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SHMXARMORETIREECRIER
5 RS XU

EEE, BEM, XN, R#4, £ 4, Kiid, Y@L
(FdREXF HRFSRFERELR, A M 510642)

FEEE: [H ] 7 5 78 XA R AR 73 S A 3 51 & J 1) & SRR AE S0 B 0, 9 A 38 AR VAN S A AR 4 o
(752 1A B PG W X A% Eucalyptus urophylla N T B ¥ Pinus massoniana N T KK Cunninghamia
lanceolata N T AR Acacia spp. N TARFNFE I JRAZHR 5 bk 73 BT TEXT R, 3BT A RIS 0~20 em L2
#Erh Cu. Zn. Pb. Cd Al Ni H935 &, IR HBI05 Q640 (P) 5 WHEE ZR615 Y4840 (Py) 5 Hakanson W 7E/E
AN E (RD) 0 &bk o LT 4R 15 Yl DLEAT 15 YT OB AR S TP . (B R 1My LIREE)E
FELL Zn Fe, Cd A&, IR ARE LIRE RAE; 13 pH O 3.62~6.42, 2. DR A TH I+
Cu S B % (16.06 mg-kg™) A% N TR+ 384 Pb i B /0% (12.37 mg-kg™) 35035 v T i MR AWK -3 AR L
BEBMRESE (921 f16.87 mgkg"); N LBEESESERMMKERE. 5 Wiks LIBESRE P, /)
T L i RE R NE; LIRE SR P, &k Py YR : BRI N TS IZ AN TS F A Thk> 48 B k>
FEIVRAE AR, R Dy RS N TMRSE, FRMR A LR G 15 S I N A4 o F— o 2 Tt o 45 () T AE AR A AR VA 485 1
BIRR MR, B— B SRR A AR R (E) RIN CAd &K, Zn /b, ZFEEE RIKRIUNES Bia A Tk
s AR MRS A (4516 1Hakanson Y& 7E A2 25 KU 8 40072 g B0 27 & b SR B 33852 35 6 R 15 1% s BT 703
W& A, B7 1R AR AR AR A\ 9 E SR AT R — TR B A R R A B84

FEBEIR): AR EE R A RIS YA B RS IRE V5 T A AR A KU
FE 2S5 S718.516; X825 SRR A XEHE: 1001-411X(2018)05-0025-07

Contents and ecology risk assessments of heavy metals in different
forest soils in West Guangdong

ZHUANG Yuting, FENG Jiayi, CHU Shuangshuang, WU Daoming, WANG Jing, ZHANG Lichao, ZENG Shucai
(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] To understand heavy metal content characteristics and pollution conditions in different forest
soils in west Guangdong, and provide a theoretical basis for their ecology risk assessments. [ Method) Eucalyptus
urophylla plantation, Pinus massoniana plantation, Cunninghamia lanceolata plantation, Acacia spp. plantation
and broad-leaved mixed forest in West Guangdong were chosen to investigate heavy metal (Cu, Zn, Pb, Cd and Ni)
contents in soil at the 0-20 cm depth. Single pollution index (P;), Nemerow index (Py) and Hakanson potential
ecological risk index (RI) methods were used to assess heavy metal pollution conditions and potential ecological
risks in different forest soils. [Result] Cd content was the lowest while Zn content was the highest in all

studied forest soils, but they were all below soil background value of Guangdong Povince. The values of pH
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ranged from 3.62 to 6.42, presenting acidic. Both Cu content (16.06 mg-kg') in P. massoniana plantation soil

and Pb content (12.37 mg-kg ") in E. urophylla plantation soil were significantly higher than those in broad-

leaved mixed forest soil (9.21 and 6.87 mg kg '). The correlations among five heavy metal contents in

plantations were significant. All P; values in five forests were lower than 1, indicating no contamination. Both P;

and Py ranks in five forests were as follows: P. massoniana plantation>C. lanceolata plantation>E. urophylla

