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Abstract: Soil samples in industrial areas, residential areas, commercial areas, traffic greenbelts, parks, squares and campuses of Beijing were collected
to assess the accumulation of heavy metals. The concentration ranges of heavy metals in urban soils were As: 2.98 ~28.0; Cd: 0. 115 ~0.649; Cu:
13.7 ~741; Ni: 15.4 ~214; Pb; 15.0 ~429, and Zn 34.8 ~ 891 mg-kg~'. There were no significant differences in As and Ni concentrations between
urban soils and the background in Beijing, while Cd, Cu, Pb, and Zn were higher than the background concentrations in Beijing. The level of heavy
metals in soils was affected partly by the usage of soils. The soils in industrial areas had the highest concentrations of Cd, Cu, Ni, Pb, and Zn, and the
pollution indexes of Cu, Pb, and Zn were higher than 1. Soil concentration of As is the highest in parks, while the pollution index of As was lower than
1. The survey revealed that soils in industrial areas were polluted lightly with the composite pollution indexes in the order of industrialized areas > parks >
areas > campus > residential areas > squares > traffic greenbelts. The level of heavy metal accumulation in urban soil was relatively light compared with
some other cities in China.

Keywords: heavy metal; usage of soil; urban soil; Beijing
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BhMESEBEMNKHEBEMES TRTHHER
HA W TE R4 XU (7K %% 55 ,2004) .

SR R A AR, R % H
WA E, FEBESHHEAA T, Bm+
e ) o 2R B AR B K Y B ) AN s ) b B R S (R
55,2006 HEBAE,1997) . R FkRE NS EE
HYBRTHEESREELIH A RAH#GT T K
B W5 (Imperato et al. , 2003 ; Lee et al. , 2006;
Mielke et al. , 2004; Yang et al. , 2006; {3 %%,
2005 ; Pk AR SE, 1997 ) , 45 R R WK [F] 38 T AN [/ 2
X TEESREKFERSAERFA LR L
RESRMRIBAE 5, AR -3 Cu Pb
FHZE i 2 (Chen et al. , 2005) , /7 B& Wil 1.3 Pb 3%
A3 15 Y47 e B B (KB 3 B 55 ,2005a) , (H 4T X Jb
TR X 1+ E &R B 4K P &R R 43 F
AT L ENE SR RBUR 55T 8 % 5
W LR TR X EE,RERE R, AOE
B, PEGE T, 2007 T A A2 B E i 2. 05
T, MHEZEEW6.66 T, FRLTRHAK

FRARIXET 277.8 JTH; 2007 S REHHEHEAD
1633 TN, 8P~ B AR E N 995 A (http://
www. beijing. gov. cn/default. htm ) , 1 H i & ¥ T &
WK, BEARRNLTH I E RS E, HidEM
Tl % 3l B T B9 3 b 75 G 18] B, 3 R 2R AR A< — Br it
[F) A i S R ) o e AR S R SE A B. BH B, A
PR AR 30 i 2R 5 R, AR R N R f B R 4, oL
— BRI T T L E G R R BRI B
T, RAR LA AT T L RESEH
FBURE, AT LR EHME SRS REE
RS FH K.

2 ##5 A%k (Materials and methods)

2.1 Hek&g54%E

2008 44 AFEl6 A BT HEE . HH.K
WG (GE ) AR T 5 A AR E SF A A
FAT7 AR AE R X SR BEAT 7 SR 2 #r. R
R BB S AL AU 8 RIRX, R4 50 i A4 + 5%
B2 FUEREL(EL).

