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

and eel clayey soil
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Table 4 Parameters of isothermal adsorption models for exogenous Cd onto soil aggregates
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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

E R RN A/ iN) S VRS AZIE JES

+ Ko LR (R 34 [ PNZIE 20N e [R] 41 28 fk Tl 1A B 4 3 B okL
o (2~8 mm) (0.25~2mm)  (0.053~0.25 mm) (<C0.053 mm)
In 5.568 5.536 5.704 5.907 6.389
Langmuir 1 %) K, 0.044 0.039 0.046 0.047 0.052
) R? 0.981 0.981 0.983 0.983 0.981
JRAD Y
1/n 0.441 0.454 0.436 0.433 0.426
Freundlich #% 7%l K, 0.571 0.522 0.608 0.642 0.734
R’ 0.903 0.903 0.906 0.905 0.894
Gn 6.308 6.224 6.376 6.426 7.042
Langmuir 1 %) K, 0.045 0.044 0.050 0.055 0.058
. R’ 0.981 0.976 0.980 0.982 0.985
i e HH
1/n 0.438 0.440 0.426 0.419 0.417
Freundlich #% %1 K, 0.667 0.648 0.727 0.771 0.869
R? 0.901 0.893 0.891 0.892 0.895
3 i1 % 5 A B AR R A L R B B S T e, He Ry B

3 B ERASEEEARGKL,REHRESR

B R AR e e RS, L
J&>>0.25 mm P B 5 et 23 508 =y, 4 P R PR R RS
TE 45 K ARG 5 <20.25 mm fil A1 5 M I K &2 )
252 - Y AE K AR AE IR PET . AR5
e, 0 5 345 > 0.25 mm ki £2 A R AK 87 % O
Je ) 5 89 %6 (fk e H ), Ui W AFF 58 X P4 + 3 45 4 R
4f AR FOKRE R IE R A K . HRIE D EN, -5
PR R /N, A S BB A, bl e R AT 2 A A
TE K RUK R FE R T AR R R o - HE SRR
MWD 1 GMD f % K , 25 49 8 52 E , P iz 1l gE 7 ik
B R A LZBENMRTRE, STRERZ R
KH R EEYE T AL R BT, XA SR B R T R D I
M, AR . 2F R R, pH R F57E 5
FeAy AR H g g I pH B, T AR B P Cd iy R
WA SRR

286 21 Ml A Ml A 3y SR AT PR AR AT, 2 4 4
8 A AL RE e FH o 5 i 2 R O R — 3 X RR A U
55 % e T 25 Rz 2% P SR B A AL B IO Ak o3 8K A B R
PR, 6 Y8 Xy T RRAS U |, R R R TR A
YR oy 25 5 o B U6 HRE A R AR 00 AE K XA AR
FHF Az BURE Z2 4 /N 0 1 R i 496 T b B SR A4
R, 3 2 4R 20 43 6 A BT L AT B A 1 R R R
RE . ML Z R e A B2l A R K S
W 4l B, KAk i A2 Hp A Bl 8 — S Ak T A B
1, ME DL AT AW B A, DR RR D U8 X A AL T
(R RN g e I S 3 o B A ORLAR I ), 2 Bl 4 3

LA BILR T AR R A R IR = i A5 DL
S ARy A HE OB AR AT BAA P AT BILE DL B OK AR B
h L EARKME T SR ik .

M T 2 B e BEA Lo 25 5 L BE e 1 CECE
N 2 S A T B o B0 T ORAED U Y AR A ik
R R B AR KR R o RS
X B, S B+ CEC Fiie 28 A 10 4 5 & 4 5k
B o AL B A AN EAR Y TR BRI, S B
- 8 AR N A A2, CEC i 5 4804k Bk B 0 Bk
WA Bl E BRI 25 R G A R AR 1) + 58 CEC Al
Ui 5 S0 Ak 0T o A B R . R R Aok + 4 L
PN S R AN R A R SR A 7/ i ]
$E T+ CEC {H M 25 S A0 Bk i I i 0 0. Rk, 4 48
1y CEC FifE B8 S 10 4k T i 43 85032 BE 25 L4 Ak ot
T B AR R /NS R 2 R [ 5

