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 OE 5K RIAE T2 B A R (COD) AU EE, 24T X P &M b, F80U5 K HK
L5t pi A s & R RETHACRTS K B 5 Je SRR O H B, (B3 5 2 i B PTE RO, N PLAE R AR
BRI DA BN AR SR e 7 B R 4 P g 0 T A A e R AR S L 70 2 300 Tl A e v S5 A S i DA R S BR L AR R
T 75 54N TT T, SRR TS K T 5 e P AR ZO RS AL AR R S i it e R Jig . TR, K2 M E R Sl
WS ot i I R R T MR 1T R AR KRR AL B R 20 ST A AU, B I E AR EM AR S 2 hi e &R
s 5 2CE R R B A b, CRRE IR B T AR 5 TR RN AR HE (ROKE . SRR BRALERDD SR
IRANIEA BT CRAN Bk G AR 55D 5 T Benl DAFE — € Fe R G2 A B0 A 300t IR AL IO AR HT. R OR R AE J& /A i
ARV B — S  JU R FO BBV S5 M B2 WL, it — D O R IR 2R R AN ST AR BRI S R RS AL T2, B
T3 SRS 7K IS e B BRI AL R IR R AR BUMEAL R K. (25 277)
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Research progress on the effects of antibiotics on anaerobic digestion
in sewage and municipal sludge

NIE Yu, CHEN Yating, SUN Zhaoyong, XIA Ziyuan & GOU Min

Sichuan provincial key lab for resource utilization of organic waste, College of Architecture and Environment, Sichuan University,
Chengdu 610065, China

Abstract The existing technologies used in wastewater treatment plants mainly focus on the removal of
chemical oxygen demancd (COD) and N/P and overlook the treatment of antibiotics, resulting in high antibiotic
residues in sewage and municipal sludge. Anaerobic digestion is a recognized method for reusing sewage and
sludge; however, it is affected by antibiotics. This study reviewed the influence of antibiotics on the anaerobic
digestion system for sewage and sludge treatment, including the residue of antibiotics, influence of antibiotics
on the production of biogas/methane and metabolism of volatile fatty acids (VFAs), effect of antibiotics on the
microbial community composition, and mitigation measures of antibiotic inhibition. The main conclusions were
as follows: most antibiotics inhibit biogas/methane production leading to the accumulation of VFAs; bacteria for
hydrolysis and acidogenesis are resistant to most antibiotics, whereas bacteria for VFA oxidization are prone
to the inhibition of antibiotics; acetoclastic methanogens are more susceptible to the inhibition of antibiotics
than hydrogenotrophic methanogens; and pretreatment (e.g., thermal hydrolysis, ozone oxidation, and alkali
treatment) and the addition of exogenous media (e.g., zero valence iron, activated carbon, and so on) can
ameliorate the inhibition of antibiotics on anaerobic digestion somewhat. In the future, the effects of single or
mixed antibiotics on the microbial community composition (genus or species level) will be further investigated
and the process of anaerobic digestion for the removal of antibiotics and antibiotic resistance genes improved to
accelerate the reuse of sewage and municipal sludge and reduce the risk of resistance transmission.

Keywords antibiotics; anaerobic digestion; sewage; municipal sludge; microbial community structure
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H19404EHHm R M LIK, A REEAIT R RET
HIEER. fgert, REAE R 2 WAT15F 45, frA RS
P T A0FNY, AR A B £915-20 5 W, 43 51 25 [ R [ 1
104525045 P, X gk R K2 S B R KHE A5
AKAREL T BRI IAT 5 K AR EL ) A A b AR

(chemical oxygen demand, COD) ;& 7# )5 (N P) {14k
B, AR TR AR R R B, AR TE KR FAR R SR
Hh K bR KR LS A A 2R DR IE O Ak, i
TrE AU R m R B EE ), FH R B R i
FiEK. DABR VDR CRMEE TR R e A= 200 v, 157K HoK
FHIR T VDR (85 K IR 1 090,055 gL, T 15 6 Fh H 9 13 T ik
460 pg/kg . PRIk, T5 K RIS TS UE B BT AR SRR Y 1) AT
e CE R

