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Effects and Ecological Risk of Urbanization on Heavy Metal

Accumulation in Soil of Jinzhong Basin

GUO Xing, WANG Yinggang., CAO Xiaoxiao, ZHANG Ting

(College of Environment and Resources . Shanxi University, Taiyuan, Shanxi 030006, China)

Abstract: [ Objective ] To study the distribution of soil heavy metals and evaluate its ecological risk in
Jinzhong basin so as to understand the status of soil pollution in this area and to provide a scientific basis for
the comprehensive control and prevention of soil heavy metals. [ Methods ] The heavy metals contents of Pb,
Cr, Cd, Hg and As in 208 surface soil samples were tested in Jinzhong basin. The single factor pollution
index, integrated pollution index and potential ecological hazard index were used to evaluate basin pollution,
and the status of pollution was analyzed using GIS spatial analysis technology. [ Results | The average
contents of heavy metals Pb, Cd, Cr, As and Hg were 20. 87, 0. 316, 68. 226, 10. 457 and 0. 129 mg/kg
respectively, which were 1.42, 3.16, 1.23, 1. 15 and 5. 61 times of the soil background in Shanxi Province.
The results of single factor pollution index showed that Hg and Cd were the main contributors to basin
pollution, and Pb, Cr and As contributed less to the basin pollution. The results of the comprehensive
pollution index and the potential ecological hazard index showed that the basin pollution level was more
serious, over than 95% of the sample points reached medium pollution and heavy pollution levels. The
spatial analysis of pollution showed that the overall pollution of the basin was severe, and there were obvious
polluted areas in the northern of basin, Taiyuan, and in the southern of basin, Xiaoyi and Jiexiu area.

[ Conclusion ] Due to the influence of human activities, heavy metals in soils of Jinzhong basin have been
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seriously polluted and should be paid enough attention.

Keywords: urbanization; soil heavy metal; ecological risk; spatial distribution; Jinzhong basin

3R A SRS A G R A AR
ATE YRR ARk B 2 U K R T
FUAE 3 5k DL B N T30 A 36 22, 30k T A 7K P ok ik
T s 5 Z R AR S N 28T S 0 X 8k SR B T Ry
s e Y A JE AR M T AR R A
FER . I B E B ] B B W 2, Al A4 5= i
TR A B )2 8 A% A TS K E R AR 2 S Bk 1
T A 4 8 R R Tl i s b e A K
B ZRENE T IR SR R R X
T B R R W T R R T A R 4 A2 B PR
520 - BB AR R DT A A B Ak 4k
ol £ R P AR, o NS BR . A R X
fR 75 Y B o o R G BR B ) AU TR I A B 2
BT Z K, HAl. AR EX T X | 5E %
T AR Y M RN AE S Y AR Y e A R S Yt AT T
(B0 A 1]/ ey 1 o WL e Fe 2N 7 e ot
H#erp Co,Cr,Cu,Pb Fl Zn & 5% N0 3 52 i B
WA EEE AL AR RRKE
T B) 38 B R 2 3 A R s T A X,
W AC il iz g 1 A B LR B — i 2
B ANl K PR R L A R S R A R,
Cu, Ni 1 Zn = BRI T30 A= 7 4R 3E R 524 . Cd
HPb T I8 F Al 35 2 1 32 38 12 i .

B b e T b R R, DA AR ) A E) 21 i
ZOWI R kAL 21, 26 Y08 K B 60. 33 %, 1K1
U3 AE L A — 5 . W 9T XN A RE TR L 45 4% DL
B G BB R 32, ELEE Tl AR R 4K 8K BB 28 7 Ay % 0
KX WAR oI L E 4 E 0 B a4
Y, AREHP A EE S E A AR
TE o) B AR X Y T R SR BV i e Cr il Hg
PEATRIESE . BRI AZ TAE shi ) He & B r B .
o T A5 A DT Wk X SR i R R A o, £ HE R
SlEMEALEECAR P EAFERE,Cd M Hg &
R, HE A B BESER 2 B X 38T R A R A
JU R T X 52 21 AR i T X 5 v 3 1 BF 5 A e A
il . Pk, A5k 2 R0 4 8 Y 7 iE R GIS
2 AAEAE AR T T h 2 5 Fh 4R A0 75 YL
TE R 5 YRR B, B T M % o X+ 3835 YL B0tk DA Ky
TIEE LRGSR S iR AR .

