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1 Reduction of PFAS in sludge fertilizer by heat treatment and water-washing treatment
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Annotation: The operation methods and terms used in this research report are described in accordance
with "1. General rule 1.1 Common items (2) General matters in common, procedures and terms " in
Testing Methods for Fertilizers (2024)
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1 MBNEBE(ICLLHFREFH T PFAS DIEHR

RS, B %
—0—F  f#5o%K{AW, PFOS, PFOA, [SHTIE, IHIEIER, Weiksmely 775
7 LU 53 T 7

1. [ZL®IZ

ST NFaT X AL E D R ORI T VAT X AL EY (LLF, TPFASIEW). )IE 1 HEE L
L OMENFET HEESN TR, K- HMME, 2L FRLEREOHE LR T ZENABNTND.,
ZOHTY, AT NA a2 2R (BLT, TPFOS1EW). Figure 1-1) X2 —7 1> 7 A, 1@iE XK
Fl7p Lz, vz vAdut sz m (LT, TPFOA SV, Figure 1-2) (X.5-> & IR O TBHA, Bk,
FALA 2 E TSI T, BREEHIZR W CE#ES iR, BERBETHVER~OFEENRES
NI 800, BIFEIX POPs S50 e OMEFRIEIC K E NS Co RS - 45 S BLHl S Tng® . &5iC
LT v a~F o 2L CER (LLF, TPFHXS )&M), Figure 1-3) 1%, PFOS 2 TF PFOA Hi il 14 D {4 #R
ELTHE SN TETZD3, POPs STl 2021 4E0v5, {L3EIE TIE 2024 4555, PFOS J O PFOA [AlER
(L S B SN A ZE L7 BREETF O PFAS X ICHE T AKSLAKE NSRS TR,
IMZ T, FARMEEOFEAKH O PFOS } O PFOA X, TDHEKLE D TIRIZB W TREYCIEIRIC
BATTHZENHE P EIN TS,

A HT PFAS O HESITND— T, KO8, MR SEEZ R R LT T, THMER

DWW FED, INEA1O SRR ORI VFE IR - 3 RSO ZERME ST D, BMOKES T -
LA R R R PERR Y, (BIRIEEI @O PFOS K OY PFOA ORI IEORG ZEEIN-Z %%
o, AR T, ZRETICHE S TUVD PRAS IR IED 5, INEVLER K OVK Baid LB 2 VT
{GURNEELH D PFAS ZAKI CE D REELTZ.
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Figure 1-1  Structural formula of PFOS Figure 1-2  Structural formula of PFOA
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Figure 1-3  Structural formula of PFHxS

VIRSTATBE N RO PETH B 2 it — JEE R SR A D



2 JEEMFZE# S Vol.18 EfERER (2025)

2. MHRUVAZE

1) HERAHE

A THIHIRIEEZ 2L, ZOOHEBRICHEH AIREE B 2 GNDREE DR E T PFOS & TF PFOA %
G A TCWIZIBTRIEE B U=, B 222 40 °C T 70 FERIRZIRL7-1%, Him O C R B
500 pm DSDVEEIE T HETHHEL, IRG L CTott HEEH AR L7, /3t FIRUEHT, RV =F LR
WCAIVTHR= A CHEPAL, B H AT, FIRCRFL.

2) EERUHRE
(1) Whkra~hrI78207 DV &5 H7EH (LC-MS/MS) : SHIMADZU LCMS-8045
7B 717 250 GL-Sciences InertSustain C18 HP (N4% 2.1 mm, £& 150 mm, $748 3 pm)
H—K7Z2: GL-Sciences Guard Column for UHPLC InertSustain C18
(£ 3.0 mm, £ 10 mm, FifE 3 um)
T AL A AT GL-Sciences Delay Column for PFAS (£ 3.0 mm, £ & 10 mm)
(2) EEWFAELS: Yamato 8510
(3) OB : KUBOTA 7 —7 /L by 7 iE L% 4000
(4) =L oyBER: AS ONE MCD-2000
(5) FHfEAA L A HaR)~— A —R)w 7 A GL-Sciences InertSep MA-2 500 mg/6 mL
(6) 7T777ANI—R>F1—R)» BT A GL-Sciences InertSep Slim GC 400 mg
(7) ~=74—/LK: GL-Sciences, WATERS
(8) IE#E#sH.: GL-Sciences ZEHZRMRXfFIT/rl—>r=>k
(9) RBEIFH—: ASONE #BAEIFH—TRIO TM-2N
(10) HEfT&HTARBRE : GL-Sciences GL-SPE ¥ 0.5 mL&1.0 mL AA 7 mL
(11) FEEAEHELRIEHRNRLC O & Es: Labcon N7 oL R UmILE 1S mL AXLV T —H AT
(12) LC A7 /v: WATERS RUZ7mEL A HRNAT7 0 (300 pl), B7 X AL AR =F Lol
eSS
(13) RU7rvrr 8l om0k EE, R)7ae’L oAl 0% . GL-Sciences DigiTUBEs
50 mL, GL-Sciences DigiTUBEs 15 mL
(14) RyV7or Lo fildeipm ob e 7 1.5 mL ~A(/aFa—T RE 2 —K FFaT)L
(15) /"AY—LE~Xvh: Fisher Scientific (5T \EH T AR A — L E A~k (146 mm)
(16) ATV T gnZ—: Agilent FLIT LIV VT 4NH—(FAu, EHE 15 mm, L 0.2
pm)
(17) EE OB Retsch ZM 200
(18) #E5UF: Yamato FO810
(19) #RVIREHE: ASONE JHEY =—7H— AS-1

3) HE

(1) /K: HFKRELEE (MILLIPORE £ Milli-Q Integral 5) & W TR LU 7285tk (FLHEHTIE 18
MQcm LA B) Zf#EFL7-. JISK 0557 I[ZHLETS A4 Dk

