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Progress of the degradation of antibiotics and the elimination of antibiotic resistance genes

WANG Xiaoxing, GUO Xueqi, FENG Yao, JI Zhengyu, LIU Cong, LI Zhaojun”

(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Composting is a technology commonly used for the treatment of organic solid wastes. Although it can quickly utilize such wastes,
traditional industrial composting does not give sufficient concern to the degradation of antibiotics and antibiotic resistance genes (ARGs).
Common raw composting materials, such as livestock manure, poultry litter, food waste, and sewage sludge, act as reservoirs of antibiotic
contaminants, which is an urgent problem during composting and cannot be ignored. This review, based on recent studies, pointed out the
characteristics, biological and physiochemical factors, enhancement measures, and main bottlenecks of the degradation of antibiotics and
ARGs during composting, thereby offering advice for minimizing the risk of ARGs dissemination.

Keywords : composting; antibiotic resistance genes; degradation
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Table 1 The degradation of antibiotics during composting

T S Wi fi <

el AR P HENE S5Ok . , . E=BUN
Class Antibiotic Nation Raw material Initial concentration/ Degradation Reference
(ng-g™) rate/%
PUFRERS VYA Z Tetracycline tE B0 6.03~150 000.00  37.77~100.00 [11-18]
JEE & EF 5k 200 35 [19]
ESE B 81.6~452.0 #~72 [20-21]
57K PUFF 2 Anhydrotetracycline 3 15 e} 7.2 * [21]
4-FAIPIFRE 4-epitetracycline ] B 100 # [21]
ENIIIE Ny 59 e 20 000~100 000 99 [22]
Tetracycline hydrochloride
TER | 375 38.14~200 000.00  38.21~100.00 [4,12-18,23-28]
Oxytetracycline e e 1508.4~1520.6  65.7-82.8 [29]
eS| 275 nd~115 000 #~100 [21,30-31]
9 295 20 000~100 000 99.5 [22]
ElE B 35200~123 300  29.12~77.34 [32]
ERE [ B 25.42~879 600  27.33~100.00  [12-15,17-18,33-39]
Chlortetracycline ] 395 675~1 500 71~99 [20,40]
£t 893 95 20 000~100 000 99.3 [22]
JIE SN B 51.5~3678.5 84.65~99.38 [41-42]
A-RMEFHE EyE| B 43 100 [21]
4=epichlortetracycline IES 275 142 000~902 000 95.73~99.53 [43]
BEHRA-RNEER S| BT 107 646~113 000  32.79~100.00 [30,44]
Chlortetracycline/4—epi—
chlortetracycline
P T/ e A R IE PN B nd~104 000 97.85~99.00 [43]
Enol/keto—chlortetracycline
5475 % Iso—chlortetracycline B 275 18 000~85 630  40.15~100.00 [30,44]
5 J1%5 % Doxycycline i 295 17.2~120 400.0  39.70~100.00 [12-13,16-17,23,35,45]
PHE B 4191 95.76 [46]
[EYES R LR g g i B 4.49 100 [13]
Methylbenzopyrimidine
TE JH BB L Sulfacetamide HE B 7.48 100 [13]
Tl S L IE Sulfachlorpyridazine W B 2.2~484.0 #~100 [12,15,23]
Tk 1 5% Sulfaclozine W ESE] 0.98~1.96 # [17]
Tt 2 1% E Sulfadiazine TE B 0.96~274.99 #~86.81 [12-13,15,17]
i 15 e+ Al b % 577~5 860 35.0~68.4 [9]
e — 45 IE Sulfadimethoxine & 375 20.8 49.52 [15]
F I FET5+1518 410~510 98 [47]
T 1§ 27 Sulfadimoxine ] V5 R+Eh d 2.49~887.00  16.20~100.00 [9]
itk e FF 15 E Sulfamerazine tE B 3.92~10 000.00 0~100 [4,12,17,26,39]
itk i 1] FF 1% B Sulfamethazine HE &5 226.19~32 000.00 68.98~100.00 [12,15,27,48]
g &5 992~10 800 97~100 [20,40]
Kl FEl5+1518 2200~4 200 97~99 [47]
IEwN e} 1.84~299 000.00 #~99 [41-43]
Tk iz FF L IBE 8K Sulfamethizole CHE| B 3.5~6.6 100 [15]
Tk iz FF Sk Sulfamethoxazole G| B 4.9~23 206.0 #~100 [15,17,48-49]
it g FFY A S Ik LRl 275 15.3 100 [15]
Sulfamethoxypyridazine
fitf e F 3L M BE Sulfamethyldiazine o ESE 14 % [15]
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Continued table 1 The degradation of antibiotics during composting

