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Table 1 Fitting parameters of kinetics model of lincomycin
degradation by ozonation

P ReEK  COD/(mgL") Kkmin' R P
AT EER 0 43000 09878 5.77x107*
K 13 000 0.1222 09813 255x10°
R K 6 500 03992 09870 1.48x107
K 2 600 23296 09886 122x10°
LK 1000 34998 0.9869 1.31x107
SERRIE K 7 800 19117 09619 3.19x107°
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Fig. 3 Correlation analysis between lincomycin

concentration and its potency

T 1E, pHEZ WA K G HLY R B, A LY A AR S L S R AR A R A R ik 2 W,
TER) A e B 9 100 mg-L™', pH A 3.63, 6.7 Fl 1127 f 4R, 7E 30 min P, MR 55 K B AL F%
fi# R 530N 30.7% . 47.5% F166.1%, WLl A, BEE pH AOBEG I, 54X MRRT 85 2R 0 R A 50 1
PEE . QIANG 45 [al e & UM T B ZAE 43 TR Lo i AR S B T A R Mg 75 v . pH XK o
RE Wi LR A M4 R E B . RYESAET, RESMEE, Usr TS EEAk
ALY WAERTE ST, RS OH B F Ao i Az R 3k A i 56 ((OH) 8 1a LA, -OH &5
A, B 8 RO 3R B (107~10° L-(mol-s) ), A, M Hids R4 4k 90 min 5 ,
ANTR] pH A5 F T B MR ] 85 2B Al KK 90.0% . 90.9% 1 93.7%, FEffFAH 2 A K, HIEH F2 %

*2 TEpH TREMHERERNHTEZIERBYR

Table 2 Ozone consumption amount and lincomycin degradation effect at different pHs

) MRTT 25 R A%/ % BAAIHFE I /mg
S 5[] /min
pH=3.63 pH=6.70 pH=11.27 pH=3.63 pH=6.70 pH=11.27
15 13.4 21.0 344 3.53 3.22 4.70
30 30.7 47.5 66.1 6.70 6.02 8.86
45 52.6 72.3 81.1 9.67 8.54 12.65
60 75.1 86.4 88.7 12.07 10.90 16.15
90 90.0 90.9 93.7 15.55 14.41 21.74
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Fig. 4 Ozonation effect of lincomycin at different COD levels
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Fig. 6 Changes of lincomycin and COD/DOC during Fig. 7 Anaerobic biochemical methane production of raw and
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U, S SEAh B SR PR K A e = e A IR R eI, RTBE S ST PR IE K R A AL AL 6. X
VB 2R G5 8 FH S PR A0 A6 T, 7 B e vty B T L DA HL O R Tk A7 H e AT, AR T B R R R K
ARERSTAEIY, REW BRI ELTIKME . BRIk, 787" CRArT SRS, S5
7= Rt R A

3 g

1) SRR R AR T B R, BRI R & — R 8 1%

2) pH T iR b MR T B 2 A A AL, (ERIBHIND T R A FE, Seid %I, BilE bk
FAF T AL FRARTT B R K .

3) /K COD ] %iE 28 ] 85 25 (1 B i, R340 COD 100 mg- L™, BA07 i A= ESE L 50% 1Y )
WM R RN 1.64 mg, VLN, BEFE N AT, BN FREE R A 2 A R 0 R

4) GL A A BRI R AR A W A BRI A T2 0T LAAE AT B M S AR T B R A R, 4R R e R R
LA SR B 7 o

& % X #

[1] ZHANG Q, YING G, PAN C, et al. Comprehensive evaluation of antibiotics emission and fate in the river basins of China:
Source analysis, multimedia modeling, and linkage to bacterial resistance[J]. Environmental Science & Technology, 2015,
49(11): 6772-6782.

(2] REZAHR. Pk RHIZBK TR B A ARBIZE[D]. db3t: JEET b TR, 2006.

[3] LIU M, ZHANG Y, YANG M, et al. Abundance and distribution of tetracycline resistance genes and mobile elements in an
oxytetracycline production wastewater treatment system[J]. Environmental Science & Technology, 2012, 46(14): 7551-7557.

(4] i, PRAAE PRERFRARTT 25 2% A6 7 K I AT SE [D]. KM A K22, 2017

[5] LIU M, ZHANG Y, DING R, et al. Response of activated sludge to the treatment of oxytetracycline production waste
stream[J]. Applied Microbiology and Biotechnology, 2013, 97(19): 8805-8812.

[6] LI D, YU T, ZHANG Y, et al. Antibiotic resistance characteristics of environmental bacteria from an oxytetracycline
production wastewater treatment plant and the receiving river[J]. Applied and Environmental Microbiology, 2010, 76(11):
3444-3451.

[7] YI Q, GAO Y, ZHANG H, et al. Establishment of a pretreatment method for tetracycline production wastewater using
enhanced hydrolysis[J]. Chemical Engineering Journal, 2016, 300: 139-145.

