W % B 3 W44 % 4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2023 4E 4 H 15 H

H &
AR AL B 25 BLGUBSIH] v vvevenereeeeensmeesse s ene et eH, Wk, ZRE, BFE, #EMK (1801)
HF EOF \%*u KZ JE‘{})P(E/] 2019 ~2021 55'51:':1 Iﬂ%ﬂ[ﬁ‘ \/E/“:&E[ijjﬁéj\*ﬁ .....................................................................
........................................................................ FR, ki, PG, THM, e, RRE, REs BE (1811)
A T 5 5L UL BRI wosve vl Nk, ERT, KEA, ZW, 49, AL, 95 (1821)
2015 ~2020 AT P -0, 5 FHTRIEAAREIE oo S HRE, BB, 5EE, B, 20, 4, 78 (1830)
2015 ~2021 4 HETE R P, FURLEE ETGIREZAFE ST oo
......................................................... RN, B, K, BER, TR, KAk, 2EE, FE, T8%, FRF (1841)
mm~mw@*EﬁiénmPmsﬁ§§%&g5ﬁﬁ§m%5%%g ........................................................................
....................................................................................... BB, B, FEE NRA, B84, H5R, REE (1852)
ST X A AR KBS FAUUME LR ORI - -vvvvvvesesssennee B, FNL EER, B, B, ERE, A (1865)
BTN F A IR 2 2 B T IR AR <+ eeereeeeeeresesmes ettt st XEHE B, EEE (1873)
P2 PV, o PR B E KV E A BT TS SR S LIRS, +oovvevssrssrsssssnssnss BE, BP0, K, I R (1882)
L 2 V6 I AR B TR P BB RIIC Z R IHERCER AT, veeereerersemsemessessssesssssss s s sttt sss e as s,
............................................................... EQIEE XIJEJ , g,]jqﬁ% XJU%E’Q iia, %%q’-,% EE Ehg% X'Jﬁ’f (1890)
BRIBELICHEE P, AUMHERKIT o B, Bk, BH, FRRBA-REA, BT, FHE, A (1899)
mﬁ%ﬂ%mﬁMmmﬁEQPMS%g@rgﬁﬁﬂggmﬁm“mmmmmmmmmmmmmmmmf ....................
.......................................................................................... B, GTE, RN, AR, EHE, IR, KEF (1911)
HT 2 SRR BT B AT AL HE U BA et X, W, Tk, mm, K (1924)
T X A B EAE R A W5 YR AE R SETTARAT - ovvveeeee e
.................... :mmmmmmmm.%mﬁ BUh, THE, 24F, Kitkt, Sk, THR, TH, IRE, B2, H4% (1933)
2020 4F 2021 4F R FURIK LA IUREE R VOCS RIVEMAMT  oovvvvvvvvsions WM, T T A LH, KEE, HE (1943)
TR X B A VOCs ZEAARIE B B TG v evereereeseesesie st st KE,WER, TH, T, BEE (1954)
T TRRGR ARG VOCs FLFARIE BORIRAEST oo REE, 0%, LEW, RIH, Ti, AT, RE2, AR (1962)
JET R B AR IR PRI S O, A IAFIE woovveseveeoeee A, B, U, A2E MHR, KIE, KAk (1974)
“ﬁm+§ﬁﬁﬁm%%wﬁﬂ%ﬁﬁ5MﬁW BB +vereereerseneeneese ettt bk, EFRF (1985)
SO BT IR TE B I R4 2 SR ADL RS BT ST <+ vereereereeneereeme s AT, R, KA, EHE AEW (1998)
e NG el ) =) ﬁkﬁajﬁmﬁﬂ --------------------------------- Dok, ¥ A, W, WA, MM, KE, BH, BEE (2009)
ﬁaa&mﬁ%mﬁﬁwtﬁﬁﬂ%ﬁﬁ ~~~~~~~~~~~~~~~~~~~~~ Bl BRE, GA, BiE, HA, 2HH, BXE, KEEHR, 28 (2022)
RALEIBK IR ARG 3 PRI 75 QAT 5 A AR ARG -oeeeereeeeeeeees B, KE, TR, DER KR, SEE (2032)
(IR ST TN A2l e R 1 S U ) L s REE, T4, B, AH, KLT (2040)
SRR A HUR BRI 28 AL BOARBIN - covveveeeeeeeseceece R, £F KER, WEA, PR, TE, BRI (2052)
FERRTITAN ] Dy AL FEl K UG I ATAFAE BRI oo Eivhl, 23, FEE AR, F00, K (2062)
ﬁ&wﬁﬁﬁm%ﬁgmﬂﬁwmﬁikﬂﬁ ........................................................................ kAN, HE, FA (2072)
P8 S e X I X3 A T B R S R T A BAMA TR BIAEFE] v veeveemereemeenmen e et ettt
