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Figure 1-1  Structural formula of PFOS
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2. MHRUVAZE

1) AHORERUVAR

TGIREL 37 A CRATGIEIEEL 3 4, URTGIEIERL 6 48, T3EVHTRANEL 4 5, BERGTRIEEL 1 & 5
TRFEBEIEEL 23 20 2B S i L, TNEH 40 °C THY 70 BRI LI-#, 22l D ek (Retsch
ZM 200) T 500 pm DO AZY— @il T 5FE TR, IRA L Tott HalE 2 U 7-. /ot HEEHE, AV
TF L BUZ AN T A CTHIAL, B BYCElET, IR CHRAFL:Z.

2) EERUHRE

() W7 e< s Z77207 MR B3 HTEE (LC-MS/MS) : SHIMADZU LCMS-8045

(2) 57BEM 172 GL-Sciences InertSustain C18 (48 2.1 mm, £ 150 mm, F7£E 3 pm)

(3) JI—K#Z2L: GL-Sciences Cartridge Guard Column E Inertsil ODS-SP (N 4% 3.0 mm, £ & 10 mm,
g 3 pm)

(4) T4V AJ7 2. GL-Sciences Delay Column for PFAS (%€ 3.0 mm, £ & 10 mm)

(5) HEWREALR: Yamato 8510

(6) LB : KUBOTA 7 —7 /L hy 7 i L 4000

(7) im0y BERE: AS ONE MCD-2000

(8) BHfEAA L AR ~—H—K)v T GL-Sciences InertSep MA-2 500 mg/6 mL, Waters
Oasis WAX 6 cc (500 mg)

(9) 7I777ANI—R>F1—R)>» BT A GL-Sciences InertSep Slim GC 400 mg

(10) ~¥=A—/LR: GL-Sciences, WATERS

(11) JfEgsE: GL-Sciences ZEFHZM X1/l =vh

(12) HBAEIFH—: ASONE #HEREIF ¥ —TRIO TM-2N

(13) BEREfH&# B GL-Sciences GL-SPE & 0.5 mL&1.0 mL AA,/7 mL

(14) FEAERRA AL D4 Labcon AU mE L U BEIEE 15 mL AZ LT —2 A

(15) LC /A7 /b: WATERS U7 RELUHALT L (300 pl), €7 ¥ ALAFY =F Lol
A%y

(16) RAUV7 L Hil AR : GL-Sciences DigiTUBEs 50 mL, GL-Sciences DigiTUBEs 15
mL

(17) RV7erL o S3eE OB E : 7 1.5mL 7)oy /% vy T Fa—T FFaTL

(18) /SAY— LB Xyb: CORNING ()T WA T AR SAY — /L'y (146 mm), CORNING
I ED R T AR R A — L~y k(229 mm)

3) HE

(1) /K: HFiKRELEE (MILLIPORE . Milli-Q Integral 5) & W TR HRIL 7285tk (FEHEHTIE 18
MQcem LA b)) Z AL, JISK 0557 ([ZHE TS A4 DK

(2) A=) FREEHE-PCB BB H (5000 f5RAE) (& L7 AL LFkfliK)

(3) A /— v (B HVEHEH) : JIS K 8891 Hrkil 3k (& L7 A /L AFnE i)

(4) 7Eb=FLGREER ) : LC-MS BRI (F 7 A AFEHtigk)

(5) 7rE=7K: JISK 8085 HrfkatdE (Y= B (NH3) H 857 28 %) (B L7 AL AFeiis)
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(6) =We: JIS K 8264 Frkalsk (B (HCOOH) & #4728 98 % LA ) (B L)

(7) EERET o E=U AR (1 mol/L) : iRk o~ 777 FHREE (8 L7 AL A Ffisk)

(8) MEBAT > =0 A& (10 mmol/L) : FEEET > =7 APAHE (1 mol/L) 27K T 100 fFIZA R L7=.

(9) PFOS fZE#Ej% (50 ug/mL) : L-PFOS (Sodium perfluoro-1-octanesulfonate 1.2 mL)
(WELLINGTON)

(10) PFOA fZ¥#Ej% (50 pg/mL) : PFOA (Perfluoro-n-octanoic acid 1.2 mL) (WELLINGTON)

(11) PFOS fE¥E# (1 pg/mL) & OF PFOA FEHE#E (1 pg/mL) : PFOS #F4EH# (50 pg/mL) 1 mL KO}
PFOA fE#E)Z (50 pg/mL) 1 mL #FNENEE 7T A2 50 mL ([ZEY, R ETAY /— /L% 2T PFOS
HEHEWR (1 pg/mL) & O PFOA FE#EWK (1 png/mL) Z 3R L 7=,

(12) BB HEHERL (100 ng/mL), (10 ng/mL) X O*(1 ng/mL) : PFOS #E#E{#% (1 pg/mL)5 mL KT
PFOA HE#E{% (1 pg/mL) S mL Z2 & 77 A2 50 mL ([ZEVIRAL, EHRETAY / —L—K(1+1) &%
TRAEYER (100 ng/mL) 2R R 7=, IRAGIEHERL (100 ng/mL) 1| mL #4877 A2 10 mL (2&0), 1R
FTAZ ) —)L—K(1+1) B2 TR ARG (10 ng/mL) 278 L 7-. JRAFEHERE (10 ng/mL) 1 mL 24 &
T7F7A 10 mL 280, fZERRETAZ ) —/L— K (1+1) N2 THEAEEHER (1 ng/mL) Z 77 B L7=.

