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ZHENG Jing-zhi, WANG Chu-dong ; WANG Shi han, LIN Yu-ye, ZHAO Ké- 11, WU Dong-tao, FU Wel-]un .
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A&E_ University, Lm-an311300 China) | "I el _

Abstract: Urbat soil s an important partof the jarban ecosyétem which is strongly cﬁrelated Wlt]n human health and life.quality.<In
this study, Lin’an city"Wwas chosen as a typical sfnall cityfo study the spatial variation‘and distribution of heavy metals in urban soils”and
thelr pollution charagteristics using multivariate analysis geostdtlstlcs and GIS techniqueés. A total of 62 soil samples were collected
fronithe study jareas. [The restilts indicated that'the #varagh concentratlons of soil Mn, Cu, Zn, Pb, Cr,"and Cd were 439.42, 42.23,
196. 80 62.55 763.65, "and 0.22 mg-kg 4 re%pe(’tlvely G‘Dmpared with the background values and the environmental quahty
standards 5 these heavy metals were accumulated in urban soils to some extent. Almost 80% of the study area was polluted by heavy
metals. The single potential ecological risk index of heavy metals indicated that Pb had the highest ecological risk. The pH and most of
the heavy metals had strong correlations, and there were strong correlations among the heavy metals. The principle component analysis
(PCA) showed that Pb, Zn, and Cu had the same pollution source, which was related to vehicle exhausts; Mn and Cr were mainly
from the parent material; and Cd was from the emissions of manufacturing plants. The spatial structure and distribution of heavy metals
and their corresponding available fractions had strong spatial autocorrelation with all of the C,/(C, + C) <50% . Their spatial patterns
were influenced by human activities.

Key words :urban soil; heavy metals; geostatistical analysis; spatial distribution; ecological risk
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Fig. 1 Spatial distribution map of soil sampling sites
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2.1 fiRMst

1 RAEE X - PR A P B RN 4w A Al A
Seitortr. L3 pH MEUETE IR 4. 64 ~7.33, F
PIEN 5. 66, EMAIAGEYE L HE. 3 SR KT
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uS+em ™ 2], ARAL IR BRI, X5 W AT TE A
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Table 1  Descriptive statistics of physical-chemical properties and heavy metals in soils
A BME RO bR TIE bR O g s o e
/% P
Mn s /mg-kg ™! 88. 16 2248.31  397.33 439.42 305. 37 69. 49 3.61 20. 00 371.99 555.48
Cugp/mg-kg ™! 11.73 123.63 37.47 42.23 21. 66 51.29 1.73 4.13 37.80 30. 54
Zngpy/mg-kg ™! 67.49 872.19  158.00 196. 80 142.76 72.54 2.59 8. 46 165.73 107.79
Pb gy /mg-kg ™' 7.61 1259. 62 30.94 62.55 167.95 268. 51 6.55 45.27 34. 44 30. 46
Crpp/mg-kg™! 18.87 311.37 51.13 63. 65 53.89 84. 67 3.78 14. 61 54.11 90. 00
Cd g /mg-kg ™! 0.02 1.12 0.09 0.22 0.15 68.20 5.10 33.10 0.09 0.13
pH 4. 64 7.33 5. 81 5.66 0.94 16. 61 -0.83 0.67 5.57 —
HL %/ uS em ™! 10. 00 460. 00 0.16 166. 72 71.83 43.08 1.49 4.63 150. 64 —
Mn ;5 /mg-kg ™' 4.59 102. 95 34.53 38.41 24. 40 63.53 0.83 0.11 30. 63 —
Cuygyys/mg-kg ™! 0.01 14.97 1.89 2.57 2.60 91.17 2.38 7.82 1.49 —
Ingys/mg kg ™! 0.11 66. 55 9.43 13.46 12. 81 95.17 1.94 4.40 8.89 —
Pbss/mg kg ™! 0.07 98.25 2.91 6.01 13.47 224.13 5.83 37.85 2.35 —
Crypa/mg kg™ 0. 04 0.67 0.16 0.17 0.13 76. 47 1.76 3.49 0.14 —
Cdgg e/ mg kg ™' 0.01 0.84 0.07 0.09 0.11 122.22 5.12 33.47 0.07 —

1) “—" A RISCEAE s 358 B A RS TR T R
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Pb, CriX 4 Fif 4 J@ICE.
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Table 2 Evaluated results of single factor pollution

index for soil heavy metals in Lin’an

. DT L BN
T Sy {E BME R
Mn 0.71 0.14 3.62 16. 39
Cu 1.38 0.38 4.05 67.21
7n 1.83 0.63 8.09 78. 69
Ph 2.05 0.25 41.35 52. 46
Cr 1. 14 0.34 5.56 37.70
Cd 0.96 0.12 8.62 32.79

P 25 s S A VAN 25 S L3 3. LR
VIAR LTS B RV bRAE, A RE R B T
S, 12 ANEERON T S, 34 ASRER AL TR
BV, 9 ANKESL IR T TS S, 7 RE SR
BEVS Y. I o PRI B s ST ekS v
FEVSYe > TV Y > T ik, B 15 e ISR B 2 5
80% , EMIAZE T HFGEBC e 5 A T B e
PR, FROMFER R G R, A
s e R ol "L

/%Y pErraEsREIMGR S & . 4
[ Table 3 E\{gla'gt resiﬁtls' of soil heavy metal pollutigr'i in Lin’an/% 7 i —
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= R - 0 F I 2@ 34 d 9 P
grste 0 ! 20 55 15 11

| - - n - -._W.-““r

2.30 LM S R A

2 7 4 6 FhEE 4 @ M e AR B8 E R B
E. W3 4 7R, Mn, Cu, Zn, Cr JCEAEFTAFE AL
FEMSEE, Pb JCE 1. 64% HIRE S AL T35 8 15 %
HARKI AT RMGEE; Cd TR 19.67% 1
FESAL T 45 /G E | 1. 64% MRE 5 AL TR 38 5 .

MSITCREFEH &M E 2RE, Mn, Cu, Zn, Pb,
Cr., Cd ¥ub TRMEE. Ine - 58 4 E i 7E
A fEE R E S KK ZE Cd > Pb > Cu > Cr > Zn >
Mn. H&ICER P EEITESM, m2d g
RIE N 50. 72, FWIm22 T 3 SR L TR U E RS
foE TR

F4 ERHTLEESRES/EITMNIEN

Table 4 Risk index of heavy metals in the soils of Linan

ARG F LA Ll %

R Fi Bl T # e e
Mn 0.71 100 0 0 0 0
Cu 6.91 100 0 0 0 0
/n 1.83 100 0 0 0 0
Ph 10. 27 98. 36 0 1. 64 0 0
Cr 2.27 100 0 0 0 0
Cd 28.73 78. 69 19. 67 0 1. 64 0

2.4 MCHEL FES 30T
H£T Spearman AH G F B0 53 Hr A48 1 22 8] (14 AH 5
PESRSS (K 5), 4PRFEW pH 52 HE S m 2L

L5 Mn P INARSAAAEREMR LR, BS54
$e pH B R R S T 1 00 B D R UL
BoR—S . AR S HARES Z WA
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Table 5 Spearman’s correlations between heavy metals in soil
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