plantation>Acacia spp. plantation>broad-leaved mixed forest. Except P. massoniana plantation, the pollution

levels of all other forests were safe. The potential ecological risk assessment results of single and multiple heavy

metals were slight risk. The potential ecological risk coefficients (E;) of single heavy metal showed that Cd had

the highest value while Zn had the lowest value. The results of RI showed that P. massoniana forest had the

highest value and broad-leaved mixed forest had the lowest value. [ Conclusion] The E; method can more

comprehensively reflect the soil heavy metal contamination. According to its assessment results, it is still a long-

term and necessary measure to prevent and reduce heavy metal pollution caused by human.

Key words: forest soil; heavy metal content; single pollution index; Nemerow index; pollution assessment;

potential ecological risk

AR Bl A28 R G0 AR, 2R b R
Tk JE 5 i RIS YL RIS 38 o N SR $ Atk R4 1) A%
AR s RN R AT SR A, AEAR RS Rk A AR A
R 22 0% 1 TS R R Bt ol A R A2 4k,
KNEREEE AW RIS, LI RS-
KR IR R 70% UL_E R E & B HEED.
AR s b o v ) B 4 R B AN RS i AR bR L a3
AR RGNS A TIRE, T HX SRS, A%
FEPEFI NS A A 5 i R 4 0 e 0, %17
AR G| E N A B2 ET s PR AR AR
HH ) B 4 R V5 YRR ) DR 4 A2 A PR RN AR ) A R
A B YT LR E &R TS R B TR R
Z W T 5 NG E VIR T B
[X &5 - B, S0f AN [R] bR 2R A R o R T Y AT
VAR T BB S 8D o KW Eucalyptus urophyllas
5 B ¥A Pinus massoniana~ ¥2K Cunninghamia
lanceolata F1AH I8 Acacia spp. /&3 [E w77 BHE A
TIEMRRFR, T AT R X AR AT DL
[IB: R - NI D ==Y VAN 7 N = DS N B 2 7 i iy e
R 5 FhAR o KB 3R 2 LN TN &R, A3 i AL
B b [XAS [F) bR 4y 1 35 B 6 R ) EAREAE I o A
R R BTG e da B0k WG LR 615 e da
#5A Hakanson W E A A G FH AR HGE AT L&
& )BT G S A S KBS VRAT, AT 8 78 Hb X AR
M & 8 15 Y IR AR AR A R HR 2 .

1 MR570

1.1 BB
BREWMM T RAVEEH (111°03'08"~
111°52'44"E, 22°25'11"~22°57'34"N), J& Fg I iy 2=

S, D255 B, W& 7R l, AR A, KA
LK, 3R 22.10 °C, 43 H % 42%, FFEK
H 1260~1 700 mm. ' HES B EA AR AL RO
B ZhHbth T, PEES. FE A PE AL — o = R
i, 3222 B 5 AR S RE N, MR A%, )
PR L, iy L IERAR IR, %
1.2 HmRESSH

T 2015 4F 11—12 H B & i a0, M.
BHYE BRI M 1 N2 AR 55 8 AN IEAT
T b AR 3SR A o R A B DU FL A AR AR
I R FA R AZ PR HH TE AR fia] VR S AR (T2 R A
AR B KR B RR Neolamarckia cadamba F17E
1 Phyllostachys heterocycla) W)X 38347 135810 &%
KAE, 5 PR BT TE Hh B 3 R A b R G SR
FEAL, WA = FEARIE o 75 5 Fhopkth b e 3% E 1 A
A 20 mx20 m FIRFEFE I, A 3 A 5L
1o FEREAFEHS M 2 BA I 3 A RAFE S, B
KA B RERZE 0~20 om R E 1 L4 500 g /7
Ay K U5k A — R 07 B 3R TR 20, 3R
O BB AR B I bR, FEREERES 120 4,

x1 HHEKRFR
Table 1 Basic status of sampling plots

sy MiEa  MIR/em  WE/m o )

