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Abstract

(Life Science and Technology College, Harbin Normal University, Harbin,

Heilongjiang

Antibiotic resistance genes have the characteristics of replication, transmission and stable expression and are widely distributed in

different water environments, which have potential risks to ecological environment and human health. This paper reviewed the distribution,

transfer and removal of ARGs in water environment. On this basis, the prospects of transfer mechanism of ARGs and the improvement of the

removal process were discussed.
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Table 1 Distribution of ARGs in the water environment

EZR: ARGs J$#1 ARGs #¢f& 2 3CHik
Environment Types of ARGs Concentration of ARGs References
FEIHVT. Huangpu River sull 3.2x107 ~1. 74x10® copies/L [11]
sul2 4.3x107 ~4. 19%10® copies/L
tet(M) 2.3x10° ~5.07x10° copies/L
tet(0) 1.43x10% ~5.05%10° copies/L.
Wi TE KA tetA 104" ~10™ copies/L [12]
Urban sewage treatment plant tetO 10*% ~10**" copies/L
tetW 1042~ 10%™ copies/L
Sull 10>% ~10™™ copies/L
Sul2 103 ~10*'8 copies/L
BRI BB T S 1.72x10° ~3.30%10%/ng [13]
Landfill leachate BHAETF 9.71x10" ~9. 01x10°/ng
7S S 1. 59x10° ~1.23x10°/ng
NG S 1.06 x10* ~2. 48x10°/ng
ZEHUERER 1.09x10* ~1.97x10%/ng

FEHE T Shrimp pond
ERIFVT. Qiantang River

METERS RIR P B2
tet A sull Fll ctx —1

[14]
[15]

2 ARGs B

— T, ARGs EFREE 1 (56 RS IR T 14 52 I S AR 41
H A5 L 7 [) s B Tk ) AT 35 R ) T A4
A, T A I A S 1y S AT A T o R )
R RN I R K B 1 e B 2 o 40 M )
fish, BRI E: DNA 1535 25 32 (R0 i ; 5% S 75 20K ARGs
SAFIBAE W R AN XA R RS S Al
JE AR P b T8 265 T A 0 R i ] BT ER % e 5 9 DA
BOTe A B eI A 1 A 7T 5 3 40 6 PR 4 P o g
PESER AR THIAEAE . X BT AE PO JE R A ST A% 4R 42
THHIIESE . Rhodes %57 % & PO BR £ 25 ARGs (14 5T b
DNA A LAYE A 8 R BB 8 2 Nl AT R R i, %
ZAPAE S BT T R ML R R 1) 4 G R
BRI RS . 16 ARGs /K538 148 B v, W B 2 2 R oG 1
(MGEs) BHEARFKIINE T, U044 19673 PR e - M AL
BT HEE, F TSR X B B 25 K 4 5§ (MDR -
ECO) (i 7] 388 (5 56 B ST A4 TR, ARG H 10 AT 75 3
BALICLE, HLR— Bk b il i & Z A AR IF ) MGEs, £
T 243 TR0 T P T R T2 AR AR e, bR T 25 1y
FEUEI T X — W o S R T KRR K R[]
FiK B ARGs 55 ] B S RE R IT 1 =22 [ IR S , 4 B S
2% ARGs . Z FH 252 ARGs M ARGs 15 MGEs 2 [H]ff
TEME B EA ek (P<0.01) , S8 K 25 ARGs , K 3F Py i 2K
ARGs  JUFF 2 ARGs 5 MGEs 774E i Z A0 614 (P<0. 05) ,
4 ARGs F: B 5 MGEs tL77 760 B % HISE1E (P<0.01) ,
A SCAED X A 3 B8 R B0 AR B S R AT
T, A3 ) 7 AN 5 T4 6,18 45 Cr,Cd \Ni \As
4 T 4 R S I S TE ARG, AL A ZE BT IR et 77
AR T B 7 4 JB SR M MGEs i3t RIs%m, HATe

IR TCHA BB e EF N 1 2885 F, B G A A Fi il
FEFTCIFR A R T . #R9% ARGs 53 o r VB F A
J DL AT #E T ARGs #4366 PR T 2k A Bl 2 0 A o 0ok
P HF R FE R A B X
3 ARGs HIERIE

