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Fig. 1 Sites of soil sampling
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Table 1 Relationship of Eri, RI and the pollution level

2.2 #H@RoHTNER

Cd.Pb.Cr.Cu.Ni.ZnJll & , HHF-HCIO4~HNO3
HIRIAR, BB Y ez ™ He. Asfoil
52 HIH,S0,~KMnO, iH IR R, ¥ JiFIciki i,
SRR AT 4 R MER T AR, L 20% TORE S 3E T PAT
KON, IR B AR UE 18 )i GSS-1. GSS-2 1
AT eEyEl, A E RS R K.
2.3 WFMAE

WEIEAE S FHIEE (RD YU 77ROk B R 2
X Hakanson T 1980 FE# 37 ) — & W P RR 27 IR B
W B VT PR AR S SE I TV A N Bl By b
T3 (PR PESEFRRLE A ML
SR T PR A RS e P, (R R
WLT Z RS R g, e mRI A BT e
FERE, RHATN AR —R k. tHEIEmT

RI=DE =2 xC)) (1

X RDVZ R E S BB S e B e, E v —
AR M H R, TR E 4
Wi 4L, LLHakanson il € bR AE AL B <5 7 M R
HOMcHE, 8 Fhi 4 JE stk R HHg =40>Cd
= 30>As = 10>Pb = Cu = Ni = 5>Cr = 2>7n =
12020, COh Iiys Y R 4, HLRIEANC =C/C,,
CNRE T IHE SR USE ST, CONBIE, W7
S R 5 XA AR 22 e, AR SC A B B T 5 T e 1)
BRI 22D S . R E/FIRIKD, S
DU E S RS H R AR EH RN
FRRERRR, ¥ HIBESEERENBTEAESGHE
FEEEAT g (R 1.

i iesut] AtV TR el Jr kbt VoYL
W EREHRE E/' <40 BHAESESE RS FH R RI<150 BHAESGEE
(EH 40<E,'<80 R R ok (RD 150<<RI<<300 A S
80<E,'<160 FRA AL H 300<RI<<600 ARG H
160<E,'<320 IR A A S RI=600 IR A A
E,'=320 Wi A A

3 HZER5NH

3.1 HBATHERXTIEELSERS ST
BRI RS ISR S R A R AR 2. R
2041, X 4 Hg. Cd. As. Pb. Cr. Cu. Ni,

Zn & BV )02 0.024 ~ 0.902. 0.046 ~ 1.912.
8.98 ~ 68.30. 2.47 ~ 104.80. 2.49 ~ 185.10. 18.71 ~
214.40. 12.67 ~97.46. 59.43 ~ 635.70 mg/kg; P&
w4 0.108. 0.320. 20.53. 22.17. 35.71,
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64.87. 48.65. 217.90 mg/kg. 5 5tPHT 135 o4 J Jk
MY, Hg, Cd. As. Pb. Cu. Ni#l Zn P45
SR TN IR, AN EZ ) 410 4.7, 2.3,
1.5, 3.5, 2.9, 4.7 £, Ml Cr (738 AR TAHN
Rk, FUISTRHTT - E & Jm L I britE, WIFTH R
FES Zn & B8R, 61 ASKFES Cdy As. Cu. Ni
FrEbs, S1/KAE S He & Eilhs, 31 ASKAER Pb

EEGBER, 11 ASREES Cr S iBhr. WS RECK
%, Hg. Cd. As. Pb. Cr. Cu. Zn 45 2B K,
ST BRI & eSS ) BRI 25, SN
Z NG Ni AR 2B, Beq
Do A EHATBOR AN . BT S, DR TR
X+ Zn, Cd. Hg. Cu &E4HE5mz1,

*2 RETHERRELEEEESE (ngkg)

Table 2 Concentrations of heavy metals in surface soils of Guiyang

JLH FEASL B/ ME wAHE THE B R JELEPY
Hg 62 0.024 0.902 0.185 1.030 0.045
cd 62 0.046 1.912 0.320 0.840 0.068
As 62 8.98 68.30 20.53 0.492 9.04
Pb 62 2.47 104.80 22.17 0.901 14.80
Cr 62 2.49 185.10 35.71 0.697 44.00
Cu 62 18.71 214.40 64.87 0.551 18.80
Ni 62 12.67 97.46 48.65 0.281 17.00
Zn 62 59.43 635.70 217.90 0.602 46.30

