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9 BEIBHERERICEITS PFAS DEBIERE

RRIEAC !, FEaiT- 2, PR SCEs !, AR 3, BRfl 5
F—7—F  PFAS, PFOS, PFOA, PFHxS, PFNA, BIfEFRZA, (5Lt SR 5

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
Y ZVRER (LLF, TPFOS &), Figure 1-1) (X2—7 > 7 A, JaiH KA, FETEIERIREVIZ, ~ T v
a4 52 (LUF, TPFOAJ SV, Figure 1-2) X 5B BHIEOM TEHA, &k}, ILLAIZE2IC, Fi2, ~L7
a2 VR ER (LLF, TPFHXS )&V ). Figure 1-3) 13107H KA, &ED X, #4, A, HedH
BRENUEASN TG H S FILEMTHY, D REIZEALEZ T T RETICRWERFET 50 280
b, mEENE, RIEBEFZEIME R CARLEY ~OFFELZFFOHOEL T PFOS 1AL 22 4, PFOA 1Z7F1 3
., PFHXS I35 6 A FE O A I OLEFE O BTN BT 2158 (b31E) 55 2 456 2 DRSNS
F—FRR B EWE L THRESNTERY, ZORE A - GRS C0DD. Nz <, 4f 746 A
(IR A RIE Y\ C BT DA 7V 5K (POPs S5K9) 12\ T, Hizic~ v vdm /g (BLF,
[PFNA | £V, Figure 1-4) SO R~V 7 14k LR B (LC-PECA, KFEEK 9~21) SBEHcI 54720, 1k
FIECBOTHE MR E LW E R E T D EAVRENTZD . Fo, A0 2 FIEA @A 13K EK T
DY, BREFRITBREIK T OYPFOS & (N PFOA & EDOW EHMEEE 50 ng/L L% ELT. FARLESIZEITS
FEAKF D PFOS J Y PFOA 3% D TRRIZEB W TIREY-CTE TR T T AZEN A 10 1V I TV A7,
TGURRERFIZIEL PFAS 233 D AIREMEN DD, THIEREEER L7554, 15URAERIHR D PFAS 73 13
WCBATTDBENNHHEEZZLND.

ZZT, ZIVET FAMIC TITo CENGIRIEEBIOE LD RIT LED HEE~OER, (FH~DWIL
B (LLF, NEARE S0, )12 ) TR 72 3RBR LA T L, 7RI OV TR AT 272D T,
BEE A S5, 7235, DL FA#I T, PFOS, PFOA, PFHxS }2 () PFNA DL L TIPFAS| &7 5.
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Figure 1-1 Structural formula of PFOS
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Figure 1-2  Structural formula of PFOA

F, F F F F F
NSNS N
\C/ o N \S/

F/| F/ \F F/ \F o// o

Figure 1-3  Structural formula of PFHxS

O—0

F F R F R F
\VARVAAY,
N N e e Son

SN SN SN N

Figure 1-4  Structural formula of PFNA
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2. MBPRUAHE

N HHEE

(1) +4E

Vo 2= A T 25 WEY (B ERSWZER) (LT, TREEES &), ) T, 1GTRIEEOE AR
B U CFRR 21 AEE DDA 2 [, R E2EML TS, SiZERICRBT 5K 21 4EEE~5F 5 L ME
(1 4 B ZAE~15 4 B &) OF4E 2 [RIO IR O 32 38R V=, TBIRIERHE B L QU5 aRBRX (DA
T, WK EWD. ) ORI 7 T3 2 TEIR X 38 ), 1GTEIRER i AL TOZRWERER X (LUT, THRI4X )
EVD. ) DB T T HEA TR IRIX 1388 LU CHBHE 2 mm D 5250 E@iRL-b OO —H 2 ek THREL,
HBHZ 500 pm OFESDWEEIB LI OEFELEL TR L. 7205, UiZBEEoRBRX H#ITER7 L Th
. o, YRERBRIX (THIRIXK M OS82 X)) 1, ik 21 45 B 03E FIRBR B AA LLRT CERK 16 45 & OVERR 18 4F)
(TG TRIEEL D fiERE 2385 .

