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Table 1. Analytical conditions and recovery of 105 pharmaceuticals by LC/MS and GC/MS.

LC/MS (ESD ° GC/MS (EIN) ¢ methed LOQ® __recovery®

No pharmacetuicals CAS No. up * R mode " monitor 1 monitor : Ave.+SD. Cv

p BTOUp” W peak ! miny (0 vg/l; ion peal { (m?n) ion ;Guérmess, (ng/L) %) (sé)
1 salicylic acid 69-72-7 A 138 AN 14.1 - 30 137 C 13.6 267 209 2 2 78 + 3 4
2 aspirin 50-78-2 A 180 AN 14.2 - 30 137 C 141 195 210 2 2 83 + 2 3
3 ibuprofen 15687-27-1 A 206 Jay 15.3 - 20 205 (@] 152 160 263 2 2 83 + 2 3
4 mepirizole 18694-40-1 A 234 C 18.5 + 40 235 C 184 124 234 2 10 76 + 3 4
5 antipyrine 60-80-0 A 188 C 185 + 30 189 C 184 188 96 2 8 8 + 12 14
6 isopropylantipyrine 479-92-5 A 230 C 195 + 30 231 O 194 215 230 2 2 87 +2 2
7 fenoprofen 53746-45-5 A 242 C 20.1 - 20 241 O 19.6 270 314 2 2 85 + 2 3
8 flufenamic acid 530-78-9 A 281 C 20.1 - 30 280 (@] 196 263 353 2 1 83 + 3 3
9 flurbiprofen 5104-49-4 A 244 C 20.2 - 20 199 C 201 180 316 2 1 117 + 6 5
10 nabumetone 42924-53-8 A 228 AN 21.2 + 30 i C 211 171 228 2 2 107 £+ 7 7
11 naproxen 22204-53-1 A 230 AN 21.3 - 20 229 O 21.1 185 302 2 1 100 + 2 2
12 diflunisal 22494-42-4 A 250 O 21.5 - 40 249 O 214 379 247 2 2 84 + 3 4
13 mefenamic acid 61-68-7 A 241 C 23.1 + 20 242 (@) 225 223 313 2 2 95 + 5 5
14 ketoprofen 22071-154 A 254 C 23.1 + 30 255 O 226 282 311 2 2 98 + 2 2
15 dichlofenac 15307-79-6 A 295 C 243 + 20 296 O 24.1 214 242 2 1 96 + 6 6
16 etodolac 41340-254 A 287 AN 25.1 + 20 172 @] 245 228 359 2 1 89 + 3 3
17 tolmetin 26171-23-3 A 257 @] 253 + 30 258 O 252 212 329 2 3 91 + 6 6
18 fenbufen 36330-85-5 A 254 o] 26.5 + 30 237 O 264 181 152 2 3 8 + 7 9
19 sulpyrine 68-89-3 A 333 O 3.1 + 20 218 x ARG HHRE FAEE 1 1 <4 -
20 acetaminophen 103-90-2 A 151 O 39 + 30 152 A 112'25' ?i%Gl’ 229253’ 1 2 50 £+5 10
21 salicylamide 65-45-2 A 137 O 10.2 + 30 138 AN 115612, 129646' 1275:' 1 5 110 + 16 15
22 tiaramide 32527-55-2 A as7 @] 129 + 30 356 ® SRS SRER SRER 1 1 103 + 6 6
23 phenacetin 62-44-2 A 179 @) 18.2 + 30 180 AN 1156% 21::)68’ 2157[9’ 1 1 89 +9 10
24 tenoxicam 59804-37-4 A 337 O 18.2 + 20 338 X FEEE KESE EHEX 1 2 91 + 3 3
25 piroxicam 36322-90-4 A 331 O 23.1 + 20 332 x RS RRER bR 1 I 76 + 9
26 sulindac 38194-50-2 A 356 0] 252 + 40 398 X *hhE SRR wEEd 1 5 91 +9 10
27 indomethacin 53-86-1 A 358 O 309 + 30 358 O 323 139 312 1 10 69 + 10 14
28 acemetacin 53164-05-9 A 416 @] 31.7 + 20 416 % SRRE BEEE wEER 1 5 73 +3 4
29 clofibrate 637-07-0 B 242 X bR A AT O 142 128 169 2 2 65 + 10 15
30 clofibric acid 882-09-7 B 214 O 26.1 - 30 213 C 144 143 128 2 2 8 +3 4
31 bezafibrate 41859-67-0 B 361 C 215 + 30 362 @] 321 120 278 i 3 110 + 20 18
32 fenofibrate 49562-28-9 B 360 @] 38.1 + 30 361 0] 273 121 273 2 2 108 + 8 7
33 epinastine 108929-04-0 C 249 C 170 + 50 250 x SRS REEE ERes 1 2 146 + 5 3
34 ebastine 90729-43-4 C 470 C 28.8 + 50 470 X eHEE  GHEB K23 1 3 64 +9 14
35 oxatomide 60607-34-3 C 427 C 22.7 + 30 427 X AEXT BRID BIDD 1 1 448 =5 11
36 azelastine 58581-89-8 C 382 C 218 + 30 382 x REE FRES GER% 1 3 90 + 5 6
37 ketotifen 34580-14-8 C 309 O 17.7 + 40 310 C 284 309 96 1 1 82 + 6 7
38 tranilast 53902-12-8 c 327 0] 275 + 50 191 x eees  THEd S8 1 4 7% £9 12
39 diphenhydramine  147-24-0 C 255 o] 193 + 50 167 @] 18.3 S8 165 2 2 129 + 15 12
40 diphenylpyraline 132-18-3 o4 281 (@] 20.6 + 30 282 @] 213 99 167 1 2 99 + 4 4
41 clemastine 14976-57-9 C 34 O 244 + 30 344 C 261 84 128 2 2 100 £ 5 5
42 chlorphenyramine  113-92-8 C 275 @] 14.8 + 30 275 O 20.1 203 167 1 5 84 + 12 14
43 promethazine 58-33-3 C 284 (@] 205 + 30 285 O 242 72 180 2 2 80 + 5 6
44 cyproheptadine 129-03-3 C 287 O 216 + 30 288 Q 252 287 215 2 1 114 + 7 6
45 terfenadine 50679-08-8 C 472 O 26.0 + 50 472 x FERE a3 R8T 1 1 58 £+ 13 22
46 phenytoin 57410 D 252 o] 22.7 + 30 294 Ay :;3326’ 11;% 22?9' 1 2 81 + I1 13
47 carbamazepine 298-46-4 D 236 ) O 229 + 30 237 O 234 193 165 2 2 105 + 2 2
48 valproic acid 99-66-1 D 144 X hada R L L4 S A @] 84 201 174 2 2 9% + 5 5
49 amantadine 665-66-7 E 151 C 5.8 + 30 152 Fay 1914; 19;; 115717’ 1 2 % 5 6
50 trihexyphenidyl 58947-95-8 E 301 C 21.2 + 30 302 o] 233 98 218 1 2 135 £+ 11 8
51 enalapril 75847-73-3 F 376 O 18.0 + 30 377 x EREE REEE RXEE 1 2 112 + 7 6
52 alacepril 74258-86-9 F 407 O 225 + 30 407 x wREE AR ERER 1 2 109 + 6
53 lisinopril 76547-98-3 F 405 C 4.1 + 30 406 % SRS S 1 4 202 + 9 4
54 perindopril 107133-36-8 F 368 O 18.6 + 30 369 * FERER EARD SwEE 1 2 144 + 7 5
55 nifedipine 21829-25-4 F 346 O 26.3 + 30 315 C 27.5 284 329 1 3 150 + 13 9
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Table 1. Analytical conditions and recovery of 105 pharmaceuticals by LC/MS and GC/MS (continued)