Bl dtRmEEREE

Fig.1 Soil sample sites in Beijing

R ERAER S m x5 m BYIETTE 4 TR A0
Hb R3S AN 0 R SRIR S TR, X T R LR K
A b3 (AN B2 X 2R AL ) MR 5 m R — 1 L4,
HARES M OHBREMR. REREZ—BH 0 ~
Sem, M EE lkg; TRHEMBEZANT, i 1 mm

J T 5 , F VG 43 35 BOHR 23 B i, 22 B B B AL A P
JE i 100 HE i, & .
2.2 E£RBAMNE REEH

B it ek B = 20 SO i (MARS 5,CEM) , 2R
J& 4 BIAE A R F 0% 0% 3 ¥ (Analytic Jena, Vario
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6.0) W 5& Cu.Pb.Zn Ni ¥k ;S YK E-JR
TGS (L RS A 7, AFS2202 ) i &
As ¥ & ; f§i F§ ICP-MS ( Perkin Elmer SCIEX ELAN
DRC-e) i & Cd ¥ BE. 3 #rad B vh i A B K 1385
S LY i (GSS-4) AT 4347 o & 42 4.
2.3 HELH It KIE

R IESK R A SPSS i K-S BB iE , % pis
>0.05, RAHARESSM. ZRBEESTS5H
KoMk A SPSS H i S 805 k. Bt AT RT , 4
BIXF As Cd F FIXS B4 , % Cu Ni,Pb fl Zn 34T
Box-Cox ¥ i, LA R 8048 75 & IEZ5 204 . Al Minitab
HFTEPE B Box-Cox ¥ . T H 4 )& Box-Cox
¥I{E i Box-Cox # 4 iy m M5, B .

Z=Vy - A+1 (1)

K H, Z 2~ Box-Cox F#{H, y i Box-Cox ¥ J5
FEME, A AR R

HEAFADHEANESRSBEEEES, 5
B R A Rl B9 389 (B 3R AR J7 ¥ X T 858 IE 20 40 19
HERILR, R HEARGERF ;X TR M EIE
SHHMESRBR TR, HYERA LMY ERTR;
Xf T4 Box-Cox %GB ESFAMESRRET
UK A Box-Cox -3 {HKAE.

RN LEES B RIR, AT R E
&R EELAE (FBRE W 55,2005 ) B, #% T Xt

LSUREE L
Ci
P, = (2)
XA, PATCR BRI R 4650, C AR DIk X T
EMEESH M FYWE, C X TR IL R T
TEELME. RN 6 M E LB (As.Cd . Cu.Ni,Pb
MZn)TER. P> 1, R HIEZDELRITYE.
SE T RIBECR NG S B80T
Plysy + Pl
2
A, Py TPy 53 BV 3 B I00T5  48 HOR B K
BTG IE R P, >0.7.0.7 <P, <1 F1 P, >1 435
Fon LB THERE KB EMREB RS,

3 Z R (Results)

pP,=

3.1 kxXwRTLEELELE

R TATIRT £ As.Cd EXFEIE S 44, Cu,
Ni.Pb #l Zn ZF R4 K, & Box-Cox ¥ ¥ /5 RIES 4
fi. SEETLEELBOMHXETRERLE, As
(p=0.288) \Ni(p=0.418) 5 HERELEHFER;
Cd.Cu.Pb 1 Zn BE & T RE(p =0.000) , i
5 R L34 B8 53. 6% 86, 2% L64. 2%
M85.4% (F 1). YLHIIL T T ki +- € Cd.Cu.Pb
Min FE—EREHHER.

®1 FAIHFAAFATERTHRELENESRES T

Table 1 Heavy metal concentrations of city soil in Beijing

LB GHR/ (mg-kg™")

— S

TR o ot o ottt Ay B L 1
As 2.98 ~28.0 7.23 7.25° 7.09 51.2%
cd 0.115 ~0. 649 0.206 0.215° 0.199 53.6%
Cu 13.7 ~741 24.3 25.1° 18.7 86.2%
Ni 17.7 ~297 25.9 25.8" 26.8 42.3%
Pb 15.0 ~429 27.5 28.2° 24.6 64.2%
Zn 34.8 ~891 74.2 77.2° 57.5 85.4%

HE ra. JLATIYME 5 b. 258 Box-Cox IE 555 I 39E.