[8] TANG M, DOU X, TIAN Z, et al. Enhanced hydrolysis of streptomycin from production wastewater using CaO/MgO solid
base catalysts[J]. Chemical Engineering Journal, 2019, 355: 586-593.

[9] CHEN Z, DOU X, ZHANG Y, et al. Rapid thermal-acid hydrolysis of spiramycin by silicotungstic acid under microwave
irradiation[J]. Environmental Pollution, 2019, 249: 36-44.

[10] TANG Mei, GU Yong, WEI Dongbin, et al. Enhanced hydrolysis of fermentative anti biotics in production wastewater:


http://dx.doi.org/10.1007/s00253-012-4589-8
http://dx.doi.org/10.1128/AEM.02964-09
http://dx.doi.org/10.1016/j.cej.2016.04.120
http://dx.doi.org/10.1016/j.cej.2018.08.173
http://dx.doi.org/10.1016/j.envpol.2019.02.074
http://dx.doi.org/10.1007/s00253-012-4589-8
http://dx.doi.org/10.1128/AEM.02964-09
http://dx.doi.org/10.1016/j.cej.2016.04.120
http://dx.doi.org/10.1016/j.cej.2018.08.173
http://dx.doi.org/10.1016/j.envpol.2019.02.074

2796 ok L OB ¥ W F13 %

Hydrolysis potential prediction and engineering application[J/OL]. 2020, Chemical Engineering Journal, https://doi.org/10.
1016/j.cej.2019.123626.

(1] 7236305, HAEA, Bk, 45, R SRR AL TBOK AR IFSE ). PRS- 5B, 2017, 42(6): 113-117.

[12] TERNES T A, STUBER J, HERRMANN N, et al. Ozonation: A tool for removal of pharmaceuticals, contrast media and musk
fragrances from wastewater[J]. Water Research, 2003, 37(8): 1976-1982.

[13] ESPLUGAS S, BILA D M, KRAUSE L G, et al. Ozonation and advanced oxidation technologies to remove endocrine
disrupting chemicals (EDCs) and pharmaceuticals and personal care products (PPCPs) in water effluents[J]. Journal of
Hazardous Materials, 2007, 149(3): 631-642.

[14] GLAZE W H, KANG J W, CHAPIN D H. The Chemistry of water treatment processes involving ozone, hydrogen peroxide
and ultraviolet radiation[J]. Ozone Science & Engineering, 1987, 9(4): 335-352.

[15] HUBER M M, GOBEL A, JOSS A, et al. Oxidation of pharmaceuticals during ozonation of municipal wastewater effluents: A
pilot study[J]. Environmental Science & Technology, 2005, 39(11): 4290-4299.

[16] DANTAS R F, CONTRERAS S, SANS C, et al. Sulfamethoxazole abatement by means of ozonation[J]. Journal of Hazardous
Materials, 2008, 150(3): 790-794.

[17] IKEHATA K, NAGHASHKAR N J, EL-DIN M G. Degradation of aqueous pharmaceuticals by ozonation and advanced
oxidation processes: A review[J]. Ozone Science & Engineering, 2006, 28(6): 353-414.

[18] YARGEAU V, LECLAIR C. Impact of operating conditions on decomposition of antibiotics during ozonation: A review[J].
Ozone Science & Engineering, 2008, 30(3): 175-188.

[19] LIU M, ZHANG Y, ZHANG H, et al. Ozonation as an effective pretreatment for reducing antibiotic resistance selection
potency in oxytetracycline production wastewater[J]. Desalination & Water Treatment, 2017, 74: 155-162.

[20] ZEZU7K, B, PR, 4. UPLC-MS/MSHHISE A H 3R KR RIS 245 5% BE 1k [1]. IS Tk, 2017(2): 22-25.

[21] ZHANG H, ZHANG Y, YANG M, et al. Evaluation of residual antibacterial potency in antibiotic production wastewater using
a real-time quantitative method[J]. Environmental Science Processes & Impacts, 2015, 17(11): 1923-1929.

[22] RGP LA SR, KRBT A A BRI PR A5 OB RE S HI/T 399-2007(S]. Htat: iR IEEREERL A Hi ittt 2008.

(23] FEIRHN, #8 TR, BT RS, A5 A HLTS Y LA AL SN 8l ) 29 (0], SHEHL S G, 2013, 30(5): 507-510.

[24] CARBAJO M, BELTRAN F J, MEDINA F, et al. Catalytic ozonation of phenolic compounds: The case of gallic acid[J].
Applied Catalysis B: Environmental, 2006, 37(3/4): 177-186.

[25] QIANG Z, ADAMS C, RAO S. Determination of ozonation rate constants for lincomycin and spectinomycin[J]. Ozone
Science & Engineering, 2004, 26(6): 525-537.

