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l ’
Table 1 Badc properties o the teted ils ’
0.1 ol L™ ' NadO, 24h
Property Range Mean , ,
pH 8.2 8.9 8.6 cd Cuzn Po
C 7.18 36.41 15.81 Cd Cu Zn Pb
Totd C (g kg™ Y)
Fe 7.7 20.2 15.0 cd (004)2
Totd Fe (gkg %)
ca 6.7 49.0 171 Zn(dO4) 2 Cu(AOs) . Po(AO),
Totd Ca (gkg™ %) 1.4 pH
Mg 2.4 7.2 5.1
Totd Mg (g kg™ 9 5 , 4
12 pH(8.0 6.5 5.5  4.5) 4
(Cd O @ CuNi Pozn Mn) ’ Cd (50 100 150
( European Community Bureau of 200 mg) ,Cu Zn (250 500 750 1000 mg) , Fb
Reference) 1) (500 1000 1500 2000 mg) 1.00g
4 50 mi , 15 m 1
( 0.01 ol L~
0.1 1m0 L - HOAC '20 ' 16:]'009’ aom NaOO,, pH 0.1molL 'HOO, 0.1mol L *
: , NaOH 8.06.555 4.5, 25
40m 0.5mol L1 + 0.05 mol L™~ *HNO, 24h, pH : 0.01 nol L1
20 16 h, ; Nad O, 20 m 24 h
. HOx(pH2 3) 20
1h 85 1h, 10m HO;, 1.5 pH
85 1h, 50mMpH 2 1molL ! 3 *
16 h 10 1.00g , 50 ml ,
3 15 m , 1rmol L *HNOs pH 1.5
Cd O @ CuN PbZn Mn 8.5 . 1mol L 'HNOs ,
ICP-AES , 2 20m ( 120), 24h
1.3 , ICPAES pH
4
(Pb Cd Cu Zn) pH 1.6
2 1.00 50
g, 50 m , 20 m 2 2.00g 50m 20 ml |
( cd , H2904(0. 25 ol L™ %) ,
Cuzn P 0.512.512.5 25mgL"*, 10 min 0.1nL H; SO, : pH,
10 250 250 500 mg pH , pH
Cd Cuzn Pb; cdCuzn P 6.555 4.5
2.537.537.5 75mglL*t, : :
50 750 750 1500 mg Cd Cu Zn
= pH 6.0, o.or 17
mol L~ NaQO, , 48 h, , 0.50g 100 ml , 50m
CdCuzn Pb , (HNO; H,S0; 1 1) (pH2.5, pH



46 42
pH  [®), 4h Whetrren (1.0mgkg D) , Zn (100
42 HNOs mgkg Y, Po (35
ICPAES mg kg~ 1) . Cu (35
AS (Verdon 6.1) mgkg'), O Ni
(90 40mgkg )
2 2.2
2 ,
2.1
S0 ’ Cd @ O Ni ,
Cd @ O CuN PbzZn Mn
60 % ,
0.67 2.64 7.67 18.9 33.9 65.0 9.72 132 _
13.5 36.4 13.6 136 53.9 305 313 735 ’ oo N
mg kg™, 1.27 11.6 47.8 35.9 22.8 6.3%2.7%0.3% 3.4%,
36.3124 439 mg kg ! Pb Cu :
, Zn o, ®ON Mn Mo CuPbzZn Mn .G
(101 ,Pb Zn Mn
Cu Pb Zn Mn ,Cd @ Ni Qu P ,n
, Cr Mo Mn ,
(01 cd Zn  Mn
2
Table 2 Fadiondion of il heavy metds in the resdentid stes o Hangzhou dity (%)
Fraction Cd (€3] (03 Cu Ni Po n Mn
Range 2.0 13.0 0.5 8.5 0.1 0.7 2.2 10.9 2.6 4.2 1.1 8.8 6.5 25.5 6.8 43.0
Adid extractable Mean 6.3 2.7 0.3 5.2 3.4 3.1 14.5 19.9
v 33.0 41.4 40.2 33.0 10.6 40.4 28.9 33.1
Range 6.2 33.4 13.7 35.1 2.6 6.8 15.1 50.9 8.4 20.4 41.4 67.5 14.8 51.7 33.6 72.7
Oxides bound Mean 15.7 2.1 4.1 37.4 12.0 57.3 29.7 49.2
(oY) 41.8 19.2 19.3 20.2 19.8 10.9 23.6 16.5
Range 4.8 19.5 12.5 15.5 7.1 14.4 32.4 57.5 10.2 24.8 16.4 31.8 15.3 25.1 10.0 16.5
Organic metter Mean 8.2 14.2 9.9 42.1 15.9 22.8 18.4 12.2
tound (oY) 30.7 4.9 15.7 12.8 13.7 16.0 9.3 13.8
Range 40.5 84.2 51.2 68.4 80.3 89.6 3.3 45.6 51.0 75.0 3.7 36.4 12.5 61.2 2.2 33.9
Reddud Mean 69.8 61.1 85.7 15.3 68.7 16.7 37.4 18.7
(oY) 14.2 6.2 2.6 53.5 5.9 46.3 28.2 46.8
Qv: odficient of variation
2.3 pH , . @ Ni pH>5.0
3 , pH<5.0 ;
pH ( 1 pH G pH ’
, : 4.0 4.5 Zn  Mn
pH : pH , pH5.5 6.0
pH Po 2.4

