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IR

1. [XL®HIZ

AT NFaT AT NACE R ORI Z A a7 L ALE Y (LLF, TPEASIEWD. ) ix 1 HfEELL
OYEBFAETHESINTEY, A BN, 2PN REREOHEEZRTIEND, a—T 474l
YA KA 7L DIZhE AR A S4LTE7. PFAS OFE G130 E T, BREE IV THE S MEME, S RMET
HVEER~OFFEEDBEINTNDTD3) | BUEIIE A EIE R E T2 AR 7RV LK
(POPs 5:49) K UMb E D5 4 OLIE S O FLHNC B T 215 (b5 1E) T L7 At s 20 2L
BRUE(BLF, TPFOS &V, ), ~L T vdat X (LLF, TPFOA &V, ) B OUL 7 L sS4
VANVRCEE (BLF, TPFHXSIEW). ) D 3 WA BSHRIxI G L7205 D0 N T, S 7 4F 6 Al
POPs SHINCBWT, Fiizic B8~V 7 Ak LR (LC-PECA, fRFEE 9~21) MEEHI S L7220, 1k
TR THHE MR F W E I E T 5 0 vREney.

IGIRAEELH D PFOS & OY PFOA D HTiEIE, A F0 3 45 FE (2 S ML [RIFR BRI L D 2 M MEReRB 2 320t L
MRS BR A (2025) VTGS TV, BB TlE PFAS O55, EFEAICE & O EEEH R
T AW ELT, PFOS &Y PFOA OffliZ PFHXS K L7 b4 v /) g (LR, TPENA &), ) &
Iz 7= 4 VI SOWTHRAESBMASNY, IR B ICB W TH 4 WE O OITIEEZBRR T AL ENELT
W5,

ZDTD, JEMIKFEG T - &2 R R ER 2 PR LY, 15IRIEE @ PFHXS J& O PENA O3 #TiE D
PR AEESHL, S0 4 £ PFOS KON PFOA D43 HHiE TRIEN ATHE THH L& MR LT= PFAS 16
YI'E (Table 1-1, 1-2 /) 'V D55, PFOS KON PFOA %<, PFAS 14 WEIZHoWTC, kSR Bk
(2025) (8.7.2) A S-FLAW-BHIEIKI 0~ T TT78 T NE BN EE AV HE R BR=I1CLD
U HEEFBLTZOT, TOMELZRETD.

VIR SIATBOE N BMOK BEH B 2 v 7 — IR AT () 4 B R 2 — e A ik
2 MSTATBUE N RMOKPETH B 2 il o 7 — RS B L A i
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Table 1-1 List of PFAS included in the recent study (Sulfonic acid)

Compound Abbreviation Carbon® Chemical formula
Perfluorobutanesulfonic acid PFBS C4 CF;(CF,);SO;H
Perfluoropentanesulfonic acid PFPeS C5 CF;(CF,),SO;H
Perfluorohexanesulfonic acid PFHxS C6 CF;(CF,)sSO;H
Perfluoroheptanesulfonic acid PFHpS C7 CF;(CF,),SO;H
Perfluorooctanesulfonic acid PFOS C8 CF;(CF,);SO;H
Perfluorononanesulfonic acid PFNS Cc9 CF;(CF,)SO;H
Perfluorodecanesulfonic acid PFDS C10 CF;(CF,)SO3;H

a) Number of carbon

Table 1-2  List of PFAS included in the recent study (Carboxylic acid)

Compound Abbreviation Carbon® Chemical formula
Perfluorobutanoic acid PFBA C4 CF;(CF,),COOH
Perfluoropetanoic acid PFPeA C5 CF;(CF,);COOH
Perfluorohexanoic acid PFHxA Co6 CF;(CF,),COOH
Perfluoroheptanoic acid PFHpA C7 CF;(CF,)sCOOH
Perfluorooctanoic acid PFOA C8 CF;(CF,){COOH
Perfluorononanoic acid PENA C9 CF;(CF,),COOH
Perfluorodecanoic acid PFDA C10 CF;(CF,)sCOOH
Perfluoroundecanoic acid PFUdA Cl11 CF;(CF,),COOH
Perfluorododecanoic acid PFDoA C12 CF;(CF,),,COOH

a) Number of carbon

2. MERUAE

1) BHORERUHRAR

AT HIHIRNRE ST L, %5820 PFAS 14 %'E, 2T PFOS }2 U8 PFOA DJEEEAHH FRR' A
THHHEIEIEE 4 A (FFCEFBNC FARBIE 1 A, URIGIE 2 &, T3EFER 1 ) ZRE L. e
40 °C T 70 BERIRZIE L 72, B O T H BAE 500 pm OAZY — @il 35 F THFEL, IRAL
THONTHREZRRIL-. o HREHT, RV =F L BRI AN TR A TEAL, BEH B LR, &
RCRAFLT.

2) KERURAR

(1) Wthkru~br o757 WRE BT (LC-MS/MS) : SHIMADZU LCMS-8045
7B 717 280 GL-Sciences InertSustain C18 HP (4% 2.1 mm, £ 150 mm, K€ 3 um)
7 —R717 2 GL-Sciences Guard Column for UHPLC InertSustain C18
(% 3.0 mm, £ 10 mm, F7£% 3 pm)
T AL AHZ 2 GL-Sciences Delay Column for PFAS (4% 3.0 mm, £ 10 mm)

(2) #FWFEAES: Yamato 8510

(3) Lo HERS: KUBOTA 77— 7 /L hy 7 ist L 4000

(4) =05 ERE . AS ONE MCD-2000

(5) FEAA L RHAR)~—I—RK) v BT GL-Sciences InertSep MA-2 500 mg/6 mL
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(6) 7777 ANI—ARF1—hK )BT GL-Sciences InertSep Slim GC 400 mg

(7) ~=a4—/VR: GL-Sciences, WATERS (7 /v 77~ NIA)

(8) ey E: GL-Sciences & HEMEXfHT 2=k

(9) HEREIFY—: ASONE #REREIFH—TRIO TM-2N

(10) HE EH T2 B4 : GL-Sciences GL-SPE 4% 0.5 mL&1.0 mL AA 7 mL

(11) EAERRIFEH AL O A4 Labcon N7 BB L U BUEIEE 15 mL AXLV TV —X AT

(12) LC HI/A7 v WATERS ARUZmEL B SAT 10 (300 ub), B Z LU AR =F Lo 8nl
eSS4

(13) Ry7re'Lrfnl dmoEE, R 7oL f8al 0#BRE : GL-Sciences DigiTUBEs 50
mL, GL-Sciences DigiTUBEs 15 mL

