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This study developed analytical methods for quantifying 39 per- and polyfluoroalkyl substances (PFAS) and
23 pharmaceuticals in water samples using direct injection and online solid-phase extraction (online SPE) cou-
pled with liquid chromatography—tandem mass spectrometry (LC-MS/MS). The performance of the online
SPE method was compared with that of direct injection. For PFAS, online SPE achieved lower method detec-
tion limits (MDLs; 0.1794.72 ng/L) than direct injection (3.2731.3 ng/L). Similarly, for pharmaceuticals, MDLs
obtained with online SPE (0.0590.314 ng/L) were lower than those from direct injection (1.0956.8 ng/L). Both
methods met established analytical criteria, showing acceptable accuracy (70130%) and precision (<20%). The
optimized method was applied to water samples from the Nakdong River in Korea. Among the 39 PFAS, only
one compound was detected via direct injection, whereas eight compounds were identified using online SPE.
For pharmaceuticals, direct injection detected 10 compounds, while online SPE identified 15. Additionally, the
detection frequency across sampling sites was similar to or higher than that of online SPE compared to direct
injection. Overall, online SPE proved more effective for detecting PFAS and pharmaceuticals in river water
than direct injection, offering additional advantages in labor efficiency, cost-effectiveness, and suitability for
routine water quality monitoring programs.
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PFAS?] ¥FEZ-2 Wellington Laboratories (Guelph,
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Table 1. The List of PFAS (n=39) and pharmaceuticals (n=23) compounds in this study

Compounds Compound class Compound name Acronym CAS No.
Perfluorobutanoic acid PFBA 375-22-4
Perfluoropentanoic acid PFPeA 2706-90-3
Perfluorohexanoic acid PFHxA 960315-51-9
Perfluoroheptanoic acid PFHpA 375-85-9
Perfluorooctanoic acid PFOA 335-67-1
) Perfluorononanoic acid PFNA 375-95-1
Perﬂ;c;;o—(%alzlé(j):)y lic Perfluorodecanoic acid PFDA 335-76-2
Perfluoroundecanoic acid PFUnDA 2058-94-8
Pefluorododecanoic acid PFDoDA 307-55-1
Perfluorotridecanoic acid PFTrDA 72629-94-8
Perfluorotetradecanoic acid PFTeDA 376-06-7
Perfluorohexadecanoic acid PFHxXDA 67905-19-5
Perfluorooctadecanoic acid PFOcDA 16517-11-6
Perfluorobutane sulfonate PFBS 375-73-5
Perfluoropentane sulfonate PFPeS 2706-91-4
Perfluoro- Perfluorohexane sulfonate PFHxS 355-46-4
alkyl sulfonate Perfluoroheptane sulfonate PFHpS 375-92-8
(PFSA) Perfluorooctane sulfonate PFOS 1763-23-1
Perfluorononane sulfonate PFNS 68259-12-1
Perfluorodecane sulfonate PFDS 2806-15-7

Perfluoroalkane

Per- and polyfluoro- sulfonamido ethanol N-methyl perfluorooctane sulfonamido ethanol N-MeFOSE  24448-09-7

alkyl substance (FASE)
(PFAS) Perfluoroalkane  N-methylperfluoro-1-octanesulfonamidoacetic acid N-MeFOSAA  2355-31-9
sulfonamido acetic N-ethylperfluoro-1-octanesulfonamidoacetic acid N-EtFOSAA  2991-50-6
acid (FASAA) Perfluorooctane sulfonamidoacetic acid FOSAA 2806-24-8

Fluorotelomer 6:2 Fluorotelomer unsaturated carboxylic acid 6:2 FTUA  70887-88-6
unsaturated carboxylic 8:2 Fluorotelomer unsaturated carboxylic acid  8:2 FTUA  70887-84-2
acid (n:2 FTUCA)  10:2 Fluorotelomer unsaturated carboxylic acid 10:2 FTUA  70887-94-4

