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5 PFAS QO1EAPICHITHEERE

REEA L, BT 2, FRRSCE , EA R 3, s 25!
F—J—F PFAS, PFOS, PFOA, PFHxS, PFNA, /51Kl @Ehaegid

1. [XL®HIC

AT NFaT VX IACE R ORI 7 AT X AL G (LLF, TPFASI &V, ) 1T 1 THEELL EoP)
ERHHESNTEY, KB, B LR RENEOYEZ R THLOIZ O W TUITOMHEZFIAL, #
KB, FUETEMEA, SR BB IR FE ORIAWE THEASN TEZ. P T gdut sz
VANVRUER (LUF, TPFOS )&M), Figure 1-1) (X —7 > 7 A, JaiH KA, FETEIERIZREVIZ, ~ T vA
a4 52 (LUF, TPFOAJ SV, Figure 1-2) X 5B BHIEOM TEHA, &k}, ILLAIZE2IC, Fi2, ~L7
VA BT VAR EE (BT, TPFHXS | &V, Figure 1-3) IX7aiH KA, &R, ik, WHERI, Herd
RENEASN TS FL AW THY, A0 fifa Tl AL Z T TERETICROEEGF T 2028
b, mEEENE, REBERENE L CASEY ~OFEMEZFFOLOLL T PFOS ILFAK 22 4F, PFOA 1345F1 3
E PFHxS (X5F1 6 FEAL P E O 55 A5 I OMLESE OB BE 9215 (k3R 1E) 55 2 5808 2 T RSLD

— R ELFYE LU TEESNTRY, TO8E # A - SRR TODY. Nz <, 5F1 7 45 6 A
Jié%%’ PEA TG G BB T D AR VAV 549 (POPs 5:49) 12BN\ T, Fiiclc~v 7 g/ g (LLF,
[PFNA &V, Figure 1-4) SO R~V 7 A1Vl (LC-PFCA, KFEE 9~21) D3EEMxE L7220, 1k
%?ﬁ IRWTHE RSP E T 5580 RS ” . &, B 2 IR AE T EE ITKE KT

, BRETAIIBRBEK DY PFOS & () PFOA & RO & HYEfEZ S0ng/L L% ELT-. FALIRGIZEITS
m]vkEPO) PFOS } (N PFOA (32D TRRIZIB W TR CTETRICBAT T HZ LM HE" 1D S Tnsize
THUEAREFIZIE PFAS 233 END FIREMED DY, 1GIRIERH A AR L 72355, 1GTEAEEH kD PFAS 73
WCBATTDBENNHHEEZLND.

FEHRIG Y /K & - 13m0 PFAS OBEBEFTHIA IC W TITIEF> 0355708, FEEROIEEE AV - 1
B PFAS OBREFAEIC W CITMEFIZ D72\, 2T, PFAS N E N CODHIEENE W= o
PFAS OEREFIAICHOWTC, 7TV MikBraEEEL =0T, MEE2HET5. 2ok, DL FARH T, PFOS,
PFOA, PFHxS &% ' PENA O##E L CIPFAS) & T%.
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Figure 1-1 Structural formula of PFOS
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Figure 1-2  Structural formula of PFOA
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Figure 1-3  Structural formula of PFHxS
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Figure 1-4  Structural formula of PFNA
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2. MBPRUAHE

1) BHEF

(1) +4E

FRERICAE 2 HHEITRRIC IR 8 (0C), A e A E&D RS 2 FlHO 11 (R +, IKE K +) &
BEEL, HEE 2 mm 0550\ EEIBLIZL O W, O #E Table 1 128U, & 30 PFAS 2
FEWX AL FIEPIZHEWN DAL, B TFIRIZ PFOS:0.2 pg/kg, PFOA:0.2 pg/kg, PFHxS: 0.3 pg/kg,
PFNA:0.3 ug/kg £L7=. 7233, PFHXS ONEHEY L, EHMOOMEY %2552 13C5-PFHXS & A\,

