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1 ICP-OES ZRUL\-IEH P DYARRELERUMEBLEDDITEDRFHE

INPEIERE !, AR SE !, SHGHEE 2, AHmin!
F—J—F jEEL DAEE, INE, HYT A, ICP-OES

1. [XL®HIC

B D0 AR 4 B (T-P20s) S OV 22 B (T-Ko0) 1, AEROD S O MR B9 DAY CH A 2 (R
T DR DEe/ N B RFERR Y Bl U TIRAEEICR R T DI ENTRBE ST O QD Fiz, AEHE? T
BEOREIHT LITARFERR Sy B e L CRR CED R/ NENBLES I, Z O 7RISR S BRiES s L H 2 e
EDHHILTND.

BUE, MEBHERBRE TITEE P OV VR R B D S HTIEII AN TR BT T Ui T =0 RO EEVE KDY
FOVCEBEDR, MBEEIZOWTUIT L — AR FIROOEERE, 7L —2EEN T N7 == VT
D L EVEBINERSI TS,

FAMIC TIZZNET, o OzhRICOBLEND, FEA G T T A~ I 6o E (ICP-OES) Z fv iz
TR EDIIHTEC DOV TIRETL, 2011 FITHRIERh OF F B RO OHTEY, 2015 FITHRIEEF O
IRVEME TS DIIHTIED, 2016 AR D50 A BURER 55y D/ HTIES, 2017 AZTFHo D437
£, 2018 AEICEAREH OLIEME RSy O IHTEY, 2019 A B AL O KM Ry D3 HTIEY &
R 2020 AR EFE AR O TR K &3 L0 TR N DWW CHE—RBRE TR 53 Y MR, E-Ma
(IR AEASE H D KR FE Ry B OV SR8 B HE A 1 50 D 43 AT VIZ D W C IR [RIBBRIC L D SR i L O
feRdfs R L C&E .

Alal, ZHIETRFTL CWOed o7z ICP-OES Z AW BB Ob Ak 4 8 K OV A 8O /3 HriEIc DT
METEATVY, BRI T LD % Y MR A T T D THE 2.

2. MBPRUAE

1) SHARH

Table 1 (TRL7ZJEREIEE L 72, HIRIEEHI DWW TITAREF SRR LY 2.3.1 128D, BIFEATIC 40 °CT 60~
70 WEEREARL 72, AEEHERRBRIE 2.3.3 1200 500 pm D550 VE5@IE 5 F THFE THfELIZb 0% 547
ABHE LT, s, SR AMER OB L7251 Table 2 DFAHEZ Table 3 DEIA THLALIZLOLHFETH
B R} (FHERLRCRY £ L7

VRSTATBUE N EMOKPE B 2B o 7 — B R 22 AR A
2 ASTATEOE N MK PETE B2 il & — IEf R 2 2 A (BL) fLi e & —
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Table 1 Samples and materials
Measurement Type and number of samples Materials
component
Sewage sludge fertilizer 1 Ammonium sulfate, Ammonium chloride, Urea, Byproduct nitrogen
Sludge from fecal 3 fertilizer, Byproduct liquid nitrogen fertilizer, Superphosphate,
treat.ment plant Concentrated superphosphate, Potassium sulfate, Potassium chloride,
Calcined sludge . . .
fortiliger 2 Potassium magnesium sulfate, Fish meal, Steamed wool waste, Steamed
bone meal, Steamed leather meal, Soybean meal, Rape seed meal,
Compost'e.d sludge 7  Castor pomace, Processed poultry manure, Fertilizer from corn steep
fertlizer o liquor, Byproduct organic fertilizer of plant origin, Organic fertilizer
Crustacean fertilizer 1 . . . i .
. mixture, Dried microbes, Compound fertilizer, Ammonium phosphate,
T-P>0s Byproduct organic . . . o .
2. . 1 Potassium phosphite, Byproduct mixed fertilizer, Magnesium sulfate
fertilizer ofplant‘(‘)rlgln fertilizer, Byproduct magnesium fertilizer, Manganese sulfate fertilizer,
Compound fertilizer 17 Borax, Fritted micronutrient mixture, Composted sludge fertilizer,
Molded (‘T(?mpound 1  Sewage sludge, Sludge from fecal treatment plant, Industrial shidge
.fertlhzer fertilizer, Crustacean fertilizer, Rice bran, Fermented rice bran, Cow
Mixed comp (,),St 2 dung, Chicken manure, Chicken manure burning ash, Compost, Textile
compound fertilizer waste, Ammonia, Urea-formaldehyde mixture, Phosphoric acid, Animal-
Home ge%r.den-use 1 based and plant-based organic materials, Woody peat, Sulfuric acid
fertilizer
Sewage sludge fertilizer 1 ~ Ammonium sulfate, Urea, Ureaform, Byproduct nitrogen fertilizer,
Sludge from fecal 3 Superphosphate, Concentrated superphosphate, Potassium sulfate,
treatment plant Potassium chloride, Potassium magnesium sulfate, Fish meal, Steamed
Industrial sludge | wool waste, Steamed bone meal, Steamed leather meal, Soybean meal,
fertilizer Rape seed meal, Castor pomace, Rice bran meal, Processed poultry
Composted sludge 4  manure, Fertilizer from corn steep liquor, Byproduct organic fertilizer of
fertilizer vegetable origin, Organic fertilizer mixture, Dried microbes, Byproduct
T-K,0 Castor pomace 1 organic fertilizer from animal origin, Compound fertilizer, Ammonium
Byproduct organic | phosphate, Potassium phosphite, Byproduct mixed fertilizer, Fluid mixed
fertilizer of plant origin fertilizer, Byproduct magnesium fertilizer, Manganese sulfate fertilizer,
Compound fertilizer 16  Borax, Fritted micronutrient mixture, Sewage sludge, Sludge from fecal
Molded compound | treatment plant, Industrial sludge fertilizer, Rice bran, Fermented rice
fertilizer bran, Dried algae, Cow dung, Chicken manure, Chicken manure burning
Mixed compost | ash, Compost, Ammonia, Phosphoric acid, Potassium hydroxide, Animal-
compound fertilizer based and plant-based organic materials, By-products of alcohol
Fluid mixed fertilizer 2 production, Woody peat, Sulfuric acid

Table 2 Reagents used to prepare analytical samples

% (Mass fraction)

Reagents N P,0s K>,O
A Urea (CO(NHy)») 46.65
Calcium Dihydrogenphosphate 5631
Monohydrate ( (Ca(H,PO4),*H,0) i ' i
C Potassium Chloride (KCI) - - 63.18

D Sucrose <C12H2201 1) - - -
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Table 3 Mixing ratio of reagents and component concentration of prepared sample
Design component concentration of

_ Mixing ratio
Preparation D) prepared sample
sample number (%0) (%) ¥

A B C D N P>0s KO
1 20.0 55.0 50 20.0 9.33 30.97 3.16
2 27.5 27,5 250 20.0 12.83 15.49 15.79
3 245 5.5 50.0 20.0 11.43 3.10 31.59
4 55.0 40.0 5.0 25.66 0 25.27
5 55.0 40.0 5.0 25.66 22.52 0.00

a) Mass fraction

2) HEFZFORH

(1) VAAEAERL (P10 000 mg/L) : > ~7 /LKUvF ICP A

(2) AV LFEAERR (K 10 000 mg/L) : 7 ~T7 /L KUvF ICP A

(3) AHEHERR (Au 1000 mg/L) : & L7 A /L AFEHISE JCSS

(4) XYY AFEAERE (Be 1000 mg/L) : & L7 AV ARDEHZEE JCSS

(5) VT LFEHERR (Li 1000 mg/L) : & L7 AL LFEHEE JCSS

(6) ALt DL E LT ANV LRI Rtk

(7) HElE: & L7 AOVAREMIE A5 RENER

(8) ik (Vi+Vy) @ (7) DEFEDIERL Vi LAKDIERE Vo EEIRALIZHO.

(9) FHINHIFRR kBT A 12,668 g W ZHER (1+5) 250 mL 2 CTEEAL, 7K T 1000 mL &L7z.

(10) VAAEHER (P 1000 mg/L) : (1) DEEHERA ARG L2, 22k, A RRHCIEE R (1+23) 2 v
7-.

(11) BRERAVAAERER: (10) OIFEERATEORBEOEETTADI—E&syBL, ik (1+23) 245
BETIZT, MERAERER (P: 1 mg/L~200 mg/L) Z 5L 7-.

(12) MREMA A2 ik (1+23) 2 AL

(13) DVAMRIERNIERERR: (4) OFEERATEOREORET 7ATI—E &L, HiE (1+23) 245
FRETHINZ T, 0AMIE A NAEHERR 1 (RED7 0 ) (Be: 100 mg/L) Je OV AU E I PNAZE M 2 (i J5 1) 0 2
f1) (Be: 20 mg/L) Z#FAHIL7=.

(14) EAEAERR: (1) KOQ) OEERATEOREDEET TANI—ER&S ML, HEE (1+423) 212
BRETINZ T, IRAHEYERR (BT M@ ) (P: 1000 mg/L, K: 1000 mg/L) M ONE-AHE #EE (filh /7 1 1 & )
(P: 1000 mg/L, K: 25 mg/L) Z s L7=.

(15) BERARAERER: (14) ORAIEERAAEEORBEORR T TAI —E RSB, THH
R IR A B SIRD 110 REINZ, W (1+23) Z R ETINA T, it AR (B mlE M) (P 1
mg/L~200 mg/L, K: 1 mg/L~200 mg/L) & UM &t AR HERR (il 75 170l & A1) (P: 1 mg/L~200 mg/L, K:
0.025 mg/L~5 mg/L) ZiHHIL7-.