1 M5k
1.1 HARXHR

B A AL T L P A S U T A, b B AR AR
S 111°36'—112°49'E, 36°59'—38°17' N, & i f1 &4

5 000 km* ,¥E4R 750~850 m., J& T K bilfi M 2 KU
7K A 450~550 mm, 4 6 BRI 72 02, AR 3 B R
IFECTE 2 650 h A4 A F B RREZR. AREFEMWT
MBS S, BRI - . A
b A A8 R T A XL 2 ST L B B AR v B
R B E SOKE R B SR B AR B 12
AN BT A3 b DX, 2 1 PE AR N e ok R R X AR
L P AE F2 B R X, B A i X 3R Y+ b
I FH 2 AR [) A 32 i IX S o 1 O e BB VR Ak T3k
Tl FH Ml 5 B b Y A2 A AT A 9 o R 2 B S
1.2 #HEmRESWK

BEBFSEIX 2R 1 250 4~ 2 km X 2 km 9 1IF 5 T 30
TOAK >R FH B AL AR 1) 7 35 35 B 208 > A% L 7 45 )
KB ZARIE A A B A 10 m X 10 m AYFE R, 4%
BE S0 SR AR TR BE J 0—20 cm, I RE Hb % £7 28 25 1] FE
KR 5 A LR KSR A E N — 4 L HEL K
Je T 53— X f 2 AR TR 09 75 16 R B HREAE P ATHRE
SEPRRAE A s B GPS R R RE S R AT RS B0 E .
Fange BT AR B B i J5 3k 100 H J8 JE i 5
R A B A ) AR AR S5 A, R T IO 43 46 98 % 100 g,
Be NSRBI AE I . SR FH 00 7 1 1 (MARS f0 T8
FEASO HEAT A SRR DU 5 <RI 0. 200 g - SBEAE AL
A 8 ml iR .4 ml A AR .4 ml Eh 2 B T ik 1M
ASC s e B ol P R A7 98 A &5 R VA B A 50 ml iR
L ER. RESTPE 4R Ph.Cd R A R R Tk
Gy R AT I 22 o Cr 2R 1 KM T W Ac 32 0 52
As il Hg SRR F 26 ik e o . % H B R b 1fE
PITRE S GSS-2 3647 43 B ot 45 1) 00 2 25 2R R 5
FhoT R F EZRHES LY DR 20 AN .
1.3 +TESEEFTEEMATZE
1.3.1 RBEFFEBHE AN TIGYAEEON R
G 0 IR BE 0 5 VAN O v » [ B 2 22 IR % 0 i 1E A
TR, AN,

G

K P— PR FIis 48 8 C—— 45 4 )8 S0l
WP (mg/kg); Si— & HEJE S % WM br
(mg/kg) .

1.3.2 AMFEAFEBH0E AR5 R
SRT LA WL e 4% o 4 S 1) ¥ e AR R L (EOR B 2 LA
BRI DX 5 G A 00 o 111 P9 A 25 255 T G 48 25000 S st
FLN A 4 R Y B R (B BT A T LA b e e S
Brim gk ol . HIHE A Hh .



SREEAE P e S R Gy R O A R AR T 2R A XU 55

I=/(P)"+(Py.)"/2 (2)
AP I— LB 488G P—5 MER AR
TIRAGHCF MEs P58« DHEAHRIN TG
Jetg B R . MRS R AR TR DL SR 1.

x1 TEEEEFHRTFNRE

1.3.3 #AA2AAEk4E: hTEMELENE
Yy P AN RV R 0 3 1 T VR A A S PR Bk
oh & B R0 B 2R BT A I B 4 JE 6 AR SR G
HitBE AL N

RI:%E'% :_éT?fcf/‘:,éT;C&iw/C,'} (3
K Chy—— L IRV & 4 8 19 32 {H (mg/

v g LSRRI L PR 25 s e 5 4K _ ) o _
;‘fig P o PP o kg); C— ZHEE RIS H IR (mg/kg) ;s C—
RS BYOKTE SRR IS YUKF HERYEHNFIGRER: T HMHESENE
I P,<1 i%iﬁn 1<0.7 %Ei PR R R B ) Cr=2<<Pb=5<As=10<
; VE Y M
N P,>3 T 2<1<3 5 U TR RI— M 0 6 )8 25 G W T 4 205 Je 95
vV >3 i i5 e . HIFMMARUETEIL R 2,
x2 BEAESEZHEHRINIRE
ERGEFR E} MRS EESEERE RI AL RRERE
1 E, <740 REFLERGE RI<C150 RELERLE
1 410<E, <80 hEASEE 150<{RI<C300 hEASEE
1l 80<CE; <160 A4 E 300<<RI<C600 wmEIA S E
I\ 160<CE} <320 AR i 0 A 75 8 RI=600 AR a8 Sy A 25 5
vV E; =320 e 5if 5 A 25 15 5

