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Abstract; To evaluate the microbial risk associated with wastewater reuse, reclaimed wastewater
samples from two municipal wastewater treatment plants were collected to study their human fecal
pollution risk and distribution of isolated chlorine-resistant Escherichia coli (E. coli), and determine their
antibiotic resistance. The results showed that 85.7% of the reclaimed wastewater samples had potential
human fecal pollution; eight chlorine-resistant E. coli were identified constituting 20% of all E. coli,
which was the first report of this strain in China posing great challenge to the disinfection efficiency in
wastewater treatment process; 50% of the isolated E. coli strains were resistant to a least one of the 21
antibiotics tested with only 10% resistant to more than three antibiotics and three ESBL producing E. coli
were identified suggesting that reclaimed wastewater might act as a route for antibiotic resistance

dissemination. The wastewater treatment plants should adopt multiple approaches to improve their
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disinfections efficiency to deal with the challenges from chlorine-resistant microbes and work with related

parties to control the spread of bacteria antibiotic resistance to protect the microbial safety of reclaimed

wastewater.
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uspC—1S30—[IhDC "', 3 BE it G 11 i 1) H BHE
RS B 0 R BERSCR P A K 0 AR 2 4k

AR 7K AT TR T 247 ) R R R G T
1K R ENMAEY , IR KRR (HGT)
AT RAFEREEN . 1 HOT, Hi k3 4 Al 14 36 51
BB EOR B b, 2 # ) PR AT AL 2 B
H ARE T BOR R A B, R R, A
AIEE S5 K BT Erpi sl R Y ik SR X
Az K AR 2 4t W KPR, 5 Ah AN 244 ) ]
BT 25 ARG IR Sk o Ik, LA I P K35 7K
Qb BT AR K R ), TR A LR K R AR K R A
FEAETR G KA AT B, 0 52 -4 7K v K B 1 i
25k, TR AN T 2515

1 MES5H*
1.1 kERERAETE

TR T T P JRE 5 K AR BT (AT R BT ), R
SEHEIK S A KRR . PR HE K FZ RN AETETG K,
AT R B OUTE o+ JE AT UE M T2, &R IME R
MU, B KA MBR+D B3t T2, & /NN B 5
[l .

1.2 HHHE

FEAT RIB) L | AR H R AEDE K X
A 7K 24 WIRAGHE R IR SIEE 4 Crk &,
iz A S fd g L 500 mLFAE 7K GE
0. 45 pwm JE B, K U8 B FE MFC 15 572 2 |-, 7E 44 C
TR . BEMUEEL K AT R RV H R E] EMB
Br IRk b UGRS3 AR BB IR AT . A
Vitek 2 XJ BEAL KW AT B 1T 4E AL 2828 , qPCR ¥ 3
wid A FE I HEAT 4 F 58 78 | Fe 205 3 R AT 58 B Ak o
qPCR A I wid A PR SR AK 22 20 20 WL, 4345 5 L.
DNA FEAS, 10 wL 5G qPCR Premix (Toroivd) , &4~
5147 400 nmol/L, 4+ 100 nmol/L, 51 #1454 17 % U
R 1R qPCR BB Z&AF 2 95 CI 120 5,95 °C
W10 8,60 °C W 20 s, 345 NMFIH
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Tab.1 Primer and their sequences used in this
study
TR S Y S RE A5 —3)
HF183-F ATCATGAGTTCACATGTCCG
HF183-R CGTAGGAGTTTGGACCGTGT
HELS3 HF183—P FAM-CTGAGAGGAAGGTCCCCCACAT
TGGA- TAMARA
uspC-1S30-| ZIS-F CAGACCGAGAAAGACACTGAA
JIhDC ZIS-R TGTACTGCATTCCCCGTATT
uidA-F CGCAAGGTGCACGGGAATA
idA uidA-R | CAGGCACAGCACATCAAAGAGA
widA—P FAM-ACCCGACGCGTCCGATCA
CCT-TAMARA

1.3 BEKP NEREDT LGN

it At 8 B 500 mL R4 KT 0. 45 wm
JE MR 3 b ALFA-SEQ Advanced Water DNA Kit i
G (SEMs L) FEHCIE I EAR AR DNA . il id qPCR
R N VRGLA: 075 Y 5y AR id HF 183 . qPCR
N Z R 20 WL, A1 45 5wl DNA FEZ, 10 pl 56
qPCR Premix (Toroivd), A5 400 nmol/L, I 4T
100 nmol/L, 51455 P 5 L3 1. qPCR W 4544
95 C/LI 120 s, 95 °C [ 10 5,60 °C S 20 s, 3
45 MIEER .
1.4 qPCRETEMREK

ol FH 2 0 v il A K AT T8 DNA B . o FH 56
}& A ALFA-SEQ Advanced Water DNA Kit i 7] &
PRI K DNA B it G0 B R 5 ok I 28 R 3R
WFFES BARTTEEUNT « qPCR SWAK 2 4 20 wlL, 1
55 wL DNA B4, 10 wL SYBR Green qPCR Master