(14) RYF oL ol m OmwEE: 7 1.5 mL ~A/aFa—TFRE 2 —R FFa7)1

(15) 7SRV —/L¥~iyh: Fisher Scientific 1EHFTVVEEH T A ML XY — )L E 2k (146 mm)

(16) Hiz.Oy W% : Retsch ZM 200

3) A

(1) K: @Btk ildE L& (MILLIPORE Milli-Q Integral 5) Z2 VTR RLL 720K (FLHEHIIE 18
MQcm L ) 2 L7-. JISK 0557 (ZHETD A4 DK

(2) AZ/—/v: FREEEIE-PCB BRI (5000 f5AHE) (& L7 AL LF0GHI3E)

(3) AZ /=L (ZREWEER) - BRI (8 L7 AV 2 i)

(4) 7Eh=R)V (AR F) . LC-MS A (B 7 AV AF i)

(5) TrE=TK: ARERRR (R (NHs) B #5528 %) (& L7 /L LFGHEE)

(6) =Pg: FIEFFMK (R EE (HCOOH) B #4733 98 % LA 1) (B L7 AL AF %)

(7) WEEET o E=U LB (1 mol/L) : mdikikr o~ 777 1] (& £ 7 AV LR Hi%E)

(8) MERET v E=0 LIAHE (10 mmol/L) : HEBR T > =7 A (1 mol/L) Z 7K T 100 fFIZ A R L7=.

(9) PFAS #Z#Eif% (2000 ng/mL) : PFAC-MXC (PFAS 21 #)’&, Native PFAS Stock Solution 1.2 mL)
(WELLINGTON)

(10) PFAS #E#Ej% (200 ng/mL) : PFAS FE#Ei% (2000 ng/mL) 1 mL % 10 mL &8 772232k, FEij
FTAY ) — V&% T PFAS FEHERE (200 ng/mL) ZFH R L 7-.

(11) PFAS FE#E% (100 ng/mL, 10 ng/mL & T 1 ng/mL) : PFAS #Z#£j% (200 ng/mL) 5 mL % 10 mL
ERTIANIEVRAL, EHRETKENMZ T PFAS FEUER (100 ng/mL) Z 8L 7=. PFAS FZ#E (100
ng/mL) 1 mL % 10 mL 2877 A32E0, fEfRETAY ) —/—K (1+1) 22 T PFAS fZ24Ei#% (10 ng/mL)
ZFHEIL7=. PFAS FEHER (10 ng/mL) 1 mL % 10 mL &8 77 A28, HERETAX ) —/L—K(1+1) Z
Z%C PFAS fZEHE]Z (1 ng/mL) ZFH#LL7=.

(12) '3Cs-PFOS WHEHEJZ (50 pg/mL) : M8PFOS (Sodium perfluoro-1-['3Cs]-octanesulfonate 1.2 mL)
(WELLINGTON)

(13) '3Cs-PFOA WAZ #E3% (50 pg/mL) : MSPFOA (Perfluoro-n-['*Cs]-octanoic acid 1.2 mL)
(WELLINGTON)

(14) '3C3-PFHxS PAZ#E (50 pg/mL) : M3PFHxS (Sodium perfluoro-1-[1,2,3-13C;]-
hexanesulfonate 1.2 mL) (WELLINGTON)

(15) 'BCo-PFNA WHE #E#Z (50 pg/mL) : M9PFNA (Perfluoro-n-['3Cy]-nonanoic acid 1.2 mL)
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(WELLINGTON)

(16) 13Cs-PFOS WNAEHEK (1 ug/mL), *Cs-PFOA WAEEHE (1 pg/mL), 3C3-PFHxS PN ¥Eg (1
pg/mL) & T8 3Co-PFNA WAEHERL (1 pg/mL) @ 3Cs-PFOS WAEHEHK (50 pg/mL), *Cs-PFOA WAEYEK
(50 pg/mL), '3C3-PFHxS AR HEHK (50 pg/mL), '3Co-PFNA WEEYEWK (50 pg/mL) 4% 1 mL ZZ4E 4 50
mL £2ET7TAILY, ERFETAY ) — V%N 2T BCs-PFOS WHEYER (1 pg/mL), 3Cs-PFOA PNEE YR
(1 pg/mL), 3C3-PFHxS PAZ#ERK (1 pg/mL) }2 OY 13Co-PFNA WAZHEHZ (1 ng/mL) Z 3L 7=,

(17) BC-JRA NEEAEHE (200 ng/mL) : 3Cs-PFOS PAE#EJE (1 pg/mL), '3Cs-PFOA PN #E{E (1
ng/mL), ¥C;-PFHxS WAZ#EJX (1 pg/mL) M OF 3Co-PFNA WAZ#ENRL (1 pg/mL) 4 10 mL % 50 mL &2 &~
FTAT (ZEVIRAL, M ETAY ) — V&N Z T BC-IRA NIEHER (200 ng/mL) Z 3B L7=.

(18) BC-IRA WNEEYERR (20 ng/mL) : BC-IRA WNAEHERK (200 ng/mL) 2.5 mL % 25 mL & &7 7 A2|Z
LV, B ETAZ ) — )L — K (1+1) BN 2T BC-IR A& WAZER (20 ng/mL) Z 75U 7=,

(19) FrEMRAIRAEEMERL (0.1 ng/mL~50 ng/mL) : PFAS #E¥E#% (100 ng/mL) 1 mL, 2 mL &' 5
mL % 10 mL 287 7 AZERFERIZED, BCIRA WIEAERE (20 ng/mL) 1| mL ZZNZALUSINL, R E
TAY ) —)v— K (1+1) &N Z 7=. PFAS FE#E#% (10 ng/mL) 1 mL, 2 mL %' 5 mL % 10 mL &£ & 77 A2
(CEEPEAIC D, BC-TRA NAEYERE (20 ng/mL) 1 mL 2L, BERRETAY ) —/b— K (1+1) 2N Z 7.
PFAS #E#E% (1 ng/mL) 1 mL, 2 mL ' 5 mL % 10 mL 2877 A3 (ZEFEAIICED, BC-IR A NAZ HETK
(20 ng/mL) 1 mL ZZFNFNEHRML, R ETAZ ) —L—K (1+1) Z AT, A& EIC BRI 9 T2 5
L, AT AL,

(20) HrECEHEINA BC-IR A NEEHER (20 ng/mL) : BC-JR A PNEEHER (200 ng/mL) 10 mL % 100
mL BT FATEY, B ETAZ /— VA2 N2 THITREHRIA BC-IRA WEEHENR (20 ng/mL) Z 7 4
L7z,

(21)  #INENGERER H] PFAS #5457 (100 ng/mL), (10 ng/mL), (2 ng/mL), (1 ng/mL): PFAS £
#% (2000 ng/mL) O —iE T A& A% ) — /L CIEMELZ 20 F5 AL, BINENGAER H PFAS A5 ¥4 (100 ng/mL)
ZAHELUT-. WSONEIGRER ] PFAS B Y (100 ng/mL) O — & & & AKX /) — L CTIEMEIZ 10 {5 K& OV 50 512
TR, BNEILGRBR H PFAS A= %% (10 ng/mL, 2 ng/mL) Z 38 L7=. FANEIILEER H PFAS 2 ek
(10 ng/mL) D—E E&E AKX /— /L TIEREIZ 10 f5IZARL, @INEULH PFAS FEYERR (1 ng/mL) ZiH5L
7=.