3.2 FAHRAHAAFZATLENESRESGE
TR HAEEX L Cu 8, TUX £
#E) Cu Ni &8, A0 A As . Pb & B 2 X IE
Sof HEESRITRN S BEBEMGES M.
AETEAs FRER, FTX LR As TRR
{1 A /NS 1 N e N P o I R R
TR Tk X 43 Ni & BR&E, R % L5 Ni
BRI, P SE N G A R N B ER
THARX EEXMRA ;A RN SRR

FR WA Tl X £ 38 Ni A5 By B8R,
BRILPFHERRS, ARBEALSHEDRXETE
FEF;¥T Cd.CuPb Ml Zn 4 M &8, T X £
WERERR, CBELEH L RTBEAMR, MHTW
X145 Cd.CuPb M Zn HBER TRAK EEKX
AN 3 AP EARFRDEERX Z [E Cd,Cu.Pb
M Zn W BAEREZER (K 2).

BEER,ET AR LA AT, TIEKX
TR E SR IYME R ,Cd,Cu Ni Pb I Zn V3 &
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Fig.2 The heavy metal level in different soil types in Beijing

3.3 FELEHAAFATLEELENWER
SRR E LR T IR X £ 4% As Cd.Cu.Ni,Pb,
Zn BRI Y A8 H0 /N F 1, U B b BT IR X 4 4
eMELREITEMMETEBRS.
AR LA AT RT, LR TR BRI IE Y

S0 cu a
45 | T
T a0k ab
"ZfDSS— ab abc ab
E30F, e T I =
o 25 |- T
!
;415—
H 10 H
5 H
0 1 1 1 1 1
# X X X B N &
R MW R F K L o«
moH ' H o B
< + K
160 - 7p
140 - a
'_;0120— be
100 |
G bed = ICd be
W 804 M
feo—
N
® 40 |
.H
20
0 1 ] 1 1 ]
¥ X X X N
R W K 5 & L o«
BHodH ' H % B
< £+ B

TWEEAR, TALIX Pe, Pp Ml Py KT 1, 308 Tl X
13 CuPb Fl Zn EXBFRBEE. TILX As,Cd
N PLRHE 6 A 77X F 1 As Cd,
Cu.Ni,Pb il Zn KI5 448 4035/ 1 (3R 2) , RITHIF
AZBABFE, ZHPE THEEEE.

®2 FAAX#FAAARTEERTHEELBNESBSRIEN
Table 2 The pollution index of heavy metal in different soil types in Beijing
+ A R PRTERAEH L) WS SR (Py) ZBUKF
As cd Cu Ni Pb Zn

ERLbur &t 0.51 0.47 0.58 0.59 0.63 0.65 0.63 HiE
FEEKX 0.46 0.52 0.66 0.52 0.80 0.78 0.75 ¥ 3 0
WHKX 0.52 0.56 0.79 0.53 0.72 0.91 0.87 W
Tk 0.50 0.77 1.19 0.69 1.32 1.37 1.62 S e
K 0.55 0.58 0.75 0.56 0.79 0.79 0.81 W
Wi 0.50 0.50 0.67 0.52 0.65 0.74 0.69 HiE
AR 0.56 0.61 0.81 0.56 0.96 0.89 0.95 W
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MR NS &4 BREE(P,) M AR L
WHAFRXFTLEESBEATFRERIKE, MK
THEOFMELEBHAMT IR 0.71, 46 F ¥ 7E
K. ARE L 7 KT 138 As Cd Cu Ni,Pb,
Zn [y 95 B 46 50 = BMRAIBUT A - Tl X > A
SHHRRX >KHE>FEX >R % > K@ih%
WHPTIUX L EEES THAEX KE. EE
DX IR T T 3 0 A A G 5 A TR A It 4
BB GH R AR LR ES TIWRET
7 B BUE &g vt 8

4 1118 ( Discussion)

4.1 FRLHBARATAARTLEELELEN
%

EWEX IR L EPESRNZRRCEH
BT —8TAE. R s, B KA R A 8 #5775k X
K Z 4R Z 158 Cu Pb Fl Zn ¥ B KFI A5
WEHM AR FEEFXBAENESE S ERE
(Imperato et al. , 2003) ; AN} FREX 38, A& 2T
TWAH TR X -8 Cu.Pb.Zn F1 Ni 88 & £, f A2
Pb E LB & (Yang et al. , 2006) ; YL 75 g S TH B 1R
X Pb.Cd FRZE™E (RFTR5,2003) ; KEFEM
138 Cu.Pb 3534, A+ EE M (FF 5,
2005). XEEHRE—ERE LB, 7EFE IR Y
WAETERESRE BRMIG R, [ S8 RA
M LA AT LIEESE S BFEER (FFH
#145,2008; 7KK, 2005).

