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Table 1-1 List of selected sludge fertilizers

Analysis value(%)”

Abbreviation Type of the material
A-N N-N C-K,0 W-K,0
Al 0.08 b 0.36 -
<LOQ Sewerage sludge

A2 - - 0.38 -

Bl <LOQ <LOQ 0.25 -
Excrement sewage sludge

B2 <LOQ <LOQ 0.20 -

C1 <LOQ <LOQ 0.07 0.06  Industrial sewage sludge

D1 - - 0.37 - Ashes of burning of sewage sludge
Sewerage sludge, Excrement sewage sludge,

El 0.12 0.30 0.52 - Industrial sewage sludge, Raw materials of
vegetable or animal

E2 1.28 0.02 0.09 <LOQ Excrement sewage sludge
E t I R terials of

B 0.37 <LOQ 013 ] xcremen sew.age sludge, Raw materials o
vegetable or animal

B4 i i 0.8 i Sewerage sludge, Industrial sewage sludge, Raw

materials of vegetable or animal

a) Mass fraction

b) under LOQ (Minimum Limit of Quantification)
A-N:0.07 % (Testing Methods for Fertilizers(2025) 4.1.2.a)
N-N:0.01 % (Testing Methods for Fertilizers(2025) 4.1.3.c)
C-K,0:0.05 % (Testing Methods for Fertilizers(2025) 4.3.2.a)
W-K,0:0.04 % (Testing Methods for Fertilizers(2025) 4.3.3.a)

Table 1-2 List of selected reagents

Type of fertilizer or

Chemical name Formula Grade ] ;
subordinate material

Ammonium sulfate (NH,),SO, JIS K 8960 Ammonium sulfate
Sodium nitrate NaNO; JIS K 8562 Sodium nitrate
Urea CO(NH,), JIS K 8731 Urea
Calcium hydrogenphosphate dihydrate CaHPO,*2H,0 Guaranteed reagent Superphosphate
Potassium sulfate K,S0, JIS K 8962 Potassium sulfate
Potassium chloride KCl JISK 8121 Potassium chloride
Potassium dihydrogenphosphate KH,PO, JIS K 9007 Potassium phosphate
Dipotassium hydrogenphosphate K,HPO, JIS K 9017 Potassium phosphate
Calcium sulfate dihydrate CaS0,°2H,0 JIS K 8963 Composition uniformity

promoting material
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Table 1-3 List of selected complex fertilizers

Abbreviation Materials
Fl1 Superphosphate, Ammonium phosphate, Urea, Potassium chloride
0 Ammonium sulfate, Urea, Ammonium phosphate, Potassium chloride, Caustic
calcined magnesite, Borate fertilizer, Fused microelement fertilizer
3 Ammonia sulfate, Ammonium phosphate, Superphosphate, Potassium chloride,
Humic acid
F4 Ammonium phosphate, Superphosphate, Potassium chloride

(2) FRELAE

A-N (Table 2-1), C-K,0 (Table 2-3) } U8 W-K,0 (Table 2-4) (2O TIE, %A &Y 0.50 % (B &5y F
~10.00 % (& 47 38), N-N (Table 2-2) {22 TIE 0.50 % (B #:533) ~5.00 % (E & 573%) L7e b I A Bl A
REHZHES THEIRAEEHI I AR AL, 4 IRETOBEE 16 RORBERRLIZ. 2055, O mIRE
> 3 FEHT DWW TIIEEE K OFE EE O, b MRV EEHIE & TRROHEEICHIV V. BREH =
XN IBIRAEEO 53 HTE (Tablel-1), 3RIED 53 1A O GRIET ~/L UL TRk B EICFLER) 255
H U7 BRI A O TH A7 51 LT, ICP-OES 15L& 71— MR WO 1% IV = 7 15 R Fel 121, Table 2-5
DEBY, HIEAEEE 4 a5, ALARIEEL 4 S RZNSEIRE L7 BLAREL 12 fi0FF 20 fix .

Table 2-1 Proportion of prepared fertilizers(A-N)

Preparation ratio(%)” Design
Sludee fertilizer . . . . concentration
Sample = Ammonium  Potassium  Potassium Potas sium - Dipotassium  Calcium FAND
B1 B2 C1 sulfate sulfate chloride dihydrogen-  hydrogen- sulfate °
phosphate  phosphate dihydrate (%)
A-N-1 36.00 47.40 2.00 2.00 5.00 5.00 2.60 10.00
A-N-2 40.00 23.70 2.00 2.00 10.00 10.00 12.30 5.00
A-N-3 50.00 4.74 2.00 2.00 10.00 10.00 21.26 1.00
A-N-4 50.00 2.36 2.00 2.00 10.00 10.00 23.64 0.50

a) Mass fraction
b) Calculation based on A-N analysis value of B1, B2 and C1 (< LOQ) and the theoretical value (21.20 %) of
(NH,4),S04 (99.5 % as purity of reagent)

Table 2-2 Proportion of prepared fertilizers(N-N)

Preparation ratio(%)” Design
Sludee fertilizer . . . . concentration
Sample e Sodium Potassium  Potassium Potassmm Dipotassium  Calcium FN-ND
Al BI E3 nitrate sulfate chloride dihydrogenp hydrogenpho sulfate o

hosphate sphate dihydrate (%)
N-N-1 40.00 30.65 2.00 2.00 10.00 10.00 5.35 5.00
N-N-2 45.00 18.40 2.00 2.00 10.00 10.00 12.60 3.00
N-N-3 50.00 6.15 2.00 2.00 10.00 10.00 19.85 1.00
N-N-4 50.00 3.04 2.00 2.00 10.00 10.00 22.96 0.50

a) Mass fraction
b) Calculation based on N-N analysis value of A1, Bl and E3 (< LOQ) and the theoretical value (16.48 %) of
NaNOj; (99.0 % as purity of reagent)
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Table 2-3 Proportion of prepared fertilizers(C-K,0)
Preparation ratio(%)” Design
Shudee fertiliz Calcium . concentration
Sample e T Ammonium Sodium hydrogen- Potassium Caleium K0P
Urea yaros sulfate of C-K,0
C1 E2 sulfate nitrate phosphate sulfate . 2)
dihydrate dihydrate (%)
C-K-1 26.00 20.00 10.00 5.00 10.00 18.50 10.50 10.00
C-K-2 35.00 20.00 10.00 5.00 10.00 9.35 10.65 5.05
C-K-3 30.00 20.00 10.00 5.00 10.00 1.80 23.20 1.00
C-K-4 21.00 20.00 10.00 5.00 10.00 0.90 33.10 0.50

a) Mass fraction
b) Calculation based on C-K,O analysis value of C1 (0.07 %) and E2 (0.09 %) and the theoretical value (54.05 %) of
K,S04 (99.8 %(C-K-1,C-K-3 and C-K-4) or 99.5 %(C-K-2) as purity of reagent)

Table 2-4 Proportion of prepared fertilizers(W-K,O)

Preparation ratio(%)® Design
Sludge fertiliz Calcium . concentration
Sample oge © il Ammonium Sodium hydrogen- Potassium Calcium .0b
Urea yeros sulfate of W-K,0
C1 E2 sulfate nitrate phosphate sulfate . 2)
dihydrate dihydrate (%)
W-K-1 20.00 20.00 10.00 5.00 10.00 18.52 16.48 10.00
W-K-2 35.00 20.00 10.00 5.00 10.00 9.35 10.65 5.05
W-K-3 30.00 20.00 10.00 5.00 10.00 1.85 23.15 1.00
W-K-4 25.00 20.00 10.00 5.00 10.00 0.90 29.10 0.50

a) Mass fraction
b) Calculation based on W-K,O analysis value of C1 (0.06 %) and E2 (< LOQ) and the theoretical value (54.05 %) of

K580, (99.8 %(W-K-1,W-K-3 and W-K-4) or 99.5 %(W-K-2) as purity of reagent)

Table 2-5 Proportion of prepared fertilizers for 2.5) (1)

Sludge Preparation Complex Preparation
No. L *
fertilizer ratio(%)® fertilizer ratio(%)"

! DI 0 Fl 100
2 D1 25 Fl 75
3 DI 50 F2 50
4 D1 75 F3 25
5 DI 100 F4 0

6 A2 0 F2 100
7 A2 25 2 75
8 A2 50 F2 50
9 A2 75 F2 25
10 A2 100 F2 0

11 El 0 F3 100
12 El 25 F3 75

13 El 50 F3 50
15 El 100 F3 0

16 E4 0 F4 100
18 E4 50 F4 50
20 E4 100 F4 0

a) Mass fraction
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2) HEFORHE

(1) A FliACKEREEE CREERUERT RFD240NA X% MILLIPORE Elix Advantage 5 #L<iZ Milli-Q
1X7005 (F+FNE) ) 2 VTR ERIL 7=, JISK 0557 IZHET 25 A3 DK

(2) 0.1 mol/L /KE&{bFRID MEEIR . A&l (B £ 7 AV LFEAISE)

(3) 0.25 mol/L fiile: &M (B L7 AL LFDEHIER)

(4) HElE: &Rt BRI A ESBINER (8 L7 AV 2F i) (F+&1E)

(5) Hale: Kot (B E7 AV LFDEHIEE)

(6) MMk (1+5) . (5) DIEFEDERE 1 LAKDOIEFE 5 LAIRELIEHD.

(7) M (1423) : (5) DIEFROEFE 1| LAKDOEFE 23 LAIRAELIZHO.

(8) Wefb~r o v L Rtk (BARIT)

(9) AF VLR Kk (BIEILS)

(10) AFL o7 —: ek (BEEALE)

(11) =& /7—)1(95) : Kt (& L7 ALV LFOGHEE)

(12) AF Ly RER (0.1 /100 mL) : AF/LLwR 0.1 g Zx% /—/1(95) 100 mL (ZIEALT-.

(13) AFL U7 —ERiE (0.1 g/100 mL) : AF L7 —0.1 g #xTX /—/1(95) 100 mL ([Z¥ENLT-.

(14) AFNL YR —=AF Lo T N—BBWHE: AF Ly R (0.1 g/100 mL)2 BEISHL, AFL T IL
—IRI% (0.1 g/100 mL) | BEZMNZT-.

(15) FSmAYEZE FHEYERL (NOs-N 1000 pg/mL) : JCSS (& 17 A /L AFEHEK)

(16) HFRHEAEYAENL (N-N 0.01 mg/mL) : AHFEME 2 2R HER (NOs-N 1000 pg/mL) O — & &2 /K THRL,
B TEAZ #EE (N-N 0.01 mg/mL) Z 5L 7=,

(17) kg (1D FoKRF . Rtk (BIEET)

(18) HMEER (1) : Fpfk (BIH(LZ)

(19) Fithdh — fiele SR . Rt (1D TLKF4 5 g 227K 900 mL IZEEA~L, Filfiedl (1) 4 g 2Nz T L
72, 1000 mL LL7-.

(20) 7= /— v Kk (BARES)

(21) #ilg: AESEREH (R

(22) 7=/)—)VEifg: 7= /—/V 15 g ZHilE 100 mL [Z¥E)>L, 80 °C~100 °C D/KIE T 2 BERNEL,
W L.

(23) TrE=TK: Rtk (NHs 28 % (H&DH), & L7 AL AFEHIHE)

(24) KEE{LINTT I Rk (BIHRAESE)

(25) MR~ 7 2w BB 1Rk (BEHRAE)

(26) AV 2EHERR (K:1000 pg/mL) @ JCSS k5041 (BT XIE JCSS (& L7 AL AFDGHER)
& = 5))

(27) HREFA I IMEHERR (K4 pg/mL~40 pg/mL) (7L —AFFWRSEER) © VD AMEHERR (K: 1000
ng/mL) B IC 2R T T ALy, RS IRED 1/10 BREOTHIHARGEZ AT, 8512, EiE
TAREMAT, 1 mLIZK ELT4 pg~40 pg 250 3D HERE 5 IREFRBIL-. 7ods, fiip H 22 ek
I, TSR ED 1/10 B EOTFHIHIANE R EZ 2 &7 7 ALY, FEETKEMZ .

(28) MEMAHV Y 2HEUER (K: 1 ng/mL~60 pg/mL) (ICP-OES %) : AU A=A (K : 1000 pg/mL)
TR R T T ALY, FERRE TR (1423) ZMAC, 1 mLIZ K ELT 1 pg~60 ug 57 3 HFE%E
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iz 6 JRPETEILTZ. 7ok, MR 22 BRI I T e (1423) 2 e,

(29) <AABE—KFM: Kk (BARALSE)

(30) <A APRYEWE (20 mg/mL) : <X AME—/KF#) 20 g Z/KIZEEHL T 1000 mL EL7z.

(31) REEAINTT I Kk (BIHAET)

(32) THIMHIANAR . REEI N T 12,5 g% 2000 mL B — D —|Zid00En, L EOKEMNZ,

iz 105

mL 252 12Nz, DEINEALT-. IEILT-%%, /KAEINZ T 1000 mL &L7=.

3) EERUHRE

(1) =% Retsch ZM-200

(2) RARRARHLERE

(3) EHEE 2L vh: REE T3 APB-620
(4) FEAL AT ELLE
(5) ZrJedeBEst: BERERT UV mini-1240

(6) Ki: ¥~IMEF BM100

(7) b TFisfERERE0 R thEE(L EFNOO-KT

HHET T CHA-600-12 AT-610

(8) I FiZERIEIRFEIEVIEYRE: ADVANTEC THMO62FA #1<I% THMO62FB X3 — = ®{EfT

RS-12 (FL 1% IE)
(9) JE W pT

NNAT Y e — R 72310 (IR HE —~ L MiE )

A
(10) ICP Ao HTaEiE : SR ERT ICPE-9820 (REMT M BLIAITT X, ~VFH2A7)

4) HHAEE

A-N, N-N, C-K,0 KO W-Ko0 Ot & OHIE 1%, Table 3-1 & U Table 3-2 O LBV AEEHERERTED Ky
Writz =, ICP R e moirE (LT, TICP-OES | & ). ) ORIESMIE Table 4 DEEY. 7213, &5
DI, Kok 7 a— — Scheme 1~Scheme 5 (277 L72. C-KoO KT W-K,0 1, (4.2) THEHILH
TEAE (KO W ZHURAR 2K (1.205) U TOdralEl oo C-Ko0 O W-Ko0 JREZ R HL7=.

Table 3-1 Methods® used for the evaluation

Distillation or

Extracti M t
Component Methods xiraction Coloring casuremen
procedure procedure
procedure
A-N 4.1.2.a Distillation method 4.1.1) 4.2) 4.3)
N-N 4.1.3.c Phenol sulfuric acid method (4.1.1.1) (4.2) (4.3)
C-K,0 4.3.2.a Flame atomic absorption @.1.1) ) 42)
spectrometry or flame photometry
433.aFla tomic absorpti
W-K,0 a Flame atomic absorption @12.1) ] 42)

spectrometry or flame photometry

a) Testing Methods for Fertilizers (2025)
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Table 3-2 Methods® used for comparion as a validated method
Extraction = Measurement

Component Methods
procedure  procedure

4.3.2.d ICP Optical Emission

-K 4.1.1 4.2
K0 Spectrometry ( ) (4.2)
W-K,0 4.3.3.d ICP Optical Emission @.1.2.1) 42)

Spectrometry

a) Testing Methods for Fertilizers (2025)

Table 4 Measuring condition of ICP-OES

P 178.287 (I)"
Au 242.795 (1)

Wavelength® (nm)

High frequency output (kW) 1.2

Plasma gas (L/min) 14

Auxiliary gas (L/min) 1.2

Carrier gas (L/min) 0.7

Observation direction Axial and Radial
Observation height Low position

a) I : Atomic beam
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| 2.5 g analytical sample | Weigh to the order of 1 mg and put in a 250-mL volumetric flask
|<— About 150 mL of hydrochloric acid (1+23)

| Shaking to mix | Vertical rotating shaker (30 - 40 revolutions/min), for 30 minutes
|<— Water (up to the marked line)

| Sample solution |

Scheme 1-1 Flow sheet for ammoniacal nitrogen in fertilizers by 4.1.2.a
(Extraction procedure (4.1.1))

| Sample solution |

| Aliquot | Equivalents of 20 mg - 100 mg as N, 300-mL distillation flask
< No less than 5 g of magnesium oxide

Receiver: 200-mL - 300-mL Erlenmeyer flask or beaker
A predetermined amount of 0.25-mol/L sulfuric acid and a few drops of

Steam distillation

apparatus
pparatt methyl red-methylene blue mixture solution
| Steam distillation | Distillation rate: 5 mL/min~7 mL/min
| Stop distilling | 120 mL - 160 mL distillate

< Water (wash the part of the distillation apparatus
that came in contact with the solution in the receiver)

0.1-mol/L - 0.2-mol/L sodium hydroxide solution (until the solution
becomes gray-green)

Titration

Scheme 1-2 Flow sheet for ammoniacal nitrogen in fertilizers by 4.1.2.a
(Distillation and measurement procedure (4.2,4.3))
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| 1 g analytical sample | Weigh to the order of 1 mg in a 250-mL volumetric flask

< About 200 mL of copper sulfate - silver sulfate solution

Shaking to mix | Vertical rotating shaker (30 - 40 revolutions/min), for 20 minutes

< About 1 g of calcium hydroxide

«— About 1 g of basic magnesium carbonate

| Shaking to mix | Vertical rotating shaker (30 - 40 revolutions/min), for 10 minutes
|<— Water (up to the marked line)
| Filtration | Type 3 filter paper

Sample solution |

Scheme 2-1 Flow sheet for nitrate nitrogen in fertilizers by 4.1.3.c

(Extraction procedure (4.1.1.1))

Sample solution |

(predetermined volume)

Aliquot . .
Transfer to a small evaporating dish

Evaporation

. No less than 80 °C Water bath
to exsiccate

|<— 2 mL of phenol sulfuric acid

Leaving at rest About 10 minutes after making phenol sulfuric acid contact with residue

|H 20 mL of water

Standing to cool |

Transfer | 100-mL volumetric flask with water

< Ammonia solution (1+2) ( until the color of a solution changes to light yellow)
< Ammonia solution (1+3) 3 mL
< Water (up to the marked line)

Leaving at rest | For about 30 minutes

Measurement | Spectrophotometer

Scheme 2-2 Flow sheet for nitrate nitrogen in fertilizers by 4.1.3.c

(Coloring and measurement procedure (4.2,4.3))
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1 g analytical sample | Weigh to the order of 1 mg into a 250-mL volumetric flask.

|— 150 mL citrate solution [about 30 °C]
Constant-temperature vertical rotating shaker (30 - 40 revolutions/min),
at 30 °C £ 1 °C, for 1 hour

Shaking to mix

| Cooling | Immediately
|<— Water (up to the marked line)
| Filtration | Type 3 filter paper

| Sample solution |

Scheme 3-1 Flow sheet for citric acid-soluble potassium in fertilizers by 4.3.2.a and 4.3.2.d
(Extract procedure (4.1.1))

| Sample solution |

| Aliquot | Transfer to a 100-mL volumetric flask

< About 10 mL interference suppressor solution
< Water (up to the marked line)
| Measurement | Atomic absorption spectrometer

Scheme 3-2 Flow sheet for citric acid-soluble potassium and water-soluble potassiumin fertilizers
by 4.3.2.a and 4.3.3.a (Measurement procedure (4.2))

| 5 g analytical sample | Weigh to the order of 1 mg into a 500-mL volumetric flask
|<— About 400 mL water

| Shaking to mix | Vertical rotating shaker (30 - 40 revolutions/min), for 30 minutes
|<— Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 4 Flow sheet for water-soluble potassium in fertilizers by 4.3.3.a and 4.3.3.d
(Extraction procedure (4.1.2.1))

| Sample solution |
I
Aliquot Transfer to a 100-mL volumetric flask

(predetermined volume)
« 25 mL of hydrochloric acid (1+5)

< Water (up to the marked line)

| Measurement | ICP Optical Emission Spectrometer

Scheme 5 Flow sheet for citric acid-soluble potassium and water-soluble potassium in fertilizers
by 4.3.2.d and 4.3.3.d (Measurement procedure(4.2))
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(2) HEOFHM ([FEER)
B BRTEM R F A B 43D FNAHEWEEZTHE 5720, 2. 1) TR UIZiRRAEEH VT Table
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(3) K& DR
IEEHERBRIEM B E A (3.5.2)D FHNAIZHEOJHTHEEE & O RIS EE 23927250, 2. 1) () IR L7z iR
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(4) EETRZEDOHTE

ARk BR AN B E A 3.6.D K VG.7.DDOFINEICHEVVE & FIR L O H FIROHEEZITHID, TR T
[RATEDOIEELLT 2. 1) ()R- FHRAEELZ AT Table 3-1 ISRULTZHTEEICERD, K3k 7 S0HTT
ST LT,

3. WBRRUEER

1) EEOFE (RUMBEESINI-AEKICLIATEED LE)

2. 5)(DIZHEV, TR 20 52 VT, 24 MR HERESIU TS ICP-OES k&7 L — AR IORIEIC
&% C-Ko0 KT W-K20 Do HrE DR BIIX K ONENFE R A Figure 1 1Z7R0L72. C-Ko0 T W-Ko0 DWW
2BV TH ICP-0ES 1L 7L — AR IEEE DT EIC IRV IEOFHBIN RO bz, 7235, IR EHROM
X (b) O A (@) D 95 %(E #E X B EAR BIREL () % Table 5 (R UT-. IEEHERBRIENT B E A TIXEFE R
DFEZD 95 YAZF XN 1 3FF4L, U D 95 %IEFIXHENZ 0 23& £, MHERENE 0.99 UL ETHHZE
EHELEL TS, C-Ko0 12BN T, [AIRFEAROMEZ D 95 %EHEXFNC 1 23E FH TRV, 2Ot 54
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15 | , 15

CK,0 W-K,0

vy =0.9645x - 0.0284 =0.9906x - 0.0701

10 + 10

AAS

%\\
N
AAS

1 1

10 15
ICP-OES (Radial) ICP-OES (Radial)

Figure 1 Comparison of analytical values between ICP-OES and AAS (% (mass fraction))

Thin line: Regression line, Dotted line: 95 % prediction interval, Dashed line: y=x

Table 5 95 % confidence interval and correlation coefficient of the regression line of Figure 1

95 % confidence interval Correlation
Component . :
Inclination(b) Intercept(a) coefficient(r)
C-K,0 0.950 - 0.979 -0.117 - 0.060 1.000
W-K,0 0.972 - 1.009 -0.182 - 0.042 0.999

2) KO (EUEER)

BT OERED RS 3 SOFEE 3 SOHMT oML EfEE R, SEO R R FHEIZ 5
BA 2RO TEEZTMBLZ 5 5% Table 6 (TRLTZ. T O S, £ TORECIREHERBRIENEE A TR
SNDOKREL VBT HEE D AEA T L.

7B, —HOIBRIENC W-K0 %88 T HIEHRA LTZEEIZ W-K0 O HHENERFHEL VB IR 725
FHINFBD LI, A OB, IRA LR o0 B NGB B 55 A ORI IR L Tk
0, ZOEFNIFEH RO BN LS.
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Table 6 Result of spike-recovery test

Component

Sample

Design

concentration of
component

(%)?

Analysis

value

(%)?

Mean of
analysis value

(%)?