(2) AZ/— v FREEEEIE-PCB B (5000 f54E) (B L7 AL AFeHizE)
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(3) A /— v (B HEVEHEH) : JIS K 8891 Hrlkil 3k (& L7 A /L AFnE i)

(4) 7TEF=RILVQREERA) : LC-MS AR (8 £ 7 AV ARk iisk)

(5) 7rE=7K: JISK 8085 Hrifk a3 (I (NH3) H 8573 28 %) (B L7 AL A Fneiis)

(6) XWe: JISK 8264 Hifkildk (J2E (HCOOH) & £y 98 %Ll ) (B L7 A /v ARt HiEk)

(7) BEERT - E=ULEHK (1 mol/L) : miRIRIK/a~ 777 A (B L7 AV L YEHi3)

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

(9) PFAS #E#EjZ (2000 ng/mL) : PFAC-MXC (PFAS f%%> 21 F&¥H, Native PFAS Stock Solution
1.2 mL) (WELLINGTON)

(10) PFAS #£¥%E#X (200 ng/mL) : PFAS #E¥#& (2000 ng/mL) 1 mL % 10 mL &7 7 A=(TLY, %
BETAY ) — V&N 2T PFAS EE%ER (200 ng/mL) Z RS L7=.

(11) PFAS #E#Ej% (100 ng/mL, 10 ng/mL & O* 1 ng/mL) : PFAS £ #E#% (200 ng/mL) 5 mL % 10 mL
EETIANZEVRAL, HEHRETAKENZ T PFAS FEAERR (100 ng/mL) Z7H R L7-. PFAS #ZE%E) (100
ng/mL) | mL % 10 mL &2 &7 7 A3|2E0, fEHETAY /—/L—IK (1+1) Z )1 %2 T PFAS fZ#E#Z (10 ng/mL)
ZAHELL 72, PFAS BEHER (10 ng/mL) 1 mL % 10 mL £&E 7T A3|TE), B ETAY ) —/L—K(1+1) %
JN % T PFAS =% (1 ng/mL) 2L 7.

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

(13) 1BCs-PFOA WAEHEHRE (50 pg/mL) : MSPFOA (Perfluoro-n-['*Cs]-octanoic acid 1.2 mL)
(WELLINGTON)

(14) '3C3-PFHxS WAZEHEHZ (50 pg/mL) : M3PFHxS (Sodium perfluoro-1-[1,2,3-13Cs]-
hexanesulfonate 1.2 mL) (WELLINGTON)

(15) '3Cs-PFOS WAEHEWR (1 pg/mL), '3Cs-PFOA WEEHERK (1 pg/mL) B OF 13C3-PFHxS PAE #E (1
png/mL) : 3Cg-PFOS WAZHER (50 pg/mL), 3Cs-PFOA WAZHERE (50 pg/mL) & O 3C3-PFHXS PNIZ %
7 (50 pg/mL) & 1 mL ZZ 3240 50 mL R ET7T7AIED, FEMRETAY ) — /L& 12T BCs-PFOS N
FEHERR (1 pg/mL), 3Cs-PFOA WAEHENR (1 pg/mL) & TY 3C3-PFHxS PAR #E#K (1 pg/mL) &7 L7-.

(16) BC-IRAPNEEHENR (200 ng/mL) : '3Cs-PFOS PAEZ#EJE (1 pg/mL), 3Cs-PFOA PNAE #E{K (1
pg/mL) K O 13C3-PFHxS PAZ#EWR (1 pg/mL) 45 10 mL % 50 mL &8 7T A2 ([ZEVIRAL, i ETA
Z ) — AT BC-1RA WAEEWR (200 ng/mL) Z- 3 fE L 7-.

(17) BC-IREWEEHERK (20 ng/mL) :  BC-IREWAEHERK (200 ng/mL)2.5 mL # 25 mL &2 &7 7 A=
(&0, R ETAY ) — b — K (1+1) Z I 2T BC-IR A WEEHERR (20 ng/mL) Z 73U 7=,

(18) FREMMHIRAGEENER (0.1 ng/mL~50 ng/mL) : PFAS #E¥E#% (100 ng/mL) 1 mL, 2 mL 2T} 5
mL % 10 mL 2877 AZEREIZED, BC-IRE WAEHER (20 ng/mL) 1 mL 2N ZEIIRINL, fEfkE
TAH ) —v— K (1+1) Z Mz 7=. PFAS fZ%#E#Z (10 ng/mL) 1 mL, 2 mL 2 T' 5 mL % 10 mL &7 7 A2
IZBEBEIIC LD, BCIRA WEEHERR (20 ng/mL) 1| mL ZWMIL, B ETAY ) —/L—K (1+1) 22 7.
PFAS #Z#E%% (1 ng/mL) I mL, 2 mL 2 T8 S mL % 10 mL 2877 A3 ZEEMEAICED, BCIRA AR HER
(20 ng/mL) 1 mL ZZNZEHIRIL, R ETAZ ) —/L—K (1+1) ZIN 272, KN BEPERIC 9 2
TR, AT L.

(19) Zr#ralEHasn A BC-IR A NAZHER (20 ng/mL) :  BC-IRA WAZHEHR (200 ng/mL) 10 mL % 100
mL RETTANIEY, FEMETAY ) —VEIZ TN RINA PC-IR & NAEHENR (20 ng/mL) %7
7.
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4) HERERME

THIRIEELH O PFAS DI, IEEHEBR L (2024) D 8.7.a) A S~ F L AW-mlikiAkra~hs
FIH T NERAHTE WIS TEMLE. T Ao L, ARBRIEOWEH 23 fIHe7e 16 iYL, W
FEUEY)E L L C 13Cs-PFOS, 3Cs-PFOA, 3C3-PFHxXS O 3 fli & L7=.

