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1. [ZLHIZ

A S-oFLEW (LT, [PFASs) &V, ETo, HBIOWE D4 FRIE Table 1 IR TS Z2 A5, )
I%, PFOS % & te~L7 AT L)L AR (LLF, TPESAs] &), ), PFOA & el 7 L 41
TNFNTNVIR A (LU, TPFCAsI V). ) ORI THY, HAH, eHFEzirdll, ZHEITHWY
LILTE. ZNHITHRE A RE THY, BRET THMINES, AREERTLIZLNMEINTNDS. T
KRABIGZ B B AKF D PFOS KT PFOA (3% D TRIZEB W TRREBEY G IEICEAT T 528
HIDENTND. ZOZEMND, PFOS LT PFOA O HriEEBIRL, B—iBRE O 3 4 MR (uT
[SLV LW, )& FEMLZY. SLV ORFHIHWIZIERINBE SR D PFOS Y PFOA D AH7257, 43
Iz ALK D PFOS J OY PFOA A HHEN7=Z&0 0, HRRBRICLAEEGRBR = O % Y i TIE, &
&E{zm PFOS } ' PFOA O & H BD KRBT, FAHIZ7 I B RO PFOS & O PFOA O & A &% I

HREEIT, TAREIEVI IOV THELIZY . ZO/REE, IBEFERBEY O B E A O3k
REBE 2L QD2 e a R LTz,

LinL72 A5, PFOS K& OY PFOA LIS PFASs OO LRI B CTHRIBL W= ELH 7, KkEHE
EWE IR Gk R (ATSDR) O #7177 /V 7 ClL, PFOS, PFOA, PFHxS, PFDA } O' PFUdA (2%

AERB D LRSI, F2, BINTIE PFOS & T PFOA OffiiZ PFHxS, PFHxA, PFNA, PFDA,
PFUdA, PFDoA, PFTDA, PFTeDA & Z oW CHIHI D@ & 0385810,

ZDOZEND, U PEEMEFR LT PFOS O PFOA Ok (LLF, TEE#H &), ) Y o EHA TR O
B EZ AV T PFASs DO B ITE FIREZR Ry R E T L7z, BEIZ, W ] W HE Td o7z PFASs D43 H il Of
IZ PFOS } OF PFOA D43 I $H B AR A B Lo B O ST EEZ TV EL D= TEOMELZ IR E T 5.

Table 1  List of PFASs included in the resent study

Component Abbreviation Carbon® Chemical formula
Perfluoroalkylsulfonic acids PFSAs
Perfluorobutanesulfonic acid PFBS C4 CF;(CF,);SOsH
Perfluoropentanesulfonic acid PFPeS C5 CF;(CF,)4SOsH
Perfluorohexanesulfonic acid PFHxS Co6 CF;(CF,)sSO;H
Perfluoroheptanesulfonicacid PRHpS . .CT . CEs(CF)eSOsH
Perfluorooctanesulfonic acid PFOS C8 CF;(CF,);SOsH
Perfluorononanesulfonic acid PFNS C9 CF;(CF,)sSOsH
Perfluorodenanesulfonic acid PFDS C10 CF;(CF,)9SOsH
Perfluorododenanesulfonic acid PFDoS C12 CF;(CF,),,SO;H

a) Number of carbon
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Table 1  continued
Component Abbreviation Carbon® Chemical formula
Perfluoroalkylcarboxylic acids PFCAs
Perfluorobutanoic acid PFBA C4 CF;(CF,),COOH
Perfluoropentanoic acid PFPeA C5 CF5(CF,); COOH
Perfluorohexanoic acid PFHxA C6 CF;(CF,)4COOH
Perfluoroheptanoicacid ... PPHpA . .CT  CE(CFy)sCOOH
Perfluorooctanoic acid PFOA C8 CF;5(CF,)sCOOH
Perfluorononanoic acid PFNA C9 CF;(CF,),COOH
Perfluorodecanoic acid PFDA C10 CF;(CF,)sCOOH
Perfluoroundecancicacid . PFUAA CL1 . CFy(CFp),COOH
Perfluorododecanoic acid PFDoA C12 CF5(CF,);(COOH
Perfluorotridecanoic acid PFTrDA Cl13 CF5(CF,);;COOH
Perfluorotetradecanoic acid PFTeDA Cl4 CF5(CF,);,COOH
Perfluorohexadecanoic acid PFHxDA Cl6 CF;(CF,)14,COOH
Perfluorooctadecanoic acid PFODA C18 CF;(CF,),;,COOH

a) Number of carbon

2. HHRUAE

1) HHEOWRE VAR
THUENEAL 86 AN ONREMRE (RAEAE 10 SRAFBR I EL, TIE 4 40 °C TH 70 FFfHZEL7-1%, Th 2
R DR (Retsch ZM 200) T 500 um D AZY — 2 Z @i 35 F THIEL, 1RE L Tofr BRI
7o BT AEEHT, AV =F LRSI AN TR ATHERL, B BYCERET, FIRCTRAFLZ.

2) FERURE
(1) Whra~br 775207 WE AT (LC-MS/MS) : SHIMADZU LCMS-8045
S7BER 717 50 GL-Sciences InertSustain C18 (N£E 2.1 mm, £ & 150 mm, F7£E 3 pm)
H—R772: GL-Sciences Inertsil ODS-SP HP (IN£% 3.0 mm, £& 10 mm, $74£8 3 pm)
T4V A7 5 GL-Sciences Delay Column for PFAS (£ 3.0 mm, £X 10 mm)
(2) #WHEHFEAEL: Yamato 8510
(3) L HERS . KUBOTA 77— /L by 7 it LB 4000
(4) #iE L5 HER: AS ONE MCD-2000
(5) FEAA AR~ —H—R )BT A GL-Sciences InertSep MA-2 500 mg/6 mL, Waters
Oasis WAX 6 cc (500 mg), Waters Oasis WAX for PFAS Analysis 6 cc (500 mg) , phenomenex Strata-XL-

AW 500 mg/6 mL

(6) 7777 ANI—AR>F—K) v BT GL-Sciences InertSep Slim GC 400 mg

(7) ~=&—JLK: GL-Sciences, WATERS

(8) IEfE#RE: GL-Sciences ZEHZMEf T /7=

(9) FEREIFH—: ASONE #HEEIF ¥ —TRIO TM-2N

(10) BR&FH&BRE . GL-Sciences GL-SPE 7 mL &4 (0.5 mL&1.0 mL fE#R1F )
(11) FEERMATFHRQCORSS: Labcon 15 mL ARV 7 mE'L U BRIEE AX LT —2 A
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(12) LC /3 A7 V2 WATERS ARV7mbt'L A SA7)1 (300 pL), BFZ AL AR F L 8al
eSS4

(13) RV 7revr o8l niB% : GL-Sciences 50 mL DigiTUBEs, GL-Sciences 15 mL
DigiTUBEs

