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Abstract : Emerg,thg Yonidfinants including antibiotics ard an.tiblotlc resistance genes ( ARGs) have been frequently detected in
drlnklng water resources. In this study, the occurrence ‘6f antibiotics and ARGs in various environmental matrices in representative
drinkingﬁl:v;ater sources in Jiangsu Province and their influencing factors were explored. Five representative drinking water sources in
northern, central, and southern Jiangsu were selected. Water, surface sediment, and epilithic biofilm samples were harvested near the
water intakes of each water resource in December 2018 and June 2019. The concentrations and abundances of ten antibiotics, one
integrase gene intll , and seven common ARGs were measured. The results suggest that the concentrations of the target antibiotics and
ARGs are relatively low compared to previously reported data in China and elsewhere in the world. The target antibiotics were detected
in all of the water sources. The concentrations of sulfonamides in the water, surface sediment, and epilithic biofilm ranged from not
found (NF) to37.4 ng:L™", NF t047.3 ng-g™", and NF to 3759. 1 ng-g~", respectively; the concentrations of quinolones in three
matrices were NF-5.3 ng-L™", 0.4-32.5 ng-g™', and NF-4220.9 ng-g~", respectively. The detection rates of the ARGs including
sull , sul2, tetW, and tet() were 100%, among which the sulfonamides sull and sul2 showed the highest abundance. The absolute
abundances of sull in the three matrices were 2.48 x 10° copies-L™", 3.54 x 107 copies-g™', and 1.44 x 10° copies-g™',
respectively. The abundances of ARGs in the sediments and epilithic biofilms were comparable, and were much higher than in the
water body. The phyla Bacteroidetes, Proteobacteris, Firmicutes, Verrucobacteria, and Actinomycetes have proven potential hosts for
ARGs and might play an important role in the transmission and diffusion of resistance genes. This study offers baseline information on
the presence of antibiotics and ARGs in the drinking water sources of Jiangsu Province, providing a significant theoretical basis for
ARGs pollution control and safety guidelines for drinking water resources.

Key words : drinking water resources; antibiotics; antibiotic resistance genes ( ARGs) ; occurrence; real-time gPCR
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Fig. 1 Sampling points of representative drinking water resources in Jiangsu Province
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F " 3 I "
& 4 ¥ 4 EPE‘ ‘El - _—— ;g‘ % —I;ﬂﬁ‘ ‘EI . E\‘ Py

F & P J /min (‘m/z) = (m/z) /s /V
itk i %,ﬁii% 2.98 254.0 92.0 0.050 25 26
156.0 16
it J i) FY 4 e 2.69 281.0 92.0 0.078 27 3
156.0 22
AR s 2.06 291.0 123.0 0.022 35 27
230.0 25
it e v TR 3.44 301.1 92.2 0.050 23 30
156. 1 16
it i — F 4 3.43 311.1 92.0 0.050 28 32
156.0 20
R R 2.08 320.1 233.0 0.022 32 2
276.1 20
WRT A 2.12 332.1 288.1 0.022 32 18
314.1 22
KRV A 2.22 352.1 265.1 0.022 31 2
308.1 16
Ranvh A 2.29 360.2 245.0 0.022 32 20
316.1 22
ARV AL 2.08 362.1 261.1 0.022 31 2
368. 1 20
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7 AR BE RS B IR A bR IS W T i .
P R RCR A 3 A5 R . KRR AR K P
50 ng-L™" 8l W R YE Hl A 42.2% ~ 70. 8%
RZ DU W & A W B AR K S R 100
ng-g ", MISCRILE A 62. 5% ~70. 2% , A X Fp i
TZEMT 20% . ¥ 525 B REF Ah 25 (b R A
Hinfb59.
1.4 FEAT DNA HEBORT i