2 giR5aPr

2.1 +tESEESENN

i+ % H 48 Pb,Cd,Cr, As fl Hg 19 &8k
TR LR 3, i FL AR I 12, 48 ~440. 16 mg/
kg,0.06~0. 69 mg/kg,51. 48~201. 51 mg/kg,6. 2
~15.335 mg/kg,0.021~0. 478 mg/kg, 5 E & )8 F
By B T X R s, o ok 1 R
B 1.42,3.16,1.23,1.15,5. 61 4%, 7] WL4% 5 4 J@ 7
A AN R R AR

MW ZBAEE. He W EF R a. A
65.89% ., J& F 1 ¥ & AF 5, Pb, Cd. Cr 1 As 43 5 K
20.17%.,25. 63%,21. 38% A1 21. 31% . ¥y J@ F v 4%
SRS, EE AR AR DL R KA R R R
WhoNE B M RZEZMAHEEZELm S, 0l LU
F il Cd 1 Hg AR ST X R AR & i 8 T 375 (A
Ui He & MR R2 /Mg, i Cd 172 &
FHEETHEESEE AEYECZBETIER -
B8 B T RARME (GB15618-1995) , g7k Cd 7 — & 18
BE b3z BNV R R TG 352

x3 EHhAMTESEENTIESEE

oy E‘id‘{ﬁ{ ﬁ"x"d({ﬁ{ ﬂ‘ﬂﬁ/f ﬁ‘/ﬁ%{ 5 5 R A ﬁ%ﬁ{ :Z&ﬁﬂ’%/
(mg « kg 1) (mg « kg ") (mg « kg ") (mg « kg ") % (mg « kg ") (mg « kg™ ")
Pb 12. 48 40. 16 20. 87 4.21 20. 17 14.7 250
Cd 0. 06 0.69 0.316 0.081 25.63 0.1 0.3
Cr 51.48 201.51 68.226 14. 586 21.38 55.3 250
As 6.2 15.335 10. 457 2.228 21.31 9.1 30
Hg 0.021 0.478 0.129 0. 085 65. 89 0.023 0.3

2.2 TEHESEERETLEEN

2.2.1 FRFFEBIFN MAXIESEESE
PRI YR TEM S R R 4, Dipi s £ E R E
fE R 22,5 Pl 4 )8 5705 Y 48 B9 K2/
WK H: Hg(5. 605) >Cd (3. 161) > As(1. 432) >Pb
(1.419)>Cr(1. 374) . 4% T 4 J&@ X 5 A~ £ 3R 05
M5 YL S O  Pb. Cr A1 As SRR B R 56 B 5 4L

T B R T Y R BE YRR S e A i R 95, 200,
98. 1% 100 % , H 3 A e B V5 Yebf sSAR 2D s Cd i i —
MG e R R AR A B AR S O oy
S L 50, 9 %0 F1 34, 106, H b E B TS YL kR N ik
) 10. 6% s Hg A E V5 Y, £f 20 15 44 5 o m
Jp T4 5% EEVE YL N 11, 1%, AT Y R R B TS
15 H 13,6 %, B FERFSE X Hg (975 YL fie ol ™ i,



56 ok (R A % 38 %
F4 ERRBBETFSRTNER
e &G 8 T T T T ]
4 B0 A1 H KO f I BT T W

Pb 0.849~2.732 1.419 2.9 92.3 4.8 0

Cd 0. 600~6. 900 3.161 4.4 34.1 50.9 10.6

Cr 1.184~3. 644 1.374 13.5 84.6 1.4 0.5

As 0.849~2.732 1. 432 28.4 71.6 0 0

Hg 0.913~20.783 5.605 0.1 13.5 11.1 74.5
2.2.2 AMTEEFRFBIOGEN EAIEELAT 2.3 TEEEENFRZTESH

A B T3 K d K TS Y AR U B 25 A S
PR H . SR EW . SRS G R R BT E N
4.56, 2 g am e T E TG gL IR, bk 3 o R s g
A b S G 1 A SRR A EA i Dy 156,53 A, i e
73. 1% H 25, 5% 33 5 e 98. 6 %4, 3 S ke AR 5 IX
ARG R O AR Y 0 R 4R IR B
Kegt+mubl.,