(14) RY7arL o fdtlem LLEE : v 1.5 mL 2V r% Yy Fa—T FFaTL

(15) RAY =Xy b CORNING FHFWEEH T AR Y — L~k (146 mm), CORNING
EDTF VIR T AR SAY — L E 2wk (229 mm)

3) HAE

(1) 7K: #B#l/k Sl EE & (MILLIPORE ¢ Milli-Q Integral 5) & VTR R L 728 #i K (FL R HUE
18 MQcem LA b)) I L7=. JIS K 0557 ([ZHETD A4 DK

(2) AZ/— v FREEEIK-PCB B (5000 (546 (& L7 AL L Fneiisk)

(3) A& /=) (Fa B )« JIS K 8891 4kl (5 L7 A /L AFn ot fli k)

(4) 7EF=NIVORBERF) : LC-MS FIEER (8 7 A/ 2506 ER)

(5) TrE=TK: JISK 8085 HpkaABE (A (NHs) H &0 % 28 %) (& L7 A /L ARG HiHE)

(6) XP#: JIS K 8264 Fekild (& (HCOOH) & 43 % 98 %LL 1) (B b7F)

(7) EEfR7T o E=U LR (1 mol/L) : iRk a~hr 77 FaEE. (B L7 AV L F i)

(8) MEMET v E=" AVAHEZ (10 mmol/L) : WEFET > =17 AR (1 mol/L) Z/K T 100 {5 AR L7-.

(9) AZ /==K (1+1) : 2) DAZ )—)VOIRFE 1 EKRKOEFE 1 EERALTE.

(10) TrE=TK—AF /=L (1+100) : (5) DT E=T KDEFE 1 £(2) DAZ ) — L DIEFE 100
LERIRALT.

(11) PFASs EH#E{: PFAC-MXC (8 %45y PFSAs K& N 13 %4y D PFCAs IR AR, T OOy
OV FE X Table 2 2%, 1.2 mL A%/ —/LiE#K) (WELLINGTON) 1 mL @ PFAC-MXC % 10mL 4 &
TTANIAI, BERRETAZ ) — L% 2T PFASs FEHEVEK (200 ng/mL) Z 8L 7=,

(12) '3C4-PFOS WAZHEYWZ: MPFOS (Sodium perfluoro-1-[1,2,3,4-13C4]- octanesulfonate 1.2 mL)
(WELLINGTON) 1| mL % 50 mL &7 7A2(ZE), FERRETAY /— /L& MZ T BCys-PFOS WAEHEHR
(1 pg/mL) ZFH L 7=

(13) '3Cs-PFOS W 4% #£9% : MS8PFOS (Sodium perfluoro-1-['3Cs]- octanesulfonate 1.2 mL)
(WELLINGTON) 1| mL % 50 mL &7 7A3(2&), FEHRETAY ) — /L% MZ T BCs-PFOS WAEHEHR
(1 pg/mL) ZFHHLT-.

(14) BC4-PFOA W 1% # ¥ :  MPFOA ( Perfluoro-n-[1,2,3,4-13C4]-octanoic acid 1.2 mL )
(WELLINGTON) 1| mL % 50 mL &7 7A2(IED, R ETAY /— /L& 2 T BC4-PFOA WAEHEHR
(1 pg/mL) ZFHHL7-.

(15) '3Cs-PFOA WIZ#E]Z: MSPFOA (Perfluoro-n-['3Cs]-octanoic acid 1.2 mL) (WELLINGTON)
1 mL % 50 mL &8 7723240, fERETAZ ) — /L& N2 T BCs-PFOA WEEHER (1 pg/mL) ZFHHLL
7.

(16) BC-IRAWEEUERL : 3C4-PFOS WA HEN (1 ng/mL) 10 mL, *Cs-PFOS WHEHEHE (1 pg/mL) 10
mL, C4-PFOA FEHEJE (1 pg/mL) 10 mL & OY 3Cs-PFOA WAZ#EWL (1 ug/mL) 10 mL % 50 mL &2 &~77
ATZEVIRA L, HERETAY ) — & NZ T BC-IRA MR (200 ng/mL) ZFH 8L 7-.

(17) HMEHRHIEAEYERR (0.1 ng/mL~50 ng/mL) : PFASs %% (200 ng/mL) /K TAIRL T
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PFASs fZ #£%#% (100 ng/mL) Z FH %L, PFASs A= ¥4 (100 ng/mL) % A% /—/L — /K (1+1) T 10 {5 & ' 100
5 IZA IR L, PFASs FEHER (10 ng/mL) & OV(1 ng/mL) 2% L7-. BC-IRA WAZ #E#E (200 ng/mL) 2.5
mL % 25 mL 287 T7AIED, B ETAY /—/b— K (1+1) 22 TREA WAZHER (20 ng/mL) % 3
L7-.

PFASs FE#Ei% (100 ng/mL) ® 1 mL, 2 mL & X5 mL % 10 mL & &7 7 A ZEMEMICEY, BC-IRE
WAEAERR (20 ng/mL) 1 mL ZZENZNINZ, R ETAY /—/L— K (1+1) Z Mz 7-. PFASs 4R (10
ng/mL)® 1mL, 2mL %85 mL % 10 mL 2877 AZEPEICEY, BC-IRA IR (20 ng/mL) 1
mL 2Nz, R ETAY ) —— K (1+1) ZZNE NI A 7=, PFASs #EHEE (1 ng/mL) ® 1 mL, 2 mL
OS5 mL % 10 mL 2877 AZERERIZED, BCIR G NAENERK (20 ng/mL) | mL #ZNZhINx, 15
METAZ ) — L —K(1+1) 2N ZT-.

(18) o HTalEHRINA BC-IRA WEEHERE . PC-IRA WAL HERK (200 ng/mL) 10 mL % 100 mL £ &~
FANZEY, FERETAY ) — N2 THRral RN BC-IR A NAZYERR (20 ng/mL) Z 8 L7=. /34T
ABHR N BC-1RA NEEYERL (20 ng/mL) 5 mL % 50 mL &7 7 AL, I ETAX ) — /LA
CRBRMR T BC-IRA WARYER (2 ng/mL) AR L7,

(19) FRERFRFIH PFASs HEHEHT . PFASs ZZ#E{% (200 ng/mL) % 2 1§, 20 {5 & OV 100 52 A% /— )L
TARL, BT A PFASs FE#E{E (100 ng/mL, 10 ng/mL &% Y 2 ng/mL) Z 8 L7, B
PFASs #E#Ej%Z (100 ng/mL) 1 mL % 100 mL &7 7 ALY, R ETAX /—/L— K (1+1) Z M2 TR
B et B PFASs FE¥ERE (1 ng/mL) 238 LU 7= C RURIEO G ) .

72k, RRL(11) ~ (19) ORI, Al 0REBE (R 7 e L o 8) ICB LA, MREHR S 8 °C LA
TCREL.