FE i o DNA R F FastDNA Spin Kit ( MP
Biomedicals, Solon, OH, USA) X & . X} F
JKAE DNA KE 1. 2. 1 5 it 8 5 0 98 A58 59 A/ B
AR &L XT3 )2 DR R 5 A i, B
0.1 g IBEAEME TIXFEHATIRE. B
DNA FEdh 2% & Rilg i BAEYRLE A R A E 1T
YN 165 rRNA 32 B V3-V4 5575 X fY 25 ik il
J¥, BT 51 W1 % K 341F (5'-CQTAYGGGRBGC

ASCAG-3") Fil 806RI(5'-GGACTACNNGGGTATCT -

1.5 SERPZOEE R PCR

XFEA BT AN S ARGs (sull Fl sul2) | 3
FHIUIRZEZE ARGs (tetW | tetC Fl tetQ)) | PHFP 5 5 &R
%5 ARGs (emlA F1 floR) DL K2 5 ARGs 1£ &% YIH %
(W —2KHBE T il #4175 5 PCR(qPCR) 437, 97
B4 ARGs F BLIrX R 1951 92 Bk 51 R BER /NI
RIRERMFE R 2. HRYEKA PCR 1A &R
BEE N 30 L, 145 15 pl ) gPCR Mix, Mg**
(2 mmol-L™") VAW 2 pL, 1IE 18] MK [0 59145 0.5
pL, B 2 L, A DNA ¥R 2 10 ng-pl. ™"l
ddH,0 %2 % 30 wL. PCR ¥ W& BT M. 176
95°CHAE P 3 min, 95C 8Pk 30 s, B kK E N
60°C , FitJ 72°C ZEAH 30 s, fiG3F 30 K. PCR 7= 4
TR HEBE I FL VK B S, IR 1S R B /INIE
fi A DA, P T I 8 05 b o it 1B g AP )5
PCR 7= 4550 pMD19-T 2k |-, % B el b oAb )5
WA E LB US| 15 37°C T RO PCR S5
5 AP TERE iR, DRSS AD — 1 IR T R
Y, 205 AT ORI, B . R S
it e PR IR 10 APBB L A  , fhl gir ETHY SR 1Y

ANIT3 . ) amemdy €y _
i oW A ! |
" ray ®2 AT EHAEE ARGs & BNRE K RIS WEKER 2 ;
‘ Table2  Specific primers used for PCR and rezill—time PCR analysis of AR(;.S and other ta.rget gene abundances o
) PR, ‘.fﬁ‘f’#E 7] d ElL/2) Fr BRIV bp B UGl °C
5 v g N sull B __GACBGEAGGCTGCTGGTTAT 107 60
e sull <R tGXAGAACCGCACAATCTCGT
. S sul2-F TCCGGTGGAGGCCGGTATCTGG 190 60
sul2-R CGGGAATGCCATCTGCCTTGAG
LW tetW-F GAGAGCCTGCTATATGCCAGC 168 60
tetW-R GGGCGTATCCACAATGTTAAC
PR 25 1otC tetC-F CTTGAGAGCCTTCAACCCAG 418 60
tetC-R ATGGTCGTCATCTACCTGCC
et tetQ-F AGAATCTGCTGTTTGCCAGTG 169 60
tetQ-R CGGAGTGTCAATGATATTGCA
emid cmlA-F GCCAGCAGTGCCGTTTAT 150 60
AEEk cmiA-R GGCCACCTCCCAGTAGAA
ok SfloR-F CGGTCGGTATTGTCTTCACG 160 60
SloR-R TCACGGGCCACGCTGTAT
AT indl] intll-F TACGAACCGAACAGGCTTATG 151 60
intll-R TGACGATGCGTGGAGACC

fifi FH A2 56 6 2 B PCR X (7900HT &I, ABI 24
A, 3D dE1T H LR B FE 43 M. Real Time
PCR & & £U4% 12 plL ddH,0, 15 wL gPCR Mix, 1E[f]
FUEIE 519 (M EE R 10 umol - L") £ 0.5 wlL, Btk
2 uL. qPCR F&JFUNF :95°C FAE 1 3 min, TEIF AL
HF 1 GRS RASE IR 95°C HF4E 30 s, 1B KR E
70°CHFLE 30 s, fFFF 38 RAS I BE 95°C 74 30 s,
BIRE 60°C 142 30 s, B 5 72°C FE i 30 s.
16S rRNA Jz I 2% 14 6] H f9 JE . S 56 15 2] 1Y

