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Analysis of Pharmaceutical Residues on Aquatic Environment
using LC/MS
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Recent concerns on environmenta impacts of pharmaceutical residues lead to many occurrence surveys in
severd important media. However most of such investigations have been conducted in North America and
Europe, and rarely carried out in Asian region. We collected influent and effluent samples from four sewage
treatment plants as well as upstream and downstream surface water samples in Han River of Seoul, Korea, in
three events, i.e., April, June, and August, 2005, and analyzed for eleven frequently used pharmaceuticals using
LC-MS-ESl. Levels of pharmaceutical residues in wastewater influents were the highest for acetaminophen
(average 27,089 ng/L), followed by caffeine (23,664 ng/L), cimetidine (8,045 ng/L), and sulfamethoxazole
(523 ng/L). Pharmaceuticals of high annual production amount were detected in higher level in STP influents.
Removal effectiveness of STPs varied by the type of pharmaceuticals. Remova rates for acetaminophen and
caffeine were near 100%, while for cimetidine, less than a third was removed by the sewage treatment process,
which is activated dudge method. In STP effluents, cimetidine showed the highest level of occurrence (5,380
ng/L), followed by caffeine (278 ng/L), sulfamethoxazole (193 ng/L ), and carbamazepine (111 ng/L). The con-
centration of cimetidine was aso the highest in surface water (average 281 ng/L). Caffeine 268.7 ng/L), ace-
taminophen (34.8 ng/L), and sulfamethoxazole (26.9 ng/L) were aso occurring in high levels. The hazard
quotients were calculated for the test pharmaceutical's based on their occurrences in surface water, and no phar-
maceutica resulted in HQ greater than one, suggesting that their tendency for potential environmental impact
may be low.

Key words : Pharmaceutically active compounds, Municipal sewage, Persistent drug residues, Ground water,
Solid-phase extraction
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Fig. 1. Schematic diagram of the prioritization for the selection of the study antibiotics.
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Table 1. Pharmaceutical compound selected for targeted monitoring

Therapeutic class Pharmaceutics Molecular weight Chemical formula
Analgesics Acetaminophen 151.16 CgHgNO,
Miscellaneous Caffelge . 194.19 CgHyN, O,
1,7 Dimethylxanthine 180.17 C;HgN,O,
Antiepileptics Carbamazepine 236.27 C5H N0
Antacid Cimetidine 252.34 CioHgNgS
Ca*™* Antagonist Cis-Diltiazem hydro chloride 451 Cy,Hy6N,0,S
Trimethoprim 290 C,HgN,O3
Sulfamethoxazole 253.29 C1oH11N5058
L Sulfachloropyridazine 284.7 C,oHgCLN,0,S
Ant bial .
AUIHCTODIAS Sulfathiazole 255.32 CoHoN,0,5,
Sulfamethazine 278.33 C,H1,N,O,S
Sulfadimethoxine 3103 C,H,N,O,S
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Fig. 2. Map showing sampling locations in the study.
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Table 2. Operating conditions for LC/MS in the determination of Pharmaceuticals
Activity Condition
* Type SIR
« Jon mode ES+
 Source Temperature 150 (°C)
* Desolvation Temperature 400 (°C)
MS * Cone Gas Flow 60 (L/Hr)
* Desolvation Gas Flow 400 (L/Hr)
« LM Resolution 174
* HM Resolution 15.5
» Multiplier 650
¢ Run Time 35 min
» Column Metasil Basic Column (3 um, 150x2.0 mm)
* Mobile Phase A: 10 mM ammonium formate in 90/10 water/methanol with 0.3%
formic acid
B: 10 mM ammonium formate with 0.5% formic acid in MeOH
LC ¢ Gradient B=9% for the first 5min increased to 42% by 15 min, and increased
to 100% by 20 min
« Flow 0.250 mL/min
» Stop Time 40 min
e Column Temperature 30 (mL)
e Sample Temperature 20 (mL)
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Table 3. Precursor ion and product ion, cone voltage for the determination of pharmaceuticals