Tl SEIE WL FF 0 1ok sk . AL B iRk, TR
HALTE S K BT y5 e ab BESE 5N iz, RIEE K 50%
DA F 5 98 e 1 A B AT SR DR AT A IR AU A R
S T A0 B R SR SE B — RV R B CRLER KR W fb 7=
S SRR LLSEIUA ML R e A R BRLLG, RERY
B AR AT R e 0 D B A P R FE L R WSS R s AR T
15 Ve IR B P AE 2R RAETE AL AR R R Y R A B AN
FERERIAR BN, Fh k2 R PR 10 B A vk B . AT
FIVIR B DL PUAE R A ST R = a5 35 501 I D R AR
TRV A A A0 T 45 W (R S e DA B 25 R b 2B Z= M 1 7 R S
T, 2538 [ P A5 7K A3, 15 e P 0 AR 25 DR LT AL B2 i 1R 4F
FUHETE, D3 AR AR TE S A DA A LB R 72 S 410
il 23 bR LRI S HF

1 SRS R REOOKEE SR

WE, BT W2 AR RS R Kb A RS R
B BT A S T KCODE AR, — AT R AT b 3,
. H HET 25 57 K R R BT AE R TR D, BRI R A T
[ Y227 AN B R K T AR 2R R R AR L. X IS IR K
PUAE PP SR FEAFAE IR 22 5. e v i SR IR P R 2 0
HEFRZANRBUER, B AETE T BT K 10 i A
WM REARTHTEEEKMRIRMZEHY %, frEs
EIRAKFIREE B, Ak, PUAE R MR R R — e
IR, B, WelSE Rl 7L 274N KPR 37 1) & & IR
K RILAGH R K PR &= A R (2.09 pg/L) , H
B IR K FROR e B R nE . LR, WU R L (0.13-3.69
pg/L) , T m KU R R P A RE L (9.80 pg/L) . X
A i 524 1 0 A 2R A S8 e

BT 5 Ve HT AR R IR E R, — 3Pt E s MR K
R ENS R, RIS IR P AR & AR AR U R B O (R
2) . LSRN T R E 454G KB V5P i AE R AR, K
U RS BT RIS R GE (8 905 pglkg) » HAE KIAH
a2 404 % (85.1 pglkg) MIEEIEFiAE % (22.7 pglkg) "
W R S T 2 B AR S Y R B R T R R B, vl AR A
IR A O, [R5 v U TR ) g fR 5] 0 A R T
TSI MR, ISR BT AR RIRE 2 BIE AL . &2
PUAERMMEHEEE L E RS, BARRAF 75+ Dhhe ik
AW, ARG e AR IR B L A, 5
P R IR IE S IR KBRS V5 e 8 ML 7 & IR A 3L

VKA IR B R S R R A RN i, SR
PHTT 5 7K A BT 90 g s R 2R 470 A 3R R B A1, 0 ]
BE A2t T a2t DXPR K 5 B 0 i, 3 e S 4 IR 4
i v Vi R SR P AE K S TS e Z IR LS U E R SO %
W FUAE AT Y P el B & A W V0 TR SR 0 A 3K PR A e, 020 BT
R R PR BERART. B2, P R Rk
PEFEANTR M DX 935 7K Je s e vp oA UK 22 5 (BRI AR &R
PRBE RO R I G, D S5 K R TS e b AR B e
S R AC I R 2 BE

