95 38 #4561 K AR E R Vol. 38, No. 6
2018 4F 12 H Bulletin of Soil and Water Conservation Dec. , 2018

BT SXTEEERTREEBEESXE N
EXH, BEE, 2 ¥, W E

GHrgs ol Bh2fBe BRAMCAE S OES 0T, B 28 AK5F 830063)

M E. L] W X 5T 48 T s SR W A AR 25 RV BEAT M, O 5t IX BT R B A A R AR 3
S ARG [FE] DI g5t KOs X, 2 + 3R i As,Pb, Hg, Cd, Zn, Cr, fll Cu & & .l 375
Y A7 ff T B0 W 90 307 5% DX 4 Vs G 1 R AT 4 T VR AT L SR FH VR AE A A XURS: B AR X - R 4 e i AT
EAES KB IEM I8 AT S ER ik L E SRR 55 R EHITHERA . (4553
OMRIXFJZ 4 As,Pb, Hg,Cd, Zn, Cr il Cu SFH¥& 540510 6. 48,16. 60,0. 10,0. 08,84. 71,2. 47,
32.23 mg/kg, Hht As,Pb, Hg FIl Cd /& T #i s 463 506, Zn, Cr M Co IL TR L HEE ., QAKE
PR EHRES 4 DT M ESESEAR, R —E&BE 4 DB EE g2 7% QA
T S P Bl o R NS 2l P 3 B A R 280 SR s R R M 3 S BE s v Hg 7 E IS Y (PLIAE 43
12 5.70,4.36,4.64),Zn,Cr,Cu JREIH Y, 2HE)E RIH/NT 150, 5 KANAERMESEE A
WF9E X Hg 15 Y5 Q. @7 MES R KZ AR . Pb 5 Hg, Cd Al Zn £ B EM I (p<<0.01), Cd
Hg K IFAH R o R PEF K, As Zn R Cu kIR AT RE— 2. (4510 ] WA s X Z iRk iF i o) T4 LiErh d 48
AAFBEMRE, L IEES B mn ™,

KR HEJEIGY; SR BEASKE; Esr 0

XEkFRIRAD . A XEHE . 1000-288X(2018)06-0352-06 hESES. X820.3

\

XHEKSH. T OCHR, AR, XUun. SF Ao X 3 4 R vs g KO AR AR R PR LT . K R
Wi, 2018, 38(6):352-357. DOI: 10. 13961/j. cnki. stbetb. 2018. 06. 053. Wang Wendong, Bai Zhigiang,
Liu Duan, et al. Assessment of soil heavy metal pollution and its potential ecological risk in Kanas scenic ar-

eal J]. Bulletin of Soil and Water Conservation, 2018,38(6) :352-357.

Assessment of Soil Heavy Metal Pollution and Its Potential
Ecological Risk in Kanas Scenic Area

WANG Wendong', BAI Zhigiang', LIU Duan', GUO Zhongjun'
(Institute o f Forest Ecology, Xinjiang Academy of Forestry, Urumqi » Xinjiang 830046, China)

Abstract: [ Objective] The heavy metal pollution and potential ecological risk of soil in Kanas scenic area were
evaluated to provide reference for scientific management and protection of scenic area resources. [ Methods |
The Kanas area was used as the study area to determine As, Pb, Hg, Cd, Zn, Cr, and Cu contents of soil
samples, through the pollution load index. A comprehensive evaluation of the heavy metal pollution in the
Kanas area was conducted. The potential ecological risk index was used to evaluate the potential ecological
risk of heavy metals in the soil. The correlation analysis and principal component analysis were used to
analyze the heavy metal sources and pollution levels. [Results] @ The average contents of As, Pb, Hg, Cd,
Zn, Cr and Cu in the surface soil of the study area were 6. 48, 16. 60, 0. 10, 0.08, 84.71, 2.47 and 32. 23
mg. kg—1, respectively, of which As, Pb, Hg and Cd were high. The soil background values in Xinjiang
area, Zn, Cr and Cu are lower than the soil background values in Xinjiang area. @ The human activities were
different from the 7 kinds of heavy metals, their contents were different. @ Hg was a heavy pollution in a

