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Abstract; Taking a typical lead-zinc mining area in Yangshuo county, Guangxi as the research object, the contents of 10 metal elements ( Cr, Mn, Ni, Cu, Zn, As, Cd, Sh,
Hg, and Pb) in the surface soil of Sidihe River basin in Yangshuo were analyzed and determined. Pearson correlation analysis, principal component analysis (PCA) , positive
definite matrix factorization (PMF), and other methods were comprehensively used to quantitatively analyze their contributions and identify pollution sources. In total, 168
surface soil samples were collected across the study area. The mean concentrations of Zn, Cd, Hg, and Pb in the soils were higher than the National Environmental Quality
Standards for Soils in China. The mean contents of Sh, Cd, Cu, Pb, and Zn were higher than their corresponding local background values by approximately 1. 01, 5. 50,

3.29,9.11, and 10. 67 times, respectively, indicating that heavy metals have been enriched in topsoil. The I showed that the major pollutant element in the soils was Hg,

followed by Pb, Zn, and Mn. Correlation analysis and principal component analysis showed that the sources 0? metal pollution in surface soil in the study area were complex
and mainly from human activities. Cu, Zn, Cd, Sh, As, and Pb were mainly derived from mining activities; Hg, Cr, and Ni were controlled by soil parent material sources;
and Mn and Cd were mainly derived from mining activities and agricultural activities. PMF model analysis results showed that the metal pollution sources in the surface soil
were jointly affected by these three sources. Mining activities, natural sources, and a mixed source of mining activities and agricultural activities were the main sources of heavy
metal pollution in the soils, accounting for 58. 0%, 13. 5%, and 28. 6% of the total heavy metal accumulation, respectively. Ni, Cu, Zn, As, Sh, Hg, and Pb were derived
mainly from mining activities. Cr, Ni, and Hg were mainly attributed to natural sources, such as soil parent materials and rainfall erosion (44.6%, 23.2%, and 21.0%,
respectively) , and Mn and Cd were associated with a mixed source of mining activities and agricultural activities (75.4% and 70.4% ).

Key words: lead-zinc mine; heavy metal in soil; spatial distribution; source apportionment; positive matrix factorization ( PMF)
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Fig. 1 Location of soil sampling sites in study area
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Table 1  Statistics of heavy metal content of the study area

WH Cr Mn Ni Cu Zn As cd Sh Hg Pb
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Fig. 2 Heavy metal concentrations in soil by different depths
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Fig. 3 Spatial distribution of heavy metal concentrations in the soils
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Cr, Ni, Cu. Zn. As, Cd 1 Sb WJBEMBrifER A
k[ 23], Hg, Mn Al Pb ATV 58795 5L {5 T4
PRUEPS PN EERILF 2. 1t BEFRECL (1,.,) K
Cr BT IV YARES (1, <O) ,Ni BR T#E V-4 (A
1) AU RBU(L,, =0.06) IR REIG YIS, Hofth
ST I YORES ;) As Ab T8 15 YR SRR 5
A7 L 11, 25% , Hofh 3 4k T J6 75 Je k4 Sb 4bF 6
V5 YOIRZSAE G L 81.25% 5 Cu AT ICT5 YR Ak
dn i EE R 29.38%, % B 5 YL R AR A R
32.50% AbF H R TG YR ASRES S R 21.88%
Cd &b FTei5 g | 2 B T Yo A b B s Gk AFE 5
FEA35 W 46. 88% . 11. 88% Fl 11.88%, I HEVh iz -
RIS YRS 5 R 19, 38% 5 Mn ANTF V5 | %

