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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.
method LOQ®  recovery (%) inflow ¢ outflow * removal
No  pharmacetuicals  group® j.Lc/ms . min max  median min max median  rate®
rgoms  (Mg/L) inflow outflow  frequency (el) (uel) () frequency (gl) (el) (ug/) %)
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 0.03 0.32 0.15 6 0.01 0.03 0.01 90
3 ibuprofen A 2 0.01 69 83 36 0.3 1.32 0.56 9 0.01 0.09 0.04 97
4 mepirizole A 1 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 0.43 0.08 32 0.01 0.12 0.04 50
12 diflunisal A 1 0.01 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 71
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 0.05 0.32 0.15 36 0.04 0.17 0.10 38
16 etodolac A 1 0.01 138 131 36 0.08 0.44 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 0.01 <5 <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 1.51 7.55 3.37 21 0.03 0.29 0.11 97
22 tiaramide A 1 0.01 80 112 18 0.03 0.14 0.08 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 0 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 indomethacin A 1 0.05 122 80 36 0.18 0.82 0.32 36 0.09 0.35 0.17 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 0.4 2.49 1.53 36 0.28 1.21 0.55 60
40 diphenylpyraline C 1 0.01 60 77 0 ND - - 0 ND - - -
41 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 76 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 0 ND - - 0 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)

method LOQ®  recovery (%) inflow ¢ outflow removal

No  pharmacetuicals  group*  1.Lcms . min max  median min max median  rate®
raoms  (MgL)  inflow  outflow  frequency (gl) (ugl) (ngl) frequency (gl) (ugl) (ugl) %)
56 verapamil F 1 0.01 34 89 0 ND - - 0 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 ND - - 0 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 0.22 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 0.02 <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 propranolol 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 0.01 <5 <5 - - - - - - - - -
72 atenolol F 1 0.02 39 37 0 ND - - 0 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 1 0.02 76 88 0 ND - - 0 ND - - -
80 acetohexamide G 1 0.01 85 96 0 ND - - 0 ND - - -
81 tolbutamide G 1 0.01 73 90 0 ND - - 0 ND - - -
82 tolazamide G 1 0.01 78 97 0 ND - - 0 ND - - -
83 gliclazide G 1 0.01 97 99 0 ND - - 0 ND - - -
84 glibenclamide G 1 0.02 66 86 0 ND - - 0 ND - - -
85 nateglinide G 1 0.01 92 104 36 0.12 0.44 0.26 0 ND ND ND 99
86 sulpiride H 1 0.01 62 70 36 0.9 1.96 1.39 36 0.90 1.96 1.39 15
87 olanzapine H 1 0.02 22 83 0 ND - - 0 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 1 0.02 66 99 0 ND - - 0 ND - - -
95 fluvoxamine H 1 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 - - 0 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 triazolam H 1 0.01 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 0.02 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 A:analgesic, 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: 1.0pug/L; n =2 or 3
d monitoring period:October, 2004 - March, 2005; sample number: 36 samples from 6 STPs; ND: less than LOQ

e 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)

volume of sewage

STP population
served min max average (L/day/person)
A 453,232 143,080 244,560 177,307 391
B 279,028 72,250 108,800 80,39 288
C 138,024 37,270 90,590 52,838 383
D 224516 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
total 1,905,727 - - 672,357 -
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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 ng/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, propranolol,

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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