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Simulation Experiment: Effect of Organic Colloid on Carbamazepine Transport

in Porous Media

ZHANG Si, HE Jiang-tao * , ZHU Xiao-jing

(Key Laboratory of Water Resources and Environment Engineering, School of Water Resources and Environment, China University of
Geosciences, Beijing 100083, China)

Abstract: The behavior of organic contaminants in subsoil can be affected by their interactions with organic colloids. In order to
explore the impact of organic colloids on the mobility of emerging contaminants in porous media, especially pharmaceutical and personal
care products (PPCPs), column experiment was conducted to investigate the migration behavior of target compound carbamazepine
(CBZ). In the experiments, quartz sand, standard soil and natural field-collected soil were selected as three types of porous media
respectively, and organic colloids were prepared with commercial humic acid. The results showed that, the two-site chemical
nonequilibrium model in CXTFIT could better describe the migration behavior of CBZ in all soil columns. This results demonstrated that
chemical nonequilibrium adsorption happened in CBZ’s migration process. After colloid was added to the sand column, results of CBZ’s
adsorption process had no significant changes, however, desorption hysteresis was weaker. The reason for that can be explained as the
formation of colloid-CBZ complexes by the combination of colloid with CBZ. These complexes could not significantly influence CBZ’s
adsorption process, however, they could accelerate CBZ’s desorption process by solubilization. When organic colloids existed, the
migration of CBZ in natural soil and standard soil columns was more hysteretic than sand column, indicating that the sorption capacity
of soil column was higher than sand column. The soil organic matter and clay should play a crucial role in the transportation: low/high
energy adsorption sites in organic matter and clay surface all could bond with CBZ. Compared with standard soil, the magnitude of
sorption and desorption hysteresis of CBZ in natural soil was higher. It was mainly because of the higher organic content in natural soil.
Based on the migration behavior of the contaminant in this study, a concept model for various interactions during the transport of
hydrophobic organic contaminants in porous media in the presence of organic colloids was then proposed.
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Table 1 Physiochemical properties of CBZ
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Table 2 Physiochemical properties of soils

HiH - HOUE LRI fLz CECY vy eERREE AsE iR PLBRZ IR %

' PR % /mPeg™t /om Jemol kg /% TR /% TWY/% T Bk Bk A TRD
H% 1t 69 16 13.81  7.05 9 10 25 60 5 12.65 5.81 57.67  23.88
Rl 7.2 1.2 11.62 12,49 10 10 30 55 5 23.45 20.01  56.35 0.19
AWRF 7.2 <0.5 .22 4.11 <1 0 0 100 0 1.44  1.20 19.55  77.81

1) BHES 722 e i (cation exchange capacity, CEC) ; +& A T RE W JE 4% A BH RS T 0 s i, HUBUE DL T s T A A AT I E Y B R

ZFR, B cmol'kg’I

1.2 SEEE H5isfT

W SEEAENAE R S em, 5 26 em, Fod A SUHE
FEFEEE A 20 em, R 453 em BEESERAE MG 0h )2, By
B 50 TR s P A e O A W A N
SCESFENEEFT R, WA 1 PRSI E. T
HSR PR AE K 5 3, G 8 28 5 i K, 3
BEHEKFE N 50 wLemin ',

Sem

J\ ok

3em

R Bk

26cm
Oem

e

B

DA

LU

1 XBEETRE

Fig. 1 Diagram of experimental device
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Table 3 Loading parameters and conditions of experimental columns
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Fig. 2 Breakthrough and fitting curves of Cl ™ in experimental columns
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Table 4  Breakthrough and fitting parameters of Cl = in experimental columns

> 3 905 > e 925 YAt _
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4 0.2726 0.202 90 0.3278 0.9759 0.6190 32.31
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Table 5 TSM model fitting parameters and calculated partition coefficient values of CBZ in experimental columns

A5 v/cm-h ™! D/em?-h~! B ® RELH AT R by 8 q./¢;/Lokg™!
1 0.3224 0. 096 95 0.8826 0.020 6 1. 500 0.980 6 1. 41
2 0.3124 0. 086 53 0.6576 0.0125 1. 530 0.9949 1. 56
3 0.259 6 0.076 33 0.7229 0.0150 3.842 0.994 6 2.16
4 0.3278 0.203 10 0.7124 0.016 5 5.706 0.9902 2.54

1) q./c;, HAFSEIRAL T CBZ SEFRWE M it 5 HER W BE 2 LU, FOR 45 BUREXT CBZ (WK RE F1
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