(13) '3C4-PFOS WAZEHEHZ (50 pg/mL) : MPFOS (Sodium perfluoro-1-[1,2,3,4-1*C4]-octanesulfonate
1.2 mL) (WELLINGTON)

(14) '3Cs-PFOS WAEHEWK (50 pg/mL) : M8PFOS (Sodium perfluoro-1-['3Cs]-octanesulfonate 1.2 mL)
(WELLINGTON)

(15) 'BC4-PFOA PAZEHEWL (50 pg/mL) : MPFOA (Perfluoro-n-[1,2,3,4-13C4]-octanoic acid 1.2 mL)
(WELLINGTON)

(16) 1'3Cs-PFOA WAE#EHE (50 pg/mL) : MSPFOA (Perfluoro-n-['*Cs]-octanoic acid 1.2 mL)
(WELLINGTON)

(17) '3C4PFOS WAZE#EJZ (1 pg/mL), *Cs-PFOS WAZE#EHE (1 pg/mL), 3C4-PFOA PNAZ HEL (1
pg/mL) & TY BCs-PFOA PAEHEHRK (1 pg/mL) @ 3C4-PFOS WAEHEWK (50 pg/mL) 1 mL, *Cs-PFOS AR
#E9% (50 pg/mL) 1 mL, 3C4-PFOA WAZHENR (50 pg/mL) 1 mL K OF 13Cs-PFOA WEE K (50 ng/mL) 1
mL #ZNZENEETTAT 50 mL 128D, HERRETAY /) — /L& Z T B3Cs-PFOS WAZHER (1 pg/mL),
13Cs-PFOS WAEYEWR (1 pg/mL), *C4-PFOA WAEYEWK (1 pg/mL) J OF 3Cs-PFOA WAEHEHK (1 pg/mL) &
FHELL 7=,

(18) BC-IRAWAEHERL (200 ng/mL) : 3C4-PFOS PAZ#EWS (1 pg/mL) 10 mL, '3Cs-PFOS PAZ #E ik
(1 pg/mL) 10 mL, *C4-PFOA FE#E}% (1 pg/mL) 10 mL } T¥ 3Cs-PFOA PWEZYEE (1 pg/mL) 10 mL %4>
B7723 50 mL IZEVIREL, ERETAY ) — &z T BC-IREG NIEHER (200 ng/mL) Z AR L7-.

(19) BC-IREWAEHERK (20 ng/mL) :  BC-RE AR HERK (200 ng/mL) 2.5 mL Z2& 7722 25 mL (T
LV, FERRET A 7 — L — K (1+1) Z N2 TRA PIZEHERK (20 ng/mL) 27 L 7=,

(20) FREMRAEAIEAER (0.1 ng/mL~50 ng/mL) : JEAGAZHERL (100 ng/mL) D 1 mL, 2 mL X' 5
mL 22 &7 723 10 mL ([ZEHERIIZED, BCIRAG AR (20 ng/mL) | mL 22 Elx, MR ET
AH )= V=K (1+1) N 27 IRAFENERR (10 ng/mL) ® 1 mL, 2 mL &85 mL 24577 A2 10 mL
(CERBERYIC D, BC-IRA NEEHERR (20 ng/mL) | mL 201 %, R ETAY —L— K (1+1) ZZ
Z7- IBAEYER (1 ng/mL) ® 1 mL, 2mL %O 5 mL 2487722 10 mL (2B PEAYIZEY, BC-IRA
FEUER (20 ng/mL) | mL Z2ZNE NN, R ETAZ ) —/L—K (1+1) B ZT-.

(21) Sy HralEHAS A BC-IR A WAEYER (20 ng/mL) : BC-IR A WEE L (200 ng/mL) 10 mL %4> &
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7ZA 100 mL {280, FEHRETAY ) — V&N ZTRA PR HER (20 ng/mL) 238 L 7-.

(22) FEBLEEREFHH BC-IRAG NIZHER (2 ng/mL) : Sy HralBHRIN A BC-IRA PAZ HER (20 ng/mL)
SmL 22 E7T7A3 50 mL (280, fERETAY ) — 2N TRAWEER (2 ng/mL) 25 L7,

(23) B REGRAIRAENENL (400 ng/mL), (40 ng/mL), (4 ng/mL) &2 O8(1 ng/mL) : PFOS &
% (1 pg/mL)4 mL % O PFOA #E#Eif (1 pg/mL)4 mL # 2 E 7722 10 mL ([ZEVIRAL, F‘ﬁif%&
J— VAN ZCE S MR IR A YR (400 ng/mL) 278U 7=, (R AEEYERK (100 ng/mL) 10 mL %4>
7T A3 25 mLAZED, FERRE TAX ) — VAN 2 CH 2 e 58 R A FE HEWR (40 ng/mL) AR B L7-. EE
SR R O EEYENR (40 ng/mL) 2 mL 22877 A2 20 mL (280, FERRECTAY ) — V&N 2 CE 5

