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BRI 5 RibiA 2, FRATS KR HUAER S RS A WK, SAARPURERGUER SRS TRNERTER,
2 FhPOFR B R AN 294.0~376.1 pg - L, 3 PSS E R MAE R 197.7~323.0 pg - L', FR5T5KEEA T 8 Fh ARGs
KK, REREZEBMEIE D sul (A) &R, Zaxd 4 DUEOR 1084191010728 PUSRZERBTESLN T ter (W) & R fieis, 4t
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2% ARGs = T PUFRZE S ARGs M. FiAERWE S ARGs X FIh 7Y Pearson HIEM:AM R, FEARH sul (1I1)

SR R AR ] A IE A SEE, BB IUR ARGs SH0AR R W AEAE—E A e . RIIBRTTA: 4,

ARGSs FE/K IR P (1 7 B 1T B 5 ARGs Rt K H B PRI R A C I FS0RE A B F IR il X3R5 5K thii A Z R ARGs

1Yk, gt — PRSI ASESTAE R IUHIE ARGs 975 Qe R il
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K, ENINTTF ARGs TEIEHIRIR . (L3691
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AP RS R M AL FRAGITI . A FHREIEIE |
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TR 2 NSRS —F - (AR
2510000 3k ). F4 (AL 1000 3k ), X+
FE 7 N 15 Kt H A K AACRA 5 X 8 R A
VT 1 — 25515 /K e it 3% 48 1 A FHE IR U RAE (BR
VEKHERL T 10 m &b ). RS FHIR T oRE, AP T
4 CH¥EH .
1.2 HPLC-MS &#f
1.2.1 HmFRaR

JKFELL 0.45 pm JEMRER 8079, ¥ 1L KEEH
JIMA 0.5 mg Na;EDTA, FHINAZRERIETT pH = 3.0
LAy o WG WAL PRADFE S SRR A 10 mL DL 1 3
/s [RFETISEZE 5 mL HEEFN 5 mL /K{E4LE PEP
WARAEOE, fF BIEWoeemb s, kA 5 mL
KA S mL V(FFER) @ VOK)=5 © 95 IEHkeE, 32
AP . ORI T 5 min, fJ5 10 mL V(H
) : MCTRER)= 10 90 VR . K PERi e
40 CWRAE . AT, F | mL bRiEEIRIRIA Rk
W, 1k 0.45 um BB, AR G IEmE!
122 “wlArEwA

S FREOU IR 2R (TC), L8R (OTC), Mfifn
KE(SDZ), fifi i — H w5 g (SDMe), fiff iz F MR (SMZ)
FrRAE sl (I 2 5 AR P il A B ), TRC i g
Lok 7 R S I N 12 7R G 1)/ S O 71 WA By
T B 55 W 28 20 W) KRR A ) 1 0 Ak PR 7 S 28
HPLC-MS ( Agilent 1100 ) M5 . DL JyRE AL bR,
TR A AR AR bR HE T 4R
1.2.3  FauillE

B2t 3w b B R A B U 42 HPLC-MS
( Agilent 1100) % . (i, GiEH: . Inertsil
ODS-3; Jii#: 0.4 mL-min"; KK : 265 nm;
YRR . 10 uL; Wit ZHEHKF 0.2%(V = V)
IR, ikt B4 Amiss v g b I
R EST), B FURIREE . 320 °C, WEZHLE : 3000
V, AS Ui 10 mL'min™ .
1.3 MHEEER RT-PCR EE4H

AHFFE S HPLC-MS AT A 2 045
EIUH UL A JLFh B 7R by A= Pk S R B 5t
Bl 4 PR e 2Sh A RPUE L sul (D). sul (1), sul
(1), sul (AYF1 4 FRPURRZERGTAERPUIEILH ter
(M). tet (0). tet (W), tet B(P), % RE/KFEH TR
) DNA #E 5 miil, 519t E2oREFE
R FEH SR,
1.3.1 DNA # I