Recovery

rateb)

(%)

Recovery rate

as target of the

trueness®’

(%)

A-N

A-N-1

10.00

9.82
9.83
9.95

9.87

98.7

97~103

A-N-2

5.00

4.97
4.95
4.98

4.97

99.3

96~104

A-N-3

1.00

1.00
1.01
0.99

1.00

99.6

96~104

N-N

N-N-1

5.00

5.15
5.08
5.05

5.09

101.9

96~104

N-N-2

3.00

3.08
3.08
3.09

3.08

102.8

96~104

N-N-3

1.00

1.01
0.99
1.01

1.00

100.1

96~104

C-K,0

C-K-1

10.00

10.03
10.26
10.12

10.14

101.4

97~103

C-K-2

5.05

5.05
5.09
5.09

5.08

100.5

96~104

C-K-3

1.00

1.02
1.01
1.01

1.02

101.6

96~104

W-K,0

W-K-1

10.00

10.16
10.22
10.43

10.27

102.7

97~103

W-K-2

5.05

4.96
4.95
4.94

4.95

98.1

96~104

W-K-3

1.00

0.96
0.94
1.00

0.96

96.4

96~104

a) Mass fraction

b) (Mean of analysis value) / (Design concentration of component) x100

¢) Shown in Testing Methods for Fertilizers (2025) Annex A
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3) BHTHRERUHREFREEOF

B2 2 REORENE 2 SOMTTREZZEZ T 5 Mg alT o7/ K% Table 7 \TRULTz. £z, fbiL7oib
WA, — TR E DS 24T T 45 % Table 8 (TR LT-. WO K OSREHI BT, O T
PR 72 M OV AR SR HER 221, IR RBRIE B S A [ORSNDIEE D B ZOFFRHFAN Th -7z,

Table 7 Individual result of repetition test of changing the date for the precision confirmation
(% (Mass fraction))

Test day

Component Sample
1 2 3 4 5
AN 4.97 4.89 4.94 4.81 4.95
AN 4.95 4.94 4.88 4.84 4.95
AN 1.01 1.01 1.01 1.02 1.00
1.00 0.9 0.9 1.03 0.9
NN 5.15 5.16 4.92 5.03 5.04
NN 5.08 5.18 4.97 5.00 5.02
NN 1.01 1.06 1.02 1.02 1.02
0.9 1.05 1.03 1.02 1.03
D
O 105 L0l 105 105 1.00
K3 . . . . .
1.03 1.00 1.05 1.06 0.98
e 3B e
WO 1.05 101 100 L0l 0.96
WK . . . . .

1.05 1.00 0.97 1.03 1.00
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Table 8 Statistial analysis of repetition of the test results for estimating precision

Repeatability precision Intermediate precision
Meana) o) d) €) 9) ) h)
Component ~ Sample s, RSD” CRSD, sty RSDyp® CRSD
(%) (%) (%) (%) (%)" (%) (%)
A-N-2 491 0.028 0.6 2 0.057 1.2 3.5
A-N
A-N-3 1.00 0.010 1.0 2 0.015 1.5 3.5
N-N-1 5.06 0.030 0.6 2 0.091 1.8 3.5
N-N
N-N-3 1.03 0.0085 0.8 2 0.021 2.1 3.5
C-K-2 5.16 0.090 1.7 2 0.11 2.1 3.5
C-K,0
C-K-3 1.03 0.011 1.1 2 0.031 3.0 3.5
W-K-2 5.14 0.062 1.2 2 0.065 1.3 3.5
W-K,0
W-K-3 1.01 0.016 1.6 2 0.029 2.9 3.5

a) Total average (test-days(5)xparallel analysis(2))

b) Mass Fraction

¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability precision(repeatability relative standard deviation)
shown in testing Method for Fertilizers 2025 Annex A

f) Intermediate standard deviation

g) Intermediate relative standard deviation

h) Criteria of intermediate precision(intermediate relative standard deviation)
shown in testing Method for Fertilizers 2025 Annex A

4) EETRFOH#TE

A-N, N-N, C-K20 KT W-K,0 D R53 755 0.50 Y% (E &5y 5) L7 D IR G Lo AE kL2 7 S0 T T
HrL, fO 7 THXHE R 22 -V CE & FIRE O FIRZHEE L2 fE % Table 9 ITRL7Z. 2O
R, EEROARBIEEHZBLE L2 IEE R O A-N OZKBEDE & FIRIL 0.08 % (B &5y 3) BB, Mt N IR
0.03 % (B &) B, N-N O 7 = /— LEiERED E & TERIE 0.07 % (B &5 5) FLE, it FERIZ 0.03 %
(HEEDHF)RE, C-K0 OT7L—LREFRIEIEDE & TIRIT 0.09 % (E &5 %) BE, il TIRIZ 0.04 %
(EEDHF)RE, W-K:0 OT7L— LR WIEEOE & FIRIE 0.08 % (B &53) B, Bl TIRIE 0.03 %
(EEDH) BELHESN. ERABIEEE 6 AL IEEIO 2<%, AERKS ESHIRE —CEa
FTAREEMTOFR/NREERLTEY, WT O SbER/INEIL 1.0 % (B #555) Thd. IERMEBRIEMNEF
A IZBWT, ERDOERE FIRITEATREERDOR/NED 1/5 LLTF ThHZEEHELEL TRY, #iEsh
72 B FRRIT A 0 ELHESEE D 0.2 % (& &5 3R) LLUF &7 L Tz,

YAS

\
/

I

I

\
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Table 9 Estimation of LOQ and LOD values
(% (Mass fraction))

Component  Sample Mean® csl;[:iriﬁzcr)j LOQ" LOD?
A-N A-N-4 0.51 0.0075 0.08 0.03
N-N N-N-4 0.50 0.0064 0.07 0.03

C-K,0 C-K-4 0.52 0.0084 0.09 0.04
W-K,0O W-K-4 0.51 0.0075 0.08 0.03

a) Mean value (n =7)
b) Estimated minimum limit of quantification(Standard deviationx10)
¢) Estimated minimum limit of detection(Standard deviationx2x¢(n -1, 0.05))

4. FE&H

Sy AT E PR OO, WD ABRAEENEARE LT 1G TR RS GREE S LR EL 2R A L 7= i e
BT, AN OZRE, N-N O7 = /— VEilglk, C-KoO KT W-Ko0 D7 — AR IEIC BT A
— R R E O Y MR EE ML A, ROFEREGT-.

1) FEFHHO7-9, C-K0 KT W-K,0 O ICP-OES 5L 7 L — LR W I ED S HHED Hele a1 T - 7=
FHRLIEARLEE 20 MUZDOWNT, ZIENDGHTE TROLIVZ HHEOFBIIX & NElF EAR A ER LT=L2 A,
SRV VHBASER O B, JEBFEEBRTEN B A RS- ELE O Sl OHER a7 L.

2) EERHEOT-8, F72% 3 JREOFENCELE 3 mOM TN L2 AT ED 3% R, 3B Ry 3%
EIZxt T HEI G2 RO GHELTZEZA, WTNORRNZB W TH B RBRIEH B E A [ORSNDEED
B A 7L T,

3) PHTREEE R OIS EE DR D728, #7272 2 IR OFRALEN A 2 sSSP T CTHAZEZ T 5 RIS LT
MHL72EZh, WT RO B3I TH AR SBRIE R & A IORSNDREE D B ZOFFRFHN Th 7.

4) TR FIREOKH FROHEEDT-D, SR EDN 0.50 % (B E03) Led iR L 7R RAnE
ZRWT 7 SOMTTHNTLIZESA, BEIRDABIEEZ AL IEEHZ TS AN OZEREIED E & TIRIX
0.08 % (E &y 3) B, Mt FIRIZ 0.03 % (B &E50=) A, N-N O7 =/ — /LIiliED E & FIRIL 0.07 %

B FRE, M T IRIE 0.03 % (BE&E53) FE, C-KoO O7L—ARF I EOER FIRIT 0.09 %
FREE, Kt TRRIE 0.04 % (B &5 3) 2, W-Ko:0 O7 L — AR EED E & FIRIZ 0.08 %
FREE, B TRRIZ 0.03 % (E &4y =) B SHEE Sae.

R
7%
THH)

PLEDOFERNS, AN OB, N-N O7 =/ — )UKilE{E K O C-K,0 1 N W-K0 HTED 7L — A5
S SEIE TR AR ABR IR U7 IEE~E T HE CTH D Z e MRS T,

x ®|

1) FEMOKPER 5 NEEHD SV OfER TR 3 A TR O —f 2 ET 2845, SMSHEIA 1 H,
JRMOKPER T 43 7

2) MSZIATBUE NEMOKPETE B 22 2 He i 22— (FAMIC) : IRk ek (2025)
<http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2025.pdf>
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4) FILFES ICP-OES Z MW fEE T O B OUKIEME B o 3 Arikock B, IREHFsEE#E, 19,
105~113(2026)

5) ISTATEOE N MK PETN B 22 2822 — (FAMIC) : AR RHE 3B A (2025) [t B A
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6) FEMKFERL ER RO S O RELR SRR T OB AL S B O A EBUS A E O D1, I 61
2 H 22 B, BEMOKPER SR 284 B, IeEAESTN 74F 9 H 27 B, BEMKES SR 1299 5
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Performance Evaluation of Analytical Methods for Ammoniacal Nitrogen, Nitrate Nitrogen,
Citric Acid-soluble Potassium, Water-soluble Potassium Fertilizers
Such as Microbe Phosphate Fertilizers
- Single Laboratory Validation —

OKUNISHI Manan', YOSHIMOTO Masayuki?, YAGI Toshiharu®, MASUI Ryota®, SAGARA Mayu® and
AOYAMA Keisuke*

' Food and Agricultural Materials Inspection Center (FAMIC), Sapporo Regional Center,
(Now) Agricultural Chemicals Inspection Center

2 FAMIC, Sapporo Regional Center

3 FAMIC, Nagoya Regional Center

4+ FAMIC, Kobe Regional Center

To verify whether the analytical methods for Ammoniacal nitrogen (A-N), Nitrate nitrogen (N-N), Citric acid-
soluble potassium (C-K,0), and Water-soluble potassium (W-K-O) listed in the "Testing Methods for Fertilizers"
are applicable to microbe phosphate fertilizers, we conducted a single-laboratory validation study using sludge
fertilizer, which is similar to microbe phosphate fertilizer in terms of raw materials and production method.

To evaluate the trueness for C-K>O and W-K,O, we conduct comparison of measurement values by ICP-OES
(validated method in Testing Methods for Fertilizers) and Flame atomic absorption spectrometry with 20 samples,
it exhibited a strong correlation. We also prepared fertilizers at three concentration levels for each component and
compared the designed component content with the average of analytical values obtained from three replicate
analyses. The resulting ratios were 98.7 % - 99.6 %(A-N), 100.1 % - 102.8 %(N-N), 100.5 % - 101.6 %(C-K,0),
96.4 % - 102.7 %(W-K-0).

As aresult of 5 tests on different days, repeatability as repeatability relative standard deviation (RSDr) were 0.6 %-
1.0 %(A-N), 0.6 %-0.8 %(N-N), 1.1 %-1.7 %(C-K,0) and 1.2 %-1.6 %(W-K,0), intermediate precision as
intermediate relative standard deviation (RSDi(t)) were 1.2 %-1.5 %(A-N), 1.8 %-2.1 %(N-N), 2.1 %-3.0 %(C-
K:0) and 1.3 %-2.9 %(W-K20).

On the basis of 7 replicate measurements of prepared fertilizers including 0.5 % of the target components, the limit
of quantitative value (LOQ) was estimated at 0.08 %(A-N), 0.07 %(N-N), 0.09 %(C-K,0) and 0.08 %(W-K,0) as
a mass fraction.

These results fell within the standards in Annex A (The procedure to validate characteristics of testing methods) of
Testing Methods for Fertilizers. Therefore, these analytical methods are applicable to the determination of

fertilizers containing microbe phosphate fertilizers.

Key words microbe phosphate fertilizers, sludge fertilizers, ammoniacal nitrogen, nitrate nitrogen,

citric acid-soluble potassium, water-soluble potassium

(Research Report of Fertilizer, 19, 1-18, 2026)
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AT NFaT AT NACE R ORI Z A a7 L ALE Y (LLF, TPEASIEWD. ) ix 1 HfEELL
OYEBFAETHESINTEY, A BN, 2PN REREOHEEZRTIEND, a—T 474l
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VANVRCEE (BLF, TPFHXSIEW). ) D 3 WA BSHRIxI G L7205 D0 N T, S 7 4F 6 Al
POPs SHINCBWT, Fiizic B8~V 7 Ak LR (LC-PECA, fRFEE 9~21) MEEHI S L7220, 1k
TR THHE MR F W E I E T 5 0 vREney.

IGIRAEELH D PFOS & OY PFOA D HTiEIE, A F0 3 45 FE (2 S ML [RIFR BRI L D 2 M MEReRB 2 320t L
MRS BR A (2025) VTGS TV, BB TlE PFAS O55, EFEAICE & O EEEH R
T AW ELT, PFOS &Y PFOA OffliZ PFHXS K L7 b4 v /) g (LR, TPENA &), ) &
Iz 7= 4 VI SOWTHRAESBMASNY, IR B ICB W TH 4 WE O OITIEEZBRR T AL ENELT
W5,

ZDTD, JEMIKFEG T - &2 R R ER 2 PR LY, 15IRIEE @ PFHXS J& O PENA O3 #TiE D
PR AEESHL, S0 4 £ PFOS KON PFOA D43 HHiE TRIEN ATHE THH L& MR LT= PFAS 16
YI'E (Table 1-1, 1-2 /) 'V D55, PFOS KON PFOA %<, PFAS 14 WEIZHoWTC, kSR Bk
(2025) (8.7.2) A S-FLAW-BHIEIKI 0~ T TT78 T NE BN EE AV HE R BR=I1CLD
U HEEFBLTZOT, TOMELZRETD.
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Table 1-1 List of PFAS included in the recent study (Sulfonic acid)

Compound Abbreviation Carbon® Chemical formula
Perfluorobutanesulfonic acid PFBS C4 CF;(CF,);SO;H
Perfluoropentanesulfonic acid PFPeS C5 CF;(CF,),SO;H
Perfluorohexanesulfonic acid PFHxS C6 CF;(CF,)sSO;H
Perfluoroheptanesulfonic acid PFHpS C7 CF;(CF,),SO;H
Perfluorooctanesulfonic acid PFOS C8 CF;(CF,);SO;H
Perfluorononanesulfonic acid PFNS Cc9 CF;(CF,)SO;H
Perfluorodecanesulfonic acid PFDS C10 CF;(CF,)SO3;H

a) Number of carbon

Table 1-2  List of PFAS included in the recent study (Carboxylic acid)

Compound Abbreviation Carbon® Chemical formula
Perfluorobutanoic acid PFBA C4 CF;(CF,),COOH
Perfluoropetanoic acid PFPeA C5 CF;(CF,);COOH
Perfluorohexanoic acid PFHxA Co6 CF;(CF,),COOH
Perfluoroheptanoic acid PFHpA C7 CF;(CF,)sCOOH
Perfluorooctanoic acid PFOA C8 CF;(CF,){COOH
Perfluorononanoic acid PENA C9 CF;(CF,),COOH
Perfluorodecanoic acid PFDA C10 CF;(CF,)sCOOH
Perfluoroundecanoic acid PFUdA Cl11 CF;(CF,),COOH
Perfluorododecanoic acid PFDoA C12 CF;(CF,),,COOH

a) Number of carbon

2. MERUAE

1) BHORERUHRAR

AT HIHIRNRE ST L, %5820 PFAS 14 %'E, 2T PFOS }2 U8 PFOA DJEEEAHH FRR' A
THHHEIEIEE 4 A (FFCEFBNC FARBIE 1 A, URIGIE 2 &, T3EFER 1 ) ZRE L. e
40 °C T 70 BERIRZIE L 72, B O T H BAE 500 pm OAZY — @il 35 F THFEL, IRAL
THONTHREZRRIL-. o HREHT, RV =F L BRI AN TR A TEAL, BEH B LR, &
RCRAFLT.

2) KERURAR

(1) Wthkru~br o757 WRE BT (LC-MS/MS) : SHIMADZU LCMS-8045
7B 717 280 GL-Sciences InertSustain C18 HP (4% 2.1 mm, £ 150 mm, K€ 3 um)
7 —R717 2 GL-Sciences Guard Column for UHPLC InertSustain C18
(% 3.0 mm, £ 10 mm, F7£% 3 pm)
T AL AHZ 2 GL-Sciences Delay Column for PFAS (4% 3.0 mm, £ 10 mm)

(2) #FWFEAES: Yamato 8510

(3) Lo HERS: KUBOTA 77— 7 /L hy 7 ist L 4000

(4) =05 ERE . AS ONE MCD-2000

(5) FEAA L RHAR)~—I—RK) v BT GL-Sciences InertSep MA-2 500 mg/6 mL
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(6) 7777 ANI—ARF1—hK )BT GL-Sciences InertSep Slim GC 400 mg

(7) ~=a4—/VR: GL-Sciences, WATERS (7 /v 77~ NIA)

(8) ey E: GL-Sciences & HEMEXfHT 2=k

(9) HEREIFY—: ASONE #REREIFH—TRIO TM-2N

(10) HE EH T2 B4 : GL-Sciences GL-SPE 4% 0.5 mL&1.0 mL AA 7 mL

(11) EAERRIFEH AL O A4 Labcon N7 BB L U BUEIEE 15 mL AXLV TV —X AT

(12) LC HI/A7 v WATERS ARUZmEL B SAT 10 (300 ub), B Z LU AR =F Lo 8nl
eSS4

(13) Ry7re'Lrfnl dmoEE, R 7oL f8al 0#BRE : GL-Sciences DigiTUBEs 50
mL, GL-Sciences DigiTUBEs 15 mL

(14) RYF oL ol m OmwEE: 7 1.5 mL ~A/aFa—TFRE 2 —R FFa7)1

(15) 7SRV —/L¥~iyh: Fisher Scientific 1EHFTVVEEH T A ML XY — )L E 2k (146 mm)

(16) Hiz.Oy W% : Retsch ZM 200

3) A

(1) K: @Btk ildE L& (MILLIPORE Milli-Q Integral 5) Z2 VTR RLL 720K (FLHEHIIE 18
MQcm L ) 2 L7-. JISK 0557 (ZHETD A4 DK

(2) AZ/—/v: FREEEIE-PCB BRI (5000 f5AHE) (& L7 AL LF0GHI3E)

(3) AZ /=L (ZREWEER) - BRI (8 L7 AV 2 i)

(4) 7Eh=R)V (AR F) . LC-MS A (B 7 AV AF i)

(5) TrE=TK: ARERRR (R (NHs) B #5528 %) (& L7 /L LFGHEE)

(6) =Pg: FIEFFMK (R EE (HCOOH) B #4733 98 % LA 1) (B L7 AL AF %)

(7) WEEET o E=U LB (1 mol/L) : mdikikr o~ 777 1] (& £ 7 AV LR Hi%E)

(8) MERET v E=0 LIAHE (10 mmol/L) : HEBR T > =7 A (1 mol/L) Z 7K T 100 fFIZ A R L7=.

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

(10) PFAS #E#Ej% (200 ng/mL) : PFAS FE#Ei% (2000 ng/mL) 1 mL % 10 mL &8 772232k, FEij
FTAY ) — V&% T PFAS FEHERE (200 ng/mL) ZFH R L 7-.

(11) PFAS FE#E% (100 ng/mL, 10 ng/mL & T 1 ng/mL) : PFAS #Z#£j% (200 ng/mL) 5 mL % 10 mL
ERTIANIEVRAL, EHRETKENMZ T PFAS FEUER (100 ng/mL) Z 8L 7=. PFAS FZ#E (100
ng/mL) 1 mL % 10 mL 2877 A32E0, fEfRETAY ) —/—K (1+1) 22 T PFAS fZ24Ei#% (10 ng/mL)
ZFHEIL7=. PFAS FEHER (10 ng/mL) 1 mL % 10 mL &8 77 A28, HERETAX ) —/L—K(1+1) Z
Z%C PFAS fZEHE]Z (1 ng/mL) ZFH#LL7=.

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

(13) '3Cs-PFOA WAZ #E3% (50 pg/mL) : MSPFOA (Perfluoro-n-['*Cs]-octanoic acid 1.2 mL)
(WELLINGTON)

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

(15) 'BCo-PFNA WHE #E#Z (50 pg/mL) : M9PFNA (Perfluoro-n-['3Cy]-nonanoic acid 1.2 mL)
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(WELLINGTON)

(16) 13Cs-PFOS WNAEHEK (1 ug/mL), *Cs-PFOA WAEEHE (1 pg/mL), 3C3-PFHxS PN ¥Eg (1
pg/mL) & T8 3Co-PFNA WAEHERL (1 pg/mL) @ 3Cs-PFOS WAEHEHK (50 pg/mL), *Cs-PFOA WAEYEK
(50 pg/mL), '3C3-PFHxS AR HEHK (50 pg/mL), '3Co-PFNA WEEYEWK (50 pg/mL) 4% 1 mL ZZ4E 4 50
mL £2ET7TAILY, ERFETAY ) — V%N 2T BCs-PFOS WHEYER (1 pg/mL), 3Cs-PFOA PNEE YR
(1 pg/mL), 3C3-PFHxS PAZ#ERK (1 pg/mL) }2 OY 13Co-PFNA WAZHEHZ (1 ng/mL) Z 3L 7=,

(17) BC-JRA NEEAEHE (200 ng/mL) : 3Cs-PFOS PAE#EJE (1 pg/mL), '3Cs-PFOA PN #E{E (1
ng/mL), ¥C;-PFHxS WAZ#EJX (1 pg/mL) M OF 3Co-PFNA WAZ#ENRL (1 pg/mL) 4 10 mL % 50 mL &2 &~
FTAT (ZEVIRAL, M ETAY ) — V&N Z T BC-IRA NIEHER (200 ng/mL) Z 3B L7=.

(18) BC-IRA WNEEYERR (20 ng/mL) : BC-IRA WNAEHERK (200 ng/mL) 2.5 mL % 25 mL & &7 7 A2|Z
LV, B ETAZ ) — )L — K (1+1) BN 2T BC-IR A& WAZER (20 ng/mL) Z 75U 7=,

(19) FrEMRAIRAEEMERL (0.1 ng/mL~50 ng/mL) : PFAS #E¥E#% (100 ng/mL) 1 mL, 2 mL &' 5
mL % 10 mL 287 7 AZERFERIZED, BCIRA WIEAERE (20 ng/mL) 1| mL ZZNZALUSINL, R E
TAY ) —)v— K (1+1) &N Z 7=. PFAS FE#E#% (10 ng/mL) 1 mL, 2 mL %' 5 mL % 10 mL &£ & 77 A2
(CEEPEAIC D, BC-TRA NAEYERE (20 ng/mL) 1 mL 2L, BERRETAY ) —/b— K (1+1) 2N Z 7.
PFAS #E#E% (1 ng/mL) 1 mL, 2 mL ' 5 mL % 10 mL 2877 A3 (ZEFEAIICED, BC-IR A NAZ HETK
(20 ng/mL) 1 mL ZZFNFNEHRML, R ETAZ ) —L—K (1+1) Z AT, A& EIC BRI 9 T2 5
L, AT AL,

(20) HrECEHEINA BC-IR A NEEHER (20 ng/mL) : BC-JR A PNEEHER (200 ng/mL) 10 mL % 100
mL BT FATEY, B ETAZ /— VA2 N2 THITREHRIA BC-IRA WEEHENR (20 ng/mL) Z 7 4
L7z,

(21)  #INENGERER H] PFAS #5457 (100 ng/mL), (10 ng/mL), (2 ng/mL), (1 ng/mL): PFAS £
#% (2000 ng/mL) O —iE T A& A% ) — /L CIEMELZ 20 F5 AL, BINENGAER H PFAS A5 ¥4 (100 ng/mL)
ZAHELUT-. WSONEIGRER ] PFAS B Y (100 ng/mL) O — & & & AKX /) — L CTIEMEIZ 10 {5 K& OV 50 512
TR, BNEILGRBR H PFAS A= %% (10 ng/mL, 2 ng/mL) Z 38 L7=. FANEIILEER H PFAS 2 ek
(10 ng/mL) D—E E&E AKX /— /L TIEREIZ 10 f5IZARL, @INEULH PFAS FEYERR (1 ng/mL) ZiH5L
7=.