JE T Y A ep B GRS HRE a7 LA R 16.25%
29.38% Fl 32.50%, " B B 5 QR A 7 Lol
16. 88% ; Zn Wb THREE IS YL 5 Ry 31. 88%, 1 & I5
YR rp B BT Y o AR 12, 50% F118. 13%,
o BT R R A B TS YIRS o L4351k 16. 25%
F11.25% W FETG YR A7 LR 2.5% 5 Pb 15 44
P 25 R, A F T is JeRAs A He ok 6. 88%,
IR P VS YR ZS 5 H 30, 00% , BTG GURAS |5 el
15. 00% , " g -5 BE V5 e R85 Lt 18.75%, 1 JiE
TG YRS A7 E R 6. 25% , iR FE B BE V5 YRS o He oy
11. 88% , W JE V5 YRAS i oM 11.25% . 1 He 7245
A R A R S YRS
90. 63% , fm BTG YRS H R 2. 50% . 384k T 5T
X 44 Cr, Ni, As F1Sb 4 Ttk (1, <0) ,Cu
Al Cd b T2 V5 YORES (0 <1, <1) , Mo AT Zn 4b
T s gk (1 <10, <2)  Hg Al Ph Ry of
JE-RRE I YR A2 < 1, <3). zli%%p%%’%ﬁﬁ
ONFE S VU P R B 7 DT A M 4
E{%%%%ﬂ%ﬂi‘—‘ﬁmﬂzg] 4 )

o
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p ey %2 BRR LBABERBRRIEN (1)) FRER

F J # i ¥ J ¥ o
| Table 2 Evaluation resuls jof jthi geo.-a'(';..cumulalion index of heavy métals in soil offthe ‘study area

?%E/cm Cr‘.lf J 0 Mn Ni"ll "l-_ Cu

€ & isb He Ph

As  f 7 .

5] 221145034 0.62~2.46 -2.64~ ~0.1550.94 ~2:80" 0.19~4.48
T 22,55+ -0.48.50.61 ~2.26 2.6~ Lo L118~3.49  0.15-4167
207 22124 -0.34[-0.5822.40 -2.65~ -0.15/-1.36~3.85 -0.41 ~5.09
30 —'2.}(_)““0'. 131-0.35~3.63 -2.67 ~ —0.49 —1.47@2.71"';mo.4-z‘55.22
20 " 023~ -0189-016~3.65 -270~-0.26 ~1.48~2.64 ~0.48~5.34
60 [3.00~-0.36 -0.46~3.30 -2.64~-0.88 -1.17~3.52 -0.38 ~4.92
~2.75~0.06 -1.24~2.35 -0.44~5.13

80 -2.37~-0.37 -0.14~3.29

43701601155 ~3.70 ~4.43~1.38 1.80~3.03 0.07 -669
~2.66~0.45" 1583 ~3.49 —4.44~2.51 2.08~3.98 0.12~7.43
~3.27-0.64 -1.66~3.75 -444~2.84 1.95~3.00 ~0.64~7.60
~4.09~0.24 -1.67~4.77 -450~1.68 1.80~2.87 -0.75~5.38
-2.62~0.24 -1.66~5.48 -4.46~1.49 1.79~2.90 -0.67 ~5.35
-2.61~0.57 -1.62~3.64 -443~2.91 1.79~2.9%4 -0.48~7.42
~2.83~0.51 -1.60~5.12 -4.46~0.76 1.96~2.94 —0.85~5.17

¥ (E -1.09 1.13 -1.91 0.67

-0.79 0. 66 -2.05 2.48 2.18

2.4 BIEES R
2.4.1 HYEE SRS 0T

4 A SR A S E T rT LA 3 4 R ok
IR AT A B9 R WIK A 8] — 75 e I 09 4 s
Z IR SRR R AR 58 R 2 o G i i
SPSS 19 X [X N - 458 T 4> J@ 168 > SRAF 55 114 S0 44
P A TR AT, A3 BT 2 R WL 3.

