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UHEDNIE SR, REERIL. ZRSORBILT 6 FEOREIDhIS, T2 A 10 fHT k&
0, BEMERGEARREIE LT, F2, 6 FEDIERIN ST Z Moz 2 H3 ol Lizh 0% 3 [F 35
AEFEL, LT O EER= TR LT,

(AL[FFER S IR =)
- — R B R B4R R 77 B At 41 L P A
- — W ENE N B AR ST e & — 22 BRI S
- EIE N = EIRBR B AR
RSB BT E Y — 2 H AT
RSB EBYERT Fa— LTV r— g R L —
HASHHRERRE R 2 —
AEMENE N OO T REANE e S REBEME 22—
CANIEAEENE N B AR A S SRR T
N YA AR AR IR — PR H—
CMNEATEE N MK E B 2 et 2 — RE IR Z A e i
- NJERBR B BLRR U A
- AARBE R RS
c ST MRS SRR T

(50 & NE)

2) HERUSBE
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Fr AR IR AR 1T PFOS & U PFOA O3 0.1 ng/mL, 0.2 ng/mL, 0.5 ng/mL, 1 ng/mL, 2 ng/mL,
5 ng/mL, 10 ng/mL, 20 ng/mL }% O} 50 ng/mL, ¥£7-, WAEHEME &L T 3C4-PFOS, *Cs-PFOS, “C4-PFOA K&
O BC-PFOA M3 ZFVE N DFEAERR T T 2 ng/mL T L5 I0CFHHIL, BN ~B T LT,

HEEIEIZIIT D LC-MS/MS @ LC VAT LR UVRTA—=ZD—f5i|% Table 1-1 [Z/RL703, A3 BRE DR
AL TWEHHTF LT PFOS K& U PFOA DB K& Oyl BAERZ S BEL TRIE TEDE01T, 2ok
HIZBWTE R ERE L. Fo, FRBR=ENRAL TS LC-MS/MS (24548 T Table 1-2 (ZF 31 H LA
NDEEIHTRT D /RT A2 EFHE LT, 7283, Table 1-3 (IRLI=T VI —H — A4 LT aX IhA A1
B EONTRT O b L CRGREE L ThlunZeeLr-.

BAT L OFR e H (MRM : Multiple Reaction Monitoring) 72~k J A&EfeékL, EIENOE —VH
ARz, FLEMELNOONIEREYE O EBHAA L O —7mfg ez R MUz, & st RS
WD 5y L E DO NEEEYE O E B RAA 4 O —ZE RS OB B VER L, 3UBRATR T D& RS
DWEEEZ RS, SR DR R4y DIEEEA B LT=. 7235, PFOS T PFOA 3L L COREEL B HLT-.

PUBHAIR P OFLEE DS 2 ng/mL R OH5E 1% 0.1 ng/mL~2 ng/mL O FERFH O Efra VY, 2 ng/mL LA
FOGE TR EE R P O AR A V.

BEDTW, HHTED 71— —hk (Schemel-1 } O Scheme 1-2), & & TR SHEHETR M ORERRIR D E
BRI v X M A OB 7 v~ ~ 77 L1 (Fig. 2-1 O Fig. 2-2) &7~ LT,
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2.00 g analytical sample | 50 mL PP centrifugal 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 | 1700xg, 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 methanot>
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 PFOS and PFOA in composted sludge (Extraction procedure)
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| Extract |

]
| Aliquot (5 mL) | Acceptor, 15 mL PP test tube with a screw cap (C)

<« 5 mL of water

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

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

Centrifugal separation 1.5 mL ground-in stopper centrifugal precipitate tube (E),

(If necessary) 7500xg-10 000xg, 5 minutes
|
| Sample solution | Supernatant
1
| Measurement | High-Performance Liquid Chromatograph/Tandem Mass spectrometer

Scheme 1-2  Flow sheet for organofluorine compounds in composted sludge

(Cleanup and measurement procedure)
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Table 1-1  Example of parameter of LC system

Column: Silica gel column (chemically bonded with octadecyl group)
(2mm-3mmID.,50 mm- 150 mmL, 1.6 pm - 3.0 pm)

Flow rate: 0.2 mL/min - 0.5 mL/min
Mobile phase: A: 10 mmol/L ammonium acetate solution B: Acetonitrile

Gradient program 0 min - 1.5 min A:60 B:40
1.5 min - 10 min A:60—0 B:40—100
10 min - 12 min A:0 B:100
12min-122mn  A:0—60 B:100—40 (%)

Column temperature: 40 °C
Injection volume: 5 pL

Table 1-2  Parameter of MS/MS

Ionaization: Electrospray ionization (ESI)
Mode: Positive

Table 1-3  Monitor ion

MRM transition (m/z)

