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Analysis of Pharmaceutical Compounds in Water using
Solid Phase Extraction (SPE) and Liquid
Chromatography/Mass Spectrometry (LC/MYS)

Eun-Young Lee, Won-Jin Sim, and Jeong-Eun Oh'
School of Civil and Environmental Engineering, Pusan National University, Busan 609-735, Korea

SPE (solid-phase extraction) and LC/MS (liquid chromatography/mass spectrometry) method has been
developed for the analysis of thirty three pharmaceuticals in agueous sample, such as sewage and river water.
The effects of disk type and pH on the extraction of pharmaceuticals in water were examined. Hydrophilic
DVB disk was more efficient than otadecyl (C18) disk and the extraction efficiency of pharmaceuticals at
pH=2 (53-139%) was better than that at pH=>5. Thirty three pharmaceutics in sewage influent, effluent and river
sample were analyzed using the method developed in this study. Fourteen drugs (acetaminophen, acetyl-
sdicylic acid, diclofenac-Na, ibuprofen, ketoprofen, mefenamic acid, naproxen, carbamazepine, clofibric acid,
gemfibrozil, caffeine, erythromycin-H,O, lincomycin, and amoxicillin) were detected and the levels of detec-

tion were 0.001~10.1 ppb (ug/L).

Key words: pharmacueticals, sewage treatment plants (STPs), Liquid Chromatography/Mass Spectrometry

(LC/IMS), Solid Phase Extraction (SPE)
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Table 1. Physicochemical Properties of Target Compounds.

Compound Abbreviation pPK, log K, Frag. Tons
Group A Analgesic
acetaminophen ACE 9.381 0.461 152, 110
acetylsalicylic acid ASA 3.5 1.19} 135, 137
diclofenac-Na DIC 4.15% 0.7 294, 250
ibuprofen IBU 4911 3.97 205, 161
ketoprofen KET 445" 3.12! 253, 209
mefenamic acid MEF 42! 5.12! 240, 196
naproxen NAP 4.15 3.18! 229, 169
Anti-seizure
carbamazepine CBZ 13.9% 2.45° 237, 194
Lipid regulator
clofibric acid CFA 33 2.57! 213
gemfibrozil GEM 4.8 477 249, 121
Stimulant
caffeine CFF 10.41 -0.07! 195, 138
Group B Sulfonamide
sulfachloropyridazine SCP NA 0.31! 285, 156
sulfadimethoxine SDT 2.0, 6.7 1.63! 311, 156
sulfamerazine SMR 22, 7.0° 0.141 265, 156
sulfamethazine SMT 2.65, 7.65% 0.89! 279, 124
sulfamethoxazole SMX NA 0.89! 254, 156
sulfamonomethoxine sodium SMM NA 0.7 281, 156
sulfathiazole STZ 2.0, 7.2* 0.05! 256, 156
trimethoprim TMP 7.12! 0.91! 291, 275
Group C Macrolide
erythromycin-H20 ERY 8.88! 3.06! 716, 558
roxythromycin ROX 8.8, 9.2 2.75 838, 158
tylosin TYL 7.73! 1.63 917, 174
Tetracycline
chlortetracycline-HCl CRT 3.30, 7.44, 9.27* -3.6° 479, 462
demeclocycline-HCl DMC NA -3.6° 465, 448
doxycycline-Hyclate DXC NA -1.9° 445, 428
meclocycline-sulfosalicylate MEC NA -1.36° 477
oxytetracycline-HCl (0):4'4 3.27, 7.32, 9.11* -3.6° 461, 444
tetracycline TET 3.30, 7.68, 9.69* -1.30* 445, 410
Group D Cephalosporin
cefradine CFR NA 0.411 350, 175
Fluoroquinolone
ciprofloxacin CIP 6.09' 0.28! 332, 231
Lincosamide
lincomycin LIN NA NA 407, 126
Penicillins
amoxicillin AMX 24, 74, 9.6° 0.87% 366, 160
Synthetic antibiotics
carbadox CBD NA -1.37¢ 263, 231

*NA: Not Available

1. ChemlDplus 2005 (http://chem.sis.nim.nih.gov)

2. SRC physical properties database, 2005 (http://www.syrres.com/esc/physprop.htm.).
3. T.A. Ternes, and A. Joss, 2006, “Human pharmaceuticals, Hormones and Fragrances”
4. T. Reemtsma, M. Jekel, 2006, “Organic Pollutants in the Water Cycle”

5. J. Sangster, 1994, “L OGKOW Databank”
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Table 2. Operating Conditions of HPLC.

