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ébstract Wastéwater treatment plants (WWTPS) are regdrded as the main source for antibiotic resistant genes (ARGs). To explore
‘the features rggarding the distribution of ARGs in.wastewateragith complicated composition in treatment plants , wastewater samples from
a' chemical industry park that produced antibiotics wef® selecte(l qPCR was applied to detect the type and abundance of ARGs in the
wastewater flows from the WWTPs. The results indicated that 16 types of ARGs were detected from the wastewater from the WWTPs,
amor';g which sulfonamide resistance genes and tetracycline resistance genes were the dominant ARGs that appeared in the wastewater.
Additionally, intll was detected and its abundance was correlated with that of sulfonamide resistance genes. This indicated that intl]
may promote the migration and transformation of sulfonamide resistance genes. The pharmaceutical factories in the park mainly
synthesize macrolide antibiotics. Because of the selective pressure, the absolute abundance of ermB in the wastewater was much higher
than that in the other industrial wastewater. The total ARGs decreased by 1. 16 log via traditional biological treatment process, and the
total ARGs decreased by 2. 46 log via the Fenton process. The results showed that the removal effects of deep treatment processes on
ARGs were better than that of biological treatment in this wastewater treatment process. Highly abundant and movable ARGs already
exist in the water body, and their release from WWTPs without effective treatment poses high risks to the environment.

Key words; antibiotic resistance genes ( ARGs) ; real-time PCR; wastewater treatment plants ( WWTPs) ; industrial park; Fenton
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IKEGIES) , b FAK SRR KRR E AR A
K HEIBUER T, Z450% ~90% Sl FR A
FEHE RSN, SR 5 X B A P 5] WWTPs' .
JEKAE B T N AEWE A i R R R
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RPN EE A ATE YR

A R AR AR BEIT, R K H 4> ARG
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UL BT TR A T A AR
[@], ARGs 7 WWTPs H1 ] fE3Z B A [F Y5200, g
RHLPE K R BT 38 32k MBR 1.5, ARGs £ F [
1.77 ~2. 69 EEg " | Wil 5o BUR K Ab B 2
it A/0 T2, ARGs EREERFML 1 ~3 My ™, %
PSR KA FR ) 2558 A2/0 T.25, ARGs 3 B4R
0.41 ~1.60 NErE " HHR KM, 1 Fe’*/
H,0, BE/R A 0.1, H,0, %4 0.01 mol-L™", pH
H93.0, IR 2 h B985, HEs ARGs
PR T 2. 58 ~3.79 K. L

A FE BB LA PP R O B AT A AR T
ﬁ&%*ﬁ&%ﬁ%m%w%;ﬁrﬁﬁ@f@ﬁ
KL T e BB A R i
¥R AL BT FE R A 5 K A5 PR i % Hat 8

S F1 EkabE#AkKR
1 "Table 1) %Vater quality fin the influents of the WWTPs

F3t 26 A ARGs #EATE VA, JF X H A 11 Fh
ARGs, —H# AT K 16S rDNA HEAT5E B, 43
Mr ARGs 7E 1% J& /K &b B8 T w1 43 A 5 A K He %o
ARGs W EBRAR, MR &A miiE R, ik R
PRSP 75 K 4 K AL BR ) kb HR K A ARGs (1952
Wi, ASHIFFEXT T At i e 20 B IR AR R PR K b 3
TR ARGs 4345 B2 M HLAT 58 H Ay LR RS S

1 #MelExH*

L1 XI5k E A

HEHL A P4 2 S A A T DX
KALBRT HBFFER G, SRR I, B2 e
R IR PE A LTS, B X 64T 42 S
ik, 20 RELHI AL, 8 TR ML,
14 RYHEN el , 7 5 A At bl il , 6
17 FHAAL T, 38 4 BRI e 24 A
VR K AL B s 1 DI 24 o L R A
KPR, HApahiai % i S - it
TR T 0 S O, B 2 ol | AR Sl | i
B Yl 0 ol 3 Ml A4 8 T X8, B K
16% . 5%/, 159 FB0% . EKALRL) KO
% 1., P =

o

U

FHA/ mg- 17! ) q{%ﬁ}?&/mg-L_] B/ mg- L4 COD/mg-L~!
HEK (G-I 15.43; 9470 9.01 212
WPt K (G-Ph 18.76 j 42.97 7.44 238. 80
:‘;L%tﬁtlﬂk( G-Se) 1.74 38.76 1.61 263. 20
I3 H 7K ( G-Eff) 2.00 29. 89 0.13 118

