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Effects of colloidal and dissolved organic matters on Cd adsorption in soil

LIANG Yun', HOU Mengbin', ZHANG Wei*', WANG Xingmin'

(1.School of Environment and Resources, Chongqging Technology and Business University, Chongging 400067, China; 2.School of Public
Administration, Chongqing Technology and Business University, Chongqing 400067, China)

Abstract: Organic fertilizer—derived organic matter is an important exogenous factor affecting the fate of heavy metals in soil. In addition to
the dissolved organic matter, the effect of colloidal organic matter on the sorption of heavy metals in soil has been rarely investigated. In
this study, the sorption kinetics and sorption isotherms of cadmium (Cd) in three soil varieties obtained from sloping farmland, paddy field,
and irrigation and non—irrigation rotation field, in the presence and absence of pig manure—derived colloidal organic matter (COM, 10-0.45
wm) and dissolved organic matter(DOM, <0.45 pm), were investigated. The results showed that the quasi—secondary kinetic equation and
Langmuir model were superior in the fitting of sorption dynamics (R>>0.90) and sorption isotherms (R*>0.95) of Cd, respectively. Each soil
sample exhibited a strong nonlinear sorption of Cd as indicated by the low Freundlich nonlinearity index (7n<0.42). The sorption intensity of
Cd by the three soil samples followed the trend of irrigation and non-irrigation rotation field>paddy field>sloping farmland, which was
positively correlated to soil pH, soil organic matter, and silt content. Both COM and DOM exhibited mobilizing effects towards Cd sorption
by the three soil samples, with DOM showing a greater impact. Particularly, Cd sorption in the soil from the irrigation and non—irrigation

rotation field was affected by COM and DOM more extensively than that in the other two soil samples. Furthermore, a rapid decrease of Cd
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sorption was observed when COM or DOM were less than 30 mg+ L™ (calculated by C), followed by an insignificant increase thereafter.

Therefore, the potential mobilization of heavy metals including but not limited to Cd, especially in the runoff, should be considered upon the

application of animal manure to heavy metal contaminated fields.

Keywords : adsorption; Cd; livestock manure; colloid; dissolved organic matter
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Table 1 Basic physical and chemical properties of tested soil

o 0 A A Py HLIKZH B Mechanical composition/%
i -3¢ " CEC/ SOM/ f%ﬂ@j%/ . s PR o~ O
Tested soil p (o) (el ron OX: e anganesejm €i ota < VoY oA By ki A
(g-kg™) (g-kg™") (mg-kg™) Sand Silt Clay
Wk 5.61+0.02  19.13+0.12  9.17+0.15 46.3+3.3 170.0+0.3 0.45+0.01  50.86+3.23  48.34+4.12  0.80+0.13
227K H 6.94+0.03  24.51+0.26  17.90+0.15  203.6+11.2 178.9+2.7 0.71+0.02 40.29+2.91  58.26+4.61 1.45+0.21
KEAAEH  7.49+0.04  10.26+0.19  31.05+0.14 38.6+2.3 163.4+7.4 0.69+0.02 14.66+2.17  78.67+4.40 6.67+0.36
R RJE 2O G IR BCE AT, T e Freundlich 5% ;
S R 122, Qucs = KiC: (4)
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TE 8l 72 I 5 T B 06 JE Ak b R 2SR
COM F1 DOM 5| A Ji5 3% Cd W BHERAE (28 4k . 38 2%
5 COM F1 DOM & vk B (LA C 31, T [A]) 3424 30
mg- L7 (% 0.1 g+ L™ NaNs AHI il G304 905 3 3 coM
DOM (&%, T IR o HAP B HIR 1.2.2F11.2.3,

IEAh SN B R LT A LR B A AR R
IR EAE e, AR ST AE 26 T COM FT DOM AN [H] %)
GRS T B T 4398 Cd W B RS2 o A A6 T R X
Befit b (CPVREE N 30 mg- L), JE & COM A1 DOM
{4490 4 S i BE 24 10,3050, 70 mg - L' A1 100 mg -
L, Seds v g 5 Z2 Rl + e sh DOM 7K FAH 24
2 SR R P v KO, LB R ] 1.2.3,
1.3 itES55Hh
1.3.1 Wik ah )y 2@ iy

K FHWE— R ) 712 7 R RN G 8 )12 7 R b
AW 5 20 7 28R B0 R 25 5 DAAH 2E RBCHIWTLA 1S
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Figure 1 FTIR spectra of COM and DOM derived from pig manure
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R BT Cd W B A Sh S 1L AR (HME — s ) 2R AR A
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MUE — G Bl S 2E ) QN k(2 2) AT LU
s, 3 AR D5 2 - v Cd A S R B R K R
YEHI>Z K SR, 5 3 pH . SOM Rk AL 75 it
IEAHSG . pH 5 - HE 4 2 18 HR a8 %k B Cd
RSB YIM . B 3 48 o - 38k i+
1 (pH=5.61+0.02) , IS IN (Y Cd A CATEBAFAE , H Y
Cd> 55 4 - 17 ) JURL 2 T VS 1 W R A 7, 900 o] - 45
XFCA™ B M . Rl pH Fh iy, 3R 3w N 25
AT A7 PR B SR X G B A L R B S T T R
R (Al SRR 43 CAP /KA CA(OH) ™,
TS T Bl A R A Bl SOM L W FFF 1 A I B
Yo g R, 18 R A 43X Cd i B 5 pH IE A
SR, SOM PR ELAT #5314 M I g B RE A, T g
T o 25 5 T S5 B e R, A, Al I o e S