Group A
Mobile phase A: 0.1% Formic acid in Water Flow rate 0.4 mL/min
B: Methanol Injection volume 20~40 pL
Gradient Time(min) A(%) B(%)
0 95 5
3.5 95 5
10 20 80
13 20 80
16 0 100
23 0 100
Group B
Mobile phase A: 1% Formic acid in Water Flow rate 0.3 mL/min
B: 1% Formic acid in Methanol Injection volume 20~40 pL
Gradient Time(min) A(%) B(%)
0 90 10
3 90 10
10 60 40
13 55 45
20 30 70
25 0 100
31 0 100
Group C
Mobile phase A: 1% Formic acid in Water Flow rate 0.3 mL/min
B: 1% Formic acid in Methanol Injection volume 20~40 pL
Gradient Time(min) A(%) B(%)
0 90 10
3 90 10
10 55 45
15 30 70
20 30 70
26 0 100
29 0 100
Group D
Mobile phase A: 1% Formic acid in Water Flow rate 0.3 mL/min
B: 1% Formic acid in Methanol Injection volume 20~40 uL
Gradient Time(min) A(%) B(%)
0 90 10
3 90 10
8 55 45
16 30 70
20 30 70
26 0 100
33 0 100
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Fig. 1. Extraction efficiency of pharmaceuticals according to extraction pH.
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Fig. 2. Extraction efficiency of pharmaceuticals with disk types.
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Table 3. Recovery and standard deviation (SD) for target compounds.
spiking amounts
Compound
0.1 pg/L 1 ug/L 0.2 pg/L 2 ngL
Group A Analgesic
acetaminophen 83.5(+9.7) 81.4(+3.3) 104.4(+13.1) 94.6(+7.6)
acetylsalicylic acid 90.4(+2.3) 80.7(+6.8) 95.2(+0.7) 108.7(+9.4)
diclofenac-Na 92.0(+12.6) 82.2(+3.6) 92.6(+1.0) 79.4(=2.9)
ibuprofen 62.6(+11.1) 59.2(+10.1) 100.3(+4.2) 89.5(+x11.5)
ketoprofen 95.0(+8.4) 98.5(+2.1) 75.4(£2.8) 71.3(=17.3)
mefenamic acid 90.5(+7.8) 86.4(+9.0) 82.2(+2.4) 78.1(=14.0)
naproxen 95.4(+2.8) 100.0(+4.7) 75.0(+15.5) 64.4(+8.0)
Anti-seizure
carbamazepine 104.3(%+3.3) 77.1(x2.3) 109.5(*+14.5) 90.5(+6.8)
Lipid regulator
clofibric acid 57.2(+10.0) 61.8(+11.0) 101.7(+2.8) 123.8(+4.2)
gemfibrozil 91.1(+6.2) 95.4(+20.6) 89.7(x4.7) 77.7(+18.0)
Stimulant
caffeine 60.1(x2.4) 65.7(x0.9) 110.0(=16.0) 86.5(+3.7)
Group B Sulfonamide
sulfachloropyridazine 78.9(+8.3) 83.7(x3.4) 98.3(x0.7) 101.5(+8.8)
sulfadimethoxine 70.2(x13.1) 77.0(%£2.0) 85.6(%0.7) 103.2(%+9.1)
sulfamerazine 78.8(+10.0) 85.8(+2.9) 108.5(0.7) 105.2(+8.9)
sulfamethazine 80.3(x9.4) 79.6(x+0.9) 115.3(%2.6) 110.8(%+9.0)
sulfamethoxazole 82.2(%+9.5) 85.4(+2.6) 98.4(%+1.3) 97.2(+8.4)
sulfamonomethoxine sodium 80.8(+13.7) 89.0(+3.0) 100.0(=1.8) 103.8(+9.6)
sulfathiazole 60.4(+12.2) 89.9(+2.0) 103.7(=1.8) 97.1(+9.2)
trimethoprim 78.8(x£6.7) 72.8(=4.3) 117.8(%3.3) 117.3(+8.1)
Group C Macrolide
erythromycin-H20 69.8(+£10.7) 50.0(=8.3) 84.4(£6.9) 112.9(+6.3)
roxythromycin 65.7(x£8.9) 53.3(+16.6) 105.0(=3.0) 95.5(+9.4)
tylosin 72.4(x20.8) 50.6(+11.8) 114.9(x7.3) 126.1(+9.1)
Tetracycline
chlortetracycline-HCl1 81.2(+15.1) 78.4(%3.2) 96.8(%+8.9) 93.3(+4.1)
demeclocycline-HCl1 79.0(+16.9) 78.6(%+9.4) 103.3(%3.8) 99.7(+8.7)
doxycycline-Hyclate 83.7(£3.8) 86.9(%+4.5) 87.4(+4.6) 85.2(+4.2)
meclocycline-sulfosalicylate 87.9(%=7.5) 91.9(+2.2) 90.0(%2.9) 77.6(%£4.6)
oxytetracycline-HCI 70.7(+26.4) 70.2(x4.1) 106.9(%5.0) 105.2(%+5.7)
tetracycline 75.7(£17.4) 75.5(%3.5) 112.5(%6.2) 118.1(*+4.4)
Group D Cephalosporin
cefradine 93.9(+14.8) 101.0(=6.9) 100.4(=1.4) 96.3(+13.0)
Fluoroquinolone
ciprofloxacin 79.3(+9.0) 87.8(x15.6) 83.6(x1.4) 92.8(+x11.2)
Lincosamide
lincomycin 60.7(x£8.4) 50.5(+£13.9) 102.8(%5.6) 113.2(x+12.9)
Penicillins
amoxicillin 92.0(=7.2) 93.2(+0.8) 96.8(+1.5) 82.2(+9.5)
Synthetic antibiotics
carbadox 83.3(+16.6) 95.1(+6.0) 103.9(%3.9) 99.6(+14.1)
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Table 4. Concentration of pharmaceuticals in sewage and river samples and their removal efficiency in STP.

