Fa2ER4H Tolkk 4k 2 Vol.42 No4
2022 4 4 H Industrial Water Treatment Apr.,2022

DOI:10.19965/j.cnki.iwt.2021-0223

TE IR Coe IR 55 )
bR (OSID)

S E KL E R GRS AT R R

ZE T RIS S RN &2 SRR A SRR S At Ak
(1. NAFEFIAIRERTHRIELZ,) A M 510006;
QHILZANKFZA5HRFPHFIELLKLE,) K N 510006)

[(FE] HrA T RIAEIT ANIOR S A Py U R 5 9 i A0 25, © 8y 4 3k ol P i 161 e ) T D 590 o e R B 245 4
— o EAERBEE VA RN M, Kb R A, ST SR BRI (ARG) ™ A, % N 28 £l B 1
FEr B . BUAE R BUME B (ARB) F1 ARG B PREEHE AR B H 450 o 25 K A B R e R BB h i B R &

BRI Z — ALJE ARB I ARG 3G U PR3 0, A R 20 ARB HI ARG PRI HE M B . RENEE Tk
ARSI et 25 K AL B R S5 P ARG ORI 5T 0 B (ARG R385 5 9™ BOHL A 4% Fh A B BA ST b ARG B9 43 Fi 43 F N 25 R 5k
B 04 J5 W E SIS T AT TR EE O 2 R K A R G T AR I ARG LR F ARt His B

(R ] W25 5K BiAE 2 BiE ZPUMEIE I AR ZPub o s B A W 0 %

[FPESFES] X703 [ XHkERIRAG] A [XEHS] 1005-829X(2022)04-0039-07

Research progress of antibiotic resistance genes
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Abstract: As core drugs for the treatment of infectious diseases in humans, animals and plants, antibiotics have be-
come one of the most widely used drugs in the world with the largest doses. With the widespread use of antibiotics
in recent years, large amounts of antibiotics enter the environment and induce the production of antibiotic resis-
tance genes(ARG ), posing a threat to human health and the environment. The problem of environmental emissions
of antibiotic resistant bacteria(ARB) and ARG is becoming more and more prominent. Pharmaceutical wastewater
treatment systems are one of the major sources of antibiotics in the environment and a hot spot for the proliferation
and diffusion of ARB and ARG, as well as an important node for controlling the environmental emissions of ARB
and ARG. The research progress about ARG in pharmaceutical wastewater treatment system, the proliferation and
diffusion mechanism of ARG, the distribution characteristics and removal effect of ARG in various treatment units
in the last decade were systematically summarized. The promising research directions in the future were pros-
pected. It provides some theoretical references for the process selection and ARG removal methods of pharmaceuti-
cal wastewater treatment systems.
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Fig. 1 Environmental hazards of pollutants discharged

after pharmaceutical wastewater treatment

YT, 25 8 K Ab BE R GE T ARG B R AR A
AR B 9T H 2538 2 . ARG 0] DLl 2 7 1 MK
PR 2R IR R Y . KO BN JE ARG 1Y E
TP O, EEALHEE EA L S  ek,
WE 2/ o il 25 5 7K A 9 A 3 R 456 v s % B 1 4
PR T O S AT Bl st A% JC A (AN TR | A B - L
GF) LTI B ARG AR %5 5 bl LA [7] U7 5 A [+
VR I A T Z UK SRR T . R b R
25 R K AR HE R G b ARG 43 A3 R AF K HE R i [ & -
SrEE

ARG ARG Sopk
W
(8o © e ©B0)=( OBd
PASARGIRR
Fiokber 1
%b’i”?ﬁﬁ%’ﬁ%ﬂ;%% i iy QAR ERL]
w5 (@0a® 2 Q@ > o o
: %*/’@% Q®»=-Q®
ARG -
A
N - o bl
z AR
wte (B0 L QPR B0
\ 4 O

£ ARGIIIHFES
DNA

B2 ARGHIKFEHEBHLE

Fig. 2 Horizontal transfer mechanism of ARG

3 MAERHGERKLERGEH ARCHT M
FRUE R H R0 F =
3.1 BEKAIEEHT
T 25 Pk b B A G v, K S ARG 9 245 08 2
(237 A B AR S50 A37 i ik 908 A P B ARG 95 DL 4K
e d AR W A BRI IR T 2R Ak A B T SR



Tl K AL FE 2022-04,42(4)

BT, % W R KA RGP A R L R AT R

T RS R [R] A BT X ARG S W FEAE 25 5 . 1k
MG 30 450 2 52 T LA B AR 3O S ATl A B Ak T
X R K AL BE ) 45 Ab BT, Kk IR K ARG 48 %
JE TR BEVTYE T T [ 0.16~0.43 8 9%, 78 AJA/O
T A0t BT 0.16~2.34 4 BUE 9, 78 Vi
JKHF % 0.20~1.37 N EUHE 9, 7 Fenton A0 3 1 7K
TR 0.25~1.74 MG . AN B HIS e T ARG
o b 3 B T A 05 AR ZY 1A B g, o i ad
TUHb YR K 43 B & ARG B9 ARB 55 8 =15 Je A /& K
H ARG By Bk 4R
32 MAEEWEERE