extremely strong disturbance plot of human activities, a strong disturbance plot of human activities, and a
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slight disturbance plot of human activity(PLI values are 5. 70, 4. 36, and 4. 64 respectively). And Zn, Cr and

and Cuwere slightly polluted. All metal RIs were less than 150. There was only a slight ecological hazard in

the study area, but Hg pollution in the study area needed more attention. @ Correlation analysis showed that

most of the 7 heavy metals had a relationship. The sources of Cd and Hg are the same and the source of As,

Zn and Cu may be the same. [ Conclusions ] The Kanas scenic area interferes with the accumulation of heavy

metals in the soil by tourism activities, and the heavy metal pollution in the soil is more serious.

Keywords: heavy metal pollution; pollution assessment; potential ecological risk; principal component analysis

R KA L AR R LK P T Y Al
L X TE  R A LT RE . AR TR, £
BRIE L T DL R TR s A w3
B A N2 I 0 B0 4 P R R L N T sk o bl 25+ 1A
BB R —E W AR W, 75— R L iR Uiz
- BRI B B TR U T Sl T T R Y A ARk
A5 o Bl it R . P PR A R S X it A 1A A B K
Ui 2 1 A5 X, 0BRSS HE Y A
I B S5 2R R U S XA ok T K I AR L R Ui
X - BEFR 8 22 4 ) f I H O™ IR, B AR5 B R
WA i A R B EE N RS, Ee R A
e AME Rl L By AR M R S SRR S AN GE i
TR S M - BEPA 85 o &t L 3 HAE Y E AR, Bl
SLIEUNE 7 kU NUNE Nl (9701 NG (e 47 S 14134
W Ui % B AR R S T R R R X R 4
J& G B PR R U e X AR
S T8 R H AR W M A AR IR B R A A R LU
KR Ui e X IR S IR T frak kB oA R X,
U472 B P9 Ah % 3 3 R ) X 3+ 56 T 4 8 4%
A7 KR 5 YL VT AF TR T AR R TAR I B
R . AR EE AL T R R T
DX A5 X 3 L 45 /0 O T U A b B XL O
PIZS TN A T 3 4 08 & & o0 A R TR DL BT IR
SO HEARF A S RGP R EAR R M, BT
Jife U S DX 52 N R PR 2R L 2 TR 2R R AR B M AR
O T Jite Ve b 4 I V5 YL Y EEAT R GE . WE 4 B IX
S 5 A AR b 0T 2 T R 5 SRR X, A4S T i
Jei i U BRSBTS B H S s (A bl
Jite e b 1 SRR K R W A BT S X114 PR 5 T G R IR )
AL H 3528 U S A Uit T R I I g Sk AR
PR g s g B o X+ 4 4 R AE S R ke
M X Frs kR A HEEE L., HIL. A5 L
e g r 5 X W 5 XL W E E HERE & As, Pb, Hg,
Cd,Zn,Cr f1 Cu & &, #E47 T 588 4 8 15 g N HOB
FEAE 25 RS DA o 3K 1 4 7 48 T 4 T o U R U
By (14 W 7 B LA oA S DX R R A A B AR 4 B AL
SRR

1 #ret 55k
1.1 WHREHR

WFFE XA T8 8 4E B /R FIR X AT R BRI B
IRZEI T B, 5 86°54'—87°54"E,48°35"—49°11'N,
ek 4 371 km O IEIE) . JbE-R#ISE, M &
] S5 AR B AN T, PE B BT /R EpEh, i ALK 2 66
km, K TE 2y 74 km, /W4y 2. 50 X 10° hm?., 41
Ho.2 C, AN &M RTH AEHREK &
1 065. 4 mm,4EHZE K 1 097 mm, IG5 2 80~
120 d, LEWIZ) 200 . FEZAEY R P60 F L 7% n
(Lariz) P /R 25 % #8 55 (Geranium) B 50 %8 76 5
(Roegneria mutabilis) , 138 5 5 f) 245 +
1.2 EFshis¥