Table 2 Components of PFASs standard solution and their concentrations

PFSAs PFCAs
Concentration (ng/ml.) coefficient Concentration (ng/mL)

Abbreviation  as salt asacid  (Acid/Salt) Abbreviation as acid
PFBS 2000 1770 0.885 PFBA 2000
PFPeS 2000 1880 0.940 PFPeA 2000
PFHxS 2000 1900 0.950 PFHxA 2000
PFHpS 2000 1910 0.955 PFHpA 2000
PFOS 2000 1920 0.960 PFOA 2000
PFNS 2000 1920 0.960 PFNA 2000
PFDS 2000 1930 0.965 PFDA 2000
PFUdA 2000

PFDoS 2000 1940 0.970 PFDoA 2000
PFTIDA 2000

PFTeDA 2000

PFHxXDA 2000

PFODA 2000
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4) SIERIE

(1) #

SIFTRREL 2.00 g Z13A0EST 50 mL 2l FEBRE (A) ICAIL, S3#TaeHRINA BC-IRA N HER (20
ng/mL) I mL Z /M%7, B2, A% /—/15mL KOEEE 0.1 mL 2/ x, @EEHAERE HNT20 5
M S LR L, /007150 1700xg THI 5 [l OB L, B A% SO0mL 22 U OB (B) IC L
7o 50, ZOfEEE 2 BIEE L, EEARE R T DRERE (B) 127z, 50mL 22 U HRERE (B) O
BECTAX /—NZ&x, fHiRs L.

2) 2V—=rTv

FEA AL AR~ — T — NPT L TOT =T K— A% )=/ (1+100) ) 5§ mL, A%/ —)v
5 mL K OAZ 7 —/—K(+1) K 5 mL CHRREFLTZ. £io, 7777 AMN—RUT—RN w7 A
T Y OAZ ) — VK] 5 mL THeiEL-.

FHHIHE 5 mL % 15 mL 22U O 3RE (C)12&0, K 5 mL N2 TIRVIEE GFilEw XXk Em R e 5
Br e i3m0 UK 1700xg THI 5 p i Doy BEL ), 582 A A4 ZHARY ~— I — Ny P BT LIZARL,
WA FETAR O ESICETAETRESEZ. AU ORERE (C) 2A%//—1L—K 1+ 5 mL TP
L, iREFRCIZMMZARL, WEAFE TARO EISET HETHIHSE 2. TICAX/—K) 5
mL % 2 B AF L MR~ —H— P AT LN A, IRE T TAR O LI ET L ETRES
Wi, FIT7 7 AN =R T — NV BT LEGHEAT o R AR )~ — T3 — N 7 L0 FIEFEL, 7
VEZT K= AX =L (1+4100) 2 mL 2N x, RS TAHO ElcETo2E Sz, BT
HRBRE (D) EZI—N P HTLD FICEE, ToE=TK—A% /=L (1+100) 4 mL &5 —K v BT A
Mz TPFOS, PFOA KUENLOWIEEYE 2 E ST,

BRI AR HRIRRCNITREAT, 0.5 mL O BB ETRMEL, KK 0.4 mL 2%, SBREIxY
—TCRVIEYE, T2 | mL OFEETKENL, BREIFV—CIRVIEY, 1.5 mL 32 O (B)
WZ ATz, 0 /) 8000xg THY 5 oyl D orBEL, LB RZ B A & LTz, 2% Scheme 1-1 K Y
Scheme 1-2 IZ/RLT=.

5) HIE

K B R AR eI L OSUEHA 2 LC-MS/MS (Z7E AL, Table 3-1 K OF Table 3-2 Ol & 514
e THAA Y ORI H (MRM : Multiple Reaction Monitoring) 72~ 7 A& FREkL, EiLE
oY —JiffEZ RO KRy LN OONIEEMEOE‘RMAF L O =7 HfEHEZ R H L. £
AR A EHETR DA K5y DY FE LR DT — & b O B AAHT (1% REREER L, SREHAR
P OFK RS DIREERD, SR O Ry DR EEF H L.

BB TR A YR K ORRBHA T D45 By E 2 N DO INIE W B O & B A A LR A4
DY — 7 fE 2 H L TR L7z,
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Table 3-1  Operating conditions of LC-MS/MS

[HPLC conditions] SHIMADZU Nexera Series
Delay column: Delay Column for PFAS (3.0 mm I.D., 10 mm L)
Guard column: Cartridge Guard Column E Inertsil (3.0 mm [.D., 10 mm L, 3 pm)
Analytical column: InertSustain C18 (2.1 mm [.D., 150 mm L, 3 pm)
Mobile phase (A): A: 10 mmol/L ammonium acetate solution  B: Acetonitrile
Gradient program: 0 min (20 %B)—2.0 mim (20 %B)—15 min (100 %B)—
16 min (100 %B)—16.1 min (20 %B)—21 min (20 %B)
Flow rate: 0.3 mL/min
Column temperature: 40 ‘C
Injection volume: 5 pL
[MS conditions] SHIMADZU LCMS-8045
Ionaization: Electrospray ionization (ESI)
Mode: Positive
Probe voltage: -1 kV
DL temperature: 200 °C
Heat block temperature: 300 “C
Interface temperature: 300 ‘C

Nebulizing gas flow: 3 L/min
Drying gas flow: 5 L/min
Heating gas flow: 15 L/min

Table 3-2 MRM parameters for detection of PFASs

For determination For validation
Precursor Product Colision Precursor Product Colision
Abbreviation ion ion energy ion ion energy
m/z m/z (eV) m/z m/z (eV)
PFBS 298.9 80 33 298.9 99.0 28
PFPeS 348.9 80 44 348.9 98.9 33
PFHxS 399 80 44 399.0 99.0 35
______ PFHpS 489 80 S M489 989 38
PFOS 498.8 80 54 498.8 98.9 44
3c,~PFOS 502.8 80 52 502.8 98.9 45
BCPFOS. 5068 80 S4 5068 990 4.
PFNS 548.9 80 55 548.9 99.0 46
PFDS 598.9 80 55 598.9 99.0 51
PFDoS 698.9 80 55 698.9 98.9 55
PFBA 212.9 169 10 — — —
PFPeA 262.9 219 - — —
PFHxA 312.9 269 312.9 119.0 19
______ PFHPA 3629 319 9 3630 1690 16
PFOA 413 169 18 412.8 369.0 10
3C,-PFOA 416.9 169 18 416.8 372.0 10
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Table 3-2 continued

For determination For validation

Precursor Product Colision Precursor Product Colision

Abbreviation ion ion energy ion ion energy
mlz m/z (eV) mlz mlz (eV)
PFNA 463 419 10 463.0 219.0 17
PFDA 512.9 468.9 11 512.9 269.0 18
PFUdA 562.9 518.9 12 562.9 269.0 18

LPFDOA 6120 s69.0 12 6129 1691 26

PFTrDA 662.9 618.9 13 662.9 169.0 28
PFTeDA 712.9 668.9 14 712.9 169.1 30
PFHxDA 812.8 768.9 15 812.8 219.0 27
PFODA 912.8 868.8 16 912.8 219.0 32