KT EBR T2 A5 B AT EBEEPAEXTT5 K ARGs
2% . Meconnell 45" % BY5 /K AL BH T B — 2% 38 15 b R
PRI ARGs ¥R i BRI, B AT EZER A WAL EL W)
PRaf AL PR 7 %) ARGs AT £, R £ T-B
Xt ARGs 1) L BRECRAFAEZE S

AW A PR Al A 9 (P S X R K A T AR B, 43
NIFERIPR AN, ek WA R AT A/O (IR -
IR T2 A/A/O(RE-BA -1 T 25 . iSRG K
AbFRT Hr ARGs fritid A/0 T2 BEREAR (1. 19 log~
3.97 log) (HFERCA I K F e BEAT R o e 25 BFSE
MR, TR A0 T EIHAREA 9108 ARG, Hi7K it ARGs
AR F I 1.3~2.3 logs, X T RER: T T 25003 72
th— A g 4R A W R Z % ARGs 19 L BRvE % T T4t R
AEACEE AR FEH T YL A R BB AR R TE K TE
Jé. Diehl 257 BBIETE % PR, W #1445 1F i i DU FF 225 ARGs
(tetA tetX ) B =F BETGE AR (B A0 e IR G =F B2 T
T tet, WIJGIE R AEREFATR IR A 2 g 1 R 58 v N it 22
ok, 33 T i AR b T30k S R] 24 288 TR AR (i) sl 11 , L ELAAAIL
A FEIFST

Wy P A 2 Ak B D 3 Ao 8 A M B vk sk — R AL
AN PR T e 2, R A M 5 A kG G PR
W E . I B R R, Gl 5 g
BRI R BEA ROt TG PTG U P ARGs B4 Xt £ B 24
R HFE 535 0. 31 /g (TSS) I, ARGs 1y 5 & F [ T



49 K 14

B aF KR FRAEFTREEBAGHA - BB L IR LER 25

75.4% . XU 545 BFSE R, TS KR E I T T2
HERYERHEA —E N ERACR ., H Jin 57 & N
DT DI EHT 24 5 R 7 40 T R ) B d . B
MR SE R , 28 5 A MTH R RS TR bt AE R bt A
FETEREGE. 7T IWIHTE T AARRR S 2 b RPitE
FICPE L . SRR 26 & BLIE & Fe' (10 0. 1 g/g, LU
Fe'/VSS i1) RERIPUFRZ 2 ARGs I ineT1 JE P f) 3 D 00 SR 434
o EBREER AR TR 2. 0~ 4. 3 MR 2R, FT R DU PR
# ARGs HOFTTERZ 3] Fe' WS R BN T, PUFFZE ARGs
R B 25 A 4 DNA g 8 A T ARG o 310 ) A1)
TRERILIE - BB & T 2% 4 Bl ARGs (sull ,sul2 Fl tetA |
1etG) HEAT I8, R EBR IR 0. 5~3. 1 MEEL, xRS
TZ%F 4 Flv ARGs 2B LB UF 155 2~3 MR R H
AT UL WG AN e W A L 202 JLAME 58 T 2 T Pk &
B U S8 8 T 2R AR 2
LA, Liu 26 FAS R0 (43 M ) 350 7 5 /K P i
PEREDR L BRHAT 7RI, R IR R BT L A — 5 1 25 B
VERT. Fang 45" B 55 6 45 S FA MK ARGs 75 YL i T 22K
AR . BB X ARGs HEATIR ARISY , K ILGUE L 2
SEAEMHRRT ARGs [ 2 BRA —E IRCR . X HIRIT AL
M ZBR ARGs Y7 EEHR AL 1 LR
4 RE
ARGs TEAR R 7K AR IR BE i 54 430 HAZ IR YR
HUMEDLE] NG S50 . H R B AL T H R Py
BL ANFIH R X ARGs 4347 B2 M AL A A TR 5T
ARGs 784 FEERBUK - FE R85 1 7 20, 75 B B A%
FPIERICM, BRI 2 2188 G 7 2 A HAtl %
G F USRI A FESE
ARGs 1 5B T2 R TERTG /KA BT % K 4k
P HAATEARESE 2 THPR YR, I AFR Il At isn A A= 3%
KA ARGs AFTE. AN [FEZKAREREE th ARGs 1% Anfe] 2
R AHY) U TE ARGs K BR b AR FH B 216 1 20 g H
AT
ARGs BATRME, B TIEARKING )2 50 A b 78
BRI I 2 P AT ARB Rl ARGs BUFETE
e, s B AE AT SEA R AR T ARB F ARGs 19315 B
TG YGOSR XU DAL FIR B SR AR AR BEa
S Lk
[1] KIM K R,OWENS G,KWON S I,et al. Occurrence and environmental fate
of veterinary antibiotics in the terrestrial environment[ ] ]. Water, air,and
soil pollution,2011,214(1/2/3/4) :163-174.
(2] Sk, BIT 7K, FhEens, . AUBE T g s huAs 2 b
Escherichia coli 437F[ J]. i SERNEA R ,2014,20( 3) :401-406.
[3] ZHANG Q Q,YING G G,PAN C G et al. Comprehensive evaluation of an-
tibiotics 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.
(4] P 5 R BB AR TR R K i AR 3275 BB 2 (R s 54T
[1]. PR S, 2015,32(2) :173-178.
(5] BEEVS AN, TRV ES , 5. BIFRAE B GRE G Rk [RI e 7K e
[ 10 Fifeflistia= R T ] BNERI,2012,33(2) :652-657.
[6] Tk BEBER KNG S 20 R RAIN 24 T 119 5371 M FL 5 YRR 9T
[D]. %R : L IAREEFIRF, 2018,