(1) Hhi

SIHTEER 2.0 g 213720 E0 50 mL 2aU A OILERE (A) IZARL, S0 Hral BRI BC-IR-A PR HER (20
ng/mL) 1 mL ZM& 7=, BIZ, A% /—/L 15 mL L OERE 0.1 mL #00%, 8 EIsAa2 FVC 20 2
HIAHEL, =0 1700 X g T 5 4yl O srBEL, EEAEE 50 mL Al ARERE (B) 1T L-. Sbig,
ZOEMEE 2 KL, EEAMEEZ R ORERE (B) 1T 7z, Al NRERE (B) O B ETAX /— /L&
Z, fhHRELTZ.

(2) K

SIEA T L BHR~— T — N BT L ETOT L E=T K— A% 7 —/L (1+100) K 5mL, A%/ —/1K] 5
mL & OAZ /—L— K (1+1) K 5 mL THAERBEE L. £z, 7777 AN —R 1—RN) o NT L% T8 A
X )—AH) 5 mL THEE L=

Fh % 5 mL % 15 mL 22U F B (O 12E0/k S mL 2012 TRAL, #0771 1700 X g T 5 4yiE 05y
BEL721%, B3MaA A4 Ry ~—h— NP BT MZAR L, IR T CARIO B ET A ETHRiHSE
7o AU ORERE (C) A% /—/L— K (+1) ) SmL THEFL, TRiRZEFRICH T AR LTz, ZD% BT L%
AH )—)V#) 5 mL C 2 [BIPEHL, WiEA T CAFIO Bl T2 E TSz, 7977 A N —R T —
NPT B FHEAT MR )~ — B — RN U BT LD FIZEFEL, 7o E=7T /K —A%/—/1 (1+100) 2
mL ZHz, TBCAKID LS ET 2 ETRIHSE . BEMEHTARBRE (D) 20— Ny P HT LD FIC
BE, TE=TK—AZ /=1 (1+100) 4 mL 71—~ 7 KTNZ T PFAS KOS NAEEY E 245 HE
.

EF I ALV HIRITFELCNIIRE AT T 0.5 mL @ HEEETHRMEL, KK 0.4 mL 201 % CRBRE XV —
THFELIZ%, B2 1 mL O HEFCTREMZ TREE I —CHRL, 1.5 mL e OB (B) ICA
M7z, =077 10 000X g T 5 4y Loy BEL, Ak ERERRIRE LT,

(3) Wthra~ s I74 T DRVE BN RHC L HDHE

B TR A R U M OVREHA i &2 LC-MS/MS 127 AL, Table 1-1 OE SAFIHE-THIE L.
7285, 3T L7= PFAS 16 i 4y (Table 1-2) ™55, PFOS, PFOA, PFHxS |45 WIEHEY) & 2 F L, PFOS,
PFHXS LAt D AV R R 571 13Cs-PFOS %, PFOA LIS D I VIR B R B3 1E 3Cs-PFOA % PNEE
B LU T L. SUBHAR D& sy DR (ng/mL) 23k, 15 IEAEEH D& sy D (ng/kg)
ERHLEZ. 207D 0TEOREE % Scheme 1-1 & OY Scheme 1-2 [Z/RL7-.
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Table

1-1 Operating conditions of LC-MS/MS

[LC conditions] SHIMADZU Nexera Series

Delay Column
Guard Column
Column

Mobile phase
Gradient program

Flow rate
Column temperature

Injection volume

: Delay Column for PFAS (3.0 mm I.D., 10 mm L)

: InertSustain C18 (3.0 mm I.D., 10 mm L, 3 um)

: InertSustain C18 HP (2.1 mm I.D., 150 mm L, 3 um)

: A; 10 mmol/L ammonium acetate slution B; Acetonitrile

- 0 min (20 %B) — 2 min (20 %B) — 15 min (100 %B) —
15.1 min (20 %B) — 20 min (20 %B)

: 0.3 mL/min

:40 °C

:5ul

[MS conditions] SHIMADZU LCMS-8045

Ionaization

Mode

Probe voltage

DL temperature

Heat block temperature
Interface temprature
Nebulizing gas flow
Drying gas flow
Heating gas flow

: Electrospray ionization (ESI)
: Negative

:-1kV

: 200 °C

: 300 °C

: 300 °C

: 3.0 L/min

: 5.0 L/min

: 15.0 L/min
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Table 1-2 MRM parameters for detection of PFAS
For determination For validation
Abbreviation Prec(ljrr;;r ion Proglll/czi ion C;ii:;(;n Prec(t;r;;r ion Pro;l;/czi ion CE(LHeiiigoyn
(V) (eV)
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
B C3-PFHxS 402.0 80.0 40.0 402.0 99.0 34.0
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
B s-PFOS 506.8 80.0 51.0 506.8 99.0 45.0
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
B3 Cs-PFOA 420.9 172.0 17.0 421.1 376.0 11.0
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
PFUndA 563.0 519.0 8.0 563.0 269.0 18.0
PFDoDA 613.0 569.0 12.0 613.0 169.0 25.0
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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, PFOA and PFHxS)

< 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 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 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/mass))-
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
|

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

Centrifugal separation 7500%g-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) HIEA thd PFAS B A iE D%

TR D PRAS AR AR S SV TWDTEDY S, (HIRIEEO A TR TH RSN FIEIC
INEVLEEN5. £z, 13t PFAS D45 i1 L TKICE IR BB 1A BRI S V520 210
ZEb, (HIRIEEIF D PFAS 73, KEDEH -TEA OKVEE) IZL o THETRIEENOKA~BAT T HZ LN HIFF
ENB. LD T, INEVLIR K OUKBEELERD 2 SO HIEICHUWT, IHIRIEENZ VT, TEIRIER O
PFAS 1% U TR SR D 20550~ T IEIC /R0 2 5D ERGEELT-. 7eds, obTiE, B#HOILEmMN
NREVLERZ X o TR DAL G R SIND ATRENES, EEHO RIS TK~OBITLOTE0R 2D
ATREMESEZE IR, 16 B Z MR ELT-.
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(1) hnEnsn g