4) HERERE

TGIEAEEL T O PFAS O34T 1%, IEEHEGERIE (2025) D 8.7.2) A S->F LAY -mERIEK I/ v~ T
THT NEREGHEICHEC THEIME L. RoHrETRIEN FTREZR 16 WE DD, 4R RS TY
72\ 14 ¥)’E (PFHXS, PENA, PFBS, PFPeS, PFHpS, PFNS, PFDS, PFBA, PFPeA, PFHxA, PFHpA,
PFDA, PFUdJA, PFDoA) IZ DWW TCH —RBREIC LD 2 Y MR A L7, 7ods, BF 3 AT 1k
ZHEFR LTZ PFOS & O PFOA IZHOWWTHHFE Tt i L 722825, EFT 14 WIS TLUARE OfE R
&I (4 16 WE) . WEEHEWE L1 C, 13Cs-PFOS, 13Cs-PFOA, '3C3-PFHXS } 08 13Co-PFNA O 4 '8
ZER L.

(1)

SIHTEREL 2 g & 1 mg OHTETIEAWED 50 mL AU H iz O (A) IS A, TR EHRINE BC-IRA
FEAENY (20 ng/mL) 1 mL 201272, (3¢) A% /—/L 15 mL K OEEE 0.1 mL 200z, B4 %% VT 20
Sy AL, 3300 7] 1700xg C 5 sy O BEL, A% 50 mL 7l A#ERE (B) 1B LIz, &5
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(2, (%) LA FOEMER 2 [HIfbRL, EEAKZLL ORERE B) ICAabEz. Al 0RERE (B) D HKETA
&)=z, fhike L.

(2) V=T

93 AA L AR~ — T — NP DT L T T =T K —A% ) —/L (1+100) K 5 mL, A%/ —/1LK) 5
mL M A% )— =K (1+1) 9 5 mL CINERVEELT-. 72, 7T 77 AN —Ro =N h T L% T AS
J—IL#) 5 mL CTUEF LT,

Fh R SmL % 15 mL 220 M ERBRE ICE0K SmL 22 TRAL, 3=.07] 1700 X g T 5 4y il LBkl 7=
%, LB EBEAL R~ — I — P T MIARML, WA TAFIO FICET 2 E T
7. AU ORBREEZAZ ) — L — K (+1) K 5 mL TUESL, TRiEERU T AK L. ZD%IT L%
AZ ) —/V#K) 5 mL T 2 [BEHL, IR FETAHD FiGlET2ETRSY . 7977 AM1—Rr—h
Vo7 D3 AF L REAR )~ —J1— Ny P AT LD FIEFEL, 7 E=T K — A% /—/1 (1+100) 2 mL
A, BCTAHID ESGICETHE TS, BN ENTARRE 2D — Ny BT LD FICEE, T
E=TK—AZ )=/ (14100) 4 mL &7 —K) P BT MIANZ T PFAS K OV WEEEW) B 2 s tH S 7.

LR A EE BRI NIIREMT T 0.5 mL D HEEETRML, /KK 0.4 mL 2012 CGREREIFH—T
ROIRATH, 2 1 mL © BREETKZMA CREVE IF Y — CTIRVIEY, 1.5 mL 8= OULEE I AT,
0 7) 10 000xg T 5y D BEL, BB ARz s IR S LT,

(3) Wk a~h T T7 8T DRV BT FHC L BHIE

BT R B ARV K OSEHA R 2 LC-MS/MS (ZHE AL, Table 2-1 OIE S ICHE> THIE L.
723, SyHT L7z PFAS 16 #'& (Table 2-2) 5%, PFOS, PFOA, PFHxS, PENA (34 NIZHEM E A AL,
PFOS, PFHxS LIAD2VR R R AL 3Cs-PFOS %, PFOA, PENA LIS D VR VB RAE A Wi
BCs-PFOA ZWARHEME LU T L7, @RS H H (MRM) 7~ 77 A%z 5Ril, € & HA4 D
—ZHEREEROT-. % PFAS ENIEEDH oY — A F L, MEHARESEERORELOER
T (1/x%) B B A YRR L CRUBHRIE T D45 PFAS D2 (ng/mL) 235K, {5IRIEE T D4 PFAS D
B (ug/kg) #H LTz, 2B 072D Wik OB E % Scheme 1-1 & Y Scheme 1-2 1277 L7=.
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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 1.D., 10 mm L)
Guard Column: InertSustain C18 (3.0 mm 1.D., 10 mm L, 3 um)
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 pL
[MS conditions] SHIMADZU LCMS-8045

Ionaization: Electrospray ionization (ESI)

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




{GUE AT OPFHxS J UPFNA% & £ePFAS 13¥EL D 43 TP 5E
— B —RRBR T 1% 2 A PEfERR —

Table 2-2 MRM parameters for detection of PFAS

For determination For validation
Compound Prec(t;zjzo)r ion Pro(d;/c;)ion (}:3(;112:;? Prec(lrl;zo)r ion Pro(dnlj;:zt)ion (];Zuijigoyn
(eV) (eV)
B Cs-PFOS 506.8 80.0 51.0 506.8 99.0 45.0
3Cs-PFOA 420.9 172.0 17.0 421.1 376.0 11.0
C,-PFHxS 402.0 80.0 40.0 402.0 99.0 34.0
3Cy-PFNA 472.0 427.0 11.0 472.0 223.0 17.0
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
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
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
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
PFUJA 563.0 519.0 8.0 563.0 269.0 18.0

PFDoA 613.0 569.0 12.0 613.0 169.0 25.0
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Weigh to the order of 1 mg and put into a 50-mL PP centrifugal precipitate tube

2 lytical 1 .
g analytical sample with a screw cap (A)

« 1 mL of "C- mixed internal standard solution for adding analytical sample
(20 ng/mL each of Cy-PFOS, Cy-PFOA, C3-PFHxS and Cy-PFNA)

< 15 mL of methanol

< 0.1 mL of formic acid

| Ultra-sonication | Ultrasonic generator, 20 minutes
[
| Centrifugal separation | 1700xg, 5 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 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 centrifugal precipitate tube with a screw cap

< 5 mL of water

| Mixing |
[

Centrifugal separation

(If solids are formed)
[

15-mL centrifugal precipitate tube with a screw cap, 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 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]

| 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,
Centrifugal separation 7500xg-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) BREARE
(1) LC-MS/MS OHIE GO fE

AERFEERER 15 (2025) DRNE SAEITHESTHHTL, WEEYE LU THZIZENML BC3-PFHxS &K
BCy-PFNA 22O\ Tl BC-IRA R HENRR (200 ng/mL) & W CTE=F —A 40l & St D ik 2 £
fEL7z. F7o, s R A HERR (20 ng/mL) K& ORREHR K (B IEIEEL 122\ T, 2. 4) (3) IZHE>THI
ELCELNT /e~ N T LE R,

(2) A OEBRMEDOMHER
TR AERER (B4 PFAS 16 WE %45 0.1 ng/mL~50 ng/mL &4, '3Cs-PFOS, 1308-
PFOA, '3C3-PFHxXS M O 3Co-PFNA %45 2 ng/mL & ) 12O\ 2 [BHIEL, % PFAS EWNEEUEY)E D
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—JHER A KRD, % PFAS ORE N OSSR I-E— 7 EE L O EAA T (1/x2) B EHRAERL, 0Bl
OLRE, (5K R EFR B AT RE LTz

(3) HEEE DR (Fn[E IR )
BE AT 2720, (HUAEEE (FEIEEBE: LIRTGIE) ICZNZE AL 1 ng/ke, 5 pgkg, 50 pg/keg fHYS EDOIR
INENERER Fl PFAS AZERR 2 I L7230k 2 T 3 s M T CIRINBINGR B 2 5266 L 7.

(4) K5 DFHAM

OFH TR S OV RS B A BRI 9572, (G IRiEEE 2 S (B FAKREE, LEHIR) ICENTI S
ng/kg, 50 png/kg Y EOTMENLERERH PFAS AR A MU Z AW, 2 ROMTCHAEZX TS
[ s I [ G % 9t L 7=

(5) E&E NREFOHEE

ER FRE OB FROHEEZIT 7. 4 PFAS Of B A YR O fc/MEEEIX 0.1 ng/mL (5T
B4 0.5 pg/kg FA4 &) THY, WD SN b 10 2B 2 T2, ZOZEND, HIRIEE (FFE: LR
{GIE) 12 0.5 pg/kg FH 4 B ORMENLEER H PFAS FEHER Z RN L 75kt & VT 7 s T CcatrL, Of
ITERBR D} OGRBHAT D SN EbaFEICLC, TR FRE UK FTIREZHEE L.

3. HBRRUER

1) LC-MS/MS i &4 D&kt
B b U7 E S &2 VT, B R B AR IR (20 ng/mL) & OFUBHA TR (G UEAEER) 12D\,
2. 4)(3) It TREL D=7~ L% Figure 1-1 & O Figure 1-2 (27K L7=. PFHXS OB —27 D
RFFEIER 10.2 25T, BBHATRIZE £ T2 PFHXS D43 I BV DY — 2% 45 B T&7-. PENA ®
B — 7 O FFRER I 10.5 53 T, BEHRIRIZE £ TV 2 PENA O3 I BAIE(ROE — 2 % /3B C&i=. &
7z, PFHxS, PFNA LA+ ®D PFAS 14 ME DO 6, I IR DY — 7% KD 8 WEIZ DUV Th aUBHE IR
Doy BAMEAR DY — 7 % 53 CE 72 (Figure 1-3) .

2) REROERM

R B IR G BRI ORI E RS DD, 4 PFAS IR EE K UV PFAS EINEEMEM B LD — /7 H L O &
AT (1/x2) B @A R L, 2o BERXORE, FEIKE K OV EREA Table 3 IZ77L7-. PFAS 16
WE O EMRDO /T A—21F, VTG EEERBUEN B E AP IORSNTOD L L T\ e, &
#£L LT, PFHxS X% PFNA DS L — 7 m gt Ok B fi % Figure 2-1 K ¥ Figure 2-2 (2T LEHURL
7-.



T5VEAEEFH OPFHXS 2 U'PFNA% & T°PFAS 13W'E D43 B ik B %8

— BRI LD Y Ml — 29
80000+ 3
] ¢ Linear form of PFHxS 3000 l' Linear form of PFHxS

70000 27504
] 2500-]
60000 .
] 2250
50000 2000
] 17504
40000—: 1500
] 1250
30000+ ] Branched form
1 1000

] of PFHxS
20000*7 7504 ¢

] 500
10000] 1
] 250
o] 0
[ L I I *25U:|--‘|""|"'\'
95 100 105 110 95 100 105 11.0
Standard solution (20 ng/mL as PFHxS) Sample solution (Sludge fertilizer)
Figure 1-1 MRM chromatogram of PFHxS
450000 ¢ Linear form of PFNA ] l Linear form of PFNA
1 50000
100000 45000
350000 40000
300000 35000—2
260000-] 30000
] 25000
2000004 ]
] 20000
150000 3
1 15000
100000 10000  Branched form
1 ] of PFNA
50000+ 5000 ¢
0 0
k I T T : T ] ' ' ' ' ] ' ' ' T | T ' ' ' [
100 105 110 115 100 105 110 115
Standard solution (20 ng/mL as PFNA) Sample solution (Sludge fertilizer)

Figure 1-2 MRM chromatogram of PFNA
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'
+ I |

8.0 8.5 9.0 95 100 105

i) PFHxA ii) PFHpA iii) PFOA iv) PEDA
- - - -—
v !
y | |
A
11‘.5‘ C ‘12‘.0‘ T T ‘1Z|.5‘ o ‘13!.0 11‘.0I n ‘III.S‘ C I12‘.0‘ T IIS".U‘ o I13|.5I
v) PFUdA vi) PFDoA vii) PFOS viii) PFDS

Figure 1-3 Example of MRM chromatogram of sample solution in which branched isomers are detected
< :Linear form of PFAS | :Branched form of PFAS
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Table 3 Calibration curve

Compound Range Internal Linear equation” Confidence interval of a Coefficient of
(ng/mL) standard® Inclination 5 Intercept a Lower limit ~ Upper limit determination® >
PFBS 0.1-50 3Ce-PFOS 0.551 0.002 -0.012 0.016 0.997
PFPeS 0.1-50 B3 Ce-PFOS 0.625 0.008 -0.011 0.027 0.995
PFHxS 0.1-50 3C,-PFHXS 0.426 -0.005 -0.024 0.014 0.990
PFHpS 0.1-50 3 C-PFOS 0.412 -0.003 -0.015 0.009 0.996
PFOS 0.1-50 13C¢-PFOS 0.528 0.004 -0.010 0.017 0.997
PFNS 0.1-50 3Ce-PFOS 0.573 -0.002 -0.017 0.013 0.997
PFDS 0.1-50 3 Ce-PFOS 0.561 -0.005 -0.021 0.010 0.996
PFBA 0.1-50 B C4-PFOA 0.442 -0.001 -0.011 0.009 0.997
PFPeA 0.1-50 B Cg-PFOA 0.642 -0.004 -0.013 0.005 0.999
PFHxA 0.1-50 B3Cs-PFOA 1.057 0.000 -0.023 0.023 0.998
PFHpA 0.1-50 B3 Ce-PFOA 0.932 -0.003 -0.021 0.015 0.998
PFOA 0.1-50 B3 Ce-PFOA 0.739 0.002 -0.009 0.013 0.999
PFNA 0.1-50 3Cy-PFNA 0.289 0.001 -0.004 0.006 0.999
PFDA 0.1-50 3 Cy-PFOA 0.449 -0.003 -0.010 0.004 0.999
PFUdA 0.1-50 B3Ce-PFOA 0.391 0.001 -0.011 0.013 0.995
PFDoA 0.1-50 3C4-PFOA 0.466 -0.004 -0.023 0.014 0.992

a) Calibration standard solution contains 2 ng/mL "C-labeled mixed internal standard (PFOS, PFOA, PFHxS and PFNA)
b) Linear equation y=bx+a
¢) 95% confidence interval

d) Recommended criteria shown in Testing Methods for Fertilizers (2025) Annex A (lower limit =< 0 =< upper limit)

e) Coefficient of determination usable as calibration curve shown in Testing Methods for Fertilizers (2025) Annex A (r2 >=(.99)

25 ¢ 15 - X
~— >< ~
E 20 < ; 12
= L[_‘ |
S =
E 15 + = 9 -
&
[T
=4 2
g 10 & 6
ﬁ 4]
= L
] @
= 4
5+ 3 L
(=W
0 “ | | | | ] 0 1 | 1 | ]
0 10 20 30 40 50 0 10 20 30 40 50
Concentration (ng/mL) Concenfration (ng/mL)

Figure 2-1 Calibration curve of PFHxS Figure 2-2 Calibration curve of PFNA
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3) FMEURRERICKSREE O

B ZFHM 95720, {GIRAEEL (T LIRTBTE) IZZEEAL 1 ug/kg, 5 ng/kg, 50 ngkg FHY EDOR
HNEIERER F PFAS A5 ¥ 2 RN U 7= 3R 2 T 3 SOH T CHlNEI R BR &2 e L7-. 3 SO T 0T
DL EZ R, ZOEDREEMEIC T 5EF| & 2RO TEEZFANL, ZDH#E K% Table 4-1 KT 4-2 1T
JRL7-. PFAS 16 M D5, PFDoA ZFR< 15 W IZHOWT, sEH T OFRIMNIEE 1 pg/kg~50 pg/kg D
PHCOEMLRIL 70.1 %~100.5 %L ERBRIEN B S A ICHEO BIEELL TURSNTWD RN RO §
PN ToH o7z, LiL, PFDoA OFEFHOIRINEE 1 ng/kg~50 pg/kg OFRIPHICIIT HIEIEIL 57.7 %~
60.5 % THY, BIEEMT-S203 7127280, IO HIZMA L.

Table 4-1 Result of recovery test (Sulfonic acid)

Compound Concentration® Mean"” Recovery rate® Criteria?
(ng/kg) (ng/kg) (%) (%)

PFBS 1 0.87 87.5 60-125
5 4.20 83.9 60-125
50 41.4 82.9 70-120
PFPeS 1 0.96 95.6 60-125
5 4.54 90.8 60-125
50 40.1 80.3 70-120
PFHxS 1 0.93 93.1 60-125
5 4.59 91.9 60-125
50 43.3 86.5 70-120
PFHpS 1 0.94 93.6 60-125
5 4.50 90.1 60-125
50 41.6 83.1 70-120
PFOS 1 0.89 88.8 60-125
5 4.33 86.7 60-125
50 41.2 82.4 70-120
PFNS 1 0.88 87.7 60-125
5 4.51 90.2 60-125
50 39.1 78.2 70-120
PFDS 1 0.72 71.8 60-125
5 3.96 79.2 60-125
50 35.1 70.1 70-120

a) The concentration of PFASs in the spiked sample
b) Mean value (n=3)
¢) Recovery rate (%) = b/a*100

d) Tolerance range of recovery rate as the target of trueness shown in Testing Methods for Fertilizers (2025) Annex A
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Table 4-2 Result of recovery test (Calboxylic acid)

Compound Concentration® Mean” Recovery rate® Criteria?
(ng/kg) (ng/kg) (%) (%)

PFBA 1 0.97 97.3 60-125
5 4.45 89.0 60-125
50 423 84.6 70-120
PFPeA 1 0.90 90.1 60-125
5 4.32 86.3 60-125
50 42.0 84.1 70-120
PFHxA 1 0.98 97.7 60-125
5 4.42 88.4 60-125
50 42.9 85.7 70-120
PFHpA 1 1.01 100.5 60-125
5 4.45 89.0 60-125
50 42.7 85.4 70-120
PFOA 1 0.89 88.5 60-125
5 4.48 89.7 60-125
50 43.3 86.6 70-120
PFNA 1 0.99 99.3 60-125
5 4.49 89.8 60-125
50 42.5 85.0 70-120
PFDA 1 0.91 91.5 60-125
5 4.07 81.4 60-125
50 40.4 80.8 70-120
PFUdA 1 0.76 76.5 60-125
5 3.69 73.8 60-125
50 36.8 73.6 70-120
PFDoA 1 0.58 58.2 60-125
5 2.88 57.7 60-125
50 30.2 60.5 70-120

a) The concentration of PFASs in the spiked sample
b) Mean value (n=3)
¢) Recovery rate (%) = b/a*100

d) Tolerance range of recovery rate as the target of trueness shown in Testing Methods for Fertilizers (2025) Annex A

4) HMEUNHRICKLIPHEBERVHTHREDORE

DFTRE BE B OV VRS FE A e iR 9~ B 7200, TR IRIEEE 2 A (FEFCRE: TR, TEBR) ICEnTh S
ng/kg, 50 pg/kg A2 EOBMENEERH PFAS FEERAZ RN Z W, 2 OMTCHEZZ TS
o], FANEU R BR A £ i 7=, T O H% Table 5-1 KON 5-2 12, —ToELE S BT IC L > TEBZOF
ITHGE L OV [BRE 2% Table 6 (2R L7e. V5 UEAEENH O PFHXS OFEIEIE 4.99 pg/kg K TN 47.8 pg/ke,
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DHTHSEE (RSD,) 13 5.0 %M T8 3.3 %, RS E (RSDiry) 1% 6.2 %M T8 3.6 % Th->7-. PENA Ol I%
5.20pg/kg O 50.0 pg/kg, DFATHEEE (RSD)1E 3.4 %M O 0.8 %, HHIKEEE (RSDyr) 1% 3.4 %K TN 1.7 %
TohoT=. HHTL7Z PFAS 15 W& _XTT, WTNOKED IEEHERBRIEHEE A IORSN TR E
DFRFFHLUNTH -7, 7ok, FIUEENLHEESNIZEE TN Thob & BAEFHN TH -7,

Table 5-1 Individual result of repeatability test on different days for precision evaluation (Sulfonic acid)  (pg/kg)

Studge fertilizer Test days
Compound
sample 1 2 3 4 5
5.18 4.92 4.62 5.04 4.89
Sewage sludge 4.90 4.76 4.11 4.70 4.44
PFBS : . . . .
. 45.3 44.9 42.5 42.4 40.7
Industrial sludge
43.0 46.7 43.7 41.9 42.3
5.50 5.53 4.78 5.08 4.93
Sewage sludge 5.52 5.18 4.13 5.06 4.34
PFPeS . . . : .
. 47.4 45.6 43.6 443 43.1
Industrial sludge
47.7 46.3 43.8 44.9 44.1
4.45 5.13 5.09 5.16 5.19
Sewage sludge 4.79 4.89 5.36 5.29 4.57
PFHxS . - . - .
. 47.5 49.4 48.0 47.5 46.2
Industrial sludge
43.9 49.0 49.2 48.2 49.3
5.16 5.31 5.11 5.28 4.71
Sewage sludge
5.39 4.95 4.61 4.86 4.93
PFHpS
. 48.6 46.2 44.5 47.3 46.0
Industrial sludge
46.2 49.7 443 49.1 47.3
5.36 4.96 5.22 5.15 4.82
Sewage sludge 5.57 4.87 4.84 4.98 4.66
PFOS ) . . . )
. 47.7 46.1 45.5 46.0 44.4
Industrial sludge
46.0 47.6 45.9 47.2 46.7
4.80 4.52 4.54 4.77 4.60
Sewage sludge 4.93 4.46 5.14 4.67 4.38
PFNS ) . . . )
. 44.6 43.1 42.6 45.2 42.2
Industrial sludge
43.0 42.8 43.4 45.3 45.8
3.95 3.89 4.39 4.16 4.24
Sewage sludge 4.85 4.14 4.99 4.37 4.18
PFDS ) . . . .
42.5 35.7 423 41.5 37.7