(7] 8=, 22000, 143, 5. SR E MBI RR RIS botEE
BRI ]. BEHoR S TR, 2019,19(9) :266-270.

[8] Z=a783, DE, TSN, 5. BIZGBIK) MEEMIRRE R Z PR A
SMESIHTLT ] ERHR 2412, 2019,40(2) : 175- 181

(9] FE=DERE, D, & 15K HhPUER AT e s A bk
SR SERE M BRI T]. nFHAER1R,2019,30(8) :2875-2882.

[10] 7, Sifis , RORIr, 4. BRI A RO PEAE R 5 T 2B &b
FUEREL ) ]. IR, 2018,45(10) :2217-2233.

(1] B, PRASE , oM, 5. ARUL MR KR LA DU R 45
ST ). AR R, 2019,28(3) :548-554.

[12] BRAR MRS K Frbi A R U AR A M b AR 5t [ D .
&7 PG 71K Tl A, 2014

[13] EMr, 58, 3504, 4. SRR b A SR U R R 5 Gus
FELT]. WA SENRA R, 2019,25(2) :333-338.

[ 14] 2 B, SREEEE, 56, JRAEITE S U2 Y 5> 55 e S 245G
PRSI ) . A4, 2019,28(9) : 1843-1849.

[ 15] V4N, s, [PE Rk, 5. Wi LA B Liad A= R UHEE A R
SHLT). i TAR AR, 2018,28( 15) :1898-1901, 1906.

[16] Z5ET B0, 25400, 5. ISR ARZES I/ IR TR AR SRS
PRVSEYRFIERTTL ) ] AR, 2019,28(1) : 128-135.

[ 17] ARt SRatil, BUTTHe , . JUT K e SR T B R 5 Yot
R[] AR, 2009,4(5) :655-660.

[ 18] %%, KON, %7 B, 55, ANI5 T b e AL IR AN A= W v AR e 1k
[J]. shEEAER],2019,39(6) :2606—2613.

[19] FhARTE, T, 2105, % BPAC-UF 3 2Rtk dhbi A= SRyt A Y
TR N S A LT ] PR TARES1Z,2019,13(10) :2377-2384.

[20] ki, Msesin, sk, . BKA ARG irbial: AL R s
AELT]. EREAR2,2019,40( 11) :5024-5031.

[21] Sk, HHZE, 5 Esm. A HAS ARG R 7T R 5k
[J]. B (Rl S anRlaEhi) ,2017,43(6) :691-699.

[22] YANG Y Y,XU C,CAO X H,et al. Antibiotic resistance genes in surface
water of eutrophic urban lakes are related to heavy metals ,antibiotics ,lake
morphology and anthropic impact [ J]. Ecotoxicology,2017,26(6) ;831—
840.

(23] HIREE,FERR, % X, 5. BRI b AE RO A R R AR R
[J]. N FAE SR, 2013,24(10) :2993-3002.

