2018,37(10): 2091-2100 b A7 N S S - 2018410 H

Journal of Agro-Environment Science

SKIAE, AR, 2 W6, A5 TR AL BT 2P KU B AT SR N 22 BRI ST IE SR D). Al FREERLAE 244, 2018, 37(10) : 2091-2100.
ZHANG Zhi-guo, LI Bin—xu, LI Na, et al. Removal of antibiotic—resistant bacteria(ARB) and antibiotic—resistance genes(ARGs) in the effluent of wastewa-

ter treatment plants(WWTPs) via advanced treatment processes[J]. Journal of Agro—Environment Science, 2018,37(10) : 2091-2100.

SKRELAE T ZEREE
UEEEERARERE

Kb C, ERA, B W R RBAR, Fam, B4R
(LARRRAREIR S EEA B, BAT 2100965 2. AR 2 BEAO PR8E 5 T Rp2e & RIPS T AL I8 T s QR ATBA . b5t 100081)

WO OE. i E0ARE A 3 A Z 0P 5 (Antibiotic—resistant bacteria, ARB) #1414 3L A ( Antibiotic resistance genes,
ARGs) U IZAHAE T ARG B rp 6 A SRR AN A A5 2 A il TR E RS o R BT 209805 ARB W RETEPREE P [ IAA7E
ARGs AJ 38 11 7K -3 [K 54 #% (Horizontal gene transfer, HGT) #F— 4" #. 15/KAbH# ) J& ARB 1 ARGs (A7 14 , )2 S8 H i 1)
FEIR . U, TR W SR Z Bk ARB I ARGs (W75 K IR BEAL PR T 202 T3 b B o AR SCERR T Z IR AL P T 204 ARB I
ARGs Iy L BRBFSEHESE , 7B 7 5000 2 S AMIL R S A AL SR GE T 2 A0 B T 2 FIDE/H0, DEo5 i DAL 3w AL R, LR T
i JREE AL ISE T 2% ARB HIL ARGs ) 2 BRSO S AL, 7t BEah b, X545 ARBFI ARGs EBRAHSCAYRITSE B S Ay [ 42 i1
FL, DU A 3R 5 /K DR BEAL BT 20 e AR A 2

KRR YU R PUIETR s UL DN IR BE AL P T 205 RERACR s LBRLEE

RESEE X703  XEFEG:A  XEHS:1672-2043(2018)10-2091-10  doi:10.11654/jaes.2018-0098

Removal of antibiotic—resistant bacteria(ARB) and antibiotic—resistance genes (ARGs) in the effluent of

wastewater treatment plants(WWTPs) via advanced treatment processes

ZHANG Zhi—guo'?, LI Bin—xu?, LI Na’, XU Kun', ZHU Chang—xiong®, LI Hong—na®’, LU Xi-wu'"

(1.School of Energy and Environment, Southeast University, Nanjing 210096, China; 2.Agricultural Clear Watershed Group, Institute of En-
vironment and Sustainable Development in Agriculture, CAAS, Beijing 100081, China)

Abstract: Antibiotic—resistant bacteria (ARB) and antibiotic—resistance genes (ARGs), promoted by the improper use of antibiotics, have
been frequently detected in various aquatic environments. They have caused potential hazard to both human health and ecological security.
Antibiotic resistance exists for quite a long time, even in the absence of antibiotics, and ARGs can be further disseminated through horizon-
tal gene transfer(HGT). Wastewater treatment plants(WWTPs) are a reservoir of ARB and ARGs and play an important part in their elimi-
nation. As a result, it is of great importance and necessity to explore an efficient advanced treatment process to remove ARB and ARGs prop-
erly. The aim of this review is to provide the current knowledge regarding inactivation of ARB and ARGs, with different advanced treatment
processes in the effluent of WWTPs (chlorination, UV irradiation, ozonation, photo/H»02, photo Fenton, and photocatalytic oxidation). The
inactivation effects on ARB and ARGs with constructed wetlands, coagulation, and membrane treatment were also summarized. Finally, ad-
vice and suggestions were proposed for the future research direction : (1)The efficiency and mechanism of integrated processes on the remov-

al of ARB and ARGs should be explored;(2) The behavior of various mobile genetic elements(MGEs) and their correlations with ARGs dur-
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ing the different advanced treatment processes should be further studied; (3) The scope of mechanism research should be extended to re-

verse transcription of ARB; and (4) More effective quantitative determination of ARGs should be exploited, as real-time fluorescence quan-

titative PCR may underestimate the removal efficiency of ARGs by advanced treatment processes.