2017 A 6—9 F AEWE 48 B st X N BEAR N80 3
FIV0h 55 20, bE 4 4 D BLAURE L . FEML 1 BB CA
KIGSNR R A 2 R A CNZETE 3h 48 3 i
) FEHE 3 S A I N TE S s R B D L+
Hb 4 S g Bl i ORI S Eh R D . #E 4 S
RUREHD PN L 64T 0—20 om 3R 2 - HEHE 5 BE ML R A A
Mo 1 BERE 8 ANFEAT L FEHL 2 BERE 13 AT FEHL 3 i
P8 ANREML L FEHD 4 YEHE 13 N AEHD, 2R AE 42 4+
SRR o Sk ikt LAt 4 R 2 i LA K NS R R
R HES BRI E SRR A, RELSRE D,
FH 10 mX10 m W HAEIE " i i 5 A FHEA5 BA4
THEACRERE 10 200 g 24 K H AR M IR G R 4%
A A BT, JOEREE HBEA E R 2
ALK JE R R B BEIR 00 . R B S 56 = 5 KT R
wE BT (70 C) TR A VI (L i (100 HD & .
1.3 ZWEHH

- B T R] S S B A ) e A R B it
F(70 C)IRABE . i 100 A& A4 F., HaE
J& B g 2 B AR N R R [ Kb oD T E
Pb, Cd & & W 2 >R F A 58 00 I W 0 40 D O BB 1
(GB/T17141-1997) ;Zn F1 Cu K M4 J5 T W U o6 BF 12
(GB/T17138-1997) ; As F &5 R FH = & 3 —mi R
3 R AR 43 O B vk (GB/T17134-1997) s Hg & &
I 7 R FH 8 T~ W Wi 43 D 016 B 7 (GB/ T17136-1997) 5



354

7k - B F e AR

%38 &

Cr & it R FH K0 I+ 43 06 6 BE 3% i 17 DU 4 (GB/
T17138-1997), 3 K2 HAEFPATHE  BOF SE R N
MMM RASR S, £ LRELSR &80 E "
A GSS-12 (H R brifE £ 52ty 50 UEA7 i &
il 7 Ab A e A IR I AR AR UE S )

JT i SR VL L
L4 SEROFEHEYE

V5 4L 171 fif 48 2 (pollution load index, PLI) &
Tomlinson 4575 5 43 J& 15 G4 7K ~F 43 A 5 oF 53 v 4
R — B S G PR 5 v AL A A T B JE XIS L Y T
R AR B LA R 4 ) I A AR R A

CF,=“ PLI=CF, XCF, X CF, (1
X :CF——HEE W5 R1BEG o HE)E

AR R B s o, — AR BRI M AR UE . AR DFSER
P ST SRR D9 VAN bR e . TEARTS e 2 0T

MARMETE L 1.

1.5 BEESXKIEHZE

iz 1] Hakanson 4 i 9 78 78 28 25 KUK 48 B0 % g
gyt X PN - B 4 R AT W A AR S KU PR AT
TETE A S U A5 E (RD AN AT e W — G BT R
TG YK A TR BT 4R T R B G AN . R
—H 4 B T R AR A A K A8 8 E N 22 301 5 42 R oo
REEAWHLESKEIEE RL (it AE Al