(2) fegt
FRIEL CODIETRIEEIO Y L HRTOFHEA T PFOS K& O PFOA 25 BRIC 2372 CR Sz iR 1 52 R
BHESBRVEI O 1T LT 1%, KRR (Retsch ZM 200) T 500 pm DORESHWE@IEBT 2 ThHTEL, BE
LTcbDEER L. BHOOIFEPIZHE PFAS IEZE L7225, PFOS 122V Tik 73.0 pg/kg, PFOA
(2T 133.3 pg/kg, PFHxXS (29U T 0.64 ug/kg , PENA (2D T 15.1 pg/kg Th-o7z.
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Table 1  Soil properties in the soil column

Andosol Gray lowland soil
Organic carbon (%) 5.9 0.5
Organic matter (%) 16.1 33
PFOS (ug/kg) 0.6 0.2
PFOA (ug/kg) 0.8 0.5
PFHxS (ngkg) N.D.” N.D.”
PFNA (ng/kg) N.D.? 0.4
pH 5.7 7.1
Weight per column (g) 95 133

a) Less than minimum limit of detection (< 0.3 pg/kg)

2) XFERUHE
(1) Wk a~ 77507 DRVE &55HrEH (LC-MS/MS) : SHIMADZU LCMS-8045
rBEF 17 2. GL-Sciences InertSustain C18 HP (N4 2.1 mm, £ 150 mm, $7£% 3 um)
H—K#Z2: GL-Sciences Guard Column for UHPLC InertSustain C18
(N£E 3.0 mm, £ 10 mm, KifE 3 um)
T AL A7172: GL-Sciences Delay Column for PFAS (W% 3.0 mm, £& 10 mm)
(2) HFPEIALR: Yamato 8510
(3) mLHERE: KUBOTA 7 —7 /b by 75 D% 4000
(4) B L EERE: AS ONE MCD-2000
(5) F9FaAA L WA ~—J—R) > BT L GL-Sciences InertSep MA-2 500 mg/6 mL
(6) Z7F77ANI—RJ1—R)w A5 2 GL-Sciences InertSep Slim GC 400 mg
(7) ~=7&—/LK: GL-Sciences, WATERS (7" /L7 7~/ MIH)
(8) IBAE#+E.: GL-Sciences ZEHEMRX{FIT /7l =>h
(9) REREIFV—: ASONE BRE I —TRIO TM-2N
(10) HBEAF&E AT ABRE : GL-Sciences GL-SPE 4% 0.5 mL&1.0 mL AA 7 mL
(11) FEAEELAF AR AR SR : Labcon RUZae’L U BlmiEE 15 mL AZLTY—2 A
(12) LC HI»SA7 /L WATERS RUV7mbe LS A7)1 (300 ul), BEF X AL ARV =F L8l 0¥
O
(13) RyFur'Lr il omEokEe, R 7oLl 0BR% :© GL-Sciences DigiTUBEs 50
mL, GL-Sciences DigiTUBEs 15 mL
(14) Ry7orr MmO bR E: 7 1.5mL ~A(7uFa—TAXH—K FF 271
(15) 7SAY—)LE~yh: Fisher Scientific |EHJ VY T ARL A — )L~k (146 mm)
(16) ATV T74nH—: Agilent TLIT LUV P74V H— (F Ay, B 15mm, L5 0.2 um)
(17) i O Retsch ZM 200
(18) 100 mL A7 L A8 I P A (R 50 mm X & 51 mm) (BLF, TR EW))
(19) PPE7x/lm—h: 7AXTY ASONEPPE7x/Lm—bk ¢ 70mm (H MLES 70 mm, 7X£& 2.0 mm)
(20) v7xe— HHEIME: BT (B 45 mm)
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3) B

(1) JK: #HikRELERE (MILLIPORE & Milli-Q Integral 5) Z AW CTHHIL 728 KK (FLEEPUE 18
MQcm LA ) 2 L7=. JIS K 0557 ([ZHLET D Ad DKk

(2) A¥/—/v: FeBdE3K-PCB 3B H (5000 f5#4E) (& L7 AL LFEHiEk)