[24] MAKOWSKA N,ZAWIERUCHA K,NADOBNA P, et al. Occurrence of
integrons and antibiotic resistance genes in cryoconite and ice of Sval-
bard, Greenland ,and the Caucasus glaciers[J]. Science of the total envi-
ronment ,2020,716:1-10.

[25] RHODES G,HUYS G,SWINGS J,et al. Distribution of oxytetracycline
resistance plasmids between aeromonads in hospital and aquaculture envi-
ronments : Implication of Tn1721 in dissemination of the tetracycline re-
sistance determinant Tet A[J]. Applied and environmental microbiology,
2000,66(9) :3883-3890.

[26] 22200, i, 0 T s RGBT LRIR AT [ ).
EZE6157,2010,7(20) - 167-169.

[27] EDe, W N, 5. Z2MI25 A5 10 MinT s G e o
LI ARG 2%5,2010,20( 18) :2725-2728.

(28] #R3T, (=, R0, & NIRRT M s G T S 5 B L
A2 ISR AR S R T [J ] AR E B HOE R, 2020, 47 (5) : 1547 -
1559.

[29] SRR 10, mHEEE, B KIFA K ZEf A b SRR AT
FeLT]. IR, 2019,39(6) £ 1834-1841.

[30] FhE S, FEMEIZI, B— 22, 55 Ay RS AR b A= 3Rt
PRSI URHIEL T]. P51, 2019,40( 10) :4685-4690.

[31] MCCONNELL M M,TRUELSTRUP HANSEN L,JAMIESON R C,et al.
Removal of antibiotic resistance genes in two tertiary level municipal
wastewater treatment plants[ J]. Science of the total environment, 2018,
643 :292-300.

[32] 2Ry, 27 ok, 362k, B Vo /KA Hh 2L B R AL R T 5 Y
FHEMGE P T-[) ] B3R, 2014,35(12) :4589-4595.

[33] S0, B, ARRAR, . T A/ O T 25K A hbisE SR
PSR Y93 A1 5 B9 [T ], B RS 24117, 2020, 40 (4) - 1160~
1166.

[34] DIEHL D L,LAPARA T M. Effect of temperature on the fate of genes en-
coding tetracycline resistance and the integrase of class 1 integrons within
anaerobic and aerobic digesters treating municipal wastewater solids[J ].
Environmental science & technology,2010,44(23) :9128-9133.

(T#%33 1)



49 & 14

R R A 228 R a5, 45 A LS o) B i A 2T
P IR T2 ) FO BB B o dkak 5 s e, 4
BB AR W AR e, PR AR 2oy o %
FEREY, GIEMEVEA L, A E M FIHE BT,
H AR S AR 5 e S, MR ARRB  EFEAR
A b 1 v AR B0 22 AR ISR T, 9804 #0577
YT A B4 SRS T BIb R, 33 5 R i
PRI EEE R —E

TESEPRA i R A, 8 o AR B S R A h 22 T 28 X
DEBARI U AT R 20 A T SR [ P 2 AR A 2 e
TR IR O RO Tl T R MR A T LA — i R
R W A R ARUIA A, i R - S R R TR B G
B AR CR AN L MR R B SR I 22 DRl 7
LR b LA R IR o REHEELAE T s R
B, 0 T R 25 1 A A S5 L) v S5 0 LA, B
AT AR AR HE A1), X 522 o AR SR8 5 B bk HAT — 5 B T
T FE A R, 5 05 T AR L, A0 A2 S T A0 S s
SRR 7 i BRI b SR L 24 f 25 i e, R T
BRI REA BRSO A S A 1 i I, S
FENASE =AY F A, AR S AV RO e b X mT g
Je T RE N H S RE S B s iR A AR T FERS
AR A A SR AR BB £, S ) T 008 AR ) s i B, T
TN A AL B SRR (P BRI SRR
4 Fig