3.2 RIAMWEAFRIHEX LIREERE 2 FE

X Sk, CARMICH& EthAE . — RS ot

SEBHTT AR A D REIX L e 4 & 8 W3R 3. ik
3 AIAN, BB AN [ D RE X 3% Hg Cd. As.
Cu. Ni. Zn (WP 8w AN R Fracid
X 4h, HAREX 3 P (W& WA TH
WHELE: B T X4, HARDIEEX LT Cr -7
TEVMCT AN L . hAh, RS ThREIX LR
&)@ Fr ot R ILR 45 X 4% He P98 s (0.390
mg/kg), JEAHNIELLH) 8.67 fi%; ATHX L3 As F
Bt E e (22.24 mg/kg), SN IEL ) 2.46 1%,
TH X Cd. Pb. Cr. Cu. Ni. Zn K°F¥& &,
I3 0527, 56.95. 65.21. 108.62. 69.72. 498.56
mg/kg, 23 AEA N FELE 7,75, 3.85. 1.48. 5.78.
4.10. 10.77 £ . J5Z=or B R WIANH Thfig X 13 Hg.
Cd. As. Cr. Cu F P& EZ R EA R E (p>0.05),
fH Pb. Ni. Zn PR EEZERMERE (p<0.05).
ZELILE (LSD ) G R TH X 13 Pb. Zn [(°F
PR R E S T HAREX (p<0.05), E £V i
Ni [P & B0 3 T OCHX . Il gt 7 4%
XA X (p<<0.05), {HFN & R IX 2= A E (p
>0.05).

HE 3 e A, AOlX TSR S AN
B, R AS TG P bR GG Py Zn, CufEACHE

PR s g, BOAaATIER, B Sl b e
WA K. Pegiih 2008 4, D BH AR AR A 55 L 2
41.78%, HLX SEHBTH R 5176.77 m*, ZEHBK 40.13%,
LB TR 41.13%, AN ILLRH 9.58 m?, X 4b4iik
Wt T DA sk B L WP R R AR T S S A, R
JHBRAY, A BHL G JE R e — P, 0k
17 23 My - 1R i 0 - 498 TR 4 e v e A AR G 10 B VR AR
o s, JEATRESE T 5 P T R KA ES, K Al
e ) aR A S I SIS ™ B, 5 Pby Zn. Cu.
Cd%5 T 42 8 1) 23 e K A> £ B % T A 080 N 7K A T
AN Gy HENBRI 3 E AR Sl . B S IX T IEh He S
B, TRES BRI ERAT ) Pby Cuy Zndy
HWE S, BRERSXZA T 7 1L
MBI B, AW FRER, #E A, a4
J& AR M AAT 54, & Pb. Zn. CulfIEikt kLA
M RS SR YRR IS O 45 X L 1EPb. Cu.
ZnE AR (I B ISR ST S 4 1 S R
i BRI EA R B A KA, RS RIS
R, ESEEENEERE -EXR, H
B BA T b 2 A7 T AT BT s B el T IX BT, ARV
ERAM TNES K EIEm N, TEESESEE
ARSI, SCHEIX DR R I 2 DMk AT SRR
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AT XA SCR A, HASHI 32 3111 [X 2R F 8 01 FH Ry R A
ARAT, PERsERR)

AKYg) AN A TE

ezt A P e s A R 7/ A A g I

EEX L3EAs, Crey

BIMAK, TAVIE SRS
HEAERW, HA R E R O

* 3 RMATAEMHEREELREERESE (mgke)
Table 3 Concentrations of heavy metals in surface soils in different functional areas of Guiyang
Dhfigx Hg cd As Pb Cr Cu Ni Zn

SCHIX 0.251% 0.301a 17.79 a 19.09 b 34.28a 58.80a 40.88 ¢ 190.85 be
0.024 ~ 0.736°b 0.198 ~0.509  12.99~23.04 4.30~4391 12.86 ~ 62.05 20.10 ~99.18 12.67 ~ 58.62 92.81 ~523.30