SNEGLELE LT, VBUEIREZ B R CMELT 22 T TRIEEIH D PFAS ZARJR CE D0 MRFTL 7=, InEk
EEEE, EHERBRIE CEREIURIL - JRAED B ZIRFELTL T2 300 °C, 550 °C (ZhNZ, THIEREID A E
BLS CRERGRE LU C— ISR E I TUVD 800 °C 0 3 /37— b LTz,

DOIEZFRNCA BRI CREBEE L%, 228 & (W) ZHIEL, A%/ — /L TR LIz. #lkE 20 g &
0, REHNINE DL DIEOE R (W) ZHIE L%, BRI CMELTZ. SRERITINBREHEZ 252 C 2 [EHTV,
1 [5] H OJIEABERENXOT I OIEE T 2 B &L=, 1 B HORBRO OIS REEE X T, 2 B HORERT
VIR Z SN A SRR ST SEREL, 300 °C Tl 5 B, 550 °C & U 800 °C Tl 30 4yl
BT, 728, 2 [EEL BRI TONMBIU LD PFAS 15 Y72 e MR 4572012, 7T 7L L T2
DLOFBEE L. IEVE, 201327 V7 —ZIZ AT 30 /3 LL ERA L, BV DL DIZDOHE (W) %
HITELTZ. WD Wo & 7250 B IO TINEARTOFUEE &%, Wa D Wo 27250 51\ TNV o3kl B B LY
L.

INEE DFEHE, A% /—/1 15 mL C 50 mL 22U Mz DILEE (A) I LA R, SATaEHRINA BC-R
A PIEYERR (20 ng/mL) | mL & V&2 0.1 mL Z200%, 2. 4) LEREIS, ABHERBRYE (2024) O 8.7.a) A5
S>FECEW-ERENE 0~ N T 78T NEBGHEINES THMTLIZ. 7038, ST EITINENRT O JR FZ4)
HI-VEU TR U, IR OB IR ALK D PFAS JR FE 2 Lk L, MNEVLERIZ 5 PFAS I8N 270~
7-.

(2) K Pl B

a) RIE OMET

IKEF DR E L ARG 2I12H 720, REEE R T 1o PFOS, PFOA KXY PFHxS (ZfRDE &
P I 1 (A HERRER) 2V CHRIE L 10 EL QWA IE, T c k> TRATDHEKIE, Z0%OPEKLEIC
FOBRBEAMOBLENLTEAIRV D BN LB ENDHTEND, ARER T3 KIEE EE 10 2L, #EH b 2, 3,
4,5, 10 L OBE LU THIE L 20 I2OWTHRETLZ. 30BHE L CIETRIEEF 2.0 g 213220 E->T 50 mL 22l [
O OIEBEE AN, RIS 2, 3, 4, 5, 10 TR 20 £725 091222 K 4mL, 6 mL, 8 mL, 10 mL, 20 mL
J Y40 mL ZUSINUT-. ZOFER, WE L 2, 3 KOV 4 T, BB IRINUIZ K Z 2 &R I H D\ T A
ENFZEAEETRWREETRINLZZE T, Wi B OKRZIGIRIEEID BT 22 E#ELL, HIRIEE
MHIK~D PFAS BATOH LR T HZENNEELZ 2 B, LTeh > C, ApBr I3k E k% 5, 10 &
20 ELTHERTT D2 LT

b) KIEHFORBR 1A

SHTEER 2.0 g 21320 &0 50 mL AU A OIEBCE (A) IS AR, BT CIRE LK E L 5, 10 120 &
72HENTENEIK 10 mL, 20 mL & OY 40 mL ZiINLT-. GIRAEEIO A FEBIE 2B L, WMLV ES #
TERMBBRNIIECOIC TRV TIRAL, —WFFE L. 2ok, FERBREO ML TRVIEEERIEL
FEORBRY FEME L 7=, IRVIEEIL, IRVIEEHEZ T, KT HEIC 200 rpm T 30 43477, 8 TR
IR, 1307/ 1700xg T 5 53[0 BEL, B ARA 15 mL 22l HEERE U3 50 mL 22U ARERE 12
FHT—ar LI SAY — ey NCREINL, PEike L. U M5E O (A) I L=k o
PFAS %, 2. 4) L[RIERIC, IERMERBRE (2024) O 8.7.0) FHES->HFL AW - kIR a~ N T7 205 I
HEBIIEIAWE> TofrLzz.
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Sample 2.00 g and water

N\
Step1 E —

<—

Step3
Stepl or | l I:>

Shake for 30 min.
Allow to:stand by horizontal shaker

L/SS L/S10 L/S20

Centrifugal separation
overnight 1700 X g, 5 min.

)

+ 1 mL of isotope performance extraction standard solution
* 15 mL of methanol
* 0.1 mL of formic acid

Decantation

Step4

Same procedures as Scheme 1-1 and 1-2

Figure 2 Water-washing test procedure (L/S :Ratio of liquid to solid)

3. BWERRUER

1) MENEIZLDFREH SO PFAS B
AL CWZIBIRIEE AT L7 B, ARGHI B W TA IS LA R AR TEARE DR
J&£C PFOS Jx OF PFOA %3 A CWEiEHT 3 DA THT2ZEMnn, 20 3 mafmpt ik L.
FHZfE A U725 JE R g 25U PFOS, PFOA KUY PFHXS £ % Table 2 (27" L72. PFHxS 1T,
Sample A TIIE & T IRIEAT (< 0.8 ng/kg), Sample B & T8 C Tldf i T FRAIEARM (< 0.3 ng/kg) TH
S BREICKITL, MEAZOREE RS, MEAGTORE BRI T 2MEAZ ORI EEOH &%
Table 3 (Z/x L7z, F7=, BRI OIGTRAEEH O PFAS 2% Table 4 (2R LT, 728, 770730k,
WTHORER X TH PFAS 16 553 T THME H T IRE AN ThY, ELIF N TORELD PFAS 15443
FEAE DT e E MR LT,
300 °C TlE, 16 A5 PFHxS Z&€e 9 ii4y (PFBA, PFPeS, PFHxS, PFNA, PFDA, PFHpS,
PFUndA, PFNS } T" PFDoDA) 73 IR [ 0FBHT L6971 ) FBRAE (0.2 ng/kg~0.6 pg/kg) A,
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PFOA %%t 5 ill5y (PFPeA, PFHXA, PFHpA, PFOA % O PFDS) 7% Sample A X U B CTHNEARERT I K
53R H T BRE A TdH 7=, Sample C TlX, PFPeA, PFHxA, PFHpA, PFOA % ! PFDS CTHiH R
I LA b8 B T IRAE AT DR AF D3RR STz, 72721, PFOA ([22OW T, 2 RO MMELEE T 0.3
ng/kg (B FRRAE 0.2 pg/kg) FEAFL TS, 5 BRI O IIELER L Z0 R H T BRAE AR i = TR S 7.
o, WTRLORENTH, PFBS X UNPFOS 13, —H#IFEHIIRAFLIZb DD, 2 R X1 5 Ky fH o L
2L > T PFBS 1349 30 %~82 %, PFOS 1347 55 %~98 %IKIH 47z,