BRI A KT A B SO A P A
7B A E R A AR T AR PR AR AR A RE
Pt E AR KT, DR I AR Ao i, B A I 25
A, B i AT AR B 22 TR L T A A T A B
JEORHIRE R o DRI, AR S AR A B T A 1 T A X 3

ko F  AHBEX A AR L H A LR A0 33
—HE
5% 30k

(1] ABPHAR, P, IR = B+ R a0 e ) ] s
F+EROEER,2010,16(4) 840845,
(2] XUeiH, £, FAE , 5. VXD B R bR = R N A S BT Y
S I]. TI7GAR AR, 2013,25(1) :87-90.
[3] P, =, FAEZE, 5. RWERSFEX IR 2= 2R 2R M e i 5
LT ). LR R ,2014,46(9) :60-62.
(4] it FErEHE, O, 5. IR Ex SR 3R IR O S [ T ).
IRl 2012,39( 12) :59-62.
(5] WSO, 0, MREE, 5. R VXS 3 SRR 8 SR AR O 50
[J]. VEMp9,2010(5) :84-88.
(6] fFle, T3, Wik, 5. M R s s AR T ks i A= = T ).
e SR, 2005, 11( 1) :128-132.
(7] If227R, 25, s BRIAVE RS IR & L SR T R o 5
LT ] e SR SAREIEAR, 2011,17(2) (411-418.
[8] THffE, klde B, S5, RIFFMER R 135808 S MR AR R 55
FEEA M) ], FREROL R SR ,2016,18(3) :141-149.
(9] Bl BRI, YT, 4. SVt 38R0y A= I M AN RS
ZEMIRISEMAIL ) . FEAAAR, 2015, 24(12) :56-65
[10] SKER. EYATEE ST T IM]. 2 iR dbat =552 Hi:, 1990.
[ 11] 3H3,, B, FIERI, 2. At AR & TR R S8R RBITAY
[J]. sRERERR,1998,19(1) :22-25.
[12] %58, W50H, THEEE, % REES R ER R o e )], 228k
FallRlS2 2020,48(1) :24-26.
[13] UG, Bakrs, TAR=, %5 I Al TSt [ ) ). R,
2007,28(1) :40-42
[14] BN, Bokse, Bl N, 5. RIRIGEAE FEADNE A s A R A
NSRRI ]. PRl 41R,2012,21(6) :98-102.
[15] 5kék, 20408, B0k, & IR SEEIFR 2 A as 1
], Rl 2015,43(25) :42-43 ,46.
[16] FEFHEL, XN, 2. IR R MM AN Gk S i 5
W T]. PHREA A 244R,2009,22(5) - 12671270
[17] X85, 24, Bk , . s Fr - SIEi R T B I 3
AEFRARIE AR T ] IR ,2019,52(2) :25-32.
(18] VIER,, i TR, . Flsy NEpm e R IRIAE DK SRS AR S B R4
FOSEEHIEL )] PERAOL 44, 2016,29(9) :2180-2186.
[19] 225, AR, XSGR, . R AT FRRM 250 505 2O M A TR
KIS )], Bl Rk, 2018,46(5) :19-24.
[20] Z=aRt VEcldy  n0ss, . Bl ERE o ) ). R E AR
\l244R,2010, 18(4) 884888,

(EHEF 25 1)

[35] FH/DIE], HHE 4, 4. v R AN R P B 2 B A 2
HOTAHIL T ] BRI TR, 2017, 11(5) :3271-3278.

[36] XNV, A, T7RIRY, & 57K THRERORS A BT Y
s T ], EREERN,2017,38(10) 14286-4292.

[37] JIN M,LIU L,WANG D N, et al. Chlorine disinfection promotes the ex-
change of antibiotic resistance genes across bacterial genera by natural
transformation[ J ]. The ISME Journal ,2020,14(7) :1847-1856.

[38] Hiimds, 1777, R ElBE, 5. FRAKHh S M A BT I SR MR KT
N E TG T]. BRI ,2014,35(4) £ 1326-1331.

[39] Bk, BRI, #0L, 5. TN PO sIemim R miH R PUER R bL
PERR N B — SR A RIS [T ] BRI, 2017,38(2) 697 -
702.

[40] sk, PAERLE, SEME T, S TREITIE -UF T2k gk
ARGs ZUHENTEL ). FREERIAITST,2019,32(4) 718724

[41] LIU L,LIU C X,ZHENG ] Y et al. Elimination of veterinary antibiotics
and antibiotic resistance genes from swine wastewater in the vertical flow
constructed wetlands[ J ]. Chemosphere,2013,91(8) :1088—-1093.

[42] FANG H S,ZHANG Q,NIE X P et al. Occurrence and elimination of an-
tibiotic resistance genes in a long-term operation integrated surface flow
constructed wetland[ J]. Chemosphere ,2017 173:99-106.