(3) A=)V (EREWER) . RIERER (8 L7 AL AFEHEE)

(4) TEr=RNVOEEEEA) : LC-MS A (8 £ 7 AV AFnEHisk)

(5) TrE=TAK: RIERER (R (NHs) B 5575 28 %) (& L7 AL LFtiiise)

(6) ZWe: Hyik (B (HCOOH) B &575 98 %LL 1) (B L7 A/ AHRDEHIEE)

(7) HERET o E=U LR (1 mol/L) : ik a~ 777 f (8 L7 AV AFEHIEE)

(8) WEERT > E=r7 AR (10 mmol/L) : KEEAT - E=r LA (1 mol/L) /KT 100 52 AR L7=.

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

(10) PFAS fZ=#Ej% (200 ng/mL) : PFAS FE#{% (2000 ng/mL) 1 mL % 10 mL &8 7 7 A2(ZEY, fEHj
FTAX ) — /L% Mz T PFAS HEHEK (200 ng/mL) Z 7 HLL7-.

(11) PFASAE#EHY (100 ng/mL), (10 ng/mL) & O (1 ng/mL) : PFASHEYE#X (200 ng/mL) 5 mL % 10mL
BT TAT LD, BEERRETAKENMN AT PFAS LR (100 ng/mL) ZFHH L 7-. PFAS FE#EHZ (100 ng/mL)
ImL % 10 mL 2 & 7FA3|TED, EHETAZ ) —L— K (1+1) 22 T PFAS EEHEHG (10 ng/mL) 2771
72. PFAS f2 ¥4 (10 ng/mL) | mL % 10 mL 22 &7 7 A2ZED, R ETAX /—/L— K (1+1) Z /2T PFAS
FEYERL (1 ng/mL) ZFH 5L 7=,

(12) BCs-PFOS WHZE#EWL (50 pg/mL) : MSPFOS (Sodium perfluoro-1-['*Cs]-octanesulfonate 1.2 mL)
(WELLINTON)

(13) '3Cs-PFOA W E # % (50 pg/mL) : MSPFOA ( Perfluoro-1-['*Cs]-octanic acid 1.2 mL )
(WELLINTON)

(14) '3C;-PFHxS WAE#ERE (50 pg/mL) : M3PFHxS (Sodium perfluoro-1-[1,2,3-1*C;]-hexanesulfonate 1.2
mL) (WELLINTON)

(15) BCs-PFOS WAEHEIR (1 pg/mL), BCs-PFOA PNIEHENR (1 ug/mL) % OY 13C3-PFHXS PN e (1
ng/mL) : 3Cs-PFOS PAEHERR (50 pg/mL) 1 mL, *Cs-PFOA PARYERE (50 pg/mL) 1 mL, & T 3C3-PFHXS N
FEHERY (50 pg/mL) 1 mL ZZ 1240 50 mL &7 7 ANIED, FERRETAY /) — /L&l Z T BCs-PFOS PNEE#E
17 (1 ng/mL), BCs-PFOA PWAEHERR (1 ng/mL) K& TY 13C3-PFHxS PAEYERR (1 pg/mL) 3R #LL7-.

(16) BC-IRAWAEHER (200 ng/mL) :  '3Cs-PFOS PAZYEZ (1 pg/mL) 10 mL, Cs-PFOA PNIE#E% (1
pg/mL) 10 mL } O 13C3-PFHxS PAZYERS (1 pg/mL) 10 mL % 50 mL 2877 A3IEVRAL, HERETAZ
— V&N AT BCIREWNERMERK (200 ng/mL) Z-FH#IL7-.

