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AEEME s I Hakanson WEZEAE S KU HEH0E , X LA S KB AT PP, 50K, R X R M LIEFE S8 Cd, Pb,
Zn AR AN AL T E K, BE 4B 15,56, 419.4 933, 4 mg-kg ™", {54+ ; He A1 As AYEI{E43 510 0. 13 mg-kg ™'
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Principal Component Analysis amL Ecological Risk /Assessment of Heavy Metals

in Farmland Soils around a Pb- Zn Mlne in Southwestem Chlna W 4
ZHOU Yan'” CHEN Qiang'?, DENG/ Shao- po WAN Jin- zhong ZHANG Sheng tian'*, LONG" Tao LI
Qun/®, LIN Yu suo’ , WU Yun-]lnl’z Yy r'a

.r"

(1. Nan]lng Inshtq.te of Env1ronmental Smence Mlméy of Environmental Protectiony, Nanjing 216042 China; 2. Staté Emlronmental-"'
Protection Key Laboratory of Soil Env1ronmental Management “and Pollution Control, N,tfp]mg 2100412 , China)

Abstract ;, The farmland soil around a Pb-Zn minelin southwestern China was studied.” One hundred forty-nine surface soil samples'ullvrvere
taken from 0-20 ¢m depth, and the contents o As, Gd, Gr, Cu, Hg, Ni, Pb, andZn were tested. The correlatlon% among these heavy
métaly wefe studled with nultivariate analysis} and thp potent-!al sources of the metals were identified. "The environmental risk of the
metals was ﬂvaluated with the Potential Ecological Risk Index fiethod. The results showed that the amounts of Cd, Pb, and Zn were at
relatively, hlgh level , with average concentrations of 15.56, 419. 4, and 933.4 mg-kg ™' respectively, indicating the soil was heavily
polluted. The average concentrations of Hg and As were 0. 13 and 37.3 mg-kg ™', suggesting moderate soil pollution. The average
concentrations of Cu, Ni, and Cr were lower than Yunnan soil background values. The multivariate analysis suggested that the sources
of Cd, Pb, Zn, Hg, and As were similar and came mainly from smelting activities in the mining area. The sources of Cu, Ni, and Cr
were similar and can be attributed to natural sources. The comprehensive potential ecological risk index was 2 294. 8, which suggested
a high potential ecological risk. In general, the farmland soils in the research area were polluted seriously by the mining and industrial
activities.

Key words:lead-zinc mine; soil; heavy metals; principal component analysis; ecological risk
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Fig. 1 Soil sampling sites in the study area
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Table 1 Heavy metal concentrations in the soil of the study area
TE 11 A « brifi 22 BTE ¢ bR 15 5 (1D #ilb!?‘ﬁi%’é

/mg-kg ! /mg-kg ! CV /% TR%¥ Py
Cd 0.49 ~116 15.56 +22. 15 1.42 100 0.218 71.36
Pb 24.4 ~3700 419.4 £543.7 1.30 97.99 40.6 10. 33
Zn 59.7 ~6910 933.4 +1410.4 1.51 96. 64 89.7 10. 41
Hg 0.025 ~0.7 0.13 +0. 10 0.79 91.94 0. 058 2.21
As 4.1~230 37.3+29.1 0.78 73.15 18.4 2.03
Cu 5.2 ~960 26.1+77.5 2.97 4.02 46.3 0.56
Ni 5.3~73.4 14.3 £6.8 0.47 0.67 42.5 0.34
Cr 11.9 ~56.9 33.4+7.3 0.22 0.00 65.2 0.51

1) mHA ST BRI 2) BN TSR B P = PRI 75 5

2.2 HEEELSEZTGI T
2.2.1 TIEHES MM

AH G BT 2 T 2 4 i ok U ) S AR, 0T
RIAH M o S w2, IR TER ] — 2 A
R RS E A5 Y™, ha XA H 3 E 4
J& 75 5 Z [B] [¥) Pearson A AT &5 KAl HI (£ 2),
Cd, Pb, Zn W Z [AlfFAERR 2 EAH G (P <0.01) H

FIERBHIR T 70% , Bl 3 Fhoe 2 BB
ﬂ‘?ﬁ‘ﬁi%ﬂ”EﬁAﬁ%E’JT . Hg A1 As7Z3 5l 5/Gd . Pb,

Zn P Z IR AE mﬁzﬂﬁaé( P <0/01) , 4T He il

mﬁ%&l% hﬁﬁﬁﬂm%ﬁﬁﬁ,ﬁmﬂg
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i 2, ﬁﬁﬁEﬁ:&ﬂ%E%E@sﬂ’]*ﬁ?&?ﬁl
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I Cu, Ni, Cr FRIENAAELL, 5 Cd, Pb, Zn, As
Fil Hg APIRIEAN. G5 GO IX LU S S0 o)
Wrgs (2 DA, dd. Pb. Zn. As| He IﬁhbeE