Keywords: antibiotic—resistant bacteria (ARB); antibiotic—resistance genes (ARGs); advanced trealment process; removal efficiency; re-

moval mechanism
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ARB) f1PL4E F: [H (Antibiotic resistance genes, ARGs)
B A 20 il S AR A B e S i A T
PR NEE /c.45 Al (| R iR N7 NS NI =< BN
1970 47 () Bt A 28 U2 A (Antibiotic susceptible bacte-
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Figure 1 Schematic representation of the urban water cycle and of sites or processes potentially critical for antibiotic resistance selection ,

spread ,and control*
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x1 REKIRE S ARB I ARGs £ Faig i
Table 1 Distribution of ARB and ARGs in different aquatic environments”

TR ARGs(sul Filtet) ARGs e FE (PE)/  ARGs HIXE 32 (i {i)/ ARB ¥ fE/ KA ARGs
= - K HU R copies-mL™ copies* 16S rRNA™ CFU-mL™ FhE (M)
begsel 100% 10°~10°(10™") 107*'~107°(102?) 10*~10° 133(12)
W2 R 55K k) 100% 10°~10%(10°) 107*9~1072(107) 10°~10° 90(12)
WHIEZ 755K HK) 100% 10%7~107(10°) 107~107°(107") 10°~10* 84(12)
TRIEZ R 98.1% #190.1% 10°~10°2(10%) 10737~1077(1072%) 10? 59(12)
“YAET ARG 100% F1187.9% 10°~10°(10%) 10~102'(107) 1~9x10° 30(8)

T ZYHEZ RGN A AR R

Note : Sample size of the tertiary reception systems is relatively small.

ARGs BTREEAL P T ZBE5E, B3 1 AR VL ) L BRI
P LR REA B, XA S5 I E RNy T i A
DU Ry 3 11 75 7K DR B A P T2 A PR AR LA 4

1 SES

T 50H B AR B, I BB A R L BR TR I A 0
DI 32 8 75 K FVR R K A 30 48000 7 R
A 2% 5 8 H A & (Free available chlorine, FAC) ,
F HOCL A1 OCI™ 4l A% , HOCI A 484k E J1 %2 b OCT 3,
HOCL# (& e bl pH i T+ = i B A . BF9E 3R I, 25 iz
RZ A pH 7.0 7+31 8.0 )5 , FAC XL ARG Fl 2=
R fgp B AR [ Bs, pHOX L PN ARGs 25 B 119 52 T
AR o B A A0 LN 9 FAC 7T g 23 32 21 240 it
J pH G54 (— Ry 7.2~7.8) BRI S, 2500 FL 20 il & A
YA, AN FAC X AN [R) IR A B 1) SR AL R0 2
AN . e A DA A AL 5 S (ko,=2.1X 10" mol ™'«
s~ ) D U 85 1 (feri=4.3%10° mol™" »s7') , {H J2: 55 fifg 185
BE (ke,=66 mol ™"+ s™) FIARE I I8 (f,=6.4 mol™-s™") [l 2
I YR EAR

Sullivan Z"5%F 6 B & A tet W (1 ARB #1754 JH 5
S, aE R R Y IR >0.5 mg- L, $2 il 10 min Ji7,
6 ' ARB 19225 (R HUME log) 2 K T 55 4k 1 16 BA S 4%
PR iCE 24 h, ARB 9 A BRI IA 5] 100% , (H 2 HIA
REA 0 2Bk ARGs. AT WF9E K ISR 85 AR AT L)
AR BR ARB, HH A G A B 0 IH 28 5 ARB (14 7
AL Yuan FEO0EAE T EIH BT KT b K 9 Fh
ARB W EBRIG O, A IAEH CLAE R 15 mgmin™'- L™
BF, B AT A 8 22 B R 4 ARB, (H AR X218 R Pk ot
(ereA .ereB .ermA FllermB) FIUFA Z Hi KL K (retA |
tetB . tetM Fil terO) ) 5 2 B 2R A A 60.0% Fi120.0% , B
i CLFF 4 1 %) 300 mg-min™' - L™, ARGs 2B
WA B AR . W00, AR G0 B T LA RIOR K