M NTAR 1265114 13.245.8 13.844.4 20.9+6.1
SREMATH 308£12.1 13.6£4.0 11.9+2.0 25.2+4.2
ARANTAH  26.6+13.7 125854 11.5+3.4 28.4+12.6
ABANTAR  13.7+153 14.0£5.1 13.5+4.6 25.7+4.9
A R S R — 157495 154449 259+10.4

1) — R FARE R A
http://xuebao.scau.edu.cn
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FI T AT, BEATF A R TR Ak
i, BEwE L 100 H 1 Je M, 45 H .

135 pH R A pH 1 E ;s LA L& 2R
TR A #GE I s 3% Cu. Zn. Pb.
Cd F1 Ni fl HE-HNO;-HCIO, J4f# 5, K JE 11
Vo A BT
1.3 TEESRSHEITENAEE
1.3.1 BRF 4% RO YARE(P) BEXT
T R E SR T R AT, P E A
Feue,

P;=Ci/S:
X, C NEEE i & 530 mgkg s S N
HEE i M S A, mg-kg' . AWFREM %
A 1S A" E R AR AR (1 )™
VYERTG RN S U (R 2). P<1 i, HIERZ
FE LR AW S, P>1 N, IR E S RIS Y
P ABBEK, R L3857 8 & a5 YRR B RO

R2 IEEERSFTNSEE
Table 2 Evaluation reference values of soil heavy metal

pollution w/(mg-kg™)

izt Cu Zn Pb Cd Ni
J"HRE R R 17.65 49.71 35.87 0.094 17.80
B X TR EARAE( T 20" 35.00 100.00 35.00 0.200 40.00

132 AMT AT E WP GETGY
FR¥ (Py) BE 8 A1 LX) 5 4 & i Ye itk 47T B AR 45
EVEMY, ot AR,

PN = \/(Pzi,ave +P2i,max)/2,

K, Py aves Py, max 75N IR S8 i 1 0005 Gy
TRBOE VI 45 R P I E AR KB . IR E SRS
YU B AR 3R N A 2 255 i G s UK VP 45 SR R 4y
NS AGEG: Py<0.7 B, L3RG QRN T A
0.7<P <1.0 I}, L35 YR NE R 1.0<P <
2.0 i, RN AETT YL 2.0<P <3.0 i, L3
FEI5 4% Py>3.0 I, T3y TG 3L,
1.3.3 Hakanson # /£ A& A X F&454% Hakanson
TAEAE S MBS HRE Re 45 & S i 158 5 5 JR X A 85
RVBAE S AR e s . Horh, s —EH SR LE
B R (E) Mih A P

E;=T\Ci/S;,
b T N5 i MG R IR R C N5 | P E
& & B S R B 4 me kg S, B “1.3.17 o MKkHE
g REPR R R, EeEEE R (T):

http://xuebao.scau.edu.cn

Zn A 1, Cd 5 30, Cu.Ni fl Pb A 5. LR ELEE
PEAE S KR HE B (RD) 19 A .

RI= ZE,»,
E; 1 RI B3 FAMECII1 2R 3 Fios.

%< 3 Hakanson BEESNEISEENRE D RIE
Table3 Harm classification criterion of Hakanson
potential ecological risk index method

& FE R E; RI
B <40 <150
&g 40~80 150~300
G 80~160 300~600
TR 5 160~320 >600
G >320

1.4 HBHESHR

B A5 ¥ #E 2K F Excel #E47 403, B SPSS
17.0 #4788 91 o

2 ERSTH

21 HEMITIEESEAERMEST S0

5 Fihk 4> £33, Cu. Zn, Pb. Cd Al Ni [ &
SE 0N 12.85.19.17.9.45,0.02 Fi1 7.81 mg-kg™
(K 4), AXREE) RE LY A" B R R
FHN Ni K (76.97%), Zn 52/ (57.86%); 5 Fhik
S3H pH 1E 3.62~6.42 2 [i], T3 R