LC/MS (ESD) ° GC/MS (EI') ¢ method LOQ® ___ recovery®
Neo harmacetuicals CAS No. oup * tR  mode com monitor tR monitor LG Ave. +S.D. v
’ FP MW, peak ! (min)  (+,9) ‘;ﬂ; ion Peak’ iy iom 2o @D (o) f%)
56 verapamil 52-53.9 F 454 O 213 + 30 455 x  ewes ssum vess 1 2 93 + 18 19
57 diltiazem 42399-41-7 F 414 O 196 + 30 4l5 O 323 121 150 1 2 123 +9 7
58 nicardipine 55985-32-5 F 479 O 210 + 30 480 x  ecse msss sess 1 2 82 + 17 21
59 amlodipine 88150429 F 409 O 209 + 30 409 x  sees sses sesw 1 2 104 + 14 13
60 benidipine 105979-17-7 F 505 O 220 + 30 506 x  sesw sses sessm 1 1 69 + 11 16
61 nilvadipine 75530-68-6 F 385 O 307 - 50 384 x  ese» sess assm 1 2 175 £ 20 11
62 losartan 114798-264 F 461 O 242  + 30 423 x  svss swss vess 1 4 62 +9 15
63 candesartan 139481-59-7 F 611 O 250 + 30 441 x  sses sess sssw 1 3 70 + 13 19
64 hydralazine 86-54-4 F 160 O 39 + 30 201 C 176 185 200 1 4 <4 -
65 hydrochlorotiazide  58-93-5 F 298 O 50 - 30 29 x  wess ssss sess 1 4 101 + 10 10
66 prazosin 19216-569 F 383 O 162 + 30 384 x  eses asse eses 1 1 77 £ 9 12
67 doxazosin 74191-85-8 F 452 O 196 + 30 452 X wess smss ssms 1 2 6l +9 15
68 propranclol 525.66-6 F 2% O 176 + 30 260 O 223 72 215 1 1 121 + 11 9
69 metoprolol 37350586 F 267 O 99 4+ 30 268 A '2514} ’.f;" 27135 1 2 152 +9 6
70 alprenolol 13655-522 F 249 O 176 + 30 250 O 176 72 205 1 1 135 +8 6
71 pindolol 13523869 F 248 O 44 + 30 249 A 2;;35 ‘2::)35 7723 1 2 8§ +2 25
72 atenolol 29122687 F 266 O 25 + 30 267 O 254 72 204 1 3 37 + 16 43
73 carvedilol 72956-09-3 F 406 O 207 + 30 407 x  #%3s soes sses 1 2 46 + 10 22
74 betaxolol 63659-18-7 F 307 O 183 + 30 308 O 244 72 263 1 3 141 +8 6
75 methyldopa 555-30-6 F 28 O 24 + 3 212 x  eses sses ssaw 1 5 <6 -
76 reserpine 50-55-5 F 609 O 228 + 30 610 x  eess sese vsss 1 2 71+ 14 20
77 rescinnamine 24815245 F 635 O 236 + 30 636 x  sess sass sees 1 3 67 + 14 21
78 pioglitazone 11102546-8 G 3% O 173+ 50 357 x  sese ssse ssee 1 2 110 +6 5
79 chlorpropamide  94-20-2 G 217 O 231 o+ 30 277 O 171 248 75 I 4 114 10 9
80 acetohexamide 968-81-0 G 324 O 248 + 30 325 O 195 25 75 1 2 120 +7 6
81 tolbutamide 64777 G 270 O 289 + 30 271 O 170 228 149 1 2 124 £+ 9 7
82 tolazamide 1156-19-0 G 331 O 252 o+ 30 312 O 170 228 149 1 2 185 + 10 5
83 gliclazide 21187984 G 323 O 270 + 30 324 O 170 228 149 1 2 188 £ 10 5
84 glibenclamide 10238218 G 494 O 306 + 30 494 x  eess ss0s sess 1 3 143 + 23 16
85 nateglinide 105816-044 G 317 O 309 + 30 318 O 280 120 205 1 1 163 + 8 5
86 sulpiride 15676-16-1 H 341 O 31 + S0 342 O 36.1 98 398 1 2 110 + 18 17
87 olanzapine 132539.06.1 H 312 O 33 + 50 313 C 303 242 213 1 3 68 +6 9
88 risperidone 106266-06-2 H 410 @) 16.6 + 50 411 X veoa  Hhoe BOES 1 3 73 + 4 5
89 zolpidem 82626430 H 382 O 166 + 50 308 O 313 235 307 1 3 117 +£5 4
90 quetiapine 111974-69-7 H 383 O 185  + 30 384 X esss swss sous 1 3 87 +3 4
91 medazepam 2898-12-6 H 2711 O 194 + 50 271 O 240 207 242 i 3 92 +3 4
92 midazolam 59467-70-8 H 326 O 193  + 50 326 o] 28.5 310 326 1 5 87 +3 4
93 haloperidol 52-86-8 H 376 O 206 + 50 376 o 332 224 237 1 2 83 +4 4
94 paroxetine 61869.08-7 H 329 O 215  + 50 330 A 283 192 329 1 2 9 + 4 4
95 fluvoxamine 54739-18-3 H 318 O 221  + 30 319 o] 21.1 212 106 1 4 103 +4 4
96 nitrazepam 146-22-5 H 281 O 237 + 50 282 O 27.5 352 306 ] 30109 1 1
97 tofisopam 22345-47-7 H 382 O 235 o+ 50 383 A 343 382 326 1 1 100 £3 3
98 lorazepam 846-49-1 H 321 O 2489 + 30 321 o 272 429 347 1 3 9% + 4 4
99 triazolam 28011-00-5 H 343 O 256  + 50 343 N 344 313 342 1 2 103 £6 §
100 flunitrazepam 1622-62-4 H 313 O 261 + 50 314 (o] 29.1 285 312 1 4 112 +3 3
101 brotizolam 57801-81-7 H 394 O 262  + 50 395 A 35.1 394 245 1 3 87 +2 2
102 etizolam 40054-69-1 H 343 O 262 + 50 343 N 344 342 313 1 3 116 + 4 4
103 clotiazepam 33671464 H 319 O 262 + 50 319 (@) 27.5 289 318 1 2 97 +5 5
104 diazepam 439-14-5 H 28 O 2716 + 50 285 @) 26.5 256 283 1 3100 +2 2
105 ethyl loflazepate  29177-84-2 H 361 O 295  + 50 361 O 274 359 432 1 2 110 £+ 4 3