(16) MEMRAIRSGZERBRIE: TEORBEORETIAad 1/10 FEOTHIHIFIRRICHRE (1423) %
A TN xR,
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(17)

REWIERER: (4) kO G) ORERZAEEORBOEET T A —ERIT L, THIHIAlE

WA BRI D 110 RN, ¥R (1+23) ZHEHRETMA T, MESRAE R (7 mHlE A) (Be: 100
mg/L, Li: 50 mg/L) S UM & A IR (b7 0 ) (Be: 20 mg/L, Li: 5 mg/L) Z i #L 7=.

(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)

e : &L AV AROMSE A E e E

SR BT AV ATEHEE ERk

VARG ZIKFBET =T L E L7 ANV SR Rk
WALTIN T L2 KT B LT AV LFOGHSE Rk

HWALAVD N B LT AV LTS Rtk
ERWAREZIKFE) IV LK) BT AV SRS Rk
Aya—A: B ETANVEAFIERISE Rk

WAL TN L B LT AVLFEHIEE Rtk

Hifb~r 20 b6 KFW: BARALY: Rtk

T A= MEHERR (A11000 mg/L) : & L7 AV AFDEMZE JCSS
BRAFVERR (Fe 1000 mg/L) : & L7 AL AFDGHIEE JCSS

K K &2 (Direct-Q UVS, Millipore) TR L 72 JISK 0557 IZHUET 5 A4 DKAE W=,

3) MERUEE

(1)
(2)
3)
4)

ICP-OES: ST ICPE-9820

JRA WS HTdEE: BNiNAT 7 /Y —X 7-2310
RN YRR BERUERT UV-1800
k% . Retsch  ZM-200

4) HABRIRE

(1) JEE RO R

200 mL h—/LE =B —IZH el 5 ¢ 2130 &0, ERUFICATURRRNTINEVL TRILSH, 450 °C+5 °C
T 8 WEf~16 FFRTRENL TSz, mtk, L EOKTEREMZEL, MK 10 mL & OHEEK 30
mL ZI1Z 7. b= E =D —ZBEHILTHE, Sy b7 — Ui TIEWL TRz 4y i1k, Bt
IO, iR L TMBEGIT CRaE U< ECIME L7z, fmtk, e (1+5) 50 mL 20 f@mcinz, h—1e
— ) —ZWFEHIL TR, AL CTERRLT-. Buntk, Wiz /K T 200 mL &2E7 7 ATITB LA, FERET
KEMz, AHE 3 FETAHML, REHAIRE LTz, BUBHAR —E &% 100 mL &7 723|280, P OLERIE

T

(THEIE (1423) L7220 IOITHEME (145) ZINATARITEESR ET/RZINA, MERIREL, P MOV K ZHI7E

TABRSIT T HIHEIFGERZ 10 mL AX, HEEE (1+23) L2591 R (1+5) Z N2 T8 \ S £ Tk 2N
Z, HIEERE LT (Scheme 1 } X Scheme 2) .
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>-00 g 200 mL tall beaker

analytical sample
I

Charring Heat gently
Incineration Ignite at 450 °C+5 °C, 8 -16 hours
I
Standing to cool Room temperature

<A small amount of water
<About 10 mL of nitric acid

<—About 30 mL of hydrochloric acid

Heating Cover with a wacth glass, and digest
I
Heating Slightly move a watch glass to remove acid
I
Standing to cool Room temperature

<50 mL of hydrochloric acid(1+5)

Heating Cover with a wacth glass, and dissolve
I
Standing to cool Room temperature
I
Transfer 200 mL volumetric flask, water

«Water (up to the marked line)

Filtration Type 3 filter paper

Sample solution

Scheme 1 Flow sheet for measuring total phosphoric acid and total potassium in fertilizer by
ICP-OES (preparation of sample solution)

Sample solution |

Aliquot

) 100 mL volumetric flask
(predetermined amount)

<10 mL interference suppressor solution (don't add if potassium is not measured
at the same time )

<Hydrochloric acid(1+5) (to be hydrochloric acid (1 + 23))
«<—Water (up to the marked line)

Measurement | ICP-OES

Scheme 2  Flow sheet for measuring total phosphoric acid and total potassium in fertilizer by ICP-
OES (measurement)
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(2) WIE S OV BE OB

BB S NRA NIEHERZZ N 9:1 OFIE T, ICP-OES (2 AL Table 4 O EAHIEL, 551
T HR R [RIZR O G oE TAEER IEZ L=,

[FIRFLZ, B AR AR MENRIZ DU VT Table 4 O EAZMEL, HONIFRREIC DWW TRERIC AR HERT IE4
L, B ER L CTotr EE o PIRE K OV K IREZ R L, #ELRE2.2914 (P 725 POs ~D#AF)
1.2046 (K 75 KoO ~OHHE) 2 U, oHralEH O T-P,0s KON T-K,0 ZH L7z, 723, ICP-OES DOl
TE 1% Table 5 DEEY.

Table 4 Wavelength of measurement element
Measuring elements and  Internal standard element
wavelength(nm) and wavelength (nm)

Au (¥ 197.819
Au (1) 242.795
Au (1) 267.595
Be ()™ 234.861
Li (D 610.364
Li (D? 670.784
Li (D 610.364
Li (D? 670.784

P (DY 178.287

K (1)? 766.490

K (D® 769.896

a) 1:Atomic beam

Table 5 Measuring condition of ICP-OES

High frequency output (kW) 1.2

Plasma gas (L/min) 14.0

Auxiliary gas (L/min) 1.2

Carrier gas (L/min) 0.7

Observation direction Axial and Radial

Observation height Low position
3. HMRRUEZR

1) BIREHOEE

(1) HFEILAF T COPEEREIZ L DM E R OfERR

ICP-OES CHIET 282X, v~ N w7 A% IR ELTZIEART ML F I I &R E I R O FR /R E 2 B89
HIERHBILTND'? | RO FL A NAEHECHIIE T 572D ITITNIEHED R E T Y 7o > TH LR D5
Ktk B EHRRORRIE, B = RV X —5) 25 BT L ENDD.

ZZT, PITOWTIE, WA EOIWR 8 ZFF> Au LT Be %, K IZOWTIE, FRIEICHE THREN
VT Li i e U CGRE LT (Table 4) .

HEWNT, fmkkicE b~ w2 A (Na, K, Ca, Mg) oW, Na |E NaCl, K (% KCI, Ca i CaCl,, Mg
X MgClL ELC, %R (P 1 P 20 pg/mL, K 1X K 0.2 pg/mL) [IZBFEAIIZ 0 % ~1 %7203 &R KA IR
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L, P KON K OFHIER R O RMEA WIEEBAH O S EE HWTHIEL 2. Zeds, BUHI Ml m,
PAEAED IR B I IR E R CIREE S LTz,
ZOFERIT Fig. 1~Fig. 3 DBV THY, P (1) 178.287 nm OWNIEHELL T Au DWW T IO E LYY Be
(I) 234.861 nm 2NEL CWHEEZSHNTZ. — T, K IZOWTEINT O EICB W CHEETR IO T
WORBNRKENST-.

130 130
S ~
=1 s
< 115 2 115
2 E g A
2 A % % % E L % é
2 100 2§ £ 100 B
2 P O 3 ? O
§ O O 'T; O O
2 85 o 85
= B
5 g
= o
&
70 70
0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
Concentration with NaCl added (%) Concentration with KCI added (%)
130 130
=]
2115 ERIE o 83 & %3
- & A g
2 8 g | O O O Il
£ 100 B3 o £ 100 28 5
=
E © o = © o
£ 85 2 85
ks ks
& e
70 70
0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
Concentration with MgCl, added (%) Concentration with CaCl, added (%)
A Au 197 & Au 242 x Au 267 0 Be234 o Not corrected by internal standard
Fig. 1 Investigation of correction effect to determine internal standard (P (I) 178.287 nm)
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600
_ O 300
é500 0 $
= =
2 O = O ¢ ¢
3 X X e O
5400 5 X =
2 5200 X X
2300 g X
5 X O Ol . ;5‘ \:
2 2
£200 O g 0 O
K g 0 [
100 100
0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
Concentration with NaCl added (%) Concentration with MgCl, added (%)
300
< O
3 O :
% O xLi610
3 o Li 670
5200 O X X
2 X o Not corrected by
5
; X ] internal standard
E o U
S [l
%100
0 0.25 0.5 0.75 1

Concentration with CaCl, added (%)

Fig. 2 Investigation of correction effect to determine internal standard (K (I) 766.490 nm)

600 o 300
S O S
<500 5 ©) O
3 O =3
%400 o X X Xz ¢ O
2 200 % X X
<300 o
g X Ol =2
;5200 1 el T O
E O £ 0 O
= 3 O
2100 ~100
0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
Concentration with NaCl added (%) Concentration with MgCl, added (%)
300
S
-1 0O O .
% 0) xLi610
gzoo O X X o Li 670
§ \: X o Not corrected by
E] .
- O internal standard
z H Il
= [l
2100
0 0.25 0.5 0.75 1

Concentration with CaCl, added (%)

Fig. 3 Investigation of correction effect to determine internal standard (K (I) 769.896 nm)



ICP-OES % 7= BB D0 Al 48 K OB A B D 43 M ik DB % 9

Q) HEHRIR DA I LD T D EEBOLEAL

Ak IZ 3317 % Na, MgO KO8 CaO #EEA B EL, Na ([2OW\TiE Na 5 %Dk, Mg ([2oW\ Tk MgO
10 %Dk, Ca 2D\ TiE Ca0 20 %D kAR E L T, AR O ARG RIS TR E LR DI
K EEHEZIZ NaCl, MgCl*6H,0 X% CaCly*2H,0 Z IR 7= e OVE- R 2 BN O K FEMERR AR HL
FUHRICH51T D K OERE R R K O HED A O K4 ICP-OES THIEL, K OFHIE R KO~ EA
NAZHED IO FE R EE W CTHIIELT-. 728, AE LR E OB ORENARZ 50 SaRLGE
DO EHE T OB HEEEAIEFE 1T NaCl 25 0.006 %FEEE, MgCl 25 0.012 %FEEE, CaCly 28 0.02 %fefEL/ns. 15
SN REIZ DWW, S RINRIR O FE R B R 3 2 UINVATE O a7~ B O AH HE 2 5 H Uiz, 8L
Jital, K R OWAEEDYREEIE (1) ERUSfRE L.