4) HERERE

TGIEAEEL T O PFAS O34T 1%, IEEHEGERIE (2025) D 8.7.2) A S->F LAY -mERIEK I/ v~ T
THT NEREGHEICHEC THEIME L. RoHrETRIEN FTREZR 16 WE DD, 4R RS TY
72\ 14 ¥)’E (PFHXS, PENA, PFBS, PFPeS, PFHpS, PFNS, PFDS, PFBA, PFPeA, PFHxA, PFHpA,
PFDA, PFUdJA, PFDoA) IZ DWW TCH —RBREIC LD 2 Y MR A L7, 7ods, BF 3 AT 1k
ZHEFR LTZ PFOS & O PFOA IZHOWWTHHFE Tt i L 722825, EFT 14 WIS TLUARE OfE R
&I (4 16 WE) . WEEHEWE L1 C, 13Cs-PFOS, 13Cs-PFOA, '3C3-PFHXS } 08 13Co-PFNA O 4 '8
ZER L.

(1)

SIHTEREL 2 g & 1 mg OHTETIEAWED 50 mL AU H iz O (A) IS A, TR EHRINE BC-IRA
FEAENY (20 ng/mL) 1 mL 201272, (3¢) A% /—/L 15 mL K OEEE 0.1 mL 200z, B4 %% VT 20
Sy AL, 3300 7] 1700xg C 5 sy O BEL, A% 50 mL 7l A#ERE (B) 1B LIz, &5
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(2, (%) LA FOEMER 2 [HIfbRL, EEAKZLL ORERE B) ICAabEz. Al 0RERE (B) D HKETA
&)=z, fhike L.

(2) V=T

93 AA L AR~ — T — NP DT L T T =T K —A% ) —/L (1+100) K 5 mL, A%/ —/1LK) 5
mL M A% )— =K (1+1) 9 5 mL CINERVEELT-. 72, 7T 77 AN —Ro =N h T L% T AS
J—IL#) 5 mL CTUEF LT,

Fh R SmL % 15 mL 220 M ERBRE ICE0K SmL 22 TRAL, 3=.07] 1700 X g T 5 4y il LBkl 7=
%, LB EBEAL R~ — I — P T MIARML, WA TAFIO FICET 2 E T
7. AU ORBREEZAZ ) — L — K (+1) K 5 mL TUESL, TRiEERU T AK L. ZD%IT L%
AZ ) —/V#K) 5 mL T 2 [BEHL, IR FETAHD FiGlET2ETRSY . 7977 AM1—Rr—h
Vo7 D3 AF L REAR )~ —J1— Ny P AT LD FIEFEL, 7 E=T K — A% /—/1 (1+100) 2 mL
A, BCTAHID ESGICETHE TS, BN ENTARRE 2D — Ny BT LD FICEE, T
E=TK—AZ )=/ (14100) 4 mL &7 —K) P BT MIANZ T PFAS K OV WEEEW) B 2 s tH S 7.

LR A EE BRI NIIREMT T 0.5 mL D HEEETRML, /KK 0.4 mL 2012 CGREREIFH—T
ROIRATH, 2 1 mL © BREETKZMA CREVE IF Y — CTIRVIEY, 1.5 mL 8= OULEE I AT,
0 7) 10 000xg T 5y D BEL, BB ARz s IR S LT,

(3) Wk a~h T T7 8T DRV BT FHC L BHIE

BT R B ARV K OSEHA R 2 LC-MS/MS (ZHE AL, Table 2-1 OIE S ICHE> THIE L.
723, SyHT L7z PFAS 16 #'& (Table 2-2) 5%, PFOS, PFOA, PFHxS, PENA (34 NIZHEM E A AL,
PFOS, PFHxS LIAD2VR R R AL 3Cs-PFOS %, PFOA, PENA LIS D VR VB RAE A Wi
BCs-PFOA ZWARHEME LU T L7, @RS H H (MRM) 7~ 77 A%z 5Ril, € & HA4 D
—ZHEREEROT-. % PFAS ENIEEDH oY — A F L, MEHARESEERORELOER
T (1/x%) B B A YRR L CRUBHRIE T D45 PFAS D2 (ng/mL) 235K, {5IRIEE T D4 PFAS D
B (ug/kg) #H LTz, 2B 072D Wik OB E % Scheme 1-1 & Y Scheme 1-2 1277 L7=.
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Table 2-1 Operating conditions of LC-MS/MS
[LC conditions] SHIMADZU Nexera Series

Delay Column: Delay Column for PFAS (3.0 mm 1.D., 10 mm L)
Guard Column: InertSustain C18 (3.0 mm 1.D., 10 mm L, 3 um)
Column: InertSustain C18 HP (2.1 mm L.D., 150 mm L, 3 pm)

Mobile phase: A; 10 mmol/L. ammonium acetate solution — B; Acetonitrile
Gradient program: 0 min (20 %B) — 2 min (20 %B) — 15 min (100 %B) —
15.1 min (20 %B) — 20 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: Negative
Probe voltage: -1 kV

DL temperature: 200 °C

Heat block temperature: 300 °C

Interface temprature: 300 °C
Nebulizing gas flow: 3.0 L/min
Drying gas flow: 5.0 L/min

Heating gas flow: 15.0 L/min
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Table 2-2 MRM parameters for detection of PFAS