16+ HE4 450 v, <20.053 mm (198 B kE b i 2
AR T o B R o ARG I B BRI L R
[ A 2 A IR AR == 7 SN /-5 =R e
Tk g AR R R AR, £
B ARES 23 11 CEC B R M 43 i3 7~ 101, 4k AR 4
o) 2 & 5T H RISy . AR ZI, HTA
[FRE 2 AT SR A 20 43 A 3 b i o AR TR], s Kok Az
VISR AAR 1 o L ey B, SR8/ IR AR T SR A v O 5 A Ak ik
Jo A B, o 4 - B STk A AR . PR, 1
Bk A A A R DR E TR AR
BT 1) BTk 36, OB A2 A SRR 1) T ik o oy B 2%

http. // stbexb.alljournal.com.cn



5 3]

B A R R T 55 068 0 1T S P 508 AR 0 A1 A B M 7 W0 R 15 7 285 ) 52 i) 113

32 BHURAREH CARMEESHH

FE 28 HE AR AR Cd T a5 B0k
P SRR <K R AR <<rh [a] A1 SR AR <My Rk, BEE
BeRLAR W/, A LT 514 CEC 507 85 4
Pl T A 43 B W 3 R K, LR A Jm A5 S L i
Z K Cd W B BE J1 858 . E 0.25~2 mm [ fi A1 5 4k
W, Cd 1 T ZEIB 35 8 o] $2 BUES | A8 25 S5 i 119 16 14 A
AW AR R R BT KU T B R AR
/NS HE<C0.053 mm B Ry B RL v, B S Cd BT 43 4k
EWK G FERERNE T /IR EA S TR LT Y
O L2 i 85 A 0O oL B 40 RO o i 8 AL R
S5 3b 3 1H R BV P 45 A sk i A Cd ikl i 5 Cd &
A AW A/ R T T AR AT B T 5 4 W I BT
E SN — 20 L E T U RS A A 2R IR A
JIT LA, /NRE A% 8 P SR A Cd A T w8 04 W [ fiE 1
FasE Tk
33 FABREKASX CAITAHHF N

ABESE B, JCI0 R A L BR A LT I B A Ak ik
G2 53, Langmuir 152 59 #5878 47 M 4 8 £ 358 0% [ Cd
R 150 55 R D 45 G T 3R R 6 Cd I B
KN Ry H R = ke AT SR k= v i) A 3 A > i+ >k
SR A . 4 398 o i b 2 7, X6 Cd W B i bl )
I 5 8 FH X Cd B W B fig 0 BE 5 . K 6 R (<C0.053
mm) A B 22 b {4 B3 A0 45 Cd , W BHARE g freoi , PRt
4 A T Y B b 1) <22 4 R R T 22 S0 T A AT R A 1) 1
M4 o

JER b e H () B A WL BT I i 4 4 29.25 g/kg) 7E
RGBT , B e W B T B 24 27.9 %4 5 1 fik U H
() 6 A LB 3 43 51 36.71 g/kg) Y fc v W B B R
K 16.3 %0 , JBRAD U A9 86 et 2 1) Wb v T R 1. %
Br A LIS 2 Fh - 58 Cd W B 5 A7 7E 25 5, 2R
TET T30 W A A T[], 0 H 2 /N A2 P SR A4 1 4
Y5 K xF Cd i W B g g = 2R B S e Y. XRD 4
Mra il sRab e M b SR 20 A9 K A%
Yy, U8 & S R e a5 A
) B R L3 T AR B 2 W
R 7E R BR A ML G 6 U8 AT PR R A 1
Cd W B BE T3, 10 R A U8 L DU) BR1 4 40 45 ) 19 AS T 0 o
AE N 3% F R, A LR Cd iYW BfF 32 H s e 3 m
L CEC M 8 103 AU RE AT (R B 2 45 ) 52
W), fil S Cd™" i 4 22 b i B 07 02, 5 8 il 246 & 5%
BAY Ml CdE b T B ik, SR Cd 7 +
Heh 5y 5A PLRE A LS &9, b A R pe

JE& 3 R A Ry A BIL BT v B rR B T MR R A, B AR T
- % B A R PH B R RE 1Y R R BR A HLT
i, 2o 48 Ak &b B RT RE T B CEC B3 43 1 4 1R 1) 32
R WA A S R B A7 i B

APLTAE N L R AR R S, L5 R/
Yy . BH B T 45 2 18] 9 [ AH B2 8 AT LA 32 £ 1A 3R A 1
TE R O 4 R E . A PLT B LR S | A
AR TC B R e A7, ) i 4 Ak i S5 L b 2 A5 3
oy B, (AT X Cd W B 2 TR R, £
B BT 5 A B X AN Cd 4 W B BE ) A
R A WL BRSBTS R B