a Acanalgesic, B:hyperlipemic, C:antiallergic, D:anticpilepsy, E:antiparkinsonism, F:high blood pressure, G:diabetic, H:psychotropic.
b injection volume: 10pL

¢ after treatment with BSTFA, injection volume:2pL

d S/N=10

¢ sample: Tamagawa River water 560mL, spiked concentration: 100 ng/L (n=5)

f O one peak and high sensitivity, 4 :more than onc peek and/or low sensitivity, *:no peak
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Analytical Methods for Pharmaceuticals in River Water
Toshinari SUZUKI, Kumiko YAGUCHI', Masayuki KURITA", Tetsuji NISHIMURA"® and Akio OGATA"

Analytical methods for pharmaceuticals in river water using GC/MS and LC/MS after solid-phase extraction were investigated.
One hundred and five pharmaceuticals (analgesics, hyperlipemics, antiallergics, antiepilepsy drugs, antiparkinsonism drugs, high
bloed pressure drugs, diabetic drug, and psychotropic drugs) were examined. Sulpyrine, hydralazine, pindolol, and methyldopa
could not be investigation using the analytical methods because the recoveries of these compounds from river water were lower
than 8% at the fortified concentration of 100 ng/L. The others compounds could be assessed using these methods; however, the
pharmaceuticals for which the recoveries are higher than 120% or lower than 80% should be determined by a standard addition
method.

