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Abstract: The antibiotic resistance genes (ARGs) have widely transmitted and transfered in the surroundings and
gradually become a serious environmental problem. Wastewater treatment plants (WWTPs) are considered as the
main sources of ARGs. Membrane bioreactor (MBR) is an efficient wastewater treatment process for this emerging
contaminants. Seventeen ARGs were detected in the influents of a wastewater treatment plant, which applies tradi-

tional biological treatment process and MBR process. At the same time, trimethoprim ARGs was first tested and re-

E£TH . HZKARRAELE B H (51678003)

EE RN BEIIR(1993—), BB, W-EAF 5T A F 55 10 R SRR A 0% , E- mail: yaope7283@163.com
* JE L4 ( Corresponding author) , E-mail: chenlj@ tsinghua.edu.cn

# $£EiE L 4E& ( Co- corresponding author) , E-mail: zhym@ shnu.edu.cn



202 tx #F

oo )

%15 %

ported. The sul/ I was the most abundant ARGs in the influents, followed by tetC, sulll, tetW, dfiAl, floR and
dfiA13. The removal efficiencies of ARGs depends on the wastewater treatment process and the types of ARGs.

MBR removes more ARGs than the traditional biological treatment process. Under the MBR process, tetracycline

ARGs was removed by 3.8 log, and its removal efficiency is better than other ARGs. However, ARGs are not truly

got rid of, and instead, they are transported from water to sludge.

Keywords: antibiotic resistance genes; wastewater treatment plant; membrane treatment processes; conventional bi-

ological treatment

H 1929 E B E A = KK A M EHE R
245 PIAERFEEZOREEE AT EAHEE
YERT, BRI H 25 7™ 550 4H 0 i 24 [n) 8, B 21 it
DR N RN EEN R Y EREPR LT
A AT AR E i M 3 [H] (antibiotic resistance genes,
ARGs) T &N 2B XA I e P, 5%
T, 2013 AE R EGLA RAFE MR A E] 162 J7 t, 24
AR 12, FELE B S Tt i &=
HE e AN BREE D S W58 3R, 32 N2 2 52 il 9 34
B 2R AR T 1 3 BE BB A R it 4 7 (antibiotic re-
sistance bacteria, ARB) A1 ARGs™ . H B K &= il 5%
KU ARGs |7 IZ AF7E T H A K L BREE 1™ iy
WO WA RN T AT Vs KA BT
(wastewater treatment plants, WWTPs)i[ 4 T A2k
TG AT R R EE TS K K TS e Al
AT R AE RPN EE AN TG G
N = R F U L SN = 7 D iR I N = 0K
HEWoh ARGs 13 5 A% 32 S 4t T 4 1) 2% 44077,
TR T 2 /AR, ARGs 1 7 4 52 2| 52
M), 25 R 50 SR A A AR [R5 DU Y BF Y 2
B R TE S AR K L sk = 43 B Ak B ARG ST
WiR A 75 K B AN A T2 X ARGs 75 fi ) 5
e 2072 AR SR ¥ K AL BN [F] 25 % ARG 43 i
SR AR S8 RN T3 225 Ol T T AT b T A I K
AEFR AR G O [ T2 £ B ARGs 19 808 8 1k
ARGs It ZB% , FEIK ARGs B A R8I 4F oK
R R G AR T2 X% ARGs 9 1E H &
LB A BRI

ARG BEREWT VTG K AL R AR 42, 1%
TR AT TS K 30% , Tl E K di 70% , 2
FAL T ENYL R A0S R K, EH TN 2 BERTE
SRR T2 A T 2 AR R A 15 K SJe /K IR G, XF
Hodr 8 3k 24 Ffr ARGs #EA7E HERTIN , FH-XF = 7
Fft ARGs,—2K#& 4 F I 16S rDNA #1772 S AR,
34T ARGs 7E 2 & T 2 AR A ) 40 A R AE LL R XS L

2 BT A% ARGs B EBRUR .

1 ##l57 % (Materials and methods)
L1 FEARAE Ptk

FERCREET 2018 424 A ixis /Kb 2 &
TR SREES A 1 R, B 1(a)h T2 —(P1)
AR AL B K 15 07 m*-d7", B R N R4k
AU AL (A /O) RN B A= ) i v #5 (MBR) 5 ] 1(b)
KT A (P2 RE, b B /K 7 30 7 m’-d™", £ %
FAR N E A i,

FFRE S AUFE L 27K (1-Inf F1 2-Inf) MBR Hi 7K (1-
Eff) , 003t 7K (2-Eff) A= 4 Ak B B T[] X B 1)
PAKIBAYI(1-An . 1-Ax 1-Ox F12-An 2-Ax .2-0x),
DL R YT ARTG IR 2-WS),, B RAEERAE T 1
L B KA T 058 35 0 T Y T T 2R 2 0 9
BB Je AT e Tl e T AR &b 12 i
By, 10 BN S22 R KRR T 4 CRAF, TR REE T -20
CIRAT
1.2 Fffh DNA $2I