KM E 4] DNA #EUAF & (T
TIANGEN ) 2B 19 DNA, KR & it
WA 7 LR, SRS DNA FHERIE SRR Tk
Fe 266 REHE (UV-8000PC ) il £+ LA K 4l

JE ( A260/A280 {EAE 1.8~2.0 Z[f] ), ZHA AR &
PEHH) DNA Sl A F 41 DNA,
1.3.2 ZealtrfEwk

PCR W ARZR (AFLUR 25 ul ), fU45 5 xbuffer
SuL, Mg®* (25mM) 1.5uL, BI¥4 1 uL, dNTPs
mixture (4% 10 mM ) 1 uL, Taq DNA & (5
U-ul") 0.25 ul, ddH,015.25 uL. PCR S AEFE N -
94 °C 4 min;94 C 30 sec;60 ‘C 30 sec; 72 “C 90 sec.
PE¥R 35k, 72°C 5 min, A THLTKATIN, FKF IEHH
{49 T P e T R AU [l (it DN v A= 9
vH) ), 4lifk PCR F=4¥). f#H PUC57-T Vector, ¥4
SUILR HWTE A PUCST-T #ik, KRG KA Rk
1)IEZ 40 DH-50 ( BN ARAEI AT ) S 75%
fbo PRIERTE, /NERTSR. ZEANGE, /R
BRI ( RN AR AR SRIUTR . BTk
PEFT DNA P8 E B r=9. 20 ok i 48
NI HR B, e 10 vk BERL BERR RS
DI¥E DUBUA R AR AR, Ct (B N AR BRZ Sl AR iE 2K
1.3.3 RT-PCR

I EW NS A YA BRA AR RT-PCR {7 &
AT 8 N HIZEH AN S A 16S-r RNA ) SYBR
Green I 3ZA 7€ PCR 2 wi( Rotor-Gene 3000 ).PCR
FNARZ (RFUR 25 ul ), fudd HIWFER . Fif
51#14% 1.25 uL, PCR mix 12.5 uL, £l DNA it
1 uL, ddH,0 9 pL. PCR W FEF A : 95 ‘C15 min;
95 °C 15 sec; 65 C 30 sec; sul (I)65 'C 30 sec. sul
(1157 C 30 sec. sul (IN)61 °C 30 sec . sul (A)60 C 30
sec. tet (M)55 C 30 sec. tet (0)50 ‘C 30 sec. ftet
(W)60 C 30 sec. tet B(P)46 ‘C 30 sec, 72 C30 sec,
40 MEFR . 16S-r RNA F2 i 516 H A
1.4 BIESIT

A B Excel A T4 20, R
t K I8 EA T i AT
2 MERER
21 HPLC-MS &8
211 ARBEWE

SRR S A R AR LR, S5
R 1R (LAKREE MR AR DR, TR AL ).

1 B8 5 M RRbRER LA R R

R1 EMRERNIREHLZL

Table 1 Standard curve of various antibiotics

AR FRifERh 2 TR HIXEH R
PUFRZE(TC) ¥ =-2.266x103+1.028x106 x 0.998 7
+#E(OTC) y=-2.444x103+4.958x105 x 0.996 2
Tt i % E (SDZ) ¥ =-1.370x104+1.720x106 x 0.999 9
Tl — W mE0E(SDMe)  p =-2.085x104+3.638x106 x 0.999 8
TN (SMZ)  y =-1.942x104+1.996x106 x 0.999 9
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1E 0.996 2~0.999 9 2 [a], ZEMEAHSEARE:, ATHTFHt
212 IAFMELER

PR AER LT LA &SP ER S &, 5
FhPTAE RIS FEAR I A TG LU 1 FR

=
[

0.2

=
=

pURAEE ) (g mL)

ciIEE gl

T  OTC

"27//////%

ciIEE gl
= = = =
b —_ ] ™

=
a

pURAEE ) (g mL)

