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Abstract: The detection of the pollution level of antibiotics in Daliao River system is a meaningful

work. Sixteen antibiotics (6 sulfonamides, 5 fluoroquinolones, 3 tetracyclines and 2 chloram-
phenicols) were simultaneously quantified with solid-phase extraction (SPE) and liquid chroma-
tography-tandem mass spectrometry (LC-MS/MS). In the SPE procedure, methanol and 2% (v/
v) ammonia/methanol were used as the elution solvents in sequence to reduce the elution volume
and improve the recovery. The results showed that this method have good sensitivity and enrich-
ment effect for the target antibiotics in aqueous water, the recoveries ranged from 69. 5% to
122. 6%, the detection limits ranged from 0. 05 ng/L to 0. 32 ng/L. Thirteen antibiotics were
found in the river water of Daliao River water system. Sulfa antibiotics were widely distributed,
in which sulfamethoxazole was detected in all the sampling sites. The concentration of fluoro-
quinolones was relatively high in some sampling sites. The highest detection concentration of
enoxacin was 41. 3 ng/L. The frequencies and concentrations of tetracyclines and chlorampheni-
cols were lower. In the upper reaches of the river, the concentrations of the 4 types of antibiotics
appeared lower, but around the large cities such as Shenyang City, Benxi City, Liaoyang City,
the concentrations showed higher levels. The study indicated that the Daliao River water system
suffered from the pollution of antibiotics to a certain extent.
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., 100 g/L (Na, EDTA - |
ZHZ ()) . 25 g l\ja2 EDTA - 2H2 O 250 Table 1 MS/MS parameters for the antibiotics
mL , 25 °C . OASIS HLB Analyte Parent ion Tube lens Daughter ion Collision
(m/=2) voltage/V (m/2) energy/eV
(500 mg/6 mL, Waters ) SD 251.0 80 156.1% . 108.2 14. 23
0. 45 pum 0. 22 pym ( ST 256. 1 83 156.1%, 108.2 14, 21
). SP 250.0 83 156.0% , 184.1 16, 15
SM2 279.1 92 186.0% , 124.1 17, 25
(SD) (ST, SDM 311.0 106 156.0% , 108.2 19, 30
(SP) . (SM2) . SMX 254, 1 78 156.1%, 108.1 13, 24
(SDM) . (SMX) . ENO 321.1 86 303.1%, 233.9 18, 22
) ) . OFX 362. 1 103 318.1%, 261.0 19, 28
(ENO)., (OFX)., (CIP) . CIP 332.1 101 314.2% , 231.0 24, 39
(ENR) | (LOM) (OTOC) ., ENR 360. 1 103 316.0% , 245.0 18, 25
(TC) . (DC). (CAP) . LOM 352.1 97 265.1% , 308.2 22, 16
OTC 461.1 95 426.1% , 433.0 21, 15
(TAP) SIGMA ; TC 445.1 90 410.1% , 427. 1 19, 11
(SMX-d4) (CIP- DC 445.2 90 428.0% , 154.1 20, 25
d8) Dr. Ehrenstorfer . TAP 354. 1 80 290.1% , 185.0 16, 25
. CAP 320.9 73 152.1%, 257.2 18, 16
99 %% SMX-d4  258.0 78 160. 1 14
1.3 CIP-d8 340. 1 97 322.2 21
1.3.1 SD: sulfadiazine; ST: sulfathiazole; SP: sulfapyridine;

: XBridge C18 (150 mm X 2. 1 mm, 5

pms Waters ) : 10 pl; . 30
C; : (A, (B, (C), 1% ¢(
) (D), 6% A-76%DB-8%

C-10%D, 7. 5 min 25% A-45% B-

20%C-10%D, 2 min, 0. 23 mL/min,
1.3.2
(ESD :ESI(+)
ESI(—) ; :4 kV(+), 35 kV
(—). :241 kPa, :34. 4 kPa,
:350 C, :0. 2 Pa,
(MRM),
1,
1.4
0. 45 pm )
400 mL, 100 g/ Na,EDTA - 2H,0
2 mL, SMX-d4,CIP-d8 50 ng,
(1:1, v/v) pH 30, ,
Oasis HLLB SPE (500 mg/6 mlL) o
,HLB 6 mL .3 mL .6
mL pH 3.0 -
; , 4 mL/min .
) 6 mL HLB )
20 min, 3 mL 3mL 2%
( ) . 35 C
s 1 mL

. O. 22 I(,Lm ’ o

SM2. 4, 6-dimethylsulfadiazine; SDM: sulfadimoxine; SMX:
sulfamethoxazole; ENO: enoxacin; OFX. ofloxacin; CIP: cip-
rofloxacin; ENR: enrofloxacin; LOM: lomefloxacin; OTC: ox-
ytetracycline; TC: tetracycline; DC; doxycycline; TAP; thia-
mphenicol; CAP: chloramphenicol; SMX-d4: sulfamethox-
azole-d4; CIP-d8: ciprofloxacin-d8. Ionization modes: TAP and
CAP, ESI ( — ); other antibiotics, ESI ( + ).