(2) ek

BRI L7215 URAEEH T 2 FEEE®Y, 10 4F B ZIEETOMEE 1 & 10 42 B AELIEDIEE 2 THD.
JEAE 1 IZAERE 2 LEEEZL, PFOS JE & O PFOA JREEDS 10 f5FREE, PENA JREEIT 2.5 (SRR R o7z, &R
£+ PFAS JR £ % Table 1 (Z/RL7=.

FNEED PFAS JREEIX AFELO FFIESIZHEW T Lz i H FBRIZ PFOS:0.2 pg/kg, PFOA:0.2 pg/keg,
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PFHxS:0.3 pg/kg, PFNA:0.3 pg/kg &L7=. 7235, PFHxS OWIEHEWE X, BEHMOSORE VAR E|C BC;-
PFHxS % V7=

Table 1 Concentration of PFAS in the sludge fertilizer used in the continuous application test

Abbreviation Fertilizer 1 Fertilizer 2
PFOS  (ug/kg) 18.52 1.71
PFOA  (ug/kg) 26.13 2.65
PFHxS  (ng/kg) N.D.” N.D.?
PFNA  (ug/kg) 3.46 1.36

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

2) XERURR

(1)

(2)
3)
(4)
(5)
(6)
(7)
(8)
9)

iR a~ s 77507 DB RS HTEF(LC-MS/MS) : SHIMADZU LCMS-8045
7B 17 2. GL-Sciences InterSustainC18 HP (N£% 2.1 mm, K& 150 mm, K€ 3 pm)
H—R77 2 GL-Sciences Guard Column for UHPLC InertSustain C18

(N£E 3.0 mm, £ 10 mm, KifE 3 um)

T AL A 772 GL-Sciences Delay Column for PFAS (W% 3.0 mm, £& 10 mm)
ERE W A% Yamato 8510

LT HERE . KUBOTA 7 —7 /L by 7 5a b 4000

iz LSy e . AS ONE MCD-2000

FIfEA A AR ~—H— )BT I GL-Sciences InertSep MA-2 500 mg/6 mL
TT77 7 ANI—R Y J1—R) > F17 5 GL-Sciences InertSep Slim GC 400 mg
~=7—/LR: GL-Sciences, WATERS (7 /L7 7 MIF)

IRfE#s . GL-Sciences ZEHMEfHT o=k

B IF Y —: AS ONE #UBRE IF % —TRIO TM-2N

(10) BEATEH T 2B : GL-Sciences GL-SPE {4 0.5 mL&1.0 mL A2,/ 7 mL
(11) PEUERIAAE AL O &8 Labcon RNU 7 mbt’ L Sl 15 mL AZL I —H AT
(12) LC H/3A7 /v WATERS RUZ7 BB L SA71 (300 pL), BF X AL AR =F Lol 0%

Yy

(13) RYZFur'Lr il omEorkEe, R 7oL o8l 0BR% :© GL-Sciences DigiTUBEs 50
mL, GL-Sciences DigiTUBEs 15 mL

(14) Ry7orr MmO bR E: N7 1.5mL ~A(7uFa—TAFH—K FF 271

(15) XAV —/LE~<yh: Fisher Scientific 1TV \EEL T RHL 27— )L~k (146 mm)

(16) ATV T4 H—:

(17) LR . Retsch ZM 200

3) A%
(1) Jk: #EHlikRELERE (MILLIPORE & Milli-Q Integral 5) % W TR HLL 728 KK (FLEEPUIE 18
MQcem VA E) 2 L=, JIS K 0557 ([ZHET5H A4 DK

Agilent 7LIT LIV VT4 NS— (F A, BAL 15 mm, FLAE 0.2 pm)
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(2) A=) FREEJEFE-PCB R (5000 fi5RHE) (B L7 AL LFOEAIEE)