550 °C } O 800 °C THEVLELL /=75 JENEE 1> PFAS 1X, MZARFHSCEHZ LD T 16 iy b
H TR AR Chh o7z, PFAS 23 ATSTEMER S LA iR TMEVLE 325 L, 3B R D PFAS (3.5
# (F) DABBEOLUIM S CTIER T HZL T o fESi, MBAFTZVH KT 52 2P ZenmESh
TW5. Alalf L7 TRREHC BT, IMBVLEL T OB DR Sz 13 722V 550 °C
X% 800 °C TOMBUZ IV KIS I=EE 2 HiT-.

PLEDZEND, K712 550 °C LA EO @R T 30 77 PA EINELER 32 Z & T H T FRAE A T £ TRk AT
BECHLI LRSI, ARG LT INBGE 1T, (G IEIEE O A PE TR IZH T, 800 °C IXKEAK,
550 °C 1& Ak, 300 °C ITMNBRHRIZFI SN DR EH THY, EEROEFEBLSE TH+2IZEHH AT EToH
%.

Table 2 Properties of sludge fertilizers used for the reduction test

2 Main material Concentration (pg/kg)
Sample . \b)
(content ratio) PFOS PFOA PFHxS
A Sewage sludge (81 %) 73.0 133.3 0.6
B Industrial sludge (47 %) 12.6 39.1 LOD ©
C Human waste sludge (100 %) 13.6 213.5 LOD
a)n=I

b) Mass fraction
c¢) Lower limit of detection

Table 3 Sample weight after the heat test (g)

3 300 °C 550 °C 800 °C
Sample . -
2h 5h 30 min 2h 30 min 2h
A 1.18 (59 %) D113 (59 %) 0.69 (35 %) 0.69 (35 %) 0.66 (33 %) 0.67 (33 %)
B 1.10 (55 %) 1.10 (55 %) 0.74 (37 %) 0.75 37 %) 0.70 (35 %) 0.68 (34 %)
C 0.93 (47 %) 0.93 (46 %) 0.71 (35 %) 0.70 (35 %) 0.69 (34 %) 0.71 (35 %)
a)n=1

b) The ratio of sample weight after the heat test to that of before (mass/mass)
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Table 4-1 Concentration of PFAS in sludge fertilizer before and after the heat test (ug/kg) (Sulfonic acid)

After
Abbreviation
(LOO Y 10D ) Sample 9 Before 300 °C 550 °C 200 °C
2h 5h 30mn  2h 30mn  2h
PFOS A 73.0 6.5 9 — — — —
(0.5/0.2) ¢ B 12.6 2.2 - — — _ _
C 13.6 6.1 0.3 — _ _ _
A 10.3 1.8 2.7 — _ — —
PFBS
(1.0/0.4) B 3.3 0.9 23 — _ _ _
C 2.7 0.6 1.1 — — _ _
A o - _ - - —_— J—
PFPeS 5 B B - B B ) -
(1.0/0.5)
C - o - - - —_— PR—
A 0.6 — _ — — — —
PFHxS 5 - B - B B ) -
(0.8/0.3)
C B o - - - —_— —_
A o - _ - - —_— J—
PFHpS 5 B B - B B ) -
(0.5/0.2)
C B o - - - —_— —_
A o o - - - —_— PR—
PFNS 5 B B - B B - -
(1.0/0.6)
C B o - - - —_— PR—
A 0.7 - _ _ — — —
PFDS
B - o - - - —_— —_
(1.0/0.5)
C 1.4 — 0.7 — _ _ _

a) Lower limit of quantitation

b) Lower limit of detection

c)n=1

d) LOQ and LOD shown in Research Report of Fertilizer Volume 15
e) Less than LOD

19)
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Table 4-2 Concentration of PFAS in sludge fertilizer before and after the heat test (ug/kg) (Carboxylic acid)

After
Abbreviation
(L00 /10D ™) Sample @ Before 300 °C 550 °C 800 °C
2h 5h 30 min 2h 30 min 2h
PFOA A 133.3 —° — - - — —
B 39.1 — — — — — —
(0.5/0.2) ¢
C 213.5 0.3 — — — — —
A 18.9 — — — — — —
PFBA
(1.0/0.4) B 66.0
C 43 — — — — — —
A 17.9 — — — — — —
PFPeA
B . — — — — — —
(0.7/0.2) 307
C 8.0 0.3 0.3 — — — —
A 63.7 — — — — — —
PFHxA
B 590.6 — — — — — —
(0.7/0.3)
C 17.9 0.4 0.4 — — — —
A 14.3 — — — — — —
PFHpA
B 2.5 — — — — — —
(0.6/0.3)
C 37.9 0.4 0.5 — — — —
A 15.1 — — — — — —
PFNA
B 42 — — — — — —
(0.7/0.3)
C 38.7 — — — — — —
A 25.6 — — — — — —
PFDA
B 1.8 — — — — — —
(1.0/0.5)
C 68.7 — — — — — —
A 13.4 — — — — — —
PFUndA
B 1. — — — — — —
(1.0/0.5) 6
C 28.3 — — — — — —
A 8.5 — — — — — —
PFDoDA B B B B B B B B
(1.0/0.6)
C 9.7 — — — — — —

a) Lower limit of quantitation

b) Lower limit of detection

c)n=I

d) LOQ and LOD shown in Research Report of Fertilizer Volume 15
e) Less than LOD
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2) JKEFNEIZKDFIRIEH B D PFAS K

