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1
Table 1 Physical and chemical propertties of the studied soils
pH Fe Mg P
Soil Organic Clay Total Fe Total Ca Total Mg Total P
matter
(gkg ") (gkg™ ") (g kg™ ") (gkg™) (gkgh) (gkg ")
7.68 a 39.4 a 171 a 30.1a 18.0 a 7.70 b 141
(n= 20) (0.78) (16.9) (77) (14. 0) (8.5 (4.1) (0 &)
6.74 a 149b 101 a 21.3 a 13.6 a 13.7 a 121
(n=12) (1.71) (9.1) (48) (3. 1) (5.2 (1.1) (0 33)
) (p < 0.05):2)
2
Table 2 Total concentrations of heavy metals in the studied soils(mg kg™ ')
Cd Co Cr Cu Ni Pb /n Mn
Soil
1. 68 al) 16.98 a 52.93 a 63 58 a 28 4 a 205.7 a 252 9a 1.2 a
(n=200  (0.72)? (3. 49) (17.20) (3221 (45)) (13.1) (164 7) (0. 64)
0.80 b 16.46 a 37.01 b 24 17 b 2.67b 2322b 74 % b 0.43 b
(n=12  (0.19) (1. 97) (7.01) (1057 (3 47 (18.37) (2519) (0. 06)
1) (p<0.06);2)
22
3 ,
Cd Cd Cd, Cr Cr, Cu Cu
Cu, Pb Ph, 7/n Mn Mn
,Cd Co Cr Ni , Cu Pb 7n
Mn s Cu PbZn Mn
s Cd Co Cu Pb Mn 7Zn ,
CdPb 7Zn s Co Cu Pb Mn
, Cd s s
Zn s s /n
Pb Cu ) ’
Cu Pb , Co Mn s
7/n Mn
23
Mn 7Zn Cd Co Cr Cu Ni  Pb 0 50~ 30.8

018~ 5320.00~0. 03 0.00~ 0.15 0.02~ 0.16 0.33~ 1. 59 0. 06~ 0. 41
0.74% 0 54% 0.68% 0.16% 0.15% 2 17% 0. 64%

’

0.00~ 1. 28mg kg™ ",
0.30%
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Table 3 Heavy meal concentrations in various fractions detemined by the sequential extraction procedure (mg kg™ ')

3

Element Soil Acid Oxide-blound Organe-blound Residual
extractable
Cd 006 a" 0.05a 012a L4 a
(002)? (0.04) (0 006) (0 63)
0. 03 b 001 b Q15a 0. 61 b
(oon (0.01) (0 M) (021)
Co 1L ®a 4.08 a 19 a 99 a
(0 53) (1.83 (0 38) (3 50)
Q76 a 1 81b 237 a 11. 2 a
(015) (0.50) (0 6l) (1 )
Cr 023 a 2.66 a 653 a 4350 a
(024 (1.73) (1 78) (11 41)
00 a 1.46 a 4.82b 30.65b
(0 ) (0.59 (130 (563)
Cu 512a 23.93 a 18 0 a 1563 a
(3 3) (18.89 (1191) (13 23)
1. 8b 600 b 7.19b 8 a
(104) (2.7 (397 (3 85)
Ni 145 a 3.63a 35 a 19. &0 a
(0 40) (L.21) (0 60) (391)
L0l a 2.36a 417 a 15. 13a
(0 23) (0.91) (126) (29
Pb 45 a 162.7 a 192 a 1919 a
(4 76) (135.1) (15 29) (25 56)
063 a 14 81 b 3.95b 3% a
(0 36) (14.41) (232 (2 41)
Zn 7556 a 76.26 a 28.79 a 7233 a
(60 37) (48.80) (92 65) (56 )
8.%5b 2 HAb 17.89 b 25.18 b
(6 25) (5.62 (6 01) (8 47)
Mn 238 8a 470.1 a 56 34 a 250 1a
(169 7) (287.0) (24 56) (205 4)
100.8 b 14. 1b 33.49a 191.0 a
(28 9) (46.8) (5206) (20)
1) (p< 0 05);2) n= 20; n=12
Mn Zn 20 Cd Co Cr Cu Ni  Pb 1 mgkg '
4 w30, ( ZnMn ),

b,
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Table4 Potential leachable heavy metal contents i the soik( mg kg™ )

