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Effect of pH on biochar adsorption of norfloxacin and sulfamethoxazole

ZHANG Ya-ru', ZHANG Ying’, SHI Xiang-1i*, LIU Ying’, LIU Xian—bin', LU Shao—yong”, BI Bin’, WAN Zheng—fen’, YANG Yong*
(1.College of Marine and Environmental Sciences, Tianjin University of Science and Technology, Tianjin 300457, China; 2.College of
Geography and Environment, Shandong Normal University, Jinan 250358, China; 3.State Environmental Protection Scientific Observation
and Research Station for Lake Dongting, State Key Labratory of Environment Criteria and Risk Assessment, National Engineering Laborato-
ry for Lake Pollution Control and Ecological Restoration, Chinese Research Academy of Environmental Sciences, Beijing 100012, China;
4.China National Environmental Monitoring Centre, Beijing 100012, China)

Abstract: To solve the problems of antibiotic removal and resource utilization of reed straw in water, the adsorption isotherms and kinetics
of norfloxacin (NOR) and sulfamethoxazole (SMX) on reed straw biochar at different pH were investigated. The results showed that the ad-
sorption of biochar was related to the existent morphology of NOR and SMX in different pH solutions. With increasing pH, the adsorption of
NOR by biochar increased first and then decreased, with maximum adsorption capacity of 7.80 mg-g™'. The adsorption capacity of biochar
to SMX decreased gradually in the range of pH 1~3, increased gradually in the range of pH 3~5, and decreased gradually when pH was
greater than 5. The adsorption kinetics of NOR and SMX on biochar was more in line with the quasi-second—order kinetics equation and

the adsorption process was affected by both surface adsorption and intraparticle diffusion. Isothermal adsorption behavior was more consis-
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tent with the Langmuir isotherm model, and the adsorption process was dominated by monolayer adsorption. Differences in the pH of the so-

lution will affect the adsorption of NOR and SMX on reed straw biochar, which provides data support for the rational application of biochar

in adsorbing antibiotics in water.

Keywords : biochar; antibiotics; pH; adsorption kinetics; adsorption isotherms
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Figure 1 Effect of pH on adsorption of NOR and SMX by biochar
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Figure 3 Adsorption kinetics curves of NOR and SMX on biochar
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Table 1 Parameters of adsorption kinetics of NOR and SMX

A% Antibiotics  pH K> q./mg-g”! R fi2/min
I A NOR 4 0.0009 6.46 09861 1.66x107
7 00037 541 09965 0.49x107
9 0.0044 520 09987 0.43x107
A FHOEMESMX 1 0.003 8 8.07 09988 0.33x107
5 00020 782 09984 0.63x107
9 00023 573 09952 0.75%x107
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Figure 4 Fitting curve of intraparticle diffusion model for NOR
and SMX adsorbed on biochar
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Table 2 Parameters of the intraparticle diffusion model for adsorption NOR and SMX on biochar

U ZH NOR SMX
Stage Parameter pH=4 pH=7 pH=9 pH=1 pH=5 pH=9

I ke 0.726 2 0.379 1 0.436 0 0.347 1 0.387 6 0.2395
C 0.686 8 0.336 0 -0.160 1 1.528 1 0.109 7 0.2229
R 0.918 1 0.980 8 0.973 6 0.924 2 0.926 1 0.9757

| ko 0.159 6 0.2299 0.156 6 0.0379 0.040 6 0.0522
C, 3.496 9 1.0209 1.5857 6.577 1 6.0379 3.6299
R} 0.986 6 0.980 4 0.946 9 0.972 1 0.8855 0.959 4

I ks 0.034 1 0.044 7 0.0257 — — —
G 6.2610 47843 4.150 1 — — —
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Table 3 Parameters of adsorption isotherm of NOR and SMX
Langmuir Freundlich
Pk & Antibiotics pH T/K
Ky ¢u/mg-g”! R’ Ky 1/n R
iR L NOR 4 298 0.44 15.17 0.999 5 3.85 0.439 1 0.840 6
7 298 1.29 10.05 0.997 3 3.58 0.349 3 0.940 9
9 298 1.84 5.22 0.974 5 2.37 03113 0.9517
it e FF 2 SMX 1 298 0.05 26.88 0.999 2 1.76 0.678 4 0.809 0
5 298 0.13 12.41 0.9929 1.94 0.6153 0.908 5
9 298 0.45 6.25 0.994 3 1.65 0.423 7 0.956 7

0.809 0)#H Lt , Langmuir J7 F2£ B8 B 47 iR A [A] pH B A=
Py okt NOR I SMX 1 551 W 4T R (R*>0.974 5)
Ui B A= W) B e 7 /K 5 U I B NOR A SMIX I &) i A=
By IR o A ) B e X NOR 76 = Al pH T i #5c
R B 0 B AR Y M 15.17 (pH=4) . 10.05 (pH=7) .
5.22 mg- ¢ (pH=9) , SMX 7 —Fh pH T [ fie K HLIS T
BRF AR YR A 26.88 (pH=1) ,12.41 (pH=5) .6.25 mg- g
(pH=9) , X 5 pH XJ W B 25 A iy 5 g 25 2 — 8. 7
Freundlich &5 i W& B AR o — RGN A 2<n<10 W B 25
Sy AT, BT S0 B, n<0.5 ERF I JFF il A 700, ARG
A= ) 5 5 NOR OB 1/n 3478 F 0.5, Bl n>2, 36

— 558 —

HH M e A 5 & AR i T 0 B

3 o AR W o AR v B A B A R R (AG) (IR
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HH A ) 3 e T NOR 1) % B o A 2 e 04, IR 1) 2
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Table 4 Thermodynamic parameters for NOR and SMX

adsorption at different temperatures

AR bzyES AG/ AH/ AS/
Antibiotics P TK kJemol!  Klemol'  JoKemol

NOR 4 208 804177  17.91 33330
308 -83.5953

7 208 261316 2336 166.21
308 277993

9 208 -672086 9.270 1 257.54
308 ~69.406 5

SMX i 208 469128  -46.556 1437
308 -47.0135

5 208 211024 19429 5.664
308 211785

9 208 -925024 -10.355 3.755

308 -9.212 57

Py )5t e % NOR F4 2 B o A= 49 J53 Jie 6F SMX 1 W% it v
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R B IR AL B i
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SMX Z [B] BV 1 o BE pH B9 360, A= 9 Joi s Wi of
NOR F SMX 9 |AG |3 /1N, F % A% BE /)N , ik BT R i
S 5y TE BR VE S5 A1 AT, 3X 55 pHL 5% W) A= W) 5T < W
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W M U e D 55, 2% B A W B A R P A W T Ak
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