ARB,{HJE AR BEA 8 F Bk ARGS™ . HERCE| IR
(9 ARGs ] LU 32 7K P A AL Bl T 90 200 1 R A, DA
A LRI A R BT , AR S0 PREE 1 e ™

AR R BT S A AR BTS2 RE 1,
Yuan SR BIFFE A, Gl e v WE BT R AN ZL R R P
TR AR Eb T A 0 X A S R I T 52 BE ) o 3 AT
AE A HT T HE 28 ARGs X i A2 3= A AL HT R AL
B, qnAn AR T HERRBUAE R /ML ] DI SR
HEN AR TR A, AT U/ 1N S8 2 T 1 43 120 AN ] A
Ji P A0 T ) SRR TR 52 BE T WA AEAR R 22 5, FIr LA
TH BRSSP AR I B BE IS 2540 o Jia S5 )
FEH L E R (Methylophilus) ZHEE (Polynucleo-
bacter) 55 BERA 22 Bk, T A1 B0 ML A7 s 1162 IR 14 )
(Acidovorax ) EI X @A 5% [ Tt 52 B8 7, DA 4 L ke
AT R 5 [l Ab B 0 B 52 A0 e A i frg
B KA T = B2 AR, mex F 51 BE 1R Il BacA AR X
PRSI, P AR TR I
R ARGs PR FBEG AN . Lin SEPOR0F 58 0 % B
FIHFE SR ARGs[dfrA 1 tetPB=03 ,tetPA .ampC—
04 tetA~02 Fll erm (36 ) | 5 LA [F) A2 B2 1) 5 4, (ELIRAE
FERRFE P 5 ARGs B AH XS F 2 BEARAY o Yoon S5
FIBIF 5T & PR GE T U L TR e—amp™ (1) 22 B 30 SR L BY o)
e—kan™ R, X AT HEJE T e—amp®H A=T Bl JE X £5a o
ZWZ (449 bp vs. 430 bp) o Lin S5 58 R B4
147 ] LAREAIC ARGs RS RS RE ), Y SRR R
T 0.3 mg- L™ (4%t a] 0~48 h) B, 41 B8 22 8] /) ARGs
PG B BT ] LUREAR S 4.40% 107 £ 22 A BR L
LT Guo SEI BIF T 45 A B, TE SR EE S 0.5~4
mg -+ L (BB (] 10 min) B 20 [ (8] ARGs i3G5
Bl E G0 X R RE R T SR BE AL B 22 5 3
(4 5 A Guo 55 1Y B W AR Z& o 7 AR 1Y 5824 7T RE X
ARGs HEA R T2 HE1E ]
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2 E5MERGY

SEHN N B B BRI L A A R PRI, B
B 238 2246 (Ultraviolet, UV) 0] DL 25 4R i BE 40
JYL S 0 A48 LIS 4 0 A R W AL, S SO 08 1) s e
Ji g W T, — SRR 5 Tl WL 4 200 PR B P BB oM
B 5T W WA 25 A O 7 AR T M 4R (Reactive oxygen
species, ROS) , 15 1 580 S0 fb 20 B S | 48 11 T A% i G
by 41 i 4 5 DA KA TR I 4R Ak 2k (100~280
nm ) 32 B30 5 AL RS KA AR W) ST %t 58 41
1 5 5 W AT I S N=254 nm , I I8 K 110 A% T kR e
TFBO Yoon ZE5R Y UVass X — R HUE K WG FF 4T
0 HN AT S B 9Tk AN B AT % 5 A0 R ARGs TR
JEE R PR AR AT, LS 2R DXt 4 B B A e R 0 S fl o
T . SESHEIRTT 1 0 i L R Bl B 25 ) T Bl
0% RAZ R T P 1 7 1", McKinney 565 A 58 &
TR 8 S BE S AT DL () ARG B HL 151 5 ARG HAH
0 ) i s v ) B ARG 0 UM O . o F AR AR
TE 25 40 B G 1k B2 b ARGs 28 1k 5 7T % 8t 4% o F
(Mobile genetic elements , MGEs) {7284k HA5 1R 58 1% 4H
KR