(17) BCIREPAEAERK (20 ng/mL) :  BC-EA PEEHERR (200 ng/mL) 2.5 mL % 25 mL 7 7 A=(ZE0,
B ETAY /— L — K (141) 2N 2 TRA PEEHERR (20 ng/mL) ZFH 5L L 7=

(18) MEFMAIRAIENERL (0.1 ng/mL~50 ng/mL) : PFAS =% (100 ng/mL) 1 mL, 2 mL & 5
mL % 10 mL &7 7 ALY, BCIRA NEEHERK (20 ng/mL) | mL ZENEIIRINL, &t E
TAH ) —v— K (1+1) Z N2 7=. PFAS FE#E# (10 ng/mL) 1 mL, 2 mL X' 5 mL % 10 mL &2 &7 7 A=
(ZEEPEMIICED, BCIRAWNAENER (20 ng/mL) 1| mL Z¥RIL, R ETAY /—L— K (1+1) 2Nz 7=,
PFAS FE#E#% (1 ng/mL) 1 mL, 2 mL 2 05 mL % 10 mL 22877 A2 (ZEMEAICED, BCIRA WEEHERK
(20 ng/mL) 1 mL ZZAVENIRML, FERRETAZ ) —/L—IK (1+1) I Z T, S &R BERE LT 9 % 3
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R, SHICHEALE.

(19) HHratEHEInm BC-IRA NI HER (20 ng/mL) : BC-IR & WNIEHER (200 ng/mL) 10 mL % 100
mL 2ETTAINED, ERETAY ) — VM THONTa BRI BC-IRA WAZHERR (20 ng/mL) % 7 il
L.

4) BEAZE

(1) TET 5 MERLZ ST

Figure 2 DOJHICE 7 xba—NMNIRY=F LB H MEEHE, MfE
2 DR, ENETNOLEAFREL. 20 RICSBICAEE 3 SHE
1, TNENO T8 (A7 12285 g, IREAUKHI - 399 g) LAEEl 4 ¢ 1R
ALAELZLO (BLF, THEDT A &0, ) ZIEEHRINX E L CTERAR
71 8 A, JREMKH L 10 RIERL, SOIZIERZRE LW RGN X
D THEH T DA R UARS (18 A) 1ERLL7-.

728, IEEIOTMEIL 10 7— 47208 2t L7pd & (4 g) LU, 1B+
JEZAEE LR EDDHESK 15 cm ETHEBINEMSNDLORE L.

RERBHAATE, EBISKERMUIZDT L0EKNHE P58, F
D& NT LD K ERAFIIREE LA D ETIRINLT-. #a/KIC KD L850
TENBIE T U AKITRBRIE F 28l C, RUATF LRI ZT
7. 728, K/KIZIE 8) ()DKREEH L.

BTO AT 2T LTl BB HisKL, BAZ T in
B, 5 M, 10 @M, 15 BERRREE, KA HITmIEERE, 1 @
fM, 5 [, 10 EfH, 15 EREREZOAX 2 KREZnZho M fEzY)
DHEEL 5 /EIL7=t%, 40 °C THZMEEL, THEho> PFAS OREARIEL

7. Figure 2 Image of a soil column

(2) B RR Sefh (R SR K )

1 HS720DHKEIZOWTIE, 1991 4£~2020 AEDOF A D FEIEKETHD 1598 mm 75, 1 H Y720
45 mm \ZAHSTHERETHD 1 ATLY7-0 9 mL L. £z, 4.5 mm EWVIORBKEITRS T RET 5550
R (1 BEfEIRY & 3 mm A ORN) ET0R05R AT ) (1 BRI & 10 mm LL_E 20 mm AR O ™) ORI OFEIHIZA
D728, Fa/AKRERIZAY 1 B &L, K 1 mL & 6~7 53 DORIME ChaK LTz, FEZEFIRINEIS U & DK 1
817 L0l T L, RIAF L A BIRIRIZITE SN D0% B IS ThEs LTz,

(3) FLHAR DR DI DN T

FE Q) BTN KR DB L MR T D20 DAL T LIZ. 1 H Y 72VOFRKEIZONTE, [T T
SRV ESNAD TIFRIN & 25 mm (TS T 5@ THD 1| BT L%720 50 mL EL72. FA/KRERTIEA 1 RefeL
T, K 1mLZz 72 OmETHAKLIEZ.