G
c

KA RL— FR5 2R E 48 28 & W e RS KK
ek E—j BRI AE ¢ B I AR A 25 KUK 5
B C— A TEESE WLk E; C—
A j S A (LA R 396 98 B8 R i A v — 2%
WUV S DY T——E&E j Sk RE(E
4 )8 As,Pb,Hg,Cd,Zn,Cr, Cu B3 R 505 9 N
10,5,40,30,1,2,5) . W7 E G F FHIEM bR ifE T
W1,

RL=3E; =X (T + C)=3(T'% 2)

X1 TESELESTLEERUSIRE
15 Y f fr 15 50 WS E

CF oY) PLI 15 YL S5 2 B B — R AR RI He 25 XU

] W ’ L ’ PR S%
<1 Joi5 Y <1 Toi5 Y <40 R ERM <150 R ERM
1<<CF<2 125 Y 1<<CF<2 12T Y5 Y 40~80 e e R A 150~300 A e R A
2<<CF<3 w3 Vs Y 2<<CF<3 s Y 80~160 G E R 300~600 ERfEE R
CF=3 G Y CF=3 Y5 Y 160~320 A& EME =600 ARG FE AR R

=320 H 3 1E E R
1.6 FUIESDWH PRAERYFR(E 0. 20 4b, As,Pb, Hg,Cd,Zn il Cu #JF

Excel #4F#E 47 1 56 %5 4 % 8, R A SPSS 17. 0
A, 347 LSD £ HE W8 5 Pearson #H R 4347, &
H Canoco 4. 5 #F47 F o33 Hrik 88K 5 4 Jm ok R .

2 AR50

2.1 BENERITESEESERHME

a2 nHL Y IX L4 4 )8 As,Pb,Hg,Cd,
Zn,Cr,Cu ZHEHEK K N Zn>Cu>Pb > As>
Cr>Cd>Hg, & Cr it (R IEHREE T [ %

BEB A B R HEMRE. As,Pb,Cd,Zn,Cr,
Cu HA 8 o 75 5 (8, AL Hg & & o 24 1 75 5
As,Hg,Zn, Cu AR E 49K 2. 38%,4. 76%,
16.67 % H1 16. 67 %, Cr [ #8 5 % 15 100%, L Pb
M Zn KB .

44 As,Pb,Hg.Cd,Zn,Cr fl Cu & 25 g ¥ 4%
K, As Al Cd 928 55 ZE4 08 0,56 5 0. 76, K F
0.5. 28 ol lg . F5T X 3% pH {HAE 6. 15~7. 89
4990 L PN o R A Al 555 1

x2 BOAHEXIEESERESI

LD FEAEL PN /M ¥iE T 1 2 RUEE31¢ B! 1 Fbr et R/ Y
As 42 24.51 1.62 6.48 3.63 0.56 11. 20 15. 00 2.38
Pb 42 20. 60 9.70 16. 60 2.45 0.15 19. 40 35.00 0.00
Hg 42 0.31 0.06 0.10 0.04 0.42 0.02 0.15 4,76
Cd 42 0.33 0.02 0.08 0.06 0.76 0.12 90. 00 0.00
Zn 42 142. 00 38. 40 84.71 20. 21 0.24 68. 80 100 16.67
Cr 42 4.05 0.99 2.47 1.19 0.47 49. 30 0. 20 100. 00
Cu 42 86. 90 18.10 32.23 10. 07 0.31 26.70 35. 00 16. 67
pH 1 42 7.89 6.15 7.11 0.42 0.06 — — —

e E AR A N mg/kg,



56 M

ESCHRAE I A 5 X M e 9 e B ROV A A S KU T 355

2.2 FAEAHMTEESLEESMUBEESN

eI X 7 PR A B AE 4 SRR M A A A
RGN 1 fros .4 HEd b ¥ Zn EFE . W — 4
JEICE ARFREHL A B Cr 0B % 2 FA4h, HA T £
TR EZS., Pb.Hg Ml Cd ¥ hFEH 1 S5k 2,
FEHh 3. FE L 4 FA7E 0 E 22 5% 5 As I Cu MEHE 1 S5 4EHL
2 MW Zn FEHL 1 FIFEHL 4 SFEHL 2 FIAEHE 3
XRBE,