F4 HREBUEGRRESRAESITHHE
Table 4 Statistical characteristics of soil physicochemical
indicators and heavy metal contents

w (EHLR)

(g'kgh Cu Zn Pb Cd Ni
/ME 3.62 1.66
SN E| 642 5153
FHHE 425 2367
P 039 1027
BRERY% 9.2 4339

wi(mg-kg ")

L] pH

242 365 1.74 0.001 1.68
60.25 54.70 46.43 0.070 37.83
12.85 19.17 9.45 0.020 7.81
871 11.09 6.47 0.010 6.01
67.78 57.86 68.51 72.88  76.97

AFMS TN ESESENE 1R, G2
Fa N T AR w(Cu) A 16.06 mg-kg ™, 52w T FE
TRASHR, ¥ed N TR w(Pb) N 12.37 mg-kg ', .3
= L el S e R e o N il 7 Nl
TREZER,
22 FMIEEEES=ERIBUIEFREAEXM
My LB ES RS ES I pH A AR
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2 ROMR A THE (P<0.01); HAh bRy 3% pH 5 H 58 & 8 (8] A7
al /N e . N -

20.00 SN LK FE R Z AR (P>0.05) . FA N MR L IRA L

1000 WA 5 Cd 2 A R I EM R DRI

4 THEHAHUR S Cu &2 ITPTE 535 10 U %

E - s K F MR LA BB S Cd & B2 77 4E

% oo - {21 LEE TIPS

: = \E AU BR 43 98 5 A ik 2 1 BE A7 7 A 5

oot E \ £ AP R . SR A 2 AR St
£ NH 7 4 FN TR O R %, RIRBANTH, B

Q
5

N
=)

ac)
=
Q
o

F—E=&BNAERF L7, URAA—MHE/NG FRE# RN % E
& JBAEA FIMR Sy 18] 22 AR 3% (P>0.05, Duncan’s i4%)

1 FEMPTEEEESE

Fig.1 Heavy metal contents in different forest soils
KA 5 Pos, BREM AT L3 pH 5 Zn &

AR R 2 M IEM SRR R AR N T3
pH 5 Zn M1 Ni & 2 [AAFAE A8 25 1 IR AR OG5 &

Cu 5 Pb.Cd HEZ LI Cd 5 Zn &2 [ HAH
KEAREN HRESREGEWH YRR E
sl A M . MRS MR Cu 5 Pb F &
Z A A W 2 A O

23 HFMNLIEESRBRESEETFN

23.1 XA ELETEEHN ETAFRSH
IR AR E R T R 5 R (3R 6) R,
WE HYE A AR Cus Pb AT NP BT 5 Y48 H 4 40

x5 TEMKSTRESCESERIBHIEFEMNEXRE

Table 5 Correlation coefficients between heavy metal contents and physico-chemical indicators in different forest soils

My HER Cu Zn Pb cd Ni pH BHLR
FE R N AR Cu 1 0.708%* 0.254 0.285 0.398 -0.213 0.106
Zn 1 0.381 0.241 0.604** -0.325 0.06
Pb 1 0.633%* 0.123 -0.147 0.363
cd 1 0.256 -0.323 0.425%
Ni 1 -0.218 0.066
LN TR Cu 1 0.574%* 0.188 -0.025 0.710%* 0.401 —0.486*
Zn 1 0.301 0.060 0.769%* 0.459*  —0.107
Pb 1 0.342 0.149 0.121 -0.149
cd 1 0.025 -0.205 0.141
Ni 1 0.297 -0.171
RN TR Cu 1 0.491* 0.271 0.128 0.553%* 0.251 -0.183
Zn 1 0.590%* 0.330 0.583%* 0.707**  0.051
Pb 1 0.650%* 0.617%* 0.401 0.085
cd 1 0.498* 0.374 0.114
Ni 1 0.594%*  —0.208
LIS YNV Cu 1 0.192 0.008 -0.226 0.656** 0.251 -0.006
Zn 1 0314 0.461%* 0.412% 0.394 0.123
Pb 1 0.605%* 0.21 0.389 0.027
cd 1 -0.068 0.322 0.214
Ni 1 0.391 0.027
i VRS A Cu 1 0.299 0.577%* 0.114 0.171 0.124 0.062
Zn 1 0.16 -0.122 -0.018 -0.097 0.038
Pb 1 0.106 0.153 0.196 0.388
cd 1 -0.07 -0.353 0.524%*
Ni 1 0.316 -0.06