Industrial sludge
39.0 36.6 39.7 41.5 42.5
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Table 5-2 Individual result of repeatability test on different days for precision evaluation (Calboxylic acid) — (ug/kg)
Sludge fertilizer Test days
Compound
sample 1 2 3 4 5
5.49 5.25 4.90 5.33 4.89
Sewage sludge 5.61 5.17 4.59 5.00 5.14
PEBA . . . . .
. 49.7 48.7 46.5 44.9 44.4
Industrial sludge
46.5 48.3 43.9 46.6 45.1
5.31 5.37 5.00 5.36 4.95
Sewage sludge 5.27 5.27 4.74 5.10 5.13
PFPeA . . : - -
. 47.6 49.0 45.9 44.9 45.2
Industrial sludge
44.4 49.4 443 46.2 45.6
5.60 5.70 5.37 5.58 5.24
Sewage sludge 5.67 5.48 5.01 5.28 5.45
PFHxA . . . . .
. 50.8 49.7 47.4 46.9 46.7
Industrial sludge
47.5 50.3 44.8 48.4 46.6
5.52 5.32 5.07 5.29 4.96
Sewage sludge 5.74 5.19 4.81 5.17 5.11
PFHpA . . . . .
. 51.8 49.9 47.7 47.3 47.3
Industrial sludge
48.6 49.8 46.0 48.1 47.7
5.37 5.47 5.02 5.38 5.13
Sewage sludge 5.47 5.40 5.02 5.19 5.18
PFOA . . . . .
. 50.7 50.2 49.2 48.5 48.1
Industrial sludge
48.7 49.5 46.2 49.0 48.8
5.04 5.06 5.34 5.33 5.28
Sewage sludge 5.30 5.33 5.05 5.05 5.20
PENA . . . . .
. 51.6 50.0 49.5 50.2 49.8
Industrial sludge
50.8 49.7 48.5 50.3 49.9
4.71 4.32 4.76 4.71 4.72
Sewage sludge 5.04 4.43 5.20 4.77 4.96
PEDA . . . . .
. 45.9 43.4 46.8 44.5 44.8
Industrial sludge
42.6 43.9 44.4 47.8 47.3
4.12 3.59 4.26 4.21 4.17
Sewage sludge 4.47 3.94 5.26 4.17 4.54
PFUdA - - - : -
. 41.6 36.9 441 42.6 39.9
Industrial sludge
39.2 37.1 38.6 43.3 43.8
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Table 6 Statistical analysis of replicate test results for precision evaluation

a) Repearability precision Intermediate precision
Shudge fertilizer Mean P yP P
Compound sample m s, RSD © CRSD,* g I(T)C) RSD I(T)ﬂ CRSD lmg)
(nghkg)  (ng/kg) (%) (%) (ng/kg) (%) (%)
Sewage sludge  4.76 0.26 5.5 11 0.32 6.7 18
PFBS
Industrial sludge ~ 43.3 1.1 2.6 11 1.9 4.3 18
Sewage sludge  5.01 0.30 6.0 11 0.50 10.0 18
PFPeS
Industrial sludge  45.1 0.43 0.9 11 1.7 3.8 18
Sewage sludge  4.99 0.25 5.0 11 0.31 6.2 18
PFHxS
Industrial studge ~ 47.8 1.6 3.3 11 1.7 3.6 18
Sewage sludge  5.03 0.26 5.1 11 0.26 5.2 18
PFHpS
Industrial sudge ~ 46.9 1.5 3.2 11 1.9 4.0 18
Sewage sludge  5.04 0.16 3.1 11 0.29 5.8 18
PFOS
Industrial sludge  46.3 1.1 2.4 11 1.1 2.4 18
Sewage sludge  4.68 0.21 4.5 11 0.24 5.1 18
PENS
Industrial sludge ~ 43.8 1.3 3.0 11 1.3 3.0 18
Sewage sludge  4.32 0.36 8.3 11 0.36 8.3 18
PFDS
Industrial sludge ~ 39.9 2.1 5.2 11 2.6 6.5 18
Sewage sludge  5.14 0.17 33 11 0.32 6.2 18
PFBA
Industrial sludge ~ 46.5 1.5 3.1 11 2.0 43 18
Sewage sludge  5.15 0.13 2.6 11 0.21 4.1 18
PFPeA
Industrial sludge ~ 46.3 1.2 2.6 11 1.9 4.1 18
Sewage sludge  5.44 0.18 33 11 0.22 4.1 18
PFHxA
Industrial sludge ~ 47.9 1.4 3.0 11 1.9 4.0 18
Sewage sludge  5.22 0.13 2.5 11 0.28 5.4 18
PFHpA
Industrial sludge ~ 48.4 1.2 2.5 11 1.7 3.6 18
Sewage sludge  5.26 0.075 1.4 11 0.18 35 18
PFOA
Industrial sludge  48.9 1.2 2.4 11 1.2 2.5 18
Sewage sludge  5.20 0.18 3.4 11 0.18 3.4 18
PENA
Industrial sludge  50.0 0.41 0.8 11 0.85 1.7 18
Sewage sludge  4.76 0.19 4.1 11 0.27 5.7 18
PFDA
Industrial sludge ~ 45.1 1.8 4.1 11 1.8 4.1 18
Sewage sludge  4.27 0.37 8.7 11 0.44 10.4 18
PFUdA
Industrial sludge ~ 40.7 23 5.5 11 2.8 6.8 18

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

¢) Repeatability relative standard deviation

d) The tolerance criteria* of the repeatability precision

e) Intermedicate standard deviation

f) Intermedicate relative standard deviation

g) The criteria* of the intermediate precision

* The criterias shown in Testing Methods for Fertilizers (2025) Annex A
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5) EETREDHTE

PFAS 15 W& O &M A ER O /MBI 0.1 ng/mL (AT B 45 0.5 ng/kg F124 &) THY, »
FALD SN b 10 Z#E R Tz, ZOZED, IEEHERBENEE A O FNHICE> TEE FTIRELHEE
T AT, (HIRAEE (IR LIRTETR) 1T 0.5 pg/kg FH 24 B O RIMNEIL SR PFAS HEHEE 2 ¥R T
7 ROHTCTONTL, OHTRBR O R & OFEHAIR D SN b 3L T, PFAS 1S WEIZ W TENZEIE
B NBR K O Y N BRZHEE L7z (Table 7). £ DfESR, Table 7 (2773 PFAS 15 MEOE & FIRIT 0.2
ngkg~0.9 pg/kg LHEESN, £DHH, PFHXS DOE R FIRIT 0.6 ng/kg #2EE, PFNA OE = FRIT 0.3
ng/kg FRJELHEE SN

Table 7 Result of estimation of the minimum limit of quantification

Replicate test” SN ratio® Estimation
Compound Concentration” Mean”?  s5,Y Recovery LOQY LOD’ LOQ  LOD of LOQ
(ng/kg) (ng/kg) (ngkg) (%)  (pgkg) (pghkg) (ngkg) (ngkg)  (ngkg)
PFBS 0.5 0.47 0.020 93.8 0.3 0.08 0.5 0.2 0.5
PFPeS 0.5 0.54 0.036 107.7 0.4 0.2 0.9 0.3 0.9
PFHxS 0.5 0.61 0.053 122.2 0.6 0.3 0.4 0.2 0.6
PFHpS 0.5 0.51 0.036 102.1 0.4 0.2 0.5 0.2 0.5
PFOS 0.5 0.48 0.039 95.7 0.4 0.2 0.5 0.2 0.5%
PFNS 0.5 0.43 0.041 86.9 0.5 0.2 0.5 0.2 0.5
PFDS 0.5 0.43 0.070 85.5 0.7 0.3 0.5 0.2 0.7
PFBA 0.5 0.60 0.020 120.3 0.2 0.08 0.6 0.2 0.6
PFPeA 0.5 0.54 0.019 108.0 0.2 0.08 0.2 0.06 0.2
PFHxA 0.5 0.61 0.016 123.0 0.2 0.07 0.2 0.04 0.2
PFHpA 0.5 0.59 0.025 118.8 0.3 0.1 0.2 0.04 0.3
PFOA 0.5 0.58 0.034 116.9 0.4 0.2 0.2 0.04 0.4M
PFNA 0.5 0.55 0.024 110.6 0.3 0.1 0.2 0.05 0.3
PFDA 0.5 0.54 0.008 107.1 0.08 0.03 0.2 0.04 0.2
PFUdA 0.5 0.45 0.017 89.3 0.2 0.07 0.3 0.08 0.3

a) The Procedure shown in Testing Methods for Fertilizers (2025) Annex A
b) The concentration of PFAS in the spiked sample

¢) Mean value (n=7)

d) Repeatability standard deviation

e) Minimum limit of quantitation

f) Minimum limit of detection

g) Estimated LOQ of PFOS in 2021 was 0.5 pg/kg

h) Estimated LOQ of PFOA in 2021 was 0.5 pg/kg
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4. FE&&H

AEEHE R 1% (2025) O 8.7.2) A SoHB L EW-mHIRIK I 0~ T 7827 NE B ATk CRIE AT
HE7R PFAS 16 ME DG, SHTiED 2 G MR HERR SV TR 14 WE (PFHXS, PENA, PFBS, PFPeS,
PFHpS, PFNS, PFDS, PFBA, PFPeA, PFHxA, PFHpA, PFDA, PFUJA, PFDoA) (DWW CTH —iBR =R (T
LU VERER A I L 72L 25, PFDoA ZFR< 13 MEIZHWT, IROEBVGHTELL TH a7k s f
LCWDZ e MR LTz, £, B 3 T Y MEZ MR LT PFOS & U PFOA IOV THHFE Tt &
FhaL, B TiEN+ 072U E AL QDA D CThER L.

(1) BB NEEHEYE (13C3-PFHXS & OY 3Co-PENA) b 800 CHIlE S 2 i b Lz, 7a~hs
T L% L, PFHXS, PENA L OML 14 W O —27 D438, I Tl BMEARZ R (LB W1 350l BAER
DE—0% M CE LI AR LT,

(2) WEMR TR AR (ST D PFAS 16 WE %4 0.1 ng/mL~50 ng/mL & 4, 13Cs-PFOS, 13Cs-
PFOA, 3C3-PFHxS 2 O* BCo-PFNA %45 2 ng/mL & A) 122\ T 2 [BHIEL, 4 PFAS & & ENIEHEY)E

2R — 7 HAE I DWW T — R ER A & O TR ERZER L 72, BUFEO 8] 0 95 %15 fEH X [H]
W (0) A& EN, EREK 13 0.990~0.999 THY, HEMRO BRI 2R L.

(3) {HURNEEME RO TIRINEINERER (2 KD B 23l L 7275 2%, PFHxS, PEFNA K& UMt 13 %' (PFDoA %
FROIZEBNT, B 1 ng/kg~50 pg/kg O LG TEIXERIL 70.1 %~100.5 %THY, W T HbiL
BHERBRIEEE A ICEEDOBELL ORI TWDRIIRO N CTHh-o7-. 7233, PFDoA 120D H
b [ VARV b)) (IEIHMP 57.7 %~60.5 %), LAEDORET DRI LT,

(4) DHTHEEE R OVP RIS FE AR EAI 35720012, 2 FEOGRIEEZ FIVC2 IBE 2 AT CTREE X
TS5 [EHTLIZ#E S, PFHXS, PENA J OMit 13 W E OO TR EE (RSD,) 13.0.8 %~8.7 %, k5 EE (RSDy1))
13 1.7 %~10.4 % THY, WTNHIEEERBRIEM BT A IORSIVTODREE DA LLN Th -7z,

(5) HFEHTIEIZEWT, PFHXS & O PFNA OE & FRITZNZEI 0.6 ngkg F2E, 0.3 ngkg f2E, Z
LCHL 13 P 0 E £ TR 0.2 pg/kg~0.9 ng/kg FEHE L HEE ST,

X ®

1) RIEAREERREEY- -V A7/ PFOS & A BEIEW O WLBRIZ B 3~ 2 87 i B i 3 1
1~2 (2011)
< https://www.env.go.jp/recycle/misc/pfos/tptc.pdf >
2)  MUSTATBOE NGRS A A ST S AR A, R pE Sl LG E S R W R, SRR B R R
TR AR R 3 A FA L P M E 2 axt R = . WS AT MEOVATFAN, ~NTNdut s
4% (PFOA), 7~9 (2020)
< https://www.nite.go.jp/chem/risk/products_risk-PFOA_jp_full.pdf >
3) ER¥E4H: PFOS, PFOA IZE89°% Q&A 4£ (2024 4F 8 A FEAL), 1~5(2024)
4) BREHRERBREYAZMNE  (LFEWE ORI AZIHE % 6 &, [19] VT A ud sz 2
AWK OO, 2~3 (2008)
< https://www.env.go.jp/chemi/report/h19-03/pdf/chpt1/1-2-2-19.pdf >
5) BREEHREIRBRIBYAZ G (LW EORBEVAZEHE 5 9 &, [12] TV Aut s 2 g
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KOO, 2~3 (2011)
< https://www.env.go.jp/chemi/report/h23-01/pdf/chpt1/1-2-2-12.pdf >
6) RWEPEFEAE: POPs 54 < https://www.meti.go.jp/policy/chemical _management/int/pops.html >
7) PRSEATEGE N SR E A R AR A . (LRIE T — AN — A (O | HRRE(L TR
< https://www.nite.go.jp/chem/jcheck/list6.action?category=211&request_locale=ja >
8) BRIEA: FREMEAMIGYMEICRE T AN IR LG (POPs 5:00) Xt Gl B A AL 55 15 25 — FlL s
EALFWE IR ETHILICOWNT M 7 £EE 3 BEERRFEREC A E L SR mE
Es BWED
< https://www.env.go.jp/content/000323032.pdf >
9) MMSZATHUIE NFEMOKEETE B 22 R A2 2 — (FAMIC) : LB ER % (2025), 771~783
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2025.pdf >
10) RAOKEES : N6 [E PE 2 F5 K PEM O PFAS &A1 FEREFH A DO RICTHONT
< https://www.maff.go.jp/j/syouan/seisaku/PFAS/attach/pdf/index-8.pdf >
11) BH#R, MEERT, Ko HFESoFZLamoohr, BEFEH S, 15, 87~107
(2022)
< http://www.famic.go.jp/ffis/fert/rrf/obj/rrf15-07.pdf >
12) MNAATEOE NRMOKEH R 22z 22— (FAMIC) :  JEEHERERE (2025) iR H A
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2025 fuzokusho A.pdf >
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Development of Determination Method for PFAS 13 Compounds including PFHxS and
PFNA in Sludge Fertilizer
using Liquid Chromatograph/Tandem Mass Spectrometer (LC-MS/MS)
— Single Laboratory Validation —

MANABE Noriko! and HASHIMOTO Yoshimi?

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

Using the analytical method for PFOS and PFOA in sludge fertilizer developed in 2021, we valided the
determination of PFHxS, PFNA and 11 other PFAS compounds in sludge fertilizer.

We prepared 3 sludge fertilizer samples containing 1 pug/kg, 5 ng/kg, and 50 pg/kg of each PFAS compound,
respectively. The results of triplicate analyses showed that the recovery rate as the target of trueness ranged
from 70.1% - 100.5%. We conducted a five-day duplicate analysis using 2 sludge fertilizer samples prepared
to contain 5 pg/kg and 50 pg/kg of PFAS compounds in spiked sample, respectively. The mean values, relative
standard deviation of repeatability (RSD;), and relative standard deviation of intermediate (RSDyt)) were 4.27
pg/kg - 50.0 pg/kg, 0.8 % - 8.7 %, 1.7 % - 10.4 %. The lower limits of quantification for these PFAS
compounds were estimated 0.2 pg/kg — 0.9 ng/kg.

These results indicated that this analytical method was valid for the determination of PFHxS, PFNA, and

other PFAS compounds in sludge fertilizer.
Key words PFAS, PFHxS, PFNA, sludge fertilizer, LC-MS/MS

(Research Report of Fertilizer, 19, 19-40, 2026)
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3 SHIRIEE DD PFHxS BT PFNA O HTik DB &
— W R ER I LD 2 Y M iR —

BT BARRE?
F—J—F FHHS5S-FLEY), PFHXS, PENA, {GIEIRE}, ik a~hr o740 7 NE &
IR

1. [XL®HIZ

LT NFa T VRIS K ORI 7 v F a7 L AL EY (LLF, TPEAS &V, )X 1 HEELL -
DOWEPFIET DESIN TS, BRI, B AL FRLEEFEONEZRTIEND, a—T 1 7 #l,
T KA 81 DNZR AR A S CE DS, BB DHE iRt mE MDD AR~ TN
RSN TWDT™) | BUEIIFR R A I e B BT DAy 73 L A58 (POPs §249) K UME#
WE DR K ORLEE OGN 2158 (b5 1E) T VT dud s 4 AR (LT, TPFOS &
WL ), vt et 2 (LT, TPFOA JEWD . ) R OV 7 v F o 2 VR B (LU,
[PFHxS &) O 3 BB 3 E N CTORGESE A BLEI ) G L7 o> TNDS D Nz THF 74 6 AICHi7=IC
B~V T A md LR (LC-PFCA, FRFEH 9~21) SHHIxI G L L CaInEhzy.

1GIEAEELH D PFOS & U PFOA D43 HTiElE, N 3 4F FE oo =8 ) e A 3 BR 12 0 2 s igsd s, e
BEHERERE (2025) VN2 DO HFEPEIN TS, 4], BEHROKEREE - ZRREERSEHRE X
0, GREEF D PFHXS MO Lv7nAm/F o (LLF, [PENATEWD. ) O HriERR OB GELZ 32T
TeZlinh, RRBEEZ AW THE BB EICLD L ORI ZIT o728 25, ZDOR 4N HERS Y.
LT ZTAITIE, PFHXS KT PFNA TR HAGBRIEDPEREFHT O 7=, [EERAYITIEHELZRO b
HEMILFERBREZ T, 24 MO (Harmonized Collaborative Validation: HCV) 21T -7- D THEZ %
WET5.

F\ /F F\ /F F\ /F 5
NI NP TN S//
F/| F/ \F F/ \F o// on

Figure 1-1 Structural formula of PFHxS

e F F F F F F 9
LV VY Y
F/ ~c7 \C/ ~c7 \C/ oM

ANVANEVANRVAN

Figure 1-2 Structural formula of PFNA

VR SIAT BOE N R MOK EETE e & il o 2 — IR B 2 i AR (A R 2 — IRE R AR
2 MSTATBUE NFRMOKPETH B 2 il b & — IR BH L A D
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2. #PRUVAE

1) HEMEZEARANRUREBRAANORAR

AT FBUERE L C, PFHXS M OY PENA FHZRR YRR ARG OIGIEAEEL 1~4, PFHXS (T HE 41720572
23 PENA (3R HSHU 7275 TRAEE} 5, PFHXS M OF PENA 32 S IBTRAEEL 6 O &5 6 A RE LT,
FAGVENEEE 40 °C TR 70 e L 72 %%, B O CH BRI 500 pm DAZY— A @il T 5E TH
L, BEERDIIRE LTz, ML T-iGIRAREE 6 FEEHIC DUWT, 7VARITH) 3.8 ¢ FREEL TEEILI-b 0%
IGUEREE 11532 48, VHIRAEEL 2, 3 1345 36 48, 1HVEAEE} 4 1232 43, {GURAEEL S, 6 134 50 LD A G 236 43
AL, BIRARE O FEERINC T V7 7y M (A~L) R ORRERE B4 L TREATRRIL, R Ch 515
FEEES, 6 12DV TIE, 704 A 10 T DRSO EEVEMERAREIE LTz, £ T V77 Xy bR BN DT
NN 1RO LIcb DA LR AGEIE L, DU FOSIEEREICERA L. 7238, 4 EIHWZiGER
BFD PFHXS & UF PFNA OAFETEREIZ DU T Table 1 IZRLTE.

(Fe [RSNGB =)
TV T  a o — RS R APAC T =) a— T a s A
- — R EE A A T 2 —
- R EIEN B AR RS HTE 2 — ZEERFSET
RSB R 2 72T
RSB T 7 U —F REFFER otrbtsets 22—
ARMENEN OO T REANE e TE RN et 2 —
ANaRFEENEN B AR SRS B AENEET
V=TI NP AT AR WA — PR — A —
« M AR SEAT BB N KBRS BR BE B AR PERS B IFZE AT
RSN T ) ARRA S AR ERE R R 2 —
RSTATEOE NEMKETE B 22 2o 7 — IR SRAE AERHE E R

- PURRER B BR A £
C TR SIRBREERIAIEAT BT A —
(50 FIIE)

Table 1 Forms of PFHxS and PFNA in the samples

Sludge fertilizer

(Sample ID) PFHxS PENA
1 (B, F) Linear chain compounda) Linear chain COIIlpOU.Ild
2 (D, K) Linear chain compound Linear chain compound
3(G, D) Linear chain compound Linear chain compound
4(H,L) Linear chain compound Linear chain compound
5(A,)) Linear chain compound Linear chain compound + Branched chain isomer"”
6 (C,E) Linear chain compound + Branched chain isomer ~ Linear chain compound + Branched chain isomer

a) Spiked the standard solution to the blank samples
b) Contained in the samples
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2) BERURER

BB BENREA THRE 0~ T2 T DEESHTEH (LU, TLC-MS/MS 1 &W)), LC R4S
T, AL RO A, BERE AR, 3 O00BERE, &EE OB, ~=hR—F, BiEEE, ABREISY
— &L,

3) RERF

MAAEER IR O FNETH L 72, L-PFHXS #4804 (50 pg/mL, WELLINGTON) & UF PFNA #E#E{ (50
pg/mL, WELLINGTON) Z A% /—/L (554 f 3K - PCB 3B 1 (5000 f5E45) , & L7 /L LARDEHIEK) TF
NENARUIZ. SIEEREZ —EET D>EE7IAEHBRL TUEAL, A¥/— L TERL TLEDRED
BIMARRER E U, ZROEIIEEREIRIC T v 7 73y s (a~1D) 2T LT, 1) THRBLL 72 3[R 308 AR ER (A
~L) ERNT25 500, 1 AT OSMRBREICEAST L7z, £/, PENA 23S H S 775 18R} 5 1213 PFHXS O
HEETUINAAEHERR, PFHXS KO PENA AR SIVIZIGIRIERE 6 1ZI3 A% ) — VAR &L TRIAL,
[F]— DEVEEATO KOS ARI 2 T2

BC-IR A& WIE MW (20 ng/mL) 1T O FJIE T L 7= . BC3-PFHxS WAL #E % (50 pg/mL,
WELLINGTON) K& T 3Co-PFNA WAE #E 3% (50 pg/mL, WELLINGTON) % A% /— /L CA R L, 3Cs-
PFHxS WAE#EHR (1 pg/mL) K TF 3Co-PFNA PAEHENR (1 pg/mL) ZZNZ a7z, TR HER %
—EBETORBTIARMLTREAL, A%/ —/L—K(1+1) TEALT 20 ng/mL L7251 FRILT-.

ERAIRAERERI TR O FINE TR L 7=, L-PFHxS FE#EHR (50 ug/mL, WELLINGTON) }2 (O} PFNA %

YW (50 pg/mL, WELLINGTON) # A% /— /L CA R L, L-PFHxS FE#E#% (1 pg/mL) & Y PFNA FE#ER (1
pg/mL) ZZNENFR LT, ChOIEHEREZ —E&T D&Y7 7ANEHIML TRAGL, A%/ —/L—K
(1+1) TEAL TR AEUERL (200 ng/mL) ZFHHL 72, SHIZIBEAENERR (200 ng/mL) 2277 A3 |TE,
BEAJIZED, BC-IRAWAEYERR (20 ng/mL) % 2 ng/mL ER25EHRMNL, A%/ ——K(1+41) TERLT,
L-PFHxS &% Y PENA D#2 73 0.1 ng/mL~50 ng/mL D 9 & L7325 JHFHHRILT-.

FREOLBOFREL 7o INEERR, BC-IRA NARYEIR K O & R SR MR 2 S N BR == 2B L
7o, 728, EEWER @ PFHXS & OY PFNA OFEREITW T b HEHIA THD.

4) HERERE

1GUR AR  PFHXS 2 O PENA O3 #7113, JEEFEERTE (2025) D 8.7.a) AHES>R LAWY -l ik
Kora~hr o780 T NEBHTIRICHEC CTEMUZ. NIEHEY'E 1213 3C3-PFHXS & Y 3Co-PFNA Zfli
AL, RENATE K O BRSSP OB PFHXS K OV i#H PFHXS O REIEAO A& (LLF,
[PFHXS & ] &VV)), EEH PENA M O3 Ik 85 PFNA OB MRDO A& (LLF, [PENA &8 1&0)) 2 H H
U7z, o AT el B iR (RN R HE i S A% ) — V) R B U723 OBHZIR N L, & O 4 13 ARk 25 5K
BRIEZUE S THIEZ T o 70, FT2, B3RAF LV RHAR )~ — I —N) v P17 A% InertSep MA-2 (FEHE A 500
mg, U — R —28 & 6 cc) ZHEHLT-.