Precursor ion Product ion Product ion
Compound (For determination) (for validation)
PFOS 499 80 99
" C4-PFOS 503 80 99
"Cs-PFOS 507 80 99
PFOA 413 169 369
PC4-PFOA 417 169 372
PCs-PFOA 421 172 376

4) HRFEBARHOHE R

IUPAC/ISO/AOAC DHREFRER 7 1 h=/L NZHE, 2NN FEFER BN 10 3EE i ET0, &
AREHZ DX 2 P T TS THM L7, 728, AU HELEE ITIID AN N EHE 1.8 g L LT=.
72721, PFOS DR HITNIEHEYE I 3C4-PFOS Z VY, 70X VA7 mlz 80 DESIRD HFEIZLVIT-
7=. PFOA OH HITINIEHEYEIZ Co-PFOA Z VY, 70X 7hA4> miz 169 DESEOEFEIZIVFIT-7-.

5) HFEHER

FRERICSINUT- 13 SBR=E L U7 M85 M OV 7 3 Table 2, 5 L7= LC §ef:1% Table 3 DL BV THY,
FIENORBREBIZEBUVDNCERLE 12 3EHZ DWW T )ITHEWVS I 34 10 A 12 A0S 11 A KRB ETHM
THIEELT.



AT

3

LC-MS/MS% W= EEF O PFOS & ONPFOA D4y M EE D HERE

73

= _
W

@S PR

B

i

— == [#] L[]

uonjerado dnueopd ur pasn uwnjoo a3prnIes JowAjod ofueyoxad uoue Jeap (q
(19pIo0 Jenonted ou uy) uonedUIPI A10jeioqeT (e

(999 B (0g) (T g 9°7) (T o 7) (o 0°¢ “w oG [ xwu 1°7) nZpewrys ‘0$08-SINOT *SIW/SIN W

SISA[RUY SV d 10§ XV SISEQ SI0JeA\  JUoISY ‘R1D-dAX osd[od XVHIOZ HOSOL A001-SAO [983SL S90UAIAS IO ‘dH 810 Ureisngau| nZpeunys “Yx BIOXON '
(909 B (0g) (T o [ > 1°7) 3 (und 71w o< 1°g) SIOTeA ‘SIN OL 0A9X ‘SIN/SIN 1

SISA[RUY SV d 10§ XV SISEQ SIofepm SIIEA ‘810 OTdN ALINODV s1lep ‘810 OTdN ALINODY sIlep ‘O TdN ALINOOV -1

‘ WU Q[ >t ¢ et . . .

(929 B 005) ) SSSM S mxésow (o ("¢ “wu OQ [ xw 1°7) XAIDS 9V 005y dVILO ‘SIW/SI -

SISA[RUY SV d 10§ XV SISEQ SIO1eM SFpnes g1 o.ﬁamﬁusmt_@& 90uaIoS 10 ‘dH 810 YIMSUIeIsnSLau] nzpeuwnys ‘)T dudUIOI 1)
(90 9 B 0g) ) ) (o ¢ ‘i oG [ 1°7) SIOTEM “SIN” O.L 0A9X :SIAVSIN C

SISA[RUY SV d 10§ XV SISEQ SIOfepm SIOIEA ‘€L SUEpY sIfep ‘O TdN ALINOOV :011
(90 9 B 005) (T ogxu 9°f) ) (i 0°¢ “wi oG < 1°7) XAIOS 9V ‘00St IVILO :SIN/SIW |

SISA[eUY SVId 10§ XV SISeQ sioepy  Juopdy ‘R10-9Ax osdjog Xvead0zZ SOOUAIOS T ‘YT UreIsngHAuU] oSy Auguy 0921 201
(909 B (0g) (T o0 xw [°7) (T (< 1°7) (o ("¢ “wur oG [ [°7) XAIDS 9V 005y pend SdiiL :SIN/SIN -

SISA[RUY SV d 10§ XV SISEQ SIOfepm 90UaI0S I ‘§1D-OV WeISNSUaU]  90Udlog TD ‘g1 UreIsnSau] 00udIog "ID ‘g1 UreISNSLAU] XAIOS dV DT uoxg T
(999 “Bw 00g) (v g 1°7) ) (o @77 “wi g xwt ['7)  ueiBY ‘SIN/DT PenQ [diiL 09+9 :SI/SIN 5

SISA[EUY SV d 10f XV SISEQ SI0Jepy  JuoSy ‘1D snid osdog X VAIO0Z wody ‘10 snid dsdiog X VEU0Z oY “Augur 091 10T
(Tur 9 “Swr 9g) (v g [ > 1°7) j (und /T "o oGt 1°7) sIIEM ‘AOL ‘SIW/SIN 1