Zheng ZEPWIF5E T 4RSS X5 K ) g K H
ARB Fll ARGs 1 25 bR 1% D0, B 9% B 24 58 471 B 551 o
940 m] - em B, PUIRZE T E R 2 BR AU
52.0%~73.5%; 4 BE 50 12t T 5 2] 160 m) - em ™ B, 25
BRI N 79.7%~92.0% , Xt i e P ik RE IR 25 [ %
HT11%~T8.1%; 5 %8 4P 50 2 35 5] 80 m] - em™ i}, BJ
ToiE KM B W] R SR AT o MeKinney 555 A58 L
K IRE IR ARGs K 7% ARB 75 2 0 £ i 22 41 5] 4
X AT AE S T 246 RNA FIEE 15084 DA 11 i)
ARGs B TR 5 19 JLZ S Guo ZEPY A BIF ST & 48 4
HESRF AT DA R 2 BRT5 7K T 2% 7K b ARB, 24 HR 55 5
HH S5 m)-eml}, AT 2555 1.0~2.4 (log ) 1Y ARB, [F]
B T b RPN E . (HEW A%
O B ER AN BE S X BT TR AT R R R T B 1
ZBRAOR I WA B 22 0, Hu 0058 & BTG
IR 8 K R B T R R R L R S A R R
TE 22 ARG IS TLT-TH 2% 5 T B B T R 2 AR 7 55 5%
TR B & 3 AT R85 X S B 3 A5 HIKHTSR A 1 IR
SR AT 5. PR B SE RS K H ARB &
£E 110 JL IR AT B I Be il JE ARB X 28 41 BE ST A2 7 85
58, 7E JE I A DL SRR, Guo 880 X 48 41 i
S5 ARB WG E TR T T 05 A G il 5

m] - em B, HUME R FF 1R 00 52306 05 s o 1.0%, 1
Tt AR R T G N AR DL 2N T, A
WFFE 5% 42 41 BE SIS ARB HY ARG 1Y 7K P55 7% fiE
1T TS, Kk BRI S AT DL SRR AIR ARGs Y
KPR e TP,
3 REENK

B (0,) B8 JEHL 35 2.07 V., J&— Flsi A 1k
o LA AT LS RN AILo> T SO, I o R SR
PR I S, AR SRR | A A A A B LR AR
) E BB BT DL — A Ay S A S A Ak A R s
JZFNNE 225 rP SRR AN TR AR | 200 55 A0 200 it B v ik
RWE NI 0T TR VS A A M RE R 240
JE, DA SEAN TR 8 I A 04030 i PR 3 i, 24 I L4
HE AL, 25 5 A I BT 5 A% R W) 5 & A= N DNA
JAFNT S R AR W o R AT A o Al R
S H (- OH) , pH B &y 20 i A2 BEBOK , - OH(E=2.8
V) — R A AL RE ) R AR R s 9 A AR R, o] DL i
Rk A A A HLATC LY B (R R I R R A
) 3 fifp 2 B B ROBR G, A 2% 3 it R B R 4E 6T ARB Y
ZBRBE I B pH M REAR T TH 5, B R B8R - OH 1 4R
fefig i s 0 i T AR A P o e B (A5 LA
T ARB (R IEA =, [ AT — A, SN I
WA T e g W 1) 4 R 23 378 R~ i M 4 7 g g1,
ST K BLA T DNA H G-C Bl XS (5 Hedok , HoAE
BT BE IG5 7K v AR 0 = Rk g