Fluorotelomer 3:3 Fluorotelomer carboxylic acid 3:3 FTCA 356-02-5
carboxylic acid 5:3 Fluorotelomer carboxylic acid 5:3 FTCA  914637-49-3
(n:3 FTCA) 7:3 Fluorotelomer carboxylic acid 7:3 FTCA 812-70-4
1H,1H,2H,2H-perfluorohexane sulfonic acid 4:2FTS 757124-72-4
Fluorotelomer sulfonic ~ 1H,1H,2H,2H-perfluorooctane sulfonic acid 6:2FTS 27619-97-2
acid (FTSA) 1H,1H,2H,2H-perfluorodecane sulfonic acid 8:2FTS 39108-34-4
1H,1H,2H,2H-perfluorododecane sulfonic acid 10:2FTS 108026-35-3
Perfluoroalkane .
sulfonamide (FASA) Perfluorooctane sulfonamide FOSA 754-91-6
Perfluoroether 4,8-dioxo-3H-perfluorononanoic acid ADONA 958445-44-8
carboxylic acid . . . HFPO-DA
(PFECA) Hexafluoropropylene oxide dimer acid (Gen-X) 13252-13-6
9-chlorohexadecafluoro-3-oxanone-1-sulfonic acid 9C1TPF3ONS 756426-58-1
(Major F53B)
Perfluoroalkyl-ether 1Cl

sulfonic acid (PFESA) 11-chloroeicosatluoro-3-oxaundecane- 1-sulfonic

. PF30UdS  763051-92-9
acid

(Minor F53B)
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Table 1. Continued.
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Compounds Compound class Compound name Acronym CAS No.
. Sulfamethoxazole 723-46-6
Antibiotic (2) . .
Trimethoprim 738-70-5
Climbazole 38083-17-9
Antibacterial agent (3) Clotrimazole 23593-75-1
Triclosan 3380-34-5
Anticinl Acetaminophen 103-90-2
nti-inflammatory Diclofenac 15307-86-5
drugs (3)
Naproxen 22204-53-1
Candesartan 139481-59-7
Olmesartan 144689-24-7
Antihypertensive (5) Carbamazepine 298-46-4
Pharmaceu-ticals Atenolol 29122-68-7
Metoprolol 51384-51-1
Pioglita: 111025-46-8
Diabetes (2) 1(.)g1 _Z(?ne
Sitagliptin 486460-32-6
Antiplatelet agent (1) Ticlopidine 55142-85-3
. Dibucaine 85-79-0
Anesthetic (2) . .
Lidocaine 137-58-6
. . Epinastine 80012-43-7
Antihistamine (2) .
Fexofenadine 83799-24-0
Analgesics (1) Tramadol 27203-92-5
Antidepressant (1) Venlafaxine 93413-69-5
Stimulant (1) Caffeine 58-08-2

NMEeFOSE, 62 FTUA, 82 FTUA, 102 FTUA, 3:3 FTCA,
5:3 FTCA, 7:3 FTCA, FOSAA, 10:22FTS= 2 Ed&
Fele] B4 F AN lokede] maEAe
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[1,2-3C,] decanoic acid (MPFDA), perfluoro-n-[1,2-
13C,] undecanoic acid (MPFUnDA), perfluoro-n-[1,2-
13C,] dodecanoic acid (MPFDoDA), sodium perfluoro
l-hexane[lgOz] sulfonate (MPFHxS) % sodium perfluoro-
1-[1,2,3.4-3C,] octane sulfonate (MPFOS)7} ¥3Hel
MPFAC-MXA &9t#F=4S 345t AMEsIitt. 9
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Table 2. Instrumental analytical conditions for PFAS analysis