103

Pharmaceutical compounds Precursor ion Product ion Cone voltage IDL MDL
(m/z) (/z) W pg ppt
Acetaminophen 152 110 18 10 5
1,7 Dimethylxanthine 181 124 30 10 30
Caffeine 195 138 25 10 10
Carbamazepine 237 194 30 10 5
Cimetidine 253 159, 117 25 10 20
Sulfamethoxazole 254 156 35 10 20
Trimethoprim 291 123 30 10 10
Cis-Diltiazem hydro chloride 415 178 25 20 40
Sulfachloropyridazine 285 156 18 10 30
Sulfathiazole 256 156 30 10 30
Sulfamethazine 279 124, 186 30 10 20
Sulfadimethoxine 311 156 30 10 10

IDL : Instrumental detection limit, MDL : Method detection limit
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Fig. 2. Flow sheet of Pharmaceuticals pretreatment.
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Table 4. Concentrations of selected pharmaceutical in Han-river and sewage treatment

1 2 3 4 5 6 7 8 9 10 11 12
Ist | 0.094 0.281 0.250 0.006 0.769 0.013 0.031 NA NA NA NA  0.013
Haeng ju 2nd [ 0.019 0.049 0.037 0.008 0.233 NA  0.033 0.026 NA NA NA NA
3rd | 0.031 NA  0.115 0.006 NA NA  0.021 NA NA NA NA NA
mean | 0.048 0.110 0.134 0.007 0.334 0.004 0.028 0.009 0.000 0.000 0.000 0.004
Ist |1 0.069 0.094 0.256 NA  0.038 NA  0.019 NA NA NA NA  0.006
Ma po 2nd | 0.012 0.369 0.295 0.010 0.365 NA  0.041 0.011 NA NA NA NA
3rd | 0.026 NA  0.148 0.006 NA NA  0.021 NA NA NA NA NA
Han river mean | 0.036 0.154 0.233 0.005 0.134 0.000 0.027 0.004 0.000 0.000 0.000 0.002
Ist [ 0.006 0.194 0.250 NA 1.338 NA  0.013 NA NA NA NA NA
Han nam 2nd | 0.005 0.270 0.246 0.011 0.459 NA  0.036 0.025 NA NA NA NA
3rd | 0.127 0.271 0.373 0.036 0.078 NA  0.082 0.015 NA NA NA NA
mean | 0.046 0.245 0.290 0.016 0.625 0.000 0.044 0.013 0.000 0.000 0.000 0.000
1st NA  0.075 NA NA NA NA  0.006 NA NA NA NA NA
Jam sil 2nd NA NA  0.012 0.006 NA NA NA  0.015 NA NA NA NA
3rd NA NA  0.037 NA NA NA NA NA NA NA NA NA
mean | 0.000 0.025 0.016 0.002 0.000 0.000 0.002 0.005 0.000 0.000 0.000 0.000
1st [22.706 12.150 18.706 NA  4.669 0.019 0.156 0.019 0.013 0.450 NA  0.100
Inflow 2nd [13.046 13.202 14.313 0.156 5.617 NA  0.221 0.097 NA NA NA  0.030
3rd |18.286 18.893 24.436 0.223 2.165 NA  0.849 NA  0.476 NA NA NA