Kordatou SE“F 57 & B &L 48 AT LA Rl 2 BRi5 7K
7 9 K BB R WA R TER)AG R E R
0.3 mg- L, pH=8 54 T , #&fih 15 min 3£ 7T LK W) 4R
W HE M 5.00%107 CFU - mL™ (L1 85 Z Pk KA i #i
1.50x10” CFU - mL™" [ 327K £ BR bt R AT 18 58 4 &
. Sousa SEITE BLAE I A 150 em’ s min™ (Y 5514
S FRYGK )T K, #2 ik 30 min AT DL BR 3.9 (log
{H) B 5 57 B A1 2.0 (log {8 5 ELBA L & 2.0 (log fH) Y
16S rRNA Fl inel1, JLF- 0] LL3k B 5% 14 Zpi bk 3
5E 4 Kbk (HE3 dJE, iTEE IR . 16S rRNA |
intI1 F1 ARGs (B T qnrS) #&BYK 52 2] T 4b P 2 1 11 7K
S MR A 2E K 2 60 min B, A RN B
TEAFAEIS . HE Alexander B 5T 1 & B0 R
EXF g K H ARGs (vanA | blayw .ampC Fl ermB )
2 BR %N 18.7%~99.3%; % ARB 1Y & Fr &4 R H
60.29%~98.9% , It LA 28 32 5 A A AL JE AT A AR S 0 1Y)
ARGs FIVEFEEU ARB HEBCRIPA G e Ah i e 6L
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AAAE T H K R G D R TE S, A ) 2 R
W T 50.0%, Zead BAAANERS 5 BRI B B AR X E
JEE BTN 43% , Ti g 3K s 0 1 28 R T ) ARG = B ) K
REATG 3t Ak ol 245 5% %) D PR =2 — k2 A4 R 35 PR 41
G—C L XS 1) EL AT, DR R A-T B 28 % 5 25 5 Fl R
R AE OB LA IS e TR AR AR AT LA AR
B ARB, {HJEXF ARGs 19 R BRECRAME, B KL F
G T A HE I R CTE, HEARTE T XU R bt
PR L BRPY

PRMR T 5L 4R 32 B8 7 2t J LA PR R (U 7 SR 4
TEAS AR R B A 5 ) LR PeE Y A Rt
PR REH AR — D EER K, A% E LI, ARGs
AT RES X HUPE P 3 A B 0, DA T ol A L T ] A
J& () ASB X B B HE BT RE 1 B 55, Liiddeke S0
G R IR K T 17 1 2 33K TR A EL T % 102 1% ASB
X BLAE AT B BT 37 7, SR B DR I BR TR A2 I R
PRV LSRR it 52 fig g Ll A R B Bk i iz K
W5, X AR i T AR 2R B BR A B AE T K
BT, B R R AR ML 5 /MG SE A BR T
LR B R A 7 A 1) € 2 A R BB N X ROS 4804k 7
T & 455 SR . HeB ZE9I R iF 58t % PR 43
P R PUE R B X R 32 /8 1 5 ASB K
A2 HE B AL T ASB,

4 8L

J6/H,0, F AL T2 85 HL0. W OGRE S F2 4k B
58 S AL BE 77 19 - OH, DA T 35 1) 25 B ZK 4K H ARB F1
ARGs ) H . Zhang S 058 & 8L UV/H,0, 7] L)
ARCEBRTG KT 97K TR ) ARGs, 7£[H,0,1,=0.01
mol - L', pH=7.0 5T, BUS) 30 min AT £ & 1.55~
2.32(log ) BRI Ferro 2847 E@Eﬁ%fﬂﬁﬂlﬁ[HzOz]ﬁ
20 mol - L' &M, T B 52 A IR I 240 min A BERF LM
KT # (Co=10° CFU - mL™") 2 Bk 2 4G I B (5 CFU -
mL ) AT, H 8 S 300 min J5 8 BIHTEIE R blarsy
SRR LBR . BFFEEE R0 22 5 0] GE 2] 1R Ha0. 1k B
BIATR] . SR, 3ok 5 () Ho0, 9 FE 28 A B - OH E 7
54, B0, A Bt U B 58 & BRI HLO,
WEE RS0, % ARB 25 BRACR A4 i AN B B