F40EF 115

#3) bk % % HE ISR I S ik
Class Antibiotic Nation Raw material nitial conce}]lratlon/ Degradation Reference
(ng-g™) rate/%
Ttk it FY SR s S| B 8.6 45.12 [13]
Sulfametoxydiazine
i i 1] FR AR s e i B 80.85~255.56  64.07~73.29 [12,23]
Sulfamonomethoxine
T JFie L IE Sulfapyridine o B 12 69.17 [15]
fith iz 14 bk Sulfaquinoxaline i B 3.81~48.10 62.79~100.00 [13,15]
fith i BE MK Sulfathiazole i B0 9.3~14.7 34.41~61.03 [13,15]
itk i 57 S Sulfisoxazole eHE| B 10.9 100 [15]
T i —FA 5% Sulphadimethoxine 1] 35 10.84 100 [13]
T iz — FF 1% 5 Sulphamethazine i B 63.43~25 000.00 76.12 [23,50]
0 E Trimethoprim JEE % A 151 200 35 [19]
FEME T A NP AL Ciprofloxacin ] 295 9.21~53 000.00 #~100  [4,12-13,15,17,23,26,37,51]
] 75 e+ B bR 23~40 200 29.3~99.1 [9]
B iSRS+ 20 000~100 000 100 [52]
BT
PP B3] 4724 93.61 [46]
JEE VB 7578 5 820 * [19]
JEETP 2 Enrofloxacin SRl e 29.24~67 680.00 #~100  [12-13,15-17,23,39,51,53]
VEHEZF e 5186 72.6 [46]
Wb B Norfloxacin [ 295 16.95~54 200.00 #~100 [13,15,17,23,37,51]
S 5l 680~1 457 97.65~98.76 [54]
W 5+ Bk 105.6~57 200.0  74.5~99.2 [9]
IR B Ofloxacin HE 275 2.94~59.17 #~100 [12,15,17]
LE 7598 684~1225 97.22~98.59 [54]
JEE ¥ RF 151 4140 # [19]
L Vb AL Fleroxacin T 25 9.00~64.31 22.59~66.67 [13,23]
SRR R A T el 20.2~66.7 #~43.78 [13,15]
Difloxacin hydrochloride
B3P 2 Pefloxacin T e 1.91 47.74 [12]
R B S 0 1 EHE| el 20.19 59.29 [13]
Pefloxacin mesylate
1K EVH A Lomefloxacin i Bl 2 100~55 000 45.3~61.6 [51]
Th v & Sarafloxacin Hh ] e 2 350~56 900 61.5~68.6 [51]
B-WWEIEHE  FEFHE R Amoxicillin s el 1190.43 97.95 [13]
R E R Ampicillin JEE % A 57 2400 46 [19]
5 H 5 % & Benzylpenicillin [iipieZn 15 1243 100 [55]
5 R Penicillin | IS5+ 898 510 100 [56]
i HRHHZIEFEY 1065 200~1 325 600 76.90~100.00 [57-59]
I 25 LT 3228.3~3651.9 100 [60]
FHHZ G Penicillin G H | 15U+ 25 5 ) 1100 000 100 [61]
HHERGCHE CHIE| 35 973.95 80.27 [13]
Penicillin G sodium salt
kA1 % C Cephalosporin C ] 15+ 25 5 ) 1180 400 6.58 [24]
KIFHERZE B 2575 & Azithromycin I 15 665~2 673 72.25~97.51 [55]
FEHFE R Clarithromycin SR R/ AR EE Va1 24.9~74 100.0 90.6~97.6 9]
JEE % A 15 2400 40 [19]
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Continued table 1 The degradation of antibiotics during composting