TV doguouy - s1apeM 81D HAL D 1dN ALINODY s1o1e M\ ‘810 HAL O'1dN ALINOOV s101e M D1dN ALINODV 0T
(Tur 9 “Sur gog) ] ] (un? ("¢ “wmur OG [ 1°7) XAIDS 9V 00SS dVILO ‘SIW/SIW q

T-VIN dogaug SOOUAIOS D ‘B[ UrEISNSIIAU] ey “Ayugur 0921 -1
(Tur 9 “Sur gog) (T G/, wir (0°7) ] (un g "t OQ [ Wi [°7) nzpeunys ‘0508-SINDT :SIN/SI q

T-VIN dogaug nzpeunys ‘ [y SAO-YX yord-wryg nzpeuwnys ‘g1 )-ds XO[oA yoed-unys nzpewrys ‘€X 0v-071:071
(Tur 9 B 0og) ) ] (un ("¢ "t oG [ [°7) XAIDS gV +0059 penQ JdiiL :SIA/SIN 5

T-VIN doguaug S90S 1D §1D-OV UrEISNSHAU] nzpeunys ‘zx e1oxaN 101
(Tur 9 “Swr 0og) (T pgxwr )°¢) ) (unl ¢ "W oG [ 1°7) XAIDS 4V 0007 dVILO ‘SW/SI q

7-VIN dasuioug 90uaI9g D ‘SY4d J0J uwnjod Kejoq SOOUAIOS D ‘dH 81D Wreysnglau| nzpeuwnys ‘eloxoN D1
(Tur 9 Bwr 0og) (T Qg ()°¢) (T o[ ()°¢) (un ("¢ "W oG [ [°7) nzpewnys *st08-SINDT :SIN/SIN v

T-VIN doguaup  00udlog D) ‘SVAd 10j uumjod Aejo  90udlog 1D ‘dH dS-SAO [IsHau] SO0UAIDS TID) ‘G UrEISNGIIAU] nzpeunys ‘SX doy-01:071

(9718 [011Bq “IYSIOM JUIGIOS) (WSuapx p) (WSudx 1) (oz1s oponed yySuaL<p'T)
SIW/SI-O'T @1 S98T

(QImoo o3puyaeo

uwnjod Ae[op

uwnjod prend

uwmjod |

Aprys 9A1IRIOQ B[00 OUf) Ul PASN SUSWINLSU]

T 9L



74 AEUEHIIFZE 8 Vol. 15 (2022)

Table 3 Conditions of LC system used in the collaborative study

) Mobile phase Flow rate Gradient program Column
Labs ID temperature
A B (mL/min) Time (min) A(%) B:(%) (°0)
A 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 1.5 min A: 60 B: 40 40
acetate 1.5 min - 10.0 min A: 60—0 B:40—100
10.0 min - 12.0 min A:0 B: 100
12.0 min - 12.2 min A:0—60 B: 100—40
12.2 min - 20.0 min A: 60 B: 40
B 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 1.5 min A: 60 B:40 40
acetate 1.5 min - 10.0 min A:60—0 B:40—100
10.0 min - 12.0 min A:0 B: 100
12.0 min - 12.2 min A:0—60 B: 100—40
12.2 min - 20.0 min A: 60 B:40
C 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 1.5 min A: 60 B: 40 40
acetate 1.5 min - 10.0 min A: 60—0 B:40—100
10.0 min - 12.0 min A:0 B: 100
12.0 min - 12.2 min A:0—60 B: 100—40
12.2 min - 18.0 min A: 60 B:40
D 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 7.0 min A:70—35 B:30—65 40
acetate 7.0 min - 7.1 min A:35—5 B: 65—95
7.1 min - 7.5 min A:5 B: 95
0.35 7.5 min - 10.5 min A:5 B: 95
10.5 min - 10.6 min A:5—70 B:95—30
0.2 10.6 min - 15.0 min A:70 B:30
E 0.5 mmol/L ammonium  Acetonitrile 0.2 0.0 - 13.0 min A:60—5 B:40—95 40
acetate 13.0 min - 18.0 min A:S5 B: 95
(0.1 % Formic acid contained) 18.0 min - 21.0 min A:5—60 B:95—40
21.0 min - 25.0 min A: 60 B:40
F 5 mmol/L ammonium  Acetonitrile 0.25 0.0-4.8 min A:70—5 B:30—95 45
acetate 4.8 min - 5.4 min A:S B: 95
5.4 min - 5.5 min A:5—70 B:95—30
G 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 20.0 min A:70—10 B:30—90 40
acetate 20.0 min - 25.0 min A: 10 B: 90
25.0 min - 25.1 min A:10—70 B:90—30
H 10 mmol/L ammonium  Acetonitrile 0.35 0.0-1.0min A:75 B: 25 40
acetate 1.0 min - 16.0 min A:75—2 B:25—098
16.0 min - 20.0 min A:2 B: 98
20.0 min - 20.1 min A:2—75 B:98—25
20.1 min - 22.5 min A:75 B: 25
I 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 20.0 min A:75—0 B:25—100 40
acetate 20.0 min - 23.0 min A:0 B: 100
23.0 min - 23.1 min A:0—75 B: 100—25
23.1 min - 30.0 min A:75 B: 25
J 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 20.0 min A:70—5 B:30—95 40
acetate 20.0 min - 23.0 min A:S5 B: 95
23.0 min - 23.1 min A:5—70 B:95—30
23.1 min - 25.0 min A:70 B:30
K 10 mmol/L ammonium  Methanol 0.3 0.0 - 3.0 min A:70 B:30 40
formate 3.0 min - 10.0 min A:70—0 B:30—100
(0.1 % Formic acid contained) 10.0 min - 15.0 min A:0 B: 100
15.0 min A:0—70 B: 100—30
15.0 min - 20.1 min A:70 B:30
L 2 mmol/L ammonium  Acetonitrile 0.3 0.0 - 8.0 min A:99—5 B:1—95 40
acetate 8.0 min - 9.0 min A5 B:95
9.0 min - 9.1 min A:5—99 B:95—1
M 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 1.5 min A: 60 B: 40 40
acetate 1.5 min - 10.0 min A: 60—0 B:40—100
10.0 min - 12.0 min A:0 B: 100
12.0 min - 12.2 min A:0—60 B: 100—40
12.2 min - 20.0 min A: 60 B: 40
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3. HWRRUER