PL 022 wm {R &4 4 E ik € I (Millipore , 72 )
1 IERE S, Fd ] PowerSoil DNA Isolation Kit(Mo
Bio, 3% )i £ X IR HE PR HR DNA i FH o it vk B
1% () B R A B e HL Pk (DY CP-31DN, Jb 50 75 —)
1 NanoDrop 2000 # il 53 )6 B 1 (Thermo Fish-
er, 25 )R] AT 4E DNA 48 Flk B8 A TAG I
1.3 PCR #&:il]

VEPET 8 25Ht 24 Fh ARGs HEATEPERI , ELAK
fIHE 5 Fl U FR K ZS ARGs (tetA | tefB | tetC | tetO Fl
tetW) 4 FRiE LSS ARGs(sull  sulll | sullll f1 sulA),3
F 148 0E ARGs(dfiA] L dfiA12 Tl dfiA13),3 Fh B-
N EREZE ARGs(ampC | blag,, Fl blayg),2 Fh KFRH

E2& ARGs(ermA .ermB),3 Fh 58 8 £ 25 ARGs(caf .
catll Fil floR),2 o FEMEH S ARGs(aac(3)-1la . aac
B)-IV) Fil 3 7 i % K 25 ARGs (vanA | vanB
vanC), ST H 5193 A TAEY TR (-
AR A FRA TS, PCR R 25 pL K&, 5
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Fig. 1 Two treatment processes and sampling points of the wastewater treatment plant

12.5 wL Premix Ex Tag™ Hot Start Version (TaKaRa,
), & 1wl B9 B CRUES19,1 pL 19 DNA #tk
595 pL ddH,0, PCR f=¥1& T 4 CL&AF, I
R EE A 1% ~2% BYBRUIE AR A FEL Uk R4 T ARG
1.4 & PCR(qPCR)A:M

R4 PCR & M A I 11 25 51, AR B 58 X terC
tefW . sull sulll | dfiAl . dfiA13 F1 floR 3£ 7 Ff
ARGs ,—28# 41 infll J 16S 1DNA #47E &=l
E., KH SYBR Green 1 J5 i, {fi FH 52 9¢ Y6 78 i
PCR {¥(BioRad CFX96 Touch, 3% [E) % £ H b %L [Hl
HEFTE RGN E . qPCR SR 20 pL R &R, 2% 10.0
wL SYBR Premix Ex Tag"™(TaKaRa, #1[H), 544
04 wL,DNA #if 1 wL & ddH,0 8.2 uL, JjifE
oM 95 CHIZEE 1 ~2 min; 95 C 281 30 s, B &
30 5,72 CHEAH 30 s, 340 MEIRE ) # LT
55 ~95 C, 505 CEE—, WIRERE 30 s, I
SEISE BRI FORE L 10 R 40 B2 A B, TR 98 R e
FETHERAR B HR I BORL Y 75 DAY, 5 38 2o SR 98Ot
it PCR MEM BN C 8, rTas il b brifE th 2, brife
ORI EE T RS B AT SR Y . 45 HARSEA
PRl 42 L PR AH OC R ELTE 0.990 ~0.996 Z [H]
AFEM B E 3 A TATHE,

2  Z55 (Results)
2.1 #KPHY ARGs

G KA IR 2 BT 2R R — itk ZE A
i) 24 Ff ARGs ', P1 P2 #E/K 245 H 17 Fh ARGs,
mFE 1 o, TR AHE RS (cal  cat 1l )ARGs
RRARPIR Y PUIR R B | AR BES AR
BB ARGs St ity Hor g iz i IR 97
IR IR G WP B R SR R A FE R SR
(AR E SR (dBAL L dBA13), D) R e BN e K rh
DA B AR B-INBERR DS ARGs (blagy, | blayg, )™
BIfE 2 BT 20K bRk,
2.2 JoKAEEST 2 BT A H ARGs WM HE

HRPEZR 1 RS, X 2B 7 A ARGs J
infll \16S rDNA #1750, K HFREER 1y
OIMTEE R 2 s,

ZI5 KA FETT P15 P2 HEK R ARGs BYZE X
JE AL TF R — 7K BEHAE P15 P2 #E/K Y ARGs
XT s ARGs 1) 5T Bk 2 A0 [F] 1% 48 %0 3= B A i 142
infll ,P1 P2 #E/KH infl Y 4a XT3 Bk 1.88x10°
776x10° copies-mL™", infl 7E V5 /K i fa 2, i
& 45 %5 3 BE AR YR 3k U 1Y) 2 sull | tetC . sulll | tefW
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dfiAl | floR Fl dfrA13, iX #& ARGs I 48X} FJEH
8.15x10° ~9.84%x10° copies-mL ™", 5 HAMZ K
FESCHRRTE H B v 5L PR [] 420 e 2R i 3
A SCRRIRIE | dAL (dAL3 752 BE T 2 HAE T
PR R BB B X V5 K AR BT ARGs 43 A Ik
BRIV A Rl

