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Fig.1 Remote sensing image of the Qingdao area
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Table 1 Analysis of the background values
of heavy metals

TLE FIEIE AnrEmRE FieA el
As(ug/g) 3.6 0.9 1.8~5.4
Cd(ng/g) 130 30 70~190
Cr(ng/g) 31 9 13~49
Cu(ng/g) 13.2 3.6 6.0~20.4
Ni(ug/g) 12.3 3.8 4.7~19.9
Pb(ug/g) 31 6 19~43
Zn(pg/g) 69 14 41~97
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Table 2 Third—class quality standard of the soil environment ( 1 g/g)
As Cd Cr Cu Ni Pb Zn
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Fig.3 Distribution of the As content (4 g/g) in the Qingdao area
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Fig.4 Distribution of the Cd content (4 g/g) in the Qingdao area
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B i 0 23 35 L Cd & S, AT ST X Cd JEER I
o3 DLIEL 4,
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ML X Cd M & SR, I A0l R T Ok
W, AR AR X R A Bl b od & SRR, A 2R
SAEEHE, Cd S REE A 22 5 1SSk K
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Cd JCRAEIZH X 1 & 5 52 38 R K
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Ni & A S SELE N, AKX Ni 7E 5
T R AN K N JE R IIARIE(E ) 200 pg/g,
A FEM I N S AR T X AR, DR R
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Fig.5 Distribution of the Cr content (i g/g) in the Qingdao area
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Fig.6 Distribution of the Cu content (4 g/g) in the Qingdao area
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Fig.7 Distribution of the Ni content (4 g/g) in the Qingdao area
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WFFE X Pb JC 3R WU 5 fH 0 B2 19~43 pog/g,
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BIAK, Pb IR BIARIE(EIE 500 pg/g, FTA MM
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A RO, R Zn EEORIET A B Tk N
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WFSEIX N zn JER I FAE R 41~97 pg/g, T
fH 106 wg/g, FHIMHE 201 po/g, FHIMH ST S (EHH
2R, Zn TERWBREEDR 500 1 g/g, AR i
A8 MM (h BAEEUN 5.6%) M IX — bR
B, VOHEBAEE R Tl 4R b i X R R 3 i 1 X
Zn AR R, 22 5 B S IS HEE 1818 pg/g,
30 5 KM 1626 pg/g,36 T KT # 55 2893
wog/g,61 SR AR Bl e B T 58 3T sk AT 3761
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Table 3 Standard of contamination evaluation
by geoaccumulation indices
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B AT RV ARG S L AR A
TR 52 1) S 8009 Ry T 0 SR R R A S R R N
A5 ) LA B ARIE 25 48 B 8] 4 1T HPE 5 Sk | LS
FLIe 2 RS % bR SRR & oo R 3E T I — 1k
AR S HOT R BOR RS 32 BT e RS 5 4 i iatad
Ry, MR IR E , WIS ITER N Sc,
Mn Ti Al Fe Ca*™, RS Fe ENSHLITE,
FEHIE Fe fEM T FREE S, HHbsion R B
4.75% , FE PR NG FRBE T Fe MOV A BE AR, R 5 1k
AR AR A M T AR, DA i
R RFE  Fe &2 A MG P RAEW, &

C, (sample)

_ C(sample)
B, (background)
B, (background)

e

b EF—H & Jm 78 L3 s 4 R AL
C, (sample) , B, (background)—%= JC F 7E M 1 X Fl
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Table 4 Standard of contamination evaluation
by the enrichment factor

W AEHFEF BT YL
EF<2 REE S TS
2<EF <5 rhys i
S5<EF<20 GIREE/S
20<EF < 40 Y G
EF=40 ERETS
Z MK B

C,(sampie), Brd»(background)—%% bb T 2 7R I X
S B

Sutherland (2002) # 4 & 4 K 7% 8 4 J& 15 ¢
SR 5 RO (3R 4), EF>1, UEHZ T F A X R AR
Z BN NGNS EF~ 1, W% 0 & R I8 T Hi 5t
AL, H AT DA B Ao G Y5 Y TR AT AR A R
XICE 5 R 515 YR,