ZOFERIT Fig. 4 Y Fig. 5 OEBVTHY, JPEHHIZI51T5 Na, MgO K OF CaO JREAZELIZEGA, Mg
KX Ca DHZTFHTHICONTIE, Li (1) 670.784 nm CHAEHERT IEATT o725 5, W NoB & - #R
FIZB W THIH BRI ELLEL T 99 %~106 % TH -7z, —FC, Na o2 5 F OB OV Li
(D 670.784 nm CHIEIERTEAT o725 5, HEEIRINE LT 105 %~113 % ThH-o7-.

FIEDA HEICLOAEHMEICES RHN T2 DD, B ARE LI5S 1R A 200 f5ARL72EL Th
AT AT LD BB D0, F72, Na O Mg LN Ca 0625 F ORI RENWZ LD MRS
.

180 180
S Na S M
<2 160 O 3 160 g
2 O g
S 140 O 5 140
I =
8 X X o)
g X O o O
= 120 2120 O
s o O X g O A
2 I:l I:l 2 é 5 N
5 100 'S 100 a
S o
~ e
80 80
0 50 100 150 200 250 0 50 100 150 200 250
Dilution factor Dilution factor
180
§ Ca
2160
2 x Li 610
s}
2140 O O O Ll 670
[}
%3120 % O o Not corrected by
2 X X $ :
= ﬁ internal standard
5100 0O 0Og
o~
80
0 50 100 150 200 250

Dilution factor

Fig. 4 Investigation of the effect of dilution of sample solution on non-spectral interference when considering

the salt concentration in fertilizer (K (I) 766.490 nm)
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]
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=
= o Li 670
2140 O
e 0O o Not corrected by
=
£120 X O internal standard
q; >< X O
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I~

80
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Fig. 5 Investigation of the effect of dilution of sample solution on non-spectral interference when considering

the salt concentration in fertilizer (K (I) 769.896 nm)

(3) TR IR K OFUEHA IR D AU LD TR0 D2 4L,

K JEREO T WA IEIT 272512, Na JOHE 1 A4 bR —00 & Cs Z Tl #lE L CEM
Uiz, Tl FIARK (CsCl IIR) DIREIIR T T4 Y —, b—F HOMI ~DRELEEL, WEER I
JET Cs ELTO.1 %&L7z.

(2) LRERICHERIF O Na A2 B [EL, Na (22 Cid Na 5 %OREHEEL T, ENARO A IRMERIC
FHY 972 Na JRFE L7225 5912 K AZYERKIZ NaCl ZUSINL, F9EIKICH1T 5 K OKRIE R & & OWIEHED B
D F% ICP-OES I[ZTHIEL, K O RE R E O MEE NEEEOBEMOFE~MEEZ VTR EL7Z. 551
TS FEREIZ DWW T, BRI RIS E Ofa B3 DI O e R~ AE O AR A B L. 8L 5 1A,
K & OWEEHEDRREEIE (1) ERIC S LT-.

ZOFERIT Fig. 6 DLV THY, THMHIAIEL T CsCl % Cs ELT 0.1 %IRMNL, 2 oilEHARZ 25 504
FICAIRU 75, B BIRINAR O F R MEIS 3 D IRINE IR O F R EO M HE S NI HER IE72 L OB &
EHVDYGATIHFE L TEY, A AT LD BEILEAL ZT <D B2 DI,

VL E#E RS, K OREROR KRG B OWTE, TEmfiFZRmLz- BT, Az 25
L EARIRT DL LT, ks, K HIERFOPNEEAEICS>WTIIREOITW L (1) 670.784 nm &L7-.

Fiz, 6 FHEHOREZ AWV TERBHAR O ARG HF A2 2 T ICP-OES THIEL, HHTEEZRHLIZEZA, A
RAE AL 2 THOONHEICEBIL RO -7, £z, EAERINE CRIE - B H L7 oWl o s L Ch A2
DOHHHETH o720, JEE A WSS TOAA AL THORBITZIT TN EE 2o (Fig. 7).
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@ 2
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x Li 610 o Li 670 o Not corrected by internal standard

Fig. 6 Investigation of the effect of dilution of interference suppressor solution and sample solution on non-

spectral interference

[K (D) 766.490 nm (Axial) |

[K () 769.896 nm (Axial) |

1.00 1.00
& 100-fold dilution @ 100-fold dilution
— 25-fold dilution — 25-fold dilution
= Bstandard addition method X standard addition method
Q,0.50 Q,0.50
y y
I =
0.00 0.00 B
Manure sludge Composted sludge Composted sludge Manure sludge Composted sludge Composted sludge
fertilizer fertilizer 1 fertilizer 2 fertilizer fertilizer 1 fertilizer 2
|K (1) 766.490 nm (Radial) | |K (1) 769.896 nm (Radial) |
15.00 15.00 o o
&100-fold dilution 850-fold dilution H100-fold dilution B50-fold dilution
;\210.00 25-fold dilution standard ad;dition method ;\210.00 [25-fold dilution Bstandard addition method
Q, = — o, =
M 5.00 = = = M 5.00 = =
= = = = = = =
0.00 = = = 0.00 = =
Mixed compost Compound Compound Mixed compost Compound Compound
compound fertilizer 1 fertilizer 2 compound fertilizer 1 fertilizer 2
fertilizer fertilizer

Fig. 7 T-K:O analysis value for each dilution ratio of sample solution

2) REROERM

2. D)ITHE-T

S 7 F B A Ve K O\ HERR 12 ST, P R OY K % ICP-OES THIEL, MEiis

ERL7=&2 4, Fig. 8 XUV Fig. 9 OO0, BEff Y AFEYETRIZ OV T, P 1 mg/L~200 mg/L #iFH TR
TEAREL (1) 53 0.999 DL ETh o7, M RS ERIZ OV T, P22V T P 1 mg/L~200 mg/L i
TIRIERREL () 73 0.999 DL E, K (225 TIE K 0.025 mg/L~5 mg/L (877 111) , K 1 mg/L~200 mg/L (£ J71f1)

DFPH TR

TERREL () 25 0.999 LU ETHoT-.
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Fig.8 Calibration curve with P single standard solution
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Fig.9 Calibration curve with standard solution of P and K mixed
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Fig.9 Continue

3) EEDFHE

AT 5720, IRERSRHEREY T 2 VT 24) BRERIBME (LU, AkLW0)) 2k 3 S0HTOT,
ARIEENERVERBRIE D N FREY T T VBT V=0 WO FEE TR RS (LA TRESREE ) D434l
ED g K ORI ER 21T~ 72, 70ds, fEH FTRE Ch o 73k L ONR &1 I A b T O FikE H
WCRHI L 72.

(1) NI R REAE HE BT % FH\ N BLEE O A

BEATAM T 5720, IERRREEYEY E FAMIC-C-18-2 ZHIW\C, sz 28D T-P,0s L Y T-K,0 % 3 sif)f
FICHHTLTZ. FEFIE Table 6 (RTEEBVTHY, Wb FRMEILGERHEIZ 28k R A OFEFHN TH
D, EEHERBRIEN RSN TWDELE D HARZ#7-L e,

Table 6 The Estimation of trueness using certifed reference material

Certified ) w Certified ~ Warnig limit for the
Standard ;
reference Component Wazljllz;l gth an. ara> Ogisrzl;\i?(:fn Mearc1) value certified value
0
material solution (A’) (%)c) (%)C)
. Axial 476
single Radial 475
T-P,Os  178.287 ac| ' 4.66 444 ~ 488
Axial 471
FAMIC- Radial 4.73
-18-2 :
C-18 766490  Mixed lf’z‘?‘ll 83
T-K,0 —M— Aa lal e 0.12 011 ~ 014
769.896 X1 '
Radial 0.12

a) single: P, Mixed: P and K
b) Mean value(n =3)
¢) Mass fraction
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(2) TERIEED IERIZ E DB O R

ARIEEGERIEIZDNT, T-POs 1FAEEL 36 AL, T-KoO VAR 31 s AV COMT o bl A L7, Bl B
DOFABIREL, EIFEAROEZL TR D 95 %EEXMAZFEHL, AR KT 95 % THIKHEEHIT Fig.
10 \RLTZ. 72388, ANIEICEDOHHEOFE IS 725 C, T-P20s (22 CiE P Bl O PK IRAFEHER A8
AL, T-K20 122\ CIE PK IR A e 24 L7-.

ZORER, T-P,0s DRl J5 17 LML AT ELHROFH BIFRENE 0.99 LA ETHYEVFEHBR OB ZE D 95 %5 X H
21 BEFR, G D 95 %EREIXRIC 0 3G T TR IEBFERBRIE) RSN CODEED BIEAT-L
T\ /= (Table 7).

— 7, T-P,0s DT A DWTE, BUREFROBED 95 %IEFEXMIC 1 235 480 >7223, Table 8 (2
ARTREHZRWNT, RIEICED T-P0s HHHEAIERIEIZ LD T EIZH L CRifE &7 7o Tholz. Zi
BOFEHIDOUNT, T-P,0s Z 8l 7 [0 CRBHA TR O A IRAE 242 2 CRIE LT AT E, ERIED 53T E I O
WERNNEZED o ITEZRDT2LZA (Fig. 1), FRERPD/NSWIEE G REL o7, Fie, TERIEL
TEHERNNE DAL > T=Z 80, #l 7 O HHER B L e > T2 I IEAI LT THHEB 2B
7z.