2 BT 2 HbRIE RV AL B 3 AR A A Ak 1 5
K3 s, fERESH,16S rDNA U465t 15k 1.74
x10* ~3.0x10°* copies-mL™", 7£ A>/O T.Z:BtF% 1k
W T2 BRE S 16S tDNA B4 % 3 8 1 s Tk kK
S oK gaxs 5 Ui T UE W e R Y A B T
BT K, BR8] T AU,

[Fi] B 7 1202 7K Ah 3 3R 8 ) TR 4% 15 8 (2-WS)
WA T 2% ARGs B4 ARG, an &l 4 Fos , #I AT
Jerh 4 ARGs " fiff e 2 B itk ik PR 4 X = B e e
sull sulll 735355 T 1.79%10° 9.96 %10 copies -
g™ BRIGHRIRCH tetW | tetC  dfiAl  floR Fl dfiA13 | 44
T BE AR 3.41x107 7.03%10° 9.38x10° | 1.59
10° F15.93x10* copies-g™" , 5K H () ARGs L,
TP ARGs 45X} FIEE S5 L, A s
tH, WWTPs 5 J8 ' ARGs I 43 4ii 76 10°% ~ 10"
copies- g™ 4% = AR A AR Y AL AT AR (A%
O ALIA) T L BR ARGs, J& FH T3 P15 Ué i W &
HPtwE™, 580 ARGs 7TEFI K150 PRW R 2R, 3L
il A5 U H K ARGs 4% F 52 i Tt K H ARGs

10°
10# x
107
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10°

10*

FE P4 % 32 B /(copies-mL-")

Absolute abundances of genes/(copies'mL")
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LT FRBE . B AT E R T K A PR S R
V5 Y8 3E xR A B 3 A% TS JE P OK R ARGs
B UEORE B e v SR A 23 Ak g
VSR Tk, Sl T B A F T 24 M R R ) AR P
HIER MY /L, A SCERHRE , Fb A 75 U X R AR
ARGs FIBL L T5 7K STk s AT
2.3 I5KMPRRG T 2 BT 22X ARGs [ EBRECE
mE s B, PL AR B B AL T P2 Ab 3k
R, Hr 7R P1 b R ERACR B AR IR R 2K terC
Il tetW , EERROR LT 3.88 F13.86 MRS, £
PRACR I 22/ dfiAL, 4650 3 B AR [ 2.03 45K
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Fig. 2 Absolute abundances of target genes in the two influents
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Fig. 3 Abundance of ARGs and 16S rDNA in the two treatment processes
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UL T X ARGs (2 BR, MIELS R, P2 Bk
ARGs HIRLHRM IR N tetW | dfiAl | dfiAl3 , floR . tetC
sull F1 sulll AFFTFEIA i AP e 24 B e L 22 B
DOAERE T R BRI AR AR R

3 iFit ( Discussion)

WIS R B, %5k 1 2 BT 8 5k i

M HEA K S M BRI A AR X | tetC FI tetW ik
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Fig. 4 Abundance distribution of ARGs in sludge

PRl ¢ %o =F B S 0T B Ra 3, dfiA13 FN floR Btk FE A
LN TR, I R T 134 A1 112 s
G, BEMSEPUPESE (sull | sul 1l )4e X} = 3 52 B [
FRBEY I Fh s 15 Btk 3 I 4 2 5 T2
FE . 16S rtDNA FE[H (14 % =3 3 5 6 il e ok L A
A0 R A AL, TRV KB R Gerh, —
LA T RN e 2 U 35 PR 46 X = i T A et
PEFENEY T sull sulll 2565 2 ARGs fif T 1] &
B HL (U ind 1) b BRI L P LA AR K

v/l
AR P2
4._
77077 )
:’55 7 2 v
22 | i o ]
&3 7w
ek % /
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<§ % % TT\t % Tk Q%
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tetC tetW sull sulll dfrA1dfrA13 floR intll 16STDNA
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Fig. 5 Removals of ARGs, infl and 16S rDNA by the

two processes (Logarithm of gene copy number)