(3) A& /—/L(FREVESA) . WKk (B L7 AV AFEHE)

(4) TEr=RNVOEEEEA) : LC-MS A (8 £ 7 ALV A FnEHisk)

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

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

(7) EFfE7 = AR (1 mol/L) . @diikikrm~ s o7 i (8 L7 AL AFtiER)

(8) HEEAT »E=r7 LA (10 mmol/L) : WEEET > =" LFXHE (1 mol/L) Z /K T 100 AR L=

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

(10) PFAS FE%E{% (200 ng/mL) : PFAS FE#Ei% (2000 ng/mL) 1 mL % 10 mL &7 7 A3(2L0, FE#
FTAX ) — /L% Mz T PFAS HEHEK (200 ng/mL) Z 7 HLL7-.

(11) PFASHE#E}Y (100 ng/mL), (10 ng/mL) % O (1 ng/mL) : PFASFZE#% (200 ng/mL) 5 mL % 10mL
BT TAT (|ZEY, FERETKZNIZ T PFAS £ YE#E (100 ng/mL) ZFH %L 72, PFAS £ (100 ng/mL)
I mL % 10 mL &7 7 ALY, R ETAY /—/L—K (1+1) Z M2 T PFAS £ (10 ng/mL) 27 L
72. PFAS BV (10 ng/mL) | mL % 10 mL 2287 7 A2ZE), FERRETAX ) —/L— K (1+1) Z 1 2T PFAS
FEYERL (1 ng/mL) ZFH 5L 7=,

(12) BCs-PFOS WEE#EWE (50 ng/mL) : MSPFOS (Sodium perfluoro-1-['*Cs]-octanesulfonate 1.2 mL)
(WELLINTON)

(13) BCs-PFOA W AZE #E % (50 pg/mL) : MS8PFOA ( Perfluoro-1-["*Cs]-octanic acid 1.2 mL)
(WELLINTON)

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

(15) BCs-PFOS WAEHEHR (1 pg/mL), BCs-PFOA PNIEHENR (1 ug/mL) % OY 13C5-PFHXS PN e (1
ng/mL) : 3Cg-PFOS PAEYENR (50 pg/mL) 1 mL, '3Cs-PFOA PEEYERR (50 pg/mL) 1 mL, % O8 3C3-PFHxS N
FEHERR (50 pg/mL) 1 mL ZZ 12740 50 mL &7 7 AIED, R ETAY /— V&N Z2 T BCs-PFOS PAZHE
i (1 pg/mL), 3Cs-PFOA PAEEHERR (1 ng/mL) & O 3C3-PFHXS PNEEHERR (1 pg/mL) ZFRHLL7=.

(16) BC-IRAPEEHENRR (200 ng/mL) : *Cs-PFOS PAEYENZ (1 ug/mL) 10 mL, Cs-PFOA PN #EH (1
pg/mL) 10 mL K OF 3C3-PFHxS PAZ#ER (1 ug/mL) 10 mL % 50 mL 877 AIEVIRAL, MEETAZ )
—/VZENNZ T BC-RG NARHENR (200 ng/mL) Zai B4 L 7-.

(17) BC-EA PNAFEHER (20 ng/mL) :  BC-IRE NEEYER (200 ng/mL) 2.5 mL % 25 mL &7 7 A=|2ED),
TR E TAY /=L — K (1+1) ZINZ TRA WNEEHERK (20 ng/mL) ZFH 8L 7-.

(18) e ARG IEUENL (0.1 ng/mL~50 ng/mL) : PFAS FE¥E% (100 ng/mL)1 mL, 2 mL &X' 5
mL % 10 mL &7 7AZEFERIIZED, BCIRA WAL HERK (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=
B BERIZ LD, BC-IRA NAZHERE (20 ng/mL) 1 mL UL, #ERETAY /— L — K (1+1) Nz 7.
PFAS #E#E% (1 ng/mL) 1 mL, 2 mL 05 mL % 10 mL 2877 A3 (ZEEAICED, BCIRA WA HETR
(20 ng/mL) 1 mL ZZNFNEIL, FERETAZ ) —L— K (1+1) ZMAT-. HACEIICBEPERIIC 9 J R
L, ricfi L.