RIEIZFITH LC-MS/MS D LC T AT AR VNTA—=ZD—HF|% Table 2-1 [ZRLTz. 7238, A alBR=EN
AL TS DT L THEE PFHXS K Oyl PFHXS I ONZE 84 PENA K Oy ik 88 PENA 7% 4y Bt L CHHl
ETEDHINT, ZNEFNORBR=EIZEH VT Table 2-1 255 (24 KM 2% E L=, £z, Table2-2 (TR
BRGHFTONTA=ZLUAOHBIZONWTE, FRBRERRAL TCWOIERICADLE TRIETLILE
L7-=. &51Z, Table 2-3 \ZRLIZT VI —Y—AF L R ONTaX IhAF 0%, B E Tt O fcEb a2 FEhiL,
G - DA G AN By
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FAT L ORISR (MRM) 70~ ' 2 EFEEL, TRENOY —7HfE% K, PFHxS, PFNA
K OZENSONIEEDEDE'MAA O — g2 FE L. EfH IR SRR T 0 PFHxS &
O PFNA JRELFEH L7 — 7B O EMREZIER L, SUBHEIK T O EZ R, /53 Hr sl o
PFHxS &% O PFNA O FEZR HLT-.

ZELLT, piriED7m——k Scheme 112, FEHEHE M OGUEHEIR O E & 7 0 & 7 A4 DR
ik 7 e~ 75 Lo F) % Figure 2 1R LT-.

Table 2-1 Example of parameter of LC system
Column: Silica gel column (chemically bonded with octadecyl group)
Q2mm-3mmILD.,50 mm- 150 mm L, 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 0.0 ~ 2.0 min A: 80 B: 20
20min~15.0min  A:80—0 B:20—100
15.0 min~ 15.1 min ~ A: 0—80 B: 100—20
15.1 min~20.0 min ~ A: 80 B: 20 (%)
Column temperature: 40 °C
Injection volume: 5 pL

Table 2-2 Parameter of MS/MS
Ionaization: Electrospray ionization (ESI)
Mode: Negative

Table 2-3 Monitor ion
MRM transition (m/z)

Precursor ion Product ion Product ion
Compound (For determination) (for validation)
PFHxS 399 80 99
3C,-PFHXS 402 80 99
PFNA 463 419 219

3 Cy-PFNA 472 427 223
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Weigh to the order of 1 mg and put into a 50 mL PP centrifugal precipitate tube

2 lytical 1 .
g analytical sample with a screw cap (A)

« 1 mL of "*C- mixed internal standard solution for adding analytical sample
(20 ng/mL each of 3C;-PFHxS and 13C9-PFNA)

< 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 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 centrifugal precipitate tube with a screw cap

<~ 5 mL of water

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

Centrifugal precipitate tube with a screw cap, 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 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]

| 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 ;eparation 1.5 mL ground-in stopper centrifugal precipitate tube,
(If necessary) 7500xg-10 000xg, 5 minutes
| Sample s:olution | Supernatant
| Measurement | High-Performance Liquid Chromatograph/Tandem Mass spectrometer

Scheme 1-2 Flow sheet for PFAS in sludge fertilizers (Cleanup and measurement procedures)
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80000
Linear form of PFHxS 3000 ¢ Linear form of PFHxS
70000 2750
; 2500
60000
] 2250
50000 2000
] 1750
40000 1500
] 1250
30000’: Branched form
] 1000 of PFHxS |
20000+ 750
] 500
10000
j 250
0 0
- 25—
95 100 105 110 95 100 105 10
Standard solution (20 ng/mL as PFHxS) Sample solution (Sludge fertilizer)
Figure 2-1 MRM chromatogram of PFHxS
450000 l Linear form of PFNA 500003 ¢ Linear form of PFNA
400000 25000
350000 40000
300000 35000
250000 30000+
] 25000
200000 ]
] 20000
150000 ]
E 15000
100000} 10000  Branched form
] ] of PFNA
50000+ 5000 J'
0 0—
T T T T T T T T T T T T T T T T T T E T T T T T T T T T T T T T T T T T T T
10.0 105 110 15 100 105 110 115
Standard solution (20 ng/mL as PFNA) Sample solution (Sludge fertilizer)

Figure 2-2  MRM chromatogram of PFNA

5) #RIFEBRARHOHYE R

IUPAC/ISO/AOAC DFFHEFRBR 7 b=/l (2006) PO EPEBRICHE VY, TBIRIEEL 5 K OY 6 I [FH
BRHRUERNS 10 BUBHA TR EERY, FEHZ DX 2 JIHMT T It THTLIZ. 723, 1Al M Ltk
BAZIZD ANDOHTERENT 1.8 g L7z, F£72, PFHXS K& O PFNA I FH PFHxS & &, PFNA
AELLTHEHLE.

6) FREIEGER

HLEFBRICSINUT 13 BB DML U788 & O 7 A0 Table 3, % & L7z LC :f4:1% Table 4 D&
B THL. HRBREICEATLEE 12 308 (6 FlH, FEIAR 2 )KAR) IZDOWT ) IZHEVWEF1 74 12 A 23
A2 D5H 8 423 A 6 HETHMNL, MiETHIokwiz. Fiz, KHBRE~OHE/RFEHELT, T 1
[FlEL, AR & OO TRRBRI I AL L7, 7003, 0Tl pg/kg THEL, AT 4 1A Z2MUELALTH
BhECT 3 T COME AR DI,
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Table 4 Conditions of LC system used in the collaborative study

Labs ID” Mobile phase Flow rate  Column temperature Gradient program
abs A B (L /min) (°C) Time (min)  A(%) Bi(%)
A 10 mmol/L ammonium acetate Acetonitrile 0.3 40 0.0 ~ 2.0 min A: 80 B: 20
2.0 min ~ 15.0 min A:80—0 B:20—100
15.0min~ 15.1 min ~ A: 0—80 B: 10020
15.1 min~20.0min  A:80 B: 20
B 2 mmol/L ammonium acetate Acetonitrile 0.3~0.5 40 0.0 ~ 2.0 min A:98 B:2.0
2.0 min ~ 2.1 min A:98—-80 B:2.0—-20
2.1 min ~ 16.0 min A:80—20 B:20—80
16.0min~ 17.0 min ~ A:20—0 B: 80—100
17 min ~ 17.1 min A:0 B: 100
17.1 min~ 18.0min ~ A:0 B: 100
18.0min~ 18.1 min  A:0—98 B: 100—2.0
18.1 min~21.0min  A:98 B:2.0
C 2 mmol/L ammonium acetate Methanol 0.22 30 0.0 ~ 2.0 min A:90—50 B:10—50
/Methanol (9:1) 2.0 min ~ 10.0 min A:50—0 B: 50—100
10.0 min ~ 14.0 min ~ A: 0 B: 100
140 min~ 15.0 min ~ A: 0—90 B: 100—10
15.0min ~20.0 min ~ A:90 B: 10
D 2 mmol/L ammonium acetate Acetonitrile 0.4 50 0.0 ~ 1.0 min A:90 B: 10
(2 % Mehtanol contained) 1.0 min ~ 15.0 min A:90—5.0 B:10—95
15.0min~ 16.0 min  A:5.0 B: 95
16.0 min ~ 16.0l min  A:5.0-90 B:95—10
16.01 min ~ 20.0 min ~ A: 90 B: 10
E 10 mmol/L ammonium acetate Acetonitrile 0.4 40 0.0 ~ 1.0 min A:70 B: 30
1.0 min ~ 8.5 min A:70-25  B:25-75
8.5 min ~ 8.6 min A:25-2.0 B:75-98
8.6 min ~ 11.5 min A:2.0 B: 98
I1.5min~11.6mn  A:2.0-70 B:98—30
11.6min~ 14.5min  A:70 B: 30
F 2 mmol/L ammonium acetate Methanol 0.2 40 0.0 ~ 6.0 min A:99-50 B:1.0—-50
6.0 min ~ 16.0 min A:50—2.0 B:50—98
16.0 min ~25.0 min ~ A:2.0 B: 98
25.0min~25.1 min ~ A:2.0-99 B:98—1.0
25.1 min~35.0min  A:99 B: 1.0
G 2 mmol/L. ammonium acetate Acetonitrile 0.4 40 0.0 ~ 0.2 min A: 98 B:2.0
(5 % Acetonitrile contained) 0.2 min ~ 10.0 min A:98—5.0 B:2.0-95
10.0 min ~ 12.0 min ~ A: 5.0 B: 95
120min~ 12.2min ~ A:5.0-98 B:95—2.0
H 10 mmol/L ammonium acetate Acetonitrile 0.3 40 0.0 ~ 2.0 min A: 80 B: 20
2.0 min ~ 15.0 min A:80—0 B:20—100
15.0min~ 18.0 min ~ A:0 B: 100
18.0 min ~ 18.01 min ~ A: 0—80 B: 10020
18.01 min ~22.0 min ~ A: 80 B: 20
1 10 mmol/L ammonium acetate Acetonitrile 0.3 40 0.0 ~ 1.5 min A: 60 B: 40
1.5 min ~ 10.0 min A: 60—0 B: 40—100
10.0min~ 13.0 min ~ A:0 B: 100
13.0min~ 132 min ~ A: 0—60 B: 100—40
13.2 min ~ 21 min A: 60 B: 40
J 10 mmol/L ammonium acetate Acetonitrile 0.3 40 0.0 ~ 1.5 min A: 60 B: 40
1.5 min ~ 10.0 min A:60—2.0 B:40—98
10.0 min~ 12.0 min ~ A:2.0 B: 98
120min~ 12.1 min ~ A:2.0-60 B:98—40
12. min~ 16.0min  A: 60 B: 40
K 2 mmol/L ammonium acetate Acetonitrile 0.4 40 0.0 ~ 1.0 min A:98—70  B:2.0-30
(5 % Acetonitrile contained) 1.0 min ~ 5.0 min A:70—52.5 B:30—47.5
5.0 min ~ 5.1 min A:52.5-5.0 B:47.5-95
5.1 min ~ 7.0 min A:5.0 B: 95
7.0 min ~ 7.1 min A:5.0-98 B:95-2.0
7.1 min ~ 9.3 min A:98 B:2.0
L 10 mmol/L ammonium acetate Acetonitrile 0.2 40 0.0 ~ 1.5 min A: 60 B:40
1.5 min ~ 10.0 min A:60—0 B:40—100
10.0 min ~ 12.0 min ~ A: 0—80 B: 100—20
120 min~ 122 min ~ A: 80 B: 20
M 2 mmol/L ammonium acetate Methanol 0.3 40 0.0 ~ 1.0 min A:99 B: 1.0
1.0 min ~ 2.0 min A:99—50 B:1.0—-50
2.0 min ~ 12.0 min A:50—30 B:50—70
120 min~ 16.0 min ~ A:30—5.0 B:70—95
16.0min~21.0 min ~ A:5.0 B: 95
21.0min~21.1min  A:5.0-99 B:95-1.0
21.1min~250min  A:99 B: 1.0

a) Laboratory identification (In no particular order)
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3 HMERUEER

1) XERBARHOSEMERESE

PENA 23 tHS AV {G JEAEE 5, PFHXS J O PENA 25& S 715 IR BEEL 6 122V T, 2241 10 3R
Btz 2 mOHT oM LTz 2 (X)), — JoBLE 0 BT Ofs R bR LT TR MR 72 (s, ) K OV
BHE AT HE R 72 (spp ) & Table 5 (R, E5IC, IEEHERBRIEW B E AP IORSI QWD 2 M BUR
® H % (CRSDr) B WO BH H (3N 1) U7 HEE W BUE HEIR 22 (6r ) 2[RI U< Table 5 IZ/R LTz,

E)EVEDH]E L, TUPAC/ISO/AOAC DO FERBR 7 mh=aL (2006) D FNEEZSZIZEIELTZ. 77, 45
Wrfs B D WM 2R 5720, OATHE 122V T Cochran ODREE £ L7-. FDfEE, X TOR
BHZB W THMUEILR O IR 27272, ZHHD T RIS OWT— ol i@ o o T a EhaL, 0T
IEUEAR 72 (s ) K OFUBHE R ME IR 22 (spp ) Z2 3RO T2, HTIRMER 22 (s, ) ZREli L 7L 25, T X ToORET
HIER (R 2) 2L iz emd, B EMERRBRICH W W IEO O TR B ISR EI X/ N2 L D3 e
ENT=. WIZ, IUPAC/ISO/AOAC D HERRER 7 rhal (1993) 'Y DO+ D E X (2 3) ZH W
THEVEDHEEAT STRE R, T X TORECTHIER (K 3) 2oL T e Zenn, LRI AREEL
TERYRBEMEEAL CWDI LN RSN,

6r = CRSDg X X/100 <o (D)
sy <050, =058 =+ (:02)
spp < 0.30, = 036 <+ (50 3)

Or  ER B O B % (CRSDR) 755 U 7o HEE 2= 1) P BUAR Y 22

CRSD g : JERFEFRBRIE RSN TOD R A BURE B (S8 W AR R HE R 22 (%) ) O B %
X A sy PHTRR YER 22

op B UPERERRZATO A RIS A LR HER 2 spp  eURHREE (R 22

Table 5 Homogeneity test results

sample” @ CrRSDYY o 59 05x0x)  sw?  0.3x0g"
Compound Sample
r(q) (ng/kg) (%) (ngkg)  (nghkg)  (ngkg)  (ngkg)  (nghkg)
PFHxS Sludge fertilizer 6 10(0) 3.5 22 0.76 0.23 0.38 oY 0.23
PENA Sludge fertilizer 5 10(0) 1.9 22 0.43 0.12 0.21 0.03 0.13
Sludge fertilizer 6 10(0) 10.5 22 2.3 0.26 1.15 0.13 0.69

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

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

c) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers (2025) Annex A
d) The estimated standard deviation of reproducibility calculated based on CRSD g

e) Repeatability standard deviation

f) Parameters for the determination of repeatbility standard deviation (s,)

g) Standard deviation of sample-to-sample

h) The value for the test : Spp < 0.30, = 0.36¢

. . . . 2 .
1) When the variance between groups < the variance within a group, s;,” was considered as 0
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2) £REBRERRUNNERTE

B = D B ST BB RS SR % Table 6 1ZR LTz,

AR L, I CE > TR IR T DR EEZ 3T L72& 25, PFNA A3 R s i fH oo TR
(0.1 ng/mL) Z L[AIDHE THRIBENZ. ZOZLI2HOWT, RBREICIAEMETFIEIIZRBER 2 -T2 8,
FIARILFE BRI AR AR L L T2 enh, Fil B (ng/keg) KV =TT I 7EZZELS W
T CHE AR, LI ZIT 7.

13 BB EOFE RIZ OV T IUPAC D3RI 7 aha/L 9t TREHLEZ L. o8 iE R o4 il
iR 957212 Cochran D E K O Grubbs D% i€ (Single Grubbs i & & UF Paired Grubbs i iE) % 32
fEL7z. ZORER, 13 RERE DS D, PFHXS O{GIRIEEL 2 T 1 3RE, (GIEiEE 5 ¢ 1 3BR=E, [GIEE
B 6 T 1 3B, PFNA OJEJEAEE 5 T 2 3BR=E, (FIEIEE 6 T 1 sBR=E DM VEE L THIES L.
FHRE CTOI L L TR T 2B = HUIR E B AR ORBREL D 2/919 INTHY, ZhLL Eicsh
VB EHE SRR = 13207z,

Table 6-1 Individual result of PFHxS (ug/kg) (PFHxS/"*C;-PFHxS)
Labs ID® Sludge fertilizer 1 ~ Sludge fertilizer 2 Sludge fertilizer 3  Sludge fertilizer 4 Sludge fertilizer 5 Sludge fertilizer 6

A 10.3 9.51 4.26 4.59 242 21.9 46.8 48.8 2.01 2.06 4.53 4.54
B 9.75 10.1 4.94 5.08 25.1 24.9 52.7 53.0 2.15 2.25 4.50 4.54
C 9.14 9.45 6.08 6.19 232 24.6 48.3 49.5 2.31 2.32 4.47 4.39
D 9.85 10.0 5.04 4.77 26.2 26.1 47.8 49.3 2.11 1.82 4.15 4.03
E 9.83 10.5 5.87 5.84 23.8 24.5 47.8 50.0 2.15 2.25 4.81 4.59
F 10.7 10.4 5.01 5.18 25.3 26.9 52.8 50.6 257 1919  4.20 4.38
G 10.3 10.3 4.96 4.95 23.8 26.0 50.5 52.7 2.06 1.97 4.44 427
H 10.7 10.2 5.12 5.14 253 25.8 50.6 51.1 2.51 2.42 4.45 4.52
I 9.92 10.0 494 4.95 26.1 26.7 50.2 50.8 1.97 1.90 4.36 4.24
J 10.6 10.6 5.20 4.69 25.8 25.9 49.8 51.8 2.06 2.04 4.50 4.60
K 10.3 10.6 5.31 5.12 26.5 26.4 48.4 50.4 2.22 2.26 4.65 4.87
L 11.6 11.0 5.25 5.51 27.7 26.9 52.7 50.8 2.33 2.37 5449 5479
M 10.1 9.91 836Y 8399 246 24.8 51.3 522 2.65 2.82 4.88 4.81

a) Laboratory identification (In no particular order)

b) Outlier of Cochran test

¢) Outlier of Single Grubbs test

Table 6-2 Individual result of PFNA (ug/kg) (PENA/"C,-PFNA)
Labs ID? Sludge fertilizer 1 ~ Sludge fertilizer 2 Sludge fertilizer 3  Sludge fertilizer 4 Sludge fertilizer 5 Sludge fertilizer 6
10.3 10.2 5.07 5.10 25.3 24.9 49.4 50.4 2.46 2.45 14.2 13.6
10.3 10.5 5.21 5.14 25.8 25.9 49.7 52.1 2.42 2.42 13.1 12.9
10.3 10.4 4.57 4.44 27.1 26.0 49.5 53.1 1.629  1.719 12.3 11.6
10.4 11.0 5.45 5.04 27.9 25.0 50.3 50.6 2.54 2.28 11.9 11.0
9.94 11.0 5.06 4.86 25.0 239 49.4 50.0 2.55 2.61 13.5 12.6
10.7 10.9 5.29 4.89 26.5 27.6 54.6 52.0 1.949  1.66° 12.7 12.3
9.83 10.6 5.17 5.06 24.4 24.6 51.6 49.6 2.16 2.35 13.1 12.8
10.6 10.1 4.95 4.66 23.7 23.2 49.7 47.5 2.62 2.38 13.2 12.7
10.6 10.6 5.32 5.30 24.2 23.5 47.0 47.0 2.64 2.58 13.0 12.9
9.35 10.3 5.27 5.23 23.3 23.3 48.4 49.6 2.58 2.41 1132 13.6Y
11.1 9.64 5.56 5.19 26.6 26.4 50.7 50.2 2.43 2.44 14.2 14.3
10.2 10.1 4.92 4.99 24.4 24.3 53.4 56.9 2.56 2.33 13.4 13.4
10.0 9.71 5.09 5.07 24.4 25.8 52.1 50.6 2.52 2.44 13.3 13.5
a) Laboratory identification (In no particular order)
b) Outlier of Cochran test
c¢) Outlier of Paired Grubbs test

2o R ~—~TZT Q0o O wm»




52 JEEHFZEHR S Vol. 19 (2026)

3) BHTRERUVEZHBEREBE

ANEZ RSN LT SR 15 19 L7z PFHXS J2 ONPENA O, DR THEHEMR 22 (s,) , DFATAE %S
FEEHEA 72 (RSD,) M ON 2 FH] 7 BRAZE Y {72 (sm) B OVER ] 75 BLFE B R 75 (RSDR) % Table 7 IZ/RLT-.
7k, EEMEIT IR E A T ICA 20T 3 M CRL, IR 221X IUPAC O LR 7 vhaL 2510/
BTN 2 ML 72D I HE AL, FH A AR 22 X AR 2 3 BRI B 2 A O RS EE D FF 4 i & g
T oD /NI R — L E TR L.

PFHxXS O F-HIE X 2.21 pg/kg~50.4 pg/kg THY, DO TEEHER 72 (s0) 1% 0.082 ng/kg~1.2 pg/kg, Of
ATH AR HE(R 22 (RSD:) 1 2.1 %~3.7 %, == [A FFBUE ME(R 22 (sr) 13 0.22 pg/kg~1.8 pg/kg, = [H R HBLAH
RIFEHEAR 2% (RSDR) 1 3.5 %~10.9 % TH-o7=.

PFNA O FEJfEIL 2.46 png/kg~50.6 pg/kg THY, DN TEEENR 2 (s.) 1% 0.11 pg/kg~1.4 pg/kg, HH1T
FEGHHE (R 72 (RSD) 13 2.8 %~4.5 %, = [F ABE R 72 (sr) 13 0.12 ng/kg~2.3 pg/kg, =M AR HLAH
FEYEMR 25 (RSDR) 1 4.5 %~6.2 % ThH -7z,

AALFEFRBROKEF, PFHxS & Y PENA (2OWTC, WO G THI 6 HE (R 72 (RSD,) M OV [ F ELHH
KHEYENR 72 (RSDR) b, JEEHERBRIEM R E A O 4RO FIEIORIN TOSEREL ~LIZEIT
DIEEOF RPN THLZEND, RIEOREEITIEEFERBIEOMREEEICE AL TNDI 2 MEREL
7-.

Table 7 Statistical analysis of Collaborative study results for PFHxS and PFNA
Labs  Mean” s RSD.” CRSD.” si” RSD:® CRSDy"

Mesure compounds Sample N . . . .
r(q)” (ugkg) (ngkg) (%) (%) (ngkg) (%) (%)
Sludge fertilizer 1 ~ 13(0) 10.2 0.29 2.8 11 0.52 5.1 22
Sludge fertilizer 2 12(1)  5.17 0.16 3.1 11 0.47 9.0 22
PFHxS Liner chain Sludge fertilizer 3 13(0) 25.3 0.80 3.1 11 1.3 5.2 22
/3 C,-PFHxS Sludge fertilizer 4  13(0)  50.4 1.2 2.3 11 1.8 3.5 22
Sludge fertilizer 5 12(1)  2.21  0.082 3.7 11 0.24 10.9 22
Liner+Branched chain = Sludge fertilizer 6  12(1)  4.49  0.095 2.1 11 0.22 5.0 22
Sludge fertilizer 1 ~ 13(0) 10.3 0.46 4.5 11 0.46 4.5 22
. . Sludge fertilizer 2 13(0)  5.07 0.16 3.1 11 0.26 5.1 22

Liner chain

PFNA Sludge fertilizer 3 13(0)  25.1 0.76 3.0 11 1.4 5.5 22
/Co-PFNA Sludge fertilizer 4 13(0)  50.6 1.4 2.8 11 2.3 4.5 22
Sludge fertilizer 5 11(2)  2.46 0.11 4.4 11 0.12 4.9 22

Liner+Branched chain

Sludge fertilizer 6  12(1) 13.0 0.36 2.8 11 0.81 6.2 22
a) Number of laboratories, where p=number of laboratories retained after outlier removed and (¢ )=number of outliers
(n=The number of laboratories(p )*The number of repetition(2))
b) Grand mean value of the results of duplicate sample which were reported from labratories retain after outlier

¢) Standard deviation of repeatability

d) Repeatability relative standard deviaton

e) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizer (2025) Annex A

f) Standard deviation of reproducibility

g) Reproducibility relative standard deviation

h) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer (2025) Annex A

4. F&H

LC-MS/MS % FW =15 TR AEEF 1 > PFHXS M OV PENA O MBI DWW T, EERAIEREL SN TWVDE
3[R ER (S alBRr =450 13, ECAFRE 12 A (6 FEE X2 &) KD%Y M2 (HCV : Harmonized
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Collaborative Validation) Z % L7=. 7e33, R HFEH O PFHXS & O PFNA 13E 1 E 57 I 85 %
EOT-AEELUTHEML, PFHXS X ®C3-PFHXS %, PFNA % 3Co-PFNA Z#NAZE#EY)E L CHV-.
ZOFEF, PFHxS 1%, YE¥HE 2.21 pg/kg~50.4 pg/kg OO T D =R [ - HLAH G2 ¥ 2= (RSDR) 13
3.5 %~10.9 % Tdh-7-. PFNA %, ‘I 2.46 pg/kg~50.6 pg/kg O #iFH T2 0> [ HLAR 12 HE g 7=
(RSDr) 1% 4.5 %~6.2 % T o7z, HEFERAT RO AT AR MR 7= (RSD:) Ko OV [#]F B 6 15 HE {fR)
72 (RSDy) 1%, NERHEBRIEMEE A OZUMHMERO FIHITRSNTODEREL VBT DG E D
PRI Ch o7,
AR EBRICHWZoHEE, B BR=EToOZ Y M2 L TV (SLV: Single Laboratory
Validation) '”, SHICARIZLY EH LRI CTOZ Y MR (HCV) BENT=2enD, B RERIEIC
BIFHERIE D Type B(HCV LY SLV OfE RAAEENE G BRIEMN B 2 A OBRFIEAM - L=k
E)ICHEE L TWDIEEMER L.