FEDG IS i H, AT AR HE Fe B R4, AT
/DT Fe B A, 3F HOGIE v] LU H,0, B 3 R ARk
fife 77 A - OHPO™Y, R AR 3R H Fe? /HL0, (1 BE IR
HL0 4% B T pH LA B 6 8 551 o 05 2 52 i) 1) 516 25
A ALXT ARB Fl ARGs ) 2B . Fiorentino 55 WF5Y 1

ANTR] Fe /HL04 BE 7R Fb A5 A4 A BRG] R K BH OB 25
AL X BT AE R BUHE AT R 22 BRAG I, BT K IR AE
Fe’/H,0,=5:10, Qu=15 kJ - L' 25 T ARB ) £ BR
. Ferro SRR, AH L Fi5 7K 19 [
pH, pH=4.0 i} ARB (1) B . RN AR
I pH 2514 T 88 7 LB [Fe (OH) P IOTE A7 7E
AN HE T RERY . Karaolia S5 [ I 57 & B, Y 25 i
AL EARAT LSE I H bR ARB 58 4 28R fH 224 h
}ﬁ%ﬁj éi {Fiiﬂ@—l% (Pseudomonas aeruginosa) EI] Ef‘Vf(E
FI) b BT — 2 A K 5 Ab BRS 7K FR OB DNA B 25 B R
K5 97.0% , {H & Ho o iz BREA R S b e 6 P ik 2
sull FlermB AYARXT £ FEATSRIR & o SEBRITG K TR EY
HSRA B (NOM) 2 %F ARB [ 2B 7 A & 245
e, 0 20 49 B B B NOML X« OH 135 4 T AE , S 200t
ARB 1) BRENE ; H 2 NOM AEREIPR Fe* /Fe™ (I7E
W HRRAESC I VE R R L E ™ AR ROS, T LR B[]
BRI BRTG K AR T R B ROS, X ARB 9 25 BR
2 2RI e,

A Ak SN 4 K BH ' B8 58 AR Sl At Ak ) L
Ti0,.Zn0 %) W 7= £k ROS B3 72 , 72 A2 19 3 2 ROS
A 03+ .+ OH.'0x0 TEGAEAL SN R G2 AL
1) i 218 0 £ 8 23 52 e 2 X ARB Fil ARGs 19 5 B o
Venieri S MIF 5% T 45 7% 42 J& 1 TiO, 76 A5 HU K FH Y B]
B %FBo 4 Bili 98 #T 7 (Prewmobacillus ) B4 25 BT I
TiO, FER LA BH G FE SR X5 ARB (925 BRACR M 3 (log
), B2 5753500 0.1% Mn F10.1% Co F TiO, XF
ARB ) L BR324 4 (log 1) A1 6 (log () , X2 H K15
2= Mn 85, Co J 1] LAP™ & Ti0, 1] W IS Ao i K 3 Bl 3
FLFEEFE Tio. 824 WiFh &R &7 BRI ZCR o Das
ST 9% e BRAE K BH O BE S T $82% Fe 1 ZnO 400K
SR BT K A TR 1 25 BRSO 22 LL ZnO 44 K Jo ke
FNTIO LA A BURLLT | 3 — A 1) FL B8 FRAE L5 21 241 77 4
JiL RS Sy L R A7 B T PRI AR o Ry Tk S
B 7K A P o v SR PR AR A 700 4 T A T S8, S 4k A
2f 2 3R FH TiO, WEIROK 25 B% ARB 2 ARGs, 45 R 7E
UVos, BEGF 528 6 m) - em ™ F1 12 m) - em 5}, TiO,
JEE X ARB A9 25 B 43 51 A 4.5~5.0 (log {E ) F11 5.5~5.8
(log fB) o [AI, 8 >4 PG BA: B A B T 3 2% PG B o
XA AT B SR AN TR 37 ), 3% W] BB Hh 1 1 A
JHRE S5 B AN [F]% 22 BESR5F 2 o8 120 m) - em B,
] B 5.8 (log {H ) mecA F14.7 (log B ampC., 1 24{ K
FH U Voss BEGF B, %5 7 A9 25 B 42 A0 2.9 (log {EL) #111.6
(log fE)"", i I AT UL TiO, ¥ B AE X ARGs [ & B &
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Y25 BBV Y,
5 His

