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With the increase of manufacturing and use of chemicals, an increasing amount of chemicals enters surface
water through various pathways. Their concentrations range from ng/L to mg/L, and they are recognized as
micropollutants that pose potential risks to human health and aquatic ecosystems. This study quantitatively ana-
lyzed the diverse micropollutants in a stream affected by effluents from a waste-water treatment plant (WWTP)
and demonstrated the changes in concentration over time. To capture temporal trends, water samples were col-
lected using a portable composite sampler. For a comprehensive chemical analysis of the 148 species, target
screening was conducted using liquid chromatography with high resolution mass spectrometer (LC-HRMS).
As a result of the quantitative analysis, a total of 71 substances were detected at concentrations higher than the
limit of quantification (LOQ). Pharmaceuticals accounted for the highest proportion among the detected sub-
stances. Tris (2-butoxyethyl) phosphate (tbep), which is used as an organophosphate flame retardant (OPFRs),
was detected as a major pollutant at a maximum of 14,000 ng/L. Metformin, Pentaethylene glycol, cetirizine,
galaxolidone, acetaminophen, heptaethylene glycol, carbamazepine-10,11-epoxide, sulfapyridine, valsartan
acid, telmisartan, fluconazole, benzotriazole, olmesartan, 4-Methyl-1H-benzotriazole, sitagliptin, and per-
fluorohexanoic acid (PFHxA) were detected at concentrations of 1,000 ng/L or higher. As a unique temporal
trend in the concentration, per-and polyfluoroalkyl substances (PFAS) and benzotriazoles exhibited the highest
concentrations from 00:30 to 02:00 on 5/10 with a gradual decrease thereafter. The main factor responsible for
this change in concentration was the effluent from the WWTP located upstream of the sampling point. In addi-
tion, the substance used in a nearby large-scale industrial complex is considered a significant factor.
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Fig. 1. Location for the sampling site (STP: Sewage Treatment
Plant, WWTP: Waste-Water Treatment Plant).
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Table 1. Information on reference standards and internal reference standards used in the analysis
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Classify Compound
- Company
Pharmaceuticals (n = 50)
2-acetamidophenol Climbazole Metformin
4-acetamidoantipyrine Darunavir Metoprolol
Acetaminophen Diphenhydramine Metoprolol acid
Albendazole Estriol O-desmethyl venlafaxine
Albendazole sulfoxide Etodolac Oxcarbazepine
Amisulpride Fenbufen Piroxicam
Amitriptyline Flubendazole Sulfamethazine
Antipyrine Fluconazole Sulfamethoxazole
Atenolol Irbesartan Sulfathiazole
Bisoprolol Ketoprofen Sulpiride
Caffeine Lamotrigine Telmisartan
Carbamazepine Ketoprofen Valsartan
Celecoxib Mefenamic acid Vildagliptin
Cetirizine - -
Pesticides (n = 24)
2-aminobenzimidazole Dimethomorph Orysastrobin Sigma Aldrich
2-aminobenzothiazole Diuron Prometon (Missouri, USA)
Standard 2-hydroxyatrazine Fluopyram Propamocarb
2-hydroxybenzimidazole Iprobenfos Propazine
2-hydroxybenzothiazole Isoproturon Propiconazole
Clothianidin Metalaxyl acid Tebuconazole
Cyromazine Myclobutanil Terbutryn
Dimethenamid OH-tebuconazole Thiacloprid

Industrial chemicals (n=18)

1,2-benzisothiazol-3(2h)-one

4-hydroxybenzaldehyde
4-methyl-1h-benzotriazol

Benzamide

Benzotriazole

Bisphenol s

Heptaethylene glycol
Hexaethylene glycol
Octaethylene glycol

Pentaethylene glycol

Tetraethylene glycol
dimethyl ether

Triethanolamine

Trimethyl phosphate
Tri-n-butyl phosphate
Triphenylphospine oxide
Tris(1-chloro-2-propyl)
phosphate
Tris(2-butoxyethyl)
phosphate
Tris(2-chloroethyl) phosphate