1) #EHBRAFEMONEEREE

6 FFADFE A 2 SO T THMT LI ROBTEEIE (X) X O DA DN T— el B B i bg5
NIt &2 W TR M L2 M TR R 2 (s,.) , aOBH AR YR 72 (spp ), DRI TRS BE 25 T 0B AR Y (R 72
(Sper) % Table 4-1 KON Table 4-2 [Z/RUT-. EH1Z, AERPERRBRIEY MR E A (RS QD= M B
D H % (CRSDR) K OENODBHE T (I 1) U7 HE 8 =8 ] FF BT MR 22 (6 g) Z[AI U< Table 4-1 }2 OF Table 4-2
\ORLTE.

BYEPEDH)E 1T, IUPAC/ISO/AOAC DIZRERBR 7 ha L D DFNEEZ B EIZEML-. £, Wk E0
AR T D=9, Cochran DMEZERLT-. FOFEE, X TOREHIBW TANEITRD B
Molztz®d, ZHHDOFRERIZOWT— Il B BT a2 Rl , D TIEEENR 22 (s,) & OB HE(R 72 (spp)
Zked, (X 3)ICEVIHTIEYERZE (s,.) 23 L 72, %12, TUPAC/ISO/AOAC D#FRERER 7 b= L D D4y
ZHEOHEX (X 2) AW THEMEOHEE T2, TOFER, T _XToREcHER G 2) 27T
W22 EMD, SERGRER BRI E L TR MY e EE A H L QDI e RSNz, Fiz, (X ) I2L > THH T
% To R AR YEAR 22 (spyp) LT E A, WINoRE HE & 2 i) R BUSE MR 22 (6 ) LHEEEL T/
SVMETHHT-.

6r = CRSDg x X/100 <e (K1)
spp < 0.30, = 0.36y .-+ (2)
sy < 0.50, = 0.56y -+ (3 3)
Shr = VS2 + Spp’ e (4)

G g - HEE E W A BURER =

CRSD g : JEBFEREE I ORSN T D= MBI (SR FBEHERER 2 (%)) 0 B %

X R E Sy PR TEEYEMR 22

op B A TEMERRAATO B R A LT AR R 2

Spb : AVEHRTE R 72 Spar : DFTHE EE 25 Lo iR} AR YE IR 22
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Table 4-1 Homogeneity test result of PFOS