(Unit: pg/L)
STP 1 STP 2 .
Compound River
Inf. Eff. Removal Inf. Eff. Removal
Group A Analgesic
acetaminophen 10.101 ND 100% 6.262 ND 100% ND
acetylsalicylic acid 7.637 0.010 100% 3.160 ND 100% 0.044
diclofenac-Na 0.039 0.029 26% 0.016 0.029 + 0.000
ibuprofen 0.982 ND 100% 0.852 ND 100% ND
ketoprofen 0.226 0.035 85% ND ND NA ND
mefenamic acid 0.192 0.068 65% 0.042 0.053 + 0.036
naproxen 0.962 0.114 88% 0.823 0.057 93% 0.012
Anti-seizure
carbamazepine 0.481 0.175 64% 0.214 0.140 35% 0.095
Lipid regulator
clofibric acid ND 0.035 + 0.055 0.035 36% 0.003
gemfibrozil ND ND NA ND 0.002 + 0.001
Stimulant
caffeine 7.314 ND 100% 4.861 ND 100% ND
Group B Sulfonamide
sulfachloropyridazine ND ND NA ND ND NA ND
sulfadimethoxine ND ND NA ND ND NA ND
sulfamerazine ND ND NA ND ND NA ND
sulfamethazine ND ND NA ND ND NA ND
sulfamethoxazole ND ND NA ND ND NA ND
sulfgmonomethoxme ND ND NA ND ND NA ND
sodium
sulfathiazole ND ND NA ND ND NA ND
trimethoprim ND ND NA ND ND NA ND
Group C Macrolide
erythromycin-H20 ND ND NA ND 0.106 + 0.054
roxythromycin ND ND NA ND ND NA ND
tylosin ND ND NA ND ND NA ND
Tetracycline
chlortetracycline-HCl1 ND ND NA ND ND NA ND
demeclocycline-HCl1 ND ND NA ND ND NA ND
doxycycline-Hyclate ND ND NA ND ND NA ND
meclocycline-sulfosalicylate ~ ND ND NA ND ND NA ND
oxytetracycline-HCl ND ND NA ND ND NA ND
tetracycline ND ND NA ND ND NA ND
Group D Cephalosporin
cefradine ND ND NA ND ND NA ND
Fluoroquinolone
ciprofloxacin ND ND NA ND ND NA ND
Lincosamide
lincomycin 0.340 0.240 29% 0.399 0.167 58% 0.165
Penicillins
amoxicillin 2.078 0.581 72% 2.285 0.862 62% ND
Synthetic antibiotics
carbadox ND ND NA ND ND NA ND

* ND: Not Detected **NA: Not Available
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Table 5. Comparison pharmaceutics levels in effluent samples. (Unit: ng/L)
Compound Canada? UK? Germany>¥ 57 1Th1s studyEff 7
diclofenac 359 599 2510 29 29
ketoprofen 130 - 230 35 ND
mefenamic acid - 273 - 68 53
naproxen 168 - 300 114 57
carbamazepine 107 - 2100 175 140
erythromycin 80 109 6000 ND 106

-: Not Measured, ND: Not Detected

1) Metcalfe et al., 2003, 2) Ashton et al., 2004, 3) Heberer et al., 2002, 4) Edda et al., 2001
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