2.00 g analytical sample 50-mL PP cenfrifugal precipitate tube with a screw cap (A)

< 1 mL of isotope performance extraction standard solution (20 ng/mL each of mass
labeled PFOS and mass labeled PFOA)

< 15 mL of methanol
< 0.1 mL of Formic acid

‘ Ultra-sonication ‘ Ultrasonic generator, 20 minutes
[
‘ Centrifugal separation ‘ 1700%g, 5 minutes
[
‘ Transfer (supernatant) ‘ Acceptor, 50-mL PP test tube with a screw cap (B)
<_Repeat procedures inside the frame 2 times™>
(Residue)
(Supernatant)
15 mL of mathanol—
0.1 mL of Formic acid—
‘ Ultra-sonication | Ultrasonic generator, 20 minutes
|
‘ Centrifugal separation | Centrifugal precipitate tube with a screw cap (A),
1700%g, 5 minutes
(Residue)
Addup
(Supernatant) (Supernatant)
«— Methanol up to the marked line of the 50-mL test tube with a screw cap (B)
‘ Extract ‘

Scheme 1-1 Flow sheet for PFASs in sludge fertilizers (Extraction procedure)
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| Extract |
I
| Aliquot (5 mL) | Acceptor, 15-mL PP test tube with a screw cap (C)

<— 5 mL of water

| Mixing |
|
Centrifugal separation
(If solids are generated)
|

Centrifugal precipitate tube with a screw cap (C), 1700xg, 5 minutes

Weak anion exchange polymer cartridge column

(Wash with about 5 mL of ammonia solution (28 % (mass fraction))-
methanol (1+100), about 5 mL of methanol, and then about 5 mL of
methanol-water (1+1) in advance)

Cleanup

< Wash the test tube with a screw cap (C) with 5 mL of methanol-water (1+1)
< Wash twice with 5 mL of methanol

Connect the graphite carbon cartridge column (wash with about 5 mL of
methanol in advance) under the weak anion exchange polymer cartridge
column

Connection of cartridge
columns

< 2 mL of ammonia solution (28 % (mass fraction))-methanol [1+100] [Discard]

< 4 mL of ammonia solution (28 % (mass fraction))-methanol [1+100] [Elute,
graduated test tube (D)]

| Concentration | Gently spray nitrogen gas, down to the marked line of 0.5 mL

<~ 0.4 mL of Water

| Mixing | Test tube mixer

< Water, up to the 1 mL line

| Mixing | Test tube mixer
I

. . 1.5-mL ground-in stopper centrifugal precipitate tube (E),
Centrifugal separation 7500%g-10 000xg, 5 minutes
I

| Sample solution | Supernatant
|

| Measurement | High-Performance Liquid Chromatograph/Tandem Mass spectrometer

Scheme 1-2 Flow sheet for PFASs in sludge fertilizers (Cleanup and measurement procedures)

3. WRRUER

1) LC-MS/MS D RIE & DR

PFASs D BEDT-DIZBE#RY TR L2/l 7 252, 79V MED LC S L=y
BEH T LDOT TV r—a W EBREBITREL, £2, MS/IMS OA A4 AL, A4 b —REIZEEHR DS
% F\ 7= (Table 3-1) . BC 25k & O FEREFE > PFOS I ONZ PFOA 1XBE# Tl b LIz =4 — A4
R\ ZEOMD T DE=F—AF 2OV TIE, LC-MS/MS (SHIMADZU LCMS-8050) D7 7' U/r
—ar P EBREICHEEL, FIZ PFASs FEHENR (200 ng/mL) ZH T, ZRENDO RSy D% i
L CHIE % Table 3-2 DEBVIERLT-.

AR R B AR YE R (50 ng/mL) M OFUEHAE TR (TG VEAEEL 122\ T 2. 4) 3) IZfE» THIEL THDH
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ni-ra~h/7 5% Fig. 1-1 KO Fig. 1-2 (27”072, PFOS K& (Y PFOA O EEHKROE —27 ORFFREM 1T
£ 11.65 43 KUY 9.82 43 T, iAEHAWR TlE PFOS M O PFOA D43 MR DY — 7 % 4y Bl C& -,

- T - — T — T — —— — T
40 50 60 70 80 90 100 110 120 130

Fig 1-1 MRM chromatogram of PFASs in a mixed standard solution, with each PFAS at 50 ng/mL

Peak position ( | —<)
1. PFBA 2. PFPeA 3. PFHxA 4. PFHpA 5. PFOA 6. PFNA 7.PFDA 8. PFUdA
9. PFDoA 10. PFTrDA 11. PFTeDA 12. PFHxDA
13. PFODA 14. PFBS 15. PFPeS 16. PFHxS 17. PFHpS 18. PFOS 19. PFNS
20. PFDS 21. PFDoS
Condition of LC-MS/MS  As shown in Table 3-1 and Table 3-2.

Linear Linear
form of PFOS form of PFOA
_> _>
Branched
form of PFOS
l Branched

form of PFOA
6.0 6.5 7.0 7.5 8.0

|

80 85 90 95 100
Fig 1-2  MRM chromatograms of PFOS and PFOA in a sample solution extracted Sludge fertilizer
Condition of LC-MS/MS  As shown in Table 3-1 and Table 3-2.

B IR A MET (PFASs £LC 0.5 ng/mL~50 ng/mL & A, '3C4-PFOS, *Cs-PFOS, '3C4-PFOA
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Y BCg-PFOA &L T4 2 ng/mL & A) IZ2WT 2 EHIEL, 8 43 ® PFSAs (E *C4-PFOS X i *Cs-

PFOS (Zxf 3 28 —7mfgtt, F7-,

13 %4y PFCAs I '*C4-PFOA X% 3Cs-PFOA B — 7 fE b %

L1, % PFASs JEE L NS AR L O FE AT (1/x7) BERZVERL, £ 0BG ROBRE I R E K
% Table 4 IZ/RL7-. ZDOfEHE, PFDoS, PFHXxDA K Uf PFODA % F#< PFASs @ 18 il 4y D B DX
T A= IAERHE BRI (2021) O R T ARSI TWAEHER =L QU 2. 7288, 25 D72, PFOS
KON PFOA DL — WAZHEY — 7 i ff lh O fR B % Fig. 2-1 K& O Fig. 2-2 IORL, TRHOE R 7=
% Fig. 3-1 & ¥ Fig. 3-2 [T/RLT-.