Kl la, b, c B/~ 5 FhTARLE 3 MEAF I
AIEIEA — 3 U RIS R AKE Bk
FrERZPIAER, WIREEP OTC Fathmy; fif
feZkvh SDZ Fl SMZ %75, SDMe &arfifi. F
d R FRAH IR K P AR R AR T v I

] DR EK
PN @ Rk
N SERERENK

TC oTC |N7Z. SDMe
d

& a %3 % K 48 Bt 25 i Figurer a Antibiotics concentration in swine wastewater; [&] b 2R3 /K Hh45-4i/f 2 & 5 Figurer b Antibiotics concen-
tration in cattle farm water; [ ¢ #EMEUE/K #4831 5 i Figurer ¢ Antibiotics concentration in irrigation channels; & d FFEA b4 2 & Xt Figurer

d Comparison of antibiotics concentration in there samples

B #RPHERSITHFER

Fig.1 Distribution of antibiotics in samples

WK,
22 mMEERNELER
221 FHAEARAE WL

I SRR 8 4 H AYEER K NS bR
HERNLZR, 45RANEE 2 B (LAEE DR RE AR R, Ct
{E AL BRI bRIEITZE ).

22 BN, Ct{HS H AL R DB 8] A O
Z¥ R*1E 0.991~0.999 Z[a]; ¥ MK E 1F
97.3%~122.0%Z 1] ; RIFTE-2.89~-3.39 Z[i], NS
KA 16S-rRNA 1) R*7E 0.993~0.999 Z[i]; ¥ H45k
R ETE 94.8%~132.5%2 [0]; FPRIE-2.73~-3.45 Z
6] ZRPEAHSE RAE, nHFITHA AL R A4 DKL
222 ®EEPCR X

R AR I 28 7T LA TS A PpE 3 I 0 4
DUEL, 8 ANJEDR A 48 DU 5 g S 5L R AR
X5 DURCEE SR 2 B o

K29, K a, b Rl 2iEl3s ARGs MU
£ ARGs TEFEA P 2 %4 D%k, Rt ¥75 /K4y
EAE RN 8 ANPUMEIED, T R R K A
Kz teBP). K c. d 435t 8 MNPk HERE

£2 HAKEREF 16S-rRNA FRE ik
Table 2  Standard Application Curve of ARGs and 16S-rRNA

. PSS R
JEH Lt T s T
R E(%)
sul(T) y=-3.0311x+45.6116 0.9995 0.0123 113.75
165-rRNA  y=-3.4529x+55.4849 09993 0.020 1 94.81

sull)  y=-2.9712x+453927 0.998 1
1657 RNA  y=-2.942 3x +44.6994 0.999 2
sullll)  y=-3.3555x+47.5496 0.997 4
1657 RNA  y=-3.397 8x +53.9288 0.993 3
sul(A)  y=-3.0563x+45.7513 0.991 4
1657 RNA  y=-2.729 7x +45.0408  0.997 4
tet(M)  y=-2.902 8x +45.0907 0.998 5
1657 RNA  y=-2.942 3x +44.6994 0.999 2
tet(O)  y=-3.388 5x+48.8580 0.994 8
1657 RNA  y=-2.9357x +45.6481 0.994 8
tetf(W)  y=-3.109 0x +46.2015 0.999 3
1657 RNA  y=-2.729 7x +45.0408  0.997 4
tetB(P)  y=-2.886 8x+44.7802 0.998 6
1657 RNA  y=-3.199 3x +49.9495 0.994 4

0.0422 117.05
0.0105  118.71
0.0748  98.62
0.1955 96.93
02043 11242
0.0486 132.46
0.0422 121.05
0.0105  118.71
0.0123 97.29
0.1138  119.10
0.0175  109.72
0.0486  132.46
0.0299  122.03
0.1456  105.38