Industrial chemicals(n = 11)

Perfluorobutanesulfonic acidPerfluorohexanesulfonic acidPerfluoropentanesulfonic cid

Perfluorobutanoic acid

Perfluorononanoic acid

Perfluoropentanoic acid

Perfluorodecanoic acid Perfluorooctanesulfonic acid  Perfluorohexanoic acid

Perfluoroheptanoic acid

Perfluoroooctanoic acid

Wellington Laboratories
(Ontario,Canada)

& Sigma-Aldrich (Missouri, USA), Toronto Research
Chemicals(North York, Canada), Wellington Laboratories
(Ontario, Canada), J.T. baker(New Jersey, USA)
Fisher Scientific (Pittsburgh, USApPIX] T3l AM&3})
). A AE EFEA 2 REFEAY T
B3 Table 191 7131500 oleh&e] &3l 38

(500 H=+= 1,000 mg/Ly ¥4 ZA7KA] 20°C o5F3 3
oA BBt

2.3. A2 TX2|
Algel HAE e Y =9
o3 1

extraction; SPE)2- -85t}

(Solid phase
L AZZ Glass microfiber
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Table 1. Continued.

A3 - Qs - AYE - AEE

Classify Compound
- Company
Pharmaceuticals (n = 16)
Amisulpride n-oxide Ipronidazole Procaine
Candesartan Ketorolac Propafenone
Carbamazep e 10,11- Lidocaine Propranolol
epoxide
Cimetidine Lidocaine n-oxide Sitagliptin
Clenbuterol Lincomycin Sofosbuvir
Citalopram Losartan Sotalol
Crotamiton crs Naproxen Sulfapyridine
Dibucain Niflumic acid Ticlopidine
Diclofenac acid Olmesartan Valsartan acid
Standard Estrone Paraxanthine venlafaxine Toronto Research
. . . Chemicals
Fenbendazole Phenacetin Venlafaxine n-oxide
) (North York, Canada)
Gabapentin - -
Pesticides (n=18)
Acetamiprid Diethyltoluamide (DEET) Metconazole
Atrazine Difenoconazole alcohol Methiocarb
Azoxystrobin Fenbuconazole Penconazole
Benalaxyl Imazalil Pyroquilon
Carbendazim Imidacloprid Thiobencarb
Chlorotoluron Metalaxyl Thiodicarb
Industrial chemicals(n = 3)
1-methyl-1h-benzotriazole ~ 4-hydroxybenzotriazole Galaxolidone
Pharmaceuticals (n=16)

Acetaminophen-d4
Atenolol-d7
Carbamazepine-13c6
Fenbendazole-d3
Fluoxetine-d5
Lidocaine-d10

Sulfadimethoxine-13¢c6

Mefenamic acid-13c6 Sulfamerazine-13¢6

Niflumic acid-(phenyl-13¢6)  Sulfamethoxazole-13c6

Progesterone-d9
Sulfadiazine-13¢6

Sulfapyridine-13¢c6
Sulfathiazole-13c6
Trimethoprim-d9

Pesticides(n = 23)

Acetochlor-(2-ethyl-6-
methylphenyl-d11)

Internal

Standard

Alachlor-d13

Bentazon-d7
Carbofuran-d3

Clothianidin-d3

Diazinon-(diethyl-d10)

Flufenacet(phenyl-d4)

Metalaxyl-(phenyl-13c6)

Prometryn-d7

Fluopyram-(benzamide

ring-d4) Propiconazole-(phenyl-d3)

Imidacloprid-d4

Sigma Aldrich

) . (Missouri, USA)
Pyrimethanil-d5

Simazine-d10
Tebuconazole-(trimethyl-
13¢3)

Methiocarb-d3

Metolachlor-(2-ethyl-6-
methyl-phenyl-d11)

Thiacloprid-d4

Dimethenamid-d3 Metribuzin -(s-methyl-d3) Thiobencarb-d10
Diuron-d6 Prochloraz-(ethylene-d4) -
Industrial chemicals(n = 4)
mPFOS MPFOA MPFHxS