Table 4  Calibration Curve
Analytes Isotope Linear equation” Confidence interval of ¢ ©”  Coefficient of
Abbreviation Range (ng/mL) abbreviation® Inclination b Intercepta  Lower limit  Upper limit determination® 7>
PFBS 0.1-50 3 ¢,-PFOS 0.852 0.008 -0.018 0.033 0.997
3Ce-PFOS 0.949 0.001 -0.028 0.030 0.997
©PFPeS 0.1-50 BCPFOS | 0.655 - 0.005 - 0030 002 0993
SO © = 4 .0, S oL LA 0.008 . 0.036 0.020 0993 ...
PFHxS 0.1-50 13C4_PFOS 0.583 0.001 -0.023 0.026 0.991
e SOy PFOS  0.647 0.000 ... 0028 0.027 0.991 ...
PFHpS 0.1-50 B3¢,-PFOS 0.593 0.015 -0.009 0.039 0.994
e JCyPFOS _ 0.659 0014 .. 0013 0.040 0994 ...
PFOS 0.1-50 3 ¢,-PFOS 0.425 -0.012 -0.018 0.006 0.998
SR © = 4 .1 S o s S 0.003 . 0019 0.013 0.994 ...
PFNS 0.1-50 13C4_]5‘FOS 0.477 -0.008 -0.021 0.005 0.996
oo C:PFOS 0529 0.010 . 0.026 0.065 0999 ...
PFDS 0.1-50 B3¢,-PFOS 0.422 0.009 -0.004 0.022 0.995
e JCyPFOS 0467 0.009 ... 0002 0015 0999
PFDoS 0.1-50 3¢,-PFOS 0.229 -0.002 -0.021 0.016 0.969
3Ce-PFOS 0.254 -0.003 -0.023 0.017 0.970
PFBA 0.1-50 13C4.PFOA 0.337 -0.003 -0.013 0.007 0.995
oo G PFOA 0293 0004 . 0015 0.007 oo 0993 ...
PFPeA 0.1-50 3C,-PFOA 0.695 0.002 -0.015 0.019 0.997
oo G PFOA | 0.603 0.001 . 0017 0.016 0.9% ..
PFHxA 0.1-50 3C,-PFOA 0.844 0.007 -0.015 0.029 0.997
3Ce-PFOA 0.732 0.003 -0.022 0.028 0.994
©PFHpA 0.1-50  C.PFOA  0.860 0.013 0007 0.033 0.997
e Gy PFOA 0745 0.008 .. 0003 0019 0999
PFOA 0.1-50 3C,-PFOA 0.518 0.002 -0.009 0.013 0.998
e JCyPFOA | 0450 0.000 .. 0012 001 0997
PFNA 0.1-50 3C,-PFOA 0.606 0.014 -0.005 0.033 0.995
3Ce-PFOA 0.450 0.000 -0.012 0.011 0.997

a) Calibration standard solution containg 2 ng as each isotope performance PFOS and PFOA

b) Linear equation y=bx+a

¢) Confidence interval 95%

d) Recommended criteria shown in Testing Methods for Fertilizers (2021) (lower limit =< 0 =< upper limit)

e) Coefficient of determination usable as calibration curve shown in Testing Methods for Fertilizers (2021) (r2 >=0.99)

f) Unable to create calibration curve
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Table 4 continued

Analytes Isotope Linear equation” Confidence interval of ¢ ?¥  Coefficient of
Abbreviation Range (ng/mL) abbreviation® Inclination » Intercepta  Lower limit ~ Upper limit determination® 7>
PFDA 0.1-50 BC,-PFOA 0.495 0.013 -0.004 0.031 0.994
BCs-PFOA 0.524 0.009 0.000 0.017 0.999
"""" PFUIA  0.1-50  C,pFOA 0446 0016  -0.007 0038 0990
DCy-PFOA 0390 o1 . 0.003 . 0.026 o 0.994 ...
~ PFDoA 0.1-50  C,PFOA  0.406 0.014 -0.001 0.029 0.993
'Cy-PFOA 0.351 0010 0002 0018 ! 0.997 -
" PFTtDA  0.1-50  C.PFOA 0300  0.007  -0.005 0.018 0.993
oo JCPFOA._ 0258 0.005 ... 0.002 . 0011 0.997 ...
" PFTeDA 0.1-50 BC, pFOA  0.228 -0.004 -0.014 0.007 0.990
e Gy PFOA 0197 0.004 0011 0.003 .. 0.994 ..
PFHxDA 0.1-50 3C,-PFOA -9 - — — -
e CePFOA T e e e
PFODA 0.1-50 13C4-PFOA - - - B o
"Cy-PFOA — — — — —
25 ¢ 30 -
2 2
= =
g &
0 . . : : , 0 . A . . ,
0 10 20 30 40 50 0 10 20 30 40 50
Concentration of PFOS (ng/mL) Concentration of PFOA (ng/mL)
Fig. 2-1  PFOS calibration curve Fig. 2-2 PFOA calibration curve

X: Plot of peak area ratio of native to isotope performance analyte at each native analyte
concentration (Concentration of isomer performance analytes: Each 2 ng/mL)

Solid line: Regression line
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2 2
X X
1.5 - e 15 F---- X
P VAV S B! S
—_ < X
= X "5 05 ___________ B —————————— -
EO'S --—x-——-—-----—-——-------—X-—- z x X
o X =
- 0 x ! g 0 X X
& = X
= < e e g = = — = = = = — = o]
= = X
=} X s -1 ) . !
-1.5 -
-5 - X————m oo oo - »
2 X -2
0.1 1 10 100 01 ! 10 100
Concentration of PFOS (ng/mL) Concentration of PFOA (ng/mL)
Fig.3-1 Evaluation of PFOS calibration curve Fig.3-2 Evaluation of PFOA calibration curve

x: Plot of the standardized residual of peak area ratio at each native analyte concentration

2) FEREBEEOREH

EHOIT, BEEHSY LRERIC, VT =T AR D T T T 7 AR —R J1—R) ¥ H7 A (InertSep Slim
GC) ZHWT, 3EAA L MR ) ~—H—RN P AT L0 FIZHEFEL T AL, PFOS &' PFOA DF
Hi3 % 53 12OV T PEASs Al EL7-.

PFASs 2% 2345 1 ng/mL 725 IS 72 A% ) — v — K (1+1) T81% 10 mL % 2.4) () Z7V—>T
T OENEIZHWD 4 FEOFEA AL AR ~— 71 —R) w717 A (InertSep MA-2, Oasis WAX, Oasis
WAX for PFAS Analysis, Strata-XL-AW) (ZZNE N ARL, L FRERIZAY /—v— K (1+1) L OIAZ
—/L 10 mL TOWHFEIEEZ LT, 7 T77 7 AN —R —N P h T LadfE L=tk IWHTAER 1| mL %
8 BIENENDITLIINZ, &V HREZNENDIRMEE [ZEoTe.