EEE 7S TZREI DD, BERRIBIRIEEHZ DWW TIE P LRIFEE D Al XX Fe 28 H T5ZERMES TV
51 P 25 mg/L HEYERRIZ Al 25 mg/L X% Fe 25 mg/L £7255912 Al EEHETR IX Fe A= ¥R ZRINL, K15
WA NAE VIR (Be) LB I ICP-OES & W CHRIEL , IRIITAEIR K MR IINVEIRIZ 3 HFE /R EO H (P/Be)
Z R LTERE R, Al X OF Fe N INU 7oA ER I IR IR N O 56 L ELE L TR AREO LA BIZE WS e eo
72 (Table 9). F7=, P 0 mg/L fFEHEHRIZ Al 25 mg/L XX Fe 25 mg/L 7255912 Al FEHERR XX Fe FEHER A US
MU= DN T, P(1)178.287 nm D K CE — 7 BRI N/20 - T-2 e, T-P20s Ol 57 [1] 0 S T
D—EO IR CRE LR S TR R DO— 2L TIAEEF D Al, Fe ICRDIFAI ML TFHTHLHES 2 L.

— 5T, ALEIEEHZ DWW TS O TR & i S - mk ChH 2 L, FI-FRO FE ot TR 23 K
LB D ARRIENRDHDHZEND, FEHH A DRIK 72D il A R HZER LN EE 2 BT,

7235, T-P2,0s DS [0 D Z3 A E A — R O CHERIE D AT L H L TR TR IRIC DWW T, AT
OGN T HZ LIRS 572720, FTIEART LTI L TH VR ERINE CTOE &I IEBHEE
B COMEEOMEER OPEDRIME T 52005, T-P,0s Ol 7 B DUV THEARIEDORE SRFIC
GOIRNZEELT-.

30 R 30
P (1) 178.287 nm P (1) 178.287 nm
N (Axial,Single) X (Radial, Single)
wn y=1.0235x - 0.0205 L(?J y=10.9948x + 0.0069
gZO S 20 |
y [~
S S
10 10
0 1 1 ) 0 1 L |
0 10 20 30 0 10 20 30
Spectrophotometer (%) Spectrophotometer (%)

Fig.10 Comparison of the measurements in between two methods

Thick line: Regression line, Dotted line: 95 % prediction interval, Thin line: y=x
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Fig.10 Continue



16 AEEHFZEHRE  Vol.15 (2022)

Table 7 The 95 % confidence interval and correlation coefficient of the regression line in bertween
measurement wavelength

Component Wavelength Standard  Observation 95 % confidence interval Correlation
P (nm) solutiona) direction Inclination (b) Intercept (a) coefficient (»)

. Axial 1.012 ~ 1.034 -0.155 ~ 0.114 1.000

Single -

T-P,0; 178.287 Racyal 0982 ~ 1.007 -0.153 ~ 0.167 0.999

Mixed Axial 1.010 ~ 1.032 -0.204 ~ 0.053 1.000

Radial 0995 ~ 1.029 -0.258 ~ 0.158 0.998

e oo am o

T-K;0 Mixed =2 — s TR - :
769.896 Axial 0985 ~ 1.013 -0.197 ~ 0.042 0.999
' Radial 0.993 ~ 1.013 -0.090 ~ 0.087 1.000

a) Single: P, Mixed: P and K

Table 8 Analytical value of T-P,Os in high-concentration sample
Analytical value of T-P,0s5(%(mass fraction))
Sample ICP-OES

cial Rodial Spectrophotometer
X1a adia
Calcined
28.62 27.77 27.50
sludge fertilizer 1
Calcined
28.59 27.61 27.70

sludge fertilizer 2
Compound fertilizer 3 23.59 22.42 22.82
Compound fertilizer 4 23.74 22.85 22.97

— 30 B 100-fold dilution

$ — 7 200-fold dilution

= E : B8500-fold dilution

<, : Z . % & Spectrophotometer

E - % 2 % @ standard addtion method

> y g

825 - g .

< .

> -

ENne :

f_;" L ez

<

20 -
Calcined Calcined Compound Compound
sludge fertilizer 1  sludge fertilizer 2 fertilizer 3 fertilizer 4

Fig.11 Differences in quantitative values due to measurement method and dilution ratio
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Table 9 Effect on the ratio of indicated values when Al and Fe are added

Measurement ~ Spiked ~ Mean of indicated _ F test — ! test. .
component component value ratioa) Varla.nce Critical vl Critical
ratio value value
- 0.0122
Al 0.0126 1.27 3.79 7.54 2.14
P .
- 0.0122
. 0.0124 1.11 3.79 5.26 2.14
e .

a) Mean value(n=8)

(3) WNENIZ XD E EE O

B ARl 5728, 2. DICEVFHRL 75082 AW CIRNEIN A 2 L7, #5503 Table 10 [ZRL7ZEdS
DTHY, WO BT ERS IR RBRIE I ORSN TWAE D BEZM - TV, 72k, SFrHEo R i
Y 7257C, T-P20s (ZDVVTIE P B O PK IR S IEEIR AL, T-Ko0 (22Tl PK IR SRR A1 ]
L7z,

Table 10 Result of recovery test

. Design Relative standard  Criteria of the
Measurement Wavelength Observation Standard b Recoveryc) o @)
component (nm) direction  solution” component %) deviation recovery

(%) (%) (%)

30.97 99.9 1.9 98 ~ 102

Single 15.49 101.1 3.8 97 ~ 103

T-P,0s 178.287 Radial 3.10 101.0 3.7 %6 ~ 104

30.97 99.4 1.7 98 ~ 102

15.49 99.3 3.9 97 ~ 103

3.10 97.2 2.3 9% ~ 104

31.59 101.6 0.5 98 ~ 102

Axial 15.79 99.5 0.6 97 ~ 103

766.490 3.16 100.6 0.6 9% ~ 104

31.59 101.2 0.7 98 ~ 102

Radial Mixed 15.79 99.5 1.0 97 ~ 103

T-K50 3.16 99.9 0.9 9% ~ 104

31.59 98.7 0.3 98 ~ 102

Axial 15.79 98.7 1.7 97 ~ 103

769,896 3.16 101.0 1.0 9% ~ 104

31.59 101.0 0.5 98 ~ 102

Radial 15.79 98.9 0.5 97 ~ 103

3.16 99.7 0.6 9% ~ 104

a) Single: P, Mixed: P and K

b) %(mass fraction)

¢) Mean value(n=3)

d) Criteria of the recovery shown in Testing Methods of Fertilizers

4) GITRERVUTDHBEDHTE
AIEOPATIEEE L O RS FE 2 HE 35720, IR EEAEEL, FRERE 25 A A IR O AR 2 A%
FAWT, 2NN 2 ST THEEZ TS BONEITo72. 728, S EOR HIZ Y725, T-P,05 I22\ T
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I% P EA K O PK IR AHEHER A AL, T-Ko0 (22OW I PK IR AIEHEIR 2 L2, 2NN HriElx
Table 11 |ZR" T L0 ThoTo. FOIV ML B TR B R OV RS EEZHEE L, S % Table 13 1T
L7z,

ZORER, WTNBIEEHERBIEY IR E A \ORSIVTODOMTREEE (DM ARG HE(R 725) K OV R RS
(P EFESHMEYENR 72) OFFRFFAN TH 728D, RIET T+ EE AL TODI ARSI,

Table11 Individual result of repetition test of changing the date(%(mass fraction))

T-P,0s (Radial, Single”) T-P,0s (Radial, Mixed”)
Test day Home garden-use Compound fertilizer Home garden-use Compound fertilizer
fertilizer 5 fertilizer 5
1 0.70 0.70 23.72 23.40 0.71 0.70 23.68 23.51
2 0.72 0.70 23.37 23.41 0.70 0.69 23.61 23.18
3 0.69 0.71 23.64 23.81 0.69 0.69 23.72 23.43
4 0.68 0.69 23.50 23.69 0.71 0.70 23.56 23.07
5 0.69 0.69 23.76 23.99 0.70 0.70 23.76 23.66
T-K,0 (K (1) 766.490 nm, Axial) T-K>0 (K () 769.896 nm, Axial)
Test day Composted sludge Compound fertilizer Composted sludge Compound fertilizer
fertilizer 3 6 fertilizer 3 6
1 0.13 0.14 19.77 19.60 0.13 0.14 19.81 19.63
2 0.14 0.13 20.09 19.89 0.14 0.13 20.00 19.79
3 0.14 0.14 19.88 20.01 0.13 0.13 20.04 20.07
4 0.14 0.14 20.16 20.33 0.13 0.13 20.31 20.38
5 0.13 0.14 20.13 20.32 0.13 0.13 20.09 20.27
T-K>0 (K ( T) 766.490 nm, Radial) T-K>0 (K ( I ) 769.896 nm, Radial)
Test day Composted sludge Compound fertilizer Composted sludge Compound fertilizer
fertilizer 3 6 fertilizer 3 6
1 0.13 0.12 19.79 19.96 0.12 0.12 19.79 19.88
2 0.14 0.14 19.88 19.76 0.12 0.13 19.92 19.72
3 0.14 0.13 20.28 20.35 0.13 0.13 20.24 20.30
4 0.13 0.13 20.01 20.11 0.13 0.13 20.04 20.14
5 0.14 0.13 20.05 20.21 0.14 0.13 20.05 20.21

a) Single: P, Mixed: P and K
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Table 12 Statistical analysis of repetition test result for eestimating precision

