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Abstract; In recent years, the widespread distribution and rapid spread of antibiotic-resistant bacteria and antibiotic
resistance genes (ARGs) in freshwater bodies has become a global environmental health hotspot. Previous studies
have focused on the main sources and multi-media distribution of ARGs, transfer mechanism and the interaction
mechanism between ARGs and microbial communities in freshwater environments. This article reviews the key
roles of medical wastewater, sewage treatment plant tail water, and aquaculture wastewater as the main sources of

ARGs in freshwater environments, analyzes the multi-media distribution and fate of ARGs in freshwater environ-
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ments at a global scale, and clarifies the propagation and diffusion pathways of ARGs in freshwater environments.

It summarizes the risk mechanism and risk assessment methods of ARGs, and proposes the research hotspots and

trends of ARGs in freshwater environment for future studies, in order to provide reference for management and

control of environmental and health risk of ARGs. The understanding of the production process and fate of ARGs

is still relatively limited. Research on the dynamic fate characteristics, spreading process and exposure risk forma-

tion mechanism of ARGs in the aquatic food chain needs to be strengthened. The systematic assessment method of

ARGs ecological health risk in freshwater environment is also needed to be established as soon as possible.

Keywords ; antibiotic resistance genes; antibiotics; aquatic organisms; toxicological risk mechanisms; mobile genet-

ic elements
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W ZERBUE T (tetC | tetO 1 tetW) A T 35515
YU R ALK I 4 R DR i 4 N2 e Y A
e g

SRR K IR ARGs B ZLKR, PUBE
FIEFERO A Y R & A 1Y sull 1 ermB AHXT
F 5K 107 copies- 16S-rRNA™ F1 10~ copies -
16S-rRNA™" i Z& 2 J& W J&] i1 1 30t A= 4 A A v
K0 4 72 2 BE Y sull (107 copies+16S-rRNA™)  sul2
(107? copies - 16S-rRNA™") . ermB(107*° copies - 16S-
RNA™), tefW (1077 copies + 16S-TRNA™") Fil tetO
(1077 copies - 16S-rRNA ™)' r [#] £ VT iR iiE A= )
JBEAE S indl | sull | sul | aac(6’ )-1b. tetA | tetQ F
tetW 55 7 R B R A 3R 0 100% |, il i s bt
PEFERI T sull 3 e i (U LA 3.20%107 ~ 2.50 %
10" copies - g™') . sul W Z (CFY¥FEE N 594 x10°
copies-g ™) ; MEU BRI ace(6” )-1b F1 gniS

o of = B g 5 (FU L R 9.75x10% ~7.44%107 copies -
g ' H17.28%10° ~2.52x10° copies-g™"); PUFFR & 24
PEREIA tetA FREJEFIN 2.68x10° ~429%10° copies-
g RIEEZEHIMEIEN ermB B d i E M 1.50x
107 copies-g™ '™,

RKAES RGPS LKA YIS ARGs 1Y
R, A T RN W T AR TR0 A AR R R R T
ARGs TEENTZ R RE . IR B FTTE i
IR EAEXT ARGs 5 8% ELAG 1E 18 520, 491 an 7k
A AN BRI tetA MOV 7E 2R A4, T3k 26 41 74 1)
EYIRESE R AT EfE UE ARGs /K675 #%5 F
FKr B ) B AR ARG D strA-seB | sull il
infll 3X 3 ' ARGs, H i3 6 & b X i Az 22 Ustk 32
I, 3302 1 98 T i8I IR AR A5 i 24 P O A% 4% 31 S
M E A e SR, A R AL 2 M A
DNA #n] W B e 7K A= A= 2 1 sl F A 3E 7K AE 3
YIZEER ARGs BB K IR il o — 2 A 36 5
BB, ARBs # fa 55 A S 5 5 18 40 B £ fil, ARGs
ZURAT AR P & A 5 7 O Bl 4 T 3 4, O
15% P 38 240 TR % A G A e 1 35k R 1) ook, £ 3 rh
ARBs = AR 1Y 8 £ ; BE 45 1 ARBs W JL
SFIEHTIA I 25 A%, e A5 AR B A i 10° CFU,
E AR HE ARGs f&4K Y H Z X 4™

F2 EMWIMAEGHTE ARGs £E
Table 2 ARGs abundance of typical lakes at home and abroad