(19) FralEhainm BC-IRA NI HER (20 ng/mL) : BC-IRA NIZEHER (200 ng/mL) 10 mL % 100
mL R8T TAIEY, FEREETAZ ) — VA N2 THHTREHRIA BC-IRA WEEHERR (20 ng/mL) %7 4



VBT AEERE B 5512881 DPFAS D B REFR AT 127

L7z.

4) RIEFE

PGV 3 O X HERIZ DWW T, BREEE N ARL TADI O PFOS, PFOA KUY PFHXS @
EERE T EIZOWTD BB EIZLT, TUE=T K =A% =)L (1+100) & AW = 5EE R AL, £
LIS DEAEIZ DN TR FRBRE 91206V PFOS & OV PFOA O3 HTa4T-7-. ¥7-, PFHxS & O PENA
\ZOWTh, [ARRO T HIEIZLAHEN FIRETHLHZENHE Y SN TNDT0, RIS LIz, 7o,
H FFRIE PFOS:0.2 pg/kg, PFOA:0.2 ng/kg, PFHxS:0.3 pg/kg, PFNA:0.3 pg/kg L L7-. £7-, PFHxS DOWNIE
YEWEIL, BHROOHE YA S5 BC3-PFHXS % V.

(1) fhH

50 mL 72 U N33R OUEEEE (A) I2OME 2 g &2 1 mg DT E TIEMND &0, SFrsEasin BC-IRE
PAEHERE (20ng/mL) 1mL 201z 72. (%) 7oE=T/K—A% /—/L (1+100) % 15mL iz CH#e
L, BE I A2 AT 20 5 RS IR ALER L 72, D1k, &0 /8 1700 X g TKI 5 s DB L,
EEAHEE 50 mL 2a U ORBE B) I L. &5612, (X)) UUTOEEZ 2 B L, EEAEZ 50
mL 22 U OREBRE (B) 12/, EFE 04 mL #M2 7%, AUORBRE B)SOmL OHEETAY /) —
NN Z THHK E Lz,

2) 2V—rTv7

fEA AR v —H— N v OB T RETOT =T K= AKX /—/L (1+100) ) 5SmL, A
Z =K 5mL A Z ) —b—K (1+1) K 5SmL CTIARGEER L. £, 77774 NI—Ro 7
— NV TAEETOHAL ) —/LF) SmL THE LT
RO —fE AT T7 4N —TARL, JFHNTAKSmL Z 15mL AL HRBREICE D, K
SmL Z 12 TR VIR, S8EA AV AR Y ~—h— Y v U0 T KAWL, REAFTEF O B
ETHETCHMHIEZ, ISmLAUORBREE A X 7 —/L—K (1+1) F5mL T1REKEORAZ J —/H
SmL T2 [E¥ES L, NERBERZF U A7 22AM L, WENFEA O FiicEdT 5 iR St 7
F77 A M=K =N T DT LEPREA TR ~—D— U v BT LD FITHERL,
TUE=T KAL) =)L (1+4100) 2mL Z %, FREA|O Bigll#Ed 5 F Tl S/, B &
BEEN—FN) AT LADOTFICEE, ToE=TK=—A% /=1 (1+100) 4mL ZH—rJ v Hh T
AT AT PFOS, PFOA, PFHxS, PFNA KON 6 OWNIEEME A S 7. BRI A ZEHRIC
MR E AT, 0.5 mL O HBEE CRML, A 04 mL 2Nz, 3EEI X —TCEVIEYE, &5
(2 1mL O HBEETKRZMZ, WBE I XV —TIRVIEY, AU 7e v fildem o BE 1.5mL (12
ATz, 307710000 X g THI 5 rfEliE OB L, AR ZRBHAKR E LT