For determination For validation
Compound Prec(t;zjzo)r ion Pro(d;/c;)ion (}:3(;112:;? Prec(lrl;zo)r ion Pro(dnlj;:zt)ion (];Zuijigoyn
(eV) (eV)
B Cs-PFOS 506.8 80.0 51.0 506.8 99.0 45.0
3Cs-PFOA 420.9 172.0 17.0 421.1 376.0 11.0
C,-PFHxS 402.0 80.0 40.0 402.0 99.0 34.0
3Cy-PFNA 472.0 427.0 11.0 472.0 223.0 17.0
PFBS 299.0 80.0 39.0 299.0 99.0 30.0
PFPeS 349.0 80.0 38.0 349.0 99.0 31.0
PFHxS 399.0 80.0 48.0 399.0 99.0 35.0
PFHpS 448.9 80.0 52.0 448.9 98.9 40.0
PFOS 498.8 80.0 51.0 498.8 98.9 46.0
PFNS 549.0 80.0 62.0 549.0 99.0 45.0
PFDS 599.0 80.0 74.0 599.0 99.0 54.0
PFBA 213.0 169.0 10.0 — — —
PFPeA 263.0 219.0 8.0 — — —
PFHxA 313.0 269.0 8.0 313.0 119.0 19.0
PFHpA 363.0 319.0 10.0 363.0 169.0 17.0
PFOA 413.0 169.0 18.0 412.8 369.0 10.0
PFNA 463.0 419.0 11.0 463.0 219.0 16.0
PFDA 513.0 469.0 11.0 513.0 269.0 19.0
PFUJA 563.0 519.0 8.0 563.0 269.0 18.0

PFDoA 613.0 569.0 12.0 613.0 169.0 25.0
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Weigh to the order of 1 mg and put into a 50-mL PP centrifugal precipitate tube

2 lytical 1 .
g analytical sample with a screw cap (A)

« 1 mL of "C- mixed internal standard solution for adding analytical sample
(20 ng/mL each of Cy-PFOS, Cy-PFOA, C3-PFHxS and Cy-PFNA)

< 15 mL of methanol

< 0.1 mL of formic acid

| Ultra-sonication | Ultrasonic generator, 20 minutes
[
| Centrifugal separation | 1700xg, 5 minutes
I
| 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 methanol—
0.1 mL of formic acid—
| Ultra-sonication | Ultrasonic generator, 20 minutes
[
| Centrifugal separation | Centrifugal precipitate tube with a screw cap (A),
1700xg, 5 minutes
(Residue)
Add up
(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 PFAS in sludge fertilizers (Extract procedure)
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| Extract |

|
| Aliquot (5 mL) | Acceptor, 15-mL PP centrifugal precipitate tube with a screw cap

< 5 mL of water

| Mixing |
[

Centrifugal separation

(If solids are formed)
[

15-mL centrifugal precipitate tube with a screw cap, 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 centrifugal precipitate tube with a screw cap 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]

| 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

. . 1.5-mL ground-in stopper centrifugal precipitate tube,
Centrifugal separation 7500xg-10 000xg, 5 minutes
[

| Sample solution | Supernatant
|

| Measurement | Liquid Chromatograph/Tandem Mass spectrometer

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

5) BREARE
(1) LC-MS/MS OHIE GO fE

AERFEERER 15 (2025) DRNE SAEITHESTHHTL, WEEYE LU THZIZENML BC3-PFHxS &K
BCy-PFNA 22O\ Tl BC-IRA R HENRR (200 ng/mL) & W CTE=F —A 40l & St D ik 2 £
fEL7z. F7o, s R A HERR (20 ng/mL) K& ORREHR K (B IEIEEL 122\ T, 2. 4) (3) IZHE>THI
ELCELNT /e~ N T LE R,

(2) A OEBRMEDOMHER
TR AERER (B4 PFAS 16 WE %45 0.1 ng/mL~50 ng/mL &4, '3Cs-PFOS, 1308-
PFOA, '3C3-PFHxXS M O 3Co-PFNA %45 2 ng/mL & ) 12O\ 2 [BHIEL, % PFAS EWNEEUEY)E D
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—JHER A KRD, % PFAS ORE N OSSR I-E— 7 EE L O EAA T (1/x2) B EHRAERL, 0Bl
OLRE, (5K R EFR B AT RE LTz

(3) HEEE DR (Fn[E IR )
BE AT 2720, (HUAEEE (FEIEEBE: LIRTGIE) ICZNZE AL 1 ng/ke, 5 pgkg, 50 pg/keg fHYS EDOIR
INENERER Fl PFAS AZERR 2 I L7230k 2 T 3 s M T CIRINBINGR B 2 5266 L 7.

(4) K5 DFHAM

OFH TR S OV RS B A BRI 9572, (G IRiEEE 2 S (B FAKREE, LEHIR) ICENTI S
ng/kg, 50 png/kg Y EOTMENLERERH PFAS AR A MU Z AW, 2 ROMTCHAEZX TS
[ s I [ G % 9t L 7=

(5) E&E NREFOHEE

ER FRE OB FROHEEZIT 7. 4 PFAS Of B A YR O fc/MEEEIX 0.1 ng/mL (5T
B4 0.5 pg/kg FA4 &) THY, WD SN b 10 2B 2 T2, ZOZEND, HIRIEE (FFE: LR
{GIE) 12 0.5 pg/kg FH 4 B ORMENLEER H PFAS FEHER Z RN L 75kt & VT 7 s T CcatrL, Of
ITERBR D} OGRBHAT D SN EbaFEICLC, TR FRE UK FTIREZHEE L.

3. HBRRUER

1) LC-MS/MS i &4 D&kt
B b U7 E S &2 VT, B R B AR IR (20 ng/mL) & OFUBHA TR (G UEAEER) 12D\,
2. 4)(3) It TREL D=7~ L% Figure 1-1 & O Figure 1-2 (27K L7=. PFHXS OB —27 D
RFFEIER 10.2 25T, BBHATRIZE £ T2 PFHXS D43 I BV DY — 2% 45 B T&7-. PENA ®
B — 7 O FFRER I 10.5 53 T, BEHRIRIZE £ TV 2 PENA O3 I BAIE(ROE — 2 % /3B C&i=. &
7z, PFHxS, PFNA LA+ ®D PFAS 14 ME DO 6, I IR DY — 7% KD 8 WEIZ DUV Th aUBHE IR
Doy BAMEAR DY — 7 % 53 CE 72 (Figure 1-3) .