Keywords: pharmaceutical, river water, analysis, GC/MS, LC/MS
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Table 1. Occurrence of 105 pharmaceuticals in inflow and outflow at 6 sewage treatment plants located around the Tama River in Tokyo, Japan.

N Is method LOQ" _ recovery (%) ° inflow * outflow ° removal
o pharmacetuicals group® ;. cms . . min  max median min  max median rate®
zcons (W) inflow outflow frequeney ory (gn) gy T Gty el wD) (0
1 salicylic acid A 2 0.01 68 66 36 0.1 16.9 5.52 35 0.01 0.28 0.04 95
2 aspirin A 2 0.01 91 97 36 003 032 015 6 001 003 0.1 90
3 ibuprofen A 2 0.01 69 83 36 0.3 132 056 9 001 009 004 97
4 mepirizole A i 0.05 140 172 0 ND . - - 0 ND - - -
5 antipyrine A 1 0.01 68 98 36 0.02 0.09 0.04 13 0.01 0.02 0.01 69 .
6 isopropylantipyrine A 1 0.01 88 105 0 ND - - 0 ND - - -
7 fenoprofen A 2 0.01 104 121 0 ND - - 0 ND - - -
8 flufenamic acid A 2 0.01 88 89 31 0.01 0.11 0.03 28 0.01 0.07 0.02 40
9 flurbiprofen A 2 0.01 102 105 0 ND - - 0 ND - - -
10 nabumetone A 2 0.01 95 99 12 0.02 0.05 0.04 0 ND ND ND 68
11 naproxen A 2 0.01 113 112 36 0.03 043 0.08 32 0.01 0.12 0.04 50
12 diflunisal A 1 001 97 85 0 ND - - 0 ND - - -
13 mefenamic acid A 2 0.01 78 106 36 0.09 7.09 0.62 36 0.05 0.21 0.12 7
14 ketoprofen A 2 0.01 153 133 36 0.32 1.66 0.60 36 0.12 0.63 0.26 55
15 dichlofenac A 2 0.01 126 73 36 005 032 015 36 0.04 017 010 38
16 etodolac A 1 0.01 138 131 36 0.08 044 0.26 36 0.05 0.46 0.19 31
17 tolmetin A 1 0.01 59 93 0 ND - - 0 ND - - -
18 fenbufen A 1 0.01 39 59 0 ND - - 0 ND - - -
19 sulpyrine A 1 001 <3 <5 - - - - - . . - -
20 acetaminophen A 1 0.01 65 51 36 0.94 12.2 3.98 20 0.03 0.41 0.08 98
21 salicylamide A 1 0.03 100 130 36 151 755 337 21 0.03 029 0.11 97
22 tiaramide A 1 0.01 80 112 18 003 014 008 11 ND 0.04  0.02 73
23 phenacetin A 1 0.01 85 84 25 0.01 0.25 0.12 7 0.01 0.10 0.02 80
24 tenoxicam A 1 0.01 49 81 0 ND - - 0 ND - - -
25 piroxicam A 1 0.01 89 128 (4] ND - - 0 ND - - -
26 sulindac A 1 0.01 61 99 6 0.01 0.02 0.01 36 0.01 0.14 0.05 <0
27 indomethecin A 1 0.05 122 80 36 0.13 082 032 36 009 035 017 41
28 acemetacin A 1 0.03 93 99 0 ND - - 0 ND - - -
29 clofibrate - B 2 0.01 61 70 0 ND - - 0 ND - - -
30 clofibric acid B 2 0.01 95 95 36 0.05 0.60 0.23 36 0.05 0.27 0.10 47
31 bezafibrate B 1 0.01 57 . 57 36 0.99 3.19 1.97 36 0.21 0.97 0.49 72
32 fenofibrate B 2 0.01 55 83 36 0.01 1.38 0.11 4 0.01 0.08 0.02 97
33 epinastine C 1 0.01 42 94 36 0.07 0.27 0.16 36 0.07 0.24 0.14 7
34 ebastine C 1 0.02 22 26 0 ND - - 0 ND - - -
35 oxatomide C 1 0.01 19 24 0 ND - - 0 ND - - -
36 azelastine C 1 0.01 24 39 0 ND - - 0 ND - - -
37 ketotifen C 1 0.01 46 88 0 ND - - 0 ND - - -
38 tranilast C 1 0.02 54 96 0 ND - - 0 ND - - -
39 diphenhydramine C 2 0.01 90 91 36 04 249 1.53 36 0.28 1.21 0.55 60
40 diphenylpyraline c 1 0.01 60 77 0 ND - - 0 ND - - -
4] clemastine C 2 0.01 33 87 0 ND - - 0 ND - - -
42 chlorphenyramine C 1 0.02 45 59 0 ND - - 0 ND - - -
43 promethazine C 2 0.01 63 90 0 ND - - 0 ND - - -
44 cyproheptadine C 2 0.01 100 92 0 ND - - 0 ND - - -
45 terfenadine C 1 0.01 27 29 0 ND - - 0 ND - - -
46 phenytoin D 1 0.01 7% 78 36 0.06 0.83 0.20 36 0.03 0.56 0.11 39
47 carbamazepine D 1 0.01 162 132 36 0.11 0.49 0.26 . 36 0.05 0.11 0.08 77
48 valproic acid D 2 0.01 62 66 0 ND - - 0 ND - - -
49 amantadine E 1 0.01 102 91 36 0.12 0.45 0.26 36 0.11 0.38 0.25 6
50 trihexyphenidyl E 1 0.01 42 89 0 ND - - 0 ND - - -
51 enalapril F 1 0.01 95 96 .0 ND - - 0 ND - - -
52 alacepril F 1 0.01 81 105 ] ND - - 4] ND - - -
53 lisinopril F 1 0.02 55 275 0 ND - - 0 ND - - -
54 perindopril F 1 0.01 78 100 0 ND - - 0 ND - - -
55 nifedipine F 1 0.02 <5 67 - - - - 0 ND - - -
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Table 1. Occurrence of 105 pharmaceuticals in inflow and outflow at 6 sewage treatment plants located around the Tama River in Tokyo, Japan. (continued)