#H B

HFEFARICT W W2 &E LT, 7VV b T /may—ifA &ttt APAC 727 =00V 2—a AR,
— R ENE AN BN 2 —, — R ENEN B R RS rer 22— ZEMEHT, SRS BREER 7
e, RSB T 7 VY —F REFER ottt r 22—, KEMHENOO ZEEANE =
Sl RBRIEM S 2 —, AAEEN A AR M A S BT, - o AR St
NAZ < —H R =& —, fGMSIATEBUE N KRN STER R RMOKER B IET, 4T 7 ) AR+t
AR 2 —, WERBEEBIREA S, = LS SRR BEotres ¥
—DBNATHEERLET.

X &
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Development of Determination Method for PFHxS and PFNA in Sludge Fertilizer
by Liquid Chromatograph/Tandem Mass Spectrometer (LC-MS/MYS)
- Harmonized Collaborative Validation -

MANABE Noriko! and HASHIMOTO Yoshimi?

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

Using an analytical method for PFOS and PFOA in sludge fertilizer developed in 2021, we conducted a
collaborative study to evaluate the performance of the method for PFHxS and PFNA in sludge fertilizer. We
sent six samples to each of the 13 collaborative testing laboratories, and they analyzed these samples as blind
duplicate.

For PFHXS, the mean values and reproducibility relative standard deviation (RSDr) were 2.21 pg/kg - 50.4
pg/kg and 3.5 % - 10.9 %, respectively. For PFNA, the mean values and RSDr were 2.46 pg/kg - 50.6 pg/kg
and 4.5% - 6.2%, respectively.

These results indicated that this method has an acceptable precision for the determination of PFHxS and
PFNA in these concentration ranges. In conclusion, those results demonstrated the validity of the method for
PFHxS and PFNA using LC-MS/MS.

Key words PFAS, PFHxS, PFNA, sludge fertilizer, LC-MS/MS

(Research Report of Fertilizer, 19, 41-55, 2026)
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4 EREMFOKBERRDIITEDESE
— S SRR BRI L T MR —

PRI Y, R AR & 2
F—I—F BB, KEEMEAIK, 7L — DR FOGE, SFERER

1. [XCHIZ

TN BIREDVIEITEHRED 1 D THHD, BMREDIINZL NG FIdh D HHE Tl H OV &
N, TEENBIEELL T W DM 235 T AT HE OB ER E4 B RE L TRIK (IR LT
X7 TV DY) MR EAT > CET. ZOZenh, BTNy DA a S, Mo # R
LCOANT T DISRZTHIETIRNEB 2 B, [BAERBHEE CIEAREO T80y (F2haksy) ELTHEES
PN QALY el

UUAT AR, it i AR (2 0 I 882 O B N T A AR AL, ZAUCHRE R U7 AR B O R AR D3 Fia i
ENDEHTR0? ) AFREEE OIS AMEIE B AL LI L o0 M kT AN E o7, T AT Tk
IESNZARE D S ORI B+ A1 (IEHE) TIE, &0 3 48 12 H I 0B 522 B L
UTZRERR D A1 v 27 MZOUNT, RITEMEA K, <EEMHAA K K OKEEMEA K DERGE & RN Al gEE -T2
~5)

IKEMEA N T DOSFHE, BHOICHSE, PRI RO BT 288 (LUF, T2 538 BUEHER |
VI ITH ALY BBRDBNTEICHESN TV, UL, Skl BICB RS CB O TER D £
BIUSC TR OMREZE BT D7D N T AO R BEDFRIRPRO O TN e EZ T TR S
7LD THY, hRFEBURAEM L LTl TED LT MEEY O R DS T R B A S X3 i oA A L2 RS
VTN, TGS 5 KIEHED N MU D Ir L 7o o TN=. FDT=8, <D IEEHEEH kT
5% A PEA R D72, A 5 RIS DD BN HTEO BB E 31T H % 4 PR (SLV : Single
Laboratory Validation) & Ffii L, AEREFERERTE (2024) ® 12 AL P A4LR L TG L7-.

AEl, KIEZHOWT, EEREOICEELS L= M 38 R BRI XD 2% 4 MR8 (HCV : Harmonized
Collaborative Validation) #3Zfifi L 72D C, Z O EE#HET 5.

2. MHRUAE

DHERERAREAUVARABASEHORAR

JEEREL TGS Hia L OB IEE 2 &L, ZRERE = A IER 1 A, @AM 1AL, BB LD
L1 ROFE 5 mARBHIEE L. SRR OR BT, (LRRALE VITABEADICRAEE, (LRRALEL 2 13 A Y
Zi ERVMERRNEEE, FEERE =G IEEHIEA RS 20 FRERRE SV CTOD A ADDOILEL, 30 A A K
(XOAPE ZIKFAN LT D FAREUT- AR, BREE VD NED AWE A FE T DERICRIFEES VIR Lo
LTHD. ZNODIEED TR SUIM NI 20 MU AME ST TIY, KREMA IR E A 8 & DR

VIRSEATBOE N EMOKETE B 2 eiidfre s 2 — e 2 —
2 MSATBUE NBEMOKPEE B 2 iz o 2 — et 2 —  (B1) IEEREHZ SRR AT
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DR RR MR SR IITIRE L.

AEHIHBAZX 500 um OAZY— Zi@id 3% F T DA % (ZM 100 ; Retsch H) 2 VLT L, #E
(272D IDNTIRE LT, LT AEEH I M EORVELRITK 095 ¢ #FEL, ZNAKIEEHZ X 44 i, &
FEC 220 f# (5 FHEH X 44 ) Z R CoMr AREI LTS, 70k, 00T Bl Fel & (59 0.95 @) 1%, Ak
CTHUET 250 (0.5 ) & 2 BRI CER N EE LT,

Sy AT FFREHZIL, Microsoft Excel 2016 TIERLIZELAUIZILDX, 1 205 220 FCEAELICE A 5L
T, ZNHORRAI LT 5 O REEGELEE -V CHEE 2124 10 [E o8 AECERZRhE L, BB MEmER
B L7z, WRIT, 5 OB EEIEZ 1245 2 R L, FEBR 2 BUEDFE 10 B D54 a2 —35k
FICEAHT A I FERRBRAFURLE L, S BRI LB R A e i L 7. SDIC, WA K E i, 1RE
L, EERVALRTK 5 ¢ Z#FEL, YRBREIZBOT 3 AT TERLIZOHTICEIVES - E R o
LA R ORESPEA K EL T 24 %) LTcb D% 53 RIS R S L TS INEBRE 26 L7z,

L[] IR BRI A B PR a8 AR CH B EA MR LT 5 LT, 72k, JERIBRBR S INERER E D 54k
2Tz TIEAEBLO 2 R (B E R 2SR ISR L CWBHEELE O D, R L5550
5 A2 B (IR @3 BHZ LA A DB IRV TR EORBR A T 4R iS4 Z B L ORE
L, WAzimage.

(LA S IR =)

+ DAY — Ty —Ta bR St WhE LY

- AR TR S 'l

-« {BHOIEEHEA S

- VAW LT IS AR T

s TUNTY A

- PSIATBOE NEMOKEEN B L2t 72— mrtr 2 — EEHR AR

- MSTATBOE NEMWOKEEE R 2 — flitr 2 — Rt AR

-« MSIATEOE N BMOKEN R R 2FIN 2 — iekr 2 — BETEHR AR

- MSTATBOE NEWKEHE R 22— AR — REHR AR

- SIATBOE NEMOKEEN B L2 afdlitr 2 — @it 2 — EEHR AR

« IRSEATECE NEMOKEM B L 2B 2 — KR IREEFL A I R

- IRy ZHDEER S

(50 & NE)

2) RKERURE
FBREICRE L TODIEZERRE, B AR SR B IR EEEIRVIE S L 07— A5
W T E 2 L 72,

3) HWAE

AR ERTE (2025) 9 4.5.4 KIEVERIR (v ) 4.5.4.a 70 —LEFWEEEIC KD W-Ca OKIEME D
L7 1) ZEL T W-CaO OKIEHEAIR) ICHE L=, 703, BEDT-0, KiEO 71— —k(Scheme 1 (Fi]
HRE) K O Scheme 2 GRITEERIE) ) 7R LT=.
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| Analytical sample 0.5 g Weigh to the order of 1 mg into a 250-mL volumetric flask
«—About 200 mL of water

Vertical rotating mixer (30-40 revolutions/min) for 30 minutes or
Shaking to mix vertical reciprocating shaker (300 times/min, amplitude of
40 mm) for 30 minutes

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
[

| Sample solution |

Scheme 1 The flow sheet for water-soluble lime (calcium) in fertilizers (Extraction)

| Sample solution |

I
| Aliquot (predetermined volume) | 100-mL volumetric flask

<—About 10 mL of interference suppressor solution
<—Water (up to the marked line)

Measurement | Atomic absorption spectrometer (422.7 nm)

Scheme 2 The flow sheet for water-soluble lime (calcium) in fertilizers (Measurement)

4) HREEBRARMOHH EHEE

TUPAC/ISO/AOAC DHBERER 7 mhaL (2006) 'OIZHEWY, 1) I X0l L7- ¥ B e A 3k} 50 18 (5 7
X 10 fl) I2 oW TEFEHZ oE 2 SOMTTOMT L. 7o, £3lEHE, RIEDSRE T H50EHRE 2 [BIEREL
TERVENFERICHREIN TCNDT0, REBRREIZIT 0.45 ¢ ZERELT-.

5) #EER

FLRIFRER (SN 72 A R BR == DMl ] L7 RO o AT i O TUAAE S Table 1 LBV THY, ZHZEND
AREREIC ) I KIS E 10 BUBH(S FiEE, FER 2 IR) , /o b FIAMERR AR 1 A OSBRI
FHAEFCATL, A lBREICIVT 2025 45 8 H 26 H~2025 4= 11 A 17 HOHIR, 3) DM FIEIZHESTHHT
Uiz, BRBREA~OERFEHEL T, B0 HREIOSHTIE 1 BIEL, FatB L OO TRl L. E7e,
NEBED KA PRI B 2 5B I3 % (B 80 28) LU CRRSNADIED D, HTEIZ% (B &%) THRETH
ZEEL, NG 3 ALz WS AL CTNECGE 2 (LR TOMmE 2RO T (1:12.345 % — 12.35 %, 1.2345 % —
1.23 %) .
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Table 1  Equipment used

Model of atomic absorption

a)
Lab ID spectrometer

SHIMADZU, AA-7800

Thermo Fisher Scientific, iCE 3300
Thermo Fisher Scientific, iCE 3300
HITACHI, Z-2310

SHIMADZU, AA-7000
SHIMADZU, AA-7000
SHIMADZU, AA-7000

HITACHI, Z-2310

SHIMADZU, AA-7000

HITACHI, Z-2310

SHIMADZU, SPCA-6210

L HITACHI, ZA3300

N = = m Q O m I O wm >

a) Laboratory identification (random order)

3. HRRUER

1) #EHBRARMOHEEHEE

S FEFED AT AEEHE 2 SO T COMr LToAKRIEMEA IR ORI (%), —ToBic i 53 B AT ot Fen b H
LI TEEAE R 75 (5,) J OB YR 7 (spp) & Table 2 (TR LTZ. SHIC, EBHERBRIENHE 2 AV IR
ENTWDHEM BB D B2 (CRSDR) K O NHSF I (R 1) L7z HEE S BIE MR 2 (6g) ZFITL
Table 2 [T L7z, 7eds, B LIS HEHRITILFERBO R EMOR M E/2D I AL TERRLT.

B MEOHIE Y, TUPAC/ISO/AOAC DHFRERER 7 2h=L (2006) D FIAZ B EIZFhELIZ. £, Ok
B MR 572, Cochran DRREZFEfLT-. TOFEE, X TOREBHZB W THIUEITERD S
NIz Tl2d, ZHD TR RICOWT— el B Bt a2 FE kL, DHTIEHENR 72 (s.) X OGURHH R vE
W72 (spp) ZRDT=. 7033, FBHE DL (spp?) DADIEL/2 ST 5A121E TIS Z 8402-2'2 THERRS LT D
FNAZE, ZOfEZ 0 ELTHR-T2. TR Z (sp) 2L 72L 25, 2 TOREFCHER X 2) 2372
LTWeZenh, HEMMERRBRICHA N EO TR EICMBIE RN ER R I L. &I,
TUPAC/ISO/AOAC D RERER 7 mh=L (1993) ¥ O+ OHIER (X 3) & W T BEM DN E AT
Sf=. ZFOREE, ATORBFCHIER R 3) 2L QW =2ens, LEERBRGEI L TS e g A A
LW DI EN RS,

6r = CRSDg X /100 -e- (K1)
sy <050, = 0565 <-+(2)
spp < 0.30, = 0.36¢ <o+ (A03)
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Gr EWEFBREE D H % (CRSDr) 7>DH H L7 HEE 2= ) P AR e R 72

CRSD g : JEEHEABRIZI RSN T EF IR (SEF A SUH AR HER 2 (%)) O H &
X AR E sy PHTEEAE R 22

op BN PEMERRAATO H AV & LA e (R A2 Spp © AR HE (R 22

Table 2 Homogeneity test results

Sample SI:er?:;l) P CrRSDY 6xY 5D 05%RF s,M 035"
pl@ (%)Y ) (%) () (%) (W) (%)
Compound fertilizer 1 10 (0) 2.20 4 0.09 0.02 0.04 0.02 0.03
Home garden-use

mixecfl;fertﬂizer 10 (0) 2.91 4 0.12 0.03 0.06 0.02 0.03
Compound fertilizer 2 10 (0) 12.49 3 0.37 0.19 0.19 o 0.11
Superphosphate 10 (0) 14.90 3 0.45 0.13 0.22 0" 0.13
Calcium sulfate 10 (0) 28.27 2.5 0.71 0.33 0.35 0" 0.21

a) p=Number of samples after excluding outliers, (¢ )=Number of samples of outliers
b) Grand mean value (n = 10xnumber of repetition(2))
¢) Mass fraction
d) Criteria of precision for Reproducibility relative standard deviation
in Testing Methods for Fertilizers (2025) Annex A
e) The estimated standard deviation of reproducibility calculated based on CRSD

f) Repeatability standard deviation
g) Parameters for the determination of repeatbility standard deviation (s,)

h) Standard deviation of sample-to-sample

i) The value for the test :  Spp < 0.30p = 0.36Rr
j) When the variance between groups < the variance within a group, sy,” was considered as 0

2) HRARBERRUNNERE

kR = DR ST 3R R BERAS S 4 Table 3 (Z/RLT-.

RBRE G X, WERHCHE LR R E R0 EfMA W CERET-o TR, £/, IBELIEF T

R ER EEHR IR O EEAT > TV oz, oI, JIEM REY — VAT — L a AZBRFLTED
T, BT —E DR IR o720 D, FEREHE B2 D FIRIZ LD o SN R THL L, A%h
TRWERERE LU CTUABE ORI ITIT VRN L LTz,

AR KU, BRI LT DMIOWTHRERO ERAZEZ TERLIZEOWMENHY, FRE LA RERET
HEZFERL TR oToZen D, L R EEL TR,

AN TRV E K OB ZRIME, ML T 10 3R E, £OMmOIEEHT 11 3B E ORI
DT TUPAC DOIE[FFER T mha/L WIZfE > Tt a HABEL T2, i s RO UBZ 8 H 9572812 Cochran
DR E MO8 Grubbs D5 7E (Single Grubbs £ iE & UF Paired Grubbs 15 &) 25 L7z, EOREHE, {LAEE 1 T
11 RBEOHD 1 =, FIEFEZHESIEECIE 11 RBREDHS 2 B, gL AT 10 3R
BR=oH 1 BBRENMEL L THIESNIZ. 7038, 25 BE TOHMIEL L TERIN 2 a8 == 50 36 € B Ah
REDFBREHD 2/919 INTHY, L EI/MVE S P E SN B =R I3~
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Table 3  Individual results of water-soluble lime (calcium) (Wiw %)

LabIDY Compound fertilizer 1 Hﬁﬁf&fe Compound fertilizer 2 Superphosphate Calcium sulfate
A 1499 1549 2309 230 1266 12.83 1537 1528 28.82  29.40
B 2.08 2.04 3.00 3.03 13.00 13.01 15.88 15.82 28.80  28.71
C 1.95 2.03 3.01 3.03 12.93 12.95 15.98 16.16 30.78  30.66
D 2.08 2.08 2.96 3.01 12.40 12.46 14.99 15.11 2842 2828

E 1.86 1.92 2.779 2.56Y 12.64 12.42 13.88 14.13 28.56Y  26.899
F 1.96 2.03 2.89 2.91 12.69 12.53 15.17 15.12 2928 2871
a? 1.67 1.37 2.14 225 8.83 9.40 11.68 11.76 20.87  23.60
H 2.20 2.22 3.19 3.19 13.42 13.40 16.30 16.32 2987  29.57
I 2.06 2.06 2.92 2.96 12.63 12.76 15.53 15.63 2987  29.18
J 2.05 2.03 3.01 2.97 12.87 13.01 15.63 15.71 29.16  29.37

K 2.00 2.05 2.90 2.90 12.57 12.60 15.21 15.03 26079  26.10°
L 2.08 2.03 2.90 3.01 12.54 12.68 15.14 15.26 2890  28.77

a) Laboratory identification (random order)
b) Not adopted the result for flaw of analytical procedure
¢) Invalid datas that were removed due to failure of the operation

d) Outlier of Cochran test
) Outlier of Single grubbs test

3) BHTRERVEMBERE

S BRI T2 3 AT DR 4 15 U7 KR A R O S8, D TAE YR 72 (s0) B VIR TAE I Y
72 (RSDy) W ONZ ZE [ P BUE VAR 72 (sw) B OVER 8] P BLFF AT YR 72 (RSDR) % Table 4 (7R L7z, 7235, AL
U CHEEYER 7213 TUPAC D IE[FIFRER 7 1 ha L A2 BB TR B T8 2 & 72 D IO U AL, SEAMEILARGE
IR H T DR BT MR A 2 NERER 2 (1 & 72 D 0 DUES AL TR LTz,

IREEMEA TR DO-EIEIL 2.04 % (E 857 5) ~29.25 % (E &%) THY, TOPHTHEHERZ (s0) 1% 0.033 %
(E&EH) ~0.27 % (E &R, MR 2 (RSD) 1 0.6 %~1.6 %, M B ERZE (sp) 1
0.084 % (H&533R) ~0.71 % (E&7=), =M HBUEHEER 2 (RSDr) 1% 2.2 %~4.1 % Th -7z,

AFLFEFRBROFE R, WIT OO TS MR 22 (RSD,) K& OVEE [ AR EUFE X L YR 22 (RSDR) ©, IEEFEESK
BRIEHBE A OZLMEMRO FIEIREI TODEIREL U BT DI EOTFRFHNTHLZEND,
AIEORE BTN R BRI O MEREBLYEIZE G L QD22 B LT,
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Table 4 Statistical analysis of collaborative study results

oy Labs Mean"” sy RSD” 2*CRSD. sz  RSD{" 2*CRSDy’
3}
p(q)" (%)” (%)” (%) (%) (%)” (%) (%)
Compound fertilizer 1 10(1) 2.04 0.033 1.6 4 0.084 4.1 8
Home garden-use 9(2) 2.99 0.033 1.1 4 0.091 3.0 8
mixed fertilizer
Compound fertilizer 2 11(0) 12.77 0.086 0.7 3 0.29 2.2 6
Superphosphate 11(0) 15.39 0.092 0.6 3 0.62 4.0 6
Calcium sulfate 9(1) 29.25 0.27 0.9 2 0.71 2.4 5

a) Number of laboratories, where p=number of laboratories retained after outlier removed and (¢ )=number of outliers
b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier removed (n=The number of laboratories(p )*The number of repetition(2))
¢) Mass fraction
d) Standard deviation of repeatability
¢) Repeatability relative standard deviation
f) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizers (2025) Annex A
g) Standard deviation of reproducibility
h) Reproducibility relative standard deviation
1) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizers (2025) Annex A

4. FEDH

[E| BRI AR HEL SHLCUD = [ FE A RRER (SOINERBR =28 12, B R0 10 8 (5 FR¥E X 2 /) ) D FEfii a8
U, MERERBRIE IR S NI KB E A IR D7 L — LR AR 5D 2% 4 VEERR (HCV : Harmonized
Collaborative Validation) & 3/ L7-.

ZORER, FEIE 2.04 % (E &5 H) ~29.25 % (H & 03) O#IPH TEOHHATHXHEHER 7= (RSD:) 1X
0.6 %~1.6 %, =M FBAIXHEHENRZE (RSD) 13 2.2 %~4.1 % T, LRGBS RO P THIRHE R 2
(RSDy) K O = W] # BUAH S AR (R 72 (RSDr) 13, NEBHERBRIEMEE A O SMEMROFIEITRSHTWD
%\?}%EV’\“/WC%HZ)*%}E@?Fﬁﬁ.V‘]’C“&)o?’c

AL, BEICH 3BT 5% Y 38 (SLV : Single Laboratory Validation) 23SV TUWHIEMD, AEEL
HRBREIZ BT D BRTE S fﬁ Type B(HCV TN SLV Oif BB EABRIEMN R E A OZRFIHATL
7oRBRIE) ICHE AL CWAZ e AR LTZ.

I
ERIGBRBR I )Wl Wiem by — Ty —T g a bE St WhE T, A Ra—7 77U ST
BT, <HRHWIBEHE S, VAT 7K S NI T I, T T Y USSR O Ry
I AHDRA SO BALITHEEZR L ET.