2.2.3 BEFEBIOFN SGAFZELEEENE
VA G e M LR g = W R NS B e e PSR
RGBS ERE. wE 1 PR, As,Cr
1 Pb A M ARG F FRAS R | PR 5 Cd
FE S H R KA T s B0 A 25 e 3 oo 1T
RS fEE  He 78 IV JAR 58 Z02E 25 15 T AR 55
it 50%, I M EfEE S V Hik R fE FFE AN
FEAHL. ¥k 2500 4247 . 5 P 4 J@ 2 B0 1 W AR 2R
BfeFEHERERBER =X —IE M 0] 56 7
FR S DL — T S FR T A% o 4 R A R M 25 R T B
BRI 0 H 4 Jm T RI B A B R stk 55— 7
10 2 B T AR 9E X Cd Al Hg (9 & BEAR X 795 S
b b3 T X S B R T Y 48 B H A R 4 R
WAL ifS Cd 1 Heg WE A S ERB RN,
LA WA SR RI KR BFEESEFERIN
bR E, TR MR ERGEE Nk E. TUAE
WIS X A AR A S KRS H A ™ F L, Cd R Hg o
FER TTE T,

1001 _— = — |
°\\° 80 L
=
X
& 60f
&
& a0} 7
B
i
20t
< 7
%
0 . 7
As Cr Cd Pb Hg RI

AR EEREA RN

B SRR 18 BT

EAnE CIRE

& 1

2 A 0452 30 o 00 A A (8 % A 5 1]
f 23 0 3 5400 5 5 39— 1 R KO 2 398 T 2 I o B 15
A T 5 02 ) o AR O 2R o L IR A O £ o
D RE A R AE (. X 4% A5 0 35 2 4 MOt AT
2 496 0 7T L 50 08 2 ke £y — o 96 Pl P9 1 42 R 5 24
TR PRI e T A R L R 1 1 0 1 80 AT
GE R ArcGIS HbGe i He X 75 7 5 £ % 48 % RI
F 5545 5 Y HE KUHEAT Kriging # 00, W18 2 T/ . o
TE A 25 fo0 55 8 BOR 25 4 15 e 1 K 1 2 [ 43 7 4 ) o
AT 75 2 b v 7 b X 75 Y 75 B AR O 1l o X 6
Ve TE RSB X 2 YA M X A7 7E T 5 05 e W £
[, FF: i) 0 ) 52 0 0 L 95 U U (A X 3 A 11
S X 32 2 R A G 7 1 L o
e T
3w

A H M TR S R oD A M A
01175 48 33 1A Tl A AP B 5 B e X 2 F S
H B T A K P L 2835 51 68 24 {4 4% A BT L U
B AP 2 ST R A BT B 12 0%
T 5 b AN B X 0 b, i LA A T A AR R R Tk [
B v Tl B 1 K AR 5 400 7l il [X L 2 S 28 9
RIF % X35 140 26 36 I 2 DR A B 83 -4 R T 2 [X 2%
12 A3 TF S DRI Tll Bl 1K 4 B 25 3 1l e A
e 45 25 0T B B TR K L T L A 7 T
B e s DUBE R 77 36 A T 8Kk S 1 B U O P A K
U 300 e O BB L J R A (1 Cd,
Ph,Cr, As Fil Hg 2 4 J8 1 1 o UL I 51 i H 1 3
AR HER A 21 40 LR 4 4R AR 30 £k
A HL T R ING LA B
3R i A P T 4 A TR 4 T A 00 g
L 5% S A 390 LD SR 0 P A M 2 72 1 R 5
3 747 1 3 35 KR Tl B K A0 T L ¢ A
WO 4 IR A R L — AR L A L 4R R
el A 7 A AR HE L 25 06 2]t R S+



el

SREEAE P e S R Gy R O A R AR T 2R A XU 57

ST J i BN B9 IR A M A P R b X o) A
ARZ IR ELIT R A8 A MRAE 2 5 A B 9
Z S0 A R XA AL ™ ol B o B R T AE 2 B TR T
M e X 4 23 A I EL A 5 PR K T3 R T 3K nl RE R

GREFBREN
[11.81~2.50
[12.50~2.92
[12.92~3.17
[13.17~3.59
[ 3.59~4.28
[ 4.28~5.40
I 5.40~7.24
I 7.24~10.27
I 10.27~15.23

[0S AES TR s SE RSN (S I P N B AR D L
Z S0 A PR M X2 7 30 T AR K P R e X
5 g B AN A 7 R A 9 KB K B HE T
L P G .