M3 Al LIF Y, Cu, Zn, Pb F1 Sh Z[A]AYAH
KMEREIIRT 0.6, 5 As Fl Cd Z 8]0 47 38 K
ARPE RS, X £ R 0.01 7K (U i 52 22 A8
5, Gk B AR MR IS R BT AT A Y
W52 X - S 73 B 25 R — 3k, SRS SE T 4 Ja
T ELAT AR AR B R U B BR AL 22 AT (R AT RS
45 UL LR 428 Z M AAAEAR R DR IR, Cr 5 1
RILMTE R M, HS Cu, Zn, Sb fl Pb Z
[BIAH & 2B k8] - 0.414, —0.464, —0.423

Fl—0. 384 FRUIATT A7 A6 AR [F] ok 5 1) AT REPERL /)N,
BAETEE —EMHEEBEMSY; Cr 5 Hg, Ni 5 Hg
Fl Cr 5 Ni Z [AIAHOCPE R 2053510 0. 383 | 0. 396
F10.411, H X B 0.01 /KRN B 52405,
T T Z R AE R R TR U T R, B &2 Aok
JRAYRTRENE ; Mo 5 Cd Z M A S R B0CH 0. 423,
FEU LW 22 (A AE AR [R5 T R .

I A A BT 3 A R IR AT i —
HBARHT. AT BT R 2 e ST SPSS 19 4y
Brog . ER A HTET, e T KMO F1 Bartlett BRAAK
K56, 758 KMO 65 247 0. 720 >0. 7, H. Bartlett £k
KR P =0 <0. 05, FRBHEIEE A £ 04T
PEECE] 3 A RS, 7T 3 AN LA 1 B 25 TARR
H77.296% , H 3 A F RO HAFIEE (4. 409 | 1. 818
F1.502) ¥RTF 1, o] LA 2 JR 4h Bds i) 4 R8s
B BT R LR 4.
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Table 3 Pearson correlation coefficient of soil heavy metals

Cr Mn Ni Cu As Cd Sh Hg Pb
Cr 1
Mn 0. 031 1
Ni 0.411™ 0.137 1
Cu -0.414™ -0.073 -0.231 1
Zn -0.464 " 0. 147 -0.260 " 0.765™
As 0. 111 0.107 -0.083 0.554 ™ 0.459 ™" 1
Cd -0.356" 0.423*  -0.200" 0.411™ 0.848 ™" 0.258 ** 1
Sbh -0.423™  -0.122 -0.238* 0.911™ 0. 689 ** 0.510 ™ 0.355™ 1
Hg 0.383* -0.069 0.396 ™ 0.070 -0.011 0.313* -0.084 0.034 1
Pb -0.384* -0.147 -0.198" 0.917 ™ 0. 662 ™" 0.442 0.308 ** 0.903 ** 0. 035 1

1) ™ FIRTE 0. 01 AT (U)W, * FIRTE 0. 05 AU I 2 AH

— F 5T (PCL) TTHR 3 (44. 093 % ) i 5
THAb F 84>, Hp Cu, Zn, Cd., Sb #il Pb 7E A
T 1 FEHABSMIERA, L E TR W Z 2
0.01 7kﬂ?(%ﬂ1ﬂﬂ)ﬁ%'féﬁ$ﬁﬂ‘é,%%ﬂﬂv 0.935 .
0.898 . 0.634 . 0.904 F1 0. 876. Cu. Cd Al
Pb E@@iﬂ?i’%{ﬁﬁﬁﬁﬁ?ﬁi%%%ﬁ E#/\
B 0.96 ~2. 11, F WX 26 E 2T 828 T A

R B SCHR[ 25,28 ,32 33],5-j:%ﬂ%$7,<ﬂ_d

iR kﬁ(ﬁzﬁm‘i&%i J& 5 Y #ﬁ,ﬁm ,J‘a',?/
ﬂrjl:liqaz%iﬁ(@%}%ﬁ ) JePbyy Zn Cud Gd
Rl As I%iﬂé/ﬁpb}?ﬂ/ﬁ%mﬁﬁfﬁ%ﬂﬂfﬁiE’J

K e 7K ORI i . %Tiﬁiiw?%ﬁﬁyfﬁ%“%lf.