D*Fa** 53] % 70.05420.01 K -F £ B %48 % (Pearsonix)

http://xuebao.scau.edu.cn
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T HAM A KA, D EM N TAK Cus Zn F1 Ni 1)
BTG G FRHON i T AR KA. Bk i E
& 8 PRI AR EI RN Cu foK Cd /b, &4k
43 Cu. Zn, Pb. Cd AT Ni [FJ BLI075 e 48 5035 /N T 1,
TGO E LRI NiGR, RS MRy LI AR 2 3 E
SRR, NP AT R EEHT N 5
A N TARSAZAR N TSRt N AR HH N AR

RS AR . B DRI N TAREA R4 3y 5t
Y ME NS HE B 45675 G 5 R N B w2 4b,
HAR 4 AR SR BT YR RN L 4.

232 FRRAMSELEEELASARFN WK
Fizs, ARIZHE" N, SR — T IEESE
TRTE A S R (E) 9 Cd B K Zn B, iF
M 25 L35 R TR A A 25 R s A R AR 2 22 b 1

*6 TRMNSTIRESRIBSRITMN

Table 6 Pollution assessments of heavy metals in different forest soils

o Sl FTE R Fa BU(P,) lij)f?é%é} Y
Cu Zn Pb cd Ni HHRERCPY S
¥ N AR J7RAE I R 075 039 034 017 047 0.61 ©A
E X LA EAAE(L 2™ 038 020 035 008 021 0.32 LA
REMANTH T RELEEFEN 091 044 028 018 049 0.72 BRR
ER AR ERE(I M 046 022 029 008 022 0.37 LA
RN TR JTRAR L s E 082 035 025 019 046 0.65 LA
BRI R EAE(T )" 041 017 025 0.09 020 0.33 74
AR Tk T RAE g S 064 039 025 014 046 0.52 wh
EF SRR ERE(I M 032 020 026 006 020 0.27 LA
W] H- YR A8 A IR L sE 052 036 019 018 032 0.43 74
ERBEms maEaE( I 20" 026 018 020  0.08  0.14 0.22 LA
FEE IR TS R 073 039 026 0.7 044 0.59 w4
BRI R ERAE(T )™ 037 019 027 0.08  0.19 0.30 74
IGGREL R L R R OEW W W T
E X LA R (T 2™ WEE WEWE TV AT IEE
*7 TREMSTIEE S B Hakanson BEE S IEN
Table 7 Hakanson potential ecological risk evaluations of heavy metals in different forest soils
o . R GRS RRE)  ZMESRBES RUEH
Cu Zn Pb Cd Ni SXEEERD)  455R
FERE N AR IR g 376 039 172 503 233 13.23 LT
B LIPS R EbsE(T 20" 189 020 177 236 1.04 7.26 B
OREMATH T HREEEREY 455 044 141 542 247 14.28 B
R EHE R R 20 229 022 144 255 110 7.60 LER
BARNTIH Ry gty s 410 035 123 572 228 13.68 B
E R IR EsraE( L )™ 207 017 127 269 101 721 B
A TR IR LR s 319 039 126 407 228 11.20 LER
B LIRS R EbAE(T 20" 161 020 129 191 1.02 6.03 B
i VR ST bR JTARAE LI sE 261 036 096 533 161 10.86 B
R EHEmEAAE(I 2™ 132 018 098 251 072 5.70 B
TEE IR I R 364 039 132 511 219 12.65 B
E R IR R EAAME(L )™ 184 019 135 240 098 6.76 B
EFF 43 TR L sEn B OBWM OBHM B B
MR g m AR T 20" B B B B B

http://xuebao.scau.edu.cn
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g JE AR S NS FE A (R RIS S BRI N L
PR B e ] Pt VR S AR B A1, A7 AR R B A AR S
R o