R A IEER (4 ng/mL) ZFR B U7, B SRR R S IR MEHR (4ng/mL) S mL #2577 A2 20 mL 12
&V, R ETAY ) — Va2 CHE SR R SR HERR (1 ng/mL) Z3H R L7z,

4) THTERME
(1) #f H
HTRRER 2.00 g 21Tl TRU AR (A) 50 mL [Z AN, ST RCEHISIN BC-TRA A HER (20
ng/mL) 1 mL ZMZ 7. BT, A% /—/L 15 mL KOVEEE 0.1 mL 2%, @ERIFEAELREHWT 20 4 H
ﬁiﬂzw_ﬂéb O IK 1700 X g THI S Ay LB L, EEAEZ7Q L 0RERE (B)S0 mL 12K L
LSBT, ZOMEEE 2 BIEE L, FERAEEZ R T DRERE (B) I, 1 U OREE (B)S0mL & H
ﬁ,%iff &) —NEAZ, ke L.

2) ZV—rTv7

SREA T L R~ —H— N BT e TOT L E=T K— A%/ —/L (1+100) K 5mL, A%/ —/1L] 5
mL . OA% ) —)L— K (1+1) 9 5§ mL THERPESH LT, £z, 777 A —Ro =R T KT A
2 )= 5 mL CHEF L.

FHHE 5 mL 2320 ARRBRE (C) 15 mL 12&Y, /K 5 mL 2012 TIRVIEE, 33FaA A4 ARy ~——h
Uy R7 DCARTL, IR TE TARO BIRICET 2E TR SEZ. AL ARBRE (C) 2 A%/ —/L— 7k
(1+1) %) SmL THEAEL, TRIRAZFC AT MZAML, IRE AT TAAID FilcE T2 E Thi S 7. i
2 =) 5 mL %& 2 [BIg5fEA A AR ~— B — RN P 7 AT A, W AT TAH D il \_L'a—%)i
TMHEET2. 7T 77 AN =R B —N) P BT DEGREAF L AR~ — T — N> P BT L0 T I
L, TUE=TK—=A% 77—/ (14100)2 mL Z 0%, #HE 2B TAHIO Bl ZE T HE TSz, BRERT
ZREE (D) 2 —N P HTLDTFITEE, ToE=TK— A% )—/L (1+100)4 mL &5 —R)wP BT LI
% TPFOS, PFOA Kk OMENODNIEEME 2 NS,

BHFRN A B EHHRICEERMCRE AT, 05mL O HEBEE CTEMEL, AR 04mL 2Nz, HBRE
F—TIRVIEY, B2 1mLOBEEETKEMZ, RERE I —TCIRVIEY, OIS (E) 1.5
mL [Z A7, 5.0 7) 8000 X g THI S sl LBl L, BEAk 23 RAR & LTz,

(3) WK Ia~ Ny I7 57 DAVE BN R L DHIE

KW R IR O R YRR M OREHA T &2 LC-MS/MS (27 AL, Table 1-1 & TF Table 1-2 Ol E 51
e TEAL Y OB SH T (MRM) 70~ NI L%&FLEkL, TNENOY —JHfEE RO, KRk
DEENOONIEEDE O FERMAF L O —7HfELEZR L. SRERHESIEER OS5
IREE LRI — 7 ERE L O B ZER L, SUBHEK P O& R DIREZ R, /quft*ﬁrtfﬂ@%ﬁﬂz
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Gy DI EZF LT,

A1 i R A AR IR e OSBRI D& Bl oy S VO DO NIEYEM B O E B A4 LR AA
DY —7HEEH AR L T,

2B, BEDI=O LD % Scheme 1-1 }2 O} Scheme 1-2 [Z7R L7z,

Table 1-1 ~ Operating conditions of LC-MS/MS

[LC 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)
Column: InertSustain C18 (2.1 mm L[.D., 150 mm L, 3 pm)
Mobile phase (A): A: 10 mmol/L ammonium acetate solution  B: Acetonitrile
Gradient program: 0 min (40 %B)—1.5mim (40 %B)—10 min (100 %B)—
12 min (100 %B)—12.2 min (40 %B)—16 min (40 %B)
Flow rate: 0.2 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 1-2  Parameters of MS/MS
MRM transition Colision

Compound Purpose Precursor ion Product ion energy (eV)
PFOS for determination m/z 498.8 m/z 80.0 54.0

for validation m/z 498.8 m/z 98.9 44.0
B3 C4~PFOS for determination  m/z 502.8 m/z 80.0 52.0

for validation m/z 502.8 m/z 98.9 45.0
B C-PFOS for determination  m/z 506.8 m/z 80.0 54.0

for validation m/z 506.8 m/z 99.0 46.0
PFOA for determination m/z 412.8 m/z 169.0 18.0

for validation m/z 412.8 m/z 369.0 10.0
B3C,-PFOA for determination  m/z 416.8 m/z 162.0 18.0

for validation m/z 416.8 m/z 372.0 9.0
B Cs-PFOA for determination ~ m/z 421.1 m/z 172.0 19.0

for validation m/z 421.1 m/z 376.0 9.0
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Analytical portion 2.00 g |  Centrifuge tube with screw cap (Material: Polypropylene) (A) 50 mL

