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Abstract A method for the determination of 22 antibiotics in environmental water samples was

developed by using high performance liquid chromatography-electrospray ionization tandem
mass spectrometry HPLC-ESI MS/MS . The target antibiotics in water samples were enriched
and cleaned-up by HLB solid-phase extraction SPE cartridges and then eluted with 6 mL am-
monium hydroxide-methanol 5:95 V/V . The eluate was collected and concentrated to 1 mL
under a gentle stream of nitrogen gas and then analyzed by HPLC-ESI MS/MS in positive elec-
trospray ionization and multiple reaction monitoring MRM mode. The separation was carried
out on an XTerra MS C,; column with mobile phases of A methanol-acetonitrile 1:1 v/v
and B 0.3% formic acid/water containing 0. 1% ammonium formate V/V pH 2.9 . The re-
sults showed that the average recoveries of antibiotics in tap water and wastewater were 54. 9%
-130% and 57.4% - 138% respectively and the corresponding relative standard deviations
RSD n =3 were 2.85% —-28.6% and 2.02% - 23.2% respectively. The method detection
limits were 0. 05 —-0.5 ng/L. The developed method was applied to analyze the water samples

of Gaobeidian Lake and Xiaoginghe River in Beijing. The results showed that some antibiotics
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were detected both in the two samples.
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ERY-"C d, Toronto Research ~ A ~70% A 12 ~16 min 70% A ~ 100% A 3
Chemicals min 19 ~19.1 min 100% A ~10% A 19.1 ~ 33
min 10% A 15 pL
10. 0 mg 25 mL 1.2.2
400 mg/L -20 ESI
C MRM
4 C Ql Q3
1.2 DP 1
1.2.1 Gasl Gas2
XTerra MS C, 2.1 mm x 100 mm
3.5 pm Waters A - 0. 14 MPa
1:1 v/v B 0.3% 0.1% 0.02 MPa 5000 V
pH 2.9 0.2 mL/min 600 C Gasl:0.38 MPa Gas2:0.45 MPa

0~2min 10% A 2~12 min 10%

1 22 4
Table 1 Experimental conditions of electrospray ionization tandem mass spectrometry
for the determination of 22 antibiotics and 4 surrogates