................................................... R, BB, WWE, HRE, ARE, AWK, FE&, FEK, KER, X EX (2083)
ﬁam3ﬁ£M@@@ﬁﬁ%ﬁg%5&%%mmﬁ$ ................................................................................................
............................................. sk, WES, BEFE, T, KON, KR, ENE, BEA, K&, 2R, AZ5 (2093)
T4 JB 15 YT R ) A 3 P R RV S W%%W ........................................................................ f—f, B E, THEX (2103)
B K AR OGN ATERAE - vvreeeeee oot &, BEX, ki, £2F4 (2113)
5 B X /N S OB ( Sinularia microclavata) JefE A SR BEVE SRR DI REOREIR  oveoeererererse s
...................................................................................................... ijﬁf(, 55(5,_, afy%)lL Lﬁj:, r:wﬂ% ﬁﬂg (2122)
T RSk B Sk 9k K S R e %ﬁﬁ%ﬂﬁ@%ﬂ%ﬁﬁ ........................................................................... FH(2136)
FERE A BT K ARV FE RGBTSR -ovvvvson oo A%, §H, G, FEE, KOT, Ak, 2EX (2047)
TR0 M RO T BB BT ST S BTN AR woeeeeeeemmmrnneree e FES % ﬁww,ﬂ?ﬁ WE%,wkﬁ EAR (2158)
T 1) Tl el DX 7K B AR R A TR B A B RSN BB V5 e R B G TAL  vvevvermere ?j] iig, B % (2168)
IETHIM RIS WBR I B AR 2 R Y A T SICSC I v KE®R, EXH, A%4%, 28X, £A £ (277)
T APCS-MLR F1 PMF A5 A MERT L R 30 8 1 S T 4 TR 15 YL A TR FRATT +oevvereeeremrermnm e
e e s CHRIRIEE E7 f;eu;k %ﬁjﬁ7 XIJT?, X]J/\?ﬂ 5’] H? Ef/z\i (2192)
TSR BRI SRR T ST G A HE R Al v eeevvennenes BOW, EBE, BK, 5, BEF, A (2M)
AT BP WA MA B RS i RS i - DRk ABK, D dF A, RER, BRI, H R, A (215)
AR PET I A 22 0 i SO AR PPy oo REF, KE, Rk, RES, A48, A, KEBH, 0L (2223)
SRR SR 2 7 DX R B T AR B AT S5 R IURE wovvooms oo
................ :mmmmmmmmmmmm”mm BEE, TEL, EK, A, KRR, FANE, Hde, MHkE, NEE (2234)
S IR R 3 Cd HUBRAL S AE B T AHESE Cd BrRETU veveeeresemseeeessessssesnssesesissessssrin st ns e sneen
...................... :mmmm“mmmmmm.ﬁ%% REM, N, BEN, YU, BRk, FEM, #E BRI, R (2243)
E%ﬁj%[ﬂ*]}ﬂ%ﬁﬂijﬁ&ﬂﬁ;% Ph. Cd F As 75 lﬁfﬁkﬁ.*ﬁ ................................................... iﬂﬁ, - ,g, (2252)
INERRE S B R Z Mela ZM TR I T +oververeerersemenmnsmnenine s X4, %9ﬁ #ﬁ%,?%%(nﬁ)
B R E AR B A DR S AL SR AR RS oo XEF, KR, KA, ﬁ% B, A, BHE (2275)
%%ﬁ@ﬁﬂﬁﬂ@%ﬂmMQ%i%ﬁW@ﬁm%m ............................................. &E NN ,EEFE ) ORMER, 2ER (2283)
BT K BEHL (I 59 B ) LS RUE 0 2 BT K ITBEBFAGURII, +ooesvesesssessessesscsenesnnennen BEE Sk Ao Ak (29)
TR 7 B JLAR B R AR B BN BTG 22 R IR PICRUSUDDRER v vovovevoe oo EE, @%ﬁ L, BPFH, 5 (2304)
A J LT X PR A B ¥ 25 i B AL SRR O - CEM, A0, B, B—F, BB, &t (2315)
BRI M AL KA B ANBREE LR ORI oot ﬂﬂ wRE, K%, £ (2325)
A5 (U HE T XS 6 P S A W e AL B R R - WRE, Tk, GRS, HEE, AXA (2338)
R NG Ty o p Eod i < 4 R WhE, BAL, AR, BAR, Gl (2348)
SMIRRR IR O BB KRS A IR R GBI oovovvveeeeeveveeeneeeees WEM, 20, Fh5E, REA, DT, Bk (2356)
71 2035 F9°15 HE-55 BT AE IR U 4/ R ST HE RS A1 - 0, 2AK, BB, MR, Bah, K, Kk, Kid (2365)
ﬁﬁi%ﬁﬁﬂﬁﬁ?%ﬁﬂﬁﬁ%ﬁ ----------- HRE, Fok, Ko, DRE, BE ERF, IR, AAE (2375)
42 SR BN P E SEARTIGEE --ovvvoevveseeres s VR, S, EEF, AUEE, KEX, #RA (2384)
TR o SRR RGR B EFIE ORI RS - B, £, BUTH, 450K, R, FiF, R#h, A, REE, A% (2395)