IKGEFRTOIGIRAEELH D PFAS I EE IS 32K Pevd & DIGJEAEE O PFAS IREOEIG KD,
100 %572 L5 ZET, KR LERIZ LD PFAS B0 DRI (%) ZF L, Table 51Z/RL7z. &z,
IKGEHE AT DI JEIEEF R D PFAS J2EEIZOUWT, fRERS &L TALR B R IE PFBS & O PFOS i &
% Figure 3-1 12, /LR A1 PFBA, PFOA & OF PFNA 2 £ % Figure 3-2 [IZZENEIURLTE. 728,
Ve AT DTG JEEELH D PFAS ¥R 1 mg/kg K THY, IEEHERERE (2024) [l EE AP IZBWT,

BHRREL ) (7~ b T7E) BT L0 EOREE O A %22 L7322 R % 487 722 (RSDym)) 13
18 %EENTNWD. LT, 15%1%11@1%@&18 %DRRAERPHZATL, VeI DU DS YE AL Huis
L C-18 %% Ll o723 BR KIZ DWW TIMEIRE R D722 Teb D E AL, -18 %% T Bl 7 # R [XIZ D0
TORMERREZFH LIz, 72720, ARBRA TR 328, VEiaiiRE O o EICRR AP O 2 Lo E1X
B9, ZOFFEOME -,

IGURIEEL PFAS D6, Z/VRUEER AT DIRFEIZOWT, PFBS (X, FrE s Bk T3 5 T
34 %~55 %, {RE L 10 THI 53 %~67 %, i&[E b 20 THI 59 %~62 %IKIRS4, RVIEE R TIIik
[EH b 5 T 42 %~55 %, W[E L 10 TR 57 %~70 %, #E[E 20 TR 56 %~77 %Ki E4L7=. PFOS &
FEVE, R B R E ST IRVIE T RS T, AKBEF AT CREREBAITR o7z, HRIEENORES
ANV TR 4 iy DD, KPFEEHIZE > TS L7201 PFBS O THY, PFHXS, PFOS K
PFDS ~DAK 2N 13460 TR Ao 72

TGIRAEEL PFAS D56, JVRUERR AT DR FEIZOWT, PFBA X, #iE kB CI3E I 5 TF
54 %~69 %, {&[E L 10 THI 63 %~81 %, {iZ[EH k20 THI 73 %~86 %Xk, IEVIEEHER CIX, &
B 5 T 43 %~72 %, HKIE 10 THI 55 %~84 %, W [E 20 THI 62 %~89 %IKJFXi7=. PFOA
PEELE, FRE B CIXIRE b 5 K OVKIE L 10 TPl & K227, IR E 20 TR 27 %~35 %K
S, IRVIBE B CITIRE L 5 IR Al E K A7, IRE L 10 THI 20 %~28 %, #R[E 20 TK
45 %~51 %IERISAL72. PENA R, 37 E e oF ESUTRVIBRICLS T, KBt AR TRER) -
7o AGIRIERID B SN TV AR AR 9 By DID, KPEEIZE > TIRIS 172013 PFBA, PFPeA,
PFHxA, PFHpA } (F PFOA @ 5 Ji%4y CT&Y, PFNA, PFDA, PFUndA &% U PFDoDA ~D B8 %) 5 1 3482
O TR o7,

VL EORERZEE A, FERBREIRVIB R, WE L, REHORS, ZVRIEERETVR R
D 4 U DWW TR A ik L7z

FT, KIBRINEIZ—BEERE Lo fE R e 30 4 HIRVIEE7-IRVIBERBROEEE L k358, 1K
BERDMEDRL N ELE, #E R IRV BB TR O Z P RED o7 (FE <RVIEE) bOo, 13L&
A EDRBRX TR AL, §iE CTHHHFEE DR R R DD LN RBEI L.

I, WRE T E DR 2 L T2 &, BB IR ST, W e 5 <HKTE e 10 <#K[E e 20 DIIE
THY, WELLPKELRDIZE, TROLKOIMENZWIEERIRE N F -T2,

mu\f PFAS {43 D RFEHDESITONWT, VRV EER 5 BGOSR E g 35 &, OB [

biZk 59, PFBA (C4) >PFPeA (Cs) >PFHxA (Cs) >PFHpA (C7) >PFOA (Cs) DIETHY, mFBHHIE
b\aie1&?@2$753‘%7§>o7‘:.

ZLTC, RFEHFHDOEIDEL PFBS (C4) & PFBA (Cy) DR HE A i 325 &, PFBS 1359 34 %~77 %
THHDIZXL, PFBA 1349 43 %~89 % THY, WKV EERKS Thd PFBA O J7 MEIEE D &>
7.