F1 ERSE] 2ETZHKRPHERNEERE(ARGs) R HER

Table 1 Presence of antibiotic resistance bacteria (ARGs) in the influents of the two processes in
the wastewater treatment plant (WWTP)
PR R 2 D= NS
Tetracycline Trimethoprim
Ff 5 Sample point tetA teB teC” tetO tetW* dfial” dfiA12 dfiA13”
1-Inf + + + + + + + +
2-Inf + + + + + + + +
jies B-MBE L KA AR
Sulfonamide B-lactam Macrolide
FE 45, Sample point sull” sulll* sulll sulA ampC blapgy ermA ermB
1-Inf + + + + - + + +
2-Inf + + + + - + + +
Chloramphenicol Aminoglycosides Vancomycin
F£ 5 Sample point cafl catll floR” aac(3)-1la aac(3)-\V vanA vanB vanC
1-Inf - - + + - - - -
2-Inf - - + + - - - -

T+ R AR " RO E AN ARG,

Note: + means check out; — means not detected; “means quantitative detection of ARGs.
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FERE I T tetW Ry i i AZ A PR3 3R 1 1 DU 3R 2R
5 ARGs , AR FA&iE 5,

P1 T.Z /K (& ARGs & 3.89 x 10° copies -
mL )3 H 7K (& ARGs h 2.56x10° copies-mL ™" )Y
AL ARGs 4 X = B 3 T R, P2 T8 /K (i
ARGs 4 1.77x10° copies-mL ™" )% i 7K (5. ARGs
6.67x10* copies-mL ™" )AL ARGs A4 %t = & T [k
FEEEFE P1 T2/, %W P1 T 2. %F ARGs 11925 B3k
R P2 T2,

TG KA BT R PL T A5 P2 T2AKHAKE
I, L HEA NG, 17 P2 97K ARGs 46Xf +
FENI L P17k H S ARGs 4655 5 25 1.34 ~1.90
ANECEY 45 PL P2 T AR S 5 P2 T2
H1 ARGs [HERIGHE & 43518 1etC(2.07x10" copies *
d™") . floR(6.67%10" copies-d™"), dfiA13(1.31x10"
copies-d™") sulll (1.94x10" copies-d™"). tefW(1.37x
10" copies-d™") . sull(5.18x10" copies-d™")Fl dfiAl
(5.84x10" copies-d™"),P2 T.2; ARGs HYHE i i 2 %t
SHEIK ARGs 9 HE i &2 /9 5T ik 3 E terC
(987%) . fIoR (97.2%) . dfiA13 (96.5% ) . sulll(96.1%).
tetW(95.8% ) . sull(95.6% )l dfiA1(43.5% ), UL HIHT 6
FRIEFR P2 M KX Bt 7K 9 BTk S K F PL K
EEHK I TTER, (HIE dfiAl JERTE 2 BT A
KK ARGs [ HE BB — 3, i 2 BT A
dftAl FERXT R 2 K dirA1 3 PR HE BGE & 1) 5T
B —E0

fEGE BT PE TS Je Bk 25 Bk ARGs L & infll ) 32
BLBARIRTE M 15 e WL B K T i) ARGs, 1 J 38 12 [
W8 250k, 5L TG 15 e At , MBR T.2
RETE A U FEN ARGs, 158 1.2 A%/O JRAUF4A
T2 A/O)FAEALTE I S BRACR ¥ A MBR 1.2
GPPO ) AEARTRSE T, R R AN ARGs HYSERE I,
MBR T ZREMZRK P T A HAR 0.22 pm DL A5
TERURL, 2BR/K Y ARGs, {H MBR H K H R 4% 1T
DIKGIN ) Bl A 2SB89 ARGs, X AT g & i1 T [ 8 43
BENGE A1 R | b A0 ERLE A v 2T A ) Dy L 4B
A5, P12 A2/O T2 M MBR 1.2, P2 % fk
WT 2,2 BT A% ARGs By L BREOR 5 SCHik 45
—F, 4T FE ) ARGs(sull | tetC . sul Il Fl tefW)
TE MBR T. 245 16S rRNA 2 3 i & MK (P<
001), = FEEM ARGs S % UIAH G, vl B [
Wy B2 ARGs W F Btz —, AR T4
LB RV 53 B R AN TA] , MBR T2 B B 40 2

ORI T DU UK, T L MBR T 2%
ARGs M EBRBORI T8 4LiE . (H2 dfiAl R
LBRBCR A B o B R ) T2 IR e 28
W A 2251, A RRR AT

15K AP ) i fe 28 K HEA I SV, 7T RE S
e ARGs HIIEHE 52 W S 9 A AR 250 Ak, e
J& MBR T2 28 Mbi5 T4, ARGs il i i 115 U
W BT, 19 73 B T A 25 B TE s e h s 4R . i)
JiEFF ARGs 2<%, 5 76 15 7K Ab B A5 U8 Ak & W7 ifi
WRBHARM T L, 750 ARGs BY7= A FIAE % AU

BITAEEE N % 3 £(1965—), B, #i%, T BZH R F 61 A K
WEEEEHRR FLEESS,

HELEREB B KA (1960—), B, 4%, LA F @
AHAR R EEHR,
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