25 BRI B S AR R | 6 D2 1A 3R A X Cd i A AN
W S 55 R B v 3k 15.3 %, SRR D U8 T B4 oG i
R 11.2% AR T R BRA LTS T B . i B A
RS A BT X Cd i W B ML A7 7E 25 5%, — s 1
U AR AL R o A 2 v R B 350 vE WY Cd
5y % B - HER WO HSE G W52 ma |, n A pH<<5
TR M 2 R T, Bl it B R AR R WL 1 Cd 25 R TR 5
GOl BRI B R T RS A A R R B
FE SRR 22— BN ET T Y b A T A — i
k 20~200 m*/g, i J§&§ 58 % 7] ik 800~100 m*/g"*"', fii
AR R 25 L F T B X Cd 1 I B R T AH
K. ERE RGN TR A T, AL gk ik
F 7 JE A AR AR A D, X Cd iy W B AR P B 2
R AV 5 T A7 AL T3 3 O L 4 s - AL TBC o7 g, 4 s T AR
JE T [ 22 ML, FHEXE Cd W B 9 BT Rk 56 38 B0 15 4
TRk Ik, A LB 39 Cd W BEE R ) 3%
77 U 225 40 Ak A D) 5 i R

Ui B9 A Ak Bk T B E ORI A 2 2
A g R 5| 7 SR AR T O R A AR B 3% 4R L+
S T R SR A, I AT A N e 45 ) R O Y R
P A TR % A A rh e B AR Ak e R 45 4
FHAFAE 22 5, B B kE (<C0.053 mm) 4 i 25 4801k 2k il
B0 50E T MOA B K (0.053~0.25 mm) , {3 H X Cd
14 TR 0 T e AR T A B /DN, T RE 5 AR 2 T SR A
R E RS T RmIEENSEERER
Ko B m H A R 1 WL RE T, 50 S AR
A 8K TP BT 5 1 i 45 1 R ol A5 AT R AR 1 TR 22 ]
SEA TN R B L AR R BRI R AL 0 R AR
KA REPRENE LTSN SR E AT
U AR Y e R A L DRI, SRR A R G A R A
R 2 B Cd W B T I A R AN, BT AT
RN T AT E 2N

http. // stbexb.alljournal.com.cn



114 KRR

%039 %

4 4 £

1) fi ¢ FH AR D 318 1) AT 58 1k 32 82 DL R AT 38 fA
R FE 5 76 %0 5 626 ; % ¢ H AT 5 K 25 1 AR
Je MR E , HOF 3 & A (MWD #UL] -3 B4
(GMD) ¥ i FRAb U8 | . bl & R 420/, A R AR A
HLITE i 2 SR AL Bk DL K BH B T A e i ¥ B 5 T

2)Cd 75 fi£ I F AR U8 45 b7 2 1A 58 44 1) I
A0 R B B R (<20.053 mm) > ] [ B 4K (0.25~
2 mm) > K A B AR (2~8 mm) >3 A A4 (0.053~0.25
mm) . PRI Cd LIRSS MR i s 0 3.

3) A IR AR X AR Cd W B RE 7 349 I b 4% Uk /) i 43
SR, Ry B ORL X Cd oy W B g T A 58 5 Langmuir,
Freundlich 45 Ji W BFF 55 780 mT D)4 34 AT 2R A Cd 1 1%
BE4T R, B Langmuir B A8 ; X B A HLE S , R4 XT
Cd 1YW i BE 07 28T B 5 T 25 B i 25 bk 0 L AT 2R
AT Cd W B 8 1 B i 3 A/
5% 30k

[1] LIUJ, LIU M, WU M, et al. Soil pH rather than
nutrients drive changes in microbial community follow-
ing long-term fertilization in acidic utisols of southern
China[J].Journal of Soils and Sediments,2018,18(5):
1853-1864.

[2] EGAN G, CRAWLEY M J, FORNARA D A.
Effects of long-term grassland management on the
carbon and nitrogen pools of different soil aggregate
fractions [ J]. Science of the Total Environment, 2018,
613:810-819.

(31 kb, SR mm o, 1 SCH | Z0 983 AT 4 98 DAL 2R AR 1k 5 42
VDI AN [T]. A2 252742, 2018, 38(5) : 1590-1599.
QIAN J, ZHANG L P, WANG W Y. The relationship
between soil aggregates and eroded sediments from slop-
ing vegetated red soils of south China[J].Acta Ecologica
Sinica, 2018,38(5):1590-1599.