3 g

31 ZFMLEEEESEIFE

AR SR TR & S HORIE MR+
S5 (1) ST Hh S A S BRAL AR A AR R OG R AT
i) 1 3% B 48 Cu. Zn. Pb. Cd HI Ni R &7 %L
(12.85.19.17.9.45.0.02 A1 7.81 mg-kg "), & Cu 4t
PR T WIAE 4 3 P AR AR 2R 1Y 1 A B 2 4 8 o & 4y
#(12.77.33.92.16.19.0.16, 20.63 mg-kg )",
H Cu.Zn.Pb Ml Cd & EIIME T RZET 4 Fi AN TR
[ AH B B 4 JB & 7 21 (22.67.50.76.48.10.
0.08 mg-kg ™), 157 M TR & LU ARAR A el AH B
&R R $ (6.99.32.95.3.86.0.135 mg-kg ")
Ee, A A 7 S REGERIN Ni K Zn
/N, HOS FhE &R & 2 R ZE UK, R g
& B AR L 1R 2 B] oA 22 7, X S5 TN EEAT
R,
32 ZMLEESREKRERSEMKIEIREIRE

*

I B RE SRR T R BRI, 2 AR
T B IR0 Y, O [ SRYR 1 E S (R A AR AR —
(A D, PRt o 40 Bt A7 [F) — BRI R AN R AR 7
A 45 S R B i A R A D PR T DL I Sk
PP B BEM M E S BT EE BT
AR RPN, ARH AT R I, T S JE 2 R A OGP
EN TR H AR N B3, JEHRAZAR N TR
HER T Cu5 Pb.Cd S EZELLA CAdE Zn &
Z I AR EAR B A, HREESR S ' WIE
FE I 35 BUH AR 35 B IR A O 08 &, 1T ] VR A AR R
BT Cu 5 Pb & & 0 R IR K IEMH KRN,
HAHRESESEZHHHSA R, WAL
FRrb E 4 SRS [F) 1) mT e B K, — U5 T A R
TN AR B 3R il BRI AR [R], 55— 5 T AT
e 5 N AR E 4 )8 5] A J7 AHE G, Bl T
N AR 35 R AR A R AR

3 PR AL M TN EE G R AR AR B AE B R
M g SR B SR 01, e - B L 4 S B A I
B4R, DR 45 B G B A A L S B A
Iy g e, H pH sy g 5 4 5 IR
BE TR . AHIE TR I, A AU & &5 ke A T
AN R VR A MR ) Cd & e B 2 AR 525 1 1E
R, 5 REM AN TR Cu & &R RER T

FHIRNE, 5 HoA = 4 1) J0) 0 5 38 AH G HE, X 5 9
2BV RS RAE: pH B 75 5 R A LAk
H¥) Zn & & AR N THR ) Zn AT Ni & & 2
2 Bl 3 I TEAE DG 1 DAL, 5 HARAR 7 1
SRR . KB T He R
5 S B BT TR R R I 2R 1
3.3 HZMIEEGRSRSEEETSKIEN