1.2 FESCRSE K ikb 3

FEAT 2018 4F 4 FRAE, i E /KA /) T
AL MR BE S UL 1, BT A EEK B 22.5 5
m’-d ', HETSEPR K E 11.5 JTm’-d™", EK
AREE Tk KR F PR X Tk K. %) EEAL
PHEASTALFE PRI 1t ( FR A 1Y) | WAk b BT (22
BEULTE) . AW B BATT A K IR B Ab BB (251 T
2, BT YR ITON IR A, A AT (B
B, W B, K RINE 11 h.

FRE S AL 3K (G-Inf) . ¥4k 7K (G-Ph) |

FATTAS [A] X Bt g e K IR A 40 (G-An, G-Ax Fil G-
Ox), PLR —UTHRIART5 I (G-WS) . B RFE MR
T 1 LAESY, AKEELERCT BT Ve i 10 TE R 23R
IR, AT WA R T AR &
o, W GE i, R S E SR KA E T 4C R,
RFEE T -20°C 147
1.3 F&dh DNA $2H

PL0.22 pm 1B A £ 4k 2 15 38 5 (Millipore, 7
) 52 BEAE &, FEd ] PowerSoil DNA Isolation Kit
(Mo Bio, SEE) &, MHEEHN &I kX iE s

UL K (G-Se) | JYUR 1K (G-Eff) , A2Wkb3E HUDNA. BRI EN 1% (IR IRIHEER B UK A1
G-Inf G-Ph G-An G-Ax G-0x G-Se G-EfT
T kiR l l l l l l | gk ik
— Wl WAk e R | Gl | AP it e ES KR
T
IR | G-ws
v
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Fig. 1 Processes and sampling points at the wastewater treatment plant
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i IR B A TR
1.4 &5F PCR A

ABFIEIESE T 8 Kt

K, EAKELEE 6 FhIUIRE S ARGs (et |

tetC .
(sull .

tetM .

tetO FN tetW')
sulll | sullll 0 suld)
ARGs (dfrAl | dfrA12 K dfrAl3) ,
2% ARGs (ampC ., blaSHV Fl blaPSE-1) , 2 Ff K

NS 25 ARGs (ermA,

ermB ) ,

26 Ff ARGs PEFTE 1
tetB |
4 Ff fifh i 25 ARGs
3 Fp AR E
3 Fh B-1N Tt i

3 Ph R R K

ARGs (catl .

sl 9,

%2 PCR3I¥FF]

Table 2 Sequences of premiers in PCR reactions

catll 1 floR ) ,

vanB Fll vanC) .

PCR F=¥) 8 T 4°CI#-AF,
~ 2% P B W BEE S FEL K R A A

2 b R R S
ARGs[ aac(3)-Ml a, aac(3)-IV] 13 FpJT 8 R
2% ARGs (wanA .
N 2 s, ARSCE A B 51 9 8 ik T AR
AR i) B A RS WAL
25 pL R &R, U
Start Version ( TaKaRa, 7 [H ) ,

PCR 5| ¥ ¥ %1

5@ PCR R H
12.5 uL Premix Ex Tag"™
HZ1pliyE, F
1 wL B9 DNA Bt & 9.5 pL ddH,O0.
R RN 1%