(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 OHESMHES THIELZ. 72
B, SHrL7= PFAS 4 ¥ (Table 2-2) ®5%, PFOS, PFOA, PFHxS |34 PNAZHEY)E %, PFNA (% *Cs-PFOA
ENEHEYE LU CHER L. BIRSUSHH (MRM) 70~ T 55508k L, & R4 O —7HfEz R
72. 4 PFAS ENIEEME O — 72 F L, MERAIRSIREROIRE LD BT (1/x2) Efit4
TERRL CRUEHAHE D4 PFAS DR (ng/mL) 23K, HHEH DA PFAS DR (ng/kg) ZH L2, 728,
BEDOTDHHTEDOHEEE% Scheme 1-1 & T8 Scheme 1-2 [Z7RL7-.
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Table 2-1 Operating conditions of LC-MS/MS

[LC conditions] SHIMADZU Nexera Series
Delay Column: Delay Column for PFAS (3.0 mm I.D., 10 mm L)
Guard Column: InertSustain C18 (3.0 mm I.D., 10 mm L, 3 pm)
Column: InertSustain C18 HP (2.1 mm L.D., 150 mm L, 3 pm)
Mobile phase: A; 10 mmol/L. ammonium acetate solution B; Acetonitrile
Gradient program: 0 min (20 %B) — 2 min (20 %B) — 15 min (100 %B) —
15.1 min (20 %B) — 20 min (20 %B)
Flow rate: 0.3 mL/min
Column temperature: 40 °C
Injection volume: 5 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(d’;;/czt)ion %Zlgiig(;n Prec(lzjzo)r ion Pro(d;/c;)ion (]:E(;lg:ig(;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
Cs-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
PCg-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




THIENERRE T [ 35 (2 361 HPFAS D B B A 129

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
I
Centrifugal separation | 1700%g, 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

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

Cleanup

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)

< 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

Connection of cartridge
columns

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

< 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

Centrifugal separation

1.5-mL ground-in stopper centrifugal precipitate tube (E),
7500xg-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

1 - H ZAE~15 4 H A E07BR 15 H 0 PFAS &% Table 3} O Figure 2-1~2-3 |2, {HIEXIZHITD
IGIRAREI D SAEFHTRFO AR &% Table 4 (/R UT-. 7035, Sikakh LHITVBR XICR L, SREBRBHAGRTIZIE
JeNBt 2 R eI L 72880500, FIFEE O 158908 PFAS 23 HiS a7z (B B33 0§40 PFAS 1238
WTHN.D.). £z, IHIRRKICBWTIEE 1 ZMEAEL Tz 14AER BED 10 4F B EfEETORE A (RO1E
T ETORMIMREL 6 #H &ut) BT 545 HHEf D PFAS BN OMEE 2 ZHiftL Tz 10 4 H & 1F0 5
15 FHAFETOREAIZIBT 5% TP O PFAS JREORIE RN T 21T o7/ % Table 5 (ZRL
7-.

Table 3 ®&FY, PFOS, PFOA K TF PFNA 1, {HIRX BHED 53, sof X - HE DG IR B2 23 iy MuTa) 28 AL
LIz, 728, A HIE L= PFOA, PFOS, PFHXS, PFNA @ 4 #/&EM5%, PFHXS (2o Clda AR o4k
LR & O R LB 1T S o7z,

1 FEHBEO LR ORES 100 U754, #HRBRBALNE, HRIX 5o PFOS BT 100~
34, PFNA BT 142~67 TH-T=DIZHL, PFOA 1L 100~16 LEME BN K& -T2,