ARG KPR ki, B A
FEAS v H A D B9 4 %60 48 DUEOH X T N 2 236
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0 B ERR AR
1 1 1 1A
sul@ sul (D sul (ID sul (&) tet (2D tat (00 tet (W tet B(EY
a b
5012 0.08
= [ ] 0.07
@ 10 OO0 a i
a 'Y # 006 _'\\
= 8 e 0.05 \ :
X g m 004 Ok .
4 .03 —
4 B ooz — Rip K
"= o2 0.01 — — ——HREK
® 0 0 % R K
sul sul sul sul  tet tet tet tet sul sul sul sul  tet  tet tet tet

O I D Ay MO (0) (W) BE)

C

O @ d & D © WD) BE
d

& a 5 REAT ST 5 (K 40 %61 % DS Figurer a Absolute ARGs Copies of sul in three samples. [ b £5FEAS PUFR 2T M3 R 46 %1% DU Figurer ¢
Absolute ARGs Copies of tet in three samples. &l ¢ #fA< Fp 443 [K] 4 %1% D1 $§ Figure ¢ Comparison of the Absolute ARGs Copies. [ d FEAS i3k R A X

ik Figure d Copies of ARGs/Copies of 16S-rRNA in three samples

B2 #APHEERSHER

Fig.2 Distribution of antibiotics resistance genes in samples

16SIRNA 45 %F#5 DL gk A8k, AR i P
RS BT N EOE, TE R R R E T
PEREDR Y75 S e DR DR AR A X ik B B
WL PRI FEREAR R 43 A1 B . ARGs 4% S ARNT 26
REEREN, SRS RS MEMEARR, SFEA
HiE IS ARGs [ /KR FIUAEZE ARGs;
TR K h ARG [RIANS Feik AR RAR K, Bk
TR K U E R SRR TR HECE K, A
VBRI K R T K ARG [AAH T 3k S35 8 F
TR K
3.3 MEZSMHERBEXEITER

L X P R R S YU S AR X A
FSEPESATHT, 1545 RN 3. % 4 Fim:

3. K 4 4B VIR R ISR Bk E S BT
PSR RAR S Rk I AH SR Z5 SR . FER 3, BR ter

M)Fh, HA I 5 S U R A R 2 — o Al
Kk, R<-0.5; TEFR 4, sul (N)ShEMRYIA %
AHIFRIRIENE, R> 0.5; HEA 3 AR5 8
TR R BIGAHE, R<-0.5,
3 R4 (Analysis )
31 MERTELERST

FHIE T 855850, PR RAEA T 2 A i i)
5 FBUAER, BOEH T HEM Y AT R
KRS AR R AEKAR B, B d BT, 5 A
A RAEKFE P AFTE VAT S0 — ek . pUgR
2% OTC S, 4 0.1832~0.2378 pgmL™;
T2 SDZ il SMZ % 545, SDMe 1% i fIk,
47 0.041 99~0.074 64 pg'mL™" . [RliF, PUFFZEEHiE
EH SR ER TR UE R, Aok ERY
TSR RAEK TR G A VIR, T DU R 2400

£ 3 MOREEMEZRAMERBXESTER

Table 3 Related analysis results of Tetracycline antibiotics and resistance genes

FEA TC(ugemL™") OTC(pugemL™) JDUFRE A (ngemL ) tet(M) tet (O) tet(W) teB(P)
sk 0.129 3 0.237 8 0.367 1 1.63E-05 1.19E-05 0.000 30 3.69E-08
75K 0.1108 0.183 2 0.294 0.001 38 5.80E-05 0.000 48 2.54E-05
RS K 0.1128 0.197 3 0.310 1 0.004 00 3.12E-06 2.98E-06 0

5 TC MIXRE -0.609 91 -0.552 43 -0.070 39 -0.669 46
FXRER 5 OTC AKX REL -0.695 01 -0.455 36 0.042 03 -0.581 84
5 RO A R AL -0.577 55 -0.585 50 -0.110 45 -0.698 79
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x4 BRENEZEAMERBEXESNER