e rhORTRDRL G J3 % Cd W B 57 iR 25 26 30k 40> 6
RESTRL?, 5 HA A A ST 7T 25 RPN R 1 S
A 5E 3 PR O 2 g b Cd A R B3 B R CEC
BREG ALY O B R/ N (AN &K 358 , KB CEC
ALY A S 2 0+ B 358 b Cd W B B s
2.3 1IE CAFRWFHHFE

Cd A4 25 305 W B il 2 an 1 3 (a) (I 3(b) s 3
Al J7 3 A3 b Cd 9 I B 38 SR R i Al R M
HE o AV B X8 (0~20 mg - L), W 8 I - A6 15
VRO P P B R T R, 2 Cd R B R (520 mg -
L) B, Cd 49 52 R0 398 o R %o 18 Wz o il £ 10 AR
W - 67 85 R A T I ARG, L R AR i £k
X 5 Wong S BF 5T 45 RIS o Langmuir #5281l
Freundlich R (LG5 45 AN 3 Frs . AR ALY
A AT B ADUAS [3] R FH 7 3K - X Cd 1% 55 30 R A
(R*>0.85) , Langmuir B 8 (4805 %R (0.95<R°<0.99)
1T Freundlich 5% (0.85<R’<0.99) , % B + 4 %} Cd
LA e =0 S % e 2

M Langmuir J5 T2 0% BF- 17 5 50 (K K F K F4E
P (0.211)>4 7K H1(0.194) >3 ##0.(0.090) . [F] I,
e KRR (Qu) /K 484 H (330.80 mg - kg™ ) >4-7K
HH (310.40 mg-kg™") > Bk (272.00 mg-kg™") . ILAP,
Freundlich W [ 58 1 2 %0 (Ko) 52 BEAH A, B 44 K B
WAEH (96.35) >4 7K H (75.53) >3 kb (47.07) . 45
TR K S5 B A3 Cd A R 6 53 AR g AR R o v
FiiK AR 3R 2, TRk b - 96 Cd Ay I
SRR T /K AR H B 47K A3 3 5 W% 5
2EgE g HE PR S T -4 pH  SOM FlRy ki 5%

F2 3MFAAX TR CHBh NZIUEER

Table 2 Kinetic fitting results of Cd*sorption in three soils

FIF 7 b WE—4% 5 J12# A5 The pseudo—first-order mode e =% 8 J12# 58 The pseudo-second—orde mode
Utilization mode Treatment 0./(mg-kg™) Jy/min! R Q./(mg-kg™") ko/min™ R

Il b + 4 253.70 3.32 0.92%* 260.10 0.029 0.97%5%
J-HE+COM 237.48 4.15 0.935# 241.27 0.051 0.99s#3

+-3+DOM 232.41 3.19 0.927# 238.92 0.029 0.99s#3

2K H +-35 291.74 7.10 0.927#% 292.72 0.205 0.99s#
+E+coM 282.13 5.27 0845 284.41 0.079 0.95%#

1-3E+DOM 261.29 3.82 07355 267.45 0.034 0.907%#

K EHEAE H +-35 297.34 4.35 0.96% % 299.79 0.048 0.98#
J-3E+COM 275.04 3.68 0.947#5 280.65 0.034 0.99s#3

+-3E+DOM 279.12 4.88 0.97:#5 280.30 0.071 0.993#3

T R B TEKF (0=0.01) 0 R,

Note: ##* indicates significance at 0.01 level. The same below.

1% WHART]
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(a) and(b) : The pseudo—first—order and pseudo—second—order fitting of Cd*in the absence of COM and DOM ; (¢) and(d) : The pseudo—first—order and

pseudo—second—order fitting of Cd* in the presence of COM; (e) and(f) : The pseudo—first—order and pseudo—second—order fitting of Cd*

in the presence of DOM.
2 HFRFEZECOM.DOM AR ANT LR Cd K URBH 5 /) 4R E
Figure 2 Kinetic fitting of Cd sorption in the presence and absence of pig manure COM and DOM
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Figure 3 Sorption isotherm fitting of Cd in soil in the presence and absence of pig manure COM and DOM
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Table 3 Sorption isotherm fitting to Langmuir and Freundlich equations for Cd**sorption

FI A Jb Langmuir Freundlich
Utilization mode Treatment Q./(mg-kg™) K. R 1/n K R
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Figure 4 Effects of addition concentration(calculated by C) of COM and DOM on the sorption of Cd in three soils
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