127

2.3 TESLRBIRITNREBEESKETEN

LB i+ 1 4 JE R SR 2T AR e g i
oK R G R AE A2 SR R RIS AR B (CE) 515
Yot i f8 B0 (PLD , IR R 1 4775 P 0P 4. TS
e F8 BT 908 th K Z /NP AR R - Hg (4. 39) . Zn
(1.23),Cu(1.21),Pb(0. 86),Cd(0. 65),As(0. 58,
Cr(0.05), V5 4u i fif 55 %k Hg FEHb 1.2,3 ¥4 8 A
VY AUKE L 4 S rp EEYS Y Cd AUFE M 1 3R S
Y FEHD 2, 3 FNAEHE 4 ¥ o154 s Zn, Cu {UHE
HitEHL 4 JoT5 e, BE L 1, FEHL 2 kR 3 MR E S

7 10f AA E% Yo Cr #NEEHEVS Y. As, Pb 42 8 LR PLI EA
e SRR T e (F 3) . R I B0 e o 9 10 X R
| 57 42 PLL V5 e 07 37 H OB 5 . T AF B 4 9030 Wik
o I B0 R K B T AT T4 B PLI 15 e 6 4 e
o | MG B D IR B 4P S0P 40 25 50 %, Hg R 2
B 02 s i o A R BB 4. 7696 B S AR A
NE-="11 e BEA RSB 2. 38505 Cr A i 5 P A A 5 BEAC 38
As P e B 58%% s FoA 4 0 % 4 REAE TG B IR 7
T KRG 78y [l — + 48 1 4 8 76 A W) F o 18] 22 7 H 4 MESENZESEBEAEDSKE R N2 M E
Bl BARSEXEESENHTERERE 5
RI BOANEXITESESETESLEENER
BEEILR As Pb Hg Cd Zn Cr Cu
Fegi 1 PLI 0. 35 0.68 4. 64 1.07 1.08 0. 06 1.13
15 YL A2 Joig Y Jei5 g o G R e TR G e TR G e BB G Y
_— PLI 0. 85 0.92 5.70 0.56 1.19 0.17 1.17
15 YL SR Joi5 g Joi5 gk G ERCE PREE S BRRE TG Y TRE G YL TR TE Y
FED 3 PLI 0.47 0.93 4. 36 0.47 1. 37 0. 04 1.21
15 YL Joi5 Y Joi5 e EREE Joi5 G LY R R Y BRE s Y
FEd 4 PLI 0. 46 0. 90 2.62 0.48 1.00 0. 04 0.93
5 YL A2 T i YL Joi5 G R e Joi5 G Joi5 G R TG Y Joi5 G

2.4 +EEEENRIE

AH AT I 5 32 840 40 A 3k T LA ) Iy 2 v
EAERIE . AR S RO 2 el
WELSBEEA —EMRBEXREE S, R
X7 Fh 4 @ AH G M SC R SR 4 FiaR L Pb 5 Hg, Cd,
Zn I EPERL B2 (p<<0. 01) . Hg 5 Cd 4 eH: 1 B
F(p<<0.01), As 5 Hg,Cd,Cu M T & (p<<
0.05),Hg 55 Zn KA 8% (p<<0.05),Cd 5 Zn
Kotk B E (p<<0.05).Zn 5 Cr A6 B2 (p<<0.5),
F L2 o B3R JUFP 42 8O0 3 (AL AF 7 — 2 [ OC &R
ARG

2% I 42 JE O R AV A O L W R AT A

M. i — e HE SRR 2), X7 fiE 48
4T PCA J5 Al 42K s 4 @ ok 8. 55 1 Bl A ss 2
BB TR R R IR 77, 4% . Hy e T AT P g AR 8 A
W M E 4R A e (s B, Cd M Hg 3 [A] i B =