(4] ZERRPH, JE W, ER T, 48 S0 4 3 XU A X Cd Rl 32
2SR [T] HIER 2 ,2018,39(1) :406-414.

LIXY, LONG J, WANG S B, et al. Differences in Cd
accumulation in typical soils under the double rice system
[J].Environmental Science,2018,39(1) :406-414.

[5] B, Et, B R, 45 I T 08 o 8 ) 35 e By
VA bR E R R AR A B T). BB R 2 BEOY L 2024, 37
(5>:1092-1103.

ZHAO B, WANG L, WEI Y Q, et al. Current status
and prospects of agricultural soil heavy metal contami-
nation prevention and control standard systems in

China[J].Research of Environmental Sciences, 2024,

[7]

[8]

[9]

[11]

[12]

37(5):1092-1103.

KRR, RS MBE R EA A LR SR
15 Y FRAE XU PP BOR IR AT [T ] IR B RE 27, 2024, 45
(10):6171-6184.

ZHANG S, CAO Y, GAO C F, et al. Pollution char-
acteristics, risk assessment, and source analysis of
heavy metals in soil from a typical abandoned antimony
smelting factory [J]. Environmental Science, 2024, 45
(10):6171-6184.

HUANG Z, ZHANG X Q, PENUELAS J, et al. Indus-
trial and agricultural waste amendments interact with
microorganism activities to enhance P availability in rice-
paddy soils[J].Science of the Total Environment, 2023,
901:e166364.

5 RS E TRE 5F AR R A ] g S A X E %
FHERKREBEEEBEHENZWIT] k5 F 5,
2023,51(1)>:87-101.

HE X, LU Y G, ZHANG J, et al. Effects of soil types
on potato growth and cadmium accumulation and trans-
port characteristics under cadmium stress [J]. Earth and
Environment, 2023,51(1):87-101.

PR SCORR W, B R 7 g s Rl (ML b et A
Tolk At , 2018:312.

ZANG W C, YE J, TIAN Y. Heavy metal pollution and
control[ M ].Beijing: Chemical Industry Press,2018:312.
&R S B R EEEY LA R R
B R ST Ok BB A B RO A R R R TR IE
PalJ]. & HiE A, 2024,40(1):89-108.

ZHENG Z H, GAO Y, HUO X X. Revisiting the rela-
tionship between farm size and land productivity: Evi-
dence from large-scale farms in the third national agricul-
tural census[J].Journal of Management World, 2024, 40
(1):89-108.

KALATHOOR R, BOTTERWECK J, SCHAFFER
A, et al. Degradation of the fungicide metalaxyl and its
non-extractable residue formation in soil clay and silt frac-
tions[ J].Pedosphere, 2021,31(4) : 549-559.
EPAIRER R Sl UYL NP S X A= S Y Ty
P27 P B EY VB AE L2 R T R A 4 A 1 T 2
PELLAR L : GB/T 43363—2023[ ST, L 5T« v [ 4 4k 11
fitt, 2023.

State Administration for Market Regulation, Stan-
dardization Administration of the People’s Republic
of China. Determination for speciation of 12 elements
such as copper, zinc, cadmium, lead and chromium
in waste chemicals: Sequential extraction procedure
GB/T 43363—2023[S].Beijing: Standards Press of
China, 2023.

http. // stbexb.alljournal.com.cn



5 3]

B A R

08 115 858 96 1T S PR 58 A 90 A R A K HE X 0 W0 5 9 26

HY 52 M) 115

[13]

[16]

[18]

[19] #

CAVALIERI-POLIZELI K M V, GUEDES FILHO
O, ROMANOSKI V S, et al. Conservative farming sys-
tems and their effects on soil organic carbon and struc-
tural quality [J]. Soil and Tillage Research, 2024, 242:
e106143.

LIU B, FAN H M, JIANG Y, et al. Evaluation of soil
macro-aggregate characteristics in response to soil macro-
pore characteristics investigated by X-ray computed
tomography under freeze-thaw effects [J]. Soil and Till-
age Research,2023,225:e105559.

JHE I AR LS [ KL 2 S AT SR A b A L Y W B AT S AT
FE[D 1. BUAR  BUARFE TR 2, 2020.

TANG H R. Study on the adsorption behavior of cad-
mium and chromium in soil aggregates of different
grain grade [D]. Chengdu: Chengdu University of
Technology,2020.