EEZE T TE ] 741 751 R B /bp ik
tetA GCTACATCCTGCTTGCCTTC CATAGATCGCCGTGAAGAGG 210 [21]
tetB CCTTATCATGCCAGTCTTGC ACTGCCGTTTTTTCGCC 774 L 21]
tetC TGCGTTGATGCAATTTCTATGC GGAATGGTGCATGCAAGGAG |~ 3357 &1 IF1]
tetM ACAGAAAGCTTATTATATAAC TGGCGTGTCTATGATGTTCAC 171 L2
tet0 GATGGCATACAGGCACAGACE . GCCCAACCTTTTGCTTCACTA 172 ) 6
tetW GAGAGCCTGCTATATGCCAGC” GGGCGTATCCACAATGTFAAC 168 # & 6]
sull CACCGGAAACATEGCTGCA AAGTTCCGCCGCAAGGET o~ 158 & A
sulll 7 TCCGGTGGAGGECGGTATCIGE CGGGAATGCCATGTGECTICAG “ 191 (. Y6
o sullll a TCCGTTCAGCGAATTGGTGCAGY 47 TICGTTCACGCCTTACACCAGE ; " 143 ) :
" suld” £ 4 TCTF(JA(JLAA(JCAGTLCA(}G’A(,;- TLLA(JCCTTA(JCAAQCALAT(JG ) < 198 = ['2-2]'_;:}
dfAL" TTCAGGTGGTEGGGAGATATACY = TTAGAGGCGAAGTCTIGGGTAA & 150 [21T
diflz | AAATICCGGGTGAGCAGAAG | [ CCCCTTCACCCAATGJTTAG " 429 125
R VE] CCAGTCGCCCTAAJ}AQAAAQ GATACGTGTGACAGGGTTGA 294 T23]
g |/ |ampC TTCTATCAAMACTGGEARCC _/CCYTTTTATGTACCCAYGA 550 [24]
S blaSHE A TCGCCTGTGTATTARCTCCEH = _@GCAGATAAATCACCACAATG 857 [21]
"0 JBlaPSE-1 TGCTTCGCAACTATGACTAC " AGCCTGTGTTTGAGCTAGAT 438 [23]
Ul GGCATTTCAGTCAGTTG CCGCCCTGCCACTCATC 585 [25]
catll CCTGGAACCGCAGAGAAC CCTGCTGAAACTTTGCCA 495 [25]
floR TCGTCATCTACGGCCTTTTC CTTGACTTGATCCAGAGGGC 188 [21]
ermA AAGCGGTAAACCCCTCTGA TTCGCAAATCCCTTCTCAAC 190 [25]
ermB GATACCGTTTACGAAATTGG GAATCGAGACTTGAGTGTGC 364 [25]
aac(3)-Ma CGGCCTGCTGAATCAGTTTC AAAGCCCACGACACCTTCTC 436 [23]
aac(3)-IV GTGTGCTGCTGGTCCACAGE AGTTGACCCAGGGCTGTCGC 627 [21]
vanA TCTGCAATAGAGATAGCCGC GGAGTAGCTATCCCAGCATT 377 [24]
vanB GTGACAAACCGGAGGCGAGGA CCGCCATCCTCCTGCAAAAAA 433 [24]
vanC GAAAGACAACAGGAAGACCGC ATCGCATCACAAGCACCAATC 796 [24]
Intll CCTCCCGCACGATGATC TCCACGCATCGTCAGGC 280 (6]
168 rDNA CCTACGGGAGGCAGCAG ATTACCGCGGCTGCTGG 178 [26]

1.5 5EH PCR(qPCR) il

MRPEE 38 PCR & PEAG I A &5 %, AR A 5% Xt
tetA | tetC ., tetO . tetW, sull . sulll | dfrAl . dfrAl3
floR . ermB Fl blaPSE-1 3t 11 # ARGs, —E AT
intll % 16S tDNA #17E . K SYBR Green
L J5k, fili S22 i PCR 1Y ( BioRad CFX96
Touch, F[E) X £ Hbr L KN 317 &l €. qPCR
K20 pL K&K, f14 10.0 wL SYBR Premix Ex
Taq™ (TaKaRa, 1), 5144 0.4 pL, DNA Bt