MPFHxA




Portable Composite Sampler % LC-HRMSE o83t slled <l skl Wl e d=d 4 .. 59
Table 1. Continued.
Classify Compound Company
Pharmaceuticals (n = 19)
Amisulpride-d5 Metoprolol acid-d5 Sulfamethazine-13c6
Antipyrine-d3 N-desmethyl venlafaxine-d3 sulpiride-d3
Bezafibrate-d4 Oseltamivir-d3 telmisartan-d3
Caffeine-13c3 Paraxanthine-d3 Theophylline-d6
Ketorolac-d5 Ranitidine-d6 valsartan acid-d4
Losartan-d4 Sitagliptin-d4 valsartan-d9
Internal Metformin-d6 _ _ Toronto Besearch
Standard Pesticides (n = 7) (NonhC}\]Zle,c a(lisanada)
Atrazine-d5 DEET-(diethyl-d10) Linuron-d6
Azoxystrobin-

(cyanophenoxy-d4)
Chlorotoluron-d6

Isoproturon-d3

Metoxuron-d6

Industrial chemicals (n = 3)

1-methyl-1h Tris(1-chloro-2-propyl) Tris(2-chloroethyl)
-benzotriazole-d3 phosphate-d18 phosphate-d12
filter (GF5; 045 pmpl] AR - U323 (Internal — USA)YE A9sto] ARsisith. =39] #e]ol= Xbridge

standard, ISTD) 100ng 2 buffer (pH 7+0.5) 80 uLE
FHsIAh bkt EEjsle 548 7=
45t7] fleliM, 4572l F2 =% OASIS HLB,
Isolute ENV+, Strata X-AW % Strata X-CW= ©]F9]
X B SPE 7}EZIA] (multi-layer cartridge)s AME-51
th AR S 5 ~10 mL/min®] §4202 JFIEZX]] &5
Bl 3 A loading®] i FFEZAE Aol <ol 11
o FATEAE BALst] 1AIZRERE XA 7127t
459 TERA = FE2 A8 F 7 SuliQl ¢
4 6mL (ethyl acetate/methanol 50 :50 with 0.5%
ammonia) 2 2Hd 8 (ethyl acetate/methanol 50 : 50
with 1.7% formic acid)& &3l &390} 75 84
A 2FZ7](CHONGMIN TECH, Korea)s ©]&3}]
35°CollA 0.1 mL7HA] -5=A1Z] §, pure water/methanol
O: e FY3 1 mLE AF3ATE 1 mL AE=
cellulose acetate filter (0.2 um)S ©|-8-3}] o33t &
A8 vialdll ot 71714 7] 4°C W EASIT

A= = O
E;‘(?]EE

24. 717|124

Hd=d 1485l et e S sl LC-
HRMSS A8-519132, 7171 Ultimate 3000 ultra high
performance chromatography (Thermo Fisher scientific,
USA)! HESIZF A3%rE Q Exactive plus quadrupole
Orbitrap mass spectrometry (Thermo Fisher scientific,

C18 column (2.1 x 50 mm, particle size 3.5 um)S AR
319, o152 pure water with 0.1% formic acid
(A)2} methanol with 0.1 % formic acid (B} ©]&-%%}
o} A& 889 injection volumeS 10 pP]T, Y 2%
35°CellA] B] HIE-S 10%= Al2Fsle] 4% F3F 50%71
A Z7WNFAL, 1727H] 95%=2 Z7HA7] & 258 71A)
A1) 25% & columne] HY Al FAE S5l
ol BO HIE&S 10%% §438] A 28 1t
AANA FAIL, & AR 29 52 o] FolRlth
40§42 02 mL/min® 2 ARAZOH, BE AF
= positive ¥ negative modeclX] EA1= ST}, Capillary
29} spray voltage= 320°C 2! positive, negative mode
oA 2zt 3.8kV, 3.0 kVE A3t} Column ovend]
2EE 35°CE gHEFAUh