335

methed LOQ® recovery (%) ° inflow * outflow !

No pharmacetuicals L . i median min  max median rate®
’ TP s @D inflow owllow freeny (nywony Gory  FEOY ony Gl (gl 09
56 verapamil F 1 0.01 34 89 0 ND - - 1] ND - - -
57 diltiazem F 1 0.01 263 76 36 0.04 0.13 0.09 36 0.02 0.10 0.06 34
58 nicardipine F 1 0.01 36 85 0 ND - - 0 ND - - -
59 amlodipine F 1 0.01 72 91 36 0.02 0.08 0.05 35 0.01 0.05 0.02 58
60 benidipine F 1 0.01 28 80 0 ND - - 1] ND - - -
61 nilvadipine F 1 0.01 42 79 ND - - 0 ND - - -
62 losartan F 1 0.02 17 66 36 0.1 0.21 0.15 36 0.07 022 0.12 16
63 candesartan F 1 0.02 13 56 36 0.14 0.26 0.21 36 0.06 0.22 0.14 34
64 hydralazine F 1 002 <5 <5 - - - - - - - - -
65 hydrochlorotiazide F 1 0.02 56 58 36 0.05 0.21 0.12 0 ND ND ND 100
66 prazosin F 1 0.01 84 82 0 ND - - 0 ND - - -
67 doxazosin F 1 0.01 <5 72 - - - - 0 ND - - -
68 p‘ropmnolol F 1 0.01 63 98 36 0.01 0.04 0.02 36 0.01 0.04 0.02 <0
69 metoprolol F 1 0.01 81 89 36 0.01 0.05 0.02 36 0.02 0.05 0.02 <0
70 alprenolol F 1 0.01 54 106 0 ND - - 0 ND - - -
71 pindolol F 1 001 <5 <5 - - - . - . . .
72 atenolol F 1 0.02 39 37 0 ND - - (1] ND - - -
73 carvedilol F 1 0.01 54 63 0 ND - - 0 ND - - -
74 betaxolol F 1 0.02 113 100 0 ND - - 0 ND - - -
75 methyldopa F 1 0.03 <5 <5 - - - - - - - - .
76 reserpine F 1 0.01 <5 78 - - - - 0 ND - - -
77 rescinnamine F 1 0.02 26 41 0 ND - - 0 ND - - -
78 pioglitazone G 1 0.01 66 88 0 ND - - 0 ND - - -
79 chlorpropamide G I 0.02 76 88 0 ND - - 0 ND - - -
80 acetohexamide G I 0.01 85 96 0 ND . - 0 ND - - -
81 tolbutamide G I 0.01 73 90 0 ND - - 0 ND - - -
82 tolazamide G 1 0.01 78 97 1] ND - - 4] ND - - -
83 gliclazide G 1 0.01 97 99 0 ND - - 0 ND - - -
84 glibenclamide G 1 0.02 66 86 (i} ND - - 0 ND - - -
85 nateglinide G 1 0.01 92 104 36 0.12 044 0.26 0 ND ND ND $9
86 sulpiride H 1 0.01 62 70 36 0.9 1.96 1.39 36 0.90 1.96 139 15
87 olanzapine H 1002 2 83 o ND - - ¢ ND - - -
88 risperidone H 1 0.01 18 99 0 ND - - 0 ND - - -
89 zolpidem H 1 0.01 57 112 0 ND - - 0 ND - - -
90 quetiapine H 1 0.01 38 94 21 0.03 0.18 0.07 21 0.03 0.14 0.07 73
91 medazepam H 1 0.02 38 96 0 ND - - 0 ND - - -
92 midazolam H 1 0.02 44 73 0 ND - - 0 ND - - .
93 haloperidol H 1 0.01 50 82 6 0.02 0.04 0.03 6 0.02 0.04 0.03 <0
94 paroxetine H I 0.02 66 99 0 ND - - 0 ND - - -
95 fluvoxamine H I 0.02 63 107 5 0.03 0.06 0.04 5 0.03 0.06 0.04 <0
96 nitrazepam H 1 0.01 75 85 0 ND - - 0 ND - - -
97 tofisopam H 1 0.01 67 107 0 ND - - (i} ND - - -
98 lorazepam H 1 0.01 80 95 6 0.03 0.05 0.04 6 0.03 0.05 0.04 <0
99 ftriazolam H 1 001 ~ 82 96 0 ND - - 0 ND - - -
100 flunitrazepam H 1 0.02 82 97 0 ND - - 0 ND - - -
101 brotizolam H 1 0.02 60 110 0 ND - - 0 ND - - -
102 etizolam H 1 002 84 104 0 ND - . 0 ND - . -
103 clotiazepam H 1 0.01 54 107 0 ND - - 0 ND - - -
104 diazepam H 1 0.01 60 98 0 ND - - 0 ND - - -
105 ethyl loflazepate H 1 0.01 113 112 0 ND - - 0 ND - - -

a Aanalgesic, B:hyperlipemic, C:antiallergic, D:antiepilepsy, E:antiparkinsonism, F:high blood pressure, G:diabetic, H:psychotropic.