ARFEZHOWTE R () R HEI T LZERLTR, HEAT 51 DI 5MEIXEEE 3 oL
L, fix BB 1 DB OMBEICO A ERZRINUZ. IEEIOBINEIL 10 77—V 47208 1 t L7258 (2 g) &L,
WUEEMEICITER Y 1 88 g LIEEL 2 g ZIRA L OA T, HEITER I OB AM L, IEEHRINX
ELT2 AERIL, SHICIERERA L2 WEERINX O 1507 2 2 AR,
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Kkz 1 BBk L, & THRICENENOHGEZEIVEEL 3 5EIL T, 50 (1) LRERIZHE L, PFAS O
FEARIELT-.

5) RIEAZE

THE D PFAS IREDHIEIZHONT, REAVDARL TWHITEEHO PFOS, PFOA KUY PFHxS DO
EPEFTECONWTIY 1B BIZL T, ToE=T K =A% /—/L (1+100) & AW i i 7 ikE s AL, 2
DS OBEAEIZ WD TIEABEFERBR 1191206V PFOS &Y PFOA D53 #HT%4T-7-. %£7-, PFHXS } ' PFNA
[ZOWTh, FREO I FIEICEDHENFTHECTHAZENIE Y ZN TWDTO RIERIZ/HTL, % PFAS @
FRH FIRIZ PFOS:0.2 pg/kg, PFOA:0.2 pg/kg, PFHxS:0.3 ng/kg, PFNA:0.3 ug/kg L L7-. 723, PFHXS O
TEAEMVEX, BRSO 2552 PC3-PFHXS & V-,

(1) fht

50 mL 72 U O33R OUEEEE (A) I2OME 2 g &2 1 mg DT E TIEMD &0, SFraEasin BC-IREA
WIEEYERE (20ng/mL) 1mL 2z 7=, (%) 7oE=T/K—A% /—/L (1+100) % 15mL iz CHEH
L, BE I A% AT 20 5 RS IR ALEE L 7=, D1k, 08 1700 X g TKI 5 s D BE L,
FEAREAE S0 mL 2 U HREBRE BB L. 612, (%) LLFO#EE 2 BIgE L, EEAEE 50
mL 22U HaERE B) ICAbE. &512, W04 mL 2MM27-%, QU HORBRE B)50 mL O HFEE T
A ) —)VEMZ TRt E L.

2) 2)—rTv7

RS AR =N — ) P AT LETOT =T K=AF 7 —1 (1+100) £ 5mL, A
X —=NH)SmL KA K 7 —)b—K (1+1) K 5mL CHEREE L. £z, 79774 "I—ARrH
— NV T TAETOHAL ) —/LF) SmL THE LT

RO —E ATV T 4 Z—=TAlL, HJBHNT-AHKS mL % 15 mL 22 L AREREIZE D,
K5 mL ZMZ TRV IEYE, BEA A RBARY) ~—D— ) v VW7 MARL, REDFTEFO E
U ET A ECHM S EZ, ISmL AU ARRELZ A F 7 —/L—K (1+1) F5mL TIERPAZ ) —
JVH) S mL T 2 [BIBES L, NERER AR UF 7 MMCAR L, RESFEEAIO FiGICET 5 F T S
7. V777 A4 NI—Ro =1 ) P NTLEFEAFTRWARY) ~—H— ) v PN T LD FITHE
L, TYE=TAK—AX /= (1+100) 2mL #I0x, FEFO EHICET S CRHIEZ. BE
MEHBEZI— N v P T LDOFICEE, ToE=TK—AZ /= (1+100) 4mL ZH— LV v
T 17 KT AT PFOS, PFOA, PFHxS, PFNA KON O OWIEEYE Z A S 7. BRI A ZWE
HR IR MR E A1, 0.5mL O B E TN L, A 04mL 21z, B I 9 —CIRY R,
IHIC I mL OHEECTKENZ, REBE I X —CIRVIEYE, R 7oL B30 OEEE 1.5
mL ([ZAAL7Z. 30 10000 X g TR S sy oyl L, EEAiREsEhair s L.

