 Hh RAR TRk
SN R, R P AETE I BUK ST K BEREA T
M3 4 P A o N, S5 A T R IX 4
i Cu, Ni il Zn B3 & F LIEX, H Cu, Ni fil Zn
Z AR B IE M SR &R, Ui Cu, Ni Al Zn f77E

(7] — 15 L R B, AT Sy — 2 PR 3 S MR, 1 e

Cd., Hg Fil As F 28— W T, STk
S331% 49, 8% 9. 5% F173. 2% BUKSUTIK BEC
Al As & HE AR Hg AATH | B EIEX Cd, Hg Fl As
TS PRI R E 2 S UL
FIHAE BB Z AT LA R2 . A FoT 2 K30
JEAL 2 S8+ Cd, Hg, As, Pb, Cr B4R
N S D RS Iy ST S o <3 1Y 8 o 1 o o
it FA B AR A RUIE. R AR A 12 a K RE A
MRS T A, L E S B K R KN R,
Hg (225%) > Cd (128%) > Pb (112%) > As
(109% ) , Ho B0 A 2 BE AR 0 R 2Lk, W & A
4 B A G e ) 5, WK I A 4 R T
s BRI P AL iZ AR 2010 4F
P57, FERAE 30 4R B M L A2 AhE S vy
M F [ T I % 3 B ) 2 A0l Tl i i ad iR
WS AEAE RIS Fd R SR IGO0, A DF R R, 3838
T3l A AR S R T B IR R, WS X
2Pk - 18 T 4 T R UR AR AT 2 B P R Cd V5 G
PASC S N 3 STBRR 5 3R 52. 4%, 50.7% .
PRI, TSR — T IRA TR, Cd . Hg F1 As 15 4
27 il M AR M A5 T Sl R g SR L T RS K
SFEACIH YR FZ .

Ph Al Cr 255 = F T30, 5Tk %455
4 66. 4% F1 94. 7% . WH5E X Pb Fl Cr 25 [6] 5347 3 TC
B G A, FLAR S RO, o BBUR BOEM 15 e
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HAh , THAEE S APCS-MLR #5550 % BEBF5Y
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il 6 Wi 4 R IR AT A AP E — e 257, X e
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2 4? ;zramﬁm%ﬁﬁ%mvm :"4.4 -

JRUFEPA PMF 5.0 BRI XHBFSE T 4 8, i

G TR IAT A BB T, YE PRI TR 3 ~7 AT %
PRI 20 Y, 46 2 TFAE X T REIRURGM A3 ., B2
WE 4 N FEL B BRI TS RAES 10 Ik
BelE, Qroua 1 QMBI R 115.0, 58 20 Hr & 1
IR REAFR ZEITE -3 ~3 Z[a], UL WA I 4 5L H
H—EN 5. Cd, Hg. As, Pb, Cr, Cu, Ni #l Zn
PIATE R 4009 0.99, 0.90, 0.83, 0.63, 0.87,
0.93 ., 0.98 F110.88. & Pb #h, Hifth 7 Wi & 4 )@ &
B R ¥97E0.8 LU L.

I FHE S H6 B R 43 i 2 ( PMIF) TH580 4% 1 38
AR KR KX TTERR, 5 R WA 6 Frs. PMF #i7
K1 ™ Cu., Ni Fl Zn STRRFA 5, 5390 38.3%
55.5% f142.6% ; 72 th Pb Ml Cr STHRR A,
SR 42.7% 1 47.7% . A 1 FIEF 2 5905
APCS-MLR A5 — F 7 fsE = N 7451 —
. I, HEE PMF BRI R 7 1 32 B S2 AT L

(FRoMR R 2 SR A7 R TSR AR .

K73 Cd, Hg Fl As BTk R & &, 209k
38.3%. 55.5% F1 42. 6%, 5 APCS-MLR #7125 —
FHFLER—5, (0 PMF ##14E APCS-MLR #E#1

— PG R 4. i 6 Fias, R 4 Rk FER
T, 8Kl Pb, Cd. Cr. Cu Hl Zn B9 TTHR AR X425
3510 30. 7% . 38.4% , 20.7% . 21.5% Fl 11. 3% .
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FJE Ph. B P PSR X M 4 i BRI X £
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73.5% . 456 WIEE (3R 3) A Cr, Cu
M Zn S imm THADE S BT R 7L bRz st 7%
HRAEAE I A TR N4 2 S A 0 FT R T - 5 S
Yo WO R T 4 3207 5 R 12 AT A TR R ).
i T APCS-MLR AR H U0t Cd, Hg Fl As 15 %%
F B2 AL SR 1 S e Ay S R T R E
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Fig. 6 Source contribution ratios of heavy metals

in soil based on PMF receptor model

2.4.3 Wi R IR AT A R LA

MG B R KA, AMEETURR Ph A1, HoAfth 7 3
HEBPAE R ¥KT 0.8, H PMF 88 Cd, Hg,
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