1 pL % ddH,0 8.2 wL. R FEF A :95C FiAs 1 1
~2 min; 95°CZE 130 s, 1Bk 30 s, 72°CHEMH 30 s,
40 MEHR . BEMITLRRF R 55 ~95C, &
0. 5°CiZE—k, WIEEEE 30 s. MIERT, BibnifER
BELL 10 A5B6 R B, PR 4l Ok IR B A B AR
HE R B4 DA, 5l SE RO E 5 PCR AE 1S
B Ct ARG A A v 2R s o SR 1 A 2 1k
SHRBRAT S RFSE. 45 H Aw 35 DR b ofie iy 28 119 2%
PEFSE R EAE 0. 993 ~0.999 Z[H]. HANFE 5%
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B3 ASEATRE.
2 GR5IHR

2.1 JEKAPFE RGP ARGs fEAEIE L
253 B THRESHT ARGs IAG HY IR 100
TEFE KK FE A4S HY 7 K2 16 Fh ARGs, IF7E

BEAR A il FERP BRI R RS, Hh
VURRZEZE ARGs Kt Rt , LA 5 A, DUER
RN T AR | B BOHUK - IR S5 s, 78
EPA RS, AR R HEA S —,
DUSRZME AN S A A i > ik ml g 558
JROKALBRT K P UK ARGs fa i FhE 2.

#3 EKAE #kd ARGs #HERD
Table 3 Presence of ARGs in the influents of the WWTPs

bes DU AR IER T
tetA ™ tetB tetC* tetM tetQ) * tetW™ dfrAl * dfrAl2  dfrAI3 " sull * sulll sullll sulA
ot A5 L + - + + + + + + + + + + -
. B-N T2 KRINBES AERK S T ERRE
ampC blaSHV ~ BlaPSE-1* ermA  ermB™ catl catll floR™ acc(3)-la  acc(3)-IV  vanA  vanB wvanC
Tt 1% L - - + - + + - + + - - - -

D) + 7SRkl ¢ = " FRRKH ¢« " FORE A ARGs

TEREAERIIHTRIA, ZIEKAR B BEK 4

X 3 B i B B S ARG, b 7K HPR R G 0 45 R
e 2 . -
107 :
- 10° i =
2
210° ] =
gm*é o [ |
fra
Z 100k
B
- E'mz:
-~
m |0i!_
100k

tetd tetC tetQ) tetW sull sulll ermB babSt-l dfedl dfed13 floR

2 Bk #HkHEEREREX EE
Fig. 2 Absolute abundances of target genes in the WWTPs

HEOK R S 0 4 xS O 2,41 x 10°
copies mLfl (sull ) F1 1.03 x 10° copies+mL ™'
(sulll ), BRI R ZiAERZ—, BA &
ﬁﬁ?E*ﬂﬁﬁ@E’J%ﬁ, i e i 245 35 R ) R A
e RARGEA, il B ZS T 24 5 H 7T e 2
HEEh S HALA ARG, T 5 4 X AR IR
B I ) JE tetC . dfrAl . ermB . floR . dfiAl3 . tetW .
tetA | BlaPSE-1 F tetO. K2 IR tetA F tetC FIAENT
FERET tet0. tetd F terC I P ENLE] i B
SNHER R, tetO FER BTN A 20 B A% b A )
PERE, BIAEZ B X kK o A AMESRE R A
PUPEHLH A PUIRZE 2 ARGs 1Y e B 8 08 /= T i i A%
BGRB8 BT EDLE ) U PR 228 ARGs.

2.2 JOKALBRTT T ZAHTRE ARGs (70 A 4R

JER K AL T SR AR A it v B 5 PR A e o) = 32
SrAtESL El 3 B, 38 R K Ab BT A BT Ab
B RS A R A T ARk

el X Pk 2 A A SRR TR | AT B —
RNV St N ) i 7 N R ARGs ﬁ’ﬁ@xﬁﬂ“
BT H KAME, (v7kf&%m/mﬁfﬂﬁﬁi%[%’$#
Hﬁi%fﬁi@$7%iﬁlm&ﬁﬂﬂdWA
SRR MRt HoK BT ), B MK (A /ARG
AT T/ 0,16 ~ 2. 3¢ WAL, ARG T Jalf 5 /K 1k
Elﬂfa@%gmxﬂz/'%imﬁaém , Li%%mﬂ%ﬂﬁ
?Hililttk éEFﬁ?FlJ?f%ﬁ% ARG. A5 £ W,
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