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Abstract: Accelerated industrialization has brought a considerable amount of cadmium(Cd) into soils, resulting in Cd accumulation in the

topsoil. Here we studied Cd accumulation and main factors influencing Cd bio—availability in fluvo—aquic soils in the lower region of the
Yangtze River, a soil Cd anomaly zone. The results show that Cd accumulation occurred in the topsoil during 2003~2014, with soil Cd aver—
age concentration increased by about 40.9% relative to that in 2003. More than 50% of the soil samples had Cd concentration up to light pol—
lution level, according to the Chinese soil environmental quality standards. Cadmium was significantly correlated with S and TOC in the
soils. The most possible extraneous source of Cd in the topsoil was atmospheric deposition, which was influenced by fly ash. Soil Cd bio—
availability was mainly influenced by soil carbonate, pH, Ca, Mg and Available Fe, with carbonate being the most important factor. Soil Cd
concentrations did not differ significantly between carbonate— and non—carbonate soils( carbonate concentration <5 g-kg™), but bio—avail-

able Cd and Cd activation rate were significantly different. The average bio—available Cd and activation rate in non—carbonate soils were 2.5
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and 2 times that of carbonate—contained soils, respectively. In addition, acidification occurred in the topsoil during the past. This study sug—

gests that it is necessary to execute ecological restoration to control the acidification and prevent the risk of soil heavy metals pollution.

Keywords: cadmium; fluvo—aquic soil; pollution sources; bio—availability; carbonate
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Table 1 Concentrations of Cd,bio—available Cd and relevant soil

parameters of topsoil

P ROE fR/ME

B Mean Max Min S CVI%
Slg-kg! 0.33 0.93 021 014 4277
Si/g-kg! 283.6 3219 2673 121 428
Al/g-kg 77.8 96.0 516 100 12.80
K/g-kg™ 23.3 27.8 170 030 12.62
Mg/g-kg 12,6 153 104 011 832
Calg kg™ 173 33.7 45 084 4889
P/g kg 1.40 1.97 077 027 1923
Ti/g kg™ 5.84 731 410 065 1113
V/g-kg 13008  173.80  76.10 2582 19.85

Mn/g-kg™ 0.77 1.00 045 0.5 1932
Felg-kg™ 44.40 5337 2869 065 14.62
Cdipg-g” 0.465 1234 0225 024 5141
N/g-kg! 1.403 2948 0784 050 3531
TOC/g kg 14.54 23.98 593 041 2845
AL Kig-kg™ 0.269 0736 0.101  0.14  53.00
3 Klg-kg! 0.707 0977 0426 0.5 21.19
S g g 17.68 22386 249 4121 233.14
s A /g g 78.50 336.06 2239 6736 85.81
B Plg-kg! 0.141 0709  0.008 0.15 108.92
HE Felpg-g 98.63 34238 1744 9779  99.14
WA Cdipg-g 0.169 0.763  0.034 0.17 101.58
pH 6.961 8.040 4590 1.02 1459
CEC/emol(+)-kg'  15.58 25.34 363 519 3331
N v 28.4 88.2 00 278 10159
A% m’ kg 90.9 174.2 416 3841 4226
FEIE LR %o+ 33.88 63.34 7.40 1509 44.55

o RTE LR U -T2 W6, 115 P AL SRk 23], D
R A WA B B 5x 100,
Note:*, Activation rate of Cd (i.e.,bio—availability). See Reference

[23] for detail.
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Table 2 Temporal change in concentrations of topsoil Cd and

other relevant parameters

5iH 2003 EHME 2014 FH4{E A(2003— iLE."JL’té_

*2003Mean 2014Mean 2014) Ratios/%
Cd/pg-g” 0.330a 0.465h 0.135 40.9
TOC/g kg 11.8a 14.5h 2.7 229
Slg kg™ 0.19a 0.33b 0.14 70.7
Plg-kg™ 0.89a 1.40b 0.51 572
WAL /m? kg™ 79.6a 90.9b 11.3 14.2
pH 7.72a 6.96b -0.76 -9.8
Fe/g-kg 47.0a 44.4a -2.6 -5.5
Mn/g-kg™ 0.79a 0.77a -0.02 -2.9
K/g-kg™ 21.8a 233a 1.5 6.9