BEFLIEHRI

[1135.14~191.92
[1191.92~231.55
[1231.55~259.20
[ 259.20~298.83
[ 298.83~355.61
[ 355.61~436.99
I 436.99~553.60
Il 553.60~720.70
I 720.70~960.16

2 EHENTEEERESRTEASHESE

4 5w

(D b e 5 R G Jm 9 F 15 5 2
T HE R RV LR R TR N E SRS
B¢, Hg Ml Cd iy 35 3 E 200 & 3 5 {H 5. 61 Al
3.16 % R AR N T B m T e EEOT R HAb
3FE4JE Cr.Pb A1 As & AR X 15 5 EDE Fr A K
SR TG YRR AR R

(2) B 75 G 45 B B IR 1 8 A AR S G T AR
AR He M Cd O f EZ W5 3¢ N 1, Pb, Cr
I As WZ o LRaT5 QR BOMER 5 I e A 58 T 18 4K
LERRW A b E TS PR A T 9500, B
A X R S G A R AR S Qe E 2y
FEEL TR .

(3) M e 3 (9 75 g 25 18] o A1 A% Jm 7] LA
M A R R R A R [ R B 9 T G L B P2 L SOK
Mo DX 75 QB A A XA 15 G f o, 7 A g
Z S0 AR X T2 2 3t b B R Dt DX 75 e e i L X
EEIPN- GUES SEEPSYS R PN

[ & % x w ]

(1] BES L BEAS 2R 8, &, £ 005 g R R B v [T,
+1£.2003.35(4) :298-303.

[2] Chen T, Chang Q R, Liu J, et al. Identification of soil
heavy metal sources and improvement in spatial mapping
based on soil spectral information: A case study in
northwest China[ J]. Science of the Total Environment,

2016,565:155-164.

(3] USRS S & 2% VL, 45, b B X+ 38 0 4 Jd 75 YT
W5 28 W40 AG A (1], BREE AL, 2016, 37(1):270-279.

[4] Luo Leis Ma Yibing, Zhang Shuzhen, et al. An invento-
ry of trace element inputs to agricultural soils in China
[J]. Journal of Environmental Management, 2009, 90
(8):2524-2530.

[5] Hu Yuanan, Cheng Hefa. Application of stochastic mod-
els in identification and apportionment of heavy metal
pollution sources in the surface soils of a large-scale re-
gion[J]. Environmental Science &. Technology, 2013,
47(8) :3752-60.

[6] Zhao Long, Xu Yafei, Hou Hong, et al. Source identi-
fication and health risk assessment of metals in urban
soils around the Tanggu chemical industrial district,
Tianjin, China[J]. Science of the Total Environment,
2014,468/469:654-662.

[7] Pathak A K, Yadav S, Kumar P, et al. Source appor-
tionment and spatial-temporal variations in the metal
content of surface dust collected from an industrial area
adjoining Delhi, India[J]. Science of the Total Environ-
ment, 2013,443(443C) :662-672.

[8] Clement O O, Fatoba P O. Contamination and spatial
distribution of heavy metals in topsoil surrounding a
mega cement factory [J]. Atmospheric Pollution Re-
search, 2014,5(2) :270-282.

[9] Ding Qiang, Cheng Gong, Wang Yong, et al. Effects of
natural factors on the spatial distribution of heavy metals
in soils surrounding mining regions[J]. Science of the

Total Environment, 2016,578:577-585.
(T 4% 64 70



64 7k - B F e AR

%38 &

fif A B N, O He i i 52 w0 [T 1. 48 9 %8 3% 5 8 B 2 4l
2006,12(6) :840-844.

(6] WEEH,RCR BTV, 5. AR L /A A A
w4 H CO, HEM i s ma [T, 1 BNk, 2006 (1)
14-16.

(7] SRR, LD, 5 HE A% A5 AT F 4 X 3 CO, B AN
TIEBAEY R )] 8 AR S 4k, 2004, 15(3)
469-472,

(8] kL% a0, 2= AR M, 5. AN TR B 4% 1 T # #F i6 H
Xof SR A Wy o e RO B AR AR AR s g [T 1. AR S
245 ,2005,16(10) : 1903-1908.

(o] kel wh i, XU 6, % RRIMGEE 444 F EXREFF A
Fe ik W AW 2 RO R S LT ] A R 5 R R AR R
2005,11(6) :36-43.