2) REROERM

R B IR G BRI ORI E RS DD, 4 PFAS IR EE K UV PFAS EINEEMEM B LD — /7 H L O &
AT (1/x2) B @A R L, 2o BERXORE, FEIKE K OV EREA Table 3 IZ77L7-. PFAS 16
WE O EMRDO /T A—21F, VTG EEERBUEN B E AP IORSNTOD L L T\ e, &
#£L LT, PFHxS X% PFNA DS L — 7 m gt Ok B fi % Figure 2-1 K ¥ Figure 2-2 (2T LEHURL
7-.
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Figure 1-3 Example of MRM chromatogram of sample solution in which branched isomers are detected
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Table 3 Calibration curve

Compound Range Internal Linear equation” Confidence interval of a Coefficient of
(ng/mL) standard® Inclination 5 Intercept a Lower limit ~ Upper limit determination® >
PFBS 0.1-50 3Ce-PFOS 0.551 0.002 -0.012 0.016 0.997
PFPeS 0.1-50 B3 Ce-PFOS 0.625 0.008 -0.011 0.027 0.995
PFHxS 0.1-50 3C,-PFHXS 0.426 -0.005 -0.024 0.014 0.990
PFHpS 0.1-50 3 C-PFOS 0.412 -0.003 -0.015 0.009 0.996
PFOS 0.1-50 13C¢-PFOS 0.528 0.004 -0.010 0.017 0.997
PFNS 0.1-50 3Ce-PFOS 0.573 -0.002 -0.017 0.013 0.997
PFDS 0.1-50 3 Ce-PFOS 0.561 -0.005 -0.021 0.010 0.996
PFBA 0.1-50 B C4-PFOA 0.442 -0.001 -0.011 0.009 0.997
PFPeA 0.1-50 B Cg-PFOA 0.642 -0.004 -0.013 0.005 0.999
PFHxA 0.1-50 B3Cs-PFOA 1.057 0.000 -0.023 0.023 0.998
PFHpA 0.1-50 B3 Ce-PFOA 0.932 -0.003 -0.021 0.015 0.998
PFOA 0.1-50 B3 Ce-PFOA 0.739 0.002 -0.009 0.013 0.999
PFNA 0.1-50 3Cy-PFNA 0.289 0.001 -0.004 0.006 0.999
PFDA 0.1-50 3 Cy-PFOA 0.449 -0.003 -0.010 0.004 0.999
PFUdA 0.1-50 B3Ce-PFOA 0.391 0.001 -0.011 0.013 0.995
PFDoA 0.1-50 3C4-PFOA 0.466 -0.004 -0.023 0.014 0.992

a) Calibration standard solution contains 2 ng/mL "C-labeled mixed internal standard (PFOS, PFOA, PFHxS and PFNA)
b) Linear equation y=bx+a
¢) 95% confidence interval

d) Recommended criteria shown in Testing Methods for Fertilizers (2025) Annex A (lower limit =< 0 =< upper limit)

e) Coefficient of determination usable as calibration curve shown in Testing Methods for Fertilizers (2025) Annex A (r2 >=(.99)

25 ¢ 15 - X
~— >< ~
E 20 < ; 12
= L[_‘ |
S =
E 15 + = 9 -
&
[T
=4 2
g 10 & 6
ﬁ 4]
= L
] @
= 4
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0 “ | | | | ] 0 1 | 1 | ]
0 10 20 30 40 50 0 10 20 30 40 50
Concentration (ng/mL) Concenfration (ng/mL)

Figure 2-1 Calibration curve of PFHxS Figure 2-2 Calibration curve of PFNA
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3) FMEURRERICKSREE O

B ZFHM 95720, {GIRAEEL (T LIRTBTE) IZZEEAL 1 ug/kg, 5 ng/kg, 50 ngkg FHY EDOR
HNEIERER F PFAS A5 ¥ 2 RN U 7= 3R 2 T 3 SOH T CHlNEI R BR &2 e L7-. 3 SO T 0T
DL EZ R, ZOEDREEMEIC T 5EF| & 2RO TEEZFANL, ZDH#E K% Table 4-1 KT 4-2 1T
JRL7-. PFAS 16 M D5, PFDoA ZFR< 15 W IZHOWT, sEH T OFRIMNIEE 1 pg/kg~50 pg/kg D
PHCOEMLRIL 70.1 %~100.5 %L ERBRIEN B S A ICHEO BIEELL TURSNTWD RN RO §
PN ToH o7z, LiL, PFDoA OFEFHOIRINEE 1 ng/kg~50 pg/kg OFRIPHICIIT HIEIEIL 57.7 %~
60.5 % THY, BIEEMT-S203 7127280, IO HIZMA L.

Table 4-1 Result of recovery test (Sulfonic acid)

Compound Concentration® Mean"” Recovery rate® Criteria?
(ng/kg) (ng/kg) (%) (%)

PFBS 1 0.87 87.5 60-125
5 4.20 83.9 60-125
50 41.4 82.9 70-120
PFPeS 1 0.96 95.6 60-125
5 4.54 90.8 60-125
50 40.1 80.3 70-120
PFHxS 1 0.93 93.1 60-125
5 4.59 91.9 60-125
50 43.3 86.5 70-120
PFHpS 1 0.94 93.6 60-125
5 4.50 90.1 60-125
50 41.6 83.1 70-120
PFOS 1 0.89 88.8 60-125
5 4.33 86.7 60-125
50 41.2 82.4 70-120
PFNS 1 0.88 87.7 60-125
5 4.51 90.2 60-125
50 39.1 78.2 70-120
PFDS 1 0.72 71.8 60-125
5 3.96 79.2 60-125
50 35.1 70.1 70-120

a) The concentration of PFASs in the spiked sample
b) Mean value (n=3)
¢) Recovery rate (%) = b/a*100

d) Tolerance range of recovery rate as the target of trueness shown in Testing Methods for Fertilizers (2025) Annex A
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Table 4-2 Result of recovery test (Calboxylic acid)

Compound Concentration® Mean” Recovery rate® Criteria?
(ng/kg) (ng/kg) (%) (%)

PFBA 1 0.97 97.3 60-125
5 4.45 89.0 60-125
50 423 84.6 70-120
PFPeA 1 0.90 90.1 60-125
5 4.32 86.3 60-125
50 42.0 84.1 70-120
PFHxA 1 0.98 97.7 60-125
5 4.42 88.4 60-125
50 42.9 85.7 70-120
PFHpA 1 1.01 100.5 60-125
5 4.45 89.0 60-125
50 42.7 85.4 70-120
PFOA 1 0.89 88.5 60-125
5 4.48 89.7 60-125
50 43.3 86.6 70-120
PFNA 1 0.99 99.3 60-125
5 4.49 89.8 60-125
50 42.5 85.0 70-120
PFDA 1 0.91 91.5 60-125
5 4.07 81.4 60-125
50 40.4 80.8 70-120
PFUdA 1 0.76 76.5 60-125
5 3.69 73.8 60-125
50 36.8 73.6 70-120
PFDoA 1 0.58 58.2 60-125
5 2.88 57.7 60-125
50 30.2 60.5 70-120

a) The concentration of PFASs in the spiked sample
b) Mean value (n=3)
¢) Recovery rate (%) = b/a*100

d) Tolerance range of recovery rate as the target of trueness shown in Testing Methods for Fertilizers (2025) Annex A

