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Fig. 1 Distribution of sampling points in the study area
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Table 1  Quantitative internal standard and mass spectrometric parameters of 37 antibiotics
B8 F HEFLHL R FETF 1/ FETF2/
BUAERI BAER AR WA AR . .
m/z (V) REfEERE (V) MEERE (V)
Tt e — PP e SM2 SPD - B¢ 279.22 56 124.18/22 186.15/15
it e i SA SPD - B¢, 215.03 4 156.00/10 108. 00,20
Tk e SPD SPD - 3¢ 250. 19 32 156.10/14 92.15/26
il e — FP A s g SDM SCPD - B C, 311.08 2 155.98/18 92.07/30
Tt e — EE S e SIZ SPD - 3¢, 268. 08 2 156.00/12 113.08/14
ez SDO SCPD -3¢, 311.11 2 155.97/18 92.06/28
Tk e S w1 SCPD SCPD -3¢y 284.99 4 155.97/14 92.06/28
T e il P A e SPP SCPD - B¢, 315.20 48 92.10/38 158.17/28
ik i 1 e ST SPD -3¢, 256.16 32 92.05/26 156.05/14
it e s i SD SPD - ¥ Cy 251.08 72 92.05/24 156.05/14
it P ] F 4 e i SMM SPD - ¢y 280.77 80 92.01/26 155.92/16
it g H L s SM1 SCPD -3¢, 264. 84 2 155.92/16 92.00/24
it e s T SQ SPD - ¥ Cy 301.24 24 92.11/32 156.03/16
ik Jrie Y e SMZ SPD - B¢ 254.24 26 92.12/24 156.04/14
itk Jide F 42 ik s SMP SCPD -3¢, 281.09 2 92.07/28 155.99/16
- PYFR R TC DEOCY 445.15 2 410.21/18 154.11/26
SR +EHEE OTC 461.10 6 426.22/18 443.32/12
Al HZE LIN 407.32 52 126.25/26 359.36/16
KA NEEE BUFR ROX ERY - *C4 - Dy 837.51 40 158.20/30 679.54/18
HAE R TIL 869. 74 12 88.07/72 174.17/40
Whivh AL SAR ERY - *C4 - Dy 385.77 2 299.01/26 348.00/32
R ik PPA DIF - D, 304.29 40 217.24/20 189.19/30
WU A FLE DIF - D, 370.31 64 326.30/18 269.25/26
T R R OFL DIF - D, 362.74 42 318.26/17 261.22/26
R [LiF7 00 CIN DIF - D, 263.25 10 245.19/15 217.21/20
ZEMEFR NDA DIF - D; 232.21 38 215.19/16 187.20/24
W A R OXA DIF - D, 262.20 2 244.21/18 216.01/30
LGS FLU DIF - D, 262.19 44 202.16/30 244.20/16
P AEE CAP DEOCY 305. 00 2 275.00/14 165.00/25
HE AR HilaEE TAP 355.97 46 228.92/24 73.11/22
— FHEME T MRSA DEOCY 401.95 68 143.95/30 242.99/20
A - Wl LAupE CED 349.81 12 157.93/8 91.02/44
IE TBZ 202. 15 20 131.07/28 175.08/22
F i g MTZ 172.12 32 56.11/16 82.04/20
HAb 2 FH 407 e s TMP DEOCY 290.78 2 229.98/22 123.05/28
R4 vk T T A NIF 276.19 36 93.04/38 121.04/16
ENSES CBX 263.23 36 90.09/26 231.15/12
=g =|