[26] HAEZR, PG oF, FAF, S5 AR SRR DU K MG R (], AREB TR 4 (F AR AR, 2004, 27(2): 173-

177.


http://dx.doi.org/10.3969/j.issn.1673-1212.2017.06.026
http://dx.doi.org/10.1016/S0043-1354(02)00570-5
http://dx.doi.org/10.1016/j.jhazmat.2007.07.073
http://dx.doi.org/10.1016/j.jhazmat.2007.07.073
http://dx.doi.org/10.1016/j.jhazmat.2007.05.034
http://dx.doi.org/10.1016/j.jhazmat.2007.05.034
http://dx.doi.org/10.3969/j.issn.1674-3504.2004.02.014
http://dx.doi.org/10.3969/j.issn.1674-3504.2004.02.014
http://dx.doi.org/10.3969/j.issn.1674-3504.2004.02.014
http://dx.doi.org/10.3969/j.issn.1674-3504.2004.02.014
http://dx.doi.org/10.3969/j.issn.1674-3504.2004.02.014
http://dx.doi.org/10.3969/j.issn.1673-1212.2017.06.026
http://dx.doi.org/10.1016/S0043-1354(02)00570-5
http://dx.doi.org/10.1016/j.jhazmat.2007.07.073
http://dx.doi.org/10.1016/j.jhazmat.2007.07.073
http://dx.doi.org/10.1016/j.jhazmat.2007.05.034
http://dx.doi.org/10.1016/j.jhazmat.2007.05.034
http://dx.doi.org/10.3969/j.issn.1674-3504.2004.02.014
http://dx.doi.org/10.3969/j.issn.1674-3504.2004.02.014
http://dx.doi.org/10.3969/j.issn.1674-3504.2004.02.014
http://dx.doi.org/10.3969/j.issn.1674-3504.2004.02.014
http://dx.doi.org/10.3969/j.issn.1674-3504.2004.02.014

512 4 AR MRT R R 25 B K I SRR B 2797

[27] STAEHELIN J, HOIGNE J. Decomposition of ozone in water in the presence of organic solutes acting as promoters and
inhibitors of radical chain reactions[J]. Environmental Science & Technology, 1985, 19(12): 1206-1213.

[28] STAEHELIN J, HOIGNE J. Decomposition of ozone in water: Rate of initiation by hydroxide ions and hydrogen peroxide[J].
Environmental Science & Technology, 1982, 16(10): 676-681.

[29] ANDREOZZI R, CANTERINO M, MAROTTA R, et al. Antibiotic removal from wastewaters: The ozonation of
amoxicillin[J]. Journal of Hazardous Materials, 2005, 122(3): 243-250.

[30] XING Z P, SUN D Z. Treatment of antibiotic fermentation wastewater by combined polyferric sulfate coagulation, Fenton and
sedimentation process[J]. Journal of Hazardous Materials, 2009, 168(2/3): 1264-1268.

[31] A%, 2943, AR, 5. RAREAAT HLIS Y i RS AL Bg e R 2 [I]. o Rl 2010(3): 44-47.

[32] VK. ARAT 8 i A HUR K AL B AR [T]. K BERAF, 2008, 24(4): 53-57.

(33] B%, REIE &, BI04, 45 MR RS A= BOK I R PR BT Z20]. SREERKE, 2001, 22(2): 82-86.

[34] YIQ,ZHANG Y, GAOY, et al. Anaerobic treatment of antibiotic production wastewater pretreated with enhanced hydrolysis:
Simultaneous reduction of COD and ARGs[J]. Water Research, 2017, 110: 211-217.

(35] HISZBE. ik BEA HLRK AL BREOR MY, ALt o EPRERR A Hh AL, 1992.

(R 4. s I, FRede, KA W)

Ozonation treatment of lincomycin pharmaceutical wastewater

GU Yong'?, TIAN Zhe'?, TANG Mei'?, YUAN Hongying’, YANG Min'?, ZHANG Yu'*"

1. State Key Laboratory of Environmental Aquatic Chemistry, Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences, Beijing 100085, China

2. School of Environmental and Municipal Engineering, Tianjin Chengjian University, Tianjin 300384, China

3. University of Chinese Academy of Sciences, Beijing 100049, China

*Corresponding author, E-mail: zhangyu@rcees.ac.cn

Abstract In this study, the reduction effect of lincomycin potency by ozonation was evaluated. Results showed
that when the initial antibiotic concentration was 100 mg-L™', the 50% reduction of lincomycin potency occurred
at ozone consumption of 0.118 mg-mg ' lincomycin, and the lincomycin degradation process was in accordance
with first-order degradation kinetics. Furthermore, a type of actual lincomycin-making wastewater was used to
study the effects of chemical oxygen demand (COD) and pH on the antibiotic ozonation. Each increase of 100
mg-L ' in coexisted chemical oxygen demand (COD) of actual wastewater could elevate the ozone consumption
by 1.64 mg-mg' lincomycin for 50% potency reduction for unit antibiotic. Under alkaline conditions, ozone
could produce hydroxyl radical and other active groups through catalytic decomposition and enhance the
degradation of lincomycin. Meanwhile, the anaerobic biodegradability was improved by 98.51% for ozone
oxidized the lincomycin-making wastewater. This study could provide the guidance for the technical selection of
lincomycin-making wastewater treatment.
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