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Predicting the adsorption and bioavailability of Cd* in soils using the 1-site/2—pK. surface complexation
model
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Abstract: The bioavailability of heavy metals in soil is closely related to their adsorption behavior. In this study, nine different non—
calcareous soils in China were selected to explore the adsorption process of Cd**. The surface acid—base properties (pK.i and pK..) of the
soil were obtained by potentiometric titration. Based on the 1-site/2—pK, model, the complexation constant(1g K ¢.-,) of Cd** was obtained
by ECOSAT and FIT. The results showed that this model could well describe the adsorption process of Cd** in soils. To further explore the
influence of soil properties on Cd*" adsorption, the relationship between pK.i, pK., 1g K <) and soil properties was analyzed using stepwise

regression. Soil pH and CEC were the main controlling factors of pK., and soil pH was also the main controlling factor of pK,, and 1g K -
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To verify model reliability, data from the historical literatures was selected to predict the soil surface acid—base properties and 1g Ksoca)

based on soil pH and CEC, and the Cd adsorption process was predicted using the predicted parameters. The predicted values were found

to have a good correlation with the measured values, and the model explained 86% of the variation. In addition, the established binding

constants were used to predict the concentration of Cd in soil solutions from historical literatures and the concentration of Cd predicted by

the model was found to be well correlated with the content of Cd in earthworms, explaining 83% of the variation. In this study, based on the

adsorption behavior of Cd* in soils with different properties, the generalized complex method was used to establish a surface complexation

model to describe the adsorption and distribution process of Cd** in non—calcareous soils, thereby providing theoretical support for regional

soil heavy metal environmental risk prediction.

Keywords : Cd; surface complexation model; adsorption behavior; surface complexation constant; bioavailability
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Table 1 Physical and chemical properties of soils
" e e ABLE TERS:  ToEWs LERM ek WEERE s EETA
T 1% PHEF 28 . . . . .
KA E e 1 oy Organic  CaCOs/ Amorphous Amorphous Amorphous Crystalline Crystalline Crystalline — Cd/ Specific
9 . KE pH e CEC/ » .
No Location Type (emol-kg") matter/  (g-kg™) Fe/ Mn/ Al/ Fe/ Mn/ A/ (mg-kg') surface area/
' ’ (g-kg™) (g-kg™) (g-kg™)  (gekg)  (gke”)  (gkg")  (geke™) (m*g")
SI JUAILIT 4rdE 491 1800 4610  0.80 7.87 0.12 1.03 20.52 0.03 1.37 0.35 30.26
S2 VLPEEE L3 491 12.07 10.11 0.79 3.45 0.14 2.12 23.04 0.16 3.77 0.22 37.49
3 L WEHE 529 1441 21.88 0.73 1.98 0.44 1.30 23.93 0.43 2.86 0.23 30.06
S4 Wb kAL sl 9.81 29.48 4.69 3.95 0.02 0.87 11.28 0.03 1.23 0.25 17.15
S5 Epvrige B+ 578 3341 54.71 0.44 435 0.59 1.92 742 0.52 1.67 0.26 20.17
S6 G £ 640 2425 1700 0.6 2.95 0.27 0.57 9.09 0.17 0.40 0.32 17.19
ST WiMARMH  KFEL 660  13.90 27.61 0.51 5.46 0.54 1.29 23.34 0.49 2.61 0.45 29.78
S8 Wi KEL 682 2042 3343 5.01 6.11 0.21 0.89 8.07 0.13 0.69 0.25 28.22
S9  mEKH HLME 693 1613 26.52 5.77 5.99 0.19 0.78 15.18 0.09 1.03 0.39 29.50
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Figure 2 Surface net charge and proton affinity constant curve
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Table 2 Key parameters of surface complexation model

RIMNLE B E

pHch—ig@ pHch_E—"‘cEL_J

ijﬁiﬁ% pKai pK..  Surface site density/  pHpzc— pHeze—
(sitesnm™) measured  calculated

S1 501  7.65 227 6.16 6.33
S2 426 552 1.53 5.19 4.89
S3 490 743 1.77 5.98 6.16
S4 483 7.83 2.17 5.76 6.33
S5 6.77  9.09 5.46 7.86 7.93
S6 8.59 10.24 2.54 9.17 9.41
S7 799 943 1.58 8.62 8.71
S8 779 941 2.15 8.45 8.59
S9 8.46 9.83 1.78 8.95 9.15