Mix (Toroivd) , &4~5 4 900 nmol/L, 5|4 ¥ 41 W, 3
1, 7N Nuclease-free water (43 4x ) 2 20 pL. qPCR
SR 264 2 95 CCJIV 120 5,95 R 10 s, 60 CI
N 20 s, 345 MEER
1.5 WAEMZAMENE

fii I Vitek 2905 40 8% K AT B A9 25 1 , (04
)RS B— PN Bk I (ESBL) B KR B 405 7 Ak
A Eg kAR AR kAT SRR Sk A A g |
ALY ARV R RRERFE20MUER. &
S R BRI P AR 3% R 2 L 37 Cab i Ll
JH AR 25 45 B V% i A B R KGR R T o B R T
(McFarland 0 & =1) , F J5 B Vitek 2 # 2% [ B4 41
B 2508 SRR TR A Vitek 2, BEATZGRMENNAE
1.6 EFEU:E

s TAES (B I ZHJH-C1209B) A1 ¥ 2 4
Hi (TELSTAR Bio II Advance Plus 4) | 5 & K 18 &4
(i AR 2L 1G-54) (B /K 285 7248 ( b — 15 GHP-
9610N) FL M % (Eppendorf 23 ) | Vitek 2 (Hf H 152
AH]) qPCRAY (LightCycler 480 11 ) 15 3 55 .0 HL
(Eppendorf A7) o
2 %X
2.1 BHEKI BERNIER

N PR B F A K R e 4 FRE B B DGR
Y X P AR KR AR FH R | SRR BT L Tlk S e
Z L Can ] 3 7 AR E SR OAE TE . A B
JAE 5 7K A 3 T 7 A K ) E K T B AN 3R 2 B
L BE BT O G K AR R SO EREE KK
) (GB/T 18921—2019) ER

F2 WEEFKGET HBEKKER

Tab.2 Reclaimed wastewater quality of two wastewater treatment plants

H COD/(mg-L™) BOD./(mg-L™") NH,-N/(mg-L™") TN/(mg-L™")
A B/ AT B/ A B/~ AT B/
SFHME 16.2 15.9 2.14 2.00 0.16 0.13 9.35 10.69
F/MAE 15.0 15.0 2.00 2.00 0.02 0.03 3.36 6.38
e KAE 34.0 28.0 8.40 2.00 2.00 0.52 13.30 14.40
TH TP/(mg-L™") SS/(mg- L") pH 1 ERIGERE( L)
A B/ A" B/ A B/ AT B/
S 0.20 0.20 5 5 6.80 6.97 12.3 <20
fe/MH 0.09 0.06 5 5 6.20 6.36 10.0 <20
IGON:] 0.30 0.30 6 5 7.30 7.30 104.0 <20

H1 2 2 AT, P T 7 A K rR B 2K i e
FEAR I /N T A FE B K SR Tk KA
RAELEOR o P AR 22 e f B2 AT T

AN i nT R T Al Tl s WHIK
SR CI T 35 7K PR A T 3T 2% FH K OK B ) Hh 285K
RIBAFEABERE L, PRt H AT 7 # AR KA fig
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ELHE T oh A vp g T SR AL I B O
Bi7 SR T A i 44 .
2.2 HBHHKNBEREYTEEHER

SR E | BT A SRR S 344 0 R 7
HF183 43 FHric, BIAS H1 28 100%. 14 4> f2EK
FE S A A 124088 IR A 975 G HF183 43 F
FRic, RIAS 20 85. 7% , Ho AT #6 H R R 100%,
BT R RN 71, 4% , R BB T PR K P AR AR
TS YT e .