No. of
Sample samplea) x" CRSDx" OR ) sbb " 0.35R0 se? 0.56‘Rh) Sbor
p(q)  (ngkg) (%) (ngrkg)  (nglkg)  (ngkg)  (ngkg) (ng/kg) (pgkg)
Composted sludge A 10(0) 12.5 22 2.7 0.4 0.8 0.5 1.4 0.6
Composted sludge B 10(0) 47.5 22 10.4 1.1 3.1 2.7 5.2 2.9
Composted sludge C  10(0) 5.88 22 1.29 0.09 0.39 0.46 0.65 0.47
Composted sludge D 10(0) 17.0 22 3.7 0.6 1.1 1.2 1.9 1.3
Composted sludge E  10(0) 3.42 22 0.75 0.21 0.23 0.29 0.38 0.36
Dried microbes F 10(0) 1.72 22 0.38 0.09 0.11 0.11 0.19 0.14

a) p=Number of samples after excluding outliers, (¢ )=Number of samples of outliers

b) Total mean (Number of samples after excluding outliersxn=2)

¢) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2021
d) The estimated standard deviation of reproducibility calculated based on CRSDr

e) Standard deviation of sample-to-sample

f) The value for the test: s, < 0.30, = 0.364
g) Repeatabiility standard deviation

h) Parameters for the determination of repeatbility standard deviation (s+)

i) Standard deviation of sample-to-sample including repeatability : Sp+r =V Spp2 + 5r2

Table 4-2 Homogeneity test result of PFOA

No. of _
Sample samplea) 7 CRSDR’ 6Rd) st 0.36Rﬁ 502 0_56-Rh) St
r(q) (ng/kg) (%) (ng/kg)  (ng/kg)  (ngkg)  (ngkg)  (pgkg)  (ngkg)
Composted sludge A 10(0) 222 22 49 0 15 9 24 9
Composted sludge B 10(0) 116 22 26 0 8 4 13 4
Composted sludge C  10(0) 48.0 22 10.6 0.0 3.2 2.3 5.3 2.3
Composted sludge D 10(0) 16.9 22 3.7 0.0 1.1 0.4 1.9 0.4
Composted sludge E  10(0) 4.89 22 1.08 0.09 0.32 0.32 0.54 0.33
Dried microbes F 10(0) 1.07 22 0.24 0.02 0.07 0.06 0.12 0.06