2 JrEFEN TR RREIEE
RV

21 MEZRNEMS/RIR=ENFN

R E N ZR IS A R R, B THAER OO
FLRMUER D X5 7K 175 98 RATHA = SRR I sg i, FLRfF 5%
SR BT RITRA, HERTHI: KPR MH A<
TRRGE = i, HAS (A 470 A8 35 0 400 ) 280 SR AN (], E 40 o1 2 5 e
HR 2B A P AR R UR LI I I g N, g dn, i R AR IS
25 mg/LI¥ IO ¥R 20 e i DR AEE A A R IR e 7= 8 Y5 S
{H50 mg/L AU 3R 3 i e 7 B A 17 36.13% & PURR R
B X F500 mg/LiS, DLZER A R KRS DR AT A0 4
el T R et o A T el i V1 K R B G o
A B[R] 7 FE e 400 ot 5 SR, 0 o 3 2 ZE AR [R] IR 8LV Ak
P B 77 7 e K 2 5 00 Tk 2 AT R PR AR R
RO AR R A S SR T B2 A, Zhao
FTLUSE 53 0] % 82 1 B0 TR v A R0 Sk 70 2 68 7= AR Qe 30 SR 19 5%
Wi, 359 S J U PN PR o e 0 AR 2 W R A, (RS
JEL R 2% 3041 20 L 320 9 R 58 %7, 3 15 ) % R I i) R 5 i
A AR RO B R B X e PR AR R A S W R s Tk
7= H e B 70 B TR DR AT R T A 3l P e B A 3RS T
P B 251, Ceteciogludfil g &bkl a2 ) o)
AR S0 v 94 e AR R0 R 2 Bt o ar ot IR AT AL R R 1
S, TR PR A (KRR D T AR I Wi AR N AR M R
ORI, A2 B AT B A A

HHT B EE Be AR R A A B RO AR, IR T
ZMPLERNBEGIER o0 2. iR B R W
Aydin A HEAT 7K 5 AR SCHIE T, JF 28 i SQ T Tl e R S
(Sulfamethoxazole, S) .\ £L#i % (Erythromycin, E) RIPYIf
% (Tetracycline, T) 3Fh P2k Z 5 RETHA B A ER, KL
B AR 2T VP R = T ) A A 0 R 2 L B R
EAMEFE 5 P A IR A B KREY L ZHBW T,
ST. ET. EST. ESII G #l il RCR R IR 59, HEM 7] e =2 K
NTES IR EsRE I RIVER, T EXT X Fh i FAE A —E 1
HRCR. A e, B R E SR (i
Mg. Cu. Ca) EHTE I P, XA Bt P &R
ARG, R VRS HI36 hi b AL
K T714%, T4 H 5ZnOB & /EH 14 hif BP AT 4)14189.7 %[ F
FEre Y ghAh, A B RN A R — e R AR
KA B, WZhi%s R 100 mg/L i) T8 25 i i — FH A s g
OV G0 B 45 (02 30k v 5 2 IR SR AR R 1) R e = ),
(ER PSSR
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Table1 Main antibiotics in hospital and livestock wastewater

481 J

KT AR AR & Hh X
Type of wastewater Type of antibiotics Antibiotics Concentration (p/ug L") Region
2.33 2 Xinxiang ™
AP E Ofloxacin 0.377-0.942 i Xinjiang '@
1.228-48.312 i L1117 Haikou ™
14 725 Quinolones 1.33 2 Xinxiang ™
AP E Ciprofloxacin 0.087-0.345 9 Xinjiang %
0.592-4.552 #F 1T Haikou
#4702 Norfloxacin 1.63 ¥ 2 Xinxiang "
KIFHEEZE Macrolides 4.4 % Erythromycin 0.48 21 Xinxiang ™
BT R K 0.12 B2 Xinxiang ™
Hospital wastewater fitf fie g1 Sulfadiazine 0.086-0.574 ¥ Xinjiang "®
fitf iz Sulfonamides 0-2.248 #1717 Haikou ™
s 0.53 Hi 27 Xinxiang "
fik {2 H 3% e Sulfamethoxazole AT ¥ LI1T5 Haikou ™
- ) 1.41 ¥ 21 Xinxiang "
. . VA Tetracycline 0.046-0.374 % Xinjiang
JU3F 22K Tetracyclines PSS i
4+ % Oxytetracycline 148 LT il
) 0.042-0.448 i Xinjiang [
LTt % 2% Cephalosporins skffi% % Cefalexin 2.39 217 Xinxiang
#8125 Quinolones NP Ciprofloxacin 13.56 Kt Tianjin '
- o 0-62 L7954 Jiangsu '
fitf fie e Sulfadiazine 0.21-0 68 Kl Tianjin ™
. ) fi# e —HmEnE Sulfamethazine 0-70 L9544 Jiangsu
i3k Sulfonamides itk [l /3% ¢ Sulfamethoxazole 0-37 7548 Jiangsu ')
T % 3% Sulfadoxine 0-16 L9548 Jiangsu ™
fif & %05k Sulfaquinoxaline 0-25 1754 Jiangsu 'Y
0-M1 L4548 Jiangsu
i /1% % Doxycycline 100.75 ¥ Shanghai
BEIKK 0.08-89.46 KTl Tianjin '
Livestock wastewater - : 0-20 {7545 Jiangsu "
4% % Chlortetracycline 0.55-130.67 Kl Tianjin ™
JY¥£ %3 Tetracyclines 0-50 1754 Jiangsu ")
U3 Tetracycline 31.05 _E#Ti Shanghai
3.01-8.58 KT Tianjin '
0-79 1754 Jiangsu ')
+% % Oxytetracycline 60.50 - ##1li Shanghai "%
60.15-82.59 KT Tianjin
Fi 22 P Ak Amoxicillin 4.99 Kt Tianjin '
B-MTEf% 3 B-lactams PRI E % Lincomycin 0.11-34.82 FHEETH Tianjin 19
A ETEAR Ampicillin 4.01 FE Tl Tianjin '