B R B R PC-IR A PR HENE (2 ng/mL) 1 mL ZA0Z, MEHE & OUKICEAm RA L TRlBH
REL, 18 %5y D PFASs ZlE L=, ZDfE 5L, Table 5 DLV, 4 PFASs [ H® 4y 0 mL~2 mL T
AT, FEHE S 2 mL~6 mL TR HL7=. PFTrDA & Of PFTeDA %< 16 %4y @ PFASs DA[IY
FIX, 72.3 %~119.7 % Th-7-. PFTrDA } O* PFTeDA DAL KL 70 %Aiili TH o720 TH # Ot
MOIISFZEELT.
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Table 5 Elution pattern of PFASs® from the cleanup column®

The name of the Elution amount of PFASs (ng)
cleanup column Fraction volume (mL) Recovery

Abbreviation at the top® 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8  Total® (%)

PFBS InertSep MA-2  —9 — — 7.4 1.4 — — — 8.8 88.0

Oasis WAX — — — 0.3 8.5 0.5 — — 9.3 92.8

Oasis WAX(P)? — — — 0.7 7.1 2.5 — — 10.3 103.4
_________________________ Strata- Xt AW -~ -~ 18 70 02 - -~ =20 %9

PFPeS InertSep MA-2 - — 0.2 8.1 1.3 0.1 — - 9.7 97.1

Oasis WAX — — 0.5 8.9 0.5 — — — 10.0 100.0

Oasis WAX(P) — — 0.9 8.4 1.9 0.1 — — 11.4 114.2

3 Strata- XL-AW — — 2.5 7.3 0.2 — — — 9.9 99.0

PFHxS InertSep MA-2 — — 0.3 8.5 1.1 - — - 9.9 99.0

Oasis WAX - - 1.0 8.5 0.5 - - - 10.1 100.6

Oasis WAX(P) - - 0.7 8.9 1.1 - - - 10.7 106.9
] StrawXLAW -~ 27 67 0l = = = 96 958

PFHpS InertSep MA-2 - - 0.4 8.4 0.8 - - - 9.7 97.0

Oasis WAX - - 1.7 7.9 - - - - 9.6 96.0

Oasis WAX(P) — — 0.5 8.3 0.8 — — — 9.6 96.3
_________________________ Strata-XU-AW ... 84 23 B2

PFOS InertSep MA-2 — — 0.7 7.9 0.8 — — — 9.4 93.8

Oasis WAX — — 2.4 7.0 0.1 — — — 9.6 95.6

Oasis WAX(P) — — 0.7 8.3 0.4 — — — 9.3 93.3
_________________________ Straw-XLAW - - 28 61 01 = = = 91 910

PFNS InertSep MA-2 — — 0.8 8.4 0.6 — — — 9.8 98.1

Oasis WAX — — 3.0 6.0 0.1 — — — 9.1 91.0

Oasis WAX(P) — — 1.0 7.7 0.5 — — — 9.2 91.8
......................... Strata-XL-AW .31 58 02 o200 903

PFDS InertSep MA-2 - - 1.0 8.1 0.5 - - - 9.5 95.0

Oasis WAX - — 3.1 5.8 — - — - 8.9 88.8

Oasis WAX(P) — — 1.2 7.2 0.4 - — — 8.8 88.0

Strata-XL-AW — — 2.7 5.7 0.1 — — — 8.4 84.5

PFBA InertSep MA-2 - - 1.6 8.3 - - - - 9.9 98.6

Oasis WAX - - 3.0 7.9 - - - - 10.9 109.1

Oasis WAX(P) — — 1.4 8.9 1.6 — — — 12.0 119.7
OSSO, State- XULAW 3L es 2T 05

PFPeA InertSep MA-2 - - 2.3 6.7 - - - - 9.0 89.9

Oasis WAX — — 4.0 5.8 — — — — 9.9 98.6

Oasis WAX(P) — — 2.1 7.8 1.3 — — — 11.2 112.2

Strata-XL-AW — — 3.5 5.5 — — — — 8.9 89.4

a) Each PFASs was loaded with 20 ng.

b) Cleanup column with the graphite carbon cartridge column (InertSep Slim GC) connected under the anion
exchange polymer cartridge column

¢) The anion exchange polymer cartridge column

d) Total amount of PFASs eluted from 2 mL to 6 mL

e) Less than the lower limit (0.1 ng / mL) of calibration curve

f) Oasis WAX for PFASs Analysis
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Table 5 Continued

The name of the Elution amount of PFASs (ng)
cleanup column Fraction volume (mL) Recovery

Abbreviation at the top” 0-1 1-2 2-3 3-4  4-5 5-6 6-7 7-8  Total” (%)

PFHxA InertSep MA-2 - - 33 5.8 — — - - 9.1 91.1

Oasis WAX — — 5.0 4.8 — — — — 9.8 98.2

Oasis WAX(P) — — 3.1 7.2 1.1 — — — 11.3 113.3
_________________________ Strata-XT-AW - -39 4% -~ — . =—...-. .88 82

PFHpA InertSep MA-2 - - 4.1 5.0 — — - - 9.1 91.3

Oasis WAX — — 6.0 4.0 — — — — 10.0 99.7

Oasis WAX(P) — — 3.7 6.5 0.5 — — — 10.7 107.1
_________________________ Strata-XL-AW A2 AT 89 894

PFOA InertSep MA-2 — — 4.8 4.4 — — — — 9.2 91.8

Oasis WAX — — 6.4 3.5 — — — — 9.9 99.1

Oasis WAX(P) — — 4.2 5.3 — — — — 9.5 94.9
_________________________ Strata-XL-AW A 4S8 s

PFNA InertSep MA-2 - - 5.1 3.7 — — - - 8.8 87.8

Oasis WAX — — 6.6 2.8 — — — — 9.4 94.5

Oasis WAX(P) - - 4.2 4.5 — — — — 8.7 87.0
_________________________ Strata-XL-AW A A 8T 82

PFDA InertSep MA-2 — — 5.5 3.6 — — — — 9.1 91.3

Oasis WAX — — 6.9 2.6 — — — — 9.6 95.5

Oasis WAX(P) — — 4.6 4.2 — — — — 8.9 88.5
_________________________ Strata-XL-AW A A 8889

PFUdA InertSep MA-2 — — 5.4 3.3 — — — — 8.8 87.6

Oasis WAX — — 7.0 2.3 — — — — 9.3 92.7

Oasis WAX(P) — — 4.5 3.9 — — — — 8.4 83.9
_________________________ Strata-XL-AW 4338 s 8o

PFDoA InertSep MA-2 - - 4.3 3.0 - - - - 7.2 72.3

Oasis WAX — — 5.7 1.9 — — — — 7.6 75.9

Oasis WAX(P) — — 4.0 3.3 — — — — 7.4 73.7
_________________________ Strata-XL-AW . ... 37003 T JTA T

PFTrDA InertSep MA-2 - - 2.5 3.0 - - - - 5.5 54.7

Oasis WAX — — 3.7 1.8 — — — — 5.5 54.8

Oasis WAX(P) — — 3.2 3.1 — — — — 6.3 63.4
_________________________ Strata-XL-AW .39 038 e 88 61T

PFTeDA InertSep MA-2 - - - 2.9 — - - - 2.9 29.0

Oasis WAX — — 0.7 2.1 — — — — 2.8 28.1

Oasis WAX(P) — — 0.9 2.8 — — — — 3.7 37.3

Strata-XL-AW — — 0.7 3.5 — — — — 4.2 41.9

3) HBMEURGRERICEIEEDHMRUVEETREFDIHTE

AR 57-0, IGIRIEBEHCZNZEH 1 pg/kg, 5 pg/kg &Y 50 pg/kg fH 4 BE2FMLTE%
W, 4 FEOEEA A R ~— D —R oD BT HIONWT 3 HOHMT TERENEINEIGA R %
F it L7 % % Table 6 (2R L7z,

ZORER, 8.2) Tl I DAERNPELNT 16 AL/ D PFASs O FEXIEIILHRIL, 1 pg/kg~50 pgkg O
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HPHT 65.2 %~124.8 % THY, WTFHHAEHERERTE (2021) QO IRENTWAEE O B EFH LN T
HoTr.