Analyte Parent ion Daughter ion Declustering Entrance Collision cell Collision Collision cell
m/z m/z potential/V potential’V  ent potential/V energy/eV exit potential/V
NOR 320. 1 302.2" 40 8.0 11 28 10
276.3 45 8.0 11 23 10
OFL 362.2 318.2° 55 5.0 12 27 11
261.2 55 5.0 24 38 10
DIF 400.0 356.2" 60 4.0 13 28 13
299.1 60 4.0 13 41 12
FLE 370.0 326.2° 45 4.5 12 27 12
269.2 45 4.5 20 34 10
CIP 332.1 314.3" 55 5.0 11 28 6.0
231.1 58 4.5 14 49 9.5
SAR 386.0 368.2" 60 4.5 14 31 7.0
299.2 65 4.5 13 37 6.5
ENR 360.0 316.2" 58 5.0 11 28 11
245.2 55 5.0 12 39 9.5
LOM 352.0 265.2" 53 5.0 12 34 10
308.2 55 4.0 37 32 12
NOR-d; 325.3 307.3" 40 7.5 11 27 6.5
281.4 50 8.5 11 23 6.0
ST 256.0 108.0 43 4.5 10 36 4.5
156.0 " 42 4.2 10 21 4.5
SMX 254.0 156.0 " 45 4.0 9 23 5.2
160. 1 47 4.5 9 27 6.0
SDZ 251.1 108.0 42 4.3 11 35 4.2
156.0 " 43 3.5 9 23 5.0
SPD 250. 1 108.0 38 7.0 11 36 4.5
156.0" 41 4.7 9 24 5.5
SDM 311.2 108.0 55 4.5 12 41 4.5
156.1" 57 4.0 12 30 6.0
SDMD 279.2 156.0 47 4.5 9 27 6.0
186.1" 49 4.0 10 25 6.5
SIA 268. 1 108.0 46 4.5 12 37 4.5
156.0 " 46 4.5 9 21 5.0
SMR 265.2 107.9 " 47 4.5 11 37 4.5
156.0 48 5.0 10 24 5.5
SMM 281.2 156.0 " 50 5.0 10 26 5.5
215.1 48 5.0 9 25 7.0
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Table 1 Continued
Anal Parent ion Daughter ion Declustering Entrance Collision cell Collision Collision cell
nalyte m/z m/z potential/V potential/V ent potential/V energy/eV exit potential/V
SDMD-d, 283.1 160.0 " 48 4.5 10 28 6.0
186.0 48 4.5 10 26 6.5
SMX-d, 257.9 112.0 44 4.5 11 36 4.8
160.0 " 44 4.5 9 25 5.5
SPI 843.4 174.1° 87 10 30 50 8.0
318.3 85 9.5 30 42 8.0
JOS 828.3 174.2° 79 10 30 47 7.5
229.1 77 10 28 43 8.5
TYL 916.3 174.0" 83 10 33 55 8.0
772.3 85 9.0 29 43 17
ERY 734.3 158.2° 60 4.8 27 41 6.0
576.3 58 4.8 23 28 12
ROX 837.4 158.1° 62 7.0 30 48 7.0
679.4 62 6.5 26 30 14
ERY-"C d, 738.0 162.1° 55 5.0 25 45 7.0
580.3 55 5.0 23 28 12
% Quantitative ion.
1.3 80%
0.45 pm SAs MALs
200 mL 0.2 g Na,EDTA 5 ng NOR-d, 80% QNs 65%
SDMD-d, SMX-d, 20 ng ERY-"C d, ~80%
Oasis HLB SPE 6 mL 200 mg 4 6 8 10mL
HLB 5 mL
mL 1 mL/min 6 mL 22
12 mL HLB 6 mL
6 mL - 5:95 v/v 2.1.3 pH
35 C 1 mL
1 mL pH pH2.0 3.0 4.0 5.0 6.0 7.0 8.0
pH
2
4.0~8.0
2.1 SPE pH pH4.0~8.0
2.1.1 SPE pH 11
Oasis HLB
2.2
Oasis WAX pH
pH 22
0.3% 0.1%
Oasis HLB Oasis WAX B pH pH
HLB 2.9
Oasis HLB - 1:1 v/v
A 22
2.1.2 3
- 5:95 v/v - 1:1 v/v
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1 v/v 0.3% 0.1%
350000 & 0.2 mL/min
300000 F 2 121 1
250000 -
g : la 22
> 200000 [
Zz : 1b ~d
8 150000 [
£ [
100000 £ \
50000 £ | h\ ? 2.3
OZH“.H‘.H ‘.‘ ;‘!\\;&L‘
o 2 4 18 NOR-d, SDMD-d,
SMX-d, 5 wg/L ERY-"C d,
140000
h 20 pg/L
120000 [ e
5 b
2 100000 |
g ¥
> 80000 [ 2
g 60000 [ 22
= [
40000 [ LOD 3
20000 | 0.01~0.1 pg/L
) S /]| 0.05 ~0.5 ng/L
0 2 4 6 8 10 12 14 16 18
. 2 22 r’
t/min
LODs S/N =3
150000 F Table 2 Regression equations correlation coefficients
r* and limits of detection LODs S/N =3
E C
300000 of 22 antibiotics
8, 250000 - . . , LOD/ Linear range/
2 E Analyte Regression equation re
2 200000 £ wng/L ng/L
é 150000 F FLE  y=0.228x+7.67 x10°2 0.9912 0.01 0.2 -200
= [ — . -2 -
100000 |- NOR 4 =0.473x+1.52x10°2 0.9962 0.03 1 -200
: DIF y=0.1772+1.20 x 10 " 0.9927 0.04 0.1 -200
50000 : OFL 5 =0.385x+3.66 x10"> 0.9973 0.01 1 -200
O et S o g AN Ay CIP ¥ =0.4392 +0. 129 0.9941 0.02 0.1 =200
0 2 4 6 8 10 12 14 16 18
SAR  y=0.34x+1.28x10°2 0.9920 0.02 0.1 -200
¢/ mi
i LOM  y=0.1842 +2.84 x10°2 0.9925 0.02 0.1 -200
250000 | 1 ENR 9 =0.279x+7.13 x10°2 0.9933 0.02 0.1 -200
f : ST ¥ =0.3572 +0.127 0.9901 0.1 1 - 100
200000 ¢ SMX  y=0.2112+8.06 x10 " 0.9981 0.03 1 -200
& i SDZ -0. -3. =3 0.9969 0.01 0.1 -200
& Lso000 b 3 ¥ =0.236x-3.32 x10
2 [ SPD  y=0.248x+1.16 x10°> 0.9914 0.01  0.05 - 100
é 100000 [ SDM % =0.225x-1.5x10"% 0.9960 0.0l  0.05-200
= 7 SDMD y=0.2152+7.93 x10"* 0.9924 0.01  0.05 -200
50000 [ SIA y=0.1432-6.09 x 10 =% 0.9959 0.03 0.2 -200
i /1\ SMR  y=0.162+9.3x10°* 0.9942 0.01  0.05-200
0 L L 1L s s e s B ey sy B s iy SMM y =00689J€ ~1.17 % 10—3 09948 0.01 0.1 -200
0 2 4 6 8 10 12 14 16 18
. SPI y=0.1112-4.49 x 102 0.9919 0.1 0.5 - 500
t/min
Jos ¥ =0.4572-5.90 x 10 "> 0.9906 0.03 0.5 500
a2 b8 TYL  y=0.2842 -4.81 x10°2 0.9957 0.07 0.5 -500
c9 as ERY  y=0.02422 +6.57 x10°° 0.9959 0.07 0.5 - 500
ROX  y=0.7122-0.279 0.9938 0.04 0.5 -500