Refer to the footnote Table 4-1

2) HRRBRABERUNNERE

B RERENOHE SN2 E O [RFRERBE % Table 5-1 K& X Table 5-2 (2R U7z, 4R 51D S[R3k
R#E O HHiEZ TUPAC O 3EIFREBR 7 ohaL 16102t > CREEHENT L2, M2 95729012
Cochran OFE & T Grubbs DR EZ FEhL72. ZORER, 13 SERENLHE SN ZNZE O H[EFUR AL
FEDHL, 3C4-PFOS Z# WIEHEW) L &L CTordT L7z PFOS EL8AAR T 2 5B S, 13C4-PFOS 2 NAZHEM) - &L Chy
Hri7z PFOS A& T 2 iR =, "Cs-PFOS ZWIEHEME L L THHTL7- PFOS EH#{AT 1 #Bk=E, PCs-PFOS
T PNAZRE) L L LT AT LT PFOS A& & T 1 3kl E, 3C4-PFOA ZNAZHEYE L L C/rfr L7 PFOA B4 T
2 BRE, BC4-PFOA ZNIEHEWE L L T/HMTL7= PFOA 58T 2 BR=, 3Cs-PFOA ZNEEHEME L Loy
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3) HHTHRERVERBREE
FALE W K OV 3BT IR DN T, SMUVIEZ BRI U7 BB S L0 B O 1D L7 S, O T M 22
(sr) DHTAE R R AR 22 (RSDy) K OVIEEMSE 3R BRIE Y B 5 A (21T UM T XHE HE(R 20 B %2 (CRSD:)
SR B (R 2 (sp) , 2R M AR B M HE(R 72 (RSDR) M OVIERFERRBR LB E A IS D= E
*EM%‘K@{E%(D H %2 (CRSDR) % Table 6-1 & O* Table 6-2 (Z/~L7=.
BC4-PFOS ZWIEHEME &L CToHtr L7z PFOS ELSHIRDSEEIEIL 1.56 ng/kg~49.2 pg/kg THY, ZDOHHAT
FEMEMR 721X 0.17 png/kg~0.9 ng/kg, THTHXEMERZEIE 1.6 %~10.7 %, =M FHHEER 21X 0.28 ng/kg~
2.9 pg/kg, EFFHAAMERERZIT 6.0 %~20.6 % TH o7z, 3Cs-PFOS ZWNIEUEY)'E L L C/HHrL7= PFOS
A EOVEIEIE 2.22 pg/kg~59.8 pg/kg THY, FONHTAEMER 2L 0.20 pg/kg~1.2 pg/kg, DFTHERHE 1
M7 1.8 %~9.0 %, EWFHHAEHERZZ1T 0.49 ng/kg~4.0 pg/kg, EMFEHAMEHERAZTL 6.7 %~22.1 %
Th-o7=. BCs-PFOS ZNEEHEWE L L CH3Hr L7 PFOS B8RO EEIMEIL 1.61 pg/kg~49.4 png/kg THY,
ZOPTIRMER 7213 0.18 pg/kg~1.1 pg/kg, FHATHXMERER 1L 2.2 %~10.9 %, EHHFBIRERAEIL0.27
ngkg~3.8 pg/kg, EFMFHHAMERERAZIT 7.7 %~16.7 % Th-7-. *Cs-PFOS ZWNIEHEY B L THMrL
72 PFOS & ED FHIMHEIT 2.28 ng/kg~60.2 nglkg THY, ZTOOMTIENRER 1L 0.19 pg/kg~1.7 ng/kg, HHT
FEXHEEYEMR 221 2.9 %~11.3 %, M B ERZZIL 0.47 pgkg~4.5 ng/kg, =M U o R 22 1
7.5 %~20.6 % TiH~7=.
13C4-PFOA ZWEEHEMEL L L THHTL7Z PFOA ESHAD FIMEIL 1.14 pgke~238 pgkg THY, ZDPF
ITIEER 2213 0.11 pg/kg~10 pg/kg, FAATHXMEERZZT 2.8 %~9.3 %, =M HBUEERZ=X 0.22 ngkg
~24 ng/kg, EMHHM S EUER T 6.8 %~18.9 % Th-o7z. *C-PFOA ZNIEUEYE L L CTHMrLT-
PFOA A &EDFHIMHEIE 1.28 pgkg~248 nghkg THY, ZOOHTIEHER I 0.13 ngkg~10 ngkg, HHTH
RITEYEMR 21T 2.9 %~10.0 %, EWFFHBIEERZET 0.36 ngkg~25 png/kg, =M HHAMEER T 6.7 %
~28.5 % T 7. BCs-PFOA ZWNIEYEME L THoMr L7 PFOA ESIROFHIMEIL 1.13 ng/kg~236 pg/kg
ThHY, ZOPHMTEEERZIL 0.09 png/kg~10 pg/ke, PHTHIEERZZT 3.8 %~8.0 %, =M UL ER
75013 0.21 pg/kg~19 pg/kg, EEHIANRHEUER 71T 7.1 %~18.7 % Th->7-. PCs-PFOA ZWNIEHEYE L
THHTLTZ PFOA A D F¥IMEIE 1.29 pg/kg~247 ng/kg THY, TOOATIERERR 13 0.15 pg/kg~11 ng/kg,
PHTAHHEER AL 3.7 %~11.4 %, =M EBUERERZET 0.34 pgke~19 pg/ke, =28 Ml AR BUH 6T HE 7=
1% 6.4 %~26.6 % ThH-7-.
PFOS J T} PFOA DE S K VG EFLEAUCHONWT 2 RO NEEW S 4 L= o FiEIC R
W, DR TRIHE AR 72 (RSDy) & OVEE ] B BURH eHE VR 72 (RSDr) I ZAEEFEFBRIEME & A D2 Mkl
ROFNAIRL TWDEREDL VBT DREED HLZDFFEN Th oI ZeNnh, RIEOREEIXFRRER
EOVERERHM AL EDELR F I G L QWD e AR LTz,
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Table 6-1 Statistical analysis of Collaborative study results for PFOS