Table 6 Result of recovery test

Analytes InertSep MA-2 Oasis WAX QOasis WAX ( P)“) Strata-XL-AW
Abbreviation Concentration” Mean® Recovery” Mean Recovery Mean Recovery Mean Recovery
(ng/kg) (ngkg) (%) (ngrkg) (%) (ngkg) (%) (ngkg) (%)
PFBS 50 47.5 95.1 50.6 101.1 49.2 98.5 48.3 96.6
5 4.87 97.3 4.68 93.6 4.79 95.8 5.10 102.1
____________________________________________________ 074 736 084 840 091 910 086 861
PFPeS 50 47.3 94.5 54.6 109.2 53.3 106.6 51.5 103.0
5 4.95 99.0 5.12 102.4 5.19 103.8 5.44 108.9
____________________________________________________ 073 727 066 663 089 893 086 862
PFHxS 50 49.6 99.1 53.6 107.1 52.5 105.0 49.9 99.9
5 5.00 100.0 5.00 99.9 5.13 102.7 5.60 112.0
1100 999 071 770 088 880 066 659
PFHpS 50 51.4 102.9 53.4 106.7 52.9 105.9 51.5 103.0
5 5.32 106.4 5.04 100.9 5.06 101.2 5.41 108.1
____________________________________________________ 087 866 073 725 063 633 076 765
PFOS 50 52.3 104.6 49.4 98.7 50.6 101.1 49.7 99.5
5 5.43 108.6 491 98.3 4.85 97.0 4.93 98.6
____________________________________________________ 099 988 091 913 088 882 094 944
PFNS 50 48.4 96.8 35.1 70.2 38.0 76.0 39.7 79.5
5 5.21 104.3 3.87 77.5 4.01 80.3 3.89 77.7
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 089 $89 090 905 092 9L6 091 912
PFDS 50 45.2 90.4 35.5 71.0 36.8 73.6 36.7 73.4
5 4.90 98.0 3.36 67.2 4.05 80.9 3.24 64.7
0.85 85.0 0.79 79.2 0.82 82.1 0.74 74.5
PFBA 50 53.5 107.0 50.5 101.0 50.9 101.8 50.9 101.7
5 5.65 113.1 5.50 110.0 5.80 116.0 5.92 118.5
04 1035 L6 155 1011005 089 891
PFPeA 50 50.7 101.4 48.0 96.0 48.4 96.7 47.9 95.8
5 5.33 106.6 4.95 99.0 5.13 102.6 5.19 103.8
116 1160 LIS 182 124 1239 125 1248
PFHxA 50 49 .4 98.8 48.5 97.0 49.0 97.9 48.6 97.1
5 5.06 101.1 5.18 103.7 5.43 108.7 5.45 109.0
1 1.04 103.6 0.94 93.5 0.97 97.4 0.97 97.4

a) Oasis WAX for PFASs Analysis
b) The concentration of PFASs spiked to the sample
¢) Mean value (n=3)
d) Tolerance range of recovery rate shown in Testing Methods for Fertilizers (2021)
(70 %-120 % for 50 ng/mL of the analyte, 60 %-125 % for 5 ng/mL and 1 ng/mL of the anaiyte)
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Table 6 Continued

Analytes InertSep MA-2 Oasis WAX Oasis WAX (P)“) Strata-XL-AW
Abbreviation Concentration® Mean® Recovery? ~Mean Recovery Mean Recovery Mean Recovery
(ng/kg) (ngrkg) (%) (ngkg) (%) (rgkg) (%) (ngkg) (%)
PFHpA 50 48.8 97.5 48.6 97.1 48.6 97.3 48.6 97.3
5 4.99 99.7 5.02 100.4 5.15 103.0 5.18 103.5
___________________________________ 106 1064 101 10Ls 105 1049 098 982
PFOA 50 46.4 92.9 49.1 98.2 49.7 99.4 49.8 99.6
5 5.30 106.0 5.31 106.3 5.22 104.5 5.18 103.7
____________________________________________________ 099 992 106 1058 107 1067 101 1013 _
PFNA 50 49.2 98.3 44.1 88.1 45.6 91.2 46.4 92.8
5 5.02 100.4 4.65 92.9 4.67 93.4 4.64 92.9
1091090 1101096 113 1129 098 979
PFDA 50 48.7 97.4 36.8 73.6 39.1 78.1 42.2 84.3
5 4.98 99.6 3.74 74.7 3.97 79.3 3.71 74.2
____________________________________________________ 085 850 088 880 092 915 095 955
PFUdA 50 45.6 91.1 37.3 74.5 42.9 85.9 46.8 93.7
5 4.88 97.5 3.50 70.1 3.98 79.7 3.64 72.9
____________________________________________________ 074 740065 652 069 688 069 695
PFDoA 50 38.5 76.9 35.7 71.5 46.2 92.3 46.1 92.1
5 4.45 89.0 3.12 62.4 3.46 69.1 3.19 63.8
0.70 70.2 0.74 73.8 0.77 77.5 0.73 73.2

PFASs D% &g H OFEHERR D& fe/MNEFEIE 0.1 ng/mL THY, W T o' —2 SN b 10 2 T
fo. ZOZEND, B FREHET D720, OGIEAEEHT PFASs & 1 pg/kg FHYS &ARMLT 7 20HT
THOM LM TRBROR B, @ W= E#R (0.1 ng/mL~2 ng/mL) DF% 7 K O@FEHAKR D SN i
FLLT, 16 iy @ PFASs IZ DWW TE N HIEEHE R BRIE (2021) Y B & A O FIEICHE - TER TR
KO T IR% Table 7 DEBVRE H L.