Online SPE Condition

Model PAL RSI
Column HYPERSIL GOLD AQ (20 x 2.1 mm, 12.0 zm)
Mobile phase Water
. Time (min) 0.00 1.00 1.10 14.00 14.10 15.00
Gradient -
Flow (mL/min) 1.0 1.0 0.1 0.1 1.0 1.0
LC-MS/MS Condition
Model Shimadzu Nexera series LC & Sciex Qtrap Triple Quad 5500+
Column LC: Luna Omega Porlar C18 (2.1 x 100 mm, 3.0 gm)
Delay: LUNA C18(2) (3 x 30 mm, 5.0 um)
. A: 5 mM ammonium formate in water
Mobile phase
B: Methanol
. Time (min) 0.00 1.00 6.00 6.10 9.00 9.10 10.00
Gradient
Solvent B (%) 10 55 85 100 100 10 10
L Direct Online SPE
Injection volume
20 ul 1,000 ul
Flow rate 0.5 mL/min
Column temp. 35°C
Ionization mode Negative electrospray ionization (ESI)
Source temp. 450°C
lonspray voltage -4,500 V
Curtain gas 35 psi
Collision gas 10 psi
Ion source gas (GS) GS1: 50 psi, GS2: 50 psi
Detection mode Multiple reaction monitoring (MRM)
Category Compound RT (min) QI Mass (Da)Q3 Mass (Da) DP (Volts)  CE (Volts) CXP (Volts)
PFBA 2.81 2129 169.0 =5 -14 -13
PFPeA 3.11 262.9 219.1 -30 -12 -17
PFHxA 3.56 3129 269.0 -30 -14 -19
PFHpA 4.09 362.9 319.0 -25 -14 -23
PFOA 4.68 413.0 368.9 =5 -16 =31
PFNA 5.31 462.9 4189 -5 -16 =31
PFCAs PFDA 5.99 512.9 468.9 =35 -16 =31
PFUnA 6.53 562.9 5189 =50 -18 =35
PFDoA 7.00 612.9 569.0 -35 -20 —45
PFTrDA 7.43 662.9 618.9 —65 -20 -39
PFTeDA 7.99 712.9 668.8 -5 20 =53
PFHxDA 8.15 769.0 169.0 95 22 —47
PFOcDA 8.52 869.0 219.0 -110 -26 -23
PFBS 3.16 298.9 80.0 -105 —64 -11
PFPeS 3.58 348.9 79.9 -110 78 -13
PFHxS 4.08 398.9 80.0 -105 —-86 -7
PFSAs PFHpS 4.67 448.9 80.0 -85 —96 -9
PFOS 5.27 498.9 79.9 -130 -122 -9
PFNS 5.94 548.9 80.0 =30 —-126 -7
PFDS 6.46 598.9 79.9 —-40 -124 -11
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Table 2. Continued.
Category Compound RT (min) Q1 Mass (Da)Q3 Mass (Da) DP (Volts) CE (Volts) CXP (Volts)

NMeFOSE 7.18 616.0 45.0 -80 =70 =5
NMeFOSAA 6.91 569.9 418.9 —-125 =30 =25
NEtFOSAA 7.15 583.9 418.9 —-115 =30 -49

FOSAA 6.56 556.0 498.0 -5 -38 =37

6:2 FTUA 53 357.0 293.0 —45 -18 -29

8:2 FTUA 6.57 457.0 393.0 —45 =22 21

10:2 FTUA 7.46 557.0 493.0 =35 -22 =35

Precursors 3:3 FTCA 3.95 241.0 177.0 —65 -12 -13
5:3 FTCA 5.37 341.0 237.0 -60 =20 =25

7:3 FTCA 6.53 441.0 337.0 —65 =20 =21

4-2FTS 348 326.9 306.9 -15 -26 =27

6-2FTS 4.63 427.0 406.9 -125 -32 =27

8-2FTS 5.92 526.9 506.9 -125 —40 =31

10:2FTS 7.00 627.0 607.0 —-145 —44 —43

FOSA 6.21 497.9 78.0 -115 -84 -9

NaDONA 4.15 376.9 250.9 -5 =20 =23

Alterna- HFPO-DA 3.71 328.9 168.9 -10 -18 -17
tives 9CI-PF30NS 5.70 530.8 351.0 -40 -38 -25
11CI-F30UdS 6.74 630.8 450.9 -110 —42 -29

MPFBA 2.81 216.9 172.0 -5 -14 =25

MPFHxA 3.56 314.9 270.1 -5 -14 -19

MPFOA 4.68 417.0 372.0 -5 -16 =25

MPFNA 5.31 468.0 4229 -60 -16 =31

PFASs MPFDA 5.99 514.9 469.9 -10 -16 -39
surrogate MFOUEA 6.61 459.0 394.0 —40 -22 -17
compounds MPFUdA 6.53 564.9 520.0 -20 -16 =25
MPFDoA 7.00 614.9 569.9 -20 -20 =25

MPFHxS 4.08 402.9 84.0 -120 -80 -19

MPFOS 5.27 502.9 79.9 —-155 —94 -11

MFHUEA 5.28 359.0 294.0 -60 =20 -29

8L} PRAS 4 Alolle T U 25 LC Al2H
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BAL BT wols F R BT JelEde] 4 g ohAlskach. el 2ol B gEg v
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Table 3. Instrument conditions for pharmaceutical analysis

