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Multiresidue Analysis of Antibiotics in Water by
High Performance Liquid Chromatography-ultraviolet Detection
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In the last decades, antibiotics have been widely used against diseases for human and animal as well as
industrial farming. After a fraction of the drugs are metabolized to inactive compounds, but a significant
amount is excreted as active metabolites. Accumulation of antibiotics in lakes and streams has raised concern
regarding the toxicity to aquatic organisms and the emergence of strains of antibiotics resistant bacteria. We
developed an analytical method for antibiotics in water based with solid-phase extraction (SPE) in high per-
formance liquid chromatography (HPLC) coupled to ultraviolet detection (UV). We sample loading and elu-
tion tested various pH conditions to get maximum recovery in solid phase extraction. Under pH 4 condition
(adjusted with 1 N HCI), water samples of 1 L was loaded onto Sep-Pak C cartridge. Antibiotics were sep-
arated within 25 min using C,g column (4.5 mm x 150 mm, 5 um) and a mobile phase consisted of water
(pH 2.5 adjusted with formic acid) and acetonitrile using a gradient program at a flow rate of 0.5 ml/min.
The analysis of antibiotics separated was performed using UV detector with wavelengths of 265 and 285 nm.
The calibration range was 0.01~5 ng/ml and the linearity of the method was over 0.992. The detection limits,
defined as a 3 times of maximum S/N ratio, were lain in the range of 10-50 pg/mL. The recovery was over
90%. This method considered very sensitive with a pg/mL low detection limit level compare to its simple

extraction step. We suggest that this method would be useful to evaluate the antibiotics concentration in envi-
ronmental water.

Key words : antibiotics, high performance liquid chromatography (HPLC), ultraviolet detection (UV), solid-
phase extraction (SPE)
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2.1. Al
B Ao A AFE-3F norfloxacin (NOR), lome-
floxacin (LOM), Enrofloxacin (ENR), tetracycline

(TET), sulfathiazole (STI), sulfamethoxazole (SMO)
2 Sigmar} (St. Louis, MO, USA)ZFE FY3193L,
Pipemidic acid (PIP), sulfamethazine (SMA), tri-
methoprim (TRI)2 ICN BiochemicalsA} (Irvine,
CA, USAZFE skt WFsFEd= ARS
2-methyl-5-nitroimidazole2 Acros OrganicsA} (Geel,
Belgium)"ﬂ"i THBIATE & ARolM RS BE &
TR WHEFELY] #5992 1 mgmle] T
2 5%9] QHElobrg Eephe SMEUELS A8
stod Azl B BREA padae we xjth
sto] -20°Ce]] BAstlon idrict AE Azt
t}. HPLC €72 AM8-3F o EVEY-2 Berdick &
JacksonA}b  (Muskegon, MI, USA), formic acid=
Sigmar} (St. Louis, MO, USA) A&FS TY3FAch
IAGFEH AHSg Sep-Pak Cyg cartridges=
WatrsAF (Mildford, MA, USA) 258 T8I, &
Ao AR RE S Milli-Q A28 (Millipore,
Milford, MA, USAYS 533t /55 ARSI Y.
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B dAFo)a AMEE HPLC-UVE AgilentAle]
Hewlett-Packard series 1100 (Agilent technologies,
Palo Alto, CA, USA) HPLC-UV system©. = quat
pumps (G1311A), degasser (G1322A), auto sampler

(G1313A), column oven (G1316A) =zg]x, UV
detector (G1315A)7} Azt=o] dth Column oven
E-R =

e 40°CE SAAAHIL, UV 265, 285 nmol|A A
g3t olw] ¥48 Z#L Shiseido Capcell Pak

MG Cig 46 mm id, 150 mm length, 5um
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loading 171 A1&2] pHE 3~6 714 H3}lE Fof
RS & 747te] pHollA 7] dAAFE] 37&S
Fig. 20l YeRISITE 2 AFolA ARESH AP IFZEH
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AREBIAAITE & 7SS Sl 2 AvE
S o] &3IT} AR pHE 6014 7kA] Al =74
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o AUk olBe AlEe] pHYF A EH ] pKakth
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o FFE &, A7 8viE AMSEPE 2ol wd v
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Classification Name Structures %
LY