TR T 45 S I, I EBE fH U3 5,

W& 3.4 5% 5 X LAl LA 1L, 5 EF WM
SR (TGP FYOHFA T, FRIWNEK 6,
3 45w

TERT R S X ARG S R 8ER 2 L1
HIJLER Cd.Cu Pb Fl Zn & EAIN, MITEH As Cr
NG ZH PR IR B2 32 B ETE S 52

WF9E DX PH R Vi 2 SR kB Ak AT &
HL T AR TR A B X Y R 0 A2 TH e R DX R B BT 38
PR BT S B IX B AR A P i b )y AR L X
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Table 5 Geoaccumulation indexes (I,) and enrichment factor (EF) values
of the 14 sampling sites
As Cd Cr Cu Ni Pb Zn
PRI
Leo EF Lo EF  Leo EF  Igo EF Igo EF Lo EF  Igo EF
6 14 35 25 75 05 20 40 209 06 20 32 125 32 125
8 08 18 25 54 26 61 70 1266 12 22 30 81 38 136
9 05 15 25 65 09 21 29 86 05 16 19 42 32 101
16 11 22 24 56 10 21 28 72 03 13 33 106 25 6.1
20 07 11 17 21 40 108 27 44 08 12 23 33 33 66
22 09 18 26 61 43 193 61 670 29 75 20 38 41 171
23 08 19 07 18 19 40 24 57 08 18 10 21 21 45
30 18 40 17 38 1.1 24 25 68 09 22 15 33 40 184
36 06 08 10 24 16 35 16 36 04 16 1.0 24 48 333
49 02 15 15 50 27 113 18 61 -01 16 08 29 09 33
61 01 12 06 21 03 16 1.7 45 11 30 10 27 52 496
95 01 17 31 130 -01 15 04 12 -03 13 06 10 -08 09
541 21 76 12 40 03 14 11 38 02 15 07 27 40 272
545 04 09 09 21 -3 10 11 26 01 1.1 11 24 18 39
T T SRR BT R Y A SR R R TSI R S S BN TR S oc E % Mn o0
B E AR FH % 1 AL,
F6 14 MRESHISRER
Table 6 Pollutant classes of the 14 sampling sites
6 ST ML As. Cr. Ni Cd. Pb. Zn Cu
8 Szt As. Ni Cd. Cr. Pb. Zn Cu
9 SR RAT S As\ Ni Cr. Pb Cd. Cu. Zn
16 ‘S Et iz tix Ni As. Cr Cd. Cu. Zn Pb
20 5 )\ Sk B As. Ni Cd. Cu. Pb Crv Zn
22 5 Tk R As Pb Cd. Cr. Ni. Zn Cu
23 GBI As. Cd. Ni Cr. Pb. Zn Cu
30 SRHE]A As. Cd. Cr. Ni. Pb  Cu. Zn
36 ‘SERLH TS As. Ni Cd. Cr. Cu. Pb Zn
49 St T As. Ni Cd. Pb. Zn Cr. Cu
61 SRAGEFVIEME  Asy Cr Cd. Cu. Ni. Pb Zn
95 “FIE AT AL As. Cr. Cu. Ni. Pb. Zn cd
541 ‘SR RIX H5% Cr. Ni Cd. Cu. Pb As Zn
545 5 X BT As. Cr. Ni Cd. Cu. Pb. Zn

KA B ICE BB AT R R VP R R S
T PRI 2 AR B IEEA T S AEE R
581X As Cr Ni JCER 1 & 152 AR K
NS08 JIT A A o 1) 5 e (SR AS /N T A5 s o B
W T XA AZ As V5 3% AT 5 A% 3k B 9 A 5 NG
FEIGPE Cr mFEG RN E T &k

Cd.Cu.Pb.Zn JLR M & &Z AN NFH A K Jo
RO ENPIE S REMER R, WX cd,
Cu.Pb . Zn JLR MY T HEm, ARG L X A2 b ik
TEBAR, AT SEEE, cd.Cu TR
HAZ I MACE MR, Pb JCE &8 A2 Tk 28 1)
SO A Zn e B X Tl X R X R 323 2 4

Ak S5 N ZETE B SEAL
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ZE LT, R HIX IR As Ni F1 Pb 7 & #f
T [ 52 9 - 1 P55 0Tt — b o 1 A o A LA
T, JCE Zn Cu.Cr M Cd B e KA 5 e Hobr v
EH 7.5.6.3.3.1 Fl 1.6 £, PEERHTHE L H 2 15
S BhiE 4 A s, POt E Cd .Cr Ni Ml Zn
HRIR TG Yy ke B ) MHE TR Cu Ml Hg 5
Yt Cd.Cr.Pb Fl zn 5L B HRI A W P R
WA HBIX As Fl Zn BTG Y I SR Tl el B
I (HRRTTE R ) LR Zn RETS G, REFHLIX 4R
AR SE BN A ZE RIS AT,
X A BTG Y R R A NGS5,
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Environmental geochemistry of heavy metals
in urban soils of Qingdao City

Yao De, Sun Mei, Yang Fu—gui, Jiang Heng—yi, Li Gong—sheng, Ding Chun—xiao

(Institute of Environmental Science and Technology, Shandong University of Technology, Zibo 255049, Shandong, China)

Abstract:In order to study the environmental geochemical characteristics of urban soils in Qingdao, the authors
carried out an extensive soil geological survey in the Shinan, Shibei, Sifang, Licang and Chengyang districts of
Qingdao City. A total of 319 surface soil samples (at 0—10 cm depth) were taken with a density of 1 sample per 1
km?®. The concentrations of 72 elements in the soil samples were determined with several analytic instruments
including XRF, ICP—OES, ICP—MS and so on. This paper only discusses the heavy metals As, Cd, Cr, Cu, Ni,
Pb and Zn, as well as the metalloid As. Study indicates that human activities lead to the increase of concentrations
of Cd, Cu, Hg, Pb and Zn in topsoils. As, Cr and Ni are mostly of geologic origin, but they are also aftected by
anthropogenic activity. The concentration of Zn varies more greatly than those of other elements. The increase of
Zn concentrations is caused by heavy industrial operations and traffic in areas where human activities are frequent.
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