PFOS, PFOA & U PFNA % HeiHy miie B2 5 A 970 (MIE L7245 B3 o PFAS IRE XL &<, 1 4EH ZED
IBIEX L D4 PFAS 2% C PFOS: 4.8 fi%, PFOA :4.4 {5} OV PENA : 2.1 fi%) AUk 1 ZhifEL Tz
10 £ H E/EE T, (5IRK o PFOS B KT PENA 1 ESEAICH 72 (PFOS : p=2.0 X 1075,
PFNA:p=1.2X102)7%, PFAS R A ELEHE y GRIE L7245 38 D> PFAS LDV ik} 2 (cEInis
Dol 10 F HAVELIKE, 15IeX 8@ PFOS 2 & O PFOA 2 IX FREEmZ R LT
(PFOS:p=1.9X102 , PFOA:p=3.3X102). ZDOIZEnb, SEOHRERSME Iz, 1o PFAS ?;;%F?
I%, PFAS 25 A 9 DI5RIEEI D i FH D585 5% 7 52 &, TGIRAEEIF O PFAS 22 AR WG A1,
THIENEE O IC XY, +HEd o PFAS JEEEIT LR LW ZEAVRENT-.
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Table 3 Changes in PFAS concentrations in soil during Long-term testing

PFOS (ug/kg) PFOA (pg/kg) PFHxS (ugkg) PFNA (pg/kg)

Sp? cp® SP CP SP CP SP CP
Ist summer  3.87 (100)? 4.62 (100) 599 (100)  5.45 (100) ND.Y N.D. 1.67 (100)  1.39 (100)
Ist  winter 247 (64 226 (49) 334 (56)  3.83 (70) N.D. N.D. 137 (82)  1.45 (104)
2nd summer 225 (58) 156 (34) 376 (63)  2.66 (49) N.D. N.D. 141 (84) 129 (93)
2nd  winter 235 (61) 213 (46) 299 (50) 257 (47) N.D. N.D. 120 (72) 093 (67)
3rd summer 235 (61) 244 (53) 495 (83) 347 (64) N.D. N.D. 136 (82 1.05 (76)
3rd  winter 260 (67) 202 (44) 407  (68) 448 (82) N.D. N.D. 121 (73)  1.38 (100)
4th summer 349  (90) 244 (53) 412 (69 375 (69) N.D. N.D. 1.74 (104)  1.48 (107)
4th  winter 352 (91) 289 (63) 449 (75) 3.66 (67) N.D. N.D. 1.80 (108)  1.59 (115)
5th summer 349  (90) 251 (54) 3.61  (60) 461 (85) N.D. N.D. 165 (99) 1.97 (142)
5th winter 347 (90) 243 (52) 424 (7))  3.01 (55) N.D. N.D. 155 (93)  1.38 (100)
6th summer 435 (112) 267 (58) 8.57 (143) 480 (88) N.D. N.D. 226 (135) 155 (111)
6th  winter 338 (87) 252 (54) 314 (52) 281 (52) N.D. N.D. 143 (86) 133 (96)
7th summer 411 (106) 237 (51) 3.97  (66) 250 (46) N.D. N.D. 205 (123) 154 (111)
7th  winter 372 (96) 222 (48) 318 (53)  2.08 (38) N.D. N.D. 139 (84) 124 (89)
8th summer  4.88 (126) 241 (52) 3.95  (66) 215 (40) N.D. N.D. 1.85 (111) 129 (93)
8th  winter 484 (125) 225 (49) 3.61  (60) 223 (41) N.D. N.D. 159 (95 120 (86)
9th summer 7.04 (182) 2.84 (61) 922 (154) 242 (44) N.D. N.D. 2,62 (157)  1.39 (100)
9th winter 512 (132)  2.68 (58) 315 (53) 187 (34) N.D. N.D. 155 (93) 122 (88)
10th summer  7.81 (202) 240 (52) 6.85 (114) 233 (43) N.D. N.D. 237 (142) 122 (8%)
10th winter®  6.92 (179) 257 (56) 523 (87) 161 (30) N.D. N.D. 2.55 (153)  1.25 (90)
11th summer  6.80 (176) 2.65 (57) 7.08 (118)  2.05 (38) N.D. N.D. 2.58 (155)  1.36 (98)
11th winter 711 (184) 242 (52) 3.83 (64 216 (40) N.D. N.D. 2.88 (173) 126 (91)
12th summer  6.11 (I158) 225 (49) 622 (104) 206 (38) N.D. N.D. 221 (133) 134 (96)
12h  winter 7.04 (182) 214 (46) 524 (87) 149 (27) N.D. N.D. 270 (162) 129 (93)
13th summer  6.64 (172) 218 (47) 496 (83) 157 (29 N.D. N.D. 253 (152) 126 (91)
13th winter 6.65 (172) 244 (53) 469 (78) 147 (7) N.D. N.D. 239 (143) 130 (94)
l4th summer  6.77 (175) 234 (51) 411  (68) 1.62 (30) N.D. N.D. 246 (147) 143 (103)
l4th winter 541 (140) 169 (36) 330 (55)  0.84 (16) N.D. N.D. 1.87 (112)  0.94 (68)
15th summer 629 (163) 210 (46) 435 (73) 114 (1) N.D. N.D. 256 (154) 112 (81)
15th winter 537 (139) 232 (50) 3.97  (66) 1.00 (18) N.D. N.D. 221 (133) 098 (71)