A8 %6 XIS X 4 HE 4 R 5w f kK, HLOH 4 JE Ok
JEVT e —%. L3 Hg 1975 4 5 UiF 16 o B % 4
KRS BURE R 2 B 6 i 34 S R i O B AR A
DXk, 32 B TR TR KR DA, 77 4 R i Hg
o As,Zn fl CuiX 3 FhE 4R IUE N 4. %
Rett ok 29. 320, HOR G Jy ] — . 322 Ry i Ui 0% 8l e
AR AN A AR B IR SR R AR AR AR
WM 288 [ A 7 300

159



%38 &

356 7k - B F e AR
4 BENHERLIESLETEEHBEXRE  mg/ke

i H As Pb Hg Cd 7Zn Cr Cu

As 1

Pb 0.15 1

Hg —0.33" —0.40"" 1

Cd —0.36" —0.52"" 0.72"" 1

Zn 0.26 0.35"" —0.37" —0.36" 1

Cr —0.03 0.21 —0.26  —0.06 0.057 1

Cu 0.25" 0.08 —0.20 —0.19 0.28 0. 06 1

e ox TR p<<0.05 KFEBFEME: » « £ p<<0. 01 KFH &
X PN

0.6

PCA2

-0.6

PCAl

B2 BHasEXESESENFE
3 W

3.1 ESESEHT

BF 98 X8 AR R As<<Hg<<Zn<<Cu<Cr, ¥t HiZ
XA @S )E As.Hg,Zn, Cu il Cr A7 A 6] 72 B (1)
U, As, Hg, Zn, Cu fil Cr {5 4 ] fE 42 8 3 A
i Cr s en e " E, LEESRESE
AR WF T X 55 M L - 4 4 e TR 55 0P
TR h 2 DU 4 )R sV v A S B XA AE
BMER AT AR ) HEFS , I 4 e e L
(10 R A Y L X R TR g R X R
BELREZINEES BT REAZW. Z5 27K
TO05. KMNESGRERSTESHE S MY BRERNS. A
MR BT HEA S AETE AL TRTS G . As AT Cd 32 B2 JRy i
15 Y RS A A W R 3R] BB R TR 30 9 B A TR TS
YA g S TR)RE b 4 TR A A 22 Sk L X T g
F TR IS B FEE A Y XL 32 N ORI B R e A
K HAMEY) B A Z A AR TS5 Y 5% W ™ 5, P O o
J& 43 A XU TA] H B i A A [ [R] — A
EeEORATEEFES AR GRS EE LIE PN
TH AR, HE L ERfFEZR. W He, Cd
F Cr 7 [A] — X 8l 5% i KEAH L, 7T g2 i T = F
BJEICER T MU 22 S/ O AR [A]— X
AL (A

3.2 TEESRERTERRNKERFESKIESH

W R IX R A R TG Y He oF A £ 1R &
BLIRAR N IR IR g g i X0 K AN 3
T TR e DX T D ) 22 SRy A AR R 1) i R L R R
AT IR T R R O R Wit 0 BN i — A5 B R 4 g
Hg 975 4% , 3 518 /N 5 76 5 A% HL 7 5 BT (00 92 4
]2, Zn F Cu V5 Ye PP M o0 4% B T Y (R AR A7 76 T
TEAEASIEFE XN Zn Hl Cu Bk R BRI R 1,
5 IR fEE /N Cr 15 Y PP 0r g7 A S 8 %
AH— B0, 32X 7T B8 S T 00 5 XA Il 11 2% R e B 5 —
PRV A KR L 7 A K A T s 3, R Cr 7 P S A
BfEEFEDY, BRI Z A& HCR B2 R ATl 23 3
4 R PR VR Qi & RE IS AR IS 0 RIS 98 R
SO M W E R0 A AR 0 S e R
YO IERHSE AR . AR B AW EY S,
BOTE 0B SR E Th A LY AR R R R
PSS E S E S SR 20 E
EEITE,