— "C-internal mixed standard solution for adding analytical portion (Each 20 ng/mL)
1 mL
< Methanol 15 mL

< Formic acid 0.1 mL

| Ultra-sonication | Ultrasonic generator, 20 min
|

| Centrifugal separation | 1700xg (3000 rpm, 165 mm), 5 min
|

| Decantation | Reciever, test tube with screw cap (Material: Polypropylene) (B) 50 mL

(Supernatant solution)

(Residue) < Operate 2 times in this dashed line >

< Methanol 15 mL
< Formic acid 0.1 mL

| Ultra-sonication | Ultrasonic generator, 20 min
I
| Centrifugal separation | 1700xg (3000 rpm, 165 mm), 5 min

(Residue) (Supernatant solution)

Collection of all supernatants
< Methanol (up to the marked line)

Extract |

Scheme 1-1 Flow sheet for PFOS and PFOA in sludge fertilizers (Extraction procedure)
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| Extract |
]
| Aliquot (5 mL) | Reciever, test tube with screw cap (Material: Polypropylene) (C) 15 mL
«— Water 5 mL
| Mix |
]
Weak anion exchange polymer cartridge column
(Wash with about 5 mL of ammonia solution (28 % (mass fraction)) -
Cleanup

methanol [1+100], about 5 mL of methanol, then about 5 mL of
methanol - water (1+1) in advance)

< Wash test tube (C) with methanol - water (1+1) 5 mL
< Add methanol - water 5 mL twice

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

Cartridge column
connection

< Add ammonia solution (28 % (mass fraction)) - methanol [1+100] 2 mL
[throw away]

< Eluate with ammonia solution (28 % (mass fraction)) - methanol [1+100] 4 mL
[Reciever, test tube with scale 0.5 mL and 1 mL (D)]

| Concentration | Gently spray Nitrogen gas (up to the line marked 0.5 mL)

< Little amount (abuot 0.4 mL) of water

| Shake to mix | Vortex

< Water (up to the line marked 1 mL)

| Shake to mix | Vortex
1

| Centrifugal separation | 8100xg (10000 rpm, 72.5 mm), 5 min
I

| Sample solustion | Supernatant solution

| Measurement | LC-MS/MS

Scheme 1-2  Flow sheet for PFOS and PFOA in sludge fertilizers (Cleanup and measurement procedure)

3. BWERRUER

1) LC-MS/MS DRI & D&

PFOA 1%, HALFELTEHENTZRY TR 7 N A uxF Lo (T7ay) BEnbEHT52E03HY,
LC DOEBEHROFAEL K N LC OEBFR ORI DIRB AT HRNDA DD, ZHbDOFELZ T FRTZOIE M
REFETCALTET AV A BT AN LC OS5 2% @ L.

F72, MS/MS RGO AF AL, A3 AEE—RENE=F—AF NZDWTIE JIS K 0450-70-10
VR ONKEEH B EREEEOREFIEO2SZICREL, TOMOIE B (T4 H L7 @& ICm U4
VAR E L. BT, PFOS HE#EHE (1 pg/mL), PFOA HE#E% (1 ug/mL), '3C4-PFOS PNAE e (1
ng/mL), 3Cs-PFOS WAZ#EWL (1 ug/mL), *Cs-PFOA WAZHENR (1 pg/mL) K& OY 3Cs-PFOA PNAEHENE (1
ug/mL) AW T, ZNZENDIbE8 O {2 F 0 L CHIE 4544 % Table 1-1 & O Table 1-2 O L30{E
L7z,
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o AR R A MEHR (20 ng/mL) K OVGREHA IR G5 TEFEEENEE) 122V T 2. 4) ) IZfE>TRIEL T

(E1Y el

v~ 77 L% Figure 2-1 2 O Figure 2-2 [Z7RL72. PFOS O — 7 O FFRF 1KY 9.4 43 T,

AUBHAIRIZ & £ Tz PFOS OAIEH (4 8H) R D — 27 % 7y i CE72. PFOA OB — 27 DO RFFRFRIIZ
#1771 5, BUBHATR I E £ T PFOA OIS (43I 8H) ke — 2 &2 45 B T 7-.

KR AR IR A S YL (PFOS }2 O PFOA LT 0 ng/mL~50 ng/mL &4, '3C4-PFOS, 3Cs-PFOS,
3C4-PFOA O BCs-PFOA EL T4 2 ng/mL & 4) IZ2OWT 2 [FIHIEL, & WAEREICK T8 — 7 HifdE
o EMAEIERL, EDRIFOBRE I O ERE A Table 2 (TR LIZ. EOFER, WO &7
DI8F A= JEEHE R T (2020) "D IR ENTWD YA OHELE FEHE K OV E RO 745 S HE 2 -

LCWwWz=

. 72¥, BZEDIH, PFOS KT PFOA FEHER IR E — NIEHEY — 7w fE b4 Figure 3-1 KO

Figure 3-2 |Z/RLTZ.