MoK Y IRt w8 (131. 2% ), X Al BB S i T

UL A TR T Pk BE R Ay R AT

Hexe

WK PR R T et TR SR Y
B TALLAR M + H] 50785 T BB B, 7 SRl 5
IR R o P BN ZRE R (Y [T e 5 i
100% , LW 7ERG I IS A7 S5 75 1 R0, A5 i 228 o v
HELOE o AN H s 1 R (BRI e
S A RE TE =Rl A Fp G [l R B AN e, K Rk
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Table 2 Average recoveries of antibiotics in different aqueous

matrixes and detection limits

7 [l (% ) e
e ikt HH R
Bk g aR | gy |EOUK RO, I
D)1 7 1F s 1 i il e B2
(ng/L) (ng/L)
(n=3) (n=2) (n=2) (ng/L)
T W 3tmERE | ND | 80.8  81.6  76.8 | 2.1 5
Tl e s ND | 82.2 79.3 83.2 | 1.8 5
it P e ND | 77.5 65.3 92.3 | 3.1 5
TR HEmE | ND | 793 83.5 86.1 | 1.3 5
fif fiie — FP S Ems | ND 73.5 64.8 92.4 | 2.8 5
e 2 ND | 81.4 66.5 94.8 | 1.9 5
i g S ND | 78.9 69.9 75.7 | 0.6 5
it e R ND | 76.2 62.7 90.9 | 1.6 5
ik e g s ND 76.4 90.7 90.7 | 1.9 5
T i g i ND | 80.9 58.8 94.6 | 3.1 5
Tk p ) 4 mERE | ND | 65.9  57.1  96.3 | 1.8 5
it P FFY R s g ND | 78.7 95.3 90.5 | 1.5 5
i e s S b ND | 77.7 76.4 80.7 | 2.0 5
i i HH s ND | 77.6 74.7 97.3 | 2.0 5
TN AmEEE | ND | 68.8  63.5  96.3 | 3.0 5
UhZ S ND 89.0 112.9 114.8| 2.4 15
+HE ND | 107.0 103.6 66.0 | 1.6 15
MR ND | 84.9 91.5 82.3 | 2.8 5
VAR5 ND | 67.7 70.9 69.6 | 0.8 5
BkE R ND | 66.8 64.3 57.7 | 2.1 5
Wiy & ND 84.5 53.9 553 | 3.4 15
iR ND |100.8 71.3 94.3 | 2.0 15
BE A ND | 76.6 76.2 102.5| 8.3 15
ARV E ND | 97.0 87.8 88.0 | 6.1 15
[Nz 30 ND |105.8 118.3 128.3| 1.8 15
ZRIEMR ND | 82.8 105.7 118.6| 4.4 15
EE V5 i ND | 99.8 74.8 75.1 | 2.3 15
8L v ND | 97.0 104.9 117 | 2.5 15
AHE% ND | 74.0 40.7 70.8 | 1.6 15
HE &R ND | 72.0 131.2 83.8 | 14.7 | 15
FEME P K ND | 64.5 66.5 50.6 | 7.4 15
ke ND | 353 13.4 23.4 | 1.7 15
IBEE ND | 71.8 59.7 73.3 | 2.4
FH g ND 39.0 40.5 35.0 | 1.8
A EmmEnE | ND | 75.9  73.1  58.9 | 2.6
i 1 T T P ND 80.3 65.5 94.8 | 4.6
FHEZ ND | 70.9 65.3 97.5 | 10.6 | 15

TE: ND FRAmi .

2.3 SchriiAoK R T KPR LA FMAS R
2.3.1 JRGEFAE E KRS BRI B
IS SCHEST A T R RS KGE T 9 AN Rk RAF:
ST 6 AN ZRACRFE £L.9 AN HL TR KR AR A
PUAE RS AT 70, Fh ok Hh LA R A AG