Nan ji mean [18.013 14.784 19.152 0.126 4.150 0.006 0.409 0.039 0.163 0.150 0.000 0.043
Ist NA NA  0.075 NA  3.100 NA  0.031 0.006 0.125 NA NA NA
Effluent 2nd [ 0.009 0.123 0.431 0.155 6.138 NA  0.148 0.108 NA NA NA  0.021
3rd NA NA  0.033 0.120 NA NA  0.316 NA  0.028 NA NA NA
mean [ 0.003 0.041 0.180 0.092 3.079 0.000 0.165 0.038 0.051 0.000 0.000 0.007
Ist [28.756 13.594 20.750 0.006 5.663 0.006 0.263 0.125 NA NA NA  0.031
Inflow 2nd (23.407 27.154 29.491 0.283 14.100 NA  0.652 0.401 NA NA NA NA
3rd |13.284 15.793 25.758 0.029 2.968 NA  0.877 0.104 0.340 NA NA NA
Seo nam mean (21.816 18.847 25.333 0.106 7.577 0.002 0.597 0.210 0.113 0.000 0.000 0.010
1st [ 0.006 0.156 0.169 0.006 7.763 NA  0.219 0.031 NA NA NA  0.006
Sewage Effluent 2nd NA  0.176 0.201 0.141 5.654 NA  0.185 0.110 NA NA NA NA
treatment 3rd NA  0.217 0.053 0.195 4.520 NA  0.492 0.174 0.050 NA NA NA
mean | 0.002 0.183 0.141 0.114 5.979 0.000 0.299 0.105 0.017 0.000 0.000 0.002
Ist 122.325 10.706 9.750 NA  10.081 0.013 0.300 0.081 NA  0.531 NA  0.031
Inflow 2nd |48.097 44.272 33.821 0.451 17.651 NA  0.611 0.496 NA NA NA  0.213
3rd [25.461 21.213 21.070 0.242 2.628 NA  0.660 0.084 0.447 NA NA NA
Jung mean (31.961 25.397 21.547 0.231 10.120 0.004 0.524 0.472 0.149 0.177 0.000 0.081
ryang Ist NA  0.056 0.019 NA  5.381 0.006 0.025 0.013 NA NA NA  0.013
Effluent 2nd NA  0.685 0.508 0.169 5.732 NA  0.185 0.119 NA NA NA  0.070
3rd NA NA  0.135 0.103 3.272 NA  0.275 NA  0.135 NA NA NA
mean [ 0.000 0.247 0.221 0.087 4.795 0.002 0.162 0.044 0.045 0.000 0.000 0.028
1st [56.944 28.663 36.856 0.013 9.088 0.004 0.381 0.275 NA NA NA  0.169
Inflow 2nd [34.021 34.112 30.615 0.201 16.925 NA  0.316 0.135 NA NA NA NA
3rd |18.729 16.179 18.405 0.203 4.982 NA  0.984 0.045 0.206 NA NA NA
Tan mean [36.565 26.318 28.625 0.139 10.332 0.001 0.560 0.152 0.069 0.000 0.000 0.056
cheon Ist NA  0.300 0.688 0.006 7.119 0.013 0.063 NA NA NA NA  0.013
Effluent NA  0.353 0.873 0.115 5.182 NA  0.180 0.087 NA NA NA NA
NA NA  0.148 0.108 5.322 NA  0.193 NA  0.149 NA NA NA
mean [ 0.000 0.218 0.570 0.076 5.874 0.004 0.145 0.029 0.049 0.000 0.000 0.004