. Repeatability Intermediate precision
Measurement Wavelength Observation ~Standard Samo - o 3 5 o ™) 5
component (nm) direction  solution” amples M?;n) Lz(r)/) Rgf))r CR(f;D); S1((:/)) RS(?/I()T) Cngl)m
Home garden-use 7 01 14 3.0 0.01 1.5 4.5
. fertilizer
Single
Compound 26 01 06 15 02 09 25
. fertilizer 5
T-P20s 178.287 Radial
Home garden-use 70 004 0.6 3.0 0.007 1.0 45
fertilizer
Compound 235 02 1.0 1.5 0.2 1.0 2.5
fertilizer 5
Compostedsludge 10 0004 27 3.0 0004 27 45
X fertilizer 3
Axial c d
ompoun
P 20.02 0.1 0.6 1.5 0.2 1.2 2.5
766.490 S —
omposted sludge 5 13 9904 2.9 3.0 0.006 4.3 45
. . fertilizer 3
Radial Mixed
Compound 2004 0.09 04 1.5 0.2 1.0 2.5
fertilizer 6
T-K20O
Compostedslidge 13 5003 23 30 0003 23 45
X fertilizer 3
Axial c d
ompoun
P 20.04 0.1 0.5 1.5 0.3 1.3 2.5
769.896 S —
omposted sludge 5 13 9003 2.3 3.0 0.005 3.9 45
. fertilizer 3
Radial
Compound 2003 009 0.5 1.5 0.2 1.0 2.5
fertilizer 6

a) Single: P, Mixed: P and K

b) Mean value (n = sample number of parallel test (2) x number of test days (5))

c) Mass fraction

d) Repeatability standard deviation

e) Repeatability relative standard deviation

f) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers

g) Intermediate standard deviation

h) Intermediate relative standard deviation

i) Criteria of intermediate precision (intermediate relative standard deviation) shown in Testing Methods for Fertilizers

5) EETRFOHR

Table 3 (ZLVFABIL 72508} 4 S OFEL 5 122U T, Table 13 OIRMPREEL/2 DI AR —IKFET L E=
LA VD % FIVT P UL K ZIRINL, AIEZHES T T-P,0s LN T-Ko0 ELT 7 RPHMTTHHTL,
ZORERERFRITRUIZ, 728, OHTEOR TS 725 T, T-P0s (ZOW T P B L O PK IRAIEHERE
AL, T-K0 \Z oW T PR IR AIEHER 2 FH LT-. 2O HTICE> TERONIZ O T oW OFE (R 25 & O
it (T-P,0s (B /7 17)) (X P 1 mg/L~25 mg/L, T-K,0 (#fiJ517) 1% K 0.05 mg/L~0.5 mg/L, T-KO ({7 11) 1% K
1 mg/L~25 mg/L) DFEADIEHENR %% T, IERFEREBRIEY B E A RBREOZ L EMRBOTIE 126t
S>TER TR O TIR% Table 14 & T Table 15 OEBVHEE LT, ZOREER, RIEOTEE FIRIL, T-P,0s
[ZOWTE 0.05 %FRE, T-K20 (766.490 nm) (2D VTl 7 [ C 0.005 %FE, BE71T 0.2 %2, T-K0
(769.896 nm) |2V NTIFH T [7] T 0.005 %FREE, A7 T 0.2 %R LHEESN Tz, ZAGIHMERAEEIOAE
BN B I8/ T _REEMRYOR/ANED 1/5 LT Th-o7z.
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Table 13 Results of parallel analysis to estimate the lower limit of quantification

Standard
Measurement ~ Wavelength Ob.servz.:ltion Standarct Spiked level Recovery”  deviation
component (nm) direction solution” %) b) (%) (%) b)
) Single 98.5 0.003
T-P20s 178.287 Radial ——— 0.05
100.9 0.004
Axial 0.01 98.9 0.0005
766.490
Radial Mixed 0.2 97.8 0.003
T-K20
Axial 0.01 105.5 0.0005
769.896
Radial 0.2 97.7 0.005
a) Single:P, Mixed:P and K
b) Mass fraction
¢) Mean value(n=7)
Table 14 Result of estimation of LOQ and LOD
T-P20s (Radial)
Single standard Mixed standard
Method for the estimation of solution solution
LOQ and LOD
LOQ LOD LOQ LOD
R (O RN (ORI (O
By para]]e] testa) 0.03 0.01 0.04 0.01
By calibration curvesb> 0.04 0.02 0.05 0.02
a) Procedure(3.6.1) and (3.7.1) for validating the testing method
in attachment of Testing Methods of Fertilizers
b) Procedure(3.6.2) and (3.7.2) for validating the testing method
in attachment of Testing Methods of Fertilizers
¢) Mass fraction
Table 15 Result of estimation of LOQ and LOD
T-K20
766.490 nm 769.896 nm 766.490 nm 769.896 nm
Method for the estimation of (Axial) (Axial) (Radial) (Radial)
LOQ and LOD
LOQ LOD LOQ LOD LOQ LOD LOQ LOD
RO R O R O R OO R O R (O N (O
By parallel test” 0.005 0.002 0.005 0.002 0.03 0.01 0.05 0.02
By calibration curvesb) 0.003 0.001 0.003 0.002 0.2 0.1 0.2 0.1

The foot note is shown in Table 14
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4. FEOH

ICP-OES % W R D T-P20s & O T-KoO D GHTHEZ DWW THRIE SR METL, H—BR=I2l 5%
UPERHERLT- L5, IRDE a5

1) HDEEA BRI, WIEEAZ SR E LR 5, P 178.287 nm Ol E O NAEHEZ- DU Tl Be 234.861
nm &L7-.

2) K PIERFSIEFEHmHHIE LT CsClIEIRE Cs LT 0.1 %L, sUBHAR O A RS % 25 5L E&
FTAUTAT AT LD BELZIT 2N ED iR STz, K(766.490 nm & Y 769.896 nm) D NEEHET Li
670.784 nm L 7-.

3) P KUK OMREREVERLTZEZA, BEFRAY AAEHERIZOWTIE, P 1 mg/L~200 mg/L #iH Tk
TEAREL () 53 0.999 DL ETh o7, MR HEAEERIZOWTE, P22V T P 1 mg/L~200 mg/L il
TIREREL () 23 0.999 LLE, K (29 TiE K 0.025 mg/L~5 mg/L (87 1\]) , K 1 mg/L~200 mg/L (£ J517))
DT THELREL () 53 0.999 LA ETho7-.

4) BEEFHEOT=0, IEEERIEEE OO0, AIEEGERIED T EE O Mg & OWRINENN AT - 7§
B, P #R SO HHED 0 P iR & A IEEHC B W CIEA I ML T O B2 LD, ICP-OES (28500
TEDPERIEE R L CRIEE 72572728, T-P20s DRE RO THIAE T MO E LTz

ZOMIZHONTIE, WIS IEEHEERBIE B E A (RSN TV EEO HIEAH 2L TV e,

5) PHTREEE K OV RRS FE OHEE BAT o128 B, T-P20s [Z W TP THISHE HER 2578 0.6 %~1.4 %,
AR SHE R 221X 0.9 %~1.5 %, T-KoO IZ DWW TP THRMRMER E2S 0.4 %~2.9 %, THFEXHE (R =
1% 1.0 %~4.3 % THY, WTHORSY, REL~UIZRWTHIEEHEREBRIEHEE A IORSITWDIEED
HZLL T ChoT-.

6) DT M OFE (R 72 K OB &4 (T-P20s (B 5 7)) 1X P 1 mg/L~25 mg/L, T-K20 (875 17) iX K 0.05
mg/L~0.5 mg/L, T-Ko0 (#J518) 1% K 1 mg/L~25 mg/L) DFEAEDRE R 752 IV T, JERME R EY [ R
A RBEDZ S MERGR O FIE (T0E-> TE R FIREHEE LR, REOER FIRIE, T-P,0s IOV TIE
0.05 % (B 857 3) F2E, T-K,0 (766.490 nm) [Z-DVNCTIEHEl G [T 0.005 % (B &:533) F2EE, #5177T 0.2 %
(B &5 3) F2EE, T-K20(769.896 nm) (22 VTl /7 17T 0.005 % (B 43 3) R EE, B 11T 0.2 % (E 555
3) R LHEE ST, SIS EEAEEI O AT BTG/ T _RE LR OR/NED 1/5 LLFTHHZ
LMLz,

L EDZEMNE, REE P ICHOWTIHEE ), K 2DV CIEll g [ O 18 Ol E Stk 0 FChE kR
D T-P,0s B O T-KoO &3 4572012, +037etEie a2 AL CWAZED MRS L.