LU EDZEmD, KRBT, AV B R R 9 DRI B 3D TRV — 5, VR
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Ay DH B, [RFBEHDEY (Ca~Ce) 12X L TIE, ZEOKERINTLZETIRBA RN AT DE
EZONT. LInLRDs, 4 Bl OB CREEN RS mo o 7oK E e 10~20 1%, BUIGA — /W IHE &
Bé, AEEF10 t I LTK 100 t~200 t 3 FETHY, KO HEICINZ THEKELIEFICZ WD, B
BCOFBUIBEN TRV, &5, WL ITKEDT BT THDIKERAETHDDIEEDH LT
RAE N LEETZN, IERHAEPE DB CIIIERI O £ FE B E 2 ANE DO RN LE LW B ESND. AR
Bt RILTRAr — L CORERTHHI LM E 2, FEBEOIEEHE FE B T o A al fetE i >0 T,
ROME B HEK &, BRSO 4 RBLEND, SLICKRFIZERDILERHHEE Z DI,

Table 5-1 Reduction ratio of PFAS in sludge fertilizer after the water-washing test (%) (Sulfonic acid)

L/Ss5? L/S 10 L/S 20
Abbreviation  Sample 2 allow to 'stand <hake for 30 min. allow to.stand shake for 30 min. allow to 'stand <hake for 30 min.
overnight overnight overnight
A 33.5 22 53.1 60.4 59.2 76.6
PFBS(C4) B 54.8 54.6 67.2 70.1 61.5 65.6
C 49.4 46.0 63.8 56.9 60.3 56.1
A —d — — — — —
PFPeS ?(Cs) B - - - - - -
C _ _ _ _ _ _
A _ _ _ _ _ _
PFHxS (Co) B? - - - - - -
C ) _ _ _ _ _ _
A _ _ _ _ _ _
PFHpS *(Cy) B - - - - - -
C _ _ _ _ _ _
A _ _ _ _ _ _
PFOS (Cy) B — — - - — —
C _ _ _ _ _ _
A _ _ _ _ _ _
PENS ?(Cy) B - - - - - -
C _ _ _ _ _ _
A _ _ _ _ _ _
PFDS (Cio) B° - - - - - -
C _ _ _ _ _ _
a)n=I

b) L/S: Ratio of liquid to solid
¢) Components or samples whose pre-test concentration was less than LOD

d) Test cases for which the reduction rate was not calculated : —
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Table 5-2 Reduction ratio of PFAS in sludge fertilizer after the water-washing test (%) (Carboxylic acid)

Lss® L/S 10 L/S 20
Abbreviation Sample ’ allow to .stand shake for 30 min. allow to‘stand shake for 30 min. allow to .stand shake for 30 min.
overnight overnight overnight
A 68.6 71.9 80.9 84.0 85.5 89.3
PFBA (C4) B 53.7 51.4 63.2 61.2 73.3 70.3
C 55.0 4.8 69.9 55.0 77.6 62.4
A 64.3 70.1 77.6 82.6 82.7 87.5
PFPeA (Cs) B 54.1 55.1 69.7 65.6 77.8 75.7
C 40.1 31.0 57.6 47.0 66.7 52.1
A 47.1 56.9 65.5 76.3 73.0 83.7
PFHxA (Ce) B 37.5 40.1 56.0 54.0 65.7 66.3
C 36.1 33.3 54.9 48.7 67.4 56.1
A 133 21.0 33.6 54.5 439 70.6
PFHpA (C) B 40.9 41.3 47.4 50.8 56.9 66.9
C 1.0 6.9 31.1 33.6 51.9 51.6
A — - — 28.4 26.5 50.9
PFOA (Cs) B — — — 25.8 34.6 46.8
C — — — 19.8 31.2 45.0
A _ _ _ _ _ _
PFNA (Cy) B — — — — — —
C _ _ _ _ _ _
A _ _ _ _ _ _
PFDA (Cyo) B — — — — — —
C — — — — — —
A — — — — — —
PFUndA (C11) B — — — — — —
C _ _ _ _ _ _
A _ _ _ _ _ _
PFDoDA (Cy) B?Y - - - - - -
C — — — — — —

a)n=I
b) L/S: Ratio of liquid to solid
¢) Components or samples whose pre-test concentration was less than LOD

d) Test cases for which the reduction rate was not calculated : —
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PFBS
20
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Figure 3-1 Concentration of PFBS (C4) and PFOS (Cs) in sludge fertilizer after water-washing test of
case allow to stand overnight (L/S:Ratio of liquid to solid). Error bar shows RSDi(t)

(+18 %) .
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OPre-test BL/S 5
aL/s 10 BL/S 20
250
& 200
=
e
< 150
=]
=51
=9
100
50
0 E
A B C
PFNA
60
OPre-test HL/S 5
50 BL/S 10 SL/S 20
)
= 40
)
=
< 30
Z.
=3
R
20
10
] il |
A B C

Figure 3-2 Concentration of PFBA (C4), PFOA (Csg), and PFNA (Coy) in sludge fertilizer after water-

washing test of case allow to stand overnight (L/S:Ratio of liquid to solid). Error bar shows

RSDi 1) (£18 %) .
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4. F&H

PFAS % & 1B IR IEEN: FIVT, INELER K OVKYEE L ERIZ L D5 TR AEEH @ PFAS (K8 %h 2 Wi Ak
L. ZOFEE, MBI T4 E OB HREBI OB HENZ 13 1S T X TR E SRS,
KYEFALEEClE PFOA & 1o — i D3I D RN RN S D LD RB STz,

(1) AFRECTHEHLIEIRAEEF O PFAS 13, 300 °C T 2 BRI LL EINEVAEE 352 4T, — DRy
FERIF LT DD, IIEARTE ELEZ L THY 55 %~98 Y%lEiiS 17z, 550 °C M TF 800 °C Tl 30 43 LA FmEsL
HI52LT, ARIOMGERENORSIIC 13 55T~ THRR T BRI £ TSz, InELE
IXIBTRAEEH PFAS DI 5L L TH B T D aTREME D RIR ST,

(2) ARETHMLIIGIRIE T D PFAS 5y DO 5, ZVARARR 1 sy O PFOA Z & T 1V Ry
R 5 BTIZOWT, RACIREE COFFEIZ LD K BEEALIR Tl KK 86 %lKisiE4L7z. PFOS & & e A/L7R
VRS B OVREEL 9 LU ED IR R AR LTI, AKBEEHALERIZ LS PFAS MEIEZN S 3 sh T
RNEE B, LTe3>C, AKBEEALERIE, 15TEIEE PFAS ORI 1EEL T, —HO 3 IZITA R T
BB A REMES RIR ST,