2.3 BEK#HHKMEENKEZR

14475 7K A BT kK K BE i AT 7 03 R A
T S R AT 1 uspC-1S30~fIhDC 23 TRl , A 36
H50% , Horbr A TR H 3R 42, 9%(3/7) , B BYK:
WK 57 1%(4/7) o 140 FAEKRE S 2y
Har il 2 A i S K AT B uspC—-1S30—AIRDC 43 b
0, K HPR A 14, 3%, Ho AT RIB T B4 R34 R
14. 3%,

AT T FRAE KR R AR 3 A A TR TR AR
KA EEFE R 2 A2 R IG AR 75 . B
I 7 A A A R 2 K TR R TRV R B
AEHLRAG 40 BR KA AT I, FHorp it & R AT 1 8 bk
T S PR AR SR B 6 403 P AE KRR i, PRI I P K 4l R
J AT TR ARG HE SRR 42, 99%(6/14) , 6 (R i 3ok H
B, B M @RI A %R 85. 7% (6/7) .
ZEEREW, AT EAKAE R &Y RS
Mo SRR AR A B ) NG & AR 1B 4T, AU
O —FEE T, TERBENZRTREFET A
TR PR AR AOK R F BT RAEM AT A KR,
it oo S B R AR

W 14 03 15 AR KRR i DNA A ACH 2 403 & it 44
KIGFFE uspC-1S30—fIhDC 43 F-Fric , SR 1T, i 1 %)
AR TR 14 03 P42 KA o DB ST 7E MFC 35 57 FE e 4%
PESEFRIE R AT, LN 6 4 i vh 43 25 45 3 it
ARG . T8O B b 22 57 09 B R AT RE R AE
XPRE S HEAT B B B 3RS K AT TR A K
i, PRt 53 2545 B0 SR AT B AR G R x4
SR 7R T 3E o 0 R AL S 0k B B SR A
TR, 2 e ot SR 1 53 125 8.

2.4 BEKPXBITEMZMSE

AHIFZE T 43 5 40 Bk KN FT TR 6T 22 PE AR A T
2 F A o 40% , F O BT I (20%) FRINT A
(15%) \ESBL(7.5%) B 5L PG MK/ s P 4E /R (7. 5%)

AR (7. 5%) LB T (5%) 2t/ (5%) A2
Jig S8 P B (5% )\ PROR % 3R (2.5%) Wk g %2 [
(2.5%), W33, 3B BH R ATE 50% 20
SRR R SRR 32 2 MR 3R i 52 4 Fh A S
P 3R T RS 1Ak L T 32 8 Fh b AL R A s pk 2k 2
Pho 40 BRI AT B b Y 8 BRI SR, A A 2 Bk XS 2
URPARI 32, 1R S D7 RN 52, Heay SRR BT A
YA R EU
®3 BEKPXBITEBZAENE
Tab.3 Antibiotic resistance of the E. coli strains

from reclaimed wastewater

U RFIR DEEAT AR
HEEE AT 6
BTG SR 3
BT ERIR AR | R b s 0
R LT B/ 1 L 0
BRI 0
N S 7 b i 0
RN BRI 3
LT 2
R A )
B I 3
AL | BTl B B 3
A 0
LA TR 1
TG 0
R T 6
Sl N DB )
. E=9)1E7 5 0
PHE B |
5T 0
WAL e 0
S T 0

3 i

AUTAF A, B ST N 11 JR) 3 70 22 5 PRk g
EROREIEAL . SRR, 2B S 25
e S A A ke AR AR Y K BE IR A R . AR KA
NG SEHLI B E R iE 2 — AT T AR
A7 BT A [ 1S S K i XL 2 L 220
P A K R A 16 EROF K TR AP 8K TR . 2R T
AR TRARIR A KA 5 ey, DR A G [ i A rp oA
AAFAEA A P0G 3 RS, , BT #8517 (40 D Rl 2B 0
NERY AWy 2 KBS A 2 240

WFFE AL, T8 AT — e P A KRR il v oK REAG I
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FNFER M B E , SRR SE R S 35 S AR YTs
YebRic ¥ HF 183, A7 74545 BOm i A= 0 KU , 156 B4
R0 36 K g TR A AN BB X P 2B UK 2 Ak R AT U B T
fifi o Harwood %5 A\ 5% B 7, AN FH A~ 51
T P8 7R R CAn s K R RE 28 R TR R L 2 Bk
85 ) TIEHENR R W AR K R EOR U E YIS L. B R
1] 22 70 [ SR v A 00 3% A g o AR A R R K
AWy IR ME— T B, 2T 51 s
2 P R K AR B VA H AR KR B T
FAR B AEWE B2 0 & R 8 2 S R 2 B AR X R
it HOIT A A B R AT ARG, 7 28 % R A 2 T 1 52
Jia e O 58 4 Hae P o 7% B PR A B AR A I R
T ATRAZ IR 781, v RE A TR SR P AR 2
FREPEAT S o PRI ] K 2 R DR A R B 1
Az K Il R AR, S B G AR 2 A M Y 4 THDRS
A