Table 4 Related analysis results of Sulfonamide antibiotics and resistance genes

FEAS SDZ(ug'mL")  SDMe(ugemL") SMZ(ugemL') BB & H(ug/mL) sul(T) sul(ID) sul(I1T) sul(A)
EK 0.1199 0.047 86 0.1429 03107 0.00034  0.00024  0.00236  0.006 98
Hi5K 0.1342 0.074 64 0.1142 03230 0.06898  0.019469  0.00394  0.001 61
K 0.0835 3 0.041 99 0.072 15 0.197 7 0.04169  0.033147  0.00115  0.04563

5 SDZ MR HL -0.02799  -0.758 1 0.87260  -0.999 75

LR R 5 SDMe *ﬁa&?é& 0.15884  -0.62324 094836  -0.986 39
5 SMZ MR 3L 0.68895  -0.07229  0.96168  -0.720 88

5 R AR G ZR -0.50795  -0.97894  0.52753  -0.86426

AERWECAREE . BT, Pid RBP4 IIR
KRR FUOE TR U AER SN ESR

[ USGS(1999-2000 ¥4 T 30 1M1 139 4%
T, ZESRRINE] 21 A AR . XA R A
IKFRIE (5% B e — B/ NT 1.0 pg L', 534
UOTAE | VT = 1 N X ) 353 370K P I 21 DU 3 2%
Kt Bk R 31.05~100.75 pg'L™, TASHISE
HoR AR K EEFR PUBR R (1 & fik 110.8~237.8 pgL,
UL FRAE I R TP i AR R A R st b X A 2R
BYMPER R, HYuk: RIE YK .
3.2 MMERTEELERNT

M 2 g5 5T, FR SR K T 8 APtk
AR, UEIHAASIAY ARGs 7EF85E 7% K i 2
TEAAER . B ¢ R, BERESHUERE R Sk
WA Em T ARG, P sul (A) &
BRE, 4%t CtE RS 10%1%<107"; rer B(P) &
%EE%EE, é@xd. Ct {ﬁﬂ\j 104.098 2N105.91157’ W%ZI‘Eﬂ
I KAHZEL) 4 DB D T AERE IR /K AR A 5]
tet B(P). FEAS HASHIN B ) LA 38 PR 7 H A — 2
FHHIFSE F-d 3 Bl I 22> 242 i er B(P) L AE/L
BORIE TP A WG e, R ter B(P)TEIREE FR AR /K
AT REAAI -

Kl d JERRAR PSR A ek, 5 R P4
H i 35 16SrRNA £ 35 & i [ H 7
10—5.525 5N10—1.1613?§@W (tet B(P) B/%ﬁl\ >, ,ﬂ\:':':', ﬁl:
192 7K Hp i 35 DR A X 2k 5 A0 6 SCk iR GE A K
HREE R AR A A Y sl (1) >
sul (I1) > sul (1), tet (W) > tet (M) > tet (O); 1453
R BMAACE AR, TR HEBE S K AR R .
TR 15 K b B HE TS 115 ] 37 VR T R R i
(), B K B3t i B HE AT A
B, AT RPE R B b g T
T3 AT 2 BN, R AP S R KT
FNTFHCARERRR MR, SRR K b
FEPR S, r AT AR AR K Hh i B PR vt
i = TR K, [RIB g 3 K 5 T I S K AR
FEPRARS e ik A — 2k