Fig. 1 Chromatograms of a a mixture solution of

22 antibiotic standards b 8 standard quin- y the ratio of peak areas between those of analytes and

olones ¢ 9 standard sulfonamides and d swrrogate x mass concentration pg/L.
5 standard macrolides 2.4
b. quinolones 1. FLE 2. OFL 3. NOR 4. CIP 5. LOM
6. ENR 7. DIF 8. SAR. c. sulfonamides 1. SDZ 2. ST 3.
SPD 4. SMR 5. SDMD 6. SMM 7. SMX 8. SIA 9. SDM. 25 ng/L 500 ng/L 1.3

d. macrolides 1. SPI 2. ERY 3. TYL 4. JOS 5. ROX. 3
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ERY-"C d,

NOR-d, SMX-d, SDMD-d,

3

22

22

RSD

54.9% ~130%
3 ~28.6%

2.02% ~23.2%

in tap water and waste water samples n =3

RSD n=3

Table 3 Spiked recoveries and relative standard deviations RSDs of 22 antibiotics

RSD

2.85%

57.4% ~ 138%

Background/ ng/L Added/ ng/L Found/ ng/L Recovery/% RSD/%
Analyte Tap Waste Tap Waste Tap Waste Tap Waste Tap Waste
water water water water water water water water water water
FLE ND 2.69 25 25 24.4 17.9 97.6 61.0 6.84 8.13
500 - 513 - 103 - 10.7 -
NOR ND 21.0 25 25 18.1 42.9 72.4 87.5 7.44 17.3
500 - 339 - 67.8 - 12.5 -
DIF ND ND 25 25 18.6 14.8 74.3 59.2 10.4 23.2
500 500 371 287 74.2 57.4 14.0 15.6
OFL ND 500 25 - 25.9 - 104 - 8.50 -
500 500 462 808 92.3 61.7 11.3 14.0
CIP ND 2.30 25 25 16.1 18.1 64.2 63.2 11.4 18.1
500 - 328 - 65.7 - 13.8 -
SAR ND ND 25 25 19.0 18.1 75.9 72.4 11.4 4.62
500 500 333 311 66.7 62.2 12.2 14.1
LOM ND 1.86 25 25 18.1 18.2 72.4 65.4 15.1 17.4
500 - 306 - 61.3 - 18.7 -
ENR ND 2.92 25 25 24.4 20.6 97.4 70.7 8.90 9.74
500 - 464 - 92.7 - 11.5 -
ST ND ND 25 25 15.1 21.1 60.2 84.2 13.0 15.3
500 500 275 377 54.9 75.3 7.38 13.3
SMX ND 578 25 - 25.3 - 101 - 4.32 -
500 500 499 1163 99.9 117 6.92 8.78
SDZ ND 715 25 - 31.0 - 124 - 3.51 -
500 500 610 1318 122 121 7.24 12.9
SPD ND 169 25 25 24.5 203 98 136 5.36 14.2
500 500 448 645 89.5 95.3 7.12 12.5
SDM ND ND 25 25 32.6 34.6 130 138 5.61 5.58
500 500 625 603 125 121 2.85 11.2
SDMD ND 23.3 25 25 25.5 53.5 102 121 3.73 2.02
500 - 521 - 104 - 4.11 -
SIA ND ND 25 25 20.2 22.1 80.8 88.3 5.23 2.74
500 500 421 371 84.2 74.1 6.73 15.1
SMR ND ND 25 25 26.6 23.5 107 93.8 7.07 9.03
500 500 516 431 103 86.1 7.50 8.44
SMM ND ND 25 25 30.5 32.1 122 128 7.31 6.98
500 500 625 620 125 124 4.85 5.23
SPI ND 10.9 25 25 19.2 29.9 76.8 76.0 6.74 5.06
500 - 518 - 104 - 5.21 -
JOS ND ND 25 25 21.1 31.4 84.4 126 5.64 6.46
500 500 526 632 105 126 4.50 6.97
TYL ND 7.93 25 25 19.0 40.7 76.1 131 8.82 3.46
500 - 450 - 90.0 - 7.05 -
ERY ND 463 25 - 17.1 - 68.3 - 28.6 -
500 500 543 1110 109 130 5.28 6.65
ROX ND 294 25 - 25.1 - 101 - 16.1 -
500 500 628 890 127 119 3.73 7.00

ND not detected.
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2.5
2009 12 11
SPE HPLC-MS/MS
1" 2"
4
OFL SDZ SPD SMX ERY
ROX 2" SDZ 715
ng/L
4
Table 4 Concentrations of 22 antibiotics in the
environmental water samples ng/L
Analyte 1# 2# Analyte 1# 2#
FLE ND 2.69 SPD 180 169
NOR 5.05 21.0 SDM ND ND
DIF ND ND SDMD 9.00 23.3
OFL 44.5 500 SIA ND ND
CIP ND 2.30 SMR ND ND
SAR ND ND SMM ND ND
LOM 0.915 1.86 SPI ND 10.9
ENR ND 2.92 JOS ND ND
ST ND ND TYL ND 7.93
SMX 386 578 ERY 640 463
SDZ 474 715 ROX 379 294

ND not detected 1# water sample from Gaobeidian Lake
in Beijing 2# water sample from Xiaoginghe River in Beijing.
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