] Linear ¥ Linear
3.0e4 {|[€—— form of ] <— form of
] PFOS 3.0e4 7 PFOS
2.5e4 2.5e4 ]
2.0e4 2.0e4 ]
i Branced
1.5e4 - 1.5€4 form of
] ] PFOS
1.0e4 1.0e4 l
5.0e3 5.0€3 U\J
0.0€0 3 0.0€0 3
D O L e U L B B B BN BN B
70 75 80 85 9.0 95 100 10.5min 70 75 80 85 90 95 100 10.5min
Standard solution (20 ng/mL as PFOS) Sample solution (Composted sludge fertilizer)
Figure 2-1 MRM chromatogram of PFOS
_ Linear 5.0e4 Linear
3.0e4 ] <+— form of ] <+—— form of
] PFOA g PFOA
2.5e4 4.0e4 7
2.0e4 3.0e4
1.5€4 ]
1 2.0e4 Branced
] ] form of
1.0e4 —: ] PFOA
] 1.0e4 l
5.0€3 )
0.0€0 - 0.0€0 /\}
T O B N B R B BRI B
50 55 60 65 70 75 80 85min 50 55 60 65 70 75 80 85min
Standard solution (20 ng/mL as PFOA) Sample solution (Composted sludge fertilizer)

Figure 2-2 MRM chromatogram of PFOA
Conditions of LC-MS/MS shown in table 1-1 and table 1-2



Figure 3-2  Calibration curve of PFOA
Left figure: PFOA concentration range from 0.1 ng/mL to 50 ng/mL
Right figure: PFOA concentration range from 0.1 ng/mL to 2 ng/mL
O: Plot of peak area ratio (Each PFOA / 3C4-PFOA (2 ng/mL)) to PFOA concentration
0: Plot of peak area ratio (Each PFOA / 3Cg-PFOA (2 ng/mL)) to PFOA concentration
Solid and thin line: Regression line of the data shown in the plot (O) and the plot (O)
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Figure 3-1  Calibration curve of PFOS
Left figure: PFOS concentration range from 0.1 ng/mL to 50 ng/mL
Right figure: PFOS concentration range from 0.1 ng/mL to 2 ng/mL
O: Plot of peak area ratio (Each PFOS / 13C4-PFOS (2 ng/mL)) to PFOS concentration
O: Plot of peak area ratio (Each PFOS / 13Cs-PFOS (2 ng/mL)) to PFOS concentration
Solid and thin line: Regression line of the data shown in the plot (O) and the plot (O)
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Table 2  Evaluation of calibration curve for PFOS and PFOA

Range of Coefficient” Range of intercept (a )C)d)

Peak ratio concentration Slope Intercept Determination’” Lower Upper
Compound (ng/mL) b a - limit limit
PFOS/"C4-PFOS <50 0.456 -0.021 1.000 -0.108 0.067
<2 0.439 -0.002 0.998 -0.016 0.012

PFOS/" Cs-PFOS <50 0.450 -0.015 1.000 -0.088 0.057
<2 0.417 0.002 0.998 -0.012 0.015

PFOA/"’C4-PFOA <50 1205  -0.207 0.999 -0.577 0.163
<2 1.150 0.015 0.999 -0.010 0.039

PFOA/’Cs-PFOA <50 0.566 -0.002 1.000 -0.080 0.075
<2 0.574 0.004 0.999 -0.009 0.018

a) Regression equation: y=bx+a
b) The tolerance criteria* of coefficient of determination: > >0.99
¢) The 95 % confidence interval
d) The recommended criteria* of coefficient of range of intercept:

The origin (0) is included in the intercept range.

* The criterias shown in Testing Methods for Fertilizers (2020)

2) FEEBEEORE

B b B BB O A AT 5 1R W TR R A A L AR~ — I — Ny OB T A FA I H T UV AL
FhREA LIS VA (ODS) 1 —N) P 7 K% W TR Z R L T, LosL7Zends, 15T R AR
BHZE A L7256, B—Ny VBT L0008 HIRIZEARDY, BAEERIEIZS W QIR O Y
WEITT, LC-MS/MS IZIE A TEDRIE TR o7z, Z G515 19, ~ (/a7 I2AF v 7O F RS-
FALAEMERET DR, MHIREBREAF L RRAR)~— D — Ny U BT L TR, 2777
AN =R T — NPT A TERE P OE GRS ZFREL TV,