X

1) JEEO SE ORECRTIZEI T HIEME, B 254F5 1 1 A, ¥E4E 127 5, RESOESTICE 12 H 4 |, 14
625
2) EMOKER SR EEO B ORERE ICRE T DB ST E @B O N EHUIKZE D LFEOME, HER
61 42 A 22 H, BMKEEERE 284 75, BAKES 4 £ 2 H 15 A, BMOKEERSRE 302 &
(2020)
3) MNEATBOE NEAMOKPETH # 22 it 2 — (FAMIC) - JIERHERER % (2021)
< http://www.famic.go.jp/ffis/fert/obj/shikenho_2021.pdf >
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4) BEIEZ, F ERVL, mkE, ET’N*’?HJ?EYJEHE*JEPODﬁF‘iT?A, g, = v, rab, §ilk O 0O [F

REHIE —ICP Zt0 e ZE@EowEH —, IR, 4, 30~35 (2011)
5) HILESICP Z5 65 #T (ICP- OEs)/£ ZERDIWAR AR R DK AN RSy ORIE, IREHFZEERE, 8,
1~9 (2015)

6) LA ICP FEH 57534 (ICP-OES) EIZ K DIRIR AR K O 2h R BUREEM ORIE, JEEHIFE @RS,
9, 1~9 (2016)

7) HILFEAN ICP RNk kT2 OHflE, IBEMFIEHL, 10, 29~40 (2017)

8) FARAE & ICP F& 47 L5r AT (ICP-OES) A KD EFEAEAE 1 O <¥EE LR sy OMIE, IEEHFZE S
14~28 (2018)

9) M AKLT  ICP-OES {EIZ LD EEALEFF O KEENE LAy OWEEORFE |, IEEHFZE#® Y, 12, 28~51
(2019)

10) FEAHL IR ICP-OES VEIZ LD AL o0 RV A K M OVRTvA M L OJIEEOBRSE |, IEEHFZEHR S,
13, 1~35 (2020)

11) (LVEIERE, MEREE D>, EFHHE  ICP-OES IEICXDIRIEE O 2oy ORI EEOVERERHN , AR
BHIFZE S, 13, 123~145 (2020)

12) (434E) B ARG T2 BB SGH  ICP F8 Y400 - ICP B & Hr D S L 2B, A — 24, 57 (2014)

13) R, KRR, TBZ I, REEKIE: LRIGIRBEENR DL FH AL LY AR HIIZ DWW T, BBk
*# (Journal of Environmental Chemistry), vol.28, 127~139 (2018)



ICP-OES % FW= BB 0 A lig 45 e OB 2 B O/ iED B3 23

Development of Determination Method of Total phosphoric acid and
Total potassium in Fertilizers by ICP-OES

YAMANISHI Masayuki' , HASHIMOTO Yoshimi' , HIRATA Erika?, SHIRAI Yuji'

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

A single-laboratory validation study was conducted for the simultaneous determination of Total phosphoric acid
(T-P20s5) and Total potassium (T-K»O) in fertilizers by inductively coupled plasma-optical emission spectrometry
(ICP-OES). The sample was ashed and extracted with aqua regia. Solution to suppress ionization interference and
internal standard (IS, using Be and Li) was added to the fixed amount of extract solution, diluted with water, and
analyzed with ICP-OES.

Result of 3 replicate analysis in CRM, and of comparison with the method of fertilizer and 3 replicate analysis in
6 samples prepared to contain with T-P,Os and T-K»O at 3 % - 30 % (mass fraction), this method were cleared the
criteria of trueness described in the procedure for identifying the characteristics of the test method described in
Testing Methods for Fertilizers. Intermediate relative standard deviation (RSDyr)) of T-P,0Os and T-K>O were
estimated 0.9 % - 1.5 % (T-P20s) and 1.0 % - 4.3 % (T-K;0), respectively. The quantification limit (LOQ) of T-
P>0s and T-K»>O were estimated to be less than 1/5 of the minimum guaranteed component amount of compound
fertilizers.

Those results indicated that the developed method was valid for the analysis of T-P,Os and T-K»O in fertilizers.
Key words  Fertilizer, Total phosphoric acid, Total potassium, ICP-OES

(Research Report of Fertilizer, 15, 1-23, 2022)
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2 ICP-OES ZAU\I=IE¥th D el a1y ABED 54Tk DB #

HILEN!
F——F jEEl, AEErEVARR, ICP-OES

1. [XL®HIC

RSB T T AR K AT EEE (ICP-OES) & W ARED A3 HTEIZ DUV T, 2011 ARG TR IEE
DA EEEBOIHTIEY, 2015 FEITHRALEH O AKVEME RS O3 HTIEY , 2016 AEITHCRAREH O 2h F
SEBURIER DAIHTIED , 2017 FEICF Zo D43HTEY, 2018 FEICETEALEL P O<IAME RSy DAHTIED, 2019
R BTN O KA E R D5 HrES, £ LT 2020 4EIIEEF O AR A IR K VAR o4y
BHHED S, 2 FAMIC B s, EEHERRBRIES I ST .

FITARRETIE, T BT TADIEL X BT V=07 NI ATVETED JUlE (—TF L~ oL 2 ARt
R AT Al e\ ND) (RIESIED AU (S-P20s) (LA, SP &) ORIEIZ-DUNT ICP-OES A e /T is
(BLF, RIEEN)) ZBRFEL, H—RBREIC LD Y MR E T o7, IBIZ, BRI S E OfMASICE T2
B PSR 12 A I IESH, ZNETEETLERED LI TR -7 Rk AR 8 AR B2
A LT IR (R ZR I B AR EIR G KL Z A PE T H BN ATREL 2o T2 D, FEERNIE RIS AV IR E
A NEE~OE A IC OV THRF L2 THiE 5.

2. MHEERUAE

1) AR
Table 1 |\Z/RL7ZAEEHZDWTIE, 500 pm D55\ A 1810 T 5 E T TRt L-b 0% 5T HEE L
7o AR FEHERE K OV —ZHEBIZ DWW T, #2MRER% VT 65 °CC 5 B LA EREEEE7-%4, 500 pm D55
WA S5 E TS THfEL7ob 0% AT B E LT, 2o, IEEERGEEHEY)'E FAMIC-B-14 Z
7z.
Table 1 Samples

Kind of fertilizers Number Materials

Chemical fertilizer 13 Ammonia, Ammonia chloride, Ammonia phosphate, Ammonium sulfate, Ammonium nitrate,
Borate fertilizer, By-product magnesium fertilizer, Canola oil, residue, Coated urea fertilizer,
Dried cells, Fermented rice bran, Fishmeal, Lightly baked magnesium, Liquid compound
Superphosphate 5 fertilizer, Magnesium sulfate, Manganese sulfate, Potassium chloride, Potassium sulphate,

Steamed bone powder, Steamed feather meal, Steamed leather powder, Superphosphate,
Triple superphosphate 1 Urea

Mixed fertilizer 4

2) HEZORR

(1) 7K:JIS K 0557 \ZHIET 5 A3 DIK.

(2) 4fE: BT AV ARDCHEE KB HT

(3) TrE=TK: BWETAVAFIIEHEE Bk (NH; 28 % (L E5Y )

VRSIATBOE N MO PEH B L et 2 — R e —
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(4) <X ABE—KFW: &7 AVLFMIEE Ktk

(5) N=T N~ A ABBBERTR . JIS K 8283 IZRIE T2 X A — /KT 173 g Z/KIZIMA THENL, =
F A2 g IS T DT =T KEBEIL 2Bk 2 TN, KZMZT 1000 mL L7z,

(6) Halk: BT AL LTI K58

(7) $HaFe(1423) 0 (6) DIEREOIRFE 1 L/AKDOIKRE 23 LAIRELIZHO.

(8) YUY LFEAERL (Be 1000 mg/L) : & L7 A /L LFEHZK JCSS

(9) ~NUUTLEAERR (Be 100 mg/L) @ ~VUUD AEHERL (Be 1000 mg/L) 10 mL % 100 mL R&7 7 A= (TL
D, FERRETHERE (1423) M2 5.

(10) WAFEHERE (P 10 000 mg/L) : ¥ 7' ~T/VRU»F ICP A

(11) VAFEAERR (P 1000 mg/L) : YAAEUENR (P 10 000 mg/L) 50 mL % 500 mL 2§77 A2|ZE, g
(1423) ZHERETIMZ THRELZ.

(12) WAFREYERL (100 mg/L) : W AAZHERE (P 10 000 mg/L) 5 mL % 500 mL 42577 A=2E0, Hg (1423)
RERETIA TRE L.

(13) MREMAEERK (P 10 mg/L~200 mg/L) : WAAEAER (P 1000 mg/L) 1 mL, 2 mL, 5 mL, 10 mL, 15
mL 820 mL % 100 mL &7 7 ATZED, EHITANYIT LMMEAERK (Be 100 mg/L) 24528 ~7 7 A=(Z 10 mL
FTOMZT%, Wk (1423) ZAERETINZ QRE L. 728, TR EREEROREIX P &L T 10
mg/L, 20 mg/L, 50 mg/L, 100 mg/L, 150 mg/L & T} 200 mg/L THY, ZNZENNIERELL T Be % 10 mg/L &
AT %.

(14) FREHRTAEAER (P 0.5 mg/L~5 mg/L) : VAAEHER (P 100 mg/L)0.5mL, 1 mL, 2 mL %' 5 mL %
100 mL 2877 ALY, SHIZYUD AEHER (Be 100 mg/L) 452877 A2 10 mL Oz 7-%,
i (1423) 2L E TN TRA L. 728, MU R ERAEEROREIL P LT 0.5 mg/L, 1 mg/L, 2
mg/L &' 5 mg/L THY, THENNIERELL T Be % 10 mg/L A7 5.

(15) MR Ef A ZeskBRig . Hife (1423) 2 L7Z.