X

1) BREEA KEEBEEEY -V A7V 5K PFOS & A BEEEH ORI B+ 25 E F1E, 1-
2 (2011) < https://www.env.go.jp/recycle/misc/pfos/tptc.pdf >
2) PRSEAT B NS AN B O SL AR A, R pE el U PEE R L R, A B E R A
TG A R R 3R AT ML P E L AR E . " S AP E OV AZFMN, ~V T adt
2% % (PFOA), 7-9 (2020)
< https://www.nite.go.jp/chem/risk/products_risk-PFOA_jp_full.pdf >
3) BRBi4: PFOS, PFOA (ZBI7°% Q&A % (2024 4= 8 HIEAL), 1-5(2024)
< https://www.env.go.jp/content/000242834.pdf >
4) BREBIERETIRRETY A 73N E  (LEME ORI A 4 6 &, [19]~ VTt utss 2
JVIRV R B O D, 2-3 (2008)
< https://www.env.go.jp/chemi/report/h19-03/pdf/chpt1/1-2-2-19.pdf >
5) BRETERBIRBIBU AV E  LEWEOREY A7 5 9 &, [12] VT Anad s 2 ik
Koo, 2-3 (2011)
< https://www.env.go.jp/chemi/report/h23-01/pdf/chpt1/1-2-2-12.pdf >
6) FRIEPEZEA: POPs 554 < https://www.meti.go.jp/policy/chemical _management/int/pops.html >
7) RSEATBOE NG A B O LR A, R PR 2R S PEE R L IR, R A B A E R A
e R A A R P E Ao R = . ]S AL W E OV AT, ~V T VA s
FH o AL (PFHXS), 2-3, 6-7 (2023)
< https://www.nite.go.jp/chem/risk/products_risk-PFHxS.pdf >
8) EUEEm T, WHARE, KGR KRIAFNOKEEHRICBTLHE 7Y FLEWOEREFA,
A E BB, 36(1), 44-50 (2011)
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9) RIEEE: JKEIZIITH PFOS KT PFOA I[ZBT DA DHKE FIZOWT (R#EEVEELD), 3-5
(2024) < https://www.env.go.jp/content/000275570.pdf >
10) EBRARAR, RAMEH, BhARFZ, MAEM, 2, IBENBHYWEOME - RAXF— 20K
S PFOS, PFOA & O PFHxS (2X5 3 i F /KB DO FHA - kR B AT O BLR, H k- 48
159D R R IZB T D s 4R 3 4R, 27, 1-6 (2022)
11) BPURAR, BRIRGHRE, | )R, Bz, LRz REEART v F{bE % PFOS, PFOA
D FARMEIGZ BT, SR L 785 SU4E, 43, 105-110 (2006)
12) JEVEFNE, R, /g E, EENIE, PR FAKLELERICEK TS PFOS LU PFOA
DEENZOWT, TARFRH 63 BERFGEESES, 3-4 (2008)
13) KIS, V2= PFAS OWAE L RIZEAT DI BH 38, BEREW & IRE R 758, 35(4), 271-
280 (2024)
14) JERRGE, FERREM, AT B —, IUARMIE, & EME, B 7yHE R POPs BLUVEDHEH
DRERNT 553 RFs O LLiE AT, 55 33 RIBE R B IIE B bR R 2, 449-450 (2022)
15) PrideFh, m YR, IWARREE, BEEA, T8, BEIFREEE, P, TR RDIRTEPE R
WG ST~ IV T VA a7 5 L TeO INEF O 258, 734T{EF, 62(2), 107-113 (2013)
16) A48 E: PFAS {54 LHICH T2 2VLBREL I, BREZHAT, 51(5), 251-255 (2022)
17) E/KERR: PFAS 15 Y% 38 - 75 YK Db i
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18) MSTATBriE N EMOKEN B 22 21l 2 — (FAMIC) : Al RS BRE (2024) , 768-780
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2024.pdf >
19) BEH®BIE, BEtERT, Kool A#SoF AW o, IEEHFZE®RE, 15, 87-107
(2022)
20) VHEFER, NEEAD, THELE, B8 K R N AKICE T AT Y B Dih YL E
fed HHEREHRICB T OZE OB, 253), 149-160 (2015)
21) BREEE K KKEREREREE B L3P0 PFOS, PFOA & O PFHxS O & JIE T Bz o0
T, 3-10 (2023) <https://www.enV.go.Jp/content/000272788 pdf >
22) SnORHSER, HHENE, BREAE, TPHEELSS, )1 —H, Jira Kongpran, ZFEEE G TAKLERICIST
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23) DG, (WAJEE, Wi BOK, MTIEFsth, B RS, BRRERE, IR B ARRK
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Reduction of PFAS in sludge fertilizer by heat treatment and water-washing
treatment

MANABE Noriko! and ITABASHI Aoi'
' Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department

Due to their high persistence and accumulation, per- and poly-fluoroalkyl substances (PFAS) are of
concern for their effects on human health and the environment. In sewage treatment plants, it has been
reported that PFAS in sewage is transferred to sludge during wastewater treatment. This study examined the
effect of heat test and water-washing test on the reduction of 16 components of PFAS in sludge fertilizers.

As a result, PFAS in sludge fertilizer are reduced by 55 % to 98 % at 300°C in the heat test, and all 13
components which were detected from the samples were reduced to less than LOD (lower limit of detection)
at 550 °C or higher. In the water-washing test, one sulfonic acid-based component and five carboxylic acid-
based components out of 13 components were reduced, up to 86 % reduction. For sulfonic acid components
including PFOS and carboxylic acid components with more than 9 carbons, the effect of PFAS reduction by
water washing treatment was considered to be extremely low.

Therefore, it is suggested that heat treatment is an effective method to reduce PFAS in sludge fertilizers
and that water-washing treatment may be effective for some components as a method to reduce PFAS in

sludge fertilizers.
Key words PFAS, PFOS, PFOA, reduction method, sludge fertilizer, LC-MS/MS

(Research Report of Fertilizer, 18 Extra, 1-21, 2025)
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