4) HMEUNHRICKLIPHEBERVHTHREDORE

DFTRE BE B OV VRS FE A e iR 9~ B 7200, TR IRIEEE 2 A (FEFCRE: TR, TEBR) ICEnTh S
ng/kg, 50 pg/kg A2 EOBMENEERH PFAS FEERAZ RN Z W, 2 OMTCHEZZ TS
o], FANEU R BR A £ i 7=, T O H% Table 5-1 KON 5-2 12, —ToELE S BT IC L > TEBZOF
ITHGE L OV [BRE 2% Table 6 (2R L7e. V5 UEAEENH O PFHXS OFEIEIE 4.99 pg/kg K TN 47.8 pg/ke,
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DHTHSEE (RSD,) 13 5.0 %M T8 3.3 %, RS E (RSDiry) 1% 6.2 %M T8 3.6 % Th->7-. PENA Ol I%
5.20pg/kg O 50.0 pg/kg, DFATHEEE (RSD)1E 3.4 %M O 0.8 %, HHIKEEE (RSDyr) 1% 3.4 %K TN 1.7 %
TohoT=. HHTL7Z PFAS 15 W& _XTT, WTNOKED IEEHERBRIEHEE A IORSN TR E
DFRFFHLUNTH -7, 7ok, FIUEENLHEESNIZEE TN Thob & BAEFHN TH -7,

Table 5-1 Individual result of repeatability test on different days for precision evaluation (Sulfonic acid)  (pg/kg)

Studge fertilizer Test days
Compound
sample 1 2 3 4 5
5.18 4.92 4.62 5.04 4.89
Sewage sludge 4.90 4.76 4.11 4.70 4.44
PFBS : . . . .
. 45.3 44.9 42.5 42.4 40.7
Industrial sludge
43.0 46.7 43.7 41.9 42.3
5.50 5.53 4.78 5.08 4.93
Sewage sludge 5.52 5.18 4.13 5.06 4.34
PFPeS . . . : .
. 47.4 45.6 43.6 443 43.1
Industrial sludge
47.7 46.3 43.8 44.9 44.1
4.45 5.13 5.09 5.16 5.19
Sewage sludge 4.79 4.89 5.36 5.29 4.57
PFHxS . - . - .
. 47.5 49.4 48.0 47.5 46.2
Industrial sludge
43.9 49.0 49.2 48.2 49.3
5.16 5.31 5.11 5.28 4.71
Sewage sludge
5.39 4.95 4.61 4.86 4.93
PFHpS
. 48.6 46.2 44.5 47.3 46.0
Industrial sludge
46.2 49.7 443 49.1 47.3
5.36 4.96 5.22 5.15 4.82
Sewage sludge 5.57 4.87 4.84 4.98 4.66
PFOS ) . . . )
. 47.7 46.1 45.5 46.0 44.4
Industrial sludge
46.0 47.6 45.9 47.2 46.7
4.80 4.52 4.54 4.77 4.60
Sewage sludge 4.93 4.46 5.14 4.67 4.38
PFNS ) . . . )
. 44.6 43.1 42.6 45.2 42.2
Industrial sludge
43.0 42.8 43.4 45.3 45.8
3.95 3.89 4.39 4.16 4.24
Sewage sludge 4.85 4.14 4.99 4.37 4.18
PFDS ) . . . .
42.5 35.7 423 41.5 37.7

Industrial sludge
39.0 36.6 39.7 41.5 42.5
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Table 5-2 Individual result of repeatability test on different days for precision evaluation (Calboxylic acid) — (ug/kg)
Sludge fertilizer Test days
Compound
sample 1 2 3 4 5
5.49 5.25 4.90 5.33 4.89
Sewage sludge 5.61 5.17 4.59 5.00 5.14
PEBA . . . . .
. 49.7 48.7 46.5 44.9 44.4
Industrial sludge
46.5 48.3 43.9 46.6 45.1
5.31 5.37 5.00 5.36 4.95
Sewage sludge 5.27 5.27 4.74 5.10 5.13
PFPeA . . : - -
. 47.6 49.0 45.9 44.9 45.2
Industrial sludge
44.4 49.4 443 46.2 45.6
5.60 5.70 5.37 5.58 5.24
Sewage sludge 5.67 5.48 5.01 5.28 5.45
PFHxA . . . . .
. 50.8 49.7 47.4 46.9 46.7
Industrial sludge
47.5 50.3 44.8 48.4 46.6
5.52 5.32 5.07 5.29 4.96
Sewage sludge 5.74 5.19 4.81 5.17 5.11
PFHpA . . . . .
. 51.8 49.9 47.7 47.3 47.3
Industrial sludge
48.6 49.8 46.0 48.1 47.7
5.37 5.47 5.02 5.38 5.13
Sewage sludge 5.47 5.40 5.02 5.19 5.18
PFOA . . . . .
. 50.7 50.2 49.2 48.5 48.1
Industrial sludge
48.7 49.5 46.2 49.0 48.8
5.04 5.06 5.34 5.33 5.28
Sewage sludge 5.30 5.33 5.05 5.05 5.20
PENA . . . . .
. 51.6 50.0 49.5 50.2 49.8
Industrial sludge
50.8 49.7 48.5 50.3 49.9
4.71 4.32 4.76 4.71 4.72
Sewage sludge 5.04 4.43 5.20 4.77 4.96
PEDA . . . . .
. 45.9 43.4 46.8 44.5 44.8
Industrial sludge
42.6 43.9 44.4 47.8 47.3
4.12 3.59 4.26 4.21 4.17
Sewage sludge 4.47 3.94 5.26 4.17 4.54
PFUdA - - - : -
. 41.6 36.9 441 42.6 39.9
Industrial sludge
39.2 37.1 38.6 43.3 43.8
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Table 6 Statistical analysis of replicate test results for precision evaluation