Online SPE Condition

Model PAL RSI
Column HYPERSIL GOLD AQ (20 x 2.1 mm, 12.0 gm)
Mobile phase Water
. Time (min) 0.00 1.00 1.10 14.00 14.10 15.00
Gradient -
Flow (mL/min) 1.0 1.0 0.1 0.1 1.0 1.0
LC-MS/MS Condition
Model Shimadzu Nexera series LC & Sciex Qtrap Triple Quad 5500+
Column LC: Luna Omega Porlar CI18 (2.1 x 100 mm, 3.0 um)
Delay: LUNA C18(2) (30 x 3 mm, 5.0 gm)
. A: 5 mM ammonium formate in water
Mobile phase
B: Methanol
. Time (min) 0.00 1.00 2.00 6.50 10.00 10.10 11.10
Gradient
Solvent B (%) 10 10 65 100 100 10 10
L Direct Online SPE
Injection volume
50 pl 1,000 ul
Flow rate 0.4 mL/min
Column temp. 35°C
lonization mode Bipolar (Positive & Negative) electrospray ionization (ESI)
Source temp. 500°C
lonspray voltage 5,500 V (Positive) & -4,500 V (Negative)
Curtain gas 35 psi
Collision gas 10 psi
Ion source gas (GS) GS1: 50 psi, GS2: 50 psi
Detection mode Multiple reaction monitoring (MRM)
Category Compound RT (min) QI Mass Q3 Mass DP (Volts) CE (Volts) CXP (Volts)
(Da) (Da)
L Sulfamethoxazole 3.67 254.0 156.0 111 21 10
Antibiotic ] .
Trimethoprim 4.57 291.1 230.2 136 33 22
An - Climbazole 5.16 293.1 197.1 96 23 14
m;b"’:rf“a Clotrimazole 6.24 2770 165.1 11 31 16
£ Triclosan 5.85 288.8 35.0 -85 -42 -5
Anti- Acetaminophen 3.46 152.1 110.1 1 21 14
inflammatory Diclofenac 4.00 293.9 249.9 -15 -16 =21
drugs Naproxen 3.92 231.0 185.0 126 21 12
Candesartan 3.57 441.2 263.0 1 19 22
Antih Olmesartan 3.53 447.2 429.0 1 19 32
nihyper- Carbamazepine 434 237.1 194.0 61 29 16
tensive
Atenolol 3.34 267.1 145.1 66 35 12
Metoprolol 4.45 268.2 77.1 106 75 10
. Pioglitazone 4.85 357.1 134.1 146 39 12
Diabetes o
Sitagliptin 4.74 408.2 127.1 1 77 10
Antiplatelet Ticlopidine 6.25 264.1 125.1 41 41 14
agent
. Dibucaine 4.38 344.2 271.1 126 29 24
Anesthetic . .
Lidocaine 5.44 2352 86.2 1 23 10
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Category Compound RT (min) QI Mass Q3 Mass DP (Volts) CE (Volts) CXP (Volts)
(Da) (Da)
. . Epinastine 3.93 250.1 1933 6 49 12
Antihistamine .
Fexofenadine 4.80 502.2 466.2 51 39 34
Analgesics Tramadol 3.78 264.1 264.1 1 11 20
Antidepressant Venlafaxine 3.97 278.1 58.1 86 43 10
Stimulant Caffeine 3.75 195.1 138.1 66 27 12
Sulfamethoxazole-'*C, 4.32 260.1 243.1 1 15 20
Trimethoprim-d, 3.57 300.2 264.1 156 37 20
Acetaminophen-d, 3.45 155.1 111.1 1 23 10
~ Carbamazepine-"Cq 4.32 243.1 200.2 106 27 14
Pharmaceuti- Atenolol-d, 3.32 2742 145.1 1 37 18
cals surrogate o
Sitagliptin-d, 3.76 412.1 239.2 16 27 20
compounds
Fexofenadine-dg 4.2 508.3 4722 146 39 32
Tramadol-'*C,D, 3.76 269.0 58.1 11 53 10
Caffeine-°C, 3.75 198.1 140.1 1 27 12
Atrazine-d; 4.52 221.2 179.2 111 25 16
o] S RIS 9 Qg o= 74 A 7ol 71538 20-100 ng/L & P REEE
W Aol RIc), 2] TR AR T S ALEe) FUslo] el A ZEe,
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Table 4. MDL and LOQ of PFAS between direct injection and online SPE injection method (unit: ng/L)