16S rRNA #&41 inill F17 B ARGs B BR300
FEl7E 80% ~97% .
1.6 ¥t

KA QUME 1.7.0 BRI, Ok &
50 bp [T H, GnARE e H Py 03 i B AR T 20, A
7 IR 2S5 s | B Bds 5 K BEAIR T 50 bp
%1 ; @barcode T kG #AVCHED , 519 LT 2 08 JE
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Fig. 2 Absolute abundances of ARGs water, sediments, and epilithic biofilm samples



234 T RAE VLI UMK IR AR 3R S e Pk R A Bk 755

ARGs [H] )25 BRI 25 W E G, Nk ARGs 1
ARy > ZRET MR TR P&
ISR ZEXT ARGs (5200, Sz BRI B 2 5 i 3 JIEL 2R
Girp tetQ F tetW S 250 ARGs W HZE IR H 7, H
Zoe A e O 90 T A AR 0 AR A AR A g R e S
ARGs i i A

K3k H ARGs 7E 3 R EREE A P A AR
JE. RIZKEET S ARGs A M X =F B B
sull F1 sul2 A A9 AH X = B (LA 16S rRNA 3f, T
) 43518 3. 13 x10 ™2 ~6.34 x 10 ' F1 1. 11 x 1073
~1.74 x 107", BEREZE ARGs 1E /KR NP # ARG
PSR EZAA LI 2 s OIREE o 4 5 0 i e S bt
A RABERPUNE B ARGs ROTRTESE R £,
Qsul2 FEHE—28 ARG WU N , TEIR 5 vt
WAFFE. B 3 (b) R RZVIRY) 5 M5 Y
H A ARGs RO XF 3= BEAH Y, W35 & F oKk

2018412 (%) 2019461 (H7%)

Cinddi A terC
0wl R terW

— sul2 floR
tet) emiA

(a)

Ioll -

1

ARAEHI ARG HIR

1072

E =

=
=

143 380
34 5538
e
14 380
s M)
e

H ARGs M F . KHH ARGs & gk T
DU A Yy s rh 0 IR R Al g B . B
S6, TE K AR T, WIS 335t 4% T £ ( mobile genetic
element) =5 (Y 7K 7 3 I 7% B J& ARGs (£ #5 F4™
By =R s 720 AR BIE ST I RE Y inel] S —
5 ARGs 1% 4% % VI AH ¢ 1Y vl 7% Bl it AL oo i, &
TEM KR ARGs (G #E B AR bR KAE T inell
FREEIEALT IR A A R i & 2 (K 2) , X
53 )i R ARGs A X BE 18] A9 56 R AW A
HR KR T ARGs & Wt T ROk 4 /B % 1) 4
Yy ot 3R 10T, R DT 2 2 UORR W 0 A W REE 4 3
B o, 3k 2 A1 AH PR B2 A ox i e A 55 A A T 1
FRAEY N S, #F— i ARGs P
BEAEDURR Y /A W JBE v, oK 7 35 TR 2 7% R A 32
HEW) BB AT 2R T ARG f’%%%%ﬂfﬁﬁiﬁ’\]ﬁ%ﬁ
i, | {

20184121 (£F) 2019465 (4%)

10!
(b)

+ LRt
Aallall 2

VLB R A PR p ARG MR = )i

1o

EEEEEEEEREEEEEREEER

ETERBETEERTEERETERER

EEXEE ESHE HHE EEE
e EX) e LI

(a) DBOKIE; (b) RIZUTRYIFIB G L YR
3 ARGs ZE LEKRE RETRYSHE EWIR DA FE

Fig. 3 Relative abundances ARGs in water, sediments, and epilithic biofilm samples
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