553538 5 K Ab B R G L 2 K AL B R B
BN AERNBEERENT . SFERHELZN
ARG, P Z R K AL 5 48 K TP Y ARG 3
Fb T BT KRR Bt A 28 2 K Ak B R G2 0 i LA LA
(e 2 I~ A AN B T 25K R ARG WE 1Y
A X B CRPA] — B 5 b ARG ¥ D08k 5 320 14 168
rRNA 8 DUEC0Y L A9 55 A I 5% BA 40 26 38 vk B 22 ) A7
FE— 5 IEAHCPES BeAh, Pk R s &5 i
P L R T AN = B B — TR B 2 B K P
Az Z6 AR N AP ARG (1935 5 9 38 4E 5 1 X H A
WA ARG B FE P o A B A Rl 25 8 Kk h
ARG W B AT 2 2 T 3 — R Bo 2k = 25 0%
ARV K v B R AR 2R VR R R g, R R 2 R
ARG FEE¥ i T H AR AL ARG F 2,
33 WEVIRE

il 245 2 K Kb B 2 G vh e A R AR BRI ) 9T R 2
FEHARC KRR P ERE MM —H K™ ARCFEE S
T A e BE B AR ARG 2 B 1Y 28 bt 7T g 2
A B B R BRI AE S . A WFIE R, i 24 K
Z G4y ARG F 15 5 168 rRNA (FF hy A 40 14 19 %5
W) F B ol BP0 A: ok B 5 S I A OERY
— T A5 5 B AR RV A L TR R R R
M ARG 4= B g B PR B SO MR A 6
Al 25 K Ab B R 45 R 16S rRNA 5 ARG A9 1E A1 %
PESRHT L [ REAS 20 ARG F B 19 G Bl R % B ik
YIvk BE (0 2536, I 3 Hh RT3 ok B AIG H K Hp A ik
JE Xt K ARG #E4T #2 ) o I Ab, Lingwei MENG
SOV 5E B8 A A ARG 203 51 5 K R 9 Fh 5 5
FIE A, R HI 25 E K A R G ARG 1) 3 I
T2t 5 0 A Wy R e 45 A AT G

3.4 INEEH

AR AR METE A 5% 45 0 5 ARG =F B 2 i) £ °7 f
W 56 £ B A BF 8 7R DO .pH Hl TOC %5 3R 55 41
A RE 2 R 25 B K T ARG 1 3 B A A BLAE .
Mei TANG 45 58 & SAF 4075 U8 v Al 31 19 ARG
S = B RIS Bl st A% T R AR R IR AR TS T
9% o Linxuan LI%E W1 57 W6 B 40 T 75 Ak 3 ) 24
KA BT ARG 5 358 R A 1 O R R, sull Fl
sul2 5 TOC & & M 2% | tetB . sull | sul2. gyrA . 16S
TRNA 5 DUECS pH 2 IE M 56 tet W 5 TN DO 2 1E A
Ko B, WFIE ARG 5 & P IR & Z A E &,
T 38 Sk P B A% 1 R 4R Ok B2 v 25 K T ARG Y
FBRECR A G EEMBIE 22—,

4 HBETEITARCHERIIE

41 HEYR/EITZ

25 2 K & A e v BE A LTS e, — LR )
WEAE R ERTZ . AR D JiERY
A W) I A7 7 A 25 {8 1 HE 26 ARB L ARG 1Y 3 6 1
PO, A B4 R A S ARG HIBR I B4 . 3R 151
HTOBR AR W uE it (BAF) |t 20 v TS R v
(SBR) \JE A 9 ) 7 #% (MBR) | b 3 =X IR 48075 T IR
(UASB) | Ji& ik JURL 75 8 IR (EGSB) L A/O Fil AJA/O %
SR AR M AL R T2 o ARG AR B . e Ah, Bk
T WA R A A i i 2 1 K i A 3

FUp EMTG 0 T2 BT B ARG B
PEEI LG AT REJE i TG R FE K R B K, %
S K R AR TR 15 8 i Y ARG 4 X R .
AR DOR AT i —A/A/0O— UL A T4
Ab 3 W E B 2R A K, R S TR K AT 1 55 A i)
FEAIR 1.6~2.1 F1 3.7 > B0 i G, AR JC 12 1) s it 245 247 11
Fo i, HOARG = B 5 BB A 297 1k AR b R AE
Lingwei MENG 2522 [f] 24~ EGSB J i/ ¢ (E1 . E2) /3
Ak B B— P Tk e 25 1 24 1 K RS B K . 7E E1E
Kk BE R HESIER T ELB KT 4 BHAR ARG
(M B BE 3 | T E2, L EL R B sh otk i 38 £
BIw T E2. PSR BRSNS M TS R vk Ak
B Sk 0 2P0 AE R K 24 b BRI 4% Ak B B T 8
K s 8- N Bk e 26 ARG, EL7E — 2 <3t o 119 466 ot
PR R .

A ) RS0 v B AR W B TR R R AR K R
KA B 5 R 4% B A L K B R A R I TS R TR



ik b 5aR

Tolk KA B 2022-04,42(4)

X1 AEEYHBIEFHIZ5E kB ARG

Table 1  Effect of different biological treatment processes on ARG in pharmaceutical wastewater
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