EFHEOIX, COBREEBEICT 20, VT —FT A AMD T ZT7 7 AN —R T—R) P T A
(InertSep Slim GC) # IV C, 59 A A4 R RV ~—T1—K 717 A (InertSep MA-2 X 1E Oasis WAX)
DO FICHEFETHZEEL, IWHEE (T E=T K — A% /7—/L (1+100) ) Z M 2 72FEIZ PFOS & O PFOA @
T B4 2R T 570 IR DB % E i L7-. PFOS K (8 PFOA JE 345 2 ng/mL DAX ) —)L—
AK(1+1) B 10 mL % 2.4) (2) 7V —2 77 OEAEIZH WS InertSep MA-2 K& OF Oasis WAX ([ZENE
NAML, LT RBRICERIEL, W& B2 0 2 723 0 (RS SR BRG] BC-IR & NAZ YR (2
ng/mL) Z 12 PFOS & U PFOA ZHIE L7z, Z D5 %, Table 3 ®&33Y, PFOS MK UF PFOA it Hi i 7y
0 mL~2 mL TIHXEHE T, FMHE S 2 mL~6 mL TIEEACIERH L. Ji HE 5y 6 mL LIEE 2BV Th
W — o L0, W E ZRINL TWAZEND, DO Tk HE % 2 mL~6 mL
BT HIEELT.

2 O AT AR~ — I — R oD BT D% N Bk ROFES M AR 35729, PFOS
X% PFOA &L T 0.5 pg/kg UL B H L7215 IR IEERZ W TR ORGETE LM L=, 15T EE O fil R
Z 5 mL 0 2 ASEL, ZNZEH InertSep MA-2 % FHU =K B /E 3 Oasis WAX & FHV 2k Sl
TEIC > TRlEHA R ZFHRLL T PFOS K& O PFOA ZHIEL, AIH OO HHEICH 5% FH OS5 EOR
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#h% Figure 4 [IZ7my L, BUFESE CZOTHIXHEZM. £z, & BlREROBR L TG
DEIFRED 95 %15 X CIAHBI SR E % Table 4 IZR LTz, ZOFER, WTHOATA—2H ALK
SERRBRIE IR SN T D HESE ELYE (X (b) D 95 %fEHXRIC 1, Y1 (@) D 95 %EHEIXHIZ 0 235
EAL, FHBERE (1) 23 0.99 LLB) &7 LTz,

Table 3 Elution pattern from weak anion exchange polymer cartridge column

+ graphite carbon cartridge column

Fraction PFOS” PFOA"

volume InertSep MA-2 Oasis WAX InertSep MA-2 Oasis WAX
(mL) (ng) (ng) (ng) (ng)
0~1 N.D.” N.D.” N.D.” N.D.”
1~2 N.D.” N.D.” N.D.” N.D."”
2~3 12.5 15.8 14.4 16.9
3~4 5.3 2.4 4.1 1.9
4~5 0.2 0.1 0.2 T
5~6 0.1 T 0.1 T
6~7 T Tr” T T
7~8 T T T T
Total” 18.1 18.2 18.7 18.8

Recovery (%) 90.5 91.0 93.5 94.0

a) Each 20 ng for PFOS and PFOA

b) Not detected

c¢) Less than the lower limit (0.1 ng / mL) of calibration curve
d) Total amount of PFOS and PFOA eluted from 2 mL to 6 mL
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Figure 4 Comparison between analytical values purified with InertSep MA-2 and Oasis WAX

Left figure: Analytical values of PFOS,  Right figure: Analytical values of PFOA
PFOS (M) and PFOA (M): Analytical values purified with InertSep MA-2

PFOS (W) and PFOA (W): Analytical values purified with Oasis WAX

Solid line: Regression line,  Thin line: y=x

Dotted lines: Upper and lower limit 95 % prediction intervals,

Table 4  Evaluation of regression line for comparison of PFOS and PFOA analysis

values with two types of cartridges

PFOS PFOA
Coefficient” Slope (b) 0.137 -0.434
Intercept (a) 0.968 1.009
Correlation () ” 0.994 1.000
Range of slope (5)”" Upper limit 1.025 1.020
Lower limit 0.911 0.998
Range of intercept (a ) Upper limit 0.634 0.315
Lower limit -0.361 -1.183

a) Regression equation: y=bx+a

b) The recommended criteria* of correlation coefficient: » > 0.99

¢) The 95 % confidence interval

d) The recommended criteria* of coefficient of range of slope:
One is included in the intercept range.

e) The recommended criteria* of coefficient of range of intercept:
The origin (0) is included in the intercept range.

* The criterias shown in Testing Methods for Fertilizers (2020)
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3) HMENMREERICKDHEE DM

AT 5729, FAIGIEIER, T35 &R OVE IR BB IREHZ ZZ 4 200 pg/kg, 20
ng/kg M2 pg/kg MY &2 IRIMUIZFEHZ DWW, 3 SO T TUINEIN R 2 20 L 7= #& 5% Table 5
IR,

ZDRESR, 200 ng/kg, 20 pg/kg & U2 pg/kg DUIL /L CTD PFOS O XA HITZE L4 96.5 %
~101.1 %, 93.8 %~96.5 %K%} 83.3 %~102.1 % THY, PFOA ORI HRITZNZH 100.4 %~
107.3 %, 92.3 %~95.0 %% (X 99.7 %~102.7 % Th->7=. T D AT S Ak Bk 2 1R
SNTWOEED B RGN TH -7z,