b limit of quantification, S/N=10
¢ sample volume: 100 mL of inflow and outflow; spiked concentration:1.0pg/L;n=2 or 3
d monitering period:October, 2004 - March, 2005; sample number: 36 samples from 6 STPs; ND: less than LOQ

¢ 100 - (concentration in outflow/concentration in inflow) x 100
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Table 2. Flow rate of the Inflow at 6 sewage treatment plants (STP) located around the Tama River in Tokyo, Japan.

flow rate (m*/day)

STP population volume of sewage
served min max average (L/day /person)
A 453,232 143,080 244,560 177,307 391
B 279,028 72,250 108,800 80,395 288
C 138,024 37,270 90,590 52,838 383
D 224,516 63,400 90,000 69,790 311
E 471,527 161,450 211,940 188,647 400
F 339,400 84,590 126,820 103,380 305
- 672,357 -

total 1,805,727 -

GCMS S OBEIIIT I uo A &2 500 pL MR
#1%, BSTFASOpL, 10mg/L 7NA T T -dyg5pL &N
BIEME LTNA, he GoMS RRBREKL L. &
7=, LCMS S OBAITIE, 0.1%XEEF 10%7T & b=
MY VKRR 500 pL, BT Eiudyg 5 pL % P
LLTMA, ZhE LC/MS ARBREIKE L.

4. GCMS B PLC/MS D4y kel

B Ly 2,

BRRECER

L TALEBEOKREPOEXZOEETRERVE
iR

BB BT AREHROERLOER TRERAR
BHRET0.01 235 0.05 pg/L THY, TAROLBHOKRE
PERe LEBEOREZR YV LRABE THY, o
BEPOERSBELZRET S0 +45RBETH -
(Tablel) . ARSFHFIEIZIT B HMEINSRIZSONTIE, W
NOERRS, BIRBIIHMATALY QLB TKROERE
VMERICH o7, E, ROWETR—FSWEZEHLL
TEBY,BEKTLIZI V2T v P fTFo TWRNED,
BEDEPBDONIERLBFELE. BATAKTR,
=7=Vty, ERFFVY, FRPV/ Iy, Eriko—
W, AFN BB RLEAE AT TE R h ol —F,
MBTFKRTI, B RZTJ0, rRFa—ARRAFLR
NBIWAFETH o7, B, ALY vidiaEEmmY
BTN - BETE T, BREZTOHHTERVI LA
b, MIERRL Ligho7s. EEROSITITEARMIZ
LC/MS TfTH>Z & &L, LCMS HETRBEMNE,, E3
GIEMAPBD N BF/IIT, GOMS ETRETSZ &
&L

2. WATARRCRE TR OERRDOEIRTTEE R
FHATARIZONWTIL 98 ERZEZAERNRLE L, F0O b,
6 »EIDTRABFOB/AT RO LBRH SN ERRIT
Tablel {779 38 BEELTH o7z, Th b OBRHEEIZ W
T, BBEREAROINT = F AR, T ALY, F7
FIFR, Z=2FEFr, RVUEY, JE2FTEY, N
RY F=p, FARFH IV ERa TERLAZRL 271 EE

fald 6 T TRKLEFOHAT AL THroEARY &N
7o BRHBEOEKRMED 10 pg/l 2B X - O IXREEREH
RENOYY FLEE (169 pgl) RETE T I ) 7z

(122 pg/L) T, 1 pg/L 226 10 pg/L KT o 7= DIXAR
MERERAA T u Tz, AT7=F LB, TR
=Y RO Y FAT IR, BELERSY T 4 75— R
QRT7x2/)T475—b, FITVAE—FI 7=k RT3
YERUERBAEANLEY FC, 20 1 pg/L RETH
o7z,

—%, BETKIZOWTH, FALERRE LE 101 BEEL
D3bH, 6 #FDOTKLBEOHEATKPOBHENEE
B Tablel 12”7 35 ERGTho7=. BHBEIXE T
ng/L o8 pg/l DA —F—ThHV, FLALDEERLD
BHREIHATALY HIEL, 1 pg/Ll 28X TRIHE
TDRY7 e FTI V20l BRBAALEY K 1.96
pgll Thotz. iz, Y U F 7OV TIHRBTASLD