X & Jm kIR EZEA LT WA — 7
ifi, -4 As,Pb,Hg,Cd,Zn,Cr,Cu %0 £ H F &
b R TR, 5 bR A 22 s AT 0, EA R A
SRIG N7, Wh 98 X -8 As,Pb,Hg,Cd,Zn,Cr 1 Cu
F2 7 B RUR 5 W T] S AR A B A 4 S b
JRA SRR, 5y — . BB AT RS TR
BT A A AR A 0 N R YR 25 S W A
B Jife Yir 15 3h 3 BT . 9 N R 16 h X 3 A B 5
B g H 4 R R R AR R — 8 4 2 ok B TR NG
Bk RTINS A )

TR

(1) meah $iy 5 X 4 38 b B 4 A7 AN [R) 7 JEE 1
2. 32 iR e 5 3 T P 5 X5 32 ik i I 8 T ECR
DX 4 Jm A S A

(2) i U % 8 H 45 A0 56 ik Ui T P9 R H AR 3
KW 5 X R G m Ts Qe .

(3) 7 FhE G @R IR BN 2 2% H E B R N 2
TR T R U 176 3 LA B A 56 18] 45 R 1% 3l ok fY
—RINEERMNR.

[ & % xx #w® |
[1] Wilding L P, Lin H. Advancing the frontiers of soil sci-
ence towards a geoscience[ J ]. Geoderma, 2017,131(3):
257-274.
[2] Wenyou Hu, Yong Chen, Biao Huang, et al. Health
risk assessment of heavy metals in soils and vegetables

from a typical Greenhouse vegetable production system



56 M

ESCHRAE I A 5 X M e 9 e B ROV A A S KU T

357

(3]

[4]

[6]

7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

in China[J]. Human &. Ecological Risk Assessment;
An International Journal, 2014, 20(5):1264-1280.
Pacwa-Plociniczak M, Plociniczak T, Yu D, et al.
Effect of silene vulgaris and heavy metal pollution on soil
microbial diversity in long-term contaminated soil [ J].
Water Air & Soil Pollution, 2018,229(1) 13,
Cheng Huang, Liang Ao, Zhi Zhang. Heavy metals sed-
imentation risk assessment and sources analysis accom-
panied by typical rural water level fluctuating zone in the
Three Gorges Reservoir Areal J]. Environmental Earth
Sciences, 2017, 76(12) :418-425.
VE A X085 25 0N ) o 5. W VIR 6 22 4 J8 75 e R AE
S MBI L] BT . 2016,35(1) . 189-198.
ZE 5%, g ae N A, AR T B IR A R s
RS TE A A KU 3 # [T 0. 36 58 B %, 2015 (3): 1037~
1044.
Li Zhiyuan, Ma Zongwei, Tsering Jan van der Kuijp, et
al. A review of soil heavy metal pollution from mines in
China: Pollution and health risk assessment. [J]. Sci-
ence of the Total Environment., 2014,468(1) :843-853.
A A Pt Rk o SEMHC BT I - ShoAR$R L SRR
SRR A T ) A SRk U A T b T Gy S e B v
TELEZS RS TN [T ], B~ 417 . 2017, 72(9) - 1680-1694.
PVER ER AN, R, A TR A L G ) U A Y
WAL ], PREERE 754, 2018, 38(2) . 704-714.
ZEEROT L, XU R, A5 B RRE + AR B A A H:
FHOGHE i PR 2R A4 [T, BREERL% . 2018, 39(1) : 363-370.
B BRIRME, EH LA RIS R B LR SR
i 5 A S KU TR PP AL [T ], SRR 2, 2007,28(3) ¢
647-653.
F PR « LN F, B . Bk, SJE LR
o SESLHRE AR ORTRRS B 2 0 BN M 1 3 R 4 Vs g K
A S KU T[T . AR S 2R, 2018,38(2) 1 1075-1086.
e , 492 B LTI e AR AR BT EREME AR R R
& RIS E AN ()], E SR, 2013,33(10)
1821-1828.
XN, F, R MERM HEE R XA IR
4 )8 43 A R B AR A XU PR LT DL o = Tk, 2017, 26
(1) :60-66.
JE VKR A AR TR X 4 T S DX B R0+
e AL A T R R AT (52 e [T ] Bk R} 2, 2016, 33
(8):1476-1485.
VB SEIREH L ARBR L S WE AT E AR R 3 DXOBR Ml R
Hby SO 0 g R 2 S K e R [T ] £ €, 2017, 49
(1):189-195.
X XIS 05 R E . BE T = KR £% 3 R 0 g g A S
TR diE A e AR B T gk Ok R AR T LT M 1 R
2017,36(2) :22-24.
Tomlinson D L, Wilson J] G, Harris C R, et al. Prob-