N Ut 2 A R A v AL [ SR T i
15 KAL R T2 44 B A K UK 7 =R AN ] 2 2250
S SR LA G Y TR 2 L 3 | S R TR LG W A W1
IO N T b X A B ) 2 B R B L A
AR AR B AS N ) e [ 4 P (LAt o T A Ak
FHLITT A IR ) LA K A= 2B A T (A P AR R L A 4R
ST DA A s Nk U ), PR IR E R
HK 1 2 ST DL T 1 SRR AR 2 5 21 X
ARB Fl1 ARGs [ 5 BR350CH

TEZE TR J7 T8, Fang S 0F9E T A RN T
MEHLXT 14 ARGs 19 L BR1G O, 45 R R A FRE
ZEXF B ARGs 19 £ Br 243 51 R 77.8% F159.5%. [
it VLY 5K HR i ARGs ELA R 38 i A e, i+
BB E LU T ARB SR LK ¥ s, 1
BE B EBEFREAL, Vivant F0E R R T
T AL Y5 K KA 8] T AR A A e . R
HbZETY 71, Chen S 58 & B 6 FlAS [R] A T30 4 %o
A ARGs B B 2 63.9%~84.0% , Horb 3 B A
TR HBXT ARGs 19 25 BRACR S i, K-V i N T 1l
(ANFRLREY) ) IR 2, TR T 1 22 BR AU o 2%
FBRGE T 22 5 0T BB -5 A0 b o A W Ao 3 A flad
FERE AL A 5. A, 36 BRI HR oK Iy 1)
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ARGs [ K BRACR 47, X Fl 22 55 1T BB -5 I FlOE R
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N TR HX ARGs B9 2:BRiA 5% NO>-N \NHi-N Fi 5
LI 2 BRASCRA K. IEAh, N TR X A [R] ARGs
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FEP R 1o M HLA Fe ) 1 A0 5 5 L teeM — i 5 45
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FRE

TR et 2 5 BR ARB Fl ARGs (19— Fh A %505 2.
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Table 2 Advantages and disadvantages of advanced treatment processes and removal efficiency of ARB and ARGs

I sk e s FANALN A PRAR S:7% 3Ok
AT ARSI B SO Z pH N, 0.2 g L' EFIFK, Ga.:0.05~2 ARB:>5.00(log &), [18]
PRI AT 1R BRL 5 ARG 7™ A= T8 2 R ™ 4 A mg- L, JZ Sl E] 10 min tet(W):0.14~4.00 (logfl)
it Ei% f%?ﬂ:}i’i P Cocn:=8 mg CL-L7, il ] 30 ARGs:>80% ,TC-ARB(2.31x10° [33]
i;ﬁiﬁﬂ AFAEIEAT i ARGs:tetA tetM tetO erQ . CFU+mL™):72% . SMX-ARB(2.01x10"

SEHMRSY TR R ok RS B RE ), OF
SEBRFR S N A B A A A0 A A OGS0
Wi 5 HEEBORAZ B 5 R R G 1% 0
JK B AR 2 2 BRI A 4 B AR AL
RS Jo A s A TN R Ak 2
RAEAL AT W AT BRI as AT R
i oA FHEST 5 53 i A3
1 B 208 52 pH A

R AL PN

JeFAE TR A A SR A SOt Bl R
B - OH, AR R RE 75 5 R N (8] 4 1< (JL -+ 3]
AL REAIR 28 A1 0 B LT 404 5 D25 AR
SR B A AT LR AL RO A AL S Al 2 X
FH 806 DL 48 00 Ak BRI (AR 3 i —
ZS e