PH 4.0 PH 3.0
Element
Urban soil Suburban soil Urban soil Suburban soil
cd 0. 01 (0.01) a” 001 (001 a 0.03(0.04) a 0.05(0.05) a
Co 0.03(0.02) a 010 (0 11) a 0.21(0.29) a 0.32(0.28) a
Cr 0.07(0.03) a 006(0@) a 0.06 (0.02) a 0.07(0.02) a
Cu 0.92(0.32) a 072 (028) a 1.96 (0.49) a 1.61(1.33) a
Ni 0.18 (0.07) a 025(016) a 0.49(0.33) a 0.75(0.53) a
Ph 0.30(0.21) a 0. 05 (0. 06) b 0.49 (0.19) a 0.25(0.21) b
7n 0.99 (0.71) a 146 (135) a 14.66 (20 16) a 7.25(7.42) a
Mn 4.57(4.74) a 1192 (1.01) a B8.47(373%) a 51.25(30 03) a
1 (p< 0.05): n= 20;
n=12
, Singh (151
( ) :7/n (61%) Cd (60%) Mn (53%) Co (27%) Ni
(26%) Cu(4%) Pb (2%) Cr (2%) ,
(1)
( Zn );(2) ,
Kinniburgh [ , pH3~ 4 s
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POTENTIAL LEACHABILITY OF HEAVY METALS IN URBAN SOILS
FROM HANGZHOU CITY

Zhang Ming-kui  Wang Me+qing
(College o Ervironmental and N atural Resource Saences, Zhgiang Unwersity, Hangzhow 310029, China)

Summary

The potential risk of surface and ground water contamination by heavy metals leached fran contam+
nated soils have caused cnsiderable concemn. Understanding the acaimulation and chemical forms of the
elements in soils is necessary to predict long tem leaching behavior of the heavy metals in the soils. The
objective of this study was to evaluate heavy metal leachability of urban soils in Hangzhou City, Zhejiang
Province, China. A total of twenty wban soils and twelve suburban agricultural soils were collected from
the urban and suburban areas in the Hangzhou city for fract ionation and leaching test of heavy metals. An
optimized European Community Bureau of Reference three-step sequential extraction procedure was applied
to heavy metal fractionation of the soils. Four operationally defined fradions were identified: acid ex
tractable, reducible, oxidizable and residual. The soils were also subjected to detemination of potential
leachability of heavy metals using a method developed by the Netherlands Energy Research Center. The
results showed that the urban soils in the Hangzhou City had been anthropogenically contaminaied by heavy
metals to a great extent, and heavy metals in the urban soils, including Cd, Cr, Cu, Ni, Pb, Zn, and
Mn, were higher than those in the suburban agricultural soils. About 70% of Cd, Co, Cr, and Ni were
associated with residual fradion indicating relative low mobility of the metals in the soils. Of the four re-
maining heavy metals, Cu and Pb were dominantly associaed with oxidizable and reducible fractions with
low acid extraction fraction. Zinc and Mn had only one-third of their total concentrations in the residual
fraction, but one-fourth in the acid extradable, which is susceptible to release. Potential leachability of
all the measured eight heavy metals, defined as the maximum metal pool that may become available for
leaching a a constant pH 4, was low and decreased in the following order: Cu > Mn> Cd> Ni> Zn
> Pb> Co, Cr. Low potential leachability of the heavy metals in the urban soils was due to their low
percentage of acid- extractable fraction of the heavy metals, and relatively high organic matter, iron oxides
as well as clay contents that could adsorb heavy metals released from dissolution processes. Measured data
indicated a low risk for surface and ground water contamination from the urban soils in the Hangzhou City.

Key words Urban soil, Heavy metal, Fractionation, Leachability, Hangzhou City