% NA : means compound was not quantified

1: Acetaminophen 2: 1,7 Dimethylxanthine 3: Caffeine 4: Carbamazepin 5: Cimetidine
6: Diltiazem 7: Sulfamethoxazole 8: Trimethoprim  9: Sulfachloropyridazine 10: Sulfathiazole
11: Sulfamethazine 12: Sulfadimethoxine
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Fig. 3. Frequency of detection pharmaceutical in Han-river and sewage treatment.

Sample ID

1: Acetaminophen

5: Cimetidine

9: Sulfachloropyridazine

6: Diltiazem
10: Sulfathiazole
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Table 5. Concentrations of pharmaceuticals (ug/L) found in Han-river and streams Unit : pg/L
This study Canadian® UsA® Germany'V

Mean Max Median-Max Median-Max Median-Max

Acetaminophen 0.033 0.127 0.11-10

1,7 Dimethylxanthine 0.134 0.369

Caffeine 0.168 0.373 0.017-0.046 0.081-6.0

Carbamazepine 0.008 0.036 0.020-0.650 2.1-6.3

Cimetidine 0.273 1.338 0.074-0.58

Cis-Diltiazem hydro chloride 0.001 0.013 0.021-0.049

Sulfamethoxazole 0.025 0.082 0.15-1.9 0.40-2.00

Trimethoprim 0.008 0.026 0.043-0.134 0.15-0.71 0.32-0.66

Sulfachloropyridazine NA NA ND ND

Sulfathiazole NA NA ND

Sulfamethazine NA NA ND 0.22-0.22

Sulfadimethoxine 0.005 0.013 ND 0.06-0.06

% 9: C. Metcalfe et al., 2004. 3: Dana W. Kolpin ef al., 2002. 11: R Thomas A. Ternes. 2001.
ND : Not detected. NA : means compound was not quantified.
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Table 6. Concentrations of pharmaceuticals (ug/L) found in the effluents from WWTPs Unit : pg/L
This study Canadian®'? USA® Germany'b!¥
Mean Max Median-Max Max Median-Max
Acetaminophen 0.001 0.009 0.42
1,7 Dimethylxanthine 0.172 0.685
Caffeine 0.278 0.688 0.022-0.677 3.60 0.22+0.03*
Carbamazepine 0.092 0.195 0.107-2.30 2.1-6.3
Cimetidine 4932 7.763
Cis-Diltiazem hydro chloride 0.002 0.013
Sulfamethoxazole 0.193 0.492 0.243-0.871 3.10 0.40-2.00
Trimethoprim 0.054 0.174 0.071-0.194 1.30 0.32-0.66
Sulfachloropyridazine 0.041 0.149 ND
Sulfathiazole NA NA ND ND
Sulfamethazine NA NA 0.363-0.363 0.002
Sulfadimethoxine 0.010 0.070 ND 0.001 0.6210.05*

% a: The Mean Concentration. WWTPs :

4L I8k
SPE F=EHo g FE3}L LC/MSE o838l HEAs)
of S 270 vhe AEWHS SYsisit) dnkelof
F 653 A 659 BAAH direkFoA=
caffeine, A4 = sulfamethoxazole®] 713 e
H=2 HAEFHAY ASFEe SRR fU5lA
o] 56.944 ug/L(acetaminophen), WHF5 = 7.763
ug/L(cimetidine)d &= AL, oA JJEH 1.338 ug/
L(cimetidine)?] s=2 HEFATh AEH TFeE
o T pphdtle] FEoE mFE] Zlo®E U
Epsith, S]okE-2 Aokt o] Az ol wid FES
/¥l e FAoH, e g w Aleke] st Fo=
AEHOR Solgd Aot} Bk MEA] A
AFT] AT TRl e ot o] Eojes 9
72 Holgte AL AR, Al s EgelA *
gelo] viEH Wt R FEE e o
FHFO] RS  AFoA] e AR A4 '
7F B =5 Aolgt Alsdr) FelollA= oln 1970
thol] ZHR-ojekEoel ofg s e el ek A7F B
HQom B0 1990 FHk o] Fol o]22] FHFolokE
o] 3ol EAAcE WS EA HU g
A FFoekEo] Ae) ZAL Bt ol sleA 2
U oo Ay Ars kst ool Aot
o] FoJX|aL Qlrt. ool Hlgl] A FFox= FE ©
O ZERES] ) nxe Fal gk Aok A

e

2&

Wastewater treatment plants

Blof] gk AL o] Fo] HA|RE o}F] wH|gk o]
o, F & s zFste ookEe] PAH 3k
T AlskE Fo] A9 Qink. wEA Sl o]k wiE
o gk 4 2 giFo] = Nz—]o]r)r ogEg sy
T B3 W ARARES =5 sPede do A%
718 ZlolH, ool w2 FA A7) A&HHoR
93t Zo7 AlgE)

#Ae| 2

FE

o\l

B ATE AFALNEAD FFATH @
@73¢] SlokE 26l BruEAl BIAE Y
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