Ji REIX 0.113 a 0.382a 22.13a 23.69b 42.16 a 7342a 50.55 ab 226.90 b
0.041 ~0.282 0.168~1.912 1096 ~68.30 5.90~104.80  4.55~100.90 21.39~21440 30.58~7292  117.10 ~436.60

T St 0.185a 0.230a 17.86 a 22.36b 25.96 a 56.21a 47.00 be 168.34 be
0.040 ~ 0.734 0.074~0.334  8.98~23.31 11.72 ~ 48.81 9.051 ~ 40.62 38.59~82.00 35.73~5833  119.60 ~296.50

Fig5 X 0.390 a 0.297 a 18.25a 25.29b 31.12a 60.86 a 41.75 be 276.02 b
0.072 ~ 0.902 0.196 ~0.466  14.65~23.99 10.67 ~39.72 19.6 ~40.46 4437~82.74  29.15~50.44  169.70 ~437.40

TH X 0.215a 0.527a 22.15a 56.95a 65.21a 108.62 a 69.72a 498.56 a
0.056 ~ 0.534 0.139~0.916 13.45~3248 1591~89.31 26.29~18510 33.80~181.70 44.53~97.46  361.70 ~ 635.70

AEH X 0.136 a 0.279a 2224a 13.57b 29.66 a 56.19a 48.81b 16242 ¢
0.036 ~ 0.457 0.046~0.726  14.63 ~35.93  2.47~3391 2.49 ~53.64 18.71 ~123.00 37.42 ~64.11 59.43 ~ 318.60

I ORFESESEOTPHE, OREESESEERE; FH—5hh

3.3 HMETWELIREESEMEERR

I A < e T EOR YR T R B AN S
I P TR VI N Rl - IR 2 e < DS P 1131 AT
ST - 38 T v Gk PR AR R I RE R
AL 5 IEADS, RUEAT e A, MR T EA
b= st BIEERE AR AR (R O

=4

Table 4 Correlation coefficients of heavy

RATHEXERRLIRESR

Y RARRR SRR LR ES R TS EEREE (p<0.05) .

A4, Pby Cus Niv ZnZ [AIRAHOCPERK W2 ; CdFlAs.
Pb. Cu. ZnfFAERR & A, RINIAHOGHE 3%
AsHIPb. CutfCMEM 22 ; CrHINi. Zn, HgfICd.
Pb. ZnZ [HABAFAE— @ MAHDCTE, 1 BH e ATIFE SRR 1
B2k, SRPHTT I R G R A A
TEBN . AT B i DL SRS B G

ﬁC

SERXRY

metal concentrations in surface soils of Guiyang

Hg Cd As Pb Cr Cu Ni Zn
Hg 1
Cd 0.252* 1
As 0.052 0.587%* 1
Pb 0.391%* 0.725%* 0.431%* 1
Cr -0.092 0.136 -0.005 0.241 1
Cu 0.209 0.729%** 0.411%* 0.835%* 0.158 1
Ni -0.078 0.313* 0.223 0.429%* 0.255* 0.566** 1
Zn 0.285* 0.362%* 0.174 0.708%** 0.322* 0.616%* 0.392%* 1

e ARRAE p<0.05 KTPEE, ** REA p<0.01 KPHREFE.

A

4 [ANY

EAE, TS SR E e T

BRAE IR, AR FE TR 3,

P ST PHAE SR R 2008 4 5t BH T HH L3l X e 2R AF 138
4 53.04 t/km?, MEARHEBCER N 3.15 J7t, b Tk
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B 171 5t TR AR 1.58 Jit, FERAFIREZR
3B 2007 SERIN T 15.1% A1 15.8%, BEREDHEAN T
B ESEARZMN: H—Jrm, TIEsh =
(1) 2 S 2 T 4 SR PR A AA, UL R — e mints)
PR P I 4 R A A Y, AR M SR B IR
T4, WA IR E SR E R KT
FE R T BT RRRFERANAT R DTAE 2wl o STEHT M)
2, HIRIX PR 7 A S K O ) R KYE) T, s
WASHEA SN TH X +4%Cd. Pb. Cr. Cu. Ni. Zn&
I T RER