Pipemidic acid YJ;;L 42 81
N -

Norfloxacin Vm 63 838
Quinolones ‘

Lomefloxacin “)\/m ((((( 51 81

Enrofloxacin 6.0 6.9

VD
Sulfathiazole X )\/> 7.2

Sulfonamides ~ Sulfamethazine )% 5\ 7.4

Sulfamethoxazole /@/\\{J\)— “ 5.8

Tetracyclines 8.3

Fig. 1. Chemical structures of antibiotics and its pKa
valves.
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Fig. 2. Effect of variable pH condition for sample loading.
(1-pipemidic acid, 2-trimethoprim, 3-norfloxacin, 4-
lomefloxacin, 5-enrofloxacin, 6-sulfathiazole, 7-
sulfamethazine, 8-tetracycline, 9-sulfamethoxazole).
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Fig. 3. Effect of ammonia contens in methanol for
optimum recovery. (1-pipemidic acid, 2-trimeth-
oprim, 3-norfloxacin, 4-lomefloxacin, 5-enrofloxacin,
6-sulfathiazole, 7-sulfamethazine, 8-tetracycline, 9-
sulfamethoxazole).
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Table 1. Calibration dates for antibiotics (linear regression equation : y = ax + b)
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Table 2. Accuracy and precision tests in distilled water
spiked with known amounts of antibiotics.

Amounts
o Added founds CV  Recovery

Antibiotics amounts

(ng/mL) (ng/mL) (%) (%)
mean=+SD
0.20 0.20=0.01 5.61 98.35
Pipemidic acid 1.00 0.99+0.14 14.24 99.03
5.00 4.57+0.13 2.76 91.46
0.20 0.21=0.01 3.37 104.78
Trimethoprim 1.00 0.93+0.10 10.27 9251
5.00 487+0.27 544  97.46
0.20 0.21+0.02 9.14 104.22
Norfloxacin 1.00 0.94+0.06 6.82 93.92
5.00 435+0.16 3.66 86.90
0.20 0.22+0.04 1652 111.99
Lomefloxacin 1.00 1.00£0.06 551  99.77
5.00 452+035 7.70  90.34
0.20 0.18+0.02 9.09 83.36
Enrofloxacin 1.00 0.99+0.06 5.64 99.43
5.00 4.46+037 820 89.27
0.20 0.20+0.01 2.97 100.93
Sulfathiazole 1.00 0.96+0.03 3.14  95.66
5.00 4.45+0.67 15.02 89.06
0.20 0.23+0.03 14.35 114.94
Sulfamethazine  1.00 0.92+0.08 824  92.19
5.00 450+0.19 4.16 89.94
0.20 0.23+0.03 11.89 113.46
Tetracycline 1.00 0.89+0.16 1834 88.37
5.00 444+0.01 2.16 88.76
0.20 0.21=0.02 9.52 105.10
Sulfamlemoxaz 100 096+0.04 394 9638
oe 500  417+041 9.83 8341
3.3. ANAE 24

IAFFELHR S o83 = AR FYAIFE

o Conc. range = aX+b
Antibiotics (ng/mL) . 5 . LOD (pg/mL)
Pipemidic acid 0.01~5.00 3.069 0.252 0.993 50
Trimethoprim 0.01~5.00 0.282 0.031 0.998 10
Norfloxacin 0.01~5.00 1.624 0.077 0.992 10
Lomefloxacin 0.01-5.00 2.643 -0.075 0.994 10
Enrofloxacin 0.01~5.00 0.793 0.013 0.995 10
Sulfathiazole 0.01~5.00 0.425 0.052 0.992 10
Sulfamethazine 0.01~5.00 1.113 0.191 0.992 10
Tetracycline 0.01~5.00 0.972 0.207 0.992 10
Sulfamethoxazole 0.01~5.00 5.269 0.733 0.994 10
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Fig. 4. Chromatograms of added antibiotics in distilled
water at 265 nm (A) and 285 nm (B). (1-ISTD; 2-
methyl-5-nitroimidazole, 2-pipemidic acid, 3-
trimethoprim, 4-norfloxacin, 5-lomefloxacin, 6-
enrofloxacin, 7-sulfathiazole, 8-sulfamethazine, 9-
tetracycline, 10-sulfamethoxazole).
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