Compound Direct Online SPE EPA 1633A
Compounds - -
class Spi. Conc.  MDL LOQ  Spi. Conc. MDL LOQ MDL
PFBA 20 5.27 16.8 1 0.274 0.874 0.79
PFPeA 20 7.08 22.5 10 2.14 6.83 0.54
PFHxXA 20 327 10.4 5 0.774 247 0.46
PFHpA 20 4.39 14.0 5 0.841 2.68 0.37
PFOA 20 3.97 12.7 5 0.778 2.48 0.54
PFNA 20 4.78 152 5 1.20 3.82 0.45
PFCAs PFDA 20 3.93 12.5 1 0.292 0.931 0.52
PFUnDA 20 5.24 16.7 1 0.237 0.756 0.45
PFDoDA 20 5.25 16.7 1 1.54 4.92 0.4
PFTrDA 20 6.79 21.6 1 243 7.73 0.46
PFTeDA 20 5.71 18.2 1 0.187 0.596 0.49
PFHxDA 20 4.73 15.1 5 0.282 0.900 -
PFOcDA 20 5.82 18.5 5 0.311 0.991 -
PFBS 20 591 18.8 2 0.544 1.73 0.37
PFPeS 20 5.04 16.1 5 1.47 4.67 0.5
PFHxS 20 5.74 18.3 2 0.434 1.38 0.54
PFSAs PFHpS 20 5.61 17.9 2 0.574 1.83 0.5
PFOS 20 4.82 154 2 0.623 1.98 0.63
PFNS 20 6.14 19.5 1 0.302 0.962 0.47
PFDS 20 3.90 124 1 0.263 0.839 0.6
N-MeFOSE 100 25.9 82.5 2 0.472 1.50 3.81
N-MeFOSAA 100 313 99.8 1 0.249 0.793 0.68
N-EtFOSAA 100 313 99.7 2 0.604 1.93 0.59
FOSAA 20 5.68 18.1 5 1.45 4.63 -
6:2 FTUA 50 8.95 28.5 10 2.17 6.93 -
8:2 FTUA 100 26.0 82.7 5 1.37 437 -
10:2 FTUA 20 5.57 17.7 1 0.179 0.570 -
Precursor 3:3 FTCA 50 9.68 30.8 20 4.72 15.0 2.47
5:3 FTCA 100 26.7 85.1 5 1.52 4.83 9.59
7:3 FTCA 100 29.4 93.8 2 0.494 1.57 8.71
4:2FTS 100 232 73.8 20 4.28 13.6 1.69
6:2FTS 50 11.3 36.1 20 4.39 14.0 2.45
8:2FTS 100 29.3 93.2 1 0.311 0.991 2.5
10:2FTS 20 5.10 16.2 1 0.298 0.950 -
FOSA 20 5.99 19.1 1 0.289 0.919 0.32
ADONA 20 4.99 159 5 1.17 3.74 0.5
Alternative HFPO-DA 100 26.7 85.0 5 1.46 4.65 0.51
9CPF30ONS 20 6.01 19.1 2 0.554 1.76 1.38
11CI-PF30UdS 20 5.49 17.5 1 0.189 0.601 1.67

ERgry? ), 58 2 A A3l= 71E online SPE 7|WF (19-70 ng/LlA 232l MDL 453 SARHAY B b
APATENA BE F2(0.1-0.5 ng/L), o[2loH0.2- & FHS BPTH0 o]yt A= £8P, PFAS &
5ng/L), ¥=(1.1-5.0 ng/L)2] MDL 753= fAKI A2 T 7] % 25 24 7FssiAqt, Hok W 5
o033 A3 el A9, wE(7-40ng/ll) B 35 = 0] PFAS &S 91814 online SPE FYH 0]
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Table 5. Accuracy and Precision of PFAS between direct and online SPE injection method (unit: ng/L)

Direct Online SPE Direct Online SPE
Com-pound class Compounds Com-pound class Compounds

ccu. Pre. Accu. Pre. Accu. Pre. Accu. Pre.

PFBA 953 13 104 93 N-MeFOSE 111 55 112 98

PFPeA 929 57 114 94 N-MeFOSAA 113 11 104 8.8

PFHxA 984 39 105 11 N-EtFOSAA 102 9.6 114 9.0

PFHpA 100 12 117 99 FOSAA 935 12 935 54

PFOA 107 13 116 11 6:2 FTUA 113 1.6 93.0 88

PFNA 110 12 919 2.0 8:2 FTUA 112 7.1 944 40

PFCAs PFDA 897 51 119 33 10:2 FTUA 978 7.6 739 11
PFUnDA 100 059 113 8.9 Precu-rsor 33 FTCA 103 69 105 18

PFDoDA 128 2.5 83 6.9 533 FTCA 115 6.1 106 6.7

PFTrDA 121 25 77 94 733 FTCA 119 6.8 109 9.6

PFTeDA 101 11 110 64 4:2FTS 113 73 107 14

PFHxXDA 104 13 966 7.8 6:2FTS 102 79 116 9.6

PFOcDA 988 14 108 8.2 8:2FTS 115 99 106 11

PFBS 110 9.0 92,5 10 10:2FTS 110 94 90.8 16

PFPeS 115 32 117 69 FOSA 96.1 58 757 6.0

PFHxS 100 15 107 15 ADONA 102 10 932 10

PFSAs PFHpS 107 13 927 1.3 . HFPO-DA 116 49 974 10
PFOS 118 46 101 74  UEmVe obsoNs 1000 73 942 38