NATE SRR, Cu, Ni, Cr & 1Z|iti?l§|7}‘;’b/?\
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Table 2 Lonelahon Loefflglentb of s6il heavy metal contents in the study area L
; Gy Pb Y Zn Hg As = Cu Ni Cr
1AW 1 L 0.712% 099214 | 0393 0. 404 ** -0.028 “-0.016 -0.058
Jon A 1 0.719 * 07253 0.421* -0.021 -0.039 -0.1
Zn N / 1 0.4 0.402 -0.02 -0.015 -0.076
Hg/ 1 0. 151 -0.012 0. 08 0. 105
As 1 0.017 0. 004 0.028
Cu 1 0.791 ** 0.321*
Ni 1 0.739 *
Cr 1
1) = s FIRTE 0. 01 7K (XU ) L4l i FAR G
2.2.2 TEEHESEITTENFERS ST Zn, Hg, As, Cu, Ni, CriX 8 FiEE 4R & HEIEM
T AR F ORI TR R 5 ARG S, KiRoHE R, ELﬁ@ YRS BTt K A 7] —75

Mk 32 B35BT AT LA RACHI ) 4 R T R 1T ek
PP SRR, R AR
TR ZAEA 25 WA DG, H Bartlett 3KIE FE A
IAFERER R 0.00, /T 3P KSF 0.05, KMO
( Kaiser-Meyer-Olkin ) ¥ 55 4t 1B K 0. 579, FRHIA
5T RS & TAE U o0 B, o7 Xk 1 4
FHA T AR LR 3, MRIERREER T 1 A0
ﬁ“ﬁ?iﬁthﬂﬁ/l\ﬁiﬁj‘%ﬁ?ﬁT 66. 79% W5 A 5 B, X
ULIAXT AT 2 A E R i 47 o Hr B AT A5 2 Cd | Pb,

UG Je ) Z 1] — RO AE — 2 RO AR DR, e ey
FEEA— mé’@ﬁm

e 4 nl [, 55— FE R (FL) 5TER R R
38.40% , 76 Cd, Pb. Zn, Hg. As By & & b
B, BT Cd, Pb, Zn., Hg. As I B £S5
X5 ﬂﬁ%éﬁ%i@{ﬁiﬁﬁﬁﬁﬁTim%iﬁé%%
fH(# 1), Cd, Pb, Zn [ FEB RS 5EE T
BHEM 71,36, 10.33, 10.41 1%, Hg Hl As By F1y
BRI TR 2. 21 fi12.03 £5, A5
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A,
=

TR T Y bR W AR He 1 As FHEAE R T
K H d, Pb, Zn P Z A AE 16 5 MO,
5 Hg M1 As WD I 48 A AR SC AR &, 43 M 20
WA —E X 5 R 48 T REAZ 2 A R AT Y
JESEN. BIFSE X B EYEED TR | S SR i A5 R
W AR, B RS S FiE4
JE B BRI, PSS — R T IR AN
RRATFDEINE 3/

ST (F2) TTERE A 28.39% , Hr Cu,
Ni, Cr B MEm, FERMT Cu, Ni, Cr
EHEGE. Cu, Ni, CriX 3 FiocZ M-FH{E R
it~ B A, Ni Al Cr A28 5 2R B )
BAL, A2 Cufi 6 MESMEERE T aME
et E, BR R, TINRX 6 MR
Cu ZFNAINFEIG Y, MR Cu, Ni, CriffEZ A K
TS AR /N, Bkl 2 P iz X LR E AR

x3 MRRETEESEIENENS AN

YR A R, 07X L 8Eh Co BARR A
0% . wEAEtE %0 (B 5T 45 R R IZ K B0 7=
FERXT B+ 3 4R Cu AR ST A .
SRR 22 A X P BT X A B S & B Cu
Ni, CriXx 3 FioC R — D ESr, JFHFE
RVEF Ak B RGN O 8 Cr AN Ni
Z NAREWEL /N, I BRI T R T & XAk
PR R E R Wik, B E Rt E
T AR

