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Monitoring of pharmaceuticals in the Ishikari River system and Tokachi River
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ABSTRACT
Environmental surveys targeting pharmaceuticals of concern
for their environmental impacts were conducted at six
sites in the Ishikari River system and three in the Tokachi
River. The target substances included two antibacterial
agents and the metabolite (clarithromycin, erythromycin,
and 14-hydroxyclarithromycin), a drug for allergic rhinitis
(fexofenadine), and a drug for hypertension (telmisartan).
Samples were collected twice from the Tokachi River and
four times from the Ishikari River. The water samples were
concentrated using solid-phase extraction and quantified by
LC-MS/MS. While all the target substances were detected,
their concentrations were lower than those in observed
in areas outside Hokkaido. The concentration of target
substances in river water is considered to be affected by the
size of the sewage treatment plant, river flow rate, mixing
of wastewater in the river, and possibly by other discharge

sources.
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Fig. 1 Map of the survey points

VLIRES

1. nijuep

HLEE, #5 P 0mE s 2 0SkEESEIC L. KE
FORL 200 mLicY ay — MIEZFINL, THaAVT 3
Z Y ULEEHEA— Y v I 10 mL/min TEK L. @
Tatkld, RARR7Z 20 mL OREEUKTHEE L, T OWHvK
ZEFEA— RV DIGEK Uz, =Ry DRE LT
Wik L, ZRBKTEEEZICA X/ —)V 10 mL 238 U TRt
S RALE B, IR Z 23S T 0.5 mL LU NI
M &, AR — )V EAEEOKOBEETAGE (1:1, v/v) TERL,
LC-MS/MS Tl L7z
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Table 1 List of the survey points
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&% 50 ng GRUEHEGIEIE 250 ng/L) & U DK LIEIEL
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TARTORBIC BT RS — MEOEIEIZ 70 ~
120% C, BUFREICRE . SRSME O i m
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910 ng/L, =V Au~XA> > 110 ng/L, 7zFV 7}
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290 ng/L, WG FAKLESGE F2ER<) & AN TR
EThol.

TKILEG D B OHKICE EIREOEESATEN T
5LEONTED, WHELOME T, TF/KULHEGNSD
K EEN B EHRMORKEER, 7T 20 1Y Y
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Table 2 Analytical conditions of LC-MS/MS

LC
Model Agilent 1100
Column Waters, Atrantis T3 (150 mm, 2.1 mm I.D., 3 um)
Mobile phase A: 0.1% Formic acid aqueous solution /
10 pmol/L aqueous solution (99:1, v/v)
B: Methanol
0 —10 min A: 79-70% B: 21-30%
10—21 min A: 70—18% B: 30—82%
21—-22 min A: 18—0% B: 82—100%
22—35 min A: 0% B: 100%
35—35.1 min A: 0—-79% B: 100—21%
35.1-48 min A: 79% B: 21%
Column flow 0.2 mL/min
Column temperature 40°C
Injection volume 10 pL
MS
Model Agilent 6400B
Gas temperature 350°C
Gas Flow 9 L/min
Nebulizer 60 psi
Capillary voltage 3500 V
lonization ESI-Positive
Measurement mode SRM
Monitor ion,
Fragmentor voltage / Compound Prec’) Frag® Prod® CE™
Collision Energy Clarithromycin 748.5 150 158.1 28
590.4 16
14-Hydroxyclarithromycin 764.5 170  158.0 32
576.5 14
Erythromycin 734.5 170  158.1 32
576.5 14
Fexofenadine 502.0 180 4845 22
466.0 27
Telmisartan 515.2 190 276.1 52
496.8 36
210.8 48
Clarithromycin-13C,d3 752.6 170  162.0 28
594.5 14
Erythromycin-'3C,d3 738.6 180 162.0 30
580.0 14
Fexofenadine-ds 508.2 180 4722 27
490.2 22
Telmisartan-d7 522.3 190 504.3 36
280.2 52
1) FLh—H—A % 2 (m/2)
) TS A E—(V)
*3) FaE Y b F o (m/z)
)31 a2V
4 NGBS R

Table 4 Additional recovery rates after surrogate
correction and surrogate recovery rates of
pharmaceuticals in river water samples
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Table 3 Method quantification limits of

harmaceuticals in river water samples 3z S _ [
p P waonOEF T
EME EE TRIE(ng/L) SSURATIOD 100 :
ERECEEDD 0.50 TG 104 87
14-HC i 0.51 ITYRAZAL Y 100 91
TURRRA LY 0.50 JrXyIzFTy M 130
JI¥VITIFIY 0.50 FILTHILE Y 103 103
TILEHILZ Y 0.59
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Table 5-1 Concentrations of pharmaceuticals in Tokachi river

(B4I : ng/L)