a) Sludge fertilizer plot

b) Control plot

c) Percentage relative to the concentration of the first-year summer (set at 100)
d) Less than minimum limit of detection (< 0.3 pg/kg)
e) Change the test fertilizer from this point on
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Table 4 Amount of sludge fertilizer applied to the sludge plot in Long-term testing

Year  Season ?eyrfileisz::)rf Amounts (kg/10 a) Year  Season ?eyrfileisz:rf Amounts (kg/10 a)
Ist Summer  Fertilizer 1 332 10th Winter Fertilizer 2 500
Ist  Winter Fertilizer 1 302 11th Summer  Fertilizer 2 500
2nd Summer  Fertilizer 1 227 11th Winter Fertilizer 2 500
2nd  Winter Fertilizer 1 181 12th  Summer  Fertilizer 2 750
3rd  Summer  Fertilizer 1 227 12th  Winter Fertilizer 2 750
3rd  Winter Fertilizer 1 483 13th Summer  Fertilizer 2 750
4th  Summer  Fertilizer 1 500 13th  Winter Fertilizer 2 750
4th  Winter Fertilizer 1 500 14th  Summer  Fertilizer 2 750
S5th Summer  Fertilizer 1 500 14th Winter Fertilizer 2 750
S5th Winter Fertilizer 1 500 15th Summer  Fertilizer 2 750
6th  Summer  Fertilizer 1 500 15th  Winter Fertilizer 2 750
6th  Winter Fertilizer 1 500

7th  Summer  Fertilizer 1 500

7th  Winter Fertilizer 1 500

8th Summer  Fertilizer 1 500

8th  Winter Fertilizer 1 500

9th Summer  Fertilizer 1 500

9th  Winter Fertilizer 1 500

10th Summer  Fertilizer 1 500
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Changes in PFNA concentrations in test soil during Long-term testing

Figure 2-3
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Table 5 Results of linear simple regression analysis of PFAS concentrations in soil from the sludge fertilizer

plot during Long-term testing

Linear Simple Regression Analysis )

Abbreviation Period

Slope P -value

PFOS Ist summer ~ 10th summer 0.0365" 2.0%x10°
10th winter ~  15th winter -0.0211? 1.9x1072

PFOA Ist summer ~ 10th summer 0.0121 3.5%10"
10th winter ~  15th winter -0.0357% 3.3%107

PENA Ist summer ~ 10th summer 0.0066" 1.2x1072
10th winter ~  15th winter -0.0070 1.1x10™

a) Calculated using one-way analysis of variance

b) Shows a significant upward or downward trend at the 5% two-sided significance level
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