Kk, RERAHI 506 LR A% 43 o) B
PR R i e ) TR R BE R K Pby Cds
Cu. Zn Z5[0AT A MFIR 22 2 52 i 00 1 458 4 g 1)
PP PRGORL R, R P SN 0.4~ 1.0
mg/kg, FAEHER T H Pb £, ik 20 ~ 50 pg/LPY,
GRS RHCRE T, BaehbEvd R KA
Pb I Ni 2351 4 0.571 #10.533 mg B, 3XLpEV 4 /S
it 6 B 4 BORE A7) 25 VAR 25 0P s OB 1 AR
AR - A . SR PHT R T L X, RS B LA
2%, M ERA BAE BT, Pt S %
7R 2008 FEAR AT RO AW AT & 39.40 1, Lk
EARMK 21.3%, HAP A ESA§27.32 740, t B
ARKIEK 203%, FANVIERAE 2075 T, WK
24.6%, XK T IR S B B AR R ROR, IS
PR, IR BN RS, AT, R4
SR, BESHBONE, RSB E, HareA
K& ESBEESARAE, I RERSHRIR
B AR Rk 2 D T BT  Be, ANIT a E k
R Z TR G o

PR, BRAREE Bt 25 3 o i 3 T 4 e R A
PR & 2 Mg s, L — S ERHIoER,
UIHg. Se. Pb. Cd. As. Zn. SbHITIZP?, iXLLip s
FEFERAIE T AT R R R, RIAE R ke
IR, AT R A O B AR R 4 N R 47 e
SIS, FE BRI Bl T G A It i R T
IR PR A2 R a5 R I
BN KR B BRI BB A 4 KA A R Hg
Cd. As. Pb. Znl V¥ & &40 708 0552, 0.195. 10.17,
15.70. 40.37 mg/kg, FRZnh, JRMEHHg. As. Pb.
CA%TC# M & s m Tt whr e, HHg. As. Cd
() RSz T2 1o T AR AR P St AR X A R A )
WL R WAL 1 t5 PR 30 gZe A MR, HER R KA

[FIPbRy 20 g/iAy, MRBEFPOIIHEB RN 66% Aiti.
QuZ PR 5T S L 5t BH 13 A Hgik J8E 7 SR B AN R
BE 3123 90 0.022 F10.02 pg/m®, H K<Hg'y 1 #iHg
i AR BT T LR (R R
AU, UTSeAr,  ECRURRCHCKS HRT DA TG g
RARR IR A AL B 0 3 A AR B AT
PR TR IR E I S B BR IR A K, DR IR AT —
OCREVE T BT o5 R B, AR A R S AOR, B B
TGS R 2007 453 BT FE AR 953.69 Jit.
VM 29.83 J7t. SEu 32.44 Jite BRI R AEAL B
HRER PRI 17 R FH 230 R Vot e R LG T AR 1K, R R
WK S, PRI BRI HESOS BERAR AR R 38, B ke
TR A 43 4 S S B RO HE B AR PR
TERETBCIR BT (0 38 b, A I DA, L3k Xk LA
G, SRR AR RS T A B AR
S I
3.4 WHHIEEERSEITMREBEESRE
DL Bt BH T - 18 T 4 (1 MR fh 2 3L 4 2 LR
FH B AR AR 2 1 T 45 B02on) B B T 338 4 e v eIk
WHEAT VR, SR IE 5. R 5 Al X K &N T
AEX 3 As. Pb. Cr. Cu. Ni. Zn (R34 ESSG
HARBUYMCT A0, TR FENEROKY, A
As V5 ORI AR AE H K, i Ho M 4E 2t
S ™ (RRIET G R As Rl X 22—, S As
AR PO, AR TR RN G R L. A,
tHT Hg. Cd aEtm B R 8000, Hale AR e
REAINEEK, 155X L4 He V5 4 DA AR &
TV, SCHX . TH X Wiligeh 13 Hg /540
AR SRS G T A, JE RIX AT X 145 Heg V544
s AR H, T XM ERIX 3% Cd g
SRR AR EFIKF, HALDIREX 13 Cd V5§ ik
SAR AL F AT o H O B T IX A & T REIX 2 il B 4>
R BB AR F ST R (GRS v, ot
FH T3 X %5 ThBE X I 4wy Ol s R S fa 5
VN P 7% & g 0 ) it P el A b R e S s
FEMR IR A 1 45 X > LA X > SCHUX > Ji R > 3l
SR >AZIE X . Rk, BERH T 0 SR AL T AT
EHLEABIR, WIS TR SRR
WAL SR R AT AR, ISR L 42 RS Y
W, BB ALE (FHEEME B W
oM B R, dREEsitE OB T HE= BUKR, Ko fg
Fermrs VGO, (b A SRR IT, 9 T
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K5 RETARNERRELREERHEBEEESEEREMBEETRERY
Table 5 Potential ecological risk factor (E,)) and the potential ecological risk index(RI) of heavy metals in surface soils in different functional areas of
Guiyang