FK

FEH S B 2 HFYARUAYY 14-HC TYABRAYY  T1FYIIFY Y TAIHLAY
= O6H <0.50 <0.51 <0.50 0.71 1.4
O 518 8 A <0.50 < 0.51 <0.50 0.84 1.2
O3 3F55 64 <0.50 < 0.51 <0.50 1.2 1.6
AKX 8 A 0.50 0.59 <0.50 5.0 4.9
vz 68 3.2 4.1 <0.50 37 22
OxER 55 0.64 0.64 <0.50 8.4 7.2
252 LRI K S
Table 5-2 Concentrations of pharmaceuticals
in Ishikari river system
(B4 : ng/L)
ﬂﬁ ;’;;; H3YARTAYY 14-HC TYARRAYY  71R971FV Y TAIHMAY
i 6 A <0.50 <0.51 <0.50 1.1 <0.59
@ 7&3 8 A <0.50 <0.51 <0.50 2.0 15
= 10A <0.50 <0.51 <0.50 1.5 1.6
18 <0.50 <0.51 <0.50 1.8 1.1
g 68 0.59 0.58 <0.50 1.6 0.73
o 8 A 0.56 0.57 <0.50 2.9 1.9
7; 10 A <0.50 0.57 <0.50 2.0 2.0
B 41p 0.52 <0.51 <0.50 3.6 2.2
6 A 4.4 4.4 <0.50 53 25
3 ’fplg 8 A 4.1 5.3 0.70 47 28
= 10A 4.8 6.1 0.71 41 24
1A 5.4 7.5 0.94 72 39
£ 68 1.6 1.6 <0.50 29 15
@ % 8A 0.75 15 <0.50 28 19
7; 10 A <0.50 0.93 <0.50 22 14
= 118 3.1 5.5 0.56 63 39
s 68 1.1 1.1 <0.50 23 12
® A 8 A 0.65 1.5 <0.50 38 21
j; 10 B - - - - -
® 1A 0.87 2.0 <0.50 35 22
6 A 4.2 4.2 0.58 68 43
© i 8 A 1.8 3.8 <0.50 58 46
= 10A 2.8 3.6 <0.50 48 35
18 3.7 6.6 0.63 74 51

GIRIKED 10 A (X528
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e a5 TKALIESS TKALIR IS AL I
TR A fﬁﬁf e mEkE i JLBACRE & )1 st
(m¥H) (%) OO CHPID
Ea 183 Table 6-1 Comparison of treatment
WA 103000 0.65 water volume of large-
scale sewage treatment
plant and river flow
rate of Tokachi River
e aen  FKMESNE  TKLESME £ 6-2 KB PRI ORI
SR fﬁﬁ% e KE KE/TAFE JLFK R & )1 Rt
= (m?/8) (%) OFROLE FTFIID
BRAIE 341 Table 6-2 Comparison of treatment
EJ”THW 162000 0.55 water volume of large-scale
;l; g:ﬁig ggggg 812 s'ewage treatment pl'ants' ar'ld
FEHA 64200 0.22 river flow rate of Ishikari River
HEMA 47500 0.16
TLEEHRA 32600 0.11
&) 341300 1.2

FKNBGEARE S NTWBIED, TEZOZ)INcil
BEANCIDR 10 TN, M7 HAKRTHK 6 JTAD 3 DD TK
PUEEMNREENTHED ¥, bR 5 EHER D
SNTVBHRENEDND 5. —75, WEEAID 5 TALL EO#H
B TR & OIEEKE © &+ R ORI TR
HiS Ok ERTH % 183 m*/s KU 341 m*/s ” bl d
L, £6-1RUL62ITRTEED, MWIERRICHT S
HIKE 1% RE L IEFITED o 2. ThZzEsMtiitisiic 35
FRHER DS B, EEAGEEIC K 2RI T O
HERZ L, HES P ICKDRHESN TV R ZEDOZEE
JHJERE Tl PoKFRER 16 m*/s (BIIF% A5, 2018 4) 7
IR U B OB O LK DA EHEH 8 m/s (LD
IKFEA Y > 2 — 6 % DR 3 4E i e FEE AL K R
HEEOEED ¥, a1 OFERETIETFKR R 4.6 m*/
s (BT - A, 2022 4F) et U B Rk s
O IZH) 2.6 m*/s GLEERES)) @ &, IR TR
DO RIS BT 2 REICT U T RGN 5 DL
KEOHEX DL EV. Fio, s YICkO#EINT
WA RFN EFRIED 5 6 4 RIRNE N T OFkifa
%16 m*/s (BMIATH © B, 2010 48) 7 L3N 2 110D
HEKDBEL, T, R THRINE NIZEREON
i3, ThHOREMBICIZMHEL D BB EEZ
5NM%.

GRNIKR TIEIANKE & HOUET, TRSIITTIRXERE T,
D& D EEDNREDESESDHIE NS MmN E 5N
2. TOSH, FHMETIE LRBICH B 3 DO TFKMLELL
DHOKDREZZI T, ARIKROMOF AR KD &5
VIBETRIEENTVS EEZBNS. GRIUKROMPIE
IZDWTIE, TOHEEZD LROPHIAREDMICIE KL
HIZIERESNTE 5T, TGO B 2 km 130

AT 30 HAD /KIS NRE SN TN 5. MNFEICH
IR MRESHI RO DX D b Eh T kD, T
IKILEEE A B DHEK & KD IRE AT % £ TICH B FEE
DA R T3 0ENH 2 L EZ5NSED, PR
DRI TOBAHEMEN DS, iz, HREIOEERIC
DWTE, TOMREZD ERDT S 5 AKKEDRICIEIH
i TR ISR E SN TE ST, 79 5AKED L
9 2.5 km ICIZLELA I 20 73 A O F/KALEIE A X
TWV5. AR IIKROPHIRKE FiRoO TR OHEK & [F
Kic, 995 AKREO RO MK S OHks, 373
5 AKKETIRIIKE OFFHEAD D Tldah o T LB
5N%.

XL

AR 4 IS E GRIKRICB O TESRG 4 WE K
U O | WEHORRREREZEBL. VT
NOYHELBHENIZE D0, EIMBHIKORE & 1% &
RRETH oz, UL, TRLIED 5 OPKEISH LT
FIEREDTRICREN S TledEEZENS. T DIED
R OPHIRE U T MKLEE 720 Tl <, o
MNH BATRENENE X STz,

i

AMEZITIICHTED, WM HE NGB AL AU
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