a) Repearability precision Intermediate precision
Shudge fertilizer Mean P yP P
Compound sample m s, RSD © CRSD,* g I(T)C) RSD I(T)ﬂ CRSD lmg)
(nghkg)  (ng/kg) (%) (%) (ng/kg) (%) (%)
Sewage sludge  4.76 0.26 5.5 11 0.32 6.7 18
PFBS
Industrial sludge ~ 43.3 1.1 2.6 11 1.9 4.3 18
Sewage sludge  5.01 0.30 6.0 11 0.50 10.0 18
PFPeS
Industrial sludge  45.1 0.43 0.9 11 1.7 3.8 18
Sewage sludge  4.99 0.25 5.0 11 0.31 6.2 18
PFHxS
Industrial studge ~ 47.8 1.6 3.3 11 1.7 3.6 18
Sewage sludge  5.03 0.26 5.1 11 0.26 5.2 18
PFHpS
Industrial sudge ~ 46.9 1.5 3.2 11 1.9 4.0 18
Sewage sludge  5.04 0.16 3.1 11 0.29 5.8 18
PFOS
Industrial sludge  46.3 1.1 2.4 11 1.1 2.4 18
Sewage sludge  4.68 0.21 4.5 11 0.24 5.1 18
PENS
Industrial sludge ~ 43.8 1.3 3.0 11 1.3 3.0 18
Sewage sludge  4.32 0.36 8.3 11 0.36 8.3 18
PFDS
Industrial sludge ~ 39.9 2.1 5.2 11 2.6 6.5 18
Sewage sludge  5.14 0.17 33 11 0.32 6.2 18
PFBA
Industrial sludge ~ 46.5 1.5 3.1 11 2.0 43 18
Sewage sludge  5.15 0.13 2.6 11 0.21 4.1 18
PFPeA
Industrial sludge ~ 46.3 1.2 2.6 11 1.9 4.1 18
Sewage sludge  5.44 0.18 33 11 0.22 4.1 18
PFHxA
Industrial sludge ~ 47.9 1.4 3.0 11 1.9 4.0 18
Sewage sludge  5.22 0.13 2.5 11 0.28 5.4 18
PFHpA
Industrial sludge ~ 48.4 1.2 2.5 11 1.7 3.6 18
Sewage sludge  5.26 0.075 1.4 11 0.18 35 18
PFOA
Industrial sludge  48.9 1.2 2.4 11 1.2 2.5 18
Sewage sludge  5.20 0.18 3.4 11 0.18 3.4 18
PENA
Industrial sludge  50.0 0.41 0.8 11 0.85 1.7 18
Sewage sludge  4.76 0.19 4.1 11 0.27 5.7 18
PFDA
Industrial sludge ~ 45.1 1.8 4.1 11 1.8 4.1 18
Sewage sludge  4.27 0.37 8.7 11 0.44 10.4 18
PFUdA
Industrial sludge ~ 40.7 23 5.5 11 2.8 6.8 18

a) Total mean value (number of test days (5) x number of replication (2))
b) Repeatability standard deviation

¢) Repeatability relative standard deviation

d) The tolerance criteria* of the repeatability precision

e) Intermedicate standard deviation

f) Intermedicate relative standard deviation

g) The criteria* of the intermediate precision

* The criterias shown in Testing Methods for Fertilizers (2025) Annex A
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5) EETREDHTE

PFAS 15 W& O &M A ER O /MBI 0.1 ng/mL (AT B 45 0.5 ng/kg F124 &) THY, »
FALD SN b 10 Z#E R Tz, ZOZED, IEEHERBENEE A O FNHICE> TEE FTIRELHEE
T AT, (HIRAEE (IR LIRTETR) 1T 0.5 pg/kg FH 24 B O RIMNEIL SR PFAS HEHEE 2 ¥R T
7 ROHTCTONTL, OHTRBR O R & OFEHAIR D SN b 3L T, PFAS 1S WEIZ W TENZEIE
B NBR K O Y N BRZHEE L7z (Table 7). £ DfESR, Table 7 (2773 PFAS 15 MEOE & FIRIT 0.2
ngkg~0.9 pg/kg LHEESN, £DHH, PFHXS DOE R FIRIT 0.6 ng/kg #2EE, PFNA OE = FRIT 0.3
ng/kg FRJELHEE SN

Table 7 Result of estimation of the minimum limit of quantification

Replicate test” SN ratio® Estimation
Compound Concentration” Mean”?  s5,Y Recovery LOQY LOD’ LOQ  LOD of LOQ
(ng/kg) (ng/kg) (ngkg) (%)  (pgkg) (pghkg) (ngkg) (ngkg)  (ngkg)
PFBS 0.5 0.47 0.020 93.8 0.3 0.08 0.5 0.2 0.5
PFPeS 0.5 0.54 0.036 107.7 0.4 0.2 0.9 0.3 0.9
PFHxS 0.5 0.61 0.053 122.2 0.6 0.3 0.4 0.2 0.6
PFHpS 0.5 0.51 0.036 102.1 0.4 0.2 0.5 0.2 0.5
PFOS 0.5 0.48 0.039 95.7 0.4 0.2 0.5 0.2 0.5%
PFNS 0.5 0.43 0.041 86.9 0.5 0.2 0.5 0.2 0.5
PFDS 0.5 0.43 0.070 85.5 0.7 0.3 0.5 0.2 0.7
PFBA 0.5 0.60 0.020 120.3 0.2 0.08 0.6 0.2 0.6
PFPeA 0.5 0.54 0.019 108.0 0.2 0.08 0.2 0.06 0.2
PFHxA 0.5 0.61 0.016 123.0 0.2 0.07 0.2 0.04 0.2
PFHpA 0.5 0.59 0.025 118.8 0.3 0.1 0.2 0.04 0.3
PFOA 0.5 0.58 0.034 116.9 0.4 0.2 0.2 0.04 0.4M
PFNA 0.5 0.55 0.024 110.6 0.3 0.1 0.2 0.05 0.3
PFDA 0.5 0.54 0.008 107.1 0.08 0.03 0.2 0.04 0.2
PFUdA 0.5 0.45 0.017 89.3 0.2 0.07 0.3 0.08 0.3

a) The Procedure shown in Testing Methods for Fertilizers (2025) Annex A
b) The concentration of PFAS in the spiked sample

¢) Mean value (n=7)

d) Repeatability standard deviation

e) Minimum limit of quantitation

f) Minimum limit of detection

g) Estimated LOQ of PFOS in 2021 was 0.5 pg/kg

h) Estimated LOQ of PFOA in 2021 was 0.5 pg/kg
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4. FE&&H

AEEHE R 1% (2025) O 8.7.2) A SoHB L EW-mHIRIK I 0~ T 7827 NE B ATk CRIE AT
HE7R PFAS 16 ME DG, SHTiED 2 G MR HERR SV TR 14 WE (PFHXS, PENA, PFBS, PFPeS,
PFHpS, PFNS, PFDS, PFBA, PFPeA, PFHxA, PFHpA, PFDA, PFUJA, PFDoA) (DWW CTH —iBR =R (T
LU VERER A I L 72L 25, PFDoA ZFR< 13 MEIZHWT, IROEBVGHTELL TH a7k s f
LCWDZ e MR LTz, £, B 3 T Y MEZ MR LT PFOS & U PFOA IOV THHFE Tt &
FhaL, B TiEN+ 072U E AL QDA D CThER L.