S8 ) %) TR 7 U BEAFAE B 8 22 5, S2 45/ ALl
1.53 site - nm™, S5 4 fix K[ 57 13 % & 5.46 site - nm ™,
X AT RS B A P R S AR DG, AL
THE T &R, MR ALY 2 e 4 ) Bl
[F1] F) P P
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Figure 3 Potentiometric titration curve
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Figure 4 Adsorption of Cd*" to soil at different pH values
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TRV % B LR TR L AE TR A SR S8
BIE s, Rz R T 0 R3S Ca> 45 & F 8L
ng(socd*)iﬂ:’/f?j:y\% o HER3AT I , *H%%ﬁﬂjﬁﬂ:
0.94, 4 )7 ML iR 254 2.7%x107°~9.3x10° mol - L', MK
4 ] DLE A E S S BA B — 3K
PE, L Z T LE A RE T R G RIAGE
AU 1 RO A A I - EAEAS ] pH 2% 14 T X Cd™ Y
W AT

AL 4 0] D, | AS [] - 3306 Cd> i Wi B RE 1 A5 ir 22
5, CdP 78 - 3 v By W B2 — AN S AR a7, 2 2 R
R 25, b A B2 pH A LB CEC 45 135
PRI, BRI, SR F 22 0k 2 A [l A 1 A8 Vo0
CA" MY R4S A H 80 13 pH .CEC A ML & & 2k
Ak o ARER R AR AR R S

AT G HR AL R, 3K X T i - 45 v G 1 I T [ 2
T A EEE S, WL AT LLE 1, pK..
Ig Kisoca 15 -3 pH 50 C , 3X 0T BE2 R 4R Ak
Py A HLA X C™ Y W AR R 78 B 52 1- 38 pH 1Y 52
Wi IEAh, D5 CECAHE 1 2058 R CEC &8 iE
iR 1 1 pH 22 vl ) 10 SCHE R 717, GU S5 E AT
¥ Cd™ 78 52 i A 3% 18I 79 W T B2 15 4 1T 19 S5 o7 A 2%
JE%5F pH A 8 HI A5 CEC A,
pK.=1.896pH+3.0371g CEC-8.348(R*=0.935 0,
P<0.01) (10)
pK.=1.637pH-1.190(R*=0.751 7,P<0.01)  (11)
lg D.=0.820lg CEC-0.669(R*=0.630 4,P<0.05)

(12)
lg K socaryo.1m-11=1.807pH-12.613(R*=0.891 1,
P<0.01) (13)
lg K socaryo01ma-1=1.950pH-11.699 ( R>=0.844 6,
P<0.01) (14)
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Table 3 Model fitting parameters and results
- Jg g - lg Kisoca) R ¥ AR 2% rmse
No. 0.1 mol-L”"  0.01 mol-L™"  0.001 mol-L™" 0.1 mol-L”"  0.01 mol-L"  0.001 mol-L™" 0.1 mol:L""  0.01 mol-L”"  0.001 mol-L"
S1 -3.14 -1.28 0.44 0.985 3 0.989 0 0.981 6 4.19E-06 3.48E-06 4.25E-06
S2 -4.35 -2.77 -1.55 0.987 2 0.9757 0.97517 3.90E-06 6.02E-06 6.13E-06
S3 =3.72 -1.45 0.34 0.9927 0.990 4 0.993 4 2.96E-06 3.46E-06 2.69E-06
S4 =2.15 -1.48 -0.06 0.946 7 0.979 4 0.983 6 9.25E-06 5.64E-06 4.73E-06
S5 -1.78 -0.34 1.56 0.989 7 0.941 3 0.943 8 3.12E-06 6.69E-06 6.32E-06
S6 -0.57 2.05 3.74 0.9470 0.962 3 0.980 7 7.50E-06 5.29E-06 3.71E-06
S7 -0.61 0.79 2.37 0.986 7 0.990 0 0.949 0 3.97E-06 3.20E-06 7.34E-06
S8 -0.87 1.35 2.22 0.982 3 0.983 8 0.989 2 4.48E-06 3.57E-06 2.91E-06
S9 -0.14 1.62 3.23 0.9749 0.967 6 0.977 1 4.99E-06 5.04E-06 4.26E-06
lg K(socd*)o,om mo|-|i'=1.860pH—9.638(R2=0.748 2, 15017 O [+ American soils e
A HE L Chinese soils -
P<0.01) (15) - — 95% B[] -

2.4 1REITGIE
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5GBS 1 [l A R R ARSI R S5, 38 T e
RUPEAT I, %k b F000 (B 55 2 (L, I A 7 ] e 1
BUH . WS BT, SNE 5 52500 2 18] /Y R? & ik
0.856, P<0.001 , it BIZ A5 7 0] DL fige B¢ 1= 38 46 A [R] pH
ZAE X Cd* I [ 85.6% 17 5+, R IZ AR A X Cd*
FEAN () b DX A A P 398 W B RE 7 1% S0 HL A
.
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SERRR R T S A, SE T S BT 55 3 -3 b
25 CA™ B 7 B M5 5144 9 Y Cd HLA 3 A
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Figure 5 Correlation analysis between experimental and predicted

values of Cd** adsorption in different soils
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Figure 6 Liner correlation analysis between Cd content in

earthworm and dissolved Cd concentration predicted by SCM
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