P 2 v i e ] ) R S Bt 1 T 3R % e ] Y A
Kk Cd, Pb, Zn, Hg Fil As, Cu, Ni, Cr Z[a]fE
BRGE, WoR HVESRAYAHOCHE ; MXTI R, Hg Fl As
5 Cd, Pb, Zn WEA—E MM XK Cd,
Pb, Zn, Hg, As X 5 FIOC R Z W BA — & 1) [F] 4
PE, Cu, Ni, Cr ZHBA—E W REEME, M5 Cd,
Pb., Zn, Hg, As /N HBGRAGSHIME. -

o
Table 3 Principal component analysis of heavy metal concentration in soil of the study area P il
A R FEAEfE L= PR FRAEE j LHSGHAEN,  emy
BE R %/% BRUE/% R WE2/% BREE%  WRE iz RF%/%
1 3. 081 38.509 38. 509 /1 3.081 38.509 38. 509 AH3.072 38.399 o 38. 39‘9?,,-""
2 2.263 28.281 66.79 2.263 28.281 66.79 ...'“. '.2 271I 28. 391 66..79
3 0. 894 11.179 111568, ) o | ' 4 )
Sa 0. 747 9.333 87,303 / / F i g «
5 07595 7.433 . AoagdBe ¥ 7S . =
6 /0. 349" 4.365 19910, ’ 4 o
A 0.064~ 0. 801 99,9014 | W | . F
8 0. 008 0.099  fpoofo 4
| "‘, i 4 o " =
! # HARE BB REBER S AR B oF AN
Table 4 Component matrix of principal component analysis CBJCLI
of heavy metal concentrations in soil of the study area 0.
HIHA A ¥ AT Tk J5 K - 28R "
e )m o Hg
¥l ¥2 F1 2 il He, o
cd 0.945 0. 047 0.945  -0.051 20 a—pr 5
m n
Pb 0.834 0. 005 0. 830 -0.081
Zn 0.949 0. 045 0.949 -0.054 -0.5 -
Hg 0. 494 0.159 0. 508 0. 107
As 0. 569 0.082 0.575 0.022 ok
< : I I I I
Cu -0.073 0. 809 0.011 0.812 210 205 0 05 10
Ni ~0.075  0.976  0.026 0.979 ER A
Cr -0.107 0.787 -0.025 0.793 H2 tEE4BETEEIRAEN
Ty 2 TTHRA/ % 38.51 28.28 38.40 28.39 ' . -
Fig. 2 Heavy metal loading of the principal components
BRUrETIRE/ %  38.51 66. 79 38.40 66. 79

2.3 THEESLE BN RS

A5 XA e 4 TR IX 23 i 4
X, b EEAAAE T AR R, DA urittinm
BT R A A A, AR 3 R, R — E R
Cd, Pb, Zn, Hg, As fEXSH] B 22 R 3, mfEIX

FE AT A TR AL D | PO | P b X LA K
THTLTR WP DR, AR DX U2 UL L T
DR B Bl S DX, ] e TR il
A — . e RSB, ) A
TR AR AR IR, 2 KDL SR T B
s R TS YT AT e dh, RUBUET B 17 T 4
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R, ZREAVIEEER, DIRE]E g, xtE
PAERAE AL T R X 4358 5 4 7 e T e i —
FESMR. X 5 SCHR[ 34 ~ 36 ] AR R —2, mTLL
B P2 TR FNG R SR HERON i L1 4w
() B A A ATAE—E 52, Iz X 4E £ 5
R PE R A, T AR X i) Rdb
i), PR X AT A2 X ek 3 S U] B S, Sk
T ESIRSEE . WA, M IR
B Eawutkz ik, S EOE TR AT
PIRRACH, WA Sy B S E AR, (1
TR A A R s e . RUEW Ll e b
DX R AS I it A5 X A 38 4 T e R AR
e ARG T BT X AN g, DL
K RS B FH 3 Bofe 3R 4 )R A AR AR

N g
A
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Fig. 3 Spatial distribution of the first principal component

of heavy metals in the study area
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Cu AR, Cu & BEAEAR T 202 X BUER — A%
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Fig. 4 S.[H)atial distribution of the second principal component

of heavy metals in the study area

2.4 FELEJERBAEALTKE T

Hakanson ¥ 7E A= 25 XURS: 48 B0k 8 H T 15 &
+ 4 R X IR AAE AR SRS, T AN
FET HEE SR SR, mHKE SRS
N RSO MR RO, AR T A
o X} A A R 1 ol R