T S Wi fi <

eS| E/IREEE P AT R . . . E=BUN
Class Antibiotic Nation Raw material Initial concentration/ Degradation Reference
(ng-g™) rate/%

4175 % Erythromycin L 5+ T 18 430~136 230 99.87~99.96 [62]
| B 1149~1 318 100 [39]
7 {155 % Kitasamycin S FI5+R S 815~2 320 95.26~100.00 [63]
%' 1% % Roxithromycin S 15U+ 38~63 100 67.5~95.9 9]

Bk B Tilmicosin ] e 1052.38~2109.20 71.82~93.22 [12,23]
Z&IRIE Z Tylosin ] 25 769.45 89.05 [12]
LRlE i Ex] 84.47 95.96 [64]
] SR+ RZEEFEY 1029 000~1 031 000 99.52~99.89 [65]
HE S BERRIZES Y 87 200~3 008 600 99.6~100.0 [66]

S| 95 36.1~3700.0 54~85 [20,40]
ESH FEV5 457 2 300~2 800 96~98 [47]
H A B 35~250 87.84~100.00 [67]

JIEVN B 11.76~40 900.00  66.67~99.00 [41-43]
MR M 2 5B R Clindamycin | e 44.87 70.11 [13]
MAI%E % Lincomycin i B 3428.5 93.75 [34]
JEE 14 A F 151 1200 36 [19]
ZmEk FIVP T % Lasalocid i ST 5 10 600 100 [68]
BERETA E Monensin eS| e 11900 54~76 [40]
#h 75 % Salinomycin (il e 3 000 60~100 [69]
IEN e 22 000 99.8 [70]
(R AR F it Metronidazole PRl FEE+RAR YR 16 021~95 631 100 [52]

BT

KlgHEHk IR Florfenicol B 25 +7578 230~240 95~99 [47]
IR PEK#EZ Gentamicin LA 2T 92.0~97.2 [71]
fVEeS 1365 % Daptomycin A 2 0 5E4 2 400 >99.6 [5]
A ZHA/E Triclosan i V518 763.4~820.6 45.45~59.93 [72]

T nd RFATT R B ; #+fRFR AP

Note :nd indicates nondetectable ; * indicates not degraded.
TR A S RS, AEAR ] S FE A 3 P oA ) 26 1 A e A
R LA [R) 2R 0 A B AE A [7) S AT Ak 345 v #9323 22 531
AR, RSl 0 43 a0 b B b R B2 28 R R AL
T EACEA WA I L, 31X 2 5 )RR A2 B HE L I
BEEEME BT B AR RO 2 S MEIRR B AR AL S R R
S
2.2 HEPRITFE R ARGs B3 E E T (Mobile genetic
elements, MGEs ) il B {50

S AT T LA R W 3% AP ¥ R I T A 5 A
LKA o3 7 B 251 A P P Y ARGs  (HFR 7>
ARGs, F5 )2 sull 167 & RS 7RI 15 971455 2
ol AL T 5 ST e AR AT B L LR NE J AT E AR R
Az B S B ISR AR B AEHEAL J5 AR S T