X ®|

1) BEEFIEFE 1988. &5 kAT FEARACEMIHTIE, pl52. FEE .
2) SRV, IIAE: 7 aya) —{EE BAEDO R A KIET AV MO A, AR T 225, 20(2), p.53~
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3) EMOKEER &R NERD 5B ORECRE 2B 3 DIE AT A +— 485 )\EEE = 5 ORI ST R
MOKEERFEDIRET DA AR ELIRET DM, F 34 12 4 1 B, BHOKES SR 1018 5 (2021)
4) JRMOKEER 57 RO S ORER S IZ B DIEHRA TR RIS +— 2D 5 —IH, o5 IH, B _IHK
O IIHDOBUE TS @ LB OB O TR S O LRFEEEA~OFLHIZ BT 55 H A E O O, IHFN 59 48
3016 A, BMOKPER SR 700 5, RAUEST S 49 7 1 A, BMOKPER SR 1055 5 (2023)
5) JRMOKER SR ALEO ShE ORI T DL S EALE O NERE 2 E O DO, B
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Development of Determination Method for Measuring
Water-soluble Lime (Calcium) in Fertilizers by Atomic Absorption Spectrometer
—Harmonized Collaborative Validation —

SAKUMA Kenta! and MATSUO Shingo®

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

The performance of the determination of water-soluble lime (calcium) in fertilizers using flame atomic absorption
spectrometry as described in Testing Methods for Fertilizers 2024 has confirmed in a single laboratory. To evaluate
performance of water-soluble calcium determination method in fertilizers, we conducted a collaborative study based
on an internationally harmonized protocol. We sent 5 materials, respectively, to 12 collaborators. They analyzed
these materials as blind duplicates. After identification of outliers with Cochran test and Grubbs test, the mean
values and the reproducibility relative standard deviation (RSDr) of determination of water-soluble lime
(calcium) were reported 2.04 % - 29.25 % as a mass fraction and 2.2 % - 4.2 %, respectively. These results
indicated that this method has an acceptable precision for determination of water-soluble lime (calcium) in
these concentration ranges. In conclusion, those results demonstrated the validity of the methods for water-

soluble lime (calcium) in fertilizers.

Key words fertilizers, water-soluble lime (calcium), flame atomic absorption spectrometry, harmonized

collaborative validation
(Research Report of Fertilizer, 19, 56-64, 2026)
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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%.

NN NS N

/\/\/\/\/
F/ \F F/ \F F/ \F F/ \F

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
1~2 B¢ H ® PFOS JEEEMNHAL, 4 B¥H, 5 B¥H ® PFOS BEENR 2 ITHINLT-Z &0, PFOS IO\ T
EHIMICO o/ KIZE> T HERT 2B 8§52 L0350 o7,

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
TR ECNNTBE T DL o7

2) KEOEE

1 [ERY 720D IR BN D7 E PFAS OBEIRINZ HNDHZEME 2 D720, BAR7 BBV CHsiK
BEEPULIZERD PFAS OB BV AR LTz, 3 DO (L 1 B B O A JEEHRIN) %2 JHVC, HEEfo PFOS
KON PFOA OFBENZOWTKHEZAEL, 1 H%720 50 mL OKREEML, 1 #E %O R4 PFOS 1220
C Figure 7 &2 (X PFOA 22\ T Figure 8 (Z7RL7=. PFOS [Z/KOUANENS I TH 1 #R#%IC 5 1 BB
IZINAC 2 Be B ICO TGRS TZD AT TP AT E L7220 o727%, PFOA [FAEEE 1 B B ICHIN
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
PFOS m5th ®4th @3rd O2nd Olst
6.0
o) 4.0
=4
5-]}
o
Al 2.0
0.0 ]
0 5 10 15

Weeks since the start of the trial

Figure 3-1 Changes in PFOS concentrations in soil columns (andosol)

(PFOS concentration: PFOS concentration in the plots minus that in the control plots)

PFOS @ 5th B 4th [33rd £12nd[] 1st

600

500

400

300

200

100

0

G

(100) e R R

PFOS Amountin 1 cylinder (ng)

(200)
0 5 10 15

Weeks since the start of the trial
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
PFOA @ms5th @4th @3rd O2nd 0O lst
10.0
8.0
&
:g-}} 6ICI
=
O 40
[
=9
2.0
0.0

0 5 10 15
Weeks since the start of the trial

Figure 4-1 Changes in PFOA concentrations in soil columns (andosol)

(PFOA concentration: PFOA concentration in the plots minus that in the control plots)

PFOA W Sthz 4th [ 3rd [ 2nd[] 1st

_1.000
ol

& 800
3 600
= 400
[

—~ 200
5 0
2 (200)
< (400)
-

.Q ':'500]
Ny

A« (800)

0 5 10 15
Weeks since the start of the trial
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)

PFOS ES5th B4th B3rd BO2nd Olst

4.0

o/kg)

PFOS(u

0.0

0 1 5 10 15
Weeks since the start of the trial

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)

PFOS B SthE 4th @ 3rd £ 2nd[] 1st

600

500

400

300

200

100

(100)

PFOA Amount in 1 cylinder (ng)

(200)
0 1 5 10 15

Weeks since the start of the trial

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)

PFOA

H5th B4th @3rd B2nd Olst

6.0

4.0

o/kg)

PFOA(n

0.0
0

I
ey

1

10

Weeks since the start of the trial

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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PFOS E3rd @2nd 0Olst
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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)

PFOA B 3rd 2nd  Olst

4.0
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0.0
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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)

4. FLH

PFOS K O® PFOA Z&Teilkta W=/ N T T Mo kb 1 PFAS OBNREEZIT-o7-L25, &
WEARE L2 KOEINC LY, BB PFOA (X PFOS 2R HE 2B EI LT W N7, £, B
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X ®
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5) BRBEHBREERMIY AZREMER : AL FHEOBRREIAZFEE 6 6 %, [19]- V7 A at s 2 2k
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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)
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(5) AbsEEtf oA RIT A (Cd)
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(9) IRAHIEEESIEE DT E=THEZEFR (AN)
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(11) IREHEAEHE G AR O KEEMED A2 (W- P2Os)
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(13) TREHENEAE S MLk O KM B (W-K20)
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5) SHTEDLLE
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Proficiency Test in Fiscal Year 2025

SAKAIDA Satoko', KOUGO Minori?, OKUNISHI Manan?, MATSUO Singo* MASUI Ryota’,
MATSUZAKI Manabu®, TAKEMURA Hirokazu®, ARAKI Seishi’”, AKIMOTO Satono? and AMANO Masatake®

! Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
(Now) Kanto Regional Agricultural Administration Office

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

3 FAMIC, Sapporo Regional Center (Now) FAMIC, Agricultural Chemicals Inspection Department

4 FAMIC, Sendai Regional Center (Now) FAMIC, Fertilizer and Feed Inspection Department

> FAMIC, Nagoya Regional Center

¢ FAMIC, Kobe Regional Center

7 FAMIC, Fukuoka Regional Center

8 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2025, using chemical fertilizer and
mixed compost compound fertilizer on ISO/IEC 17043, “Conformity assessment — General requirements for
proficiency testing”.

Citric acid -soluble phosphorus (C-P>0s), citric acid-soluble magnesium (C-MgO), citric acid-soluble manganese
(C-MnO), citric acid-soluble boron (C-B203), cadmium (Cd) and chromium (Cr) were analyzed using a chemical
fertilizer sample. Moisture (Mois), total nitrogen (T-N), ammonium nitrogen (A-N), Total phosphorus (T-P2Os),
water-soluble phosphorus (W-P»0Os), total potassium (T-K»O), water-soluble potassium (W-K»O) and arsenic (As)
were analyzed using a mixed compost compound fertilizer sample.

Two homogenized samples were sent to the participants. From the 114 participants which received a chemical
fertilizer sample, 26-112 results were returned for each analytical component. From the 110 participants which
received a mixed compost compound fertilizer sample, 28-106 results were returned for each analytical component.

The ratios of the number of z scores between -2 and +2 to that of all scores were 75 %-92 % and the results from

the satisfactory participants were almost normally distributed.

Keywords  proficiency test, chemical fertilizer, mixed compost compound fertilizer, ISO/IEC 17043, z score

(Research Report of Fertilizer, 19, 83-104, 2026)
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Table 1-1 List of selected sludge fertilizers

Abbreviation Types of the materials
SF-1 Ashes of burning of sewage sludge
SF-2 Sewerage shudge
SF3 Sewerage sludge, Excrement sewage sludge, Industrial
sewage sludge, Raw materials of vegetable or animal
SF-4 Sewerage sludge, Industrial sewage sludge, Raw materials

of vegetable or animal

Table 1-2 List of selected complex fertilizers

Abbreviation Materials
CF-1 Superphosphate, Ammonium phosphate, Urea, Potassium chloride
CF-2 Ammonium sulfate, Urea, Ammonium phosphate, Potassium chloride,
Caustic calcined magnesite, Borate fertilizer, Fused microelement fertilizer
CF-3 Ammonia sulfate, Ammonium phosphate, Superphosphate, Potassium
chloride, Humic acid
CF-4 Ammonium phosphate, Superphosphate, Potassium chloride
Table 2 Proportion of prepared fertilizers
Shudge Preparation Complex Preparation
Sample No. . . .. )
fertilizer ratio(%)” fertilizer ratio(%)”
1 SF-1 0 CF-1 100
2 SF-1 25 CF-1 75
3 SF-1 50 CF-1 50
4 SF-1 75 CF-1 25
5 SF-1 100 CF-1 0
6 SF-2 0 CF-2 100
7 SF-2 25 CF-2 75
8 SF-2 50 CF-2 50
9 SF-2 75 CF-2 25
10 SF-2 100 CE-2 0
11 SF-3 0 CF-3 100
12 SF-3 25 CF-3 75
13 SF-3 50 CF-3 50
14 SF-3 75 CF-3 25
15 SF-3 100 CF-3 0
16 SF-4 0 CF-4 100
17 SF-4 25 CF-4 75
18 SF-4 50 CF-4 50
19 SF-4 75 CF-4 25
20 SF-4 100 CF-4 0

a) Mass fraction
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2) ¥

(1) 7k: JISK 0557 \ZHET 2 A3 DK.

(2) HElg: KESHTH (B L7 AV LFDEHISE)

(3) Hale (1+5): (2) DIEFRDOIKFE | LARDIKFE 5 LAIRALIZHD

(4) Ml (1+23) : (2) DIEREORTE 1 LAKOMEFE 23 LEIRALIZHD

(5) VD IMEAERL (K 1000 pg/mL) : JCSS (& L7 A /L LFnEHiSE)

(6) FREAHAAVY IMEAERL (K: 1 ng/mL~60 ug/mL) : AU SEAER (K : 1000 pg/mL) & BEFEHIC 2w~
TR, FERRECHERE (1423) Z01%, 1mL IZ K ELT 1 ug~60 pg 28 A 4 HEEUE % 6 JEFEgHRiL7-.
72k, MR 22 BRI TS (1+23) 2 Az,

(7) VF 7 LEEHER (Li 1000 pg/mL) :  JCSS (&8 £ 7 A/L LF1EHIEK)

(8) VF o AEHER (Li 50 ng/mL) :VF 7 MEUERT (Li 1000 pg/mL) 5 mL % 100 mL &7 7 A=3|2L0, 14
BRECHERE (1423) 2 N2 72

(9) <z ABE—KF¥: Rtk (BIEILS)

(10) <A ABRVEWR (20 g/L) : <X ABEE—KF#) 20 g Z /KT L C 1000 mL EL7z.

(11) REEAINT D I Fifk (BAERALS)

HF‘IIE

3) BERUVEE

(1) ICP FM4 e HrdéiE (LT, TICP-OES &), ) - B /ERT  ICPE-9820 (RERH 7 8Ll 5 =, ~
T HAT)

(2) A Retsch ZM-200

(3) fEIR E TR XA IRV IEEHE: ADVANTEC THMO062FB

4) DAk

Table 3 DO LRBVIEEVERERIEINESTZ. BEDT=8, KTk ~7m—[X (Scheme 1~Scheme 2) Z7~7.
ICP-OES DO E 513 Table 4 DEI3Y.

ICP-OES {EIZ DWW, JERMERBRIED WAEHER FHVVRW AN, IR CRIEAAT 7o, NAEHELL
I, WA R U ST RREHA R L) T 2EEYER (Li 50 pg/mL) % 9:1 OE|AC ICP-OES (ZE AL, #7571
O S AT 5 (EUF, TKIEWD. ) R OUFTL LT, [LijEW). ) OFNENDOERIZBITLHHER
EZREL, KRESFRED H (K/L) IZ RO EMA R LTz, BB DS O RUBREIR O K IREEC
RS (1.205) 23 U T aB R o< IAME N (C-K20) 2 HIL72. W-K20 12290\ Th, C-K,0 L[REEIC
BITEZATVN, AKIEMEINE (W-K0) Z R H L.

Table 3 Methods®

Extraction = Measurement

C t Testing Methods
omponen estng Vietho procedure  procedure

4.3.2.d ICP Optical Emission

C-K,0O 4.1.1 4.2
: Spectrometry ( ) 42
4.3.3.d ICP Optical Emissi
W-K,0 prical BSsion (4.1.2.1) (4.2)
Spectrometry

a) Testing Methods for Fertilizers (2025)



108

JEEMFFER S Vol. 19 (2026)

Table 4 Measuring condition of ICP-OES

Wavelength”(nm)

High frequency output (kW)

Plasma gas (L/min)
Auxiliary gas (L/min)
Carrier gas (L/min)
Observation direction

Observation height

K 766.490 ()"

Li 670.784 (1)
1.2

14
1.2
0.7
Axial and Radial

Low position

a) [: Atomic beam

1 g analytical sample

Shaking to mix

| Cooling

| Filtration

Type 3 filter paper

| Sample solution |

| Immediately
|<— Water (up to the marked line)

Weigh to the order of 1 mg into a 250-mL volumetric flask.
|H 150 mL citrate solution [about 30 °C]

Constant-temperature vertical rotating shaker (30 - 40 revolutions/min), at
30°C =1 °C, for 1 hour

Scheme 1-1 Flow sheet for citric acid-soluble potassium in fertilizers by 4.3.2.d
(Extract procedure (4.1.1))

Sample solution

Aliquot

(predetermined volume)

< 25 mL hydrochloric acid (1+5)
< Water (up to the marked line)

Measurement

Transfer to a 100-mL volumetric flask

| ICP Optical Emission Spectrometer (766.490 nm)

Scheme 1-2 Flow sheet for citric acid-soluble potassium in fertilizers by 4.3.2.d and

water-soluble potassium in fertilizers by 4.3.3.d

(Measurement procedure (4.2))
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| 5 g analytical sample | Weigh to the order of 1 mg into a 500-mL volumetric flask
|<— About 400 mL water

| Shaking to mix | Vertical rotating shaker (30 - 40 revolutions/min), for 30 minutes
|<— Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 2 Flow sheet for water-soluble potassium in fertilizers by 4.3.3.d
(Extraction procedure (4.1.2.1))

5) ®EAE

(1) Z Y PED R ST H B LD B LR

(a) KDBLRT [ DR

AEEHERBR LB T, IME2E (LT, [T-K0 180, ) D ICP-0OES {EYIZOWTIE, 7T X< b3
T 2NOBLN T IR 0 K O S M D EBLDO A THRIE FTRETH DD, v Ny I AL DA A AT
MRENZEPLFUIHIFERE L CTHEb Y AR EERAL T0D. — 5T, C-K0 KT W-K,0 @ ICP-
OES £ DIz oW TR MBI RNA R Z O CTOZRNZEND T-K,0 K0 T/ hESWEE 2 5508, B
J5 1] i*ﬁjiﬁﬁifbﬁ%é‘éﬁ#ﬁ%; ENTUVR, 22T, Bl7 SO Wb T-HR AR Z Ve T
BIE D ATREDMRFT L.

il a3 aih%ﬁzﬂﬁﬁéi A¥ (3.4.2) DFIEICHEVEEZ G572, Table 2 TRUZEEF 20 % HWT,
ZUPERHER SN TS C-KoO DORETT TAIAIE Doy T LT T iR st L7 b 5 1) I E D 43 i & o0 AH BA B A
TERRLC, [EUREAROME (), UIF (a) B OFHBILRE (r) ZH L, FIEHEIXHEZ RO, 7235, W-K0 1T
DWTH[AERICHRFT L.

(b) ICP-OES VED IR HEIE D fa T

T-K20 @ ICP-OES EIFNIEAELL T K (J £ :766.490 nm) &R UJFF-#R TR AN LAYV Li (&
670.784 nm) Z {352 ENMETHS. C-K0 &U“ W-K20 {22\ TIE T-K0 KWb~ Ry 7 R L5 F 8
ZDTNEEZDNDN, A4 ALTWERHSTHEIT Li Z HWZPEEER ER LB 25N E0D,
Li & W e NEEHETE AR LTz

(1) (a) LIFAERICEE 2572, Table2 TRUZFEL 20 AU OWT, ZMSHERHER SN TS C-K0
DNEEHEZ IR BED HTEE Li 2 2 AR HEE TELIVZ Ml RS i S 5 1)
) EOFABARZVERLL C, [ElFERROMEE (b)), Y1F () K OFHBIMRE (r) 2L, TIZEFEXHEZRD
72, 7233, W-Ko0 2oV Th [AEE Tt L 7=

3. WBRRUEER

1) ZEEI RSN -FRICIIEEF

(1) SR 5 1R O

2.5) (1) (@) IV, C-K0 KT W-Ko0 @ ICP-OES 1ED 2 4 D3RR S AL T RE T a1 E D /3 i e
il 7 R E D53 B L DR BIIX K ONEF EL#R 2 Figure 1 (ZRLTz.

E|II_I|I

A
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C-Ko0 (Z2UNTIE,  $il 7 Al 3B 7 1 E L% WO B A = B AR H 723, W-Ko0 122
WTIEZO IS 2H A EFRO DI oTz. Fiz, IR ERROBE (b) KO A (o) D 95 %IEHEIXH L HHBILR
#5 (r) % Table 5 IZ/RLTZ. C-KoO IZDUWTHHED 95 %IEHHK T 1 235 FAL TRV, ZOMITAERFER
BRIEME T A LR T B EOFAMOHELE S 2L Tz,

723, C-Ko0 KU W-Ko0 O A1 E S ONil 7 [ E OV D f &t s K 0 pg/mL~60 pg/mL O
PHC 12=0.999 UL ETHY, BERMHEZRLE.

15 | CK,0 / 15 - W-K,O
A .
P y =0.9719x + 0.0239
y = 1.115x - 0.2480 %’

— s —
=10 E10
tt b
N N
w w
= =
e e
s s
=] 5 L =] 5 L

0 1 1 1 0 1

0 5 10 15 15
ICP-OES (Radial) ICP-OES (Radial)

Figure 1 Comparison of analytical values by ICP-OES observation mode (radial and axial) (% (mass fraction))

Thin line: Regression line, Dotted line: 95 % prediction interval, Dashed line: y=x

Table 5 95 % confidence interval and correlation coefficient of the regression line of Figure 1

Component 95 % confidence interval Correlation
Inclination(b ) Intercept(a ) coefficient(r)
CK,0 1.061 - 1170 -0591 - 0.095 0.995
W-K,0 0942 - 1.002 -0.156 - 0.204 0.998

(2) ICP-OES JEDNEEHEE DR

2. 5) (1) (D) IZHEV, C-K0 KT W-Ko0 DE YD HEFRS I TUND AR HEZ IV e\ 5 [ E D 53T
EE Li % T2 AR HEE O 5 1) S35 1) E O 43 A O AH BA B K OBl EL#R % Figure 2 1T7RL
7z. C-KoO KT W-KoO (22T, WEEHEZ IRV [ E D43 e, Li 2 - NEEEIE O )
BE R QN 7 16380 7B O /T, Wb BRWFRBIASTRD Bz, FRIZ C-KoO Dl 7 61122\ T, Figure
1 TRUIZEENER V72V 54 201 Figure 2 T/RUTZPNAERER - 5 K0 RV VEBIZ R L TR, Li
LN EDHIED RN R ZMERE T DI LN T,

F72, BREMOMEE () X OB F (a) D 95 %EHEX M EFRBIEREL (r) 2 Table 6 (TRLIZ. W Hub[E
I EARDHE D 95 %S IOV TIE, W-Ko0 Ol 7 I E DA 1 A5 FEAL, E O TAERERERE
BT A OELEDOFMOHELE S A 7L T,
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7235, C-Ko0 KT W-Ko0 @ Li % W NAEAELE O BE 5 [0 8 S O 77 [ 8 O W D i A
K 0 ug /mL~60 pg /mL O#iH T 12=0.999 UL ETHY, EpIEEZRLE.

15 + ‘
C-K,0 ,’ 15 ¢ CK,0 Jou
o
£ = -
= y = 0.9620x - 0.023 W4 . y =1.0247x- 0.1091
0 =10
& 25 =
w /." W
<3} =
Ol 2 O|
0 ’ | | 1 0 1 i f
0 5 10 15 0 5 10 15
ICP-OES (Radial) ICP-OES (Radial)
15 + 15 - :
W-K,0 Py W-K,0 oy
,x;,.f"
y = 0.9968x - 0.0749 y =1.0347x- 0.0877 i
3 = o
EIO '-5-'.‘10 - /
= é
wn vl
=
S e
e \
o S5t
0@ 1 0 & g 1 . .
0 5 10 15 0 5 10 15
ICP-OES (Radial) ICP-OES (Radial)

Figure 2 Investigation of internal standard for ICP-OES (% (mass fraction))

Thin line: Regression line, Dotted line: 95 % prediction interval, Dashed line: y=x
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Table 6 95 % confidence interval and correlation coefficient of the regression line of Figure 2

Component Observation 95 % confidence interval Correlation
mp direction Inclination(b) Intercept(a) coefficient(r)
CK0 Radial 0941 - 0.983 -0.158 - 0.112 0.999

2 Axial 1.003 - 1.046 -0.246 - 0.027 0.999
Radial 0977 - 1.017 -0.195 - 0.045 0.999
W-K,0 .
Axial 1.009 - 1.060 -0.241 - 0.065 0.999
4, FLH

Ak 3R I N S LTS C-KaO M Y W-K,0 @ ICP-OES D HIE S8 N% B #Z, ik A
iR 2R E LI IB TREEL, (LERIEE K O DATR A LIZ iR 23 20 AT OB [ M OIS #E
EORGIEATST2E2A, RORENELNT-.

(1) BRI OREEAT -T2, T U PEDHERRS IV TOD BT [ E & il 7 1601 O 43 Hr i o A B X e OF
R AR L7225, C-KoO OBl FIE L, B MHE K0S T EAS m < e DB A b7z, W-K,0
O AR, IR RBRENEE A (RS- B O F-AM OHER L HE A 7= LT

(2) Li Z#HWW-PEEEO B EIT 7. C-Ko0 I2OWT, S PEA RS TUODEEREZR IR
RET 1R E O S HTEE AR HEL LT Li &2 e T2 Fig L 7- & Z ARV IEOFBIASGRD Hav, ALEHE
FRERIEI B A (RSB O O HESE L AE AR A 7= L. dlJ7 il 122\ T (1) O NEEHER F
WRWFIELD B BIRED A B LT 2 A0, WEEHEZ WD ZE TNy AL T EHIETELHD
EDFEARSITZ. W-Ko0 12 DWW THRIRRICIRFTL 725 5, PEEER R e\ WR T O 43 A fifE & oo IS BR
EOFEBANTRO DI, AREHERBRIEMEE A (RS- B E OFHlOHESE L EA 1= L.