Measuring Sample Labs  Mean” s RSDS 2*CRSD.  s:i®  RSDR” 2*CRSD’
compounds” p(@)”  (ngke) (ughkg) (%) (%) (ngkg) (%) (%)
PFOS Linear Composted sludge A 13(0) 12.8 0.6 4.9 22 1.2 9.5 44
chain compound  Composted sludge B 12(1) 49.2 0.8 1.6 22 2.9 6.0 44
/ °C4-PFOS Composted sludge C~ 13(0) 517 0.26 5.0 22 0.73 14.2 44
Composted sludge D 12(1) 16.6 0.9 5.5 22 1.7 10.2 44
Composted sludge E 13(0) 3.81 0.39 10.1 22 0.78 20.6 44
Dried microbes F 13(0) 1.56 0.17 10.7 22 0.28 17.7 44
PFOS Linear Composted sludge A 13(0) 15.9 0.7 4.5 22 1.3 8.1 44
chain compound ~ Composted sludge B 12(1) 59.8 1.1 1.8 22 4.0 6.7 44
+Branched chain ~ Composted sludge C 13(0) 7.14 0.35 5.0 22 0.74 10.3 44
isomer Composted sludge D 12(1) 23.4 1.2 5.1 22 1.9 8.2 44
/ P C4-PFOS Composted sludge E~ 13(0)  4.81  0.28 5.9 22 0.90 18.6 44
Dried microbes F 13(0) 2.22 0.20 9.0 22 0.49 22.1 44
PFOS Linear Composted sludge A 13(0) 12.8 0.6 5.0 22 1.0 7.8 44
chain compound ~ Composted sludge B 13(0) 49.4 1.1 2.2 22 3.8 7.7 44
/ PCs-PFOS Composted sludge C  13(0) 5.26 0.40 7.7 22 0.71 13.5 44
Composted sludge D 13(0) 17.3 0.8 4.5 22 1.9 11.2 44
Composted sludge E 12(1) 3.82 0.23 6.1 22 0.53 13.9 44
Dried microbes F 13(0) 1.61 0.18 10.9 22 0.27 16.7 44
PFOS Linear Composted sludge A 13(0) 15.8 0.7 4.4 22 1.4 8.6 44
chain compound  Composted sludge B 13(0) 60.2 1.7 2.9 22 4.5 7.5 44
+Branched chain  Composted sludge C 13(0) 7.30 0.46 6.3 22 0.95 13.0 44
isomer Composted sludge D 12(1) 23.8 1.1 4.7 22 2.1 8.8 44
/ *Cs-PFOS Composted sludge E 13(0) 4.93 0.19 3.8 22 0.77 15.6 44
Dried microbes F 13(0) 2.28 0.26 11.3 22 0.47 20.6 44

a) Target substances / internal standard substances

b) Number of laboratories, where p=number of laboratories retained after outlier removed and (¢ )=number of outliers

(n=The number of laboratories(p )*xThe number of repetition(2))
¢) Grand mean value of the results of duplicate sample which were reported from labratories retain after outlier
d) Standard deviation of repeatability

e) Repeatability relative standard deviaton

f) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizer 2021
g) Standard deviation of reproducibility

h) Reproducibility relative standard deviation

i) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2021



LC-MS/MS% FHW - iEEFH DO PFOS }2 NPFOA D 43 ATk O M REZE AT

— LRI LD 2 Y MR — 83
Table 6-2 Statistical analysis of Collaborative study results for PFOA
Measuring Sample Labs Mean” s  RSD.” 2*CRSD.  sx  RSDr” 2*CRSDx’

compounds” p(@)”  (ng/kg) (ngke) (%) (%) (ug’kg) (%) (%)
PFOA Linear Composted sludge A 13(0) 238 10 4.3 22 24 9.9 44
chain compound ~ Composted sludge B 13(0) 139 5 3.7 22 11 7.6 44
/ C4-PFOA Composted sludge C ~ 13(0)  53.3 2.1 3.9 22 3.6 6.8 44
Composted sludge D 13(0) 18.9 0.5 2.8 22 2.0 10.4 44
Composted sludge E 13(0) 5.97 0.31 5.2 22 0.74 12.3 44
Dried microbes F 11(2) 1.14 0.11 9.3 22 0.22 18.9 44
PFOA Linear Composted sludge A 13(0) 248 10 4.2 22 25 9.9 44
chain compound  Composted sludge B 13(0) 151 6 3.8 22 10 6.7 44
+Branched chain Composted sludge C 13(0) 53.6 2.1 3.9 22 3.7 6.8 44
isomer Composted sludge D 13(0) 19.6 0.6 2.9 22 2.1 10.8 44
/ *C4-PFOA Composted sudge B 13(0) 6,11  0.36 5.8 22 075 123 44
Dried microbes F 11(2) 1.28 0.13 10.0 22 0.36 28.5 44
PFOA Linear Composted sludge A 13(0) 236 10 4.3 22 19 7.8 44
chain compound  Composted sludge B 13(0) 137 5 3.8 22 10 7.1 44
/ Cs-PFOA Composted sludge C~ 13(0) 532 2.9 5.4 22 48 9.0 44
Composted sludge D 13(0) 19.0 0.9 4.5 22 2.1 11.1 44
Composted sludge E 13(0) 5.87 0.28 4.8 22 0.77 13.1 44
Dried microbes F 11(2) 1.13 0.09 8.0 22 0.21 18.7 44
PFOA Linear Composted sludge A 13(0) 247 11 4.3 22 19 7.8 44
chain compound  Composted sludge B 13(0) 149 5 3.7 22 10 6.4 44
+Branched chain Composted sludge C 13(0) 53.5 2.8 5.3 22 4.8 8.9 44
isomer Composted sludge D 13(0) 19.6 0.9 4.6 22 2.2 11.3 44
/ Cs-PFOA Composted sludge E -~ 13(0)  6.03 0.31 5.1 22 0.78 13.0 44
Dried microbes F 11(2) 1.29 0.15 11.4 22 0.34 26.6 44

The foot note is shown in Table 6-1.

