Vol.29,No. 11

029 &5 11 M S s : 22
& B B Nov. 2008

ENVIRONMENTAL SCIENCE

HINIR SR 3% 72 T [E H B + IR R Z LAFIE

IR, Es IR, A0, BRi e Bodos!

Q. E R B AR N B IR 5 AR MY I RIS, ARV SRS 37 5 R A R R AU =, dE AT 100081 2. ARAbARE
KRR G IREE 22 B, MR 1500305 3. B RE22 Be il 5 i B mT RS R RIF AT, G 264003; 4. db3TTT B F X 4T
u, A6 s 1022000

BE: XA ENEEIRI 5, TR T TRE 3 A8 b —— 2T ORFS A+, 7R B R E AV R RIS R
g PR, A ST VEEC0.01 mol* L' CaCl, $RHX )4 Jm DB I 7] 56 2 Pd T B, ARG B AR BRAG, K21 90 d /2567 . o2 fE
B R G R L A E B B R, WURE X 2 @B A AL A2 AT . i PELE 214 KA
TRAE T AR S AN 1T TECR 90,9940 ~0.9999, p <0.000 1), MMy BOF MG FRERZE, A SR
AMIERS [ RO AL R CENO TEA BRI T HUE & R LI RS/ DT R AN AR B E 455
HEE R AEEE LI 1A 32 pH R, 2K pH AT HD, &R AL S LEE, 2T RIS, EREH L, N 4.36
x107° ~7.05x 10 kg*(Cmg=d) ™" s 7y pH THGE O, & B A RLE LUK, ZAEET, k, K 1.095%x 107 ~ 1.377x 1077
kg*Cmged) ™" . L UL, BE 88 pH THimr, &8 I 2 A T bk

KRR : A s B AR 43 W

RESES X533 XEIFIRTE: A XEHS:0250-3301(2008)11-3213-06

Aging Characteristics of Copper and Zinc Added to Typical Soils of China
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Abstract: The aging processes of copper and zinc in single and combined metal-contaminated typical soils of China, red soil> paddy soil and
cinnamon soil, were studied. The results showed that available copper and zinc (metals extracted by 0.01 mol*L™" CaCl,) decreased rapidly
at initial stages, and then reduced slowly, where the turning point occurred at about 90 d. The difference in aging of copper and zinc was
insignificant whether in single metal-contaminated soils or in combined metal-contaminated soils, suggested there were similar chemical
behaviors between copper and zinc. The aging processes of copper and zinc in red soil> paddy soil and cinnamon soil fitted best a second-order
equation ( R = 0.9940-0.9999, p < 0.000 1), whereas parabolic diffusion equation has less goodness of fit. It indicated that the
transformation from availability to unavailability of metals, i.e. aging, was not completely controlled by diffusion; but controlled by the
interactions from surface nucleation/precipitation, occlusion by organic matter, and diffusions etc. The aging of copper and zinc in soils was
significantly affected by pH. In soils with low pH such as red soil; the ratio of available metals was higher and the aging rate was slower
[constant of rates k, 4.36 x 107°-7.05 x 107* kg*Cmg*d) ™" J; whereas in soils with high pH, for example in cinnamon soil, the ratio of
available metals was lower and the aging rate was faster [ k, 1.095 x 107%-1.377 x 10 *kg*(mg*d) ™" 1. That is, the aging rate of metals in
soils increased obviously with increasing pH.
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Table 1  Basic properties of three soils used in this experiment

HH . -1 . -1
L PH (K00 Eﬁ)ﬁ‘ CRC/cmol kg ™ mﬂckc e R mwszn/mg S Bh
Fg: 14 4.74 14.9 5.9 0.22 38.90 1.17 83.26
KFE L 6.21 45.6 16.1 0.38 80.15 1.11 130.74
1 7.43 59.7 20.4 0.15 22.15 1.19 79.90
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Fig.1 Changes of available Cu and Zn with incubation time in three single metal-contaminated soils
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Fig.2  Changes of available Cu and Zn with incubation time in three combined metal-contaminated soils
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Table 2 Decision coefficient ( R*) of dynamic equations modeled for the aging of Cu added to soils
By ) _ R ‘ _ GGAkRs ‘
e KHE £ 5+ e KHE L eyt
Elovich T#: ¢, = a + bl 0.8691" " 0.9073% * * 0.8289" " 0.9052" " 0.9085" * * 0.8858" *
WL BOTHE: ¢/cw = a + i 0.6370" 0.7101°* 0.5409 0.7109" 0.7380" 0.5862"
R 1g(] = ¢ len) = a - bt 0.456 5 0.5949" 0.4395 0.556 6 0.614 4" 0.4213
LI (1 = ¢lew) = a- bt 0.4150 0.478 3 0.3433 0.5053 0.5186 0.362 4
WHHTTRE: Ine, = Ina + bl 0.8813" " 0.9359" " 0.8957" " 0.9100" " 0.9284" %~ 0.9150" %~
ZHITRES): e, = — UK + tlew 0.9989" “* " 0.9940" """ 0.9988" * 0.9969" “**  0.9959"* " (0.9981"* "
DFF**FIR p<0.0001, """ IR p<0.001, ** FIR p<0.01, " KK p<0.05, F[F
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Table 3 Decision coefficient ( R*) of dynamic equations modeled for the aging of Zn added to soils
2 2R — ok : - SRR —
AR KFE L 1 2135 KHE+ -t

Elovich 7T#: ¢, = a + blnt 0.8268" * 0.8994" 0.8248" " 0.7927" " 0.9339" " 0.9128 "~

WL WOTHE: ¢)/cw = a + i 0.5439 0.6770" 0.5124 0.5222 0.8012" " 0.6158"

IR 1g(1l = ¢/cw) = a - bt 0.3362 0.5211 0.3635 0.3124 0.6854" 0.446 9

FHITRE: (U= ¢lew) = a- bt 0.3170 0.438 1 0.3070 0.3020 0.5777" 0.3832

WHHTT: Ine, = Ina + bl 0.8304" % 0.9253* "~ 0.8753" " 0.7918" ¢ 0.9392° " * 0.9519" **

ZHITREP e, = — UK + tew 0.9999" * " * 0.9987" " * 0.9996" * 0.9999" """ 0.9949" " (0.9997" "
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Table 4  Parameters modeled by a second-order equation
TGRSR + TOH ¢ /mgkg ™! ky/kg* Cmged) ! K
o Cu 31.276 (0.467) 6.01 x 1073(2.56 x 10™%) 5.880 (2.609)
Zn 53.857 (0.241) 6.42x1073(1.54x107%) 18.634 (4.559)
—— St Cu 10.174 (0.355) 7.65x1073(2.97 x 107%) 0.792 (0.339)
7n 17.783 €0.287) 6.66x1073(1.89x 107%) 2.107 €0.637)
W Cu 11.067 €0.173) 1.377x1072(4.93 x 1073) 1.686 (0.634)
Zn 19.930 €0.154) 1.375x 1072(4.48 x 1073) 5.463 (1.825)
o b Cu 35.495 (0.880) 4.36x1073(2.52x 107 5.498 (3.333)
7n 57.256 (0.287) 7.05x1073(2.22x 1073 23.105 (7.382)
A e Cu 14.429 (0.413) 6.50x1073(2.54x 107%) 1.354 (0.575)
Zn 19.757 (0.633) 3.93x1073(1.40x 107*) 1.535 (0.604)
Wt Cu 12.792 €0.249) 1.364x 1072(7.02x 1073) 2.232 (1.199)
7n 21.362 €0.161) 1.095x1072(2.96x 107*) 4.997 (1.393)
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