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Distribution Characteristics of Aggregates in Granitic Sandy Soil and Eel Clayey
Soil and Their Effects on Cadmium Adsorption and Speciation

HE Rujing"*, LONG Jian"*, FAN Haijin"*, XIAO Ziman"*, ZHANG Kun'?,
HOU Yingshan"*,HOU Hongbo"?, PENG Peiqin"*
(1.College of Environmental Science and Engineering, Central South University of Forestry and Technology, Changsha 410004, China;
2.Hunan Engineering Laboratory for Rice Quality and Safety Control, Changsha 410004, China)
Abstract: [ Objective ] To reveal the physicochemical properties of soil aggregates at different particle sizes and their
influence mechanisms on cadmium (Cd) speciation, this study investigates the distribution characteristics of aggregates
in typical paddy soils and the effects of aggregates with different particle sizes on Cd environmental behavior.
[Methods] Two types of Cd-contaminated paddy soils were selected, namely granitic sandy soil (developed from
granite) and eel clayey soil (developed from shale and slate). Soil aggregates were separated into four size fractions
using the wet-sieving method: macroaggregates (2—8 mm) , intermediate aggregates (0.25—2 mm) |,
microaggregates (0.053—0.25 mm) , and silt-clay particles ( <<0.053 mm). The effects of removing organic
matter and free iron oxides from aggregates of different sizes on Cd adsorption were analyzed. [ Results ] Both soils

were dominated by macroaggregates. The eel clayey soil exhibited a more stable aggregate structure than the
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granitic sandy soil, with higher mean weight diameter (MWD) and geometric mean diameter (GMD). The
granitic sandy soil had a higher proportion of small particle size aggregates with a looser structure and lower
stability, mainly due to the lower mass fractions of organic matter and free iron oxides in its parent material. As
aggregate size decreased, the organic matter, free iron oxide, and cation exchange capacity (CEC) of aggregates
significantly increased. The adsorption capacity of all aggregates for exogenous Cd was enhanced with decreasing
aggregate size, with the silt-clay particles demonstrating the strongest adsorption capacity. After the removal of
organic matter, the Cd adsorption capacity significantly decreased, while the decrease after the removal of free iron
oxides was relatively small. [ Conelusion ] The differences in aggregate composition and structural stability caused by

different soil types significantly influence their Cd adsorption and speciation. These findings provide a scientific basis

for understanding the evolution of heavy metal pollution in paddy fields and formulating remediation strategies.
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Table 1 Basic physicochemical properties of granitic sandy soil and eel clayey soil
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Fig.1 Mass fractions of soil aggregates
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Table 2 Stability indices of soil aggregates
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Fig. 2 Mineral compositions of aggregates with different particle sizes in granitic sandy soil and eel clayey soil

2.1.3 XERARKpH.CEC mHFE3mMm, ik + 4%
AR AR pH g 4.86~5.47, R AL 559 R 1 . Bl 5 L A2
4 08 /0N, R A0 8 T 4% AT SRR pH B 19 O, T 8% 92
AR AR pH 22 5 AW . 2 38 2% AT SRR Y B B
T 5 e CCEC) 38075 453 0k = Bl P 3R A4 = i i 141 38
PR =R AT SR Bt LA A sl / N PSR (A CEC 2 12 3%
BN AEAR [RDRLAR B4 SR AR b 685 98 1 CEC #5°R T
JRRAD 8 T o ST SRR A0 908 FH 450 6 908 11 2 B o SR Y pH
M CEC, RBIAHEZ /) H I &5 TR0 J¢ B L33 W
AR R Cd Bt i, T R I AR CHE IR R &, (45 Cd
FR X % RE ) 1 9
®3 WEVEHSHERBSNREAREpHS CEC

Table3 pH and CEC values of aggregates with different

particle sizes in granitic sandy soil and eel clayey soil
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Fig.3 Mass fractions of organic matter and free iron oxides in aggregates with different particle sizes in granitic sandy soil
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Fig.5 Mass fractions and proportions of Cd forms in aggregates with different particle sizes in granitic sandy soil and eel clayey soil
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Table 4 Parameters of isothermal adsorption models for exogenous Cd onto soil aggregates
Jit A B 45 R % P 2R AR
A A e S o PNZE 22N o i AT 2R A4 Tl P 2R 1 3 FokL
- (2~8mm)  (0.25~2mm)  (0.053~0.25 mm)  (<Z0.053 mm)
qn 6.137 5.777 6.275 6.654 6.990
Langmuir 5 1 K, 0.052 0.050 0.057 0.050 0.063
. R’ 0.975 0.978 0.970 0.974 0.965
JBR AL e
1/n 0.426 0.433 0.416 0.428 0.414
Freundlich £ #! K; 0.709 0.635 0.765 0.770 0.883
R* 0.888 0.900 0.875 0.892 0.872
Gn 7.289 7.201 7.324 7.609 8.070
Langmuir f%#1 K, 0.043 0.048 0.055 0.064 0.074
R’ 0.989 0.986 0.990 0.986 0.981
fi& e 1
1/n 0.451 0.443 0.433 0.421 0.407
Freundlich 5 #! K 0.715 0.765 0.840 0.950 1.102
R* 0.929 0.912 0.915 0.904 0.886

2.2.3 FHRAMREIEADRARITIR CARK
LA, 280 AT DL ZE A7 B 2 22 57, BT HL
o e L R A T 2 4 B 4 ] o < i O B o
i, 0T B 4 T A RS, 2 AT BN
Cd FWE VR 6 2 RE 0 - S EAT A L 0 Bk . 2
BRAT LTS , 325 b2 P SR A Cd Y 45 IR B it £

5r §
(a) BRISUEH
4L
e 3k
&0
£ 5 Ji
© I v 2~8 mm
= o 0.25~2mm
- 0.053~0.25 mm
/ <0.053 mm
K Langmuir5 i W b i 28
0 = 1 1 1 1 1 1 1 ]
20 40 60 80 100 120 140 160
Cd/(mg-L™")

W7, 5 RERA AL AR CAd R, 2k 1
C W8 B 7T ek Wed B2 O A BT 5, T g Cd i B8 08 R
BT I (EURR AT SR AT 6 25 B3R 2 2 i 140 25 3 0% B ol
2R A W B RE D AL A IR/ IN TR 95 o R BB X Cd 1Y
W B 7 e 5tk , HLI S i T AR AR 20 70, Al R A A
K BRA ML IR R 22 B DR

6 N
(b) fE e
Q,
5 v
~4
I
&3
) v 2~8 mm
s2r o 0.25~2mm
/ 0.053~0.25 mm
1 <0.053 mm__ ‘
L Langmuir5 i % b i 28
O 1 1 1 1 1

1 1 1
20 40 60 80 100 120 140 160
Cd/(mg-L™")

B7 XAV ERREI MR Cd K %R MR R

Fig.7 Isothermal adsorption models for exogenous Cd onto soil aggregates after organic matter removal
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Table 5 Parameters of isothermal adsorption models for exogenous Cd onto soil aggregates after organic matter removal
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Fig. 8 Isothermal adsorption models for exogenous Cd onto soil aggregates after free iron oxide removal
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Table 6 Parameters of isothermal adsorption models for exogenous Cd by soil aggregates after free iron oxide removal
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