ALHO L. C, CAMPOS M C C, DA SILVAD M P,
et al. Variabilidade espacial da estabilidade de agrega-
dos e estoque de carbono em Cambissolo e Argissolo
[J]. Pesquisa Agropecudria Tropical, 2014, 44 (3) :
246-254.

WEE, £ 755, W, R 5 R 5E Xt 4 e
AR K [ e R AR 9 52 e [T]. BB L 22, 2018, 39(1) ¢
355-362.

XU G X, WANG Z F, GAO M, et al. Effects of straw
and biochar return in soil aggregate and carbon sequestra-
tion[ J |.Environmental Science,2018,39(1):355-362.
B B, A N R RE B R A A e A 2R
1A Be A7 LR S A R AE (] b [ 1 38 5 AR R, 2023(7T)
96-103.

CAO S, LIAO W, DENG S F, et al. Distribution char-
acteristics of soil aggregates and organic carbon in citrus
orchards derived from different parent materials[J]. Soil
and Fertilizer Sciences in China, 2023(7):96-103.
bR, A e, ok e B AF L BRGY |b IX K R T 6 K R
A [ KL 2 20 53 e A W B 2 A s e (D], AR A ER R
2741, 2019,28(10): 2089-2097.

HONG S C, LIJH, ZHANG J M, et al. Influences of
parent material types on the components and the adsorbed
forms of lead on different size-particles of paddy soil in
tropical areas [J]. Ecology and Environmental Sciences,
2019,28(10):2089-2097.

JAEE A 30 .CaC D \PhCID AT CAC I D 7E 21 58 i
AR A g A AUk b R B e He A 0], M2 4R, 2018, 55
(1>:131-138.

[21]

(23]

[24]

[25]

[26]

[27] 4

ZHOU Q, JIANG J, XU R K. Adsorption of Cu C[[ ),
Pb (Il ) and Cd C I ) on colloidal and non-colloidal par-
ticles in two red soils[ J].Acta Pedologica Sinica, 2018, 55
(1):131-138.
BASHIR S, ZHU J, FU Q L, et al. Comparing the
adsorption mechanism of Cd by rice straw pristine and
KOH-modified biochar [J]. Environmental Science and
Pollution Research,2018,25(12):11875-11883.
B HTT, R BARIE A AR Ml DX S R 3 AT R IR
SEPE RS R 5 (7] K £ DR Ap 4, 2018, 38(5) £ 58-63.
GU Z Y, KANG L, LUO M J, et al. Factors affecting
stability of soil aggregate in eastern Hu'nan Province [ J].
Bulletin of Soil and Water Conservation, 2018, 38 (5) .
58-63.
YUAN C L, LI Q, SUN Z Y, et al. Effects of natural
organic matter on cadmium mobility in paddy soil: A
review| J].Journal of Environmental Sciences, 2021, 104 :
204-215.
(= I S R S U R A 0 2 B o < N LD S IR
TE ik 2 e FEPR B RO W o ik e (7). L e 4Rk, 2024,
61(4):929-938.
ZENG Y, ZHANG M Y, LIM B, et al. Research prog-
ress of photochemical reactive intermediates processes
and abiotic transformation of pollutants in paddy water
[J].Acta Pedologica Sinica, 2024,61(4):929-938.
YUAN C L, LIU T X, LI F B, et al. Microbial iron
reduction as a method for immobilization of a low concen-
tration of dissolved cadmium [J].Journal of Environmen-
tal Management, 2018,217:747-753.
VA A YT Yt e 9 T G R AT A R i A G T
P E Mo D]. dbat st R4, 2024
SUN Q W. Study on preparation and in-situ remediation
of new materials for stabilizing heavy metals in lead slag
contaminated soil[ D ].Beijing: University of Science and
Technology Beijing,2024.

N5 W DA A AR W 0T 5 B A 1 e T R R AR F
5¢[D]. % 5 Tlk Ry, 2023.
SUN H L. Study of biochar-catalyzed biomasstar tar

/J\ {E‘— HA/J\ i

coke accumulation characteristics and reforming regulation
[ D].Harbin: Harbin Institute of Technology, 2023.
XS Jg , E 0, 7 598 . b 0 SR A Y TR RS S LR
b FE it i SRR T]. R HE 4R, 2023,60(3) :627-643.
LIUY L, WANG P, WANG J K. Formation and stabil-
ity mechanism of soil aggregates:

[J].Acta Pedologica Sinica, 2023,60(3) :627-643.

Progress and prospect

http. // stbexb.alljournal.com.cn