AMRMIAET BT L EESBENAER R,
AFEE#A AT X TR HEESE BRKLRF
EBRRER. RFERTRRER S, TULEST
T3 Cu Pb.Zn fF7E — &R E MR R, T H B F
FARBTLEESEKFHLEBBEHERS. 7,
AbE 3 Cu Pb.Zn R X Zn 1975 J 8 5 A
REH B BT Yo V84 BAE, B #RAH X B, R 52
bE + 3 P, B R K 0,96, 1 B 2 RN R R X 4 i
HERERUE REAGTEEGHEH, TILX +
BRESRNERBRERE(P,> 1), CHIRES
Bk HRAAETE(P, =0.95)  FIERET
PUER L. R X A E X L, A TIEE
RE W) MR EA G LR TEREKFE
MN6FMELBERE, LUESIXNLIEFEEBEN R
FRAE RS K, LR 2 el i BA T 3l

4.2 AEEBAAFTATLREELBELA LR
A

Bl HENESBERELE T BRERNIE.
— SLBIF S Sk T R S R Ok YR ) AT TOAE R
it EEHEI/R R & Pb i B A& Pb YR A9 i
F, 2T £+ 8 Pb i F FE Kk & (Mielke et al. ,
1999) ; 3% E F s 3k X + 4% Pb V- (B & fif = + 4%
PRHERR{E (Lee et al., 2006) , Horp Tl X T3 & &
J& 15 YA X BCE, 1R AR B A AR Ak 2 W R R A
AW LIE P Pb I5 gL B E ZOR IR (BR [FDR 55,
1997).

AEH IR HEESEZREAR. TIX
TR R AR E AN AR E B A T T & X T
IR IR, TS SRR E B ARG MK 5
T. Tl EFY R S UURE B 3 13, 18 i
TEESE BROMFAFS,2008) . Tk X 3 Cu,
Pb.Zn B E AR P IAE 2 DL & R 3R
#h 3% B Tk X 458 Cu.Pb.Zn B & & E 5 &/
B HLAE 3 51 2 37.8.13 A 14, /] I Tl J% 7 b +
RESBIGEARBA A ZEERT KRN
WH®E,EF RN mEREG RN ERRT
I X 035 31 & R R

7R LA R, AR 5 As KPR,
A As BREMHEARZL 76% ,/H As 5§ Cd,
Cu.Pb M Zn AL, B [H 775 Je 48 LU 4k T B K F
(£2). 2k 13/ Cd.Cu,Pb Z2REEKT LT
WX 3. BRI E SR RIR, A B Xt
Je U X R A A W B @ SUA R (B K, B
R AR MERBEST TR, R A, MEF
As.Cu I Pb Z BN (3R 3) , A E B AR T
TR RAER) 660,164 FI 3743 1%, HiEE FLAY Pb &
BiRAERE L RERER 198 15, Hik, 2R
MERTFEEREESRTRESBLEESEI
RERZ—.