(1) BB NEEHEYE (13C3-PFHXS & OY 3Co-PENA) b 800 CHIlE S 2 i b Lz, 7a~hs
T L% L, PFHXS, PENA L OML 14 W O —27 D438, I Tl BMEARZ R (LB W1 350l BAER
DE—0% M CE LI AR LT,

(2) WEMR TR AR (ST D PFAS 16 WE %4 0.1 ng/mL~50 ng/mL & 4, 13Cs-PFOS, 13Cs-
PFOA, 3C3-PFHxS 2 O* BCo-PFNA %45 2 ng/mL & A) 122\ T 2 [BHIEL, 4 PFAS & & ENIEHEY)E

2R — 7 HAE I DWW T — R ER A & O TR ERZER L 72, BUFEO 8] 0 95 %15 fEH X [H]
W (0) A& EN, EREK 13 0.990~0.999 THY, HEMRO BRI 2R L.

(3) {HURNEEME RO TIRINEINERER (2 KD B 23l L 7275 2%, PFHxS, PEFNA K& UMt 13 %' (PFDoA %
FROIZEBNT, B 1 ng/kg~50 pg/kg O LG TEIXERIL 70.1 %~100.5 %THY, W T HbiL
BHERBRIEEE A ICEEDOBELL ORI TWDRIIRO N CTHh-o7-. 7233, PFDoA 120D H
b [ VARV b)) (IEIHMP 57.7 %~60.5 %), LAEDORET DRI LT,

(4) DHTHEEE R OVP RIS FE AR EAI 35720012, 2 FEOGRIEEZ FIVC2 IBE 2 AT CTREE X
TS5 [EHTLIZ#E S, PFHXS, PENA J OMit 13 W E OO TR EE (RSD,) 13.0.8 %~8.7 %, k5 EE (RSDy1))
13 1.7 %~10.4 % THY, WTNHIEEERBRIEM BT A IORSIVTODREE DA LLN Th -7z,

(5) HFEHTIEIZEWT, PFHXS & O PFNA OE & FRITZNZEI 0.6 ngkg F2E, 0.3 ngkg f2E, Z
LCHL 13 P 0 E £ TR 0.2 pg/kg~0.9 ng/kg FEHE L HEE ST,

X ®

1) RIEAREERREEY- -V A7/ PFOS & A BEIEW O WLBRIZ B 3~ 2 87 i B i 3 1
1~2 (2011)
< https://www.env.go.jp/recycle/misc/pfos/tptc.pdf >
2)  MUSTATBOE NGRS A A ST S AR A, R pE Sl LG E S R W R, SRR B R R
TR AR R 3 A FA L P M E 2 axt R = . WS AT MEOVATFAN, ~NTNdut s
4% (PFOA), 7~9 (2020)
< https://www.nite.go.jp/chem/risk/products_risk-PFOA_jp_full.pdf >
3) ER¥E4H: PFOS, PFOA IZE89°% Q&A 4£ (2024 4F 8 A FEAL), 1~5(2024)
4) BREHRERBREYAZMNE  (LFEWE ORI AZIHE % 6 &, [19] VT A ud sz 2
AWK OO, 2~3 (2008)
< https://www.env.go.jp/chemi/report/h19-03/pdf/chpt1/1-2-2-19.pdf >
5) BREEHREIRBRIBYAZ G (LW EORBEVAZEHE 5 9 &, [12] TV Aut s 2 g
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KOO, 2~3 (2011)
< https://www.env.go.jp/chemi/report/h23-01/pdf/chpt1/1-2-2-12.pdf >
6) RWEPEFEAE: POPs 54 < https://www.meti.go.jp/policy/chemical _management/int/pops.html >
7) PRSEATEGE N SR E A R AR A . (LRIE T — AN — A (O | HRRE(L TR
< https://www.nite.go.jp/chem/jcheck/list6.action?category=211&request_locale=ja >
8) BRIEA: FREMEAMIGYMEICRE T AN IR LG (POPs 5:00) Xt Gl B A AL 55 15 25 — FlL s
EALFWE IR ETHILICOWNT M 7 £EE 3 BEERRFEREC A E L SR mE
Es BWED
< https://www.env.go.jp/content/000323032.pdf >
9) MMSZATHUIE NFEMOKEETE B 22 R A2 2 — (FAMIC) : LB ER % (2025), 771~783
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2025.pdf >
10) RAOKEES : N6 [E PE 2 F5 K PEM O PFAS &A1 FEREFH A DO RICTHONT
< https://www.maff.go.jp/j/syouan/seisaku/PFAS/attach/pdf/index-8.pdf >
11) BH#R, MEERT, Ko HFESoFZLamoohr, BEFEH S, 15, 87~107
(2022)
< http://www.famic.go.jp/ffis/fert/rrf/obj/rrf15-07.pdf >
12) MNAATEOE NRMOKEH R 22z 22— (FAMIC) :  JEEHERERE (2025) iR H A
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Development of Determination Method for PFAS 13 Compounds including PFHxS and
PFNA in Sludge Fertilizer
using Liquid Chromatograph/Tandem Mass Spectrometer (LC-MS/MS)
— Single Laboratory Validation —

MANABE Noriko! and HASHIMOTO Yoshimi?

"Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
(Now) Nagoya Regional Center
2 FAMIC, Fertilizer and Feed Inspection Department

Using the analytical method for PFOS and PFOA in sludge fertilizer developed in 2021, we valided the
determination of PFHxS, PFNA and 11 other PFAS compounds in sludge fertilizer.

We prepared 3 sludge fertilizer samples containing 1 pug/kg, 5 ng/kg, and 50 pg/kg of each PFAS compound,
respectively. The results of triplicate analyses showed that the recovery rate as the target of trueness ranged
from 70.1% - 100.5%. We conducted a five-day duplicate analysis using 2 sludge fertilizer samples prepared
to contain 5 pg/kg and 50 pg/kg of PFAS compounds in spiked sample, respectively. The mean values, relative
standard deviation of repeatability (RSD;), and relative standard deviation of intermediate (RSDyt)) were 4.27
pg/kg - 50.0 pg/kg, 0.8 % - 8.7 %, 1.7 % - 10.4 %. The lower limits of quantification for these PFAS
compounds were estimated 0.2 pg/kg — 0.9 ng/kg.

These results indicated that this analytical method was valid for the determination of PFHxS, PFNA, and

other PFAS compounds in sludge fertilizer.
Key words PFAS, PFHxS, PFNA, sludge fertilizer, LC-MS/MS
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