(3) ik a~hrT7 52T WG BT EHI L HHIE

R R ARSI K OBUENA R Z LC-MS/MS (271 AL, Table 2-1 OHESMIHES THIELZ. 72
B, SHrL7= PFAS 4 #E (Table 2-2) ®5%, PFOS, PFOA, PFHxS |34 PAZHEY)E %, PFNA (% *Cs-PFOA
ZPEAE R LU L. BSOS (MRM) 7o~ b7 K figkl, EEHAA4 O —JiifEz kb
7z. % PFAS ENEEYEM B O — 7L 2 R L, B s IR SRR ORI LOE AT (1/x2) Bt a
TER L CRUBHAIR 1 D4 PFAS OEFE (ng/mL) 23K, HHEFR D4 PFAS OEFE (ng/kg) ZH HLZ. 7233,
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BEDT- D WEDOEEES Scheme 1-1 & TN Scheme 1-2 1Z7RL7-.

Table 2-1 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: InertSustain C18 (3.0 mm I.D., 10 mm L, 3 um)
Column: InertSustain C18 HP (2.1 mm I.D., 150 mm L, 3 um)
Mobile phase: A; 10 mmol/LL. 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 uL
[MS conditions] SHIMADZU LCMS-8045

Ionaization: Electrospray ionization (EST)

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

Table 2-2 MRM parameters for detection of PFAS

For determination For validation

Abbreviation Prec(lzjzo)r ion Pro(dnl;/czt)ion (113211];;111 Prec(lj;jzo)r ion Pro(dnl;/czt)ion (;;(iluejiig(;]n
(eV) (eV)
PFHxS 399.0 80.0 48.0 399.0 99.0 35.0
"C;-PFHxS 402.0 80.0 40.0 402.0 99.0 34.0
PFOS 498.8 80.0 51.0 498.8 98.9 46.0
PC4-PFOS 506.8 80.0 51.0 506.8 99.0 45.0
PFOA 413.0 169.0 18.0 412.8 369.0 10.0
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
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2 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 ammonia solution (28 % (mass/mass))- methanol (1+100)

| Ultra-sonication | Ultrasonic generator, 20 minutes
[
| Centrifugal separation | 1700xg, 10 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 ammonia solution (28 % (mass/mass))
- methanol (1+100)
| Ultra-sonication | Ultrasonic generator, 20 minutes
[
| Centrifugal separation | Centrifugal precipitate tube with a screw cap (A),
1700xg, 10 minutes
(Residue)
Add up
(Supernatant) (Supernatant)
<= 0.4 mL of formic acid
< 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 soil (Extraction procedure)
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Extract |
|
Filtration | membrane filter
I
Aliquot (5 mL) | Acceptor, 15-mL PP centrifugal precipitate tube with a screw cap (C)

< 5 mL of water

Mixing |

Centrifugal separation

(If solids are formed) 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 centrifugal precipitate 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 soil (Cleanup and measurement procedures)
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3. BRRUER

JEEEZ N 188 T 1> PFAS OEREFH A D% 54 Table 3~6 K& U Figure 3-1~6-2 [Z/RL7C. 7283,
PFHXS (Z2OW T, 2 TOHIRIZ IV TRIER RS, B IR (0.3 pgke) RiifiCHY, PFNA (X, HIER R
D3 TR (0.3 pg/kg) 18 Tdh-72728D, PFHXS &Y PENA (ZOW Tk, B OBEYNEIZ OV CTE\ 2
RAHZENTEARD -T2, Figure 3-1, Figure 4-1, Figure 5-1 & ¥ Figure 6-1 @ PFOS 2 T} PFOA DR EIZ-DOU
T, IEEHRINX O 507 AR OREED D IEERINX O LR o R E E4 722U |\ fE4 7R L7. Figure 3-
2, Figure 4-2, Figure 5-2 }2 ! Figure 6-2 [ZAEEHAINX H D PFOS, PFOA O o5 A &4 B HL
7-.

1) FEHHTERKED

(1) BA7+L

PFOS 1ZoW I, RBREAM AN TIZIEEHZE £ T2 PFOS DIFEAEN B 1~3 BERICE E->TWn
7o F o, FEARE A D 15 8 B £ TH BT PFOS IBIEDEIN/ NS o2 b, REBREIEIN CRA
7 2BV TIE, PFOS 137K & 4.5 mm FBREDNIZE - T, 1FEAE TEREZBE LW ENmhoT.