w

Cd pH>4 : pH
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Fg 1 HEfect of pHon lubility of heavy metdsin the soilsfrom three resdentid dtes (resdentid ste A,
reddertid dte B and resdentid ste C)
[Kd (L kg™?) , (mg kg™ %)
( Cd Cuzn Po (mgL™ %) ] Po
10 250 250 500 mg) , (9.1x10% > Cu (8.6 x10°) >7n (2.4 x10°) >
cd ( cd (1.8 x 10°) ,
) 96 % , 98.93%;  0.1nol L *NaQO, (
Cu 99.54% 99.90 %, 99. 77 %; ) , Cd 0.21%
Zn 95.53% 99.76 %, 99. 18 %:; 2.13%, 0.68%:;Cu 0.08% 0.34%,
Po 99. 96% 100% , 0.18%:Zn 0.14% 0.64%, 0.28%; Pb
99.98 %, Po 0.003% 0.15%, 0. 064 %
Cd>Zn>Cu>Po, Po
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( Cd CuzZn Cd0.18% 1.76%, 0.57%;Cu  0.066 %
Po 50 750 750 1500 mg) 0.30 %, 0.13%;Zn  0.10% 0.53%,
, 0.20%;Po  0.011% 0.13%, 0.047 %
cd 89.15% 99.16 %, , pH  ( pH
96.97%;Cu Zn P 95.43 % 8.2 8.9), CdCuzn Po

99.16% 92.17% 98.96% 98.90% 99.53%, ,
98.14% 95.63% 99.17 % ,

3 pH (%)
Table 3 Hfectsd pH and metd levels on retention of metd's by the sils
cd Cd added (mg kg™ )
PH 50 100 150 200
4.5 20.5+2.7 14.5+£2.9 11.4+£2.8 7.9%+1.9
5.5 59.6+3.6 48.7+3.6 36.4%+3.1 30.2+3.7
6.5 93.3+2.2 90.3+2.4 85.3+3.6 81.2+3.1
8.0 97.5+1.3 94.6+1.1 91.2+2.2 89.6+2.6
Qu Cu added (mg kg™ ?)
PH 250 500 750 1000
4.5 53.9+3.8 49.3+3.6 44.1+3.6 38.4+3.7
5.5 83.6+3.5 78.6+2.7 75.8+2.7 72.7+3.1
6.5 99.2+0.2 98.3+0.8 9%6.2+1.2 93.6+1.9
8.0 99.7+0.1 99.1+0.2 98.5+0.3 97.3+0.7
Zn Zn added (mg kg™ )
PH 250 500 750 1000
4.5 41.6+3.4 35.8+3.6 27.4+2.9 22.6+3.4
5.5 70.3+2.3 63.6+2.3 59.7+3.6 51.1+3.6
6.5 98.0%+0.6 97.8+0.8 94.7+2.3 90.6+2.7
8.0 98.9+0.3 98.2+0.5 96.3+1.3 93.8+1.7
Po Pb added (mg kg™ )
PH 500 1 000 1500 2 000
4.5 84.4+2.3 76.3+2.6 73.4%3.2 70.3%+4.7
5.5 93.7+1.1 91.8+1.2 89.6+2.6 85.4+2.8
6.5 99.4+0.2 99.2+0.2 99.1+0.3 97.5+0.6
8.0 99.9+0.1 99.5+0.2 99.2+0.2 98.2+0.4
4 pH (%)
Table4 Hfectsdf pH on ron-exchangeable metds (reterted , rot removed by 0.1 nol L~ *NaQOy)
pH Cd 50 mg kg~ * Cu 250 mg kg™ * Zn 250 mg kg~ ! Pb 500 mg kg~ *
4.5 16.7+£2.6 36.7+2.9 17.6+£2.2 69.6+2.7
5.5 46.3+4.1 46.3+1.7 39.7+3.1 83.6%+1.6
6.5 78.7+3.8 98.6+0.3 95.3+1.1 98.0+0.4