£33 tETHEAEHEAMMNELESE

Table 3 The heavy metal levels in building materials of an ancient park

of Beijing

LB SR/ (mg-kg™")

As Cu Pb
i35 5.06 ~6.21 20.8 ~23.7
A 6.04 ~16.5 36.9 ~53.7
W 23.5 ~4790 23.5 ~3069

B

17.8 ~19.8
42.4 ~4888.0
1540 ~92087
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LHBHMERT HERESBRN S —ITEEXR
BORERKHB BRANAFHWESERTRY
A0 £ 385 Pb.Zn Cu (98 & (3 5 55,2005) . 4%
HRAMI R T AR LA T LEESLRE
AR B 98 R B, 3 X 4 BB 2 B A S 4 A b+ 358 Y
Pb 4Bk 34.8 mg-kg ', BE R TAL i 5% Pb
HRME (p<0.05) (FBHEHIS,2005a) . (HA K IH A
BN, NG A E LB KA K, Pb /Y
JUAT BN 25. 6 mg-kg ™", 3X AT fE 5 A Y 5 B %
BE A . AR G+ A Gk I8 E A
PUIR LR G 55 Ak b, JE AR BEE T BRI R R,
YT JE P 55 A B i R B A, R R R B X
KRENSEHBMAKIVIENESBRHFALER
— 7B B BEL B Ao B 1R (35 %5 ,2009) . 7 4h, 4R
Sk TC Pb 53 A FH LA B SR Ak 1 48 A X v A 3R
ML AT RERACEN G FEELE T R MIKN IR
HzZz—.

4.3 FEBTHRELEELEERBELEK

B ARFIR T + 9 E £ 8 548, A B TiEm R
T LEESREKFE — &R (Manta e al. ,
2002 ; FIF[FISE,2008; PrAed, 2008 ) A [F 3k i
MR E SR &R E R W E T R, U

TR TR E R AT IR K LR E &R K P 3R
WHIRE SRS B IE L, TR 5 B A L%
TREREMZR, RAERMA PR R LR E
RSB IVR, A 88 U B I £ o0 K 59 R BUE
BE. BT HRE R KRS BARF R SMm &
JESL AR, 30T & Rl AL E W RAE B RIS
FREBFAEBKZES (1990) , B i, 8 i 5 5 %
WERTRARRAL(ZNES T RERHAE)
MERKREAAFKTH LRESBAKFEN
.

RAFIH TRERB T RE LREESRE AT
THM T RESRET RMEK RPARL. FIRTTE As
) RRABAHZEA KL X £ 3% Cd.Pb RFA
B THEMmA ;NI BRAKE TEKR.MA
B ETRE. AR IRT L6 MESRERZRA
b, Cun ERRBUIBERHTHEI4HESR.
XYL LR AR L3 CuZn W RRBEHER
THEERSRE HS5HERMAALL, JLRHIRT -
e Cu.Zn RRALBREE & TEKS, BT HE R
. EERU, LR L RE SR R E
A 3T AL T BARAKF

F4 FRAHTIRESRRABELR

Table 4 Comparison of the accumulation of heavy metals in different cities

RBUREL (W I/ 54

Wi T)E/em  BEAK LA HFR - SCHR
As Cd Cu Ni Pb Zn

K& 0~20 28 FE Tk B A AR 2.1 3 2.4 1.7 IR, 2005

(LS 0~15 48 A EIE B B Tl A TE 0.95 1.36 2.28 2.29 [ 2 1 4 ,2006
EiYN 48 Toll Tk B SO R R iR 1.15 7.00 1.08 0.69 1.39 1.24 2= 2006
I 0~20 17 B AR (R ) 10.6 0.69 2.05 1.39  &ZREL%, 2001
@M 1~20 163 ~169 1.12 1.19 1.50 0.67 1.21 1.15  Bk#E3, 2008

1588 k5 35 g;ikggff%z\ .83 3.91 2,63 XIEHL, 2006
Uk 0-~5 10 KX 1.65 1.18 1.61 1.8 1.18  Chen et al. , 1997
Jb 0-~5 123 X%E;E;ﬁﬁm%% 1.02 1.08 1.34 0.96 1.15 1.34 AW

T BRACE b, FAR YR 2 0 £ 5 AR SR SCRR T8 T4, a. USCHR AP bt 5 A5 0 3 SHETHAE.

4.4 TREBRTHNELHBARFTATLEELE R
MR %

LT Tolk X5 3 B e s A Tl KA,
THREE R RREE As Cd Ni #4 FTHRARZR
&;Pb ERBEERTEBHER, KT RKE ALAM
BEAF;In RRBEERTEHEE EXRNKE, KT
PRMEGEARTT; Co HRRBEMNKTEHES, BT
RPHE 4N, BR L% Cu XS ERT

B TR BN EARFF(EKS).