BT T RAE I S S R A T
BRiE (1 20U SIS Y48 B0k 10 vRA 45 R 4
N, 5 M E GBS QI IR BB E R, o
Cu H IS e 45 Bt =, Cd 1 5L IS G 4 B i
o 177 5 — FE 4 JaB I T AR A USSR IR VP A 225 SR 0
N, 5 FhEL 42 B Y AE AR BRI A AR AN AR, Herp
Cd T AEAEZS XU R E R, 1 Zn (&A% AN
FIPEA T AT I E 4 B 15 e VP 45 RANIA], X2
M T 5 e BoE B B E SRR S &
BEAT L3575 Yei AN, T & RIS AR S KA AT R
I8 T AR E S AR, RV T #M R
(T, AT REXS 5 42 8 5 Yu kAT LR G 4T Y
PR, G R IE RS R VEMN 2, Cd 15
MR ECECKR, T Zn BN, R Cd X AR A8 )
BAWPEMEEEEM, 1 Zn W2 AN ARFIRE ) 1) 2
T E TR, AR I B I AR Bk B
Cd 175 G55 PR BB E S OL T, Cd AR
RGP ATIAFAE BRI AR AR S AR o

AL RER, BRESE Cd 4 N TR =
SRS ESGTERAMTNESESE Hh SR
A N TARH ) Cu & & B 3w T R A MR 1
Cu & &, MM N LA Pb 7 & 1535 5 T IR AZ
M) Po & &, H TR ) 3 & )8 Wil 2
75 Y AR BB R AR S RS T B S T B Rk, 3R
N By RS N THRSAZAR N TS N T AR>HH
N AR i YR A bR o R R — 77 1D A R e A\ AR
2 BN N i TS e R R, T SRR,
B R R A R A BRI Rl B E L EER
JGER B AR, At R A A S B S B
A NI 3 g RBE R & 5 — 7
AIRE S5 N TAAHEE, BRMEA 38 i
B B AR A 22 R I SR I B VR S5 4, TR
SRS 38 B < Jm B B o FX PR AT T A s
Gb, MR B R ZE et AT e it LI EH & )8 R
R — SE WU RE R, FH A2 A0 T b S 2H B IR I R K
AR A R I O T I T, TR U B 2%
FET 5N E S8 RS RRRACRANE
2R .

http://xuebao.scau.edu.cn



5 ]

FEE45, S5 B PGt DA R bR 23 R 398 o o 5 S 2B S AU VA 31

SE MK :

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

INERE, Bl BREA R, 55, e RUETT AN A28 AN LAk
TIHEE S E S RD] NS FE, 2011, 22(3): 614-
620.

JEROME O N. A history of global metal pollution[J].
Science, 1996, 272(5259): 223-224.

GRS, XM, I, &5, LI E &R 15 QTN 7%
[0]. E&EA4E, 2011, 30(5): 889-896.

CHEN T B, WONG M H, WONG J W C, et al. Heavy
metal distribtionin surface soils of Hongkong and the as-
sessment of the soil environmental quality: A case
study[J]. Environ Pollut, 1997, 96(10): 61-68.
ABRAHAMS P W. Soils: Their implications to human
health[J]. Sci Total Environ, 2002, 291(1): 1-32.

WEI X, GAO B, WANG P, et al. Pollution characterist-
ics and health risk assessment of heavy metals in street
dusts from different functional areas in Beijing, Chinal[J].
Ecotoxicol Enviro Saf, 2015, 112(5): 186-192.

5, XNR Y, EREAR, & SRIITT SRS Tk X 3
R T G RFAE 2 A e B VAN (0], RS R AR,
2017, 26(6): 1051-1058.

TERVE, ZRE IR, TR, . AN IR g 4
15 G VPO BR U A T[], AROL R B R AR 23R, 2017,
36(3): 487-495.

SUN Y, ZHOU Q, XIE X, et al. Spatial, sources and risk
assessment of heavy metal contamination of urban soils
in typical regions of Shenyang, China[J]. J Hazard Mater,
2010, 174(1/2/3): 455-462.

Mg, S5 H, A0, A5 M LT TS VS SR RS
¥ 2 < 5 BR B0 5 P A (). 4R AR OML K S R
2009, 30(2): 19-21.

