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Degradation products and toxicity analysis of ciprofloxacin by activation of peroxymonosulfate using CoFe,O,@MoS,.
WANG Jie, MA Meng-jie, XIE Peng-fei, ZHANG Hui-juan’ (1.School of Energy and Environment, Anhui University of Technology,
Ma'anshan 243002, China). China Environmental Science, 2025,45(5): 2865~2874

Abatract: CoFe,0,@MoS, was prepared by the hydrothermal method and used to activate permonosulfate (PMS) for the
degradation of ciprofloxacin (CIP) in water. The successful preparation of CoFe,O4@MoS, was confirmed by the characterization
results obtained from SEM and XRD. Degradation results showed that the removal rate of CIP in the CoFe,O4,@MoS,/PMS system
can reached 74.38% in 120minutes, which is higher than the sum of the individual CoFe,04@MoS, and PMS systems, verifying the
activation ability of CoFe,O4@MoS, on PMS. The quenching experiment results indicated that the main oxidative active species in
the system are *OH. SO,° and '0,, with SO,* and '0, playing a major role in the degradation of CIP. Based on density functional
theory combined with HPLC analysis, eight possible products were obtained and two possible degradation pathways of CIP were
proposed. The environmental risks of the degradation products were evaluated and predicted using the TEST program, and it was
shown that, compared with the parent compound, most products exhibited reduced acute toxicity, weakened mutagenicity, decreased
bioaccumulation and developmental toxicity, and significantly lower ecotoxicity. Additionally, the CIP removal rate of the
CoFe,0,@MoS,/PMS system can still reached 60.04% after four cycles, and the XRD results demonstrated that the crystal structure
of the catalyst did not undergo significant changes before and after the reaction, indicating the high efficiency and stability of the
catalyst.

Key words: CoFe,O,@MoS,; PMS; ciprofloxacin; degradation products; toxic analyst
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Table 1

Y q)  qNtD) gD f- St S0 Af

1(C) 0.0404 -0.0003 0.061 0.0207 0.0406 0.0307 0.0199
2(C) -0.0806 -0.1321 -0.0618 0.0188 0.0514 0.0351 0.0326
3(C) 0.0429 0.0327 0.0671 0.0242 0.0102 0.0172 -0.014
4(C) -0.0317 -0.037 0.0189 0.0506 0.0053 0.0279 -0.0453
5(C) -0.0387 -0.0935 -0.0154 0.0233 0.0548 0.0391 0.0315
6(C) 0.0827 0.0402 0.1292 0.0465 0.0425 0.0445 -0.004
7(H) 0.0339 0.0122 0.0472 0.0134 0.0217 0.0175 0.0083
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B qN)  qWVtD) gV f- St S0 Af

§(C) 0.1085 0.0611 0.131 0.0225 0.0475 0.035  0.025
9(H) 0.0636 0.0367 0.0829 0.0193 0.0269 0.0231 0.0076
10(C) -0.0608 —0.1001 -0.0243 0.0366 0.0393 0.0379 0.0027
11(C)  0.04 -0.0738 0.061 0.021 0.1138 0.0674 0.0928
12(H) 0.0555 0.0149 0.072 0.0165 0.0406 0.0286 0.0241
13(C) -0.0131 -0.0189 0.0029 0.016 0.0058 0.0109 -0.0102
14(C) -0.0106 -0.0142 0.005 0.0156 0.0036 0.0096 -0.012
15(C) -0.0082 -0.0145 0.0058 0.014 0.0063 0.0102 -0.0077
16(H) 0.0394 0.0356 0.0521 0.0126 0.0039 0.0082 -0.0087
17(C) -0.0085 -0.015 0.0063 0.0148 0.0064 0.0106 -0.0084
18(H) 0.0161 0.008 0.041 0.0249 0.0081 0.0165 -0.0168
19(H) 0.0399 0.0273 0.0614 0.0215 0.0126 0.0171 -0.0089
20(H) 0.0373 0.0299 0.053 0.0157 0.0074 0.0116 -0.0083
21(F) -0.1024 -0.1363 -0.0633 0.0391 0.0339 0.0365 -0.0052
22(N) -0.0784 -0.0931 -0.0084 0.07 0.0147 0.0424 -0.0553
23(N) -0.1716 -0.1838 -0.1109 0.0606 0.0122 0.0364 -0.0484
24(H) 0.0941 0.0873 0.1154 0.0213 0.0068 0.0141 -0.0145
25(N) 0.0025 -0.0306 0.0326 0.0301 0.0331 0.0316 0.003
26(H) 0.0393 0.037 0.0536 0.0143 0.0023 0.0083 -0.012
27(H) 0.0161 0.0055 0.0421 0.0259 0.0107 0.0183 -0.0152
28(H) 0.0383 0.0314 0.0536 0.0153 0.0069 0.0111 -0.0084
29(H) 0.0373 0.0254 0.0593 0.022 0.012 0.017 -0.01

30(0) -0.2788 -0.3595 -0.177 0.1018 0.0807 0.0912 -0.0211
31(C) 0.1941 0.1625 0.2053 0.0112 0.0316 0.0214 0.0204
32(0) -0.2741 -0.3346 -0.2403 0.0339 0.0605 0.0472 0.0266
33(0) -0.2005 -0.2229 -0.1832 0.0173 0.0224 0.0198 0.0051
34(H) 0.1824 0.1561 0.1996 0.0172 0.0263 0.0217 0.0091
35(C) 0.0214 0.0216 0.0216 0.0002 -0.0002 0 -0.0004
36(C) -0.0598 -0.0739 -0.0453 0.0146 0.0141 0.0143 -0.0005
37(C) -0.065 -0.0791 -0.0559 0.0091 0.0141 0.0116  0.005
38(H) 0.0492 0.0319 0.0598 0.0107 0.0172 0.0139 0.0065
39(H) 0.054 0.0457 0.0625 0.0085 0.0084 0.0084 -0.0001
40(H) 0.0531 0.0345 0.0679 0.0149 0.0185 0.0167 0.0036
41(H) 0.0487 0.0311 0.0584 0.0096 0.0177 0.0137 0.0081
42(H) 0.0523 0.0449 0.0562 0.0039 0.0074 0.0057 0.0035
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