AR I3, g2k AR Cd, Cu Al Mn A Jk KA
2 D 3 A R o i St L) M LT B A R
TE B E A e S Ol R e A
TR MR T 5 3.
9 AN (PC2) b Hg AT Cr ELAT B0 1 1IF 2%
TF, 43504 0. 830 F10. 622, Ni [ZR1 4 0. 582, HAS
SEREC N 0.26, 0.33 F10.58. As 2 g7t ik
F|70.546, H7E PC1 A 0. 559 (3 (PC1 >
PC2) ,PC1 X} As B DTk ZEME KT PC2,As 5 Sb £
PO R A BR A A C R 5Y BA B ALY
WERL2EAT N R Z A R S T 4 iy
BN R, Cr, As F1 Ni & 5 248 A i X s+
Bl s, RUIZ ARE Z R mE K. AR R Y
N1 %n Cr SRR RA H VR LR Cr
FIE BN | S ORI 7 B A
= Hg A FEAR SR R 04 AR 9T 5 G 4 RN R
AR R YRR X 4P Ni AT Cr ok T
BRI R — 2. PR OB 57— 32 i 43 I Ry -
B IR AR R 0% 15 PR T
=M (PC3) 1 Mn AT Cd 7R = 4
(PC3) I B A %5 1 1E 247 (0. 878 F1 0. 645). Mn
Z WV A WAL 4y, BLAE A UORETR B 3 A

BRI A, T Mn EEOR [T LT L
3l Cd WH MR TR W4 5, 76 PCL L [A]
BT 0 IE 3477 (0. 634) , PC3 X Cd 5Tk K
T PCL, 5 26M] Cd| 3 i 77 16 T L RE Rl o, —
RERT ELE oA et 30 1 st o6 % TR, PC3 T

R T Bl I SR ey e
/w4 rmEEEERsNHEE © 4
Table 4 M;ln'x analysis of heavy metals in“soils
. J F )
‘ J pCl PC2 . PC3 4
Cr 7 ! 20542 0. 622 0.101 &
Mn a1 “0.026  -0.040  *.0.878/"
Ni Y 0. 365 0.582 0.216
Cu A 0.935 0.170  -0.166
Zn 0.898  -0.035 0.289
As 0.559 0.546 0. 109
cd 0.634  -0.180 0. 645
Sh 0. 904 0. 140 -0.240
He -0. 034 0. 830 0. 022
Pb 0. 876 0. 153 -0.280
WA FHAEAE 4. 409 1.818 1.502
T3 2% STHRE/ % 44.093 18. 179 15. 024
Fit 77 2 5T/ % 44. 093 62.272 77.296

2.4.2 BT PMF #ERY () 0 U5 f At

Sk it — 25 5 M DX P i ek A 3 R 4 R R U
SR FH IE 28 6 PH] - 43 i B 8 ( PMF) % Cr, Min, Ni,
Cu. Zn. As. Cd. Sb, Hg 1 Pb %5 10 PNTE HATIR
b, W5 5250 B s S A EPA PMF 5.0 80 AR 95 3
AT TMTEE R 8 3 AR i B 4 4 TR R R
(2T, 10 FhEE 42 )8 ¥ 89254 “ Strong” (S/N
>1), A HAEFEAR I A R 4% 25 -3 ~3 ZIH],
ZERILFE S, T LI BR Ni LA h4k R A
AR, AT REIA ML R KT 0.5, Mn,
Cu. Sh Al Pb H KT 0. 97, HA{E 5 5208 HeAE
(P/0) X [8] 0.970 ~ 1.004, 33T F 1, YL PMF
R (0 5 A BT 25 SR B AR ey, 3 PRI i B 4
MEE.