3) BERUEE

(1) ICP-OES: ®E#H&/ERT ICPE-8100 (B 7 mBLHI LK, v —Fr v v gstes)
(2) Ot EERE BERERT UV-1800

(3) B L% : Retsch ZM-200

(4) U4—#—sXA:Thermo Fisher Scientific FSGPD28

(5) /NI ER

(6) A 6 i

(7) AHk 3 i

4) SWmAE

IIHTREL 2.5 g Z/MUELERIZ AL, K 20mL~25mL Z Mz TV D5 L, O LERERE A 6 FET
250 mL £E 7 T A2 AM LIz, S HIZAKK 20 mL~25 mL Z 12 2 #8(E0 D Al £ TO#RIEE GFE 3
Bl 0 R U721, /DUFLEEN O RNEREY) % K TAHK LI LA, AHED3 200 mL (2725 £ TKTAH
W EDOREIRY & el LTz, ARV BEOREEZ M, FICERE TREML, JehEr (1) & L.
AR ORI G 2 ARk E & HIZHID 250 mL &8 7 7 A 2B LAR, N—T /b~ < X AVRBERIR
100 mL Z/1 2 Tz L, APBHIN D ETIRVIBEEZ. HICEET 7 A% 65°CE2 COKIBHT
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15 Z L IR VIBE RN O L RFRINEA L7z, B0 nIcmEAI L%, BERETKEMZT. A3IFETAH
AREHAIE (1) ROWREHRKR 2) o 5mL % 100 mL 287 7
Z AT AH, U LEAER (Be 100 mg/L) % 10 mL 1%, SHIZHRS (1+5) % 25 mL Nz, EHEETKE
A T=bDZEFEHEIR L, ICP-OES & HW TP OREAE L. 7235, ICP-OES IZLHE #IE, P1%178.287
nm, Be |% 234.861 nm O FAZDWTHHTL, P IRELIERIED I P/Be & AWV TR EMAERL, 3O
P DR EZRYD, HURIREL 2.2914 2T U THNTFUEH P OV AREE (P,0s) IR EEZ R 7=, Scheme 1 [ZARIED 71

wL, AkhaE (2) & L%,

—y =Rl

| 2.5 g analytical sample | Weight the order of 1 mg to a small mortar

Repeat 3 times

< About 20 mL-25 mL water

Grind

Supernatant filtration | Type 6 filter paper, 250 mL-volumetric flask

< Residue >

Transfer | Transfer residue to a filter paper

< Residue >

< Washing with water, until filtrate reaches about 200 mL
< Filtrate >

<A few drops of nitric acid

—Water (up to the marked line)

| Sample solution (1) |

Transfer | Together with the filter paper, 250 mL-volumetric flask

<100 mL of peterman citric acid

|  Shakingtomix | Stopple and shake to mix until a filter paper breaks down
| Heating | At 65 C £2 °C for 1 hour while shaking to mix every 15 minutes
| Cooling | Immediately

—Water (up to the marked line)

Filtration | Type 3 filter paper

| Sample solution (2) |

Sample solution (1) and
(2) each 5mL

100 mL-volumetric flask

<—HCI (1+5) 25mL
<Be standard solusion (100 mg/L) 10 mL
—Water (up to the marked line)

ICP-

OES |

Scheme 1 Flow sheet for citrate-soluble phosphoric acid in fertilizers by ICP-OES
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3. HMRRUER

1) REROERKE

P OIRFEN 0.5 mg/L, 1 mg/L, 2 mg/L, 5 mg/L, 10 mg/L, 20 mg/L, 50 mg/L, 100 mg/L, 150 mg/L }% T} 200
mg/L DR B IR ICP-OES T7U 4 A2 2 RIIEL, P ORELIERED I P/Be IZ LA B % Fig.
1 DEBVIER LT, PERRE () 53 0.999 LI ETHY, B D 95 %lE K I 3 & Fh k.

0.25

y =0.001x + 0.0005
1?2 =1.000

o o o
— bt (3]
o " o

o
o
W

Ratio of indicated value (P/Be)

0.00
0 50 100 150 200

Concentration of P (mg/L)

Fig. 1 Calibration curve of P

2) HREOE

(1) R SRREAE HER) B 2 PV N B FE DR AT

RIEOERE %rpﬂﬁﬁﬁ“ét&) NEREEREAR EME FAMIC-B-14 % 3 miffTIZE0 L7z, #5253 1T Table 2
DEFY, SEAMEILFRREE I3 2 E R OFFH N THY, HEM%aﬁ%’ﬁ%ﬁW@% A ITRENTODEED
B A 72 LT,

Table 2 The estimation of trueness using certified reference materials

Certified 2) . Warning limit for the certified
. Mean Certified value
Ingredients reference % ( on) 9% (Mass fraction) value
material % {Mass fraction ° % (Mass fraction)
SP FAMIC-B-14 9.23 9.18 9.01 ~ 9.36

a) Mean value (n=3)

(2) ZYPED RSN FRBRIE L O LT LD FLE ORI

Table 1 _rw:aiwr ZOWNWT, RIELIEEHERBE IS TWD NN T REV T T U7 = LK
SEICEEIRIZ I T E AT, 51:72&%5 2 DOHFHEICE D HTEOHBIIXZERL T, AiEOEEZ ML
*aﬁaﬂimg 2 DERY. &b, EAROBIE, B 7 R OFBIRE AR L, SO T X AR LTS
3, BT B OB R EIE 0.99 uhﬁwlﬁl JREBROBED 95 %IEHEXHENIC 1 3EEN, YA D 95 %IEHH
XIZ 0 235 E CTRVIERHERBRIEN B E A [ORSIVTWAEED HAEA7-L Tz,



28 AEEHFZEHRE  Vol.15 (2022)

60
g y=1.01x+0.1415
£ r2=0.9995
<
4
& 40 |
2
N
=
g
T 20 |
»
69)
Q
Py
S
0 ¢

0 20 40 60
Ammonium vandomolybdate absorptiometric
analysis (%(Mas fraction) )

Fig. 2 Comparison of the measurements in between two methods

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

3) BHHEEHFEAVIEERESEHA~DER

Rk AR E AR E IR A EEHZ O W TO T A JTICRFE Iy BA R R THIEN AR THHI L
DD, AIEDERIEENSE AR EIRA IEEHCE 15 SP O T ~O F 28 sl REN KRt UT-. Rk AL 2%
AVFEERA L THSAHEIRIZEO AR AR A ZIRA Ui REEL e, N—2HEImIZIE Y AR A K
B ZEA L BEE 2 W TREIL-. 2ok, SRBLECEIO B OIR G HI G K OV Bl 1% Table 3 &
U Table 4 LBV THY, JFEH KL OFH RO AT ITARIEIC IV EREL7-.

BB AHEIR LB AR IR A ZIRE LT-FHREUEHZ DU TIE Table 3 D&Y, SP DFEFHED 5.34%
(E &) ISR U TOMT T 5.16 % (E &5 3R), BRI 97 % Tholo. N—rHE RS AR A K B
ZIRAULFRGEHZ W T Table 4 OEEY, SP OF%FHED 3.12 % (E £y R) I L TONHEE
311 % (E&ES#), BUERIT 100 % Tho7o. WTAOFREEHT BV TH o L TR BAL IR,
FERERBRIEM R & A CTEDOLNTWOEED HEFEATT-L QW . LIE3> T, ZNLDJREHEIR G LT
LG ThoTh, RIEN+H07eMiEE2 AL QLI EDN RSN

Table 3 Analysis result of fertilizer prepared by mixing cow dung compost and superphosphate

Raw material analysis

Materials Raw material Blending ratio value X Blending ratio
analysis value (%) a)
(%)
Cow dung compost ~ 3.83 +0.16 ” 90 3.45
Superphosphate A 189+0.12 10 1.89
Desing value of adjustment sample 5.34
Analysis value of adjustment sample 516+ 022
Recovery rate 97 %

a) Mass fraction
b) Mean(n=3) + Standard Deviation
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Table 4 Analysis result of fertilizer prepared by mixing composted bark and superphosphate

Raw material analysis

Materials Raw material Blending ratio value X Blending ratio
analysis value (%) 2)
(%)
Composted bark 1.31+0.01” 90 1.18
Superphosphate B 194+0.6"° 10 1.94
Desing value of adjustment sample 3.12
Analysis value of adjustment sample 3.11+003?
Recovery rate 100 %

a) Mass fraction
b) Mean(n=3) + Standard Deviation

4) BHTRERU MR EOFE

ARIEDOPHTHEE I O G EE AR 95720, (LRAEEL A, 18D VB A K e OMLRAEE B & 2 ST T
HAZZE 2T 5 [FTa T o724 R0 Table 5 OLFY. IH1T, —ILEE T 21T > TRRONT M TS
K OV RS EE A SR DT fE R IE Table 6 O&38Y. GHTHXARMER 2L 0.7 %~1.9 %, AR 221X
0.8 %~2.0 % THhY, EEHEREBRIEM BT A ITRSNTODREED HZLL N ThorzZinb, RiEIT 572
FEAZAL TWDI MRS,

Table 5 Individual result of repetition test of changing the date

for the precision confirmation (% (Mass fraction) )

Testday  Compound fertilizer A Superphosphate Compound fertilizer B

1 5.30 5.47 18.85 18.78 53.18 53.97
2 5.48 5.44 19.45 18.68 53.00 53.44
3 5.42 5.36 19.24 19.33 53.67 54.31
4 5.53 5.51 18.96 18.14 53.30 53.23
5 5.44 5.39 18.90 19.16 53.57 53.20

Table 6 Statistical analysis result of repeatability test

Repeatability precision Intermediate precision
Sample Mean"” se RSD:”  CRSD:" sim’” RSDin"  CRSDim*
e e S N OB v S N

Compound fertilizer A 5.43 0.06 1.2 2 0.07 1.3 3.5
Superphosphate 18.95 0.37 1.9 1.5 0.38 2.0 2.5
Compound fertilizer B 53.49 0.37 0.7 1 0.41 0.8 2

a) Total mean (test-days(5) X parallel analysis(2)) e) Intermediate standard deviation

b) Repeatability standard deviation f) Intermediate relative standard deviation

¢) Repeatability relative standard deviation g) Criteria of Intermediate precision(Intermediate

d) Criteria of Repeatability precision(Repeatability relative trlative standard deviation)

standard deviation)
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5) EETRFOER

P DL 0.5 mg/L, 1 mg/L, 2 mg/L X 5 mg/L DR s R #E# % ICP-OES THIEL TR L 7=k &
BE MW TER FIRE O FRRAHEE L7z, B mft 5% 22 O MER 2 XX EUR EHRNOHEE LT R E
BT DY 7V OIEHE(R 7= SR B OB E 2 O CE B R IR M O H T IRZHEE L2k 5, 0.02 % (B &
45ER) TR 0.01 % CE B4y 3R) Fe i SHEE SN, 2, IEBIOAERE TEDLN TWEEA T &1
D/ NETHDFBER 2% A IEEND 0.1 % (B &%) 1IZxL T 1/5 BREDRE Th-o7z.