—J5C PFOA 1%, BIAAE#IITIEEZRINLT=o B0 _EE 2~3 B¥ B @ PFOA JEE N @728, 5 B R#%
(22 BXH D PFOA JJEMNBDL, 3 BXH, 4 BxH D PFOA JEENHIINLIZZ L5, 1GIRIEEF o PFOA (2
WTIERK R 4.5 mm BEDONIZE> CTHEREBE T 220 RSz, 20%, 10 i, 15 BkLikx
2 4 BtH, 5 Bt H® PFOA JREEDINL T=Zenh, BRHIRICHZ2FE7KIZE ST PFOA OB EID RS
.

(2) JREfEHL T

PFOS (22T, BHAARRCIE B 1~3 B H o PFOS EEAE 1 -7228, 1 #E%~15 W% T
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PFOA DAz Frbl, IEEFZIRILTZ B 1~4 BERIZBWT, BRAAE I 1~2 By H © PFOA R IHIK
<720, 3~4 Bt H® PFOA IREN E</ao7z. | MHHE AR T 5 %X 1~5 BEH DA77 LT PFOA 73
TL<OT N HSNRD -T2 e b, IKRENKHLTIZ30 T, PFOA [XFF/K&E 4.5 mm BREOMIZL>T
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L7 1% 2 Be B KO3 BB ICO ARSI TNDIEDD, KIZED 1HEF D PFOA 23 FE TR~
Bl 452 LN L0272,
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Table 3  Changes in PFOS concentrations in soil columns (andosol)(ng/kg)

Ist 2nd 3rd 4th 5th
Add Control Add Control Add Control Add Control Add Control
Immediately after fertilizing 1.57 0.57 1.70 0.48 1.46 0.57 0.62 0.56 0.56 0.50
5 weeks later 1.50 0.62 1.76 0.55 1.73 0.51 0.82 0.53 0.61 0.60
10 weeks later 1.76 0.63 1.87 0.61 1.83 0.67 0.86 0.60 0.68 0.64
15 weeks later 1.54 0.55 1.81 0.60 1.80 0.57 0.75 0.60 0.59 0.57
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Figure 3-1 Changes in PFOS concentrations in soil columns (andosol)

(PFOS concentration: PFOS concentration in the plots minus that in the control plots)
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Figure 3-2 Changes in PFOS amount in soil columns (andosol)
(PFOS amount: Calculated based on PFOS concentrations and soil weight in the fertilizer-added plots,
with the boundary between the third and fourth tiers set to 0)
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Table 4 Changes in PFOA concentrations in soil columns (andosol)(pg/kg)

Ist 2nd 3rd 4th 5th
Add Control Add Control Add Control Add Control Add Control
Immediately after fertilizing 0.99 0.85 3.56 1.17 3.30 0.91 1.37 0.87 0.92 0.96
5 weeks later 0.53 0.78 2.81 1.01 3.95 0.94 3.15 0.97 1.07 0.95
10 weeks later 0.60 0.71 2.88 1.07 4.51 1.06 3.82 1.05 1.46 1.09
15 weeks later 0.66 0.72 3.26 1.10 3.89 1.17 4.55 1.12 1.71 1.11
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Figure 4-1 Changes in PFOA concentrations in soil columns (andosol)

(PFOA concentration: PFOA concentration in the plots minus that in the control plots)
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Figure 4-2 Changes in PFOA amount in soil columns (andosol)
(PFOA amount: Calculated based on PFOA concentrations and soil weight in the fertilizer-added plots,
with the boundary between the third and fourth tiers set to 0)
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Table 5 Changes in PFOS concentrations in soil columns (gray lowland soil) (ng/kg)