FFE XA FH 22 2 1 HE PR 1 4 B 7 A S K
G (ED) M2 R 48 & A e R S F 4R
BRI ANEE 5 s, MR4E Hakanson VE7E A 25 XU 4y
FArfE(FR 6), Cd MYTLEA SR 7K T 320,
J& TR i A KU ;. Hg F Ph VB E AR 25 XU D Ak
T40 ~80 ZMEl, J& THAEASKEK; As, Zn, Cu,
Ni Fl Cr OVEAEA S /T 40, 8 T4
BB, ST X 25 A e A S U 5 21 RT A9 -3
i }2294.8, A>T 181.1 ~ 16 522. 72 [a], Ui Wt
% K LR LA F A s A S XU K, Horh 74, 5% 1Y
SRRE R AR S KUK, 20. 1% SR FE S 0 i 2R 7S
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AL, WP XCH R 2n 5 A 2 XU 45 B e (L DX I
PP e G DR AR JLH X | PUTE ) PH It X LRIV

WP X, 5 G R A AR — A S ) )
ATFFAEARE]. FF— UL T8 DX TR A Tl 7 Sl
AT S ) 1 7 Y A T

®5 MRREKBAIEESEBEEESKEITN

Table 5 Assessment of potential ecological risks of soil heavy metals in the study area

WAEA SR F E
i H - RI
As Cd Cr Cu Hg Ni Pb Zn
f/ME 2.2 67. 4 0.4 0.6 17.2 0.6 3.0 0.7 181.1
ISUNIEL 125.0 15963.3 1.7 103.7 482.8 8.6 455.7 77.0 16522.7
SEHE 19.7 2117.8 1.0 2.8 90.5 1.7 50.9 10.3 2294.8
brifE2z 14.8 3039.3 0.2 8.4 70.9 0.8 66.5 15.7 3136.6

3% 6 Hakanson &7E 4 SRS 2 R AR

Table 6 Grading standards of Hakanson potential ecological risk

A 2SR TR T (ED) L RS R HS 5 (RI)
73 55y £33 545y
AR S XU <40 A ZS R <150
AR A A 40 ~80 AR A 150 ~300
5 A S K 80 ~160  FEAEZS KUK 300 ~ 600
AR A AU 160 ~320 AR A AU > 600
e 1o A 2 AU >320

- —
A .
AT ’

G
B

A

P2 ]
RI
B 1831-425
B 425-546
I 546-606
606-728
728-972
972~1 463
- 1 463~2 453
I 2 4534 444
- B 4 444-8 453

B 8 453-16 522
d ' e
’ 0 1000 2000

BS5 HIRRIHEEEREAEEESNRIENS T
Fig. 5 Spatial distribution of potential ecological risk
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index of heavy metals in the study area
3 g

(1) AFFE X RAE ST Cd, Pb, Zn | Hg, As, Cu,

JR s &

Ni, Cr FaERR (i s E LT RBE AR
{ERE AR B0 05 BORE AR A9 40 ) 22 B 100% |
97.99% . 96.64% . 91.94% . 73.15% . 4.02% .
0.67% . 0.00% . H.[K V5 4« 45 BV 45 R £
Cd, Pb, Zn J& T HETGYL, Hg\ASEﬂ:EFT“E
Cu, Ni, Cri&BI15%
(mLQW%Tﬁﬁﬁﬁal% hf@\m
X5 FROCZE R IEAEML, Cu, Ni, CriX 3 ﬂ?ﬁ?ﬂéﬁ
ML EHG TSR R I T cdl
Ph, Zn, Hg. As IWEHERE, fh%%i’@”UJ}ij%@ﬂi
ﬂ@@#kﬁ%ﬁ %Azﬁﬂﬁ%Tchle
m*%hu,ﬁ%Taﬁﬁﬁ o z&ﬁmﬁa“

FEAEE ]ﬁf’%ﬁ?jlﬁi’rﬁl% Eﬁrﬁjtiﬂjfu&/ﬁtﬂ
TR 45— I&ﬁﬂﬁmﬁ[iﬁi%h?ﬁh

TER W TR DR XK.

(3) TELEAE S XU P 45 5 B R ISR IX L v
Cd J& THm A B XU, Hg A1 Pb J& T 454 25 K
B, As. Zn. Cu. Ni 1 Cr JB8 ARSI, 2267
TEAEZS RS T8 20 RT AP 241y 2294. 8, Bk | 4b
Tl AR K. WF5E X 4R 45 5 A S AU
TR = E X3 5 e 4w ()5 — F RS2 0] 4y
AFIEAHTR. FF— UL B T8 DX 2R AN Tk 3 8h %
A F A 4983k BT R ) T A T

SE
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