(REREEVEITIRF (1910)  (REEREE)IERIRN(1984)  fRE(2167, 2191, 2324)



)
EF 50 OB Rl 5444 A0 20234741

Eco-Environmental

Knowledge Web Environmental Science Vol44,No4 Apr.,2023

OLEOR KR BB i A R R EE RS ERFITES
gilb\ﬂl‘ll:l:b

ZERAAR, ARE, BRDY, WAL, BRiE K, mlifgtet

(1R TR 5 B b TR 4B, R 4300705 2. BIDLIG 25 Hb 20 35 F R T & IX MR 45 ol & e 4% ¢ 42 A BRA D
BRI 430040; 3. HIHCE A SRR RE, RIL 430070; 4. A A8 TR BB VL A AN PR W B A 3 ) AE 28 BR B W il
B L, BRI 430010)

HE . N TIFEFR IR BRI A R APEZER (ARGs ) B35 415 AF R 564 DA R TR A 25 XURR: , SR D 196 A 2% B 88 7o 2k
TR (233 HR B 75 ( SPE-UPLC-MS/MS) FISERT 28 568 i PCR B 2514341 T s U1 Ak /K K PR v 13 Rl 2 /0 10
T ARGs FIRAE /KT, 5580, 78 16 AL /K JE M AT i Fp LA O R 25 VR BEVU A ND (R ) ~177.36 ng- L™ 41 HE |
T g W R frie ot R AW E ) H1 2838 O 1009% , Bt AR R R BE 43 A 2 90 ( LADUTLIC A BRI AR VLT BRI - STiizsk < K
TR T WE < KT L < ZHDUT < ZHEK. KIT T3 T ARGs S4axd 3 5 B 8 T VT 7 L e Filv, i e 2
ARGs 3% T HAML =38 ARGs i 25 56 (¥ P2 B2 (P <0. 05) ,ARGs 1 sull 5 sul2 | ermB., qnrS. tetW F1 intl] %5 5 FARGs
FAAE R IEAIDCE R (P <0.01)  AHIC BT 0. 768 , 0. 648, 0.824 0. 678 F10. 790, fil#iffie 2 ARGs éﬂlﬁ*ﬁiﬁﬁ%ﬂf?ﬂlaﬂ
ARGs AYFEICHE. e I | &5 25 W55 £ MBSV B 25 4 R R0 K AR mUs s i B o XU i*m}“kﬁ%lﬁﬂlﬂ%
IR DX LA DL 2 9. 0% (R ) L 30. 6% (LR ) il 60. 4% (TEJRLEY) 116 &JM?lﬂzBﬁﬁaé i*)}ﬁ%ﬂﬁ
(RQ...) ¥R XU, e BRI i RQ, .,m(%’J{‘a‘MZ%u\fJ 0. 222 (SZHDIL) <0. 267({<«IJF'{”L) <0. 299( mﬁzﬁ J
KRR KU ; PUAZER s PUIESEIN ; 251853 A 5% BTN ' J -