ZDFER, PFASs D45 E & T IRIL 0.5 pg/kg~1 pg/kg FRELHEE SN, $2, EROICBIT5 16 oy
® PFASs O F-HJENERIT 72.6 %025 114.8 % THY, F X TIEEHERERE (2021) ITRSIVTWDFFE D
FEHEIZHHE A LT,
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Table 7 Result of estimation of the lower limit of quantification

Replicate test” Calibration curve” SN ratio” Estimation
Abbreviation Concentration” Mean®  s,¥ Recovery L0Q® LOD” LOQ LOD LOQ LOD  of LOQ

(ng/kg) (ng/kg) (ngkg) (%)  (ngkg) (ngkg) (ngkg) (ngkg)  (ngkg) (ngrkg)  (ng/kg)

PFBS 1 0.81 0.10 81.4 1 0.4 0.3 0.1 0.4 0.1 1
PFPeS 1 0.94 0.14 93.8 1 0.5 0.7 0.3 0.6 0.2 1
PFHxS 1 1.04 0.08 104.5 0.8 0.3 0.7 0.3 0.4 0.1 0.8
PFHpS 1 0.86 0.04 85.7 0.4 0.2 0.3 0.1 0.5 0.1 0.5
PFOS 1 0.98 0.05 98.4 0.5 0.2 0.5 0.2 0.3 0.1 0.5
PFNS 1 0.90 0.14 89.9 1 0.6 0.5 0.2 0.4 0.1 1
PFDS 1 0.85 0.14 85.2 1 0.5 0.9 0.4 0.4 0.1 1
PFBA 1 1.03 0.11 103.0 1 0.4 0.3 0.1 1 0.3 1
PFPeA 1 1.15 0.05 114.8 0.5 0.2 0.4 0.2 0.7 0.2 0.7
PFHxA 1 1.03 0.07 102.6 0.7 0.3 0.7 0.3 0.5 0.2 0.7
PFHpA 1 1.04 0.04 104.1 0.4 0.2 0.6 0.3 0.3 0.1 0.6
PFOA 1 0.98 0.04 98.0 0.4 0.1 0.5 0.2 0.1 0.04 0.5
PFNA 1 1.09 0.04 109.2 0.4 0.2 0.7 0.3 0.4 0.1 0.7
PFDA 1 0.97 0.10 97.4 1 0.4 1 0.5 0.2 0.06 1
PFUdA 1 0.95 0.11 94.9 1 0.4 1 0.5 0.2 0.05 1
PFDoA 1 0.73 0.08 72.6 0.8 0.3 1 0.6 0.2 0.05 1

a) The Procedure shown in Testing Methods for Fertilizers (2021)
b) The concentration of PFAS spiked the sample

¢) Mean value (n=7)

d) Repeatability standard deviation

e) Lower limit of quantitation

f) Lower limit of detection

4) PFASs D5 IRHEMEED T

PFASs DEBIZEBWT, ELHK K O ss IR E2 b4 B CRMi 722 RkH 5T\
Z L5, PFOS K O PFOA O G BICHO W THE L.

PFASs D4y Iz 5 F%: /& (PFHxS, PFOS, PFDS, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUdA,
PFDoA) DY — 2% Ff-o/u~h/J L% Fig. 4 12k T, Benskin B W RO Jin 5 W2k THEINT
WAHIIZ, ZNHO 5 I S8 TR — 7 ORFFRFINIL, EHEIKE —27 ORFFREHE LB o7z
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- — — — —
l l
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Fig. 4 Example of MRM chromatogram of sample solution in which branched isomers are detected
Black line drawing: MRM chromatogram with product ion for determination
Red line drawing: MRM chromatogram with product ion for validation
—: Linear form of PFAS
| : Branched form of PFAS

Table 7 TR U727 & F IR O HHEIZ 0 pg/kg LT PFOS & () PFOA OF G EEZTEREL, 56
BT 2FOEEROIHTED 5 HDEE 1 57 %~96 % CEHIE 83 %) K& T 85 %~100 % (CF-HIHE
97 %) THY, H LS 1O KN Fang & 7 O 5 LA % Tho72. PFOS O PFOA DA BIZxH T 5% D
ESERO G HHEO 7 vy hO AR E R Z R DIZEZA, HEIL 0.797~0.942 THY, THOFBIRENT
3£12.0.999 THY, MNFHB A R LT,



FHiS->FLEMDIHT 105

4. FEH

21 %43 D PFASs ([Z DWW TEEROFRENAR O EREAZ EHG L7225, (1) ~(5) DEEY 16 K7D
PFASs |2 L CHIE CXAZ LA R LT,

(1) 70 7IurIsakERT 528280, BERCTHWZSBEDT 5T 21 553 PFASs W NT
PFOS M U PFOA D4y MR A Sy B9~ H 2 L8 TEIZ.

(2) 21 % &4A 45 PFASs HEHE (4% 0.1 ng/mL~50 ng/mL) Z il EL7=EZ5, 18 %47 PFASs (2
DVWTHEMMEDH LM EMREERR TET.

(3) BEHOREHAR OO WEREEZRFILIZE2A, B—N) P BT L5 PFOS K TN PFOA &
W U312 16 [543 D PFASs DA HI LT,

(4) IGVERRERE -V CTHMENNGRER I Z LV B S OfER AT S T2 RE R, 16 A7 PFASs % 1 pg/kg~50
ng/kg O FEFIHTEH AR 65.2 %~124.8 % THY, I Nb EEHERBRIEN B & A IREhTn
HEED HIEEFPH LN Th o7,

(5) 16 %570 PFASs D & T RITEAE 1T 0.5 pg/kg~1 pg/kg B LHEEI NI,

(6) zwm~h2'F5121%, PFHxS, PFOS, PFDS, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUdA,
PFDoA @ PFAS /3l SR — 73872, PFOS & PFOA D4y SR E T4 A BT T D E M
RO EDDEIETE 57 %~96 % CEEIMHE 82 %) K T 85 %~100 % CEHIE 97 %) THY, H(LiHE Shuhong
HOME LA % Th 7.
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Analysis of Per- and Polyfluoroalkyl Substances (PFASs)

SHIRAI Yuji', NUMAZAKI Kanako' and AKIMOTO Satono'
' Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department

We improved the PFOS and PFOA measurement methods to develop determination method of 16 PFASs
in sludge fertilizers using liquid chromatograph/tandem mass spectrometer (LC-MS/MS). After the analytical
portion was added the isotope performance extraction standard solution (20 ng/mL each of mass labeled PFOS
and mass labeled PFOA), PFASs were extracted with methanol containing a small amount of formic acid. The
extract was purified with weak anion exchange polymer cartridge column and graphite carbon cartridge
column. PFASs were measured by LC-MS/MS. As a result of 3 replicate analysis in sludge fertilizer sample
prepared to contain with PFASs at 1 pg/kg, 5 pg/kg and 50 pg/kg, the mean recoveries ranged from 62.4 %
to 124.8 %. Their lower limit of quantification (LOQ) ranged from 0.5 pg/kg to 1 pg/kg (analytical sample).
The following PFASs branched isomer peaks appeared on the chromatogram of the sample solution, which
were PFHxS, PFOS, PFDS, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUdA and PFDoA. The proportions of
the linear forms of PFOS and PFOA to the total amount including those of the branched form were the mean

values of 83 % and 97 %, respectively.
Key words PFASs, PFOS, PFOA, sludge fertilizer, LC-MS/MS

(Research Report of Fertilizer, 15, 87-107, 2022)
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