4, F&EOH

LC-MS/MS Z W BB D PFOS J Y PFOA D43 HEIZ- DWW T, e [ERER R 6 FE%H (75U & UG
JRAZEWRE IR (B AR, RS N2, Mo BEO B AT o7b0) VT 13 SRR E 2L D3
[FlEBRZ FEhi L, LC-MS/MS % WG IR IEEE 10> PFOS & OY PFOA D3 HTEIC DWW CE M T HMEOFE
MizAT-72. 728, LFEFBRTFE T D PFOS & U PFOA #i%, AR O E B2 ZZENHEHL, PFOS (T
DU TIE BC4-PFOS K O 13Cs-PFOS %, PFOA (22U Tl 3C4-PFOA 2 () 3Cs-PFOA A PNAEHEY B &L CH
Wz ZORER, PFOS ELEARIZOWTIE, I 1.56 ng/kg~49.4 pg/kg OFPHIZIS U T = [ FEEUAH o2 %
7% (RSDR) 1 6.0 %~20.6 % Td-7=. PFOS B &IZOWTIE, FHIE 2.22 ng/kg~60.2 ng/kg OHFiFHIZIU
C = ) PR B RHE HE R 22 (RSDR) 1 6.7 %~22.1 % CTd-7=. PFOA EEHRIZOWTIE, I 1.13 pg/kg~
238 pg/kg OIS\ TR M FF B RHEHER 22 (RSDR) 1X 6.8 %~18.9 % Tdh 7. PFOA A EIZ OV TIT,
B 1.28 pg/kg~248 pg/kg OHPFHIZISUNT, = M FBUEHEER 72 (RSDr) 1% 6.4 %~28.5 % Th 7.
NI EE T B S YR 2= (RSDR) BB EBRIE VI B E A O S MMERO FIEICRL COD R
EDL VIR DIEED B LZOFFENTHAHZ LD, PFOS &Y PFOA OEHE K NG &EZNZ IS
W 2 FREEONAEMEY B A A LT-AREOREEE 1T, W o FIEIZ 8 Ch B RBR I O M REFEAT B 1E
DERFIHIHE AL TODHI LN RSN

A BRRFT LT ki 9 ClIL R =IO 3UBRIE O 2 Y PERERR (SLV) &AL TRY, SHIC4A B
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A CEBRAN AR L X5 2 ] L [FIRBRIC 10 2 M PERERE (HCV) D3RS N2 e D, 2O HrikoMEEIx
REBFE BRI BT DPEREHLUED Type B(SLV & N HCV IZELH5EHM) 12 G L CTWAZ LA iR LTz,

HRFRBRICT W N2 & E LT, — AR FE A BB A B I 4R B A [, — A B 1B N B AR & S AT
BB —Z BT, R EIEAN S ERBRER LM, MRS BRERNEY —e A ST,
MRSt S EEES sr— VT TV r—var B2 —, RS RRAE ¥ —, AnME
HENOOHTREAEHS REEBRENEY Z—, AREHEANB AN EHS &Rk EZE
i, VA2 AR RS~ — PR F—, NI RS, B AR R S
Nath, =l LERASH ZHRER PR OSLICHEERLET.
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Performance Evaluation of Determination Method
for PFOS and PFOA in Fertilizers
by Liquid Chromatography/Tandem Mass Spectrometry (LC-MS/MS)
: Harmonized Collaborative Validation

NUMAZAKI Kanako' and SHIRAI Yuji'
! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

We conducted a collaborative study to evaluate performance of testing methods of PFOS and PFOA in fertilizer,
using LC-MS/MS. PFOS and PFOA was extracted with methanol under acidic condition. The extract was purified
with a weak anion exchange polymer cartridge column. We analyzed PFOS and PFOA by LC-MS/MS. We sent six
samples, respectively, to 12 collaborators. They analyzed these samples as blind duplicates. The mean values and
the reproducibility relative standard deviation (RSDRr) for PFOS was 1.56 pg/kg - 60.2 pg/kg and 6.0 % - 22.1 %,
respectively. The mean values and the reproducibility relative standard deviation (RSDr) for PFOA was 1.13 pg/kg
- 248 pg/kg and 6.4% - 28.5 %, respectively. These results indicated that this method has an acceptable precision
for determination of PFOS and PFOA in these concentration ranges. In conclusion, those results demonstrated the

validity of these methods for PFOS and PFOA using LC-MS/MS.
Key words ~ PFOS, PFOA, sludge, LC-MS/MS, collaborative study

(Research Report of Fertilizer, 15, 66-86, 2022)
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