Fz2 HKLESRPEERESR
Table2 Main antibiotics in wastewater treatment plant sludge

YA & Fh2E Type of antibiotics #i2E 2 Antibiotics

yi/E % & & Concentration (o/ug kg™)

I 1% i 2% Quinolones

Vb Norfloxacin
NP A Ciprofloxacin
IV E Ofloxacin

4200 2% 87 2" 5462 " 3200 € 289 #2
109 ™ 460, 243 2" 4800 2%, 2.09 ** 6858 2
3.408 %% 8.4 3400 ™ 11000 " 2000®"

fif %3¢ Sulfonamides

fif it S M Sulfamethoxazole
fif fie s g Sulfadiazine

fish i —F s Sulfamethazine
fifi e %% Sulfadimethoxine

9.13 1% 1116 249 24
37.8
124.9-209.8
523.3 @

KIFWTEEZE Macrolides

21 % % Erythromycin
[l #5852 Azithromycin

7.241, 39", 33,81 0.185
66.9 * 52158 %61 g4 71 g3g 2

VUIR &2 Tetracyclines

i /172 Doxycycline
JY#f % Tetracycline
4% % Chlortetracycline
+ % % Oxytetracycline

1500 % 966 2

7.5-15.8 28, 1914 22

6.9-14.7 ?% 23.4 4 498 6-504.8 *%
87.5 %3 1314.2-2296.4 *

22 MEEXMEL

% A B B X 15T B9 52 M
RS (Volatile fatty acids, VFAs) /& K40 Ak

Tof R 0 B AR R A, AT R 5 5 BUR BT A RE 1Y

TREZRG MR, TTRRIL, PL4ERNFESFVFAS

(FER I WA T B AR ME 2", By Rk
i VFAS BB R 3, & O e A 2 A AR 2R M oG
RO AL, RRPIA R BRI A VFAS R, i,
CeteciogluZs & F11.65 mg/LI VU & %A 53 VFASHIFR &,
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Table3 Effects of antibiotics on biogas/methane production during mesophilic anaerobic digestion of sewage
AR W JE KK PR 22k
Antibiotics Concentration (p/mg L") Type of wastewater Effects on biogas/methane production Reference
T P 2R K IBP: =100 mg/Litf #15]] & [30]
Sulfamethoxazole Acetate wastewater IBP: Significantly inhibited after 100 mg/L
EE Acetate wastewater IBP: Almost completely inhibited
Erythromycin 0.1.200 AL 245 7K IMP: 200 mg/Li}, 241 dJ& J& 1 132]
» Pharmaceutical wastewater  IMP: No effect at 200 mg/L after 241 day
500 LB K IBP: JLF-5¢ 441 [30]
Py Acetate wastewater IBP: Almost completely inhibited
Tetracycline 0.25 R DY BR 26 1 7K IMP: 16.30%-72.82% [44]
: Tetracycline wastewater IMP: 16.30%-72.82%
2 B AT HLE K IMP: 14.5% [40]
Fi S + YR Synthetic organic wastewater IMP: 14.5%
ST o IR B UK IMP: 48% [36]
Propionate wastewater IMP: 48%
BRI 25] % K IMP: 81%
%%i[& PUPAER + filf 40+3+3 Pharmaceutical wastewater  IMP: 81% (38]
ETs 50 HHLER Pk IMP: 61% [36]
Organic acid wastewater IMP: 61%