Table 5  Results of recovery test
a)

b)

Spiked level Mean Recovery rate Criteria
Compound Sample (ng/ke) (png/ke) (%) (%)

PFOS Sewage sludge 200 202 101.1 70~120
fertilizer 20 18.8 93.8 70~120

2 1.81 90.4 60~125
Industrial sludge 200 199 99.4 70~120
fertilizer 20 19.3 96.5 70~120

2 1.67 83.3 60~125
Composted sludge 200 193 96.5 70~120
fertilizer 20 19.3 96.3 70~120

2 2.04 102.1 60~125

PFOA Sewage sludge 200 215 107.3 70~120
fertilizer 20 19.0 95.0 70~120

2 2.05 102.7 60~125

Industrial sludge 200 201 100.4 70~120

fertilizer 20 18.5 92.5 70~120

2 1.99 99.7 60~125

Composted sludge 200 201 100.6 70~120

fertilizer 20 18.5 92.3 70~120

2 2.04 101.8 60~125

a) Mean value (n =3)
b) The tolerance criteria* of the trueness

* The criterias shown in Testing Methods for Fertilizers (2020)

4) PEBERVHITREORE

OFTRSBE R OV VRS FE 2 es8 9-5728, PFOS KUY PFOA Z#3&A L TV D LUIRTGTEAEEL B U5 e %6
FENEEHZDWT, 2 ROMTCTHAZZZ TS5 BlIgHra 3L TROTR R4 Table 6-1 [ZRL, —JohdiE

ST EAT > TR LI O T RS FE ] OV VRS FE % Table 6-2 1R U7z, LIRTGTRAEEL & U5 VB % Ff AR
EED PFOS O ¥l IL 4.46 pg/kg &N 66.8 ug/kg T, OFTHEE (RSD,) 1 3.6 % & TN 3.0 %, H [k
FE (RSDymy) 1% 4.6 %J% T 3.3 % CTdh-o7=. PFOA OFE¥IHEIX 2.08 pg/kg &N 140 pg/kg T, PHATHE
(RSD) 1% 6.2 %} T8 1.4 % T, FRAEEL (RSDyr) 15 9.2 % M U} 2.6 % Th 7.
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WO RE D IR E R BRIE D IR SN TV DRE EE OFF R H#PHLLN Th o 7.

Table 6-1  Individual result of repeatability test on different days

for precision confirmation (pg/kg)
Human-waste sludge Composted sludge
Compound Test days fertilizer fertilizer
PFOS 1 4.25 4.20 64.3 66.2
2 4.24 4.50 69.3 66.9
3 4.38 4.71 66.2 69.7
4 4.77 4.65 66.1 69.7
5 4.43 4.44 63.5 65.6
PFOA 1 2.34 2.00 143 143
2 1.99 1.94 140 145
3 1.92 2.09 138 137
4 1.91 1.92 135 136
5 2.40 2.25 141 138

Table 6-2  Statistical analysis of replicate test results for precision confirmation

Mean” Repeatability precision Intermediate precision
Compound Sample m st RSD?  2xCRSD.” s I(T)E) RSD I(’I‘)ﬂ 2xCRSD I(T)g)
(ng’kg)  (ngkg) (%) (%) (ng/kg) (%) (%)
ppog  Human-waste 0 g 3.6 22 0.21 4.6 36
sludge fertilizer
Composted 66.8 2.0 3.0 22 2.2 33 36
sludge fertilizer
Human-waste
PFOA sludge fertilizer 2.08 0.13 6.2 22 0.19 9.2 36
Composted
sludge fertilizer 140 2 1.4 22 4 2.6 36

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

c¢) Repeatability relative standard deviation

d) The tolerance criteria* of the repeatability precision

e) Intermedicate standare deviation

f) Intermedicate relative standard deviation

g) The tolerance criteria* of the intermediate precision

* The criterias shown in Testing Methods for Fertilizers (2020)

5) EETRFDIHETE

PFOS KUY PFOA DR &t H OFEYERR O e /MR FE I 0.1 ng/mL (el F & 0.5 pg/kg FHX4 &) C
HY, WTIHO SN e 10 X TWe. ZOZEND, & FIREHEE T 5728, PFOS & O PFOA D&
A EOR FARIGIAEHIA 0.5 ng/kg F124 EAIRINL T 7 SOMTTHONTL, TOFEIE, U =%
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DGR % Table 7-1 IR LT, ZORERIZL > THHILZ PFOS & O PFOA OO T OfE S, HW -k
E#2 (0.1 ng/mL~2 ng/mL) & OGREHARD SN A HY, TREEEHERBRIE 2 B RBREDO %
YPEREB O FINEICHE > CTE R FIRA O FIR% Table 7-2 D EBVHEH L.

ZDOfER, PFOS &K T PFOA OE & FRRITWT 7S 0.5 pg/kg, B FRIZWVTILE 0.2 pg/kg FRE L
HeEshr-.