PFNS 106 74 937 72 11CPF30UdS 119 65 119 55

PFDS 105 6.6 115 7.0
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Table 6. Method detection limits (MDL) and limits of quantification (LOQ) of pharmaceuticals between direct and online SPE

injection method (unit: ng/L)
Direct Online SPE
Compound wse or (o nds : : NIER, 2023
class Spi. Conc. MDL LOQ  Spi. Conc. MDL LOQ
o Sulfamethoxazole 5 1.13 3.59 1 0.242 0.772 -
Antibiotic . .
Trimethoprim 5 1.54 4.89 0.139 0.443 -

1
Climbazole 50 10.2 32.6 1 0.186 0.593 0.0282
Antibacterial agent Clotrimazole 50 15.6 49.7 2 0.069 0.220 0.267
Triclosan 50 11.5 36.8 1 0.314 1.00 -
. Acetaminophen 10 2.49 7.93 1 0.210 0.669 -
A““"“;]amma“’ry Diclofenac 100 283 90.2 1 0224 0714 -
e Naproxen 50 14.1 45.0 1 0.246 0.783 -
Candesartan 10 2.19 6.97 1 0.158 0.505 0.220
Olmesartan 50 10.2 325 1 0.288 0.919 0.395
Antihyperten-sive ~ Carbamazepine 5 1.28 4.06 1 0.149 0.475 -
Atenolol 20 3.87 12.3 1 0.202 0.644 -
Metoprolol 20 4.73 15.1 1 0.255 0.813 -
. Pioglitazone 10 2.09 6.66 1 0.059 0.187 0.301
Diabetes L
Sitagliptin 200 56.8 181 1 0.228 0.725 0.355
Antiplatelet agent Ticlopidine 5 1.26 4.02 1 0.214 0.682 -
) Dibucaine 10 2.80 8.91 1 0.228 0.727 0.362
Anesthetic . .
Lidocaine 5 1.09 3.48 1 0.150 0.479 0.500
o ) Epinastine 20 3.46 11.0 1 0.312 0.992 0.696
Antihistamine .
Fexofenadine 20 6.32 20.1 1 0.107 0.340 0.219
Analgesics Tramadol 10 2.25 7.15 1 0.261 0.832 0.401
Antidepressant Venlafaxine 20 4.61 14.7 1 0.206 0.656 0.104
Stimulant Caffeine 20 4.74 15.1 1 0.195 0.620 -
34. SIS A2 B4 1%-(PFDS), precursor 15:(10:2 FTUA), alternative 15
2 Aol 3 A3 FAH online SPE FUH  (11CI-PF30UdS)e] Z3HHUE. ojokad XM E f
S TN ARG shd Algol A8slo] PRAS 3953 ©f AR ¥l YERTE AF FARCIME 235 F 105
oFEd 235 e B4S FRsIh &4 A= 24 o] AEF WP, online SPE FUW M= 1580 &

Z} Table 83 Table 99 AAI3FATE. PFASY 79, = 9 &2 HE H=E HA ol A3 S8t

PFOAE FF FYHolHE Midstream-4 X1 (5.61ng/ W, 3P4 A& $40llA online SPE Y] 214
Ll AE=0cE v, online SPE FURoIME dRol vle) o B tiEAS Be T 5500 7
Midstream-4 (5.94 ng/L)S ¥3}3l] Midstream-2 (3.88 &8 = &= B} A3 iildS gelgd &= Aot
ng/L), Downstream-1 (2.71 ng/L), Midstream-3 (2.58 E 33lA Online SPE FYHE o835l A3 5}
ngLeIME 712 AEHAT o]8dk Alol= PFOAS] 5 Als A3E wuj9] Hdaide} Hlwgt A7 Table