2 B 3 K 0K A [39]
EE + U E Antibiotics wastewater The methane yield dropped sharply on the 30th day
ET 2 AR WL K IMP: 1.7% 140]
Synthetic organic wastewater IMP: 1.7%
LLEEER + 2 B RE UL K IMP: 10.6% [40]
ES Synthetic organic wastewater [IMP: 10.6%

IMP: 7= HHgE it 22 5 IBP: 78 <) 2.
IMP: Inhibition rate of methane production; IBP: Inhibition rate of biogas production.
ST: Sulfamethoxazole + tetracycline; ETS: Erythromycin + tetracycline + sulfamethoxazole; ET: Erythromycin + tetracycline; ES: Erythromycin +

sulfamethoxazole.

T4 MEZMFRREBUESHRE

Table 4 Effects of antibiotics on biogas/methane production during anaerobic digestion of sludge

NPT . Ve e AL IR Rt A T,

Sk % e A R . B30k
Antibiotics Concentration Sludge source Ter'rw(gﬁéa)ture Sl opnré)éz%i:}%methane Reference

AR+ BTG K IMP: 40.60%-44.91%

Erythromycin 25, 50 mg/L Municipal sewage treatment plant = IMP: 40.60%-44.91% (29]

12 R M BUE K IMP: 54.61%-55.69%

Spiramycin 25, 50 mg/L Municipal sewage treatment plant 55 IMP: 54.61%-55.69% (29]

PP = MEE K IMP: 36.13%

Tetracycline Soimg/k Municipal sewage treatment plant & IMP: 36.13% [29]

- P 10 mg/LH‘J‘jT:i‘f]Jﬁzle, "
1% % PR 1 3 800 mg/LIf 52 4 11
Oxytetracycline 10-800 mg/L Anaerobic digester 35 No inhibition at 10 mg/L, (45]
Completely inhibited at 800 mg/L

iVt s~ 100-200 mg/L  ngyp) 35 IBP: 80% 46

Doxycycline 400-1200 mg/L  Brewery IBP = 60% [46]

MoK LR MR

Anhydrooxytetracycline 400-1200 mg/L Brewery 35 IBP <40% [46]

MR MG K IMP: 29.39%-51.27%

Lincomycin 2ol gL Municipal sewage treatment plant e IMP: 29.39%-51.27% 29]

NG re i IR B 3 IMP: 81%

Gentamicin 100 mg/L Thermophilic anaerobic reactor 52 IMP: 81% (471

RIREZR et RS B IMP: 27%

Kanamycin 100/mg/L Thermophilic anaerobic reactor o2 IMP: 27% (471

. 600 mg/L: E‘F'iﬁ?‘%{%iﬁf%%
(kA Zti 1000 mg/L: H e/~ &{e ik 768%
Cephalexin 0-2000 mg/L Secondary sedimentation tank 35 600 mg/L: promoted by 28% [34]
1000 mg/L: promoted by 68%

K A 5K IMP: 43.03%-47.49%

Cefazolin 25, 50 mg/L Municipal sewage treatment plant 2 IMP: 43.03%-47.49% (29]

BN 0, 10,100,500 y5iekbs) " 35 35 dJii JL P& AH R 133]

Ciprofloxacin mg/kg Sludge treatment plant No effect after 35 day

AR +2Zn0 VIR s IMP: 89.7% [33]