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

lems in the assessment of heavy-metal levels in estuar-
ies and the formation of a pollution index [ J .
Helgolander Meeresuntersuchungen, 1980, 33 (1/4);
566-575.

Hakanson L. An ecological risk index for aquatic pollu-
tion control: A sedimentological approach[ J]. Water
Research, 1980,14(8):975-1001.

Ht, LM B AR TR AR LM, et b E R R
Fhaf AL . 1996.

Lht Al 2 . g LDt XN 3% 195 2l Xk -t 398 2 a5 A
HAJBIE Y m )], 4 A 54, 2008, 28 (3) : 955-
965.

Lo AT S S ) G e e N 1 2 W ER LBV G Y I i
0 SR G T YRR A ok U o3 B B o T A A AURR: BT
MT] HEER%.2017.38(12) .

5, DAl XN, A P BT R 4w T
FOBAEA BB EAN L] R4, 2015,36(3):1037-
1044.

FEPHPEBIR SR M AE. HG I AR T Y
AR S B PP L) ] 3R 5835 Qe 5 B, 2017,39(12)
1327-1332.

AR I ARE £ L 4F. 5T BCR fl HG-ICP-AES
BT X T A S PR AR AT LT 1. DRk o S5O Rk Ay
#r,2007,27(9) :1834-1836.

Braga A, Saldiva P, Pereira L., et al. Analysis of the
air polution health effects according to different chil-
dren and adolescent age groups in Sao Paulo, Brazil
[J]. Epidemiology, 2000, 11(4):97-97.

Sherman L S, Blum ] D, Dvonch J T, et al. The use of
Pb, Sr and Hg isotopes in Great Lakes precipitation as
a tool for pollution source attribution[ J]. Science of the
Total Environment. 2015,502(12) :362-374.

AR IR RN IR AR AR R Cd R Hg 15 e 19 5% U5 i
Bt 5 KU 3 e IF 92 [ ] AR ol 35 58 B 2 2% 4l 2016, 35
(7):1314-1320.

WNE , BV AR L 5 B I sl B ks AR X+
WEAS BB YnE )] V6 K iR B RF
2017,39(6) :121-127.

HOUF I RS X SO0 4. P 39T 2 4 Ak Tl X
WE LS5 R )] BB R 4 4k, 2005, 25(9)
1182-1188.

Boruvka L, Vacek O, Jehlicka J. Principal component
analysis as a tool to indicate the origin of potentially
toxic elements in soils[ J]. Geoderma, 2005,128(3/4) .
289-300.

Ferndndez S. Cotos-Yanez T, Roca-Pardinas J. et al.
Geographically weighted principal components analysis
to assess diffuse pollution sources of soil heavy metal:

Application to rough mountain areas in Northwest

Spain[J]. Geoderma, 2016,53(8):135-146.