3.3 MAZSESHEERFENHEXE

FRIH S T BT A R R 2 S TR T 24
PR E RN 22—, FrlAPid £ 2 ARGs 1E3R
B EEORE ., £ 3 BHEER, fer M) GRS
IR RIRE A NERSS 5 sul ()7 /5Tl
WA R S B A R FE A DG 2 by, A
KRB R>0.5; HAhPrrRE &R ShiE Rk EZL
LI AR SN . ARER R AE VT4 R S T RS Y
Tith JHie B M 356 DR ¥ G K P 5 e Jiie 2 e A R Rk
HIRE BT R T e e A B, — B HA—EM
FHSME; Smith ZEPESY & B 575 W R DUFR £
Pt N & SHAE ZKCE A eSS . BLE A E
FEUESE THE R E A E S AR ZEA
TRAF AR EERT ) (BT FHUrE S B A S
RIRIEZ B R ARBEE B I—BE5ie, it
R SRR PTESER FE EME— R R, B
Al REsZ B AR R e, WGRR . L
PRAR 485 25T DU S Y i R A, T4
FIFEAENIFT B ARGs JE R RIBTHE, AT 2%
I RER ZFHIERY A, fd ARGs EREETHEPY,
R X ARGs FEFS H AT S FE Ak [ BT A 1 206
R E—2E T S35 .

4 #5it ( Conclusions )

KRR PRGN H T e BE B T AR R AT M SR S
Jey, 5 YIRS T R VS I N 488 5 Fhprad R
8 YU, BoRFRFE AP RS 1+
ST, PR SPTEIERASCEar R B, bubk
FERAE IR EE W I 562 R T R 32 B B P A R 2 4k
HEREE R R, rd RS SNt E
AROT L SR | SRR IR AR A . T
W, HTFFRES AT B A AOK E IS
TR Bk KR, S RE TR R
F(i A Q7 NG R 1WA - 11 o8 3PS R ) G Al B R ) S
TAE, XPrAR . PriFE T Y i A= SRS T
i TR, RN HE — RS Fhrad: R bR
WE I 2 U A R 5 YA PRS0 AH O B R Fn ik
B, SRR E A R Y E R
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Quantitative detection of sulfonamides and tetracycline antibiotics
and resistance genes in sewage farms

JI Xiuling, LIU Fang, SHEN Qunhui, LIU Yang

Department of Environmental Science, Donghua University, Shanghai 201620, China

Abstract: The emerging pollution of antibiotics and antibiotic resistance genes (ARGs) has gained great attention around the globe
in recent years. In this study, high performance liquid chromatography - mass spectrometry (HPLC-MS) and real-time quantitative
PCR (RT-PCR) were used for detecting occurrence of two tetracyclines [tetracycline (TC), oxtetracycline (OTC)], three sulfonamides
[sulfamerazine (SDZ), sulfamethazine (SDMe), sulfamethoxazole (SMZ)], and 8 ARGs [su/ (I), sul (II), sul (III), sul (A), tet (M), tet
(0), tet (W), tet B(P)] in water samples collected from feedlot wastewater lagoons and irrigation ditch in Shanghai. The detection
frequencies of the above 5 antibiotics were 100% in all samples. Antibiotics in feedlot wastewater lagoons are much higher than
those in irrigation ditch. The total concentrations of sulfonamides and tetracyclines are 197.7~323.0pg - L™ and 294.0~376.1pg - L™
respectively. In the collected samples, both the absolute copies and the relative abundances of sulfonamide ARGs are higher than
those of tetracycline ARGs. The highest relative abundance of sulfonamide ARGs is sul (A), and tet (W) is the highest among tetra-
cycline ARGs, with the absolute copies 10%41°8~10'%3728 and 10%1380°~107%7 4 respectively. All of the ARGs were detected in the
two feedlot wastewater samples. 7 ARGs, except for fet B(P), were detected in the irrigation ditch. In Pearson correlation analysis,
almost no consistent positive correlations were found between ARGs and “their” antibiotics, except su/ (II[) maintained a significant
positive correlation with sulfonamide antibiotics. It indicated that the abundance of ARGs might be affected by other kinds of envi-
ronmental factors besides antibiotics residues in aquatic environments. This study will help to know the pollution status of the antibi-
otics and resistance genes in feedlot wastewater in Shanghai and provide valuable data for conducting further researches on pollution
of antibiotic and ARGs in the Huangpu River.

Key words: antibiotics; antibiotic resistance genes; high performance liquid chromatography-mass spectrometry; real-time quantita-

tive PCR; sewage; farms
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