{1 %2003 AEEET | [ SCHRI2415 2, b K78 5 2201 S 7R PR
Note : * Indicates the data is cited from Reference[24];a,b indicate

that there is a significant difference between two groups.
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Figure 1 Concentrations of Cd, bio—available Cd and carbonate and pH values in soil profiles
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Table 3 Pearson correlation coefficients between soil Cd,

bio—available Cd and activation rate of bio—available Cd

R4 LESHERS ST

Table 4 Principal component analysis of soil parameters

ek Ay S R
with soil parameters WEH 1 2 3 4 5
15 H cd HEPIAEL Cd ISR S 0.099 0.050 -0.129 0.821 0.106
S 0.6087 0.623%% 0.265 Si -0.908  -0.103 0.088 -0352  -0.086
Si -0.298 -0.144 0.040 Al 0.785 0.343 0.449 0.191 -0.005
Al 0.119 0.252 0.380% K 0.804 0.315 0.442 0.151 0.066
K -0.008 0.093 0.271 Mg 0.796 -0.148  -0427  -0.177 0.267
Mg -0.129 —.464% ~0.5427%% Ca -0338  -0406  -0.814 0.070 0.180
Ca 0.115 -0.249 ~0.655%* p 0.007 0.516 0.686 0.007 0.307
P -0.273 0.006 0.361 Ti 0.812 -0.295 0.231 0.268 -0.113
Ti 0.643%% 0.570%% 0.258 \ 0.772 0.317 0.478 0.180 -0.124
s 0.224 0.368 0.454% Mn 0.605 -0.628  -0.110 0.069 0.382
Mn 0.296 -0.040 —0.394 Fe 0.877 0.178 0.410 0.107 -0.081
Fe 0.144 0.209 0.293 Cd 0.136 -0.533  -0.044 0.605 -0.135
Cd 1.0007 0.875%% 0.317 N 0.348 0.612 0.171 0.584 -0.225
N 0.170 0.337 0.424% TOC 0.417 0.073 0.273 0.761 -0.178
TOC 0.505% 0.543%% 0.3975 B K 0.212 0.603 0.278 0.512 0.339
B K 0.048 0.178 0.295 3K 0.195 -0.211 0.721 0.433 0.275
LR K 0.344 0.468* 0.403 SR 0.132 0.880 -0.012 0.122 0.042
B -0.234 -0.089 0.153 Tl AR 0.059 0.019 0.050 -0.016 0.859
A -0.115 -0.162 -0.199 BR P 0.035 0.888 0.321 -0.085 0.053
AR P -0.458* -0.164 0.382% HEL Fe 0.341 0.614 0.395 0.162 -0.453
AR Fe -0.030 0.235 0.5477 pH -0.285  -0706  -0.472 0.061 0.275
pH 0.351 0.03 -0.501%* CEC 0.741 0.244 0.421 0.311 -0.047
CEC 0.173 0.263 0.342 kiR ER -0278  -0.248  -0.864 0.058 0.092
fmRER 0.029 -0.303 -0.602% ik -0470 0359 0321  -0403  -0.026
B i -0.077 -0.274 —0.399%

T *P<0.05; %% P<0.01;n=28,
Note: * and ** indicate significant differences between treatments at

P<0.05 and <0.01, respectively,n=28.
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A carbonate soil is a soil with carbonate concentration =5 g+kg™ and a non—carbonate soil contains <5 g-kg™ carbonate.

The number of carbonate soil site was 19, while that of non—carbonate soil site was 9. a, b indicate that there is a significant difference between two groups

B2 SMBEBNT(FBRBRETENRSE BURSE ARRENMERURE pH Xttt

Figure 2 Comparison of concentrations of soil Cd and bio—available Cd, activation rate of bio—available Cd and pH between

carbonate and non—carbonate soils
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