24, T, AP, L F BIMX IR ES R TR
A 00) 73 A e L BURVEAN (], 24235 15 A 30 58 2 4k
2015, 31(1): 112-117.

+HEER, 2014, 45(1): 232-236.

TR, £ 30, Ao, 5. b E E TN TR A PR
I ELER ). ZEASFREE 24k, 2014, 23(4): 698-704.
fif = B 3R A4 HT M. 3 R, b5 v ER O R
#t, 2000.

S, BRI EMI. AERT H ERE R
i A, 1999,

VK, T8, WA A B BN RS U5 iR M.
65T fZE Tk H Rt 2004,

JTARB BRI ouh. R RIS S HUE
£R[R]. A5t o ERERL S HAREL, 1990.

A N B LR S PRI AR 0. BRI o R R b o
GB 15618-1995[S]. dbxt: o E 385 H kiAt, 1995.
7, XN R, R, % MR T & X ARk LS
GBS YRR RPN (D). IREERLE SR, 2011, 34(3):
149-153.

http://xuebao.scau.edu.cn

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

HAKANSON L. An ecological risk index for aquatic pol-
lution control: A sedimentological approach[J]. Water
Res, 1980, 14(8): 975-1001.
REWE, RFR, RO w, & BT FERRERN L
8 < 2 ) 3 A R R S FE AR AR A X[, K R
FF2E4R, 2014, 28(5): 258-263.
R, UM, A, &8 EASGEREOETN
G JE B RO ED] AR 5 HOR, 2008,
31(2): 112-115.
JiW, FEELR, AR, & KPR R AR A% 7 M 4
B EAFE S TR A S KR [)]. AR AR, 2012,
32(23): 7595-7606.
TR, DL, R, 5. TR E R KT
B RAFN[I]. R E S HR, 2006, 29(2): 64-66.
MANTA D S, ANGELONE M, BELLANCA A, et al.
Heavy metals in urban soils: A case study from the city
of Palermo (Sicily), Italy[J]. Sci Total Environ, 2002,
300(1/2/3): 229-243.
WRIERH, 77538, ROl =, R 4 F N LRI E 4
JE S 2 BVRRAE B [T]. TS AROLRL 2, 2013, 42(6):
38-44.
R, BRoD g, B UL, S5 N TR ARk R
J& 15 YR K FLAP A [0]. AR A FREE, 2008, 17(1): 210-
215.
JEROME O N, JOZEF M P. Quantitative assessment of
worldwide contamination of air, water and soils by trace
metals[J]. Nature, 1988, 333(6169): 134-139.
ROBERTSON D J, TAYLOR K G, HOON S R. Geo-
chemical and mineral magnetic characterisation of urban
sediment particulates, Manchester, UK[J]. Appl Geo-
chem, 2003, 18(2): 269-282.
fRI5, Tk Ad, 7 3 h, . URVL Nl /D TR K XA [ #k 4y
45 4 S R R AR S KR VT [I]. AR R
224, 2015, 24(9): 1526-1533.
VANDECASTEELE B, QUATAERT P, TACK F M G.
Uptake of Cd, Zn and Mn by willow increases during ter-
restrialisation of initially ponded polluted sediments[J].
Sci Total Environ, 2007, 380(1/2/3): 133-143.
P TR, SREER, S BT IR E SRS R R
FRgma R R (7). BLAAEZS 24, 2004, 15(1): 123-126.
VR, EACER, A, 55 RS L R X AE 4
WE GRS ERED] ol R E R (3 AR,
2008, 47(3): 122-127.
Tr &g, F5 20, B 5, 5. AN F pH X H 58
Pb™ T & K B2 W F 7T [7]. /K AR FE 24, 2010, 24(6):
173-176.
A, 2RO, AN, 55, i 5 RS T S5
R[], LR, 2008, 36(11): 4615-4617.
PRI, WL R R IR E SR V5 YA ST
WITEB L], LRI R, 2008, 39(2): 411-415.

[ R1E4miE

2Rt