REOHBHEATARFRELY bEL, HoS—Fr V5K

T ETRRT VAR - ET AT DREIITL
BTFRKPOBERBATAKEB UL, FHEEFEWVVET
Holz. WATAPLRHEN/ZFTT ALY, e Furn
aF 7T RROGTT 7Y = FRRABTAMLiIdBHEh A
hoi. '
ERSBORHBBEL 6 » IO FTARBHEOHEA T AR
REBTFKROTREN»S | B OARROSHZEH LA
(Fig1). WMATKPOERDBME L 9RO FALEES
~DRFROEIIVVFAE, TEITI /) T2y, H
YFATIR, "FE74T7F5—F, P72 RSI0C
%<, AFX1BHY 1000 g #BLBZ L bbhot.
iz, FUFAEE, VVFATIF, TEMNTI )72V
BUAT7 =T ABOAFRIZ2 AMD 3 BIZHNTT 457
LS BITBMULE, ThidaA AP lo LS5ER
PHEDFATIC & 0 EBGURERADEBREL LTEL A
SNz itk aboLEbhlz. ZhizH LT, £EBR
ROERETHHBOEELFESNLVFTEL, 7LD
v, BB RS TS OB ENERAY Y T
F—hROGZ a7 47 Y VBV EREBNKEA/NES L, 2
NODEELIEMZB L C—EENEMNIZIRAENS
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TRELEBFICEITDEERBORESRS Tablel IZRT. ¥
YFNE, TACY Y, A 7707y, $FYUFAT IR,
T=2TFT€F /N TEMN /)72, 72707 4075—F,
ERFazpaF 7Y FRBIFTT 7Y = FOBRERIIMOE
BRIZESRTEL 0% EThHo. —F, RYv¥7,
TevdPy, m€FAFy, A bhFen—N, Farls
Ja—i, aP Ly, ANLEY R, ~oRY RFa—i,
TAREY I VRV S ERADRERIT 20%RE &8
Mot £, WTNOEERLBREROEBERFEIINE
MoleZ b, ETFKABETORERISEALLAL
LEZBNS.

3. BHEERARK L AEELOBES

TRABBIIBTIEERKEEOTERE LT, EHES
RA~DORFH EMEMZ L DHBBET OIS, BEFRAR
E~OBRFICHE L CRBUKERE O ERRIIFEEBERR Y
~NEFHLRTWEEXLND Z LMD, logPow (A7
J =V KRRERER) LBRERLOBRERANRS, BES
@ log Pow & T/KAMEIZIZ BT B PRER L O FERE

BRIEIBD otz (Fig2). BKEDEWERRIZ-
WT, 7a77 / a—/ (logPow -0.04), 7<= %Y (log
Pow -0.19) R=EFAF L (logPow -0.17) DERERIL 10
%R &, MDERBITILAE» o720, Zh b & log Pow
BEERTENTI )72y, TVFEYVCRUFTS I
FOBRERIL O%LULETH 72, —F, BKEOE (og
Pow22) EEMIZOWTS, BRERT 40%5»5 97% L
£ TChole. ~UEVBEETHBETEITI) 7=y,
YV IFATIR, YUFABRUA T 0720 EDR
BB LHNE S b OEERORESRIBVVEMICH - 7.
TARLBGOFWATAICEEBREZEFML, =7 v— 3
Y LA ORBEEIOKEE 2R ERY, BLOH%O LR
TOEESBEEZRE LML (Figl). TAABRBICEIT
REBZHEHZRER RD IMER BRI THE 0 b, th
IEDETHEREEZRRSEBML L. TRAESICE
FAREEREN T ¥2Yy, ZEFRFY, 7o
50— NVEGANVE Y FOLE I EERICEEL, &
EIBRIC L DEFRBEZIT T, ERBEEBR~OREFE
WIZEHLFRREN, Toridry, T¥FRFUERR
AEY FiZE MZBWTEREROKES (3990%) KL
e d LTRPEPICHE &N 5. BSOSy Bz
LIBREEZTICSVERERIT, BEWIZROT LM
NEWEHRI N,

ER)
SZENFIRO FTARLEEOKRB LB EERORE
FEBLE.
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Occurrence of Human Pharmaceuticals at Sewage Treatment Plants on the Tama River Basins in Tokyo

Toshinari SUZUKI', Yuki KOSUGI', Mitsugu HOSAKA®, Kumiko YAGUCHI',
Akio OGATA’, Tetsuji NISHIMURA™ and Dai NAKAE®

Monitoring of human pharmaceuticals in inflow and outflow at sewage treatment plants (STPs) on the Tama River basins
in Tokyo has been conducted. Approximately 100 pharmaceuticals (analgesics, hyperlipemics, antiallergics, antiepilepsy
drugs, antiparkinsonism drugs, high blood pressure drugs, diabetic drug, and psychotropic drugs) were examined. Thirty-eight
and 35 pharmaceuticals were detected in inflow and outflow at STPs, and their concentrations ranged from several dozen
ng/L to 16.9 pg/L and from several dozen ng/L to 1.96 pg/L, respectively. Loading amounts of analgesics to STPs increased 4
to 5 times during winter, and the others amounts did not significantly change. Loading amounts of pharmaceuticals into the
Tama River basins were approximately constant. This suggests that concentrations of pharmaceuticals in the Tama River
basins are affected by fluctuations in river flow. Removal rates of sulindac, amantadine, epinastine, metoprolol, propranclol,
and sulpiride were lower than 20%. This may be due to low biodegradation as well as adsorption to activated sludge.