Table 7-1  Replicate test results for estimating the lower limit of quantification
of PFOS and PFOA

Compound Sample Spiked level Nun.lber. of Mean value 520 Recovery”
(ng/kg)  replication  (ugkg)  (ug/ke) (%)
PFOS Sewage sludge ferti]jzera) 0.5 7 0.55 0.02 96.0
PFOA  Sewage sludge fertilizer” 0.5 7 0.58 0.05 90.6

a) PFOS detection amount: 0.07 pg/kg

b) PFOA detection amount: 0.14 pg/kg

¢) Repeatability standard deviation

d) Recovery rate including the amount of PFOS or PFOA detected in the sample

Table 7-2  Result of estimation of the lower limit of quantification of PFOS and PFOA

(ng/kg)
Procedure” for estimating the LOQb) and LOD®
Replicate test Calibration curve SN ratio
Compound LOQ LOD LOQ LOD LOQ LOD
PFOS 0.2 0.1 0.4 0.2 0.2 0.06
PFOA 0.5 0.2 0.4 0.2 0.3 0.09

a) The Procedure shown in Testing Methods for Fertilizers (2020)
b) Lower limit of quantitation
¢) Lower limit of detection

4. F&&H

LC-MS/MS % /2 PFOS } O PFOA D3 Hrika B L, H—aBR=IZIBI D0 HrED 2 Y %

FRLT=LZA, ROEBVHEEL THo R EREE AL CWAZ a2 R LTz,

(1) JIS K 0450-70-10 22 |Z LC-MS/MS DHRIESRIFRRELIZEZA, EHHARD PFOS U PFOA LAl
$HIRD PFOS } (O PFOA %3 Hfid 52 LN C& -,

(2) HERARASERER (PFOS LT PFOA LT 0.5 ng/mL~50 ng/mL &4, 1¥C4-PFOS, 3Cs-
PFOS, 3C4-PFOA % OY ¥Cs-PFOA L T4 2ng/mL & A) % 2 [EHIEL, 4 PFOS & (F PFOA OJR L
WAL Z XD — 7 IC DWW TR BUF T2 WO TR BERRZTERR LT, oo lal)qm o) fy
D 95 %fE HE X TR (0) 23 EA4L, ENHDOWREMRIENE 0.992~1.000 THY, B &M D EAFRNED D
ST,

(3) THIRFEEAEEIO IR Z T EA A R~ — T — N o P DT 2O THERLUIZGA, By
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ZERTT, TSRS ZED D, LC-MS/MS [ZIEATEDIRMETII A2 ~728, 83fRA4 L AR ~—
—NI T ATANZT =R T T 77 AN — NP 17 Wl 5 Z TR DB By F R ETE -,

(4) 3 FEEOHIEAERE W THRMEIMGUR IC LV EE DGR AT 7285 R, PFOS & T PFOA 4% 2
ng/kg~200 pg/kg O FE &P CTTEHEILER 83.3 %~107.3 % THY, Wb REHERBRIE D ITRE
TWHEED B IE#HHELUNTH T,

(5) DHMTHEEE R OV S BE s 35720, LIRIGIRIERE R QNG TR BRIV T 2 SOMTTH %
B2 T 5 BT EIT-724ER, PFOS K Y PFOA OOFTHE (RSD) X 1.4 %~6.2 % T, FHkEE
(RSDy) 1E 2.6 %~9.2 % Th 7. JEEFEEGERIEI RSV TOD O TG EE K OV R B 00 37 25 i PH 2
7=L Tz,

(6) BHIELI=HTIEIZEB VT PFOS & TN PFOA O E & FIRIZ 0.5 ng/kg FEEE L HEE 7=,
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Determination of PFOS and PFOA in Sludge Fertilizer using Liquid
Chromatograph/Tandem Mass Spectrometer (LC-MS/MS)

SHIRALI Yuji' and NUMAZAKI Kanako!

! Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department

We developed and validated the determination method of PFOS and PFOA in sludge fertilizers using
liquid chromatograph/tandem mass spectrometer (LC-MS/MS). After the analytical portion was added the
internal standard solution (each 20 ng as PFOS and PFOA), PFOS and PFOA 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. PFOS and PFOA were measured by LC-MS/MS. As
a result of 3 replicate analysis in 3 kinds of sludge fertilizer samples prepared to contain with PFOS and
PFOA at 2 pg/kg, 20 pg/kg and 200 pg/kg, the mean recoveries were 88.6 % - 100.8 %, respectively. As a
result of duplicate analysis on 5 days in human-waste sludge fertilizer and composted sludge fertilizer
contaminated with PFOS and PFOA, the mean value, repeatability relative standard deviation (RSD;) and
intermediate relative standard deviation (RSDyr)) were 2.08 pg/kg - 140 ng/kg, 1.4 % - 6.2 % and 2.6 % -
9.2 %, respectively. Minimum limit of quantification of there were estimated 0.5 pg/kg. Those results

indicated that the developed method was valid for the determination of PFOS and PFOA in sludge fertilizers.

Key words ~ PFCs, PFOS, PFOA, sludge fertilizer, LC-MS/MS

(Research Report of Fertilizer, 14, 123-140, 2021)



