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Effects of Different Acidification Methods on Forms and Bioavailability of Cu in Soils

SONG Wen—en', GUO Xue-yan?, CHEN Shi—bao'", LI Na'

(1.Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 2. The Mid-
dle School Attached to Northern Jiaotong University, Beijing 100081, China )

Abstract ; The influence of soil acidification on forms and bioavailability of heavy metals in soils has not been understood well. In this study,

two types of Cu polluted soils collected from Daye, Hubei(yellow brown soil ) and Shouguang, Shandong( alluvial soil ) were used to examine

the changes of forms and availability of soil Cu under three different acidification treatments, i.e. direct acidification——sulfuric acid (T1),

fertilizer acidification——ammonium sulfate (T2 ) and simulated acid rain( T3 ). Acidification treatments decreased the biomass of Brassica ol—

eracea L., but increased the shoot Cu concentrations (P<0.05 ). In alluvial soil, the maximum concentration of the shoot Cu was 1.43 times as

much as the minimum, and 1.50 times in yellow brown soil. Soil exchangeable Cu increased significantly with increasing acidification. Com—

pared with the control, 0.1 mol - L. MgCl,—exchangeable Cu was up to 10.7%, an increment of 451.5%, in the alluvial soil; while it was up to
12.07%, an increase of 418% in the yellow brown soil. Significant positive correlation was observed between soil exchangeable Cu and the

shoot Cu of Brassica oleracea L. with correlation coefficient above 0.80. However, soil exchangeable Cu had a significant negative linear
correlation with soil pH [lg(EXC)=-alg(pH )+b], with the slope of ~0.314~-0.352.The increase of soil Cu bioavailability by soil acidifica—
tion followed the order:T3>T2>T1, showing that the bioavailability of heavy metals would be greater in soils acidified by acid rain than in

those by fertilizers and industrial wastewater.
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Table 2 Kale biomass in different acidification treatments(g*pot™)

RS etk ab pH, pH, pH; pH,
-+ T1 1.19+0.99a 1.18+0.75a 1.09+0.11a 0.85+0.20b 0.79+0.03b
T2 1.19+0.99a 1.21+0.10ab 1.02+0.14b 0.95+0.05b 0.81+0.13¢
T3 1.19+0.99a 0.94+0.18b 0.90+0.44h 0.82+0.07be 0.78+0.09¢
Wk T1 0.42+0.04a 0.37+0.01b 0.32+0.02b 0.26+0.02¢ 0.20+0.03d
T2 0.42+0.04a 0.39+0.03ab 0.32+0.03b 0.24+0.02¢ 0.20+0.04d
T3 0.42+0.04a 0.40+0.03a 0.34+0.02b 0.28+0.02¢ 0.22+0.03d

T T1~T3 SR B R AL (T1) BEBUAL (T2) MY T RRR (T3 ) = LSRR AL 5 pHo~pH, 20 LRI 138 s 2R 5 AR

pH bR ; 1 [A47 AA [Rl PR 30R 22 57 .35 (P<0.05) .

Note: T1, T2, and T3 represent sulfuric acid, fertilizer and simulated acid rain treatments, respectively. pH,, pH;, pH,, pHs, and pH, represent five levels

of acidification from high to low. Different letters in the same row mean significant differences(P<0.05).
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Figure 1 Copper concentrations in shoot of Brassica oleracea L. in different acidification treatments
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Table 1 Chemical and physical properties of tested soils

o A " EC/ CEC/ 0C/ 4= Cu HRfE/
Location Soil types wS+em™ cmol-kg! % mg-kg™!

7R b 6.9+0.1 111.8 9.3 1.5 65.2

iimld AR 7.120.2 92.5 7.2 0.9 1 678.5
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Figure 2 Exchangeable Cu content in different

acidification treatments
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Table 3 Correlations between Cu concentrations of Brassica

oleracea L. and soil pH or Cu forms(n=15)

43 ¥ pH EXC CAB FMO oM RES

4 T1 -0.968** 0.901** -0.752** 0.346 -0.157 -0.101
T2 -0.953** 0.899** -0.824** -0.495 0.081 0.394
T3 -0.981** 0.950*%* -0.886%* -0.402 0.658** -0.391

kg Tl -0.878%* 0.801%* —0.883%* —0.571* 0.833%* —0.772%*
T2 -0.882** 0.800** -0.840** 0.189 0.333 -0.281
T3 -0.972%* 0.898** -0.923** 0.474 0.594* -0.753**

% FORAE 0.05 K1 ERAE** FORAE 0.01 K1 F 135 RES .
OM FMO .CAB EXC 8 SR SRR LA A5 BB UL IS £
B RIS & B S s, Tl

Note : *means significant difference at 0.05 level, **means significant

difference at 0.01 level. RES, OM, FMO, CAB, and EXC represent residual

fraction, bound to organic matter fraction, bound to iron and manganese ox—
ides fraction, bound to carbonates fraction, and exchangeable fraction, re—

spectively. The same as below.
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Table 4 Correlations between exchangeable Cu form and soil pH or

other Cu forms(n=15)

4 pisz! pH CAB FMO oM RES

Wt T1 -0.958** -0.622* 0.393  -0.140 -0.185
T2 -0.967** -0.730** -0.439 -0.028  0.405
T3 -0.963** —0.819** -0.220 0.803** -0.597*

AR Tl -0.872%* —0.865** -0.429 0.789%* -0.796**
T2 -0.969%* —0.927** 0.568* -0.018 -0.502
T3 -0.962*%* —0.896%* 0.149  0.787** -0.666**

R 5 FEEMM LR Cu RBER XK Cu R’
R3S Cu 5138 pH EEIFE XS
Table 5 Regression between plant Cu concentrations and

exchangeable Cu and between exchangeable Cu and soil pH

JiRed S Ab B 5 FE(n=15) R
1 T1 1g( Shoot—Cu )=0.208lg( EXC )+1.143 0.763
2 T2 lg(Shoot—Cu)=0.2431g( EXC)+1.166 0.845
3 T3 lg( Shoot—Cu )=0.3241g( EXC )+1.212 0.907
4 T1 lg(EXC)=0.314pH+1.610 0.884
5 T2 lg(EXC)=-0.338pH+1.793 0.931
6 T3 lg(EXC)=-0.352pH+1.793 0.907
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