MDL®] online SPE 1% (0.78 ng/Lyll Bl 25 4 109 #AA5FATh PFAS ¥%== 1.36-9.31 ng/L <13
H(3.97ngLe] ¥ 7] wiitoz s A5 Al o 537 ngL)E HEHAH, o= =) Mgy 30
FolM AH FYYOeRe 57 MDL olaldA] A% 50 B oy}, 239133 n]SelA] B TR
=2 4k, online SPE FYHAM= A& 7Iesldl & fARHAY B W 3o ® ERIFQI). PFAS ik
th. AA PFAS 39% %, A FYHIAE PFOA 15 71 7P8 =] vt X3S Midstream-4(9.31 ng/L)%A
7t AZ¥ WHA, online SPE FYHAAME & 95 o9, 1 FE Midstream-2(7.96 ng/L), Downstream-
PFAS7} AZHATE. A9 2, PFCA 65(PFHxA,  1(7.14 ng/L), Midstream-3(6.06 ng/L) <=2 2 ZHZE9]
PFHpA, PFOA, PFUnDA, PFTeDA, PFHXDA), PFSA T}, Midstream-4= A3 UuHIITA], Midstream-2=
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Table 7. Accuracy and Precision of pharmaceuticals between direct and online SPE injection method (unit: ng/L)
Direct Online SPE
Compound class Compounds — —
Accuracy Precision Accuracy Precision
o Sulfamethoxazole 102 8.9 108 12
Antibiotic . .
Trimethoprim 94.8 17 115 7.5
Climbazole 117 11 117 5.5
Antibacterial agent Clotrimazole 93.6 39 106 1.4
Triclosan 96.6 8.9 102 15
Acetaminophen 98.9 4.2 109 3.0
Anti-inflammatory drugs Diclofenac 101 4.5 92.9 6.8
Naproxen 94.0 4.8 102 15
Candesartan 103 14 120 39
Olmesartan 96.3 11 112 9.1
Antihyperten-sive Carbamazepine 105 7.1 112 6.6
Atenolol 91.4 13 101 6.0
Metoprolol 106 11 103 6.2
. Pioglitazone 118 10 105 4.1
Diabetes o
Sitagliptin 100 5.4 120 7.9
Antiplatelet agent Ticlopidine 112 7.9 104 4.7
. Dibucaine 116 7.3 84.7 2.9
Anesthetic . .
Lidocaine 96.2 12 111 4.6
. . Epinastine 95.6 12 86.1 16
Antihistamine R
Fexofenadine 96.7 5.5 120 1.7
Analgesics Tramadol 100 11 113 5.7
Antidepressant Venlafaxine 97.5 5.9 86.2 5.5
Stimulant Caffeine 101 14 108 2.5
Table 8. Concentrations of PFAS in Nakdong River water
Compound Direct (ng/L)
Compounds - - - -
class Up-1 Mid-1 Mid-2 Mid-3 Mid-4 Down-1 Down-2
PFCAs PFOA ND ND ND ND 5.61 ND ND
Total ND ND ND ND 5.61 ND ND
Compound Online SPE (ng/L)
Compounds - - - -
class Up-1 Mid-1 Mid-2 Mid-3 Mid-4 Down-1 Down-2
PFHxA 1.12 ND ND ND 1.16 2.70 3.12
PFHpA ND 1.36 1.01 ND 1.10 1.73 1.24
PRCA. PFOA ND ND 3.88 2.58 5.94 2.71 ND
s
PFUnDA 0.256 ND 0.277 0.316 0.301 ND ND
PFTeDA ND ND 0.209 0.285 0.193 ND ND
PFHxDA ND ND 0.453 0.515 ND ND ND
PFSAs PFDS ND ND 0.609 0.711 0.602 ND ND
Precursor 10:2 FTUA ND ND 1.31 1.42 ND ND ND
Alternative 11CI-PF30UdS ND ND 0.210 0.238 ND ND ND
Total 1.38 1.36 7.96 6.06 9.31 7.14 4.36
HlaleAE g B PRl MIRA e R e Ao 5

o2 ol5 AR oA SRz wlEHe] Midstream-
25E] 317 77 H(Midstream-3-Downstream-1Y7FA|2] PFAS

LHe] FFgE A
X+ PFOAS] ¥
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Table 9. Concentrations of pharmaceuticals in Nakdong River water

Compound class

Compounds

Direct (ng/L)