S5 [

ARGs K #R4M37 F MGEs Fh"™, 32 JiF 25 4k 57 5]
MGEs (582527 intl 1 5 ARGs 3= B AR Ak 1EAH 2,
FEI T AR IR B & 25O PN R R inel 1 1)
F= B 1 A [ AR B b o sl s 2R R TR A R KO
A SR} % A Ak 385 DR 26T imal 1 1) T ISCER AT 52
BN, R HEHENEAS BEAT RUGAR inel 1 RV (HAEXG S
rh 24 i M A S A P il 1 AR BN S,

suld F il 1 95 53 TA Ry 2 T TS 245 1 TR A 2k
S EE WIS AR, HAFAE LA, 782 RN
W AEAE T AR S T

3 HWRERESRAEZER ARG HBRIEIEZE
3.1 HEREIRER
M AR JEORE R B T AR O 0 24 TR SR O
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FA A R VAR DA RAEAE TR AN S HEJE J 2, (B 2550
Wi S A T LS M FELARGs £ BTV, W HER
il 245 15 33400 M NS o 2 v 25 PG 48 B 34 B 2k 31 i bR
e, T 5 2 v B A B AR 2 A FR AR, H HE R S
ARGs F U B THO . i # 7 2k B RE % A SR
BB PR 2R KBRS A 40 A 21 1
R ST HENE L R TP A ARGs B2,

HENE I 2RI A2 RV B2 ARG ™ I i 4 T 55
N AN AR TS A S S v RS 30 el o A A M ) A
L EEAANZS SR R IS SRR SR A
S SLDVEDIRT ARG TH IS 3504 B 2™, (H 5 22
TR HAR G AETE D) ARGs AERE XU o 4 - 45 A T 24
% (Antibiotic resistance bacterial , ARB) A% £ K F45 #1
VEHENE I 70k, B 2 HENE G 5h Hh ARB &G HE R 2 1y
TS HE AL R
3.2 WEEH

T W TR IR 2354 2 B T MR JIE i A= 3R M H ARG
THWR FEZER R, JERER ] ASTERT ] AU
IR TE T ] & i L2 ARG W TE S R[],
W AMEAT RS T (CAnvg Eh RS o 7 HARMENE
R b VTR TE 3 TR R 52 JsURE R HENE I Y 52 e S, 7E
MRS [ R B2 14 53 A oA 2 570,
3.3 BUER

HE B w3 Y 1 0 Bk (C) % A R T ARGs TH
B!, C/N®O AP S pHPXE ARG 15 3 T #f A
HEY o pH & 2352 W T AR R BRI #E, G 5
AT HENE o 5 ) e

HERE 7 AR 1w T AR A% B A A R
ARGs TH I8, B 3 FF AN 2 52 W Bt A= 2R e ik 119 L4
PRUZR T A2 300 ok 5072 5 A 0 R 0 ) 52 i 0 A 3R
fifen M IR HE AR 25 B ARGs BOHLPE 545 G HE R AN
[f] , BEAE LBk JLF- 438 1 MGEs , T BR il ARGs ff 7K
FEERS A ARG HENE T A T ARGs T I

SR L, SR BEAL ST, 41 C N SFF LR & i
Ko pH (il BE SR 23 o mm HENE 1L B R AR R ARGs TH
ok, (L3 2 [R] 3R 118 5 M 13 1 2 TR 4 1Y), 3 ol oS3 M IS
iR R Y RE R R
34 E€E

PRV E Cu 75 i 2 A B Jiig 5610 O A 38 2R A
FRFEAR T2 IR R I BEREZ WEN o R T Zn
U] 2 S SO AT DAL R AR R =)

HEYH A Cu.Zn 5 ARGs F A7 78 L 46
P2 AT BB K O ARG F1HE 463 Js 1irf 25 £ A (Heavy
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F40EF11H
metal resistance genes, MRGs) A I [d] /1) 18 3 1 4=
Py, e v BE 1 A A RIS Cu  Zn S 6 RUAE W B AR
BRI 241k 7 A L[] A e 4 T 04, 5 R BB 73 ARGs
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3.5 Hfth
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