8.0 99.4+0.2 99.8+0.1 99.6+0.2 99.9+0.1
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2.5 pH 5.5 (H") 0.050 0.38
nol kg™ *, (H*) 0.17 mol kg *;pH 5.5
3 5 4.5 (H") 0.035 0.9
pH mol kg™, (H") 0.26 mol kg™ * 50
, pH4.5 5.5
., PH pH : :
pH pH7.0 5.0
5.5 , : pH
: ( , pH
) pH ( 4, pH 6.5 5.5
: pH 4.5 pH
Yong pH 0.4047° 0.397 " 0.366
[7] pH ,
(pH >5) , ( Ca , Fe Al, Na Mg
) pH : pH 6.55.5 4.5
, Ca ,
pH , : 0.857 777 0.9717" 0.980 ", Fe
: : 0.3637 0.276° 0.240
pH ; : pH2. 5
, ; ,50 Cd @
C CuN PozZn Mn 0.0
2.6 0.50.02 0.7 0.02 4.40.2 4401 1.6
0.0 1.30.6 29.5 2.2 207.2mgkg *
pH (8.2 8.9) :
pH ( 5,
6.5 (H") 0.041 0.72 , @ N Zn  Mn
mol kg™ !, (H") 0.22 mol kg'* pH
5.5 (H") 0.081 1.65 Ca
mol kg™t (H*) 0.48 ol kg™ * pH ,
4.5 (H") 0.13 1.9 CaQ0;3 , ,
nol kg™ *, (H) 0.64mol kg'* pH 6.5
5 (n=50)
Table 5 Rdationship between diute acid extractable metds and il acid bufer capadity
od @ a Qu Ni Fb Zn Mn
pH6. 5 -0.32° - 0.60 " -0.29° -0.33" -0.61"" -0.40"" -0.58"" -0.62""
pH5.5 -0.32°7 -0.59 " -0.297 -0.34"7 -0.65"" -0.43" -0.59 " -0.62"
pH4.5 -0.327 -0.58"" -0.29" -0.35" -0.67"" -0.45"" -0.59 " -0.61""
*ookx Kk p<0.050.01 0.001 *, ** ,and *** are sgnificant a p<0.05,0.01 ,and 0. 001 probahility levels, repec
tively
Cd®OO N , ;
3 CuPbZn Mn

’ pH
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CHEMICAL CHARACTERISTICS OF HEAVY METALS AND THEIR REL ATIONSHIPS
WITH ACID BUFFER CAPACITY OF SOILS IN RESIDENTIAL SITES IN HANGZHOU
CITY, ZHEJIANG PROVINCE

Zhang Mingkui  FuJuanlin  Huang Changyong
( Cdlege  Environmental and Natural Resource Sdences, Zhgiang University, Hangzhou 310029, China)

Abgract Suganable management of urban ils to mnimze their potertia impact on the environment requires an un-
derganding of factors irfluencing nohility of heavy metdsin the ils. The objective of this Sudy was to andyze concentrations,,
forms and acid solubilities of heavy metas in the il sfrom fifty resdentid dtes in Hangzhou Gity. In addtion, Pb, Cu, Zn,
and Cd adorption-desorption behavior , rdationship between release of heavy metds and pH , and acid bufer capacity of the ils
were d 0 dudied. The ilsin the reddentid Stes had been anthropogenicaly contaminated by heavy metds to a different ex-
tent. Except for O and Mo ,however , concentrations of these heavy metasin the il s were found lower than those in the soilsin
commercia digricts. Cd, @, O and Ni were mainly in gable resdud forms, while Cu, Pb, Zn and Mn were nodly in ex-
tractable forms. Generaly the nilsin the resdentiad Stes had a high cgpacity to adsorb heavy metads 0 gably that they were not
liable to get diplaced by neutrd sdts. The cgpacity however , decreased with the decrease in pH, and rdlease of heavy metds
from the sils increased rgpidy when il pHwent down bdow 4.0 6.0. The acid bufer capacity of the il s varied greetly and
was meinly controlled by il CaG0; content. The heavy metds in ils with a high acid bufer capacity were low in solubility.
Snce the 2ilsin the resdentid stes contained higher CaQ0; brought in by congruction meterids, they often had a high acid
bufer capacity and thus enhanced gahility of the heavy metasin the sils. Our data indicated that heavy metd sdf the ilsfrom
resdentid stesin Hangzhou Cty did not pose sgnificant hazard to the environment in normal conditions.

Key words Silsin reddentid dte; Heavy metds; Retention; Acid bufer capacity ; Rlease