Up-1 Mid-1 Mid-2 Mid-3 Mid-4  Down-1 Down-2
Antibiotic Trimethoprim ND ND ND ND ND 1.84 ND
Antibacterial agent Climbazole ND ND 12.5 ND 14.6 13.7 ND
Anti-inflammatory drugs Acetaminophen 3.28 6.63 3.73 4.95 327 ND 5.59
Candesartan ND ND 8.56 9.29 ND 9.15 ND
Antihyperten-sive Olmesartan ND 16.7 11.3 14.7 28.2 20.7 21.5
Carbamazepine ND 2.60 2.27 ND 3.55 2.99 3.23
Anesthetic Lidocaine ND 2.45 7.06 5.45 22.6 16.1 7.84
Antihistamine Fexofenadine ND 7.79 ND ND 15.7 153 12.3
Analgesics Tramadol ND 10.7 12.7 7.21 23.8 28.6 7.27
Stimulant Caffeine 139 26.9 10.3 24.7 17.1 20.8 30.7
Total 17.1 73.8 68.4 66.3 129 129 88.4
Online SPE (ng/L)
Compound class Compounds - - - -
Up-1 Mid-1 Mid-2 Mid-3 Mid-4  Down-1 Down-2
Antibiotic Trimethoprim ND ND 1.08 ND ND 1.27 ND
. . Climbazole ND 7.30 10.2 6.58 11.7 14.1 6.22
Antibacterial agent .
Clotrimazole ND ND 0.857 ND 0.700 ND ND
. Acetaminophen 3.24 6.93 4.78 5.14 3.92 0.846 5.58
Anti-inflammatory drugs .
Diclofenac 10.3 3.36 9.85 9.24 7.11 1.66 5.36
Candesartan ND ND 8.16 7.13 ND 6.55 ND
Antihyperten-sive Olmesartan 4.10 16.0 13.9 134 31.6 234 19.6
Carbamazepine ND 2.17 2.62 1.58 3.69 3.59 2.26
. Pioglitazone ND ND ND 1.71 ND ND ND
Diabetes D
Sitagliptin 1.41 322 38.0 325 61.3 57.2 31.9
Anesthetic Lidocaine 0.260 8.09 11.8 5.76 24.6 214 12.5
" . Epinastine ND ND 3.90 9.86 3.95 3.85 3.75
Antihistamine
Fexofenadine ND 6.88 6.38 6.70 14.7 15.3 9.20
Analgesics Tramadol 1.05 10.2 9.95 7.77 233 28.5 7.88
Stimulant Caffeine 12.8 314 12.7 25.0 232 20.6 35.6
Total 332 124 134 132 210 198 140
o AAJTP A2 Upstream-12 A €]g ZE - A SASA A
ojeFEd 24 A¥, Mg w2 HAE HES El & FHJeH, TR AFTH B4 Aol fdEHE 2
A2 Gl XEA(23.6%)ReH, 1 FHZ ZdA G FES w2 FloE FMEn: F AR 22 F
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Table 10. Concentration ranges (mean) of compounds compared to studies in river water

Compounds Location Sampling site (n) Concentration (mean), ng/L References
South Korea 7 1.36-9.31 (5.37) This study
South Korea 10 ND-317 (49.0) NIER, 2023
PFAS South Korea 5 8.99-644.6 (151.1) Kim et al., 2020a
South Korea 3 8.0-678.6 Son et al., 2013
Spain 15 21.1-1,140 (91.8) Campo et al., 2016
USA 13 40-377 (143) Pétré et al., 2022
o South Korea 7 1.41-61.3 (36.3) This study
Sitagliptin
South Korea 10 ND-148 (22.2) NIER, 2023
South Korea 7 12.7-35.6 (23.0) This study
Caffeine Swiss 5 6-250 Buerge et al., 2003
China 24 15-865 Yang et al., 2013
South Korea 7 4.10-31.6 (17.4) This study
Olmesartan
South Korea 10 ND-308 (38.5) NIER, 2023
South Korea 7 1.05-28.5 (12.7) This study
Tramadol
South Korea 10 1.47-113 (23.7) NIER, 2023
. South Korea 7 6.38-15.3 (8.45) This study
Fexofenadine
South Korea 10 ND-50.8 (9.47) NIER, 2023
PPCP . South Korea 7 6.22-14.1 (8.02) This study
Climbazole
South Korea 10 ND-19.1 (4.00) NIER, 2023
. South Korea 7 0.846-6.93 (4.35) This study
Acetaminophen .
China 24 27-339 Yang et al., 2013
South Korea 7 1.58-3.69 (2.27) This study
Carbamazepine South Korea 5 ND-595 Kim et al., 2009
China 24 0.2-6.8 Yang et al., 2013
South Korea 7 1.08-1.27 (1.18) This study
China 24 1.5-18 Yang et al., 2013
Trimethoprim USA 1.1-25 Vanderford et al., 2003
Japan 7 0.7-54 Managaki et al., 2007
Vietnam 4 7-19 Managaki et al., 2007

ND: Not detected
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