[10] Sierra J. Temperature and soil moisture dependence of

N mineralization in intact soil cores [J]. Soil Biology
and Biochemistry, 1997,29(9) :1557-1563.

[11] Balota E L, Machineski O, Matos M A. Soilmircrobial
biomass under different tillage and levels of applied pigs
lurry [J]. Revista Brasileirade Engenharia Agricolae
Ambiental, 2012,16(5) :487-495.

[12] W EF B ot 0500 b e BR 50 = 4. L
P B B A T LML Gt Bk Y RRAE L 1978,

[13] Ning Tangyuan , Han Bin, Jiao Nianyuan, et al.
Effects of conservation tillage on soil porosity in maize-
wheat cropping system. [ J]. Plant Soil & Environ-
ment, 2009, 55(8):327-333.

[14]  FF sk BRI, 00T, 45, 15 20 2 £ T 16 H X £ oK A

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

2 R R A LT ], K R
4%,2011,25(5) :81-85.
2R R L A IR b IR X A RS R R i
JE B R (], 327 42, 2001.38(1) : 135-138.

Kahlon M' S, Lal R, Ann Varughese M. Twenty two
years of tillage and mulching impacts on soil physical
characteristics and carbon sequestration in Central Ohio
[J]. Soil & Tillage Research, 2013,126(1):151-158.
PRI SRR R T L A R R X L S A O 4 K
AR 5 M R AE B 52 R [T ], 33~ 42, 2014, 51 (4)
718-725.

A L AR AR L B AR L 4R R i R AT S (R IR BE A T X

B A A LI ARG M s [T, 324, 2015,
52(3):665-672.

PR SRR, B 08, % ARDK AR T N LR
I A 4R A B % - 3 AR Wy 2 R P R 3% 43 R 0 14 5 T

(1. A 45242 .2013,33(2) :565-575.
bRt E i AW O L Z N 5 5 Y E D e e S I T
REA RN LAHLRIOE T o e L], b [E A S Al
#2,2013,21(5) :526-535.

SRAE TN SRR L R A R AT A A ALIC A T X -
R AR R R [T, 0 AR 38 27 4. 2002, 13 (12)

1575-1578.

Nicholson F A, Chambers B J, Mills A R, et al
Effects of repeated straw incorporation on crop fertiliz-
er nitrogen requirements, soil mineral nitrogen and ni-
trate leaching losses [J]. Soil Use and Management,
1997,13(3) :136-142.

(E#% 57 70

[10] Wu Shaoha, Shi Yaxing. Zhou Shenglu, et al. Model-
ing and mapping of critical loads for heavy metals in
Kunshan soil[J]. Science of the Total Environment,
2016,569-570:191-200.

[11] He Binyun, Zhao Jun, Shi Jingbo, et al. Research
progress of heavy metal pollution in China: Sources,
analytical methods, status, and toxicity [ J]. Chinese
Science Bulletin, 2013, 58(2) :134-140.

(127 BrFEum. o8 L R R A5, P2 Z R 2 L E
S Jm s A 43 A R AR L ], P 27 4, 2011, 66 (9) . 1281-
1288.

[13] A% R, A%, 5. RN Z 8 BB Z -
He s 4 )8 o A BOvs AR AR A R [T, M 3 ) A2 i e,
2012,31(5) :632-638.

[14] ZEE . R, Afh W KERB LEESE SRS
Z3a A LT, BB R4 ,2013,34(1) :116-120.

[16]

[17]

[18]

[19]

[20]

R DI e T A R X X AR 2 B 5 e AT
FELDL v R 1L PR, 2007.

X5 R AL, P HUah. Uil RS B 43 He, Cr 25 8] 4
A 515 4PN L. gl T 2% 42, 2008, 24(5) : 57-60.
e TG 00 B R R DR A X ] 1 - M T 4 R 43 A AR AR
LA T[] R PRI R 24 2 4, 2015, 34 (5)
866-873.

A S AR T R L VAR A RS G AR 0K PR
T 4 JE B RO LT ] R R 5 HAR 2008, 31
(2):112-115.

RIS LT A VY R T R R S
FRAELT ] AR b BT 7 A A . 1994 (2) 1 188-196.

Manta D S, Angelone M, Bellanca A, et al. Heavy
metals in urban soils: A case study from the city of Pa-
lermo (Sicily) . Ttaly[J]. Science of the Total Environ-
ment, 2002,300(1/3):229-243.