4552 ®

B 43 %

RS ITEESEAEINESEUMTNELESER
Table 5  Fitting results of measured value and simulated

predicted value of soil heavy metal content

JLHR R? i) FaE P/0
Cr 0. 672 10.913 0. 639 0. 994
Mn 0.991 118. 676 0. 784 0.979
Ni 0.175 4.996 0.327 1.002
Cu 0.970 —11.028 1.054 1. 004
Zn 0. 567 765. 288 0.731 0.981
As 0.933 4.531 0.755 0.970
cd 0. 949 ~1.319 1. 066 0.975
Sh 0.997 0. 986 0.921 0. 996
He 0. 745 0.114 0. 885 0.987
Ph 0.973  -112.369 1.029 0.991

PMF BERLfE BTt 19 2% 2 3845 8 4 (9 5 Ik

S ULE 4. B F 1 XF Ni, Cu, Zn, As, Sb, Hg #l
Pb ZEICR M = TTRERECR, X Sb, Pb Fl Cu By THR
O HIEF] 99.3% ., 96.8% I 89. 6%, % Ni Zn,
100

As Fl Hg 1 BT lk 2 A0 43 51 35 2] 46. 9%, 45.5%,
67.8% F1 58.3% . 2 Ji N PH & ) BYEE™ 1Y JF
Ko B HE B RZ R, HAE 20 4l 70 4AEAR
PR A EER R BD INIPHS | R b7 S8 B4 Tl 7K i 2
A T HERR T AT, J5 309 24 M e ROKE i 2 Y - 5%
NACH T HAT R R YRR S X L3 P
Zn, Mn, Cu fl Hg FE Rk A TH (N RES “+.
PRI AR R 7 1 S AR TG Sl A

KIF 2 XF Cr Y AH X 53 ik % 35 2] 44. 6% , % Ni
1 Hg B9 AH X5 5T 8k 2 0 43 51 3k B8] T 23.2% Al
21.0%, LA I 3 B e 248 XN % & 40 A 978 53 R 8
B/N(0.26 ~0.58) , HAEARIRE V¥ & &5
FEXS LA 345) , R AZ NI S /N, B2 7 +
HERE R X Zn (9 SRR AL IR F 17. 1%, 15
SR WL S e AR U 45 ) T LA S8 Zn (1
TEEN I, R 2 T MRS AL
Ko T ) 25 R0 2 T

e

i1 R %
L
|

i
P72

M3

Cr Mn Ni Cu Zn
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Fig. 4  Contribution rate of each factor based on PMF to the distribution of heavy metals content in soil
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ERAERE. RZAH | BREAEHEZSA As, HIX
AR 17 21538 3 43 A T e I . PRI PR 3 /T LA
RFETH BN IEG S E A 5.

g5 B AT BF9E X e 4R 1 ORI T
WIS . BARUEA T KRG sh & AR, 3 Ff
KR B 8 A T ER % 4 D 58.0% . 13.5% Al
28.6% . TR 5 LWk F , T TE s 2 mmiz X 1
EESRSENTERNE IR —L H 4
R i A v, L v {22 60 T SRR T L R SR A
S MR X 3 ) 4 5 4 R TR A A AR

BABRBIFEN 5 FHIA R B P A8 T HE KB
JE R BT KR, 2 AR HE K A 15 2 R
LX) L

3 #Fig

(1) 5EIX +3F Zn, Cd, Hg Fl Pb & {E
Ik [ 8 s Y XU i (. 4 Sh, Cd | Cu,
Pb Fll Zn W78 5 REIKTF 0.9, & I HE 510
5.11,3.08, 68.32, 462.25 F1718.54 mg-kg™", /%
AR PP B S A 1,01, 5.50, 3.29,
9.11 F110. 67 f%. Mn Fl Ni Jyrp&Eas g & 1y
{4 726. 62 mg-kg ™' F1 11.90 mg-kg™'. As, Cr Al
Hg R 59748 5, & & P34 {H 5008 16. 89, 61.97 Al
1.31 mg-kg~'. As., Cr Al Ni -39 KM 1 5
{H. b BBUEE(1,,) FERWFoE X 40 e die ™ E 11
7= Hg, 90. 63% HYHFE S Ab T B2 -5 BE TS YLK F, P
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