RIS

o

=

2.5. QA/QC

A Ao Y5359 (internal standard calibration)
< AMgSl] FER o, EARRE L] Here) AlE%
4 3 Ao 2= A& (LOD, limit
of detection), &gl (LOQ, limit of quantification),
Ao 3148 (Absolute Recovery) 2 AUE=E HAS53I%
o} A&t AR SRl AZnfETsdellA
ERt 5)=19] S/NM]E: (signal to noise ratio) & 13}
SABIATE SINFIE Fho] 30144 A5 A= 3t

o e)
o=




60 H3ld - Ais - HIE - FES
slov FRFAE 1001do2 AAesith 1R & 3. 2% 3 n#
= "9 (0.1, 05, 1, 2, 5, 10, 20, 50, 70, 100, 200 ng/L)
o] gl thaled 100 ng®l internal standards £ 3.1. QA/QC Z=t
sto] ARFAS 2Hdskaint RS Sl Ao XS Ueplle R? %

Table 2. Information on the limit of detection (LOD), limit of quantification (LOQ), and absolute recovery (Rec) of the 148
target substances

LOD LOQ REC LOD LOQ REC

Compound (ng/L) (nglL) (%) Compound (hg/L) (nglL) (%)
Pharmaceuticals (n = 74)
2-acetamidophenol 0.1 2 79 Irbesartan 05 05 91
4-acetamidoantipyrine 0.5 5 89 Ketoprofen 0.1 2 95
Acetaminophen 0.1 2 79 Ketorolac 0.5 2 94
Albendazole 1 5 59 Lamotrigine 1 1 116
Albendazole sulfoxide 0.5 5 95 Lidocaine 1 94
Amisulpride 0.5 1 82 Lidocaine n-oxide 2 2 98
Amisulpride n-oxide 05 05 78 Lincomycin 05 05 85
Amitriptyline 2 2 45 Losartan 0.5 1 89
Antipyrine 01 05 82 Mefenamic acid 5 10 100
Atenolol 0.5 2 97 Metformin 2 2 81
Bisoprolol 0.1 5 127 Metoprolol 0.5 2 97
Cafteine 0.1 2 88 Metoprolol acid 0.1 1 95
Candesartan 05 05 93 Naproxen 0.5 2 93
Carbamazepine 05 05 8 Niflumic acid 1 1 92
Carbamazepine-10,11-epoxide 1 2 91 O-desmethyl venlafaxine 05 05 87
Celecoxib 5 10 61 Olmesartan 0.5 1 93
Cetirizine 0.1 1 122 Oxcarbazepine 1 2 84
Cimetidine 1 5 76 Paraxanthine 0.1 2 80
Clenbuterol 0.5 1 121 Piroxicam 1 5 70
Citalopram 1 1 68 Phenacetin 0.1 1 85
Climbazole 0.5 1 55 Procaine 0.5 5 83
Crotamiton crs 2 2 60 Propafenone 1 1 67
venlafaxine 05 05 89 Propranolol 05 05 52
Darunavir 5 5 83 Sitagliptin 0.5 2 76
Dibucaine 2 2 50 Sofosbuvir 5 5 77
Diclofenac acid 5 10 90 Sotalol 05 05 103
Diphenhydramine 0.5 2 75 Sulfamethazine 1 2 80
Estriol 50 70 90 Sulfamethoxazole 1 2 83
Estrone 20 50 85 Sulfapyridine 1 2 85
Etodolac 5 10 91 Sulfathiazole 1 2 87
Fenbendazole 5 10 28 Sulpiride 05 05 88
Fenbufen 0.1 1 84 Telmisartan 01 05 80
Flubendazole 1 80 Ticlopidine 1 1 75
Fluconazole 1 86 Valsartan 0.1 05 94
Fluoxetine 5 10 90 Valsartan acid 0.1 1 87
Gabapentin 1 5 28 Venlafaxine n-oxide 2 2 100

Ipronidazole 0.5 2 85 Vildagliptin 0.5 1 91
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Table 2. Continued.