N TR HRES RO RRZ —.
TR 44 DB TR E SR & B IR AR
SR REEESRBEGR,T AMAEEKE L
RESREEGY (L HESEF, 2006) , FINHAHEH
T+ Cd BURBE, B A B AR Rl 30% (L IEFE S,
2007). 53 5 FETFIEG 5 AR AH B, LR 4 B
TRELR NP RBABREHF AR, Cu RFRUE T
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UM, 5 E¥ A S Pb A Zn ¥ 40 TR ARK P 5
2001 EXHIE R AE LR ESBRIT RS RMA L,

ABFFEH o bE LA Zn 0 Ni B B #E 257 ,{H Cu

1 Pb B B K (Chen et al. , 2005). 5E B
e, b s i A 8 XY £ 3% Cd U Ni B IK, {22 Cu,
Pb Fl Zn & F & ARFMI L, &L F 55K F.

x5 FEAMTEIEYRRIRESESENMEL

Table 5 Comparison of accumulation of heavy metals in different soil types of different cities

B e Gidili = o AR B (T WIYE/HFE) ik
/cm As cd Cu Ni Pb Zn
THK K& 0 ~20 5 1.71 3.09 2.55 1.45 E4, 2005
g 0-~15 12 0.97 1.96 3.84 4.31 FA 7 5 25,2006
Gil/N 1.25 8.21 1.00 0.70 1.57 1.49 F 54,2006
BEAF  0~10 9 2.04 4.38 2.76 Xl E 3%, 2006
U 0-~5 1.83 1.64 2.61 1.75 1.26 Chen et al. , 1997
Jbz 0-~5 15 1.02 1.52 2.37 1.12 2.16 2.31 AW
A K& 0~20 7 2.84 3.21 3.18 2.15 %, 2005
Il 0~20 8 1.30 1.00 1.64 2.92 HHRAE%, 2001
IR 0-~5 44 1.57 2.17 2.30 g R %%, 2006
BEARkF  0-~2 6 1.74 2.46 2.27 X E#E, 2006
I 0~20 25 7.42 0.94 1.64 0.90 1 IEZE % 2007
Jbz 0-~5 30 3.20 0.83 2.30 1.43 Chen et al. , 2005
Jbz 0-~5 18 1.10 1.31 1.6 0.92 1.60 1.40 AW
K K& 0~20 7 1.82 2.40 1.95 2.26 %, 2005
g 0-~15 12 0.89 1.12 1.32 1.25 FA 7 5 % , 2006
EYN 1.38 8.57 1.70 0.90 1.67 1.45 AL 2006
B 0~10 50 21.17 1.71 1.02 1.59 1.97 2454, 2005
L RS 8 1.00 1.05 0.73 X E#E, 2006
Jbz 0-~5 21 0.93 1.10 1.31 0.84 1.31 1.32 AW

AEXLREESBKPHERAEEZ WA
BER TR EER L EELBRSESHTE
T At , As, Cd. Cu,Ni, Pb I Zn #B &b F 1K
7K.

5 %518 ( Conclusions)

JEIE Tk T 4% As . Cd,Cu . Ni Pb F Zn Hy &
BEIiE7E2.98 ~28.0.0.115 ~0.649.13.7 ~ 741,
15.4 ~214.15.0 ~429 34.8 ~891 mg-kg ‘. L TH
BIX +3EH Cd Cu.Pb #1 Zn B F & T HH L%
HREHAS N SERELEEER. TIEX+
BRESRE S EMYNEE,CuPb.Zn B X B HFE
R, BERANBRETG; AR R X AL A
EXTERESBLETHEEK?; AE L% As &8
B, BT AL T35 W K 5 3T T 3 A 0E i %
THESRELTEEKF. SEEAEREESLR
WA, TREESR AT EESERSEAS
HRREZ—.
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