TiH LHIX Jer X R [EEAES LK AL X WX
E M 223.11 100.44 164.44 346.67 191.11 120.44 164.44
E“ 132.79 168.53 101.47 131.03 232.50 123.29 141.18
EN 19.68 24.48 19.76 20.19 24.50 24.60 22.71
E/ 6.45 8.00 7.55 8.54 19.24 4.59 7.49
E“ 1.56 1.92 1.18 1.41 2.96 1.35 1.62
E. 15.64 19.53 14.95 16.19 28.89 14.94 17.25
EN 12.02 14.87 13.82 12.28 20.51 14.36 14.30
E~ 4.12 4.90 3.64 5.96 10.77 3.51 4.71

RI 415.37 342.67 326.81 542.27 530.48 307.08 373.70

4 gﬁi/t\, [3] Lottermoser BG. Natural enrichment of topsoils with chromium and

(1) SEPHTI X T 4 JE bR Cr ZMI A W 3
4, Jrh Hg. Cd. Pb. Cu. Ni #1 Zn K345 550 )
JEAINIELE I 4.1, 4.7, 2.3, 1.5, 3.5, 2.9, 4.7 1%,
HFR Ni R R BN, HRES AL T R
Ko

(2) AFHEX 1% Hg. Cd. As. Cr. Cu I
BIEREERIEARLE (p>0.05), {H Pb. Ni. Zn f°F
g EzEREEE ((p<0.05)). TH X Cd. Cu. Ni.
Zn. Pb. Cr W& BRI IIREX mr, 3 i@ AH B AR 4k
ff) 775+ 5.78. 4.10. 10.77. 3.85. 1.48 %, JuH
Pb. Zn [P & BB 2w T HARTREX (p<0.05);
X As I REX &, Pby Cu Zn b
ik,

(3) HHTN R BB HIEE S E s Y =2 S Tl
TS ATEB ARG, IR RN, EEE
X D RE X I8 S e H R U : RS > T X
> A > Ji X >R T4k > 0@ X, HAThREX
G Vs YA TR AR A fE F K. Hg A Cd 2
FEMAESEHERN T, WHESHENEERK,
WEETT AR N (1775 He i v TAE

S 3k
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Distribution and Pollution Assessment on Heavy Metals in Urban Soils of Guiyang

WANG Ji'?, ZHANG Hao', ZENG Xi-bai®, BAI Ling-yu’
(1 School of Geographic and Environmental Sciences, Guizhou Normal University, Guiyang 550001, China;

2 Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: The concentrations and spatial distributions of heavy metals (Hg, Cd, As, Pb, Cr, Cu, Ni, Zn) in surface soils in different functional
areas in Guiyang City were analyzed and the heavy metal pollution in urban soil was evaluated by using the method of potential ecological risk index
presented by Hakanson by taking the baseline as the reference value. The results indicated that the mean concentrations of heavy metals (Hg, Cd, As,
Pb, Cr, Cu, Ni, Zn ) in urban soils derived mainly from activities of industries, transportation and coal burning were 0.108, 0.320, 20.53, 22.17, 35.71,
64.87, 48.65 and 217.90 mg/kg, respectively. Compared with environmental geochemical baseline, these elements were enriched strongly except Cr,
especially in industrial areas where the concentrations of Pb and Zn were significantly higher than those in other functional areas (p<0.05). Hg and Cd
were the main ecological risk factors in urban soils and the degrees of their ecological risks were serious while the risks of other heavy metals were

light. The ecological risks of heavy metals in surface soils in different functional areas were serious and in the following order: commercial
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areas>industrial areas>cultural and educational areas>residential areas> urban green space > transportation areas.

Key words: Urban soil, Functional areas, Heavy metal pollution, Potential ecological risk assessment