LOD LOQ REC LOD LOQ REC

Compound (ng/L) (ng/L) (%) Compound (ng/L) (ng/L) (%)
Industrial chemicals (n = 32)
1,2-benzisothiazol-3(Zh)-one 1 2 79 Perfluoroheptanoic acid 05 05 96
1-methyl-1h-benzotriazole 0.5 2 104 Perfluorohexanesulfonic acid 05 05 94
4-hydroxybenzaldehyde 05 05 8 Perfluorononanoic acid 5 5 92
4-hydroxybenzotriazole 1 5 61 Perfluorooctanesulfonic acid 05 05 89
4-methyl-1h-benzotriazol 0.1 5 114 Perfluoroooctanoic acid 05 05 95
Benzamide 0.1 0.1 88 Perfluoropentanesulfonic cid 2 2 94
Benzotriazole 0.5 2 84 Perfluoropentanoic acid 2 5 95
Bisphenol s 5 10 74 Perfluorohexanoic acid 2 10 85
Galaxolidone 5 20 67 Tetraethylene glycol dimethyl ether 0.5 0.5 73
Heptaethylene glycol 0.1 5 107 Triethanolamine 0.1 2 68
Hexaethylene glycol 01 0.1 169 Trimethyl phosphate 5 5 42
Octaethylene glycol 0.1 2 139 Tri-n-butyl phosphate 10 10 74
Pentaethylene glycol 05 05 285 Triphenylphospine oxide 1 1 89
Perfluorobutanesulfonic acid 05 05 95 Tris(1-chloro-2-propyl) phosphate 0.1 05 65
Perfluorobutanoic acid 2 2 63 Tris(2-butoxyethyl) phosphate 0.1 5 91
Perfluorodecanoic acid 0.5 1 88 Tris(2-chloroethyl) phosphate 0.1 05 95
Pesticides (n =42)
2-aminobenzimidazole 0.1 05 91 Imidacloprid 2 5 90
2-aminobenzothiazole 2 2 88 Iprobenfos 5 10 102
2-hydroxyatrazine 0.5 1 62 Isoproturon 05 0.5 101
2-hydroxybenzimidazole 1 1 88 Metalaxyl 0.5 1 82
2-hydroxybenzothiazole 1 5 106 Metalaxyl acid 1 2 94
Acetamiprid 0.1 5 55 Metconazole 0.5 1 77
Atrazine 05 05 84 Methiocarb 5 5 85
Azoxystrobin 0.5 2 83 Myclobutanil 01 05 74
Benalaxyl 1 1 89 OH-tebuconazole 2 95
Carbendazim 5 5 92 Orysastrobin 2 81
Chlorotoluron 05 05 84 Penconazole 0.5 1 78
Clothianidin 5 10 86 Prometon 1 1 77
Cyromazine 1 2 118 Propamocarb 0.1 2 92
Diethyltoluamide (DEET) 1 1 83 Propazine 05 05 74
Difenoconazole alcohol 5 10 91 Propiconazole 05 05 95
Dimethenamid 1 2 80 Pyroquilon 0.5 1 88
Dimethomorph 2 5 85 Tebuconazole 0.5 1 82
Diuron 1 1 83 Terbutryn 05 05 78
Fenbuconazole 1 5 80 Thiacloprid 2 5 88
Fluopyram 1 2 81 Thiobencarb 5 10 81
Imazalil 2 2 68 Thiodicarb 5 10 91

2 B2 oPIEZd tisle] 0.99 oPdeZ veRdom, # o tisle] 2ng/L ©JBIE A (LOQYE 14559 &
Ao AUwg gRlsly] 91 JHEZHGE Relative & (97.8%)° thated 10 ng/L o]sk= veht & w1zt
standard deviation, RSD)2 25.0% ©U|e] &3t 720 =5 HAFEQIT} (Table 2). /TS o83 thdE4o
2 RIEUTH A& (LOD)= 12359 £2(83.1%)  tish At 358 (Absolute Recovery)®] 7%, ZF
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Pharmaceutical(n=42)