Ist 2nd 3rd 4th Sth
Add Control Add Control Add Control Add Control Add Control
Immediately after fertilizing  0.72 N.D? 1.19 N.D. 1.24 0.22 0.35 N.D. 0.27 N.D.
1 weeks later 0.43 N.D. 1.02 N.D. 0.94 0.20 0.32 N.D. 0.22 N.D.
5 weeks later 0.26 N.D. 0.93 N.D. 1.11 N.D. 0.44 0.23 0.28 N.D.
10 weeks later 0.26  N.D. 0.94 N.D. 1.10  N.D. 0.55 0.21 0.55 0.23
15 weeks later 0.21 0.21 0.62 0.29 0.95 0.23 0.55 0.22 0.60 0.20

a) Less than minimum limit of detection (< 0.2 pg/kg)
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Figure 5-1 Changes in PFOS concentrations in soil columns (gray lowland soil)

(PFOS concentration: PFOS concentration in the plots minus that in the control plots)
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Figure 5-2 Changes in PFOS amount in soil columns (gray lowland soil)

(PFOS amount: Calculated based on PFOS concentrations and soil weight in the fertilizer-added plots,

with the boundary between the third and fourth tiers set to 0)
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Table 6 Changes in PFOA concentrations in soil columns (gray lowland soil) (ug/kg)

Ist 2nd 3rd 4th Sth
Add Control Add Control Add Control Add Control Add Control
Immediately after fertilizing  0.54 0.28 0.53 0.31 1.77 0.39 4.15 1.39 0.72 0.80
1 weeks later N.D? N.D. N.D. N.D. 0.49 N.D. 1.80 0.48 2.61 0.96
5 weeks later N.D. N.D. N.D. N.D. 0.26 N.D. N.D. N.D. 0.23 N.D.
10 weeks later 0.26  N.D. 0.31 N.D. N.D. N.D. 020 N.D. 030 N.D.
15 weeks later 0.21 0.23 0.21 N.D. 0.23 N.D. N.D. N.D. N.D. N.D.

a) Less than minimum limit of detection (< 0.2 pg/kg)
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Figure 6-1 Changes in PFOA concentrations in soil columns (gray lowland soil)

(PFOA concentration: PFOA concentration in the plots minus that in the control plots)
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Figure 6-2 Changes in PFOA amount in soil columns (gray lowland soil)

(PFOA amount: Calculated based on PFOA concentrations and soil weight in the fertilizer-added plots,

with the boundary between the third and fourth tiers set to 0)
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Figure 7 Changes in PFOS amount in soil columns (andosol : heavy rain)
(PFOS concentration: PFOS concentration in the plots minus that in the control plots)

(0 week: Calculated based on the amount of fertilizer added and the soil weight)
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Figure 8 Changes in PFOA amount in soil columns (andosol : heavy rain)
(PFOA concentration: PFOA concentration in the plots minus that in the control plots)

(0 week: Calculated based on the amount of fertilizer added and the soil weight)
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Study on the Behavior of PFAS in Soil

ASAO Naoki' , MANABE Noriko? , Abe Fumihiro! , SAKUMA Kenta?3 and Itabashi Aoi!

'Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
2FAMIC, Fertilizer and Feed Inspection Department (Now) Nagoya Regional Center
3FAMIC, Fertilizer and Feed Inspection Department (Now) Sendai Regional Center

Per- and polyfluoroalkyl substances (PFAS) raise concerns regarding their impact on human health and the
environment due to their high persistence and bioaccumulation. It has been reported that PFAS in wastewater
transfer to sludge during the wastewater treatment process at sewage treatment plants. In this study, we investigated
the behavior of PFAS in soil using a small-scale plant and fertilizer containing PFAS.

The results showed that in a study of PFAS behavior in soil using a small-scale plant, PFOA in fertilizer moves
more easily through the soil than PFOS when water is added to simulate rainfall. Furthermore, compared to
Andosol, it was found that PFOS and PFOA tend to move more easily in gray lowland soil, which has lower

organic carbon (OC) and organic matter content.

Key words PFAS, PFOS, PFOA, PFHxS, PFNA, sludge fertilizer, behavior in soil

(Research Report of Fertilizer, 19, 65-82, 2026)