Ciprofloxacin + ZnO Sludge treatment plant IMP: 89.7%

TC + OTC + CTC + STZ V5 IKALEE IMP: 25%

+ SMX + SML 2mg/L Wastewater treatment plant 35 IMP: 25% (48]

IMP: 7= e il % IBP: =33 3405 ; TC: VUM %; OTC: L8 %; CTC: &5 %K; STZ: % Wens; SMX: fif iz FH 3 mk; SML: fif fiie FH i
IMP: Inhibition rate of methane production; IBP: Inhibition rate of biogas production; TC: Tetracycline; OTC: Oxytetracycline; CTC:
Chlortetracycline; STZ: Sulfathiazole; SMX: Sulfamethoxazole; SML: Sulfamethizole.
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YR EEIL F8.5 mg/Lif, LAY IR 4 ) A7 745771385
mg/L B ABARATI S — AN T, 745 mgl/ LI i O e
T, REWWAR EROVEFAS NIRRT B, WIES 51N
43871342 mg/L “. ST RE, RAHMERNED
T RE 1) R HE AR FEAR N H, > R > 2 > T R =T 1R, 8 R
AR R ZE/NT10 mmol/LINy, 73 ER A4 B BE4T AT .
LinsZE A A2 1A X HUERE B B (N EUE 72 4 P= e B [
BP= IR TR 88 R D 1% B3R 3, (M B2BH8 T VFAS
CRERZ IR T /) MR Pua R & /E A X VFAs
WA AL 2. Aydin BRI R ik 20 2% o2 il
IOANFEIR IR S A &R (STHMEST) , K4 ST M #4is
17#270-300 ditf, ZFRFIN R 53 AL 71 00051691 mg/L;
MAEEST/R M g, 360 dif ZERFN T IR i FE 4> ) 114 800
710 mg/L. [Klik, A4 STARIEST vl G843 7 #0177 R
AT TRAC U B R (03 PR % g IR e 48 A R T g S
ZRACHH R 73 L B2, Cetecioglu 4R 7T 1 Tk i % AT Y 2R
FON PRAATH AL B S ], R B b s H ORI R 2R
A ABATIA B A= 2 00 #4500 3E 52 4 4 i 240, BD
PR BRI LRIV RS R L, (M2 85 SR 261k,
AT BEL BT 2 R 3 e 1 s 4820 R OO T B 4 ) 40 PR A A AR
T A o

3 MERMREAHNWEZERIF T

PUAE B B A7 A R IR AR = P BN LA 2
. e wT DLIE I G A A R e TR S B T S
VR SR 200 i B 2+ 2 D7 SRR EL e i 1 R B ThiRe, ATTTIE
##H (bacteriostatic) Bk A (bactericidal) ff1H f1®". Hi4
R i PG BRI T T BOL A X R B R A2 Ak,
T B2 PR AT AR 28 PR B ik 2 AV 5 4, 2 o PR 40T 4 11
BARFCREL Bt RE B R T AR AR (EERIIR
#, R W IRETHNHED RS R, 258 BoRyt k=Xt
IRAECTH A ET B BEIh B 5 AR P 1D 5 W 7 AE 22 R
31 MEZRXKEERLENFZI

TR AR T K S DR ST AL 1 T R B, i Y BT T e A
=M%k H T Bacteroidetes. Firmicutes. Thermotogae.