WA 3 IR G0 22 30k
sull sul2 tetW tetC
Lake Country  Environmental facies Year References
Kb T KAR 19x10° ~
) ) 2015—2017 — — — [53]
Taihu Lake China Water phase 79x%10°
& ki T UUBRAR 12x10° ~ 1.18x10° ~
. . . 2013 — — 771
Chao Lake China Sedimentary facies 69x10° 69x10°
W i TURRAH
) ) 2013 — — — 9.77x10° [78]
Hongze Lake China Sedimentary facies
7 2 8 GHE| TURRAH
) . ) ) — 423%10° 6.59x10° — — 3]
Dongting Lake China Sedimentary facies
WA Tt KA } )
] 2011 297x1072 — 22x107° — [57]
Lake group Swiss Water phase
8 g e % 3 s KA
2014 107 ~5x107  5x107* ~107° — [79]
Lake Titicaca Peru Water phase
JRAEL B ey KA
_ , 2016—2018 15x10? — - [80]
Lake Rio Guaiba Brazil Water phase
T s — 2R SCHE P B RHOCHRE s KRR BE S0 copies - mL™" | UTARAH VR BE 5404 copies-g™'
Note: — indicates that there is no relevant data in the article; the unit of water phase concentration is copies-mL™", and the unit of sedimentary facies

concentration is copies-g™!.
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3 HMMAERIUEERAREHENETERER
F ( Main environmental factors affecting the fate of
antibiotic resistance genes in water environment)

AT L HE T R AE MGEs J& ARGs /K
R A HOK P56 7% 2 (2 3F ARGs 1484
B L™ BRI DU h & L5 BRI A
JKHY ARGs [ BV MY 32% ~ 100%™, IR
WP R & R B AN ARGs RS
MGEs £ It 3 IEAHE(P<0.01)""

WK AR ARGs /K V5645200 12 3% . Zheng
ZERTVG 178 JE 4l B (Proteobacteria) ) % #: ( Hydrog-
enophaga) FI{UFT 5 J& (Bacteroidetes) ) /NER 1 ( Prevo-
tella)'5 ARGs 2 I 3 IF # 5& (P<0.05), Reddy Al
Dubey™ & Bl 5& [E Cuyahoga i #' ARGs £ & 540
eI L U VIAH G, T3 22 53 i 53 At (variance partitio-
ning analysis, VPA)Z W 4 &% (] (440 TAE F AT
FE 80.7% I ARGs F 2722k, ENFEETHIAI K+ ARGs
ST AT FOBERT B AR ST | A T R
2R f AT OC™

TS ARGs S8R IG Y 2R R,
E—E R 520 ARGs B+ ACERERE T
. INEK Sumas W IRAYIUIAE IS ARGs F S
TR BE 52 TEAHOG(P<0.05) , 21 T2 vk B2 AE A T 4520 HLifR
FERE ) A IK,  ARGs 3 B 143 F5 45 5 7K
PP R IR T T SRR ARG 4656 2 i
BEMTHMET(12% ~36%), i % ARGs 4
Xt e (2.81x10° copies - mL™"), & IR & T
TR T2 ARGs fE#58#l;16S rRNA JL[H 5 ARGs
Z ) ) S A OGP Tl 8 2 B 5l ARGs ik X e
BITBLER R

KRG ARGs F /K5 AT 8l B Ok &R
W), BT WK ARAREE TR ) ARGs
PG A IR T A ARGs FE HE AR AE
F e AT A T i RE dh Y ARGs (9268 % 32 5 1
IR E RN R BRI IT 30 55 3.47 £ ~ 5.58 £, 11 T i 3k
BTG Btk AR XS ey, BRI i ARGs 7K V- fi
=, FREDLITH ARGs $i I e 32 55K
SRR K77 FRGH S I R K S5 QLR OC il
b DB N 1 RE R e D T bR RD T Ui b X
ARGs £ AHXT ALY,

ORI G E & 8 A P S HoAb s et 2
S ARGs 1Y FBEK P, FREJLTLHT R Y tetW Fil
43 @ AT REAFEOCHREDY  EREEtE I ARGs £ 5

4 B PUMERE A (metal resistance genes, MRGs) = J&
110 35 IEAHIG(P<0.05), X Al BB TR T 8 4 Ja A 5
F 7188 ARGs 5 MRGs Z [H] iy 2748 {H 3 Fi i AH
FMERUIAR R e P RE K AE T ARGs Il MRGs [
vk AR B R T G HILAK (total organ-
ic carbon, TOC) ¥4 fif# I &L & (total dissolved nitrogen,
TDN)‘5 ARGs 4% 4 B & 1EAH G, 5 2 500 1 2 |
B-PI T Jie 2 | R B N TE-AR AT I Jie-BE BH I R B
(MLSB)FI DU FR £ 2% ARGs F JiF (1 #H & Pk B 58 (P<
0.0, FREWEIMTT Y E K LA A 2k KO
%6 MANLGYIETE RP4 BRI ILHEAL R | S RER%
S RIS X IR 219 55,