LLEDZEND, YT HWIGTRIEE, LAEE R b2 R G LR AEEHZ & £iD C-K0 K
O W-K,0 @ ICP-OES {EDOHESLMBMOMFTEL T C-K0 (2 2W T, #l7 [alE Cotr+ 25413
FEHEIRIC K> THIIE T AZEM A RETH A ZEN DD -T2, W-Ko0 (Z-OWTI, Hili 16) JE Je O A A D52
WO FRETHDHZEN DT,

X B

1) MSEATBUE N BMOKEE R 2 it 2 — (FAMIC) : IEFEER 1A (2025)
<https://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho_2025.pdf>

2)  HAVESEE, AR, UKRHFIR, IR, HBRE 7B HER, MM ESR, EHEME LKW
AKIEMEIN B Sy Hr L0 1 A S PHAERR (B R0 ABRAIBENS) , AEEHFZEHE, 19, 1~18 (2026)

3)  RMOKEAS JEEOSE OfEREIC BT OEAEA T RO — A SIET 28 S, SMSEIA 1 H,
JEMOKFER T 43

4)  JUPEIER, BARE, CHEEE, AR ICP-OES % AW ZEE v Alk 48 K OV B 2 &
DIHTIEDBFE, IEEHIFTER S, 15, 1~23 (2022)

5) MEEE: ICP 336596534 (ICP-OES) IS KA IAME T sk oy O HIE, IEEMIFZE @A, 11, 14~28
(2018)

6) FHIIEN: ICP HH0 54T (ICP-OES) M LAWK AR D /KA £ R 4y DRIE, AR ZEH S,
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8, 1~9 (2015)
7)  MAARKE IS ICP-OES (LI XA AEL D K it 3 ak oy O W E D BHFE, IEEHIFIE S &, 12, 28~51
(2019)

8)  MNIATEOE N MK BEINE 222z % — (FAMIC) : EEMERER A (2025) R & A
<http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2025 fuzokusho A.pdf>
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8 HREEHPOKBEEMEDOERREETIZETHIERRE
— RS —

HLPEZRAS !, AR 2, FIES 3
F—T—F  FEEDABRAEL, {GIEIEL, KA

1. [XCHIZ

JEELD S B DO R PRAF I B AYE R TR O— E (BFn 5 4 10 HHf7) Vicky, BIROA NS H
ZHBIELT, TARGIES LHOHPKABEGIRZ B L, 2R ETHIRIEEEL TR S TWTEE DD
L, ZOAEFETREEONWENEESH, —EDORS BERIECEDGAICTH K ABEIEEL LU T8 ekE TS
L, AR IEENESIR A LTl A IR L 72 o7z, ZOMIEIZLE, FHIRD A IEEHIIG IR IEEIE B 720, 3
F DTG R B ARAE Ry Z B O H T LD A REL T o7z,

UL, ZHVETHRIEECEENS L ER LRI O E TR TREEL TERINILDODHTHY, <X
il AT ME R Ay O K ESPE R 3 72 &, BB DA D TR DV CHERMEERBR L2 O AR+ S T
WigoTo, 2078, FIRDARRIEE R LI IEEHZ BT 57 B =T HE R ORI, HBtEERO7
= /)= U R TE S OB NN A N ARSI (LR, TW-K,01E80). ) D7 L —AJFFIROEEIC DN T,
BRI T D2 Y PR (LU, TSLV) &V ) 25 LY Lz,

FRROMBTERICIBNT, —EOIETRIEEME W-K.0 & AT HIREFSIRA LTZ 81T, W-K0 O/ HHEAS
AL B IR R HHIRD B, YFIEICB T DI ERBIENMEE AVICED DN HBRIEDEE
D HELET T SIRNoT2 e 0, ZOERZFE LD THET 5.

2. MMRUAE

1) SHAREH

W-Ko0 O HHENR R FHELOHARL 225 5] T S QUOTIETRIEE A O LSR5 TRAEEL B i
ONTTBIRAEEE C DFF 3 Mz EIRMLERER T 65 °C T 5 B DL Lz L7=1%, HBEE 500 pm D550 @i
HE T LIPS T 7=, 7238, 1BTEIEEE A 1XUIRE FEELTZERIEKIGIE Tho7=Z e, iz UK
ZIR R T HIHIEAEE B R OYGIEEEL C 23528 LT, v L7-iG IR IEEHTHEE R D A,
PR3, VABIKF ZT =0 L, DARBIKFETIN D DK K OREE VD 2 (DT b EEA— T — D5
IRFESNTNDE DT, JIS BUE UTH#RZ L —RDOH0) % Table 1 (TR LIZELEEI SIS TRAL, W-K0
1 %(EEDF) A TREETRL7-. JRLZFEIOID, W-K0 OB FHELVBIR /2D
BILECIEIRAREE A Z2 W TR 723BHI DWW T, W-KoO DR EHMEIZHS T2 HME (3 A GHTEEE) D
EE1T 81.8 % ThHHo7-.

VRSIATBOE NEMOKEH B et 2 — it 27— (B1) R
2 MSTATBOE NRMOKPETH & 2 it 2 — i 22—
3 OMSIATEOE NEMOKPEH B 2 it 2 — P 2 —
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Table 1 Preparation ratio of prepared fertilizer and analysis value

Preparation ratio(%)” W-K,0
Sludge ) Diammonium Calcium ) Design Analysis  Recovery
fertilizer Slu.d.ge S(?dlum Urea hydrogen- hydrogen-  Potassium preparationb) value®d rate®
fertilizer nitrate hosphat phosphate sulfate 2 9 .

phosphate dihydrate (%) (%) )

A 63.13 10.00 10.00 10.00 5.00 1.87 1.00 0.82 81.8

B 63.13 10.00 10.00 10.00 5.00 1.87 1.09 1.05 96.3

C 63.13 10.00 10.00 10.00 5.00 1.87 1.08 1.09 100.5

a) Mass fraction

b) Calculation based on W-K,O concentration of sludge fertilizer A (< LOQ), B (0.15 %), C (0.13 %)
and the theoretical value (54.05 %) of K,SO,4 (99.0 % as purity of reagent described in JIS)

¢) Mean value (n =3)

d) Analysis by Testing Methods for fertilizers(2025) 4.3.3.a

e) (Analysis value) / (Design preparation) x 100

2) HEFORHR

(1) 7k: SACKREER (Milli-Q 1X7005) & VTR BLL 72, JIS K 0557 [ZHET 5 A3 DK

(2) Mg & ot (BRI k)

(3) mEEINTT L ik (BARIEES)

(4) THHIHIBNATL . REE V7 1 12.5 g % 2000 mL B — 1 —(Zi30 &0, D BEOKEMNZ, ik 105
mL &2 2N A, DRENEALT-. ImEILT-1%, K& T 1000 mL L7z,

(5) BV LEFEHERE (K:1000 pg/mL) @ JCSS b0 (B L), JCSS (& L7 A /v SFtitise) (F+
HIE)

(6) MR AU MEHERR (K : 4 pg /mL~40 pg /mL) : AU 2% #ig (K : 1000 pg/mL) & LBz 4
TIAAEY, T D ED 110 FEOFHIHIFEREZ AT, S, R ETKEIMZT, 1mL 2
ELT 4 pg~40 pg 5 A DEEMEIR A B PEAIC 5 IREEFAIIL 72, 7eds, Mt 1 2Bk |3, S 258 &
D 110 BEOTHIHANERE 87722280, FERETKEMNZ .

(7) HALAVY 4 ik (BB

(8) WREEAVY & ik (BIHALE)

(9) 7X/VFEME pH FEYERK - JCSS %5 2 fi (B L)

(10) HPED ABERYE pH EEYEIR - JCSS 55 2 T (BASR(LE)

(11) 1FHFERHE pH FEHERL :JCSS 55 2 Ff (B H{L5)

(12) JREEHE pH FEYERL : JCSS 5 2 FE (B B{L)

~

3) HERUHRE

(1) LIS : Retsch ZM-200

(2) ETEsEIXEHARD RS MEPE{E EFNO0-KT

(3) MEIEERVIEEHE: #17>7 SR-2w

(4) JFWIaHTEEE . BNinAT 7 /ay—X 722310 (Rt —~AiEik)
(5) pHFt: SIGTRN AT F-71
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4) oAk
W-Ko0 Ot K& O E 1T AREHE B IE e > TEMEL 72 (Table 2) . 2B D710, £HiED7r——h
% Scheme 1 |\Z/RUTZ. 7233, BRI O HIEE EEITST-NEICOWTIE 5) IR L7z,
Table 2 Methods”

Extraction  Measurement

C t Testing Methods
omponen esting Metho procedure  procedure

4.3.3.a Flame atomic absorption

W0 spectrometry or flame photometry (4.1.2.1) (42)
a) Testing Methods for Fertilizers(2025)
| 5 g analytical sample | Weigh to the order of 1 mg into a 500-mL volumetric flask
|H About 400 mL water
| Shaking to mix | Vertical rotating shaker (30 - 40 revolutions/min), for 30 minutes
|<— Water (up to the marked line)
| Filtration | Type 3 filter paper

| Sample solution |

Scheme 1-1 Flow sheet for water-soluble potassium in fertilizers (Extraction procedure (4.1.2.1))

| Sample solution |

Aliquot

. Transfer to a 100-mL volumetric flask
(predetermined volume)

< About 10 mL of interference suppressor solution
< Water (up to the marked line)
| Measurement | Atomic absorption spectrometer

Scheme 1-2 Flow sheet for water-soluble potassium in fertilizers (Measurement procedure(4.2))

5) W-K0 OEYREHINELG--BEDOREFE

(1) VHTRAERFZ VW= EE0R D W-Ko0 Z3HT il

THUENEERE B K ONVGIRIEEL C &2 VT 2. DIZREWVEREIEFRERIL W-K0 ZIELI-EZA, Yk H LD

PRFREHE S W D £ ITRBO IR -T2 (Table 1) . ZOZEMND, FHE XG4 Y% EHCfEH L7 i5 TEAEERH

AZHRD, WRANEILERER K Ol B2 F2hiti 45 2 212 k> T, W-KoO O HHE 2 i FHME L OB IRL A2 D B %
AL,

(2) FhHERAERTE TOERMEILROHMERE

W-Ko:0 DO HHED FNEZRKEI31T 58, flHERIE R OCHERIENDHY, W-K0 O/ E R HELDS
B2 DR KR E DEAEIZH L0 MR D728, TNTHOBIEDRNIT W-K0 Z# L TH IR R ER 2
FL 7z, P EZ MR T2 BEL T, 1HIEIEE A ZHH 421 W-Ko2O B A EEL T 1 % (H&E50=H)
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FEY EZRINUIEE e, Ee, IEREAER T2 HMEL T, (GIRIEE A L7, ot
CHITE T 25UBHE I ZRUB T W-Ko0 A EE LT 1 % (E 855 2R) 41 4 &AWL CHNEINGER 2 S L 7-.
7235, W-KoO OFINCIZE, AL VD L XAIWEE AV 2% K AR LTIk & V.

R B N AR ERRIRVIE SR O R ETERVIEEH 2 OSSR Z W TRGETLIZ. EbIZ,
iR pH ZJ7E LT-.

BEDD, BEO 7 v —— % Scheme 2 (TR LTz,

| 2.5 g analytical sample | Weigh to the order of 1 mg into a 250-mL volumetric flask

<— 1 mL of potassium chloride solution or potassium sulfate solution (25 mg/mL as K,0O)
< About 200 mL water

Vertical rotating shaker (30 - 40 revolutions/min), for 30 minutes or vertical

Shaking to mix . : . . . . .
reciprocating shaker (300 times/min, with amplitude of 40 mm), for 30 minutes

|H Water (up to the marked line)
| Filtration | Type 3 filter paper

| Sample solution |

Aliquot
(predetermined volume)

Transfer to a 100-mL volumetric flask

< About 10 mL of interference suppressor solution
< Water (up to the marked line)

| Measurement | Atomic absorption spectrometer

Scheme 2-1 Flow sheet for addition of W-K,O before extraction procedure

| 2.5 g analytical sample | Weigh to the order of 1 mg into a 250-mL volumetric flask
< About 200 mL water

Vertical rotating shaker (30 - 40 revolutions/min), for 30 minutes or vertical

Shaking to mix . : . . . . .
reciprocating shaker (300 times/min, with amplitude of 40 mm), for 30 minutes

|H Water (up to the marked line)
| Filtration | Type 3 filter paper

| Sample solution |

Aliquot
(predetermined volume)

Transfer to a 100-mL volumetric flask

<Same volume of potassium chloride solution or potassium sulfate solution (0.1 mg/mL as K,O) as

the sample solution which transferred into a 100-mL volumetric flask

< About 10 mL of interference suppressor solution
< Water (up to the marked line)

Measurement | Atomic absorption spectrometer

Scheme 2-2 Flow sheet for addition of W-K,O after extraction procedure



118 EEMFFER S Vol. 19 (2026)

(3) FHHEEED pH AR NI LD RN =R O

W-Ko0 D[RR IMEDSTZIBTRIEEE A 122V T, W-KoO TR BEAK THY, i #{ER DA pH
MGFT VAV TH T, fIHEEED pH % T2 (BRI %) ZEIZ LD RN~ DB LR T 57280, 15
JeBE A \ZHEAL VD DR A W-KoO & A & 1% (BE &) L7200 IRINUTZRBHT ST, e L
TARIIIIKITHE#EZNA pH 2.5~pH 1.7 D 6 BEFSIZTEE L7k HVy, Table 2 (ZHE>ToHotrLiz.

(4) HEALAVD DB SN L DTG IEAEEH 88 32 R &0 2k

GIEAEEHZIRINU TN 3 D R L COD D TIERWInEB X, ALY AOTRIMEZHET 282k
>7C, {GUEAEHZFR R T2 & BT 200 MR 27280, 1HIRAEEE A [T VY DSR2 W-K0 &
A0 %EEDF)~25 % (HEDF) D T EEOGHRELRDIOWIMUIZEEE HIVY, Table 2 126> Toy
Mritz.

(5) wrmEEER

RIEMER 7 1 X E % DRk 4 72 BRI L IEKRIEE L CHRE RO M E DS BLE R LIRS 2B, +
DAL T OFE LT WL KO MER 3223 TED. EBREOBEIRD AFEINEHL OB AR E L T, JHREs
Doy E L U TRl alBR (L0 AT MK T 320 W58 35720, GIRIEE A S LI AR A LT
B FHRLL , IR ERRBRYE 8.8.a WiEERBRIEICIE WV ERBRZIT o7, IREL LI Lo CRBRF D 5 HTES
DFAEDFEFENE DD AIREMS B X DN ZEN D, W-K0 FAHED 0 % (H &5 5H) ~10 % (HEDZ) D 4 B
PEDE A BEERDIOHIENB A AL IT LEREG L CGRABZ IR 72, 7035, HlRDT26 Wil 21T
TR BLAL B 51T Table 2 (e~ R BAT o7, BB Wil a Sl L7 s Eo 7 — o — X
Scheme 3 (Z/RLTZ.
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2.5 g analytical sample | Weigh to the order of 1 mg and put into a small mortar

«—(0 % of W-K,O experimental section) 5 mL of water

—(1 % of W-K,0) 5 mL of potassium chloride solution(5 mg/mL as K:0)

“—(5 % of W-K,0) 2.5 mL of potassium chloride solution(50 mg/mL as K:0), 2.5 mL of water
—(10% of W-K,0) 5 mL of potassium chloride solution(50 mg/mL as K-O)

| Grinding |

| Heating | 85°C+2°C, 2 hours

| Standing to cool |
|H About 200 mL water

| Transfer | 250-mL volumetric flask

| Shaking to mix | Vertical rotating shaker (30 - 40 revolutions/min), for 30 minutes
|H Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Aliquot
(predetermined volume)

Transfer to a 100-mL volumetric flask

< About 10 mL of interference suppressor solution
< Water (up to the marked line)
| Measurement | Atomic absorption spectrometer

Scheme 3 Flow sheet for severe test method

3. WBRRUEER

1) FEEHZRV-REFEARO W-K0 3 4TE

IGIENEELA, B X ONCZ VT 2. 1) OELEEIG TRELL7230EHZ DUV T W-Ko0 20 L7z, i R 13 Table
1 IRLT2E8D, {GIEIE B XL C 2 Wi REURHIER FHE & 0 M O 2213580 bivien>7=—J5, 15
TEEE A Z JHWZRRBLEURH T, BREHMIEIT 6 L CotrfiERs 2 FIRREE a5 72.

2) HHRFERTE TOFMEUEDOHER

IGUENEEE A Z2 VN THE I EAERT U3 GRIEEAERT) 12 W-KoO ZHINL 72 NENGERERIZOWT, 2 fl
DO TIIAT B O 2 T O T A A A bE 72 8 @O A FEiL 7=, DR H1T Table 3 (Z/RLT=
L350 W-Ko0 DENHE, M EIEORTIIZ W-Ko0 ZIRINL7235551% 55.7 %~60.1 % Toh->7=DIZx LT, il
HEMED 1T 102.6 %~105.4 % TH 7=, PWHITRIROFERE T IO DR A 22> THE AN X R T T
bole. ZOZEND, W-K0 O HHEDEREFHEZVBAR e 5 BRI E B ECldel, fiEIchoEE %
Bz, Fo, % OARIZOWT pH ZHIELTZEZA, IRINAIR &K OMEDIRE T IEOEWICEH G, i
HEAEDRNZAINL 726 D pH X 7.6, HHHEMEORITIRINILIZS:G D pH X 7.7 L9857 VAV M TH T,
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Table 3 Results of additive recovery testing for W-K,O

Recovery rate”(%) pH of filtrate”
Additive solution Shaker Addition before ~ Addition after Addition before ~ Addition after
extraction extraction extraction extraction
. . Vertical rotating shaker 55.7 102.7 7.6 7.7
Potassium chloride ) ) )
Vertical reciprocating shaker 56.9 102.6 7.6 7.7
. Vertical rotating shaker 60.1 105.4 7.6 7.7
Potassium sulfate ) ) )
Vertical reciprocating shaker 58.1 103.8 7.6 7.7
a) (W-K,0 analysis value) / (W-K,O content which added to the sample) X 100

b) n=1

3) HHAE®D pH ETFICKSEIUREDRERR

TGURREERE A (\ZHAL VY DT Z W-KoO SA & 1 % (&5 3R) L5 0Lz ke, /K X3k
WEA%Z N pH 2.5~pH 1.7 ® 6 BRI 7oA L2 VTN 21TV, W-Ko0 243 Hr T
FERLY, BEHMEE 100 LT W-Ko0 DAL AZ R D 7= (Table 4) . fHAEED pH 2MEL /2512251 TC W-
KO OEIGEIIHIINL, pH 1.8 LL FO%4A, IEEFERBRIEMEEF A ITRSNAFRIEL ~UIZBIT L EE
O BEEEL TOBURZNG Uiz, IRt A \ZHALAVY DEINA TG, @ o FiETlIsitish
7, pH Z KIEIZ T RNWEENTTERNIEN G070,

Table 4 Results of additive recovery testing for W-K,0

pH R

) ) ecovery
Solution for extraction Solution for b))

. Filtrate® rate”(%)

extraction

Only water 6.1 7.5 54.2
HCI® (1+4000) © 25 6.1 68.3
HC1(1+2000) 2.3 4.8 83.5
HC1(1+1000) 1.9 33 94.4
HCI1(1+667) 1.8 2.7 100.4
HCI(1+500) 1.7 2.4 101.2

a) Filtrate after extraction procedure

b) (W-K,O analysis value) / (W-K,O content which added to the sample) x100
c)n=1

d) Hydrochloric acid

¢) Volume of ( HCI+ water)

4) BAEHI I LFMEEMICLSFEIEHICERTIMERDOEL

TGUEAEHZ IR R T 2B B2 235720, 1HIRIEEF A IZHAL VY AR E W-Ko0 & A 5 0% (B &5
H) ~25% (H &) D 7 BEFEOGH BERDIOUIMUIZFAEHI DUV T W-Ko0 253 BT L7 /5 F 1% Table 5 @
LBV THoT-. WIMEPOIITEEZ Z LS W EZ BB LIGIEEE A ~OMBERE &L, GA %
15 % (B &%) T W-Ko0 ORI W30k 2.5¢ 5720 44 mg T LEFL, EH & 20 % (E &%) LW
25 % (E &5 H) TIHE T 2R Rbhic. ZOREENS, S RIOFMEIZHWZIHIEIEE A 2.5¢ HI=H
BT 40 mg FEEE % LIRS, MHOVERICLREIO E RGN RE T 585 2 b,
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Table 5 Changes in the volume of potassium left in sludge fertilizer due to increased potassium chloride addition

Additive content of Analysis value”  Recovery rate® Residual potassium
potassium as K,0 (%) (W-K,0)(%)” (%) volume as K,O (mg)

0 <LoQ? - -

1 0.53 52.6 12

5 3.95 79.0 26

10 8.54 85.4 36

15 13.25 88.3 44

20 18.84 94.2 29

25 23.72 94.9 32

a)n=1

b) Mass fraction
¢) (W-K,0 analysis value) / (K,O content which added to the sample) x100
d) Under LOQ of W-K,0: 0.08 % (Research Report of Fertilizer, 19, 1-18 (2026))

5) SrEGEER

TGVEREEE A I L IYD L% 4 BeED & S Lo HIOMRA LTEFUBHT DWW T, Wil 3R % FEhE 3o s
B Efii I (LUF, DlRE R &) W-Ko0 220 L TERLIIZHERIT Table 6 L3680, Wil AT
ST EREBRO S A8 B ER O A% Tl 56 D13 -7z,

WESERERIE, BFOMRAER 7 AR E T D720, IEBHER DB R E COKBEMER S AT IO T
A LS D MNEVLERE DRI ZATH 5 ThD. A lal, Wil FE 5L Ch il HRBR O ST iE 4 T a6
7eoTeZEND, W-Ko0 ORI T, ME OINEZEICID S HHESME F L CREETHDO Tt
BIR R E# U OB EORRICEE TV D EB 2 b,

Table 6 Results of severe test method

Additive content (%) Mean value”(%)”
(W-K,0) Severe test method ~ No Severe test method

0 <LOQ? <LOQ?
1 0.61 0.58
5 3.88 3.82
10 8.73 8.43

a) Mass fraction

b) n=2

¢) Under LOQ W-K,0:0.08 % (Research Report of Fertilizer, 19, 1-18, (2026))

4. F&oH

—EOIEIREEE W-K0 280 T HEEIERALIZEEIC W-K0 OSHHENHFHELVLEIA&ELT
20 %FREEIRLS 2D HERINFRO DINT=Z &0, B HHC A IG TR S LN B ERER & OVar i ek
EFEIETHIELIZEST, W-K20 OB R EHELV AR Ao D B R 2 fesB L 7=

W-KoO PMELZRDBERE, wilaking Fhi L Ch il BRI b 0T D T RIBZRDN -T2 8030, IEK Y
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ML XD EAR T ClEaneE 257, A RIOFEFTIE, BMEIERER 28Tl B ErmT o 7RI
TEIEMED -T2 2205, AEHHRE %S LAUTRBROMEE/EOBIC )| X oS, MEIZBTRER D
E AR ZATEDOVERIC I —EREZ EIREL THEBEL QWD EE 2 LI,

X ®

1) EMOKEER T EBO S ORE PR B Z BI DA TR O — 2 e IE 3245, 5F 5 4 9 H 1
H, BMWKESLTH 43 5
2) NIATBUEN MK PE R &2 2l & 2 — (FAMIC) : RS BR 1% (2025)
<http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho_2025.pdf>
3) BRPESRAE, AR, \KRFFR, TR, FHRBRE 7B =T PR, MRt , <EMEmE &
OUKIEMEAN B D o3 AL oo M P RERS (B R0 ARRIERLE) — B — BRI LD 2 Y VEMERS —, NERHITE
Fo, 19, 1~18 (2026)
4) STATEUE N EMOKPEN B 22 2t 2 — (FAMIC) : AEEFERERTE (2025) Fi /@ 2 A
<http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2025 fuzokusho A.pdf>
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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.

F F R F R F F F
N/ N/ /s
N N N

SN SN SN N

Figure 1-1 Structural formula of PFOS

VARSTATBOE N RMOKPETH 22 i 2 — IRV AR A D
2 MSAATBUE N RMOKEN B 2 2l 2 — B2 el (B4 Err2—)
3 MNEATBUE N EMOKEE B L 2Bty 7 — IR SR (BLAlster2—)
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R F R F R F
NN N
N N N N s

/N /N /N /N
F F F F F F F F

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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O=—=0

"
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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
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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
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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
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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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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