* quantitative ion.
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Fig. 3 Effects of different elution solvents on the extraction recoveries of antibiotics
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2 16 .
(RSD, n=5) (LOD)
Table 2 Recoveries, relative standard deviations (RSD)
at two spiked levels and limits of detection

3 mL . 3 (LOD) of the 16 antibiotics (n=5)
50 ng/L 250 ng/L
mlL 2 % ° Analyte Recovery/ - RSD/ Recovery/ = RSD/ L()]/D/
16 , % % % y e
( [14,23,26] ;. SD 89. 2 1.43 83.5 4.96  0.08
ST 92.9 7.60 83.0 9.75 0. 05
o SP 80. 7 4.58 83.8 5.53 0.08
2.4 . SMz2 96. 1 3.06 98.0 218 0.05
SMX 101. 2 2.62 99.1 1.92 0.09
16 SDM 91.3 4.24 91.7 3.18 0.05
(1.000 g/L), 16 ENO 94. 5 4.07 99.0 2.86 0. 10
1000 yg/L s OFX 117.9 3.42 122.6 3. 00 0. 05
CIP 94. 6 5.98 99.0 2.80 0.14
0.8.4.10,20.40.100 pg/L 6 LOM 83.6 7.34 85.8 2.08  0.07
., HPLC-MS ENR 98.8 5.03 111.7 3.34 0.15
, 16 D) OTC 83.6 2.96 91.7 5.70 0.16
TC 80.5 8. 44 94.1 5.57 0.21
0. 99, SPE ’ 2 DC 69.5 7. 80 88.1 8. 37 0.05
~250 ng/L . TAP 98. 2 4.51 86. 8 1.68 0.32
, 50 ng/L 250 CAP 109. 4 8. 14 108. 2 4.59 0.19
ng/L, 14 ,
5 , N o : SMX>0OFX>SD
3 Do 2, >SP>SM2>CIP=ENR=0OTC>ENO=TAP>
2.5 CAP=DC>TC>ST=SDM=LOM,
3 . . 13 45% , 75 %,
b N A N b
, 45 %, . 33. 4 ng/L,
3 20 16
Table 3 Detection results of 16 antibiotics at 20 sampling sites ng/L
Sampling SAs FQs TCs CAPs
site SD SP SM2 SMX ENO OFX CIP ENR OTC TC DC TAP CAP
L1 - - - 4.3 - — - - - - - - —
[.2 — — — 9.2 — — — — — — — — —
L3 1.4 — — 9.6 — 2.0 — — 9.0 — - — —
L4 - - - 15.4 26. 6 8.3 8.1 9.1 - 10. 8 — — —
L5 - 1.6 2.8 14.9 41.3 32.3 29.9 35.1 10. 6 — - 18. 6 —
L6 1.7 1.0 — 26. 8 — — — — — — — — 13.0
L7 2.1 1.5 — 15.1 11.3 3.3 - 3.3 — — — 19.5 15.9
L8 2.0 0.8 1.0 17.0 — 1.8 — - — - — — —
L9 2.5 1.2 2.1 16.3 — — — - — - — — —
L10 — — — 0.8 — - - — — — - — -
L11 — — — 7.7 13.0 10. 6 11.5 19.1 — — — — —
L12 - - - 3.3 - - - - — - — 18.1 -
L13 - - - 6.0 — 3.4 5.3 4.5 8.4 10.1 — 15.8 —
L14 1.5 — — 7.7 — 1.4 — — 8.2 — — — —
L15 — — 3.4 9.5 - — - — - - - — -
L16 3.9 1.4 1.6 21.6 — 4.3 - - — - 3.9 18.4 -
L17 1.9 1.5 1.5 19.3 — 1.6 — - 8.0 — 1.1 — —
L18 2.4 2.2 5.7 27.1 — 1.0 6.9 — 13.6 - — - -
L19 3.5 1.5 2.2 33.4 - — — — — - - - 9.9
L20 - - - 0.8 19.1 6.6 7.8 6.6 - - 6.7 — —

% ST, SDM and LOM were not found at 20 sampling sites. — :

undetectable.
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