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Abstract The widespread presence of antibiotics in the environment poses a critical threat of antimicrobial
resistance, making the development of efficient antibiotic removal technologies a key challenge in environmental
remediation. Utilizing widely available and low-cost biochar for antibiotic adsorption represents a promising
solution. Watermelon peel, rich in nitrogen- and oxygen-containing functional groups, serves as an ideal precursor
for synthesizing biochar with superior adsorption capacity for pharmaceutical molecules. The watermelon peel-
derived biochar (WBC) was synthesized via pyrolysis, followed by comprehensive physicochemical
characterization. The effect of pH on the adsorption performance of WBC was investigated, and the adsorption
behaviors of WBC toward multiple pharmaceuticals were systematically evaluated in both single- and co-adsorption
systems. The single-adsorption system included four typical antibiotics, while the co-adsorption system incorporated
four typical antibiotics and two antipsychotic drugs. The results demonstrated that pH significantly influenced
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WBC's adsorption efficiency of antibiotics. In single-adsorption systems, WBC exhibited the highest adsorption
capacity for enoxacin (ENO), with a theoretical maximum of 64.73 mg/g. In co-adsorption systems, WBC exhibited
significant differences in adsorption capacity for different drugs, which was mainly attributed to the different
physicochemical properties of drug molecules, affecting the adsorption behavior of biochar and its occurrence.
Clozapine (CLZ) displayed competitive adsorption dominance in co-adsorption systems, exhibiting a combined
monolayer-multilayer adsorption pattern. The trimethoprim (TMP) adsorption mode was different from that of
single-adsorption systems, due to CLZ being adsorbed by WBC through hydrophobic interactions and had a
significant adsorption advantage in the co-adsorption process. The adsorption sites of TMP were occupied, and TMP
adsorption mode shifted from multilayer adsorption in single systems to monolayer adsorption. Notably, reduced
adsorption capacities in co-adsorption systems were linked to competitive occupation of WBC's active sites. The
research results further revealed that hydrogen bonding and m— = interactions served as primary driving forces,
supplemented by electrostatic and hydrophobic interactions. This study elucidated the strength relationship between
various adsorption mechanisms on WBC in the co-adsorption process of multiple drugs, providing a reference for
the treatment of complex antibiotic pollution and the targeted modification of biochar materials.
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Table 1  Single adsorption systems adsorption kinetic fitting results
o pa— HE—2R B ) 2 A WG gh Iy 2Rl
LA R qe 5o/ ‘ML E ; .
S 4/(mg/g) Kk(min”) R 4/(mg/g) k/(g/(mg min)) R
ENO 16.98 12.14 0.027 0.967 1 17.10 0.007 8 0.999 9
CIP 17.30 6.75 0.007 8 0.763 1 17.53 0.003 8 0.999 6
TMP 18.88 17.59 0.023 4 0.9973 19.18 0.003 0 0.9997
SMX 15.24 10.31 0.002 5 0.8929 15.38 0.0012 0.9920
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SMX 39.11 0.21 0.745 1 8.23 0.56 0.699 8
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Table 3 Co-adsorption systems adsorption kinetic fitting results
b T—— Hm/e) We—G gl Iy 245 WE Gz 1Al
LAE R S /(mg/L qe 5o/ MG/ B X
i (me/L) Kl q./(mg/g) ky/min™ R q./(mg/g) k/(g/(mg-min)) R
5 4.80 3.83 0.0181 0.969 2 4.86 0.0156 0.9999
ENO
2 1.80 1.27 0.014 6 0.8243 1.89 0.0422 0.9999
5 4.62 4.24 0.026 7 0.996 7 4.69 0.0147 0.9998
CIP
2 1.72 1.25 0.026 8 0.986 4 1.67 0.0335 0.999 0
5 4.58 0.99 0.007 9 0.5387 4.64 0.0393 0.999 9
CLZ
2 1.57 0.33 0.0130 0.6938 1.47 0.3347 1.000 0
5 2.27 0.54 0.003 3 0.9304 2.55 0.002 1 0.9396
CBZ
2 1.37 1.16 0.004 8 0.991 6 1.43 0.0113 0.998 5
5 4.74 2.54 0.008 0 0.9277 4.80 0.0136 0.9999
TMP
2 2.00 1.88 0.0357 0.989 0 2.02 0.046 6 0.999 8
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Table 4 Fitting results of adsorption isotherm model between co-adsorption systems and single adsorption systems

. Langmuir/ [ 455 2R AR 1 Freundlich/¥ ffF 45 IR £ 450

o Onax/(mg/g) K;/(L/mg) R K, /(mg/g) 1/n R

ENO 12.40 5.587 36 0.927 8 9.68 0.19 0.729 4

CIP 11.74 4.694 37 0.8619 8.89 0.22 0.794 4

TMP 10.72 3.400 34 0.982 8 7.74 0.22 0.8558

CLZ 82.68 0.283 06 0.9672 17.37 0.79 0.968 8

CBZ 4.77 0.577 42 0.786 5 2.52 0.15 0.8340
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Table 5 Comparison of the adsorption capacity of different

biochar for antibiotics
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Fig.10 Change of speciation for different antibiotics in water at different pH levels
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