Fk BB NE 2 PR, NIRRT 1 17 Fpdid
RAEMN gl B AE R 2P A R (R e i B
R S VR TR O e B P P AR ), K R P T 2
PAERMATER PUABR BARFEE) , Einik
AR (AR R TR R ZBER R E) &
HREBPER(AER HINEER) B - ML
PrAER CRMEPE AR Sk H e ) S HA 24T i 7 ( H
fiEg e HH AR R E ) o 7S R BT AR 2 A K E T
FIK 9 A RAE SR 2450 88. 9% (33.3%
55.6% 44.4% 22.2% F1 33. 3% , {5 (1 Hi 3K
6 AN RAE S FLR P A R BT, 20 501 Sk ik e 258
(100% ) KFFHBESE(50% ) iR (100% ) VR
5 E2(100% ) FIHABE(33.3% ) o FEMI LT
TK 9 AN SRAFE A P LA R 2 R PRSI i
R AERENB - NERERTAER LA R M
H2 A5k 66. T% . 22. 2% 22. 2% . 55.6% F
11. 1% . JrAT e - R KR g K i B2 3976 e
FOKHRRE o PUAE R PIREE A 32 2 HHA b M
(A5 ], G HE VA B RS, HH SR 1 I i e S A R AL
A EAR) K, F K AEL, 78 [ A 0RL_ A I B e 0 5
55 B TR TR, AR R K IR
WG RS R S A B B T A L RIR AR 2K
PiLE 0w R SR AR vk B 5 AR RIS ]
A REE 1 T KA R BRI MR e T
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Fig.2 Detection rate and concentration of antibiotics in surface water (n =9) of Yongding River, surface water (n =6) of Chaobai

River and groundwater (n =9) of Chaobai River Basin
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HIGHLIGHTS

(1) A method for simultaneous determination of 37 antibiotics by ultra — performance liquid chromatography — triple
quadrupole mass spectrometry (UPLC — MS/MS) was established, which can be applied to the detection of
antibiotics in surface water and groundwater simultaneously.

(2) The method was applied to the detection of antibiotics in surface water of the Yongding River, and surface
water and groundwater of the Chaobai River in Beijing, whose antibiotics were detected in different levels.

(3) The concentration of antibiotics near the sewage treatment plant was relatively high.
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ABSTRACT

BACKGROUND: Currently, the environmental detection of antibiotics is receiving extensive attention, but there
is still a lack of methods that can simultaneously analyze seven categories of antibiotics in surface water and
groundwater.

OBJECTIVES : To establish a method that can detect thirty — seven antibiotics (15 sulfonamides, 2 tetracyclines,
3 macrolides, 8 quinolones, 2 chloramphenicols, 2 8 —lactams and 5 other kinds) simultaneously.

METHODS:; Solid phase extraction coupled with ultra — performance liquid chromatography — triple quadrupole
mass spectrometry ( UPLC — MS/MS) was used to quantify the concentration of antibiotics.

RESULTS:; The method had good sensitivity and enrichment effect for the surface water and groundwater, the
recoveries ranged from 60% to 130% , the detection limits ranged from 0. 6 to 10. 6ng/L. The method was applied
to the determination of antibiotics in surface water of the Yongding and Chaobai Rivers, and groundwater of the
Chaobai River in Beijing. Sulfonamides, quinolones and macrolides were the main antibiotics in the surface water of
the Yongding River, and the detection rates were 88. 9% , 55. 6% and 33. 3% , respectively. The highest
concentration of floxacin was 111.9ng/L. Sulfonamides, quinolones and chloramphenicols were the main antibiotics
in the surface water of the Chaobai River with detection rates of 100% . The highest concentration of tilmicosin was
71. 6ng/L. Sulfonamides, quinolones and 8 — lactams antibiotics were the main antibiotics in the groundwater of the
Chaobai River Basin, and the detection rates of were 66. 7% , 55. 6% and 22. 2% , respectively. The highest
concentration of sulfadiazine was 69. 3ng/L. In both surface water and groundwater, the detection rate and
concentration near the sewage treatment plant were significantly higher than those at other points.
CONCLUSIONS:; The method established in this study is simple, rapid and accurate, which can be used for the
simultaneous determination of 37 antibiotics in seven categories in surface water and groundwater. It provides
antibiotic analysis method support for surface water and groundwater investigation, and provides a scientific basis for

rational utilization of water resources and management of new pollutants in water.

KEY WORDS: antibiotic; ultra performance liquid chromatography — triple quadrupole — mass spectrometry ;

groundwater; surface water; Beijing City

— 403 —