Keywords: pharmaceutical, sewage treatment plant, analysis, GC/MS, LC/MS
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KBEFOHA VTN F I A VAR D HTEE

sk et V2 BRI DM, RO ST, D K, B OEES R Bx

IRBEPORA TN F AL NZABFELEZ I EN (OT) RUEOEERGAELZ I EAIALER RS L—
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AENE I EAANREY L—F (BATFOCE MY, Fig
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290 L COCHKBEPIZBRAT A Z LBBEILHBEEINT
W33 ZOEREE LT, OCH TRAEZIZBITBILE
REEBRABTIHIZE AEBREShARNIED, Fi,
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BERRLUTHRBL L 72, OCIEHEIK (100 mg/L) IZOTIRAERE
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Fig. 1. Major metabolic pathway of oseltamivir in human liver
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10mL, HFHEUKSmLOBETarFora =7 L. BE
HHIZSEOARUBEIZ L VT o712, A @ KBUEH500
mL % HLBIZ 5820 mL/minTi@iZk L, 3075 OBKERE,
AZ 7 —ASmLCHHYZEH S €7, Bik : KEEES500
mLIZ¥E0.5 mL& N A CEE (pHAI3) (TL7=%, PS-2,
HLBOIFETHIH20 mL/min Tk L, 305 H0OBEIELRE,
BARFEETFEFE»STE b= b I ASmLTHESDE
BHSE. FENELERKIIK T T0.5 mLICEBMEL, N
HEHEE LThoAR=EE d, (10mgl7t i

i®) &SuLinz, ThzRBBEKRE L.

3. LCMSOD 4T dait:

LC:2690 (RAY+—F—X), FEARK:10puL, #7
A o: XTerra MSCI8  (2.1X150mm, Sum, BATA+—
F—X), #TLBE :40°C, BEITE:0.1% FESHI%
TE M= PUA CHERE — 0.1% FEBESHEWN% 7T
F=hYN @shy, V=FrFYx ), HiE: 0.2
mL/min, MS:ZMD (REXUx—F—X), 7 V—
BIE :3kV, 2—VEBE: 10V, T—F: b7 bR
V—A FALERT T 47 (BSI7), Y—A7mny/RE
:120°C, FYNAR— 3 VB 1 350°C, E=F—A 4
~ 0T miz 313, OC m/z 285

4. LC/MS/MSOD4y#7 it
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Table 1. Recovery of oseltamivir (OT) and oseltamivir
carboxyrate (OC) from water
method A

compound recovery (o) CV
average + SD (%)

oC <4 -

method B

recovery (%)  CV
average + SD (%)

61 + 4 7

oT 85+ 6 7

water sample: 500mL
fortified concentration: 100 ng/L (n=3)

8 £ 6 7
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TO.99LA L THo7=. ERETIREIL10000%IRTER OAKEE
BREECOTA2 ng/L, OCH4ng/LTh o7, OCD /A 5
L= F =TT BIC501380~230 ng/LTH B Z &I b,
AT OOTRUOCERIET DIt LBARBEL 54
CHELTWA EEZLRS.

10570 10 »

. OT.50V
6% N2 43543
P 312.78 36003
oy e o
[ : i
100, 11962 a0 »
OT.30V
%..
13273
LT 9 s
T
100+ 165.78 €10 »
11965
% | 13840 OT.10V
t37~95 167.03 207.87 22474245,84 31?{106
ok L |
100, 05T 10 N
284.97
117.71
w 0C.50V
> 73.43
?ll n- 137‘38 2 ‘l 285}5
o oAt e e : T e
1004 119.65 w10 »
I
[
1.0 | 1arso 28431 OC30V
o lzcs‘qr
Gt ,
100 13748 B0 »
] vge 0C.10V
13892 17069 19798 26785 o954p :
0 . 5 - ‘N i 3 i nz
o greetheeprtp by frerrr e e rrrr——
100 126 150 175 200 225 250 275 300 325 350 375 400

Fig. 2. LC/MS spectra (ESI”) of oseltamivir (OT) and
oseltamivir carboxyrate (OC) at several collision energies.
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Fig. 3. LC/MS chromatograms of oseltamivir (OT) and
oseltamivir carboxyrate (OC) in standard solution and river
water extract. A: standard solution 100 pg/L, B: river water
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Analytical Methed for Anti-influenza Virus Drug in Aquatic Environments

Toshinari SUZUKI* Yuki KOSUGF, Mitsugu HOSAKA®, Kumiko YAGUCHI®,
Dai NAKAE®, Tetsuji NISHIMURA® and Akio OGATA®

The analytical method for the antiviral drug oseltamivir (OT) and its major active metabolite oseltamivir carboxylate (OC) in the
aquatic environment was investigated. OT and OC in the water sample were extracted by tandem solid-phase extraction cariridges and
were eluted by acetonitrile. The extract was concentrated and analyzed by liquid chromatography with tandem mass spectrometry
(LC/MS(/MS)) with reverse-phase octadecylsilyl-silica (ODS) analytical column.

The detection limits and recovery rates of OT and OC were 2 and 4 ng/L, and 89% and 61%, respectively. This method could be
applied to analysis of drinking water, raw water for water supply, and river water. As for accurate determination of OC, correciion by
surrogate or standard addition method was necessary.

Keywords: aquatic environment, oseltamivir, oseltamivir carboxylate, solid-phase extraction, LC/MS, analytical method
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