4 RAKREPREZREERNERT &R
( Transmission and diffusion of antibiotic resistance
genes in freshwater environment )

SRR I FRAK BRI v A 2R A E /KTy
TEC BN pE % (BRI BE BT A 3R A K 2 2 A ]
e 218 i FE D R AR § KA I AP g A
(18 75 AR A5 200 TR 24 1 7 A= R, ARG 7 3 o
Bty WAL AL 5 5F Z R0 7 AT K SR e 7%
(horizontal gene transfer, HGT)"* , /K 4582 nl {4l 2%
T Z M AT AL Yy e = 8l & ARGs &
R EZHLHI™, B 5P M BRI % MGEs
FEKAHATTUR A X ARGs 1547 B9 52 ik de K07
BURLZ 2 ARGs H45H7 4044, 7T 38 o 4K 3 A 32
PRTAAE B 0V T 6 AR B % 0P Y T8 3 i AT A%
#EU", DNA FIBURLARL AT 7E i BPIRAS T 9082 B 5k
HIF A 5 R G0 A0 R 2 AT 58 A
ARGs 7 [vi) J& BN [7) J 40 1 18] ) 5 R ™1 Wik T A
AR ARGs HEAT KPR RSN T AR b 40 TR 114 [e) o
AF ARGs , 187 A Bt 14 Wik T 14 - A1 T 2R A - R 0B e
BRI 20 B A 20 b AR R R, W AR B
Hbre il A i Ab BR B8 b BA B B R AT, TR
ARGs 7KV B b it rpoy i 8 2 A (2,101

ARGs % — & # 1% 12 /& I H ¥ B (vertical
gene transfer, VGT), 8 #5717 ARGs 1 kil o {3
T ARGs 1245 TR RE . HARK IR vh A
A AP AE 3R BAT B BE DR 4], X Sk
I CINPSERuR 7 EENER (i Ny AW U AW ER )
PrAEREADUE, X P ARGs 5L BE7E QPR3 5E i
PRk 3E" ) VGT 47 ) — A=, B &
A KRR RS I BL T, 2 AR 5 IR R R 45 5 5
T UL T 456 Y i 4k M HGT 040 ot W] A=



22 tx #F

PLINN O P16 &

K, JFifE— e i ARGs 164k, 456 N5
i) ARGs H & & BT B PEIR i ARGs il it VGT
A% 1) 20K 5l Sy

5 RKIMERITAE R E EXE B HLE 5T
)+ 773% ( Risk formation mechanism and evaluation
method of antibiotic resistance gene in freshwater
environment)

RIKIREE FR i) ARBs il ARGs JCI% # F& i . Fi
B4 HAR R 58 4 5B, H ARBs — RO 2338 11 1
AW A B4 AP R AR RO, B RS R LS A
ARGs {i7 2 DNA 5 {R 1558 BT ARGs 151 45
FEPIPER R . B AR RIK AR P R ARGs #75
ST UL HBEHLA A B JBUARAT AT B 23 A oy St
Az R YU TR BR 2 ik 2 % K B TR) TR R AR HGT! ™
ARGs Sl HOK B K™ i AR ™ AR i AR A
MR R G5 el T RE N A R (2 fd 4 i e
HIZBURTE 0 245 1 o — PR, S B A R T
ALREZHTRRAREE O R PR, #5758 3% ARGs
A SR RS Al AR 2R AR U B

AR OB EF RG] EE A R
At FRUS: PPy e A 2R T 24 M XU TP A A 4 0107
HRE YT RERETE I ARGs 22 0] fl 56 221 4%k
e ARBs Bt LA K 2% il BRI SR AT AS AR
Tyt 33 B AN iffy P o XU DA B 2 45 2R ) 52
Wil , & ARGs WU P-4k J7 v s 455 gt 1 1) &8, Ash-
bolt A4 H T I F I /N BE B VR (minimum  se-
lective concentration, MSC)H ARBs & 4= B {E 1A% 7
2 AT (fE KRS BE MR AR fa &
#& VT (ARBs Hl ARGs) |7l - S K 28 S5 DAk 9 Ji
PRSI XU, 38 Ao 33 i J 44 XU IS 97 £ (microbial
risk assessment, MRA) i€ P 55 & & Hl1 P14k 75 J 1A 7%
78 7KF- S T N A 5 114 F 8 XU, (EL A4 S $ 40 P
F A 75 BE2A 9T & ARGs KU PR ASAff 5 P i /)N
TERIOCHER R . R, IROKIREE ARGs 55784 # 43
TA AL RS G R 0 A A 2 i PP A
ST ARGs XU DI 14 5 5 SO Y S ]t

6 ZiL5REE (Conclusions and prospects)

JHE ARGs TE/K EZS R G Y 297 B AT
AR AT, B AR IR K B rp A AL
FA= WA= 55000, % ARGs PRI -5 4 R XUR 45 45 IR
IR K G AR B RIK A= 38 R G (4G S A T2
RIS RSOSSN A7 B SR IR K PS5
H ARGs H FESR I 2 oA FE L ki

RYUES WE Y RET W EAEDLE T R T — R 50
5t , 0 H AT OGO AR AL TR A B B, 2T
ARGs A 8 5 IH R E AR A X R R
BURHINGE T ARGs 1E/K AR 5k b gh & 0k
i AR o A A% 52 KU I AL BT, AR
HESTIRKIREE ARG AE 25 FE KU A R GE Al 1%

BIEEE N T HRA988—), ¥, 1+ HRIARW, 2
BRI @A ESHERSF
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