N TLiwH B AT S0 5 A TR AR K 5 5 52
T g Al SR A AR A R R 5 b BEAL
UEZY S €

tetW sull Fl sulll
AE G574 40 mJ - em™

HRGSIHE 5 m) - em™

Co.03:2 mg- L7, FE A ] 30 min

Co.05:0.3 mg- L™, pH=8, $2% fl sk ]
15 min CFU-mL™") A 584 2%

[H,0,]0=0.01 mol- L™, pH=7.0, I 5}
30 min, ARGs(sull . tetX .tetG)

Fe™/H,0,=5:10,Qu=15kJ-L™,

CFU-mL™"):88.6%

TCs-ARGs:52.0%~73.5%, TC-FISMX~  [33]
ARB:>99.6%

ARB(10°~10' CFU-mL™"): [34]
1.020.1~2.4+0.1(log i)
TCs—ARGs:49.2% ,SAs—ARGs:34.5%, [33]
TC-ARB:99.6%,SMX-ARB:92.0%
ERY $iE KA 1 (5.00x10° [41]

ARGs(1.91x10°~6.31x107 copies-mL™):  [46]
1.55~2.32(logft)

ZEHERHITE(10° CFU-mL") <2 [52]

pH=7.80~8.20 CFU-mL"
PBS A, AL BRI, 25 41 HE S ARB(600 nm,WHEE R 1) : [58]
6 mJem?F 12 mJ-cm™ 4.5~5.8(log fH)
TRV A R TR, BHFR ARGs(107 copies+ml.™) : [61]
Q:600 m*-d™',HRT:6 h 59.5%~77.8%
ARGs(1.07x10"°~4.92x10" [65]

X LU

b Ju bl g ) )
S B B ek B T Q:30 Lod
HRT:30 h,ARGs:tetW .tetM tetO

copies-mL™") :>50%

TE AR UL, A B GRR 5 K T 2R K TC: PUPRZR , SMX R T R  ERY 2085 R, TCs: WUFRRZEPUE R, SAs: Bl E R

Note: If not specified , the water treated comes from secondary effluent of the sewage plant; TC: tetracycline , SMX: sulfamethoxazole , ERY : erythromycin,,

TCs:tetracyclines , SAs : sulfonamides.

6 BEERE

H AT %75 K R EE AL HE (%) ARB AT ARGs 11 22
BRAFST , — 7 I A2 o SR FE | HLRBRR A 18 17 I H AR T
K, T — 7 RS AR 2Bk ARB Fl ARGs [IIAILEL L K2
ARGs MAEAEY BHLH S5 IR ABESE o N IR] 38
ARB 1 ARGs %) 2 BR 45 RAH 22 4K, HE B AT A S iy
Z5i8 , 1X AT AR A-F AT H PR AR i (U2 B R R S A
FRE KRS | pH k2 A LR Y H i A A
) 22 S R . BRIL, FE R R R R B A By
IF, 3B e B PR B AR R X AL PR R . AR,
FE5 KB AL B ARB AT ARGs [ 22 BR1F 58 5 1) £
1 -

(1) HAT4 T A% ARB Fll ARGs £ BRI R Z 5
WFFE AR = ORI B — F F AR AR /DI J A L
A T A% ARB Al ARGs HBRHIBFSY . HIEF4 T
24 ARB I ARGs H) BRI AETE 25 57, BT AL T
ZATRE ST AR UMRIZCR , ARG (s T T liAs . BT LA
TR A T2 % ARB Fl ARGs 1Y 25 (850U K HLFR AF

IR LLEY

(2) n] B s gt AL JUAF R AR 22, HJE 1 B ARGs
KPR Z N R Z — , SR A R DFFE R E A
WA R, CH B KB ARGs 55 7] B sl it 4% oo 56
R B REER T 1 REEG T HIL, 551
IR T Rt 0 3™ R 38 45 b T2 0 At m] A% 2l i 1500
PEIE PRSI, BLH5 X B4 T4l 2K ARGs BE I 152 1R
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IR ILERY
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240 T VX S S AR A It 2V H 52 2% 18 S, P PAAE
WFFE 25 BRECARXT ARB 1 25 BRI, o i A7 330 2 S 4
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(4) 3256 %E 7 PCR 2 ARGs 28 s AG A9
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K TR /N 43 1 32 2R IR AR /N B4 AT
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