“F.ﬁ?é? X522 ;zfﬁkfm . A XEHE 0250 3301(2023)(144032 08 DOI: 10 13227/} hjkx. 202204318

." I ‘,,l'f. -_ J‘
Pollutlon Characterlstlcs and Rlsk Assessment of Antlb}otlcs aqd Resnstance Genes 1n

Different Wate’r Sources in the Wuhhn Section of the Yangtze River

1 Bo;hn ,,ZHANG He‘l WANG Jun'*, SHA Xue i’ CHEN Xiao- féi’ , ZHOU Hai-hua**

(1. School of Re:aourcé' and Envm)nmemdl Engineering, sWuhan Unnerslty of .Téehnology, Wuhan 430070, China; 2. Wuhan Lingang Economic and Technological
Development .Zone Service Tndustry Development Investment Group Co. le., Wuhan 430040, China; 3. Hubei Academy of Eco-Environmental Sciences, Wuhan 430070,
China; 4. Yangtze River Basin Ecological Environment Monitoring and Scientific Research Center, Yangtze River Basin Ecological Environment Supervision and Administration
Bureau, Ministry of Ecology and Environment, Wuhan 430010, China)

Abstract; The distribution characteristics, correlations, and potential ecological risks of 13 antibiotics and 10 antibiotic resistance genes ( ARGs) in 16 water sources in
Wuhan were analyzed using solid-phase extraction-ultra-high performance liquid chromatography-tandem mass spectrometry ( SPE-UPLC-MS/MS) and real-time quantitative
PCR technology. The distribution characteristics and correlations and potential ecological risks of antibiotics and resistance genes in this region were analyzed. The results
showed that a total of nine antibiotics were detected in the 16 water source samples, and the concentration range was ND-177.36 ng+L ™", The concentration distribution
presented as follows: Tributary Jushui River < lower reaches of the main stream of the Yangtze River < upstream of the main stream of the Yangtze River < Tributary Hanjiang
River < Tributary Sheshui River. The total absolute abundance of ARGs after the Yangtze River and Hanjiang River confluence was significantly higher than that before the
confluence, and the average abundance of sulfa ARGs was significantly higher than that of the other three ARGs resistance genes (P <0.05). There was a significant positive
correlation between sull and sul2, ermB, qnrS, tetW, and intll in ARGs (P <0.01), and the correlation coefficients were 0.768, 0. 648, 0.824, 0.678, and 0.790,
respectively. The correlation within the sulfonamide ARGs group was weak. Correlation of ARGs between groups. Four antibiotics, sulfamethoxazole, aureomycin,
roxithromycin, and enrofloxacin, had a medium risk to aquatic sensitive organisms, and the proportion of each risk area in the ecological risk map was 9. 0% (medium risk) ,
30.6% (low risk), and 60.4% (no risk). The combined ecological risk assessment (RQ_, )
rivers involved was 0. 222 ( Tributary Hanjiang River) <0.267 (main stream of the Yangtze River) <0.299 (other tributaries ).
Key words: water source; antibiotic; resistance gene; spatial distribution; ecological risk assessment
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