R5 TEREMFRMREEULRER

ActinobacteriafliSpirochaetesi []. # 7T % W] £ HUK i 12
AT 52 B0 AR 3R R RN, LR T DA 52 v R B ) B AR AR
J& Clostridium7E B 77 55 25 RV i F % e A7 78 (1) S B 2% H 33
Al LR R B i E BB Eubacterium sulci. Candidatus
cloacamonas acidaminovorans. Ignavibacterium album
FAnaeroarcus burkinensisn] LA 5219.2-241.7 mg/L
BB 5 P 4K 01 #E20 mg/LPUBR RAEFH T, WAL R P
Bacteroidetes. SpirochaetesflIFirmicutestt150 pg/LAf 3=
£ =, i Clostridium aurantibutyricum. Microbacter
margulisiae. Porphyromonas pogonae. Treponema
zuelzeraefl Proteiniphilum acetatigenes®s 45 HLI& 4= 5% B 1)
R BE I B2 0 FRIE TR, BT KRR R A 24
PEFEE AR R, HLTEZ 50 P AR 317 ARl B 45
AL AR S 2 piA R g, B S
KFr, KIS TR T R A, H= e BT g e s AR PR A1 A
FEHE AL = B e o (S, TR 22 B8 T T K AR R AL 1 A 5
ZHUEFAEICY. FAb, FLLE R A S Rt S R T A
KM, #t, Clostridium aurantibutyricum?E i 5 V0 ¥F 2%
R AL i At T e 2 47 .
3.2 A ENVFASEILE R0
TSI R, VFASSHAL T M LUK VFASTE K 2
FRFIH,, WH HES T HIEREE X R, WRIHEEFRL~H
e T PRAR S0 A R SR e A 7209 2B R R B, Pk &
HIAFE 2 T VEAS EAL TR I AR VD35 12, AT 2 BVFAs R FA
IR e = R . i, R A A A S PR A iR &R
i) & 2.1 % 4L T Clostridium ultunensefl Syntrophaceticus
schinkiiffy i 1 B 5 B AR Y. Xiong®5 %% 7 AN EIIK B VYA &
(1 ug/L. 150 pg/L. 20 mg/L) X} LAVFAS IR KR A 1k
RARMRE W, KL HE N R A B Syntrophobacter woliniifil
Desulfomicrobium baculatumff) =i ¥4 J A% . AydinZ:
FEHHAE LB A VR & VFAS A RIIR IR Fa ik &, IR &40
# (ET. ETS. ST. ES) W7 £ W] f 520 P 2 1L A i 32 22
w0, RVH Y —BE4HEEAiR 42 (Methylmalonyl coenzyme
A, MMO) , iZ%i& 1% T 177 T Syntrophobacterd®”. VFAsH,
A TR B = B O P A ) AT R R R TP AE R B AR, TR
RPUEZMG T e, (R ERNCRMAS R, A%

Table 5 Effects of different concentrations of tetracycline on microbial community of anaerobic digestion

W SRS AEY) AH X SR
Concentration Affected microorganism Relative abundance Reference
1 pg/L Thauera aminoaromatica 2k Disappeared
50 g/l Proteobacterium 140 Increased 62]

-9 Rhodocyclus, Dechloromonas, Byssovorax cruenta /> Decreased
100 pg/L Proteobacterium )% /b Decreased
Treponema, Syntrophobacter, Desulfovibrio 1400 Increased
250 pg/L ) . S8 /b T 5 [63]
Stenotrophomonas, Acinetobacter, Methanobacterium First decreased then increased
Syntrophorhabdus, Syntrophobacter wolinii, Ignavibacterium album, I 25 v 188 1T
b : : P ; : 8 i o 2>
Marm/thermoﬁl_um abyssi, Petrimonas sulfuriphila, Vallitalea guaymasensis, Decreased with the concentration increasing
Geobacter argillaceus
Syntrophomonas, Bacteroidetes, Spirochaetes, Methanomassiliicoccus, e s
1 gL Clostridium aurantibutyricum, Microbacter margulisiae, Porphyromonas B;E%ﬂ&)xi}{ﬂﬁﬁibﬂ - .
150 pg/L S ; Increased with the concentration increasing [56]
v pogonae, Treponem zuelzerae, Proteiniphilum acetatigenes
mg Methanobacterium, Methanothrix, Methanoculleus, Methanosarcina 77> Stable

Desulfomicrobium baculatum, Macellibacteroides fermentans

W A AR FEE 110 184 5 1 n -9 2>
First increased and then decreased with
the concentration increasing

483 J
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XV FAS S B R M 0 A 1 7T R I e LV FAS S A T
W AE BAEUR. #il4n, 7£500 mg/kgFr W EMEI T, kE
Hydrogenophilaceae fllDesulfomicrobiaceaelf] VFAs# ik 14
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