g B K AR e At TS K AL B ) OK L
1 R LS T A AL ER A S B A R T A
FB . Bk EEN SRS B, Db
TR, 5 K Ab B 3k 3x10° m*/d LA |, 4% — Ak
AN N 10 mg/L 315322 AN AW 5 T A AR T 22
fift F 1x10* to 82 A 0 35 7 /Y B a0 e 2 it
FISR R HEAEEBE R T, 0275 45 Hh T Sk 3R B0
AT KEMIIEH, Y2 E THEARERE
J o 40 PR PR AL A v T R T R Ak AR AL
il o P B 1 B 1E H A BB 9 a0 A B Y it 4 2
BT A JE A A AR P A5 T o R 58 A2 Bl
ARBINEGTPE L H 24 IR B R, O
SR S ST Y B A I 5 A R — L
K AT 1 T 345 1y 7E 75 7K A A7 X S8 R AT B
B P 2 A b U T R Y 100 75105 2420 il — A
F5 5% DNA FR1C uspC-1830~/IkDC> . H B & 7E
£ NIE: e i e RV A2 W B K N8 ool R
ARWEGE T, B 7 R SR AT R A R
85.7%(6/7) , Ut BAA Y5 7K 2 48 rh A7 AE T K T
B, O B ORTE R T BB, U R B A A T 5
T FEITRAT o IR PR A P A A 4 ) O 3 5
PRFR I 100 15 11 100 J3 452+, T 5 6 3k 0 B AL 34, %of
KA PR SR i BB R o ] B A0 R i S S R
T8 E R RE S S IEA O PR i 28 1R 1T BE T 4 5 58
e NAR G2 B AR R 40, 1535 N fd B, 5 S P AR K
W4,

AHEFEIFARM AT 43 B BN R w . AT
it I S20H B8 M S AMH #E P AIE 5 7 X, T BT 7R
FEI RTS8 AR 25, BRI BT FEA K iR K AT
R RO A e, B T 43 S B SR AT B L
R AT E R A W] AR SEIH RO A
B AT RSN+ E I B T A A
MERR . ZWBF5EIEN], RS R T2,
THEE+EAME B, " VRANS A T2, 325Xt
WEEE AR 2 AR A A U R RCR T R I
W P AR K A e ek U Z FE T2, U
RETHEERCR

15K & KRB, 2 A0 245 VAL R 1)
LG, PR A, AL S5 KHEA RS S,
A BT U K AR T 24 25 DR B e o IR 2R
K ] sk A v, 75 OGN 24 36 PR 485 A O B AR
PR K MR T 245 5 RAZ RE 1A o Blaak 55 A & BTG
KT 7K 1 69% KT T T koxof Bl 8 i 2k 3R
&) Craddock 55 & B R P A2 K &R 48 oK
T1. 4% PR B AR TN 24 Fp T AR R ABURY . ARFSY
JIT 43 85 K I AT 1 50% X T4 21 Fi AE 22 sk 0.
XA 10% T BRI 32 3 Fp DAL P A 2, B 7 9 T 7
AR A A T T 245 P IR R AN S8 o AR, AR Y 3
53 85 3 3 k7 ESBL K AT 7, ESBL 7] i [ Ak it 52
Z P B- NS BT AL 3R A5 20 = AR R R AR
Wk e 30250 A4 2, H ESBL B BR & [6) ) ifif 52 FoAh 28
PUAERD . P2 ESBLIE MR B i 7E 4 A A7 A
TP AR OCER TN 2 45T e B ER o ook i IR
TBIT S IRFE BT AE 20T 09 WA T 24 7 ™ 2R
FAL G o TR ESF A K [l ) it 575 DG T I 2 T R 1Y
FEAENG O, W58 IF B B R BB AR | B AR G i 7
HE ARG IR NSRS
4 %

TR JRE ¥ AR A BT AR 7 Y AR KK B A
B B S AR K BT T T AR, DA AE K i 353 1 3]
8 bR E KA T, 73R = s e .
HB BT 7K A 3 ) AR v O W A RO AR R R T Pk
i, KGRI TR ACACALIE T2 3 I B K F o [
I, 73 2 B Z R 25 K AT 3, o 40 & it ESBL I
PR BT B2 g AR K [l 0 AR 2 4 M
DR 0 g %ok 20 TR 24 P A T B 5 v B, AT S 4 o
T 245 TR 104 7 £ DA 0 S 4 Tk 245 7 1 i, DA O
B Nl
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