2 L] Antipyrine b3
s m. H Piroxicam 2 _ [ Perfluorohexanesulfonic acid (PFHxS
s §¢E a 4-acetamidoantipyrine Es o
m 5 [N Venlafaxine R - I Perfluorooctanesulfonic acid (PFOS)
» 3 £E
e fm Phenacetin 38 o
gom ™ Metoprolol Acid 18] —.-_ I Perfluorobutanesulfonic acid (PFBS)
£.8 L— MMM.MWME: = I Tri-n-butyl phosphate (tbp)
2538 .
533 HIH 2-acetamidophenol L E._ [ 1-Methyl-1H-benzotriazole
2 ] Fluoxetine W Y
i o -
EROD ﬁ m_mova_.c_ omo _.-._ I Perfluorononanoic acid (PFNA)
> Celecoxib
2 i Irbesartan _-._ I Perfluorodecanoic acid (PFDA)
3 H | Propafenone L= :
R m HEH Naproxen E [ Perfluorobutanoic acid (PFBA) ebuconazole
2 3 m .Am L] Losartan _.E_
[TH Diclofenac acid + Triphenylphospine oxide (TPPO)
amEm Hi Lamotrigi ) I 2-Aminobenzothiazole
igine
HTH Caffeine -._ I Perfluoroheptanoic acid (PFHpA)
I Sulfamethoxazole
1 Carbamazepine - I Perfluoroooctanoic acid (PFOA) (- Pyroquilon
I Gabapentin
] Climbazole EH_ I Trimethyl phosphate (TMP) )
Hi Albendazole sulfoxide o [~ Azoxystrobin
] Vildagliptin _.-1_ [ Perfluoropentanoic acid (PFPeA)
] Amisulpride X . .
1] O-Desmethyl venlafaxine _.D_ Tris(2-chloroethyl) phosphate (TCEP) [ 2-aminobenzimidazole
I Valsartan _.-._ f—
] Niflumic acid = Perfluorohexanoic acid (PFHxA)
idocai P 1 _._ [ Iprobenfos
] I _s.,_”n Sﬂ:__o n_t_h E_ [ 4-Methyl-1H-benzotriazole ’ B
enolol
é Fluconazole Vn\ == [ Benzotriazole
fl Sitagliptin ﬁ [ 4-hydroxybenzotriazole
¥ Olmesartan = I Pentaeth;
ylene glycol
] Telmisartan m il_ @ B
. Acetaminophen m _..._ I Heptaethylene Glycol L I 2-hydroxybenzimidazole
1 Valsartan acid —
1 Sulfapyridine ST I Galaxolidone bl
il Carbamazepine-10,11-epoxide 4& rlv I Penconazole
HH Cetirizine =] _E_ I Tris(2-butoxyethyl) phosphate (tbep) 5&
m Metformin .M %
- T T T T T
o o o o - o o o o - o Q =} -
g & * g 8 & = g g =
s S < <
(ajeos 6o /6u) uonesusoUOD (ajeos Bo 7/6u) uoneyusouo)

(sleos 6o 7/6u) uonesuaouo)y

Fig 2. Quantitative results for pharmaceuticals, industrial chemicals, and pesticides detected.
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phosphate (TBEPY} ] 14,000 ng/LOE AZEHAL
], o] 2Jol| %= Metformin, Pentaethylene glycol, Cetirizine,
galaxolidone, Acetaminophen, Heptaethylene glycol,
Carbamazepine-10,11-epoxide, Sulfapyridine, Valsartan
acid, Telmisartan, Fluconazole, Benzotriazole, Olmesartan,
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Olmesartan), 37144 (Fluconazole)”} 1,000 ng/L ©]/
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Fig 3. Concentration change over time
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Cetirizine, galaxolidone, Acetaminophen, Heptaethylene
glycol, Carbamazepine-10,11-epoxide, Sulfapyridine,
Valsartan acid, Telmisartan, Fluconazole, Benzotriazole,
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