4. F&H

ICP-OES % FAV =B 1 D AT ERMED AUBR DT I DWW T —RBR RIS LD 2 Y AR L2 E 25, K
DFERAEFFT-.

1) PIREEDY 0.5 mg/L~200 mg/L DI TRt A 1ERL LIRS R, EFREL () 23 0.999 LLETHY, G154
D 95 YAZ T X N RENE EFNTNDI LA R LTZ.

2) BEJEZFT D720, IR UEYE FAMIC-B-14 Z /54T U7-# 5, IERME R BRIEMHE & A IORS
NTWDEED BAEATT-L T, Fo, U EPHERSNERBRIE CHHLNTREVT T U@ T =T A
W EEE DRI EME L ELE LT R, RS ORBRIE THOZ LA MR L.

3) FRERIEEME AR EIR A ERH AR E L7 R EUR 2 BT T Lol Ik, Al e AR 3R B D%
FHE D EICRI TR R S R BR G E E A TEDLN TS EE D A2l Tz,

4) DHTREEE R OV RS EE OHEEZAT o7 R, PHMTHRMERERZEIL 0.7 %~1.9 %, TR E R 2
130.8%~2.0 % THY, IEEHEFRBIEHEE A RSN TWDKEED BLLU T ThoTe.

5) BMEHREAOTCERE FIREOBH FIREHEE LIREE, 0.02 % (B ESR) LY 0.01 % (E &) 2
ELEZ LT

YL EDZ NS, AIEITNEE P O FEEMED ABZRIE T 272018, 072 E A L TV ZED RS
7.

X m|

1) EEER, FHEEL, BHE, BT GRIEE T OARIV A, ), =L, Zab, §i kO O[F
REHIE —ICP Ity embrikiE o H —, IEHFZtEIE, 4, 30~35(2011)

2) HILAESTICP FH53 565341 (ICP-OES) VA Z XD WK AR 1 D K 2 5l oy DI E, AREHFZEHA, 8,
1~8(2015)

3) H LA ICP FH 55504 (ICP-OES) VEIZ K DICIR AR %) R BUREEM ORI E, JEEHIFZE @R,
9, 1~9(2016)

4) HIWLEIICP A I HEICL DT Z o ORE, IEEFZEEHE, 10, 29~40(2017)

5) RRRAE & ICP FE657 653 H (ICP-OES) VI KD E TR < st sy OWE, IEEHIFZEERE, 11,
14~28(2018)

6) MAMLIR ICP FEIE53 50T (ICP-OES) A KD E ALK th KA VE oy DIE, MEEHITFEHR S, 12,
28~51(2019)

7) FRAHKL SR ICP-OES {EIZ KD IEHH D IEAE M A K B OVRIME S Lol EIE OB %, IEEHFZEHR S, 13, 1



ICP-OES % FU =R O RIYETED AR D 43 AT D BRI 3 31

~35(2020)

8) FMSZATBUE NRMOKPETE E 2 2 i 2 — (FAMIC) : IERF 3R % (2021)

< http://www.famic.go.jp/ffis/fert/obj/shikenho_2021.pdf >

9) NEEtOGEOMEREICEIT DR, W25 45 H 1 A, B/ 127 7%, BoRduESocdE 12 A 4 |, &
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Development of Determination Method of Citrate-soluble Phosphoric Acid
in Fertilizers by ICP-OES

AOYAMA Keisuke'
"Food and Agricultural Materials Inspection Center (FAMIC), Kobe Regional Center

Regarding the analysis method of citrate-soluble phosphoric acid (S-P2Os) using ICP-OES, the performance
of the analysis method by a single laboratory was confirmed.

Water was added to the analysis sample for extraction, then Peterman citrate solution was added for extraction,
then equal amounts of each extract were mixed, and Be was added as an internal standard to analyze the sample
solution using ICP-OES.

The analytical values obtained of this method were equivalent to Ammonium Vanadomolybdate Absorption
Photometry listed in Testing Methods for Fertilizers.

The authenticity of this analysis method was confirmed using a fertilizer in which cow dung compost was
mixed with superphosphate and a fertilizer in which bark compost was mixed with superphosphate. By the way,
these fertilizers can be newly produced from December 2019. As a result of analyzing these fertilizers, the SP
recovery rates were 97 % and 100 %, and it was possible to apply this analysis method to fertilizers produced
by mixing these raw materials.

The repeatability standard deviation and intermediate relative standard deviation were calculated by analyzing

the parallel analysis for 5 days, and the results were 0.7 % —1.9 % and 0.8 % —2.0 %. The lower limit of

quantification was estimated to be about 0.02 % ( mass fraction).
Key words  Fertilizer, citrate-soluble phosphoric acid, ICP-MS

(Research Report of Fertilizer, 15, 24-32, 2022)
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3 WREERRSTOLODOI/—ILEEEOR B LT
— SIS AIRBRIC & B YRR —

CIEBE 7, A
F—O—F b FEREREGR R, R IREOR, MR, LR, SRR

1. [FC®HIZ

MO Ta— " AbpntEte d, WA EFHMICRD FRENEBEE S ORELRDLIENTENISIT,
WTO/TBT & CIXEBEHMEEZ A WAZERFEE SITHNTEY, FHAEIZH W TE ISO/MIEC 17025 (JIS Q
17025) V & B £ 2 72 3 Wil OB FEPERE R S B EAS LTS, ISO/IEC 17025 Tl, W& THBRICIZE
B - EZ A L S DR SN HEARIE T HZ LA E R TWD. Ee, IEEO M E OfElR % IZ B
THIES TEDOLNTIEEID 2V IfR D E B L OBEOF H T RIS OV T, BHKER SRk
DR RBRIED MR ESIN TS, 20720, IERMERBRIEILZ Y EDN RSN COD R ENHS.

B, IRRPERBRE I SN QDT =/ — VR IR IR O TSR TR 2 3 O 3 Hrikic o\, BIESY
DETEAEEHZ DWW TR EAFRIREOH 2 W3S L 0 7 %, IRIEEHZ S W TIEFIRVIEE %
ITOREBHRIER L G IEERFIL, B L TiEIC ST, B—RBR =I5 2% M (SLV : Single
Laboratory Validation) Z i L T\ 5. Alal, tt B L7/ HHEIC OV T, ERSHICIENEL X402 2 3 [R5
(X522 P ER (HCV : Harmonized Collaborative Validation) & 327D C, =DM EAHRE T 5.

2. MHHRUAZE

1) ¥MEUEZAFEHNRUVEARFERAFRHORR

OB B O TE : 4R DO IEENERI E O EA B E 2, AR CTIIodr Hatkle L CrsfmtE = #%
TRAER 7 L L COA BRI O M, i E R 2 A L CODDMRAER 7 B &L QDo 7 R A HEE D
ZVIEEE FRTICERRL, Y UTHEIE 1 86 A EEIERIORBHI G DT, BB LT, Bl o AEeh (s
B AR , ALRAmEE 1 (B35, LT RC) GERLREED , (LRiirr 2 Gh R BUREM L TRl
JRARIN) , ETWRIEEFE L C, IRE S IR 1 CEAVES LR, FRER=HES IR | X ONRIRES
HERE 2 Gh AR BUREM & U TR A IR ETRIN) 2 LT, 205 A 3 HhEENEZE 0 B3 i@ AR O RAE
RO BEE L TR BRI AR T 5 I0ITRE L.

QETEIEE O il — 4, (bR ek (2 fifH) , BlaAEEE, HELA B BIE 500 pm D550 4 i
T 2ETHFE, WEIZRDIINCEIEA L. KIZ, S FEOIEEHI W, FERVALRICN 1.9 ¢ FTIE
L7cbDz% 56 EIERRL, & FamlZilER 2 AW TTU 2 AZE B (1~280) AL LI-b 0 &FEIE LT, &
NHEOFRBN LT 5 FEEOREINSEL 2 W TT U2 A2 10 fJ 3 S S B E e sd B LT

OURARAERFOFRFH L IR 2 R AR, R A IR (2 FEER) , FEERE < A E S IR 2 B 2 U AR
UEZTK 0.76 g 73ELTZbDEF 56 EIERL, HBaIZELEBER LW TI o LICE 5 (1~280) AL L

VARNTATEE NBRMOKEETE B 22 it s 2 — AL & —
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TebDa B LTz,
Fe, ETEALE S OVIRIEE D45 5 FARORURN D EEVEZS (Z2 230 2 89 D fil H L7z b 0 2 36 [FIRAER
AEREL, LUT ORBREIZIES L.

(

HFFABRZ AR =)
Faa—77 70kt BI85

- o rakAstt WY

- IEFIER LI A WhE T

- MSEATBUE NEMKEEH B et 2 —E w2 — REHR AR

© MSAATEOE NBMOKER T it 2 — it 7 — Rk it
© MSAATBOE NBMKERE a2 —ilia e 27— Rk iR
- MNIATEOE N EMKEEE R EEIN e 2 — 4 B2 — EEHRER
- MSEATEUE NBMKEIE B 22t 2 — @it 2 — IR AR

- MSEATEE N MK EM B 22t 2 —AE IEEEM 2 SR B iR
- fERIEEHE RS FR T

- RV URERME RS dER TS

- RV ERHE RS IR T

- RV EBR RS 22 L

(BRI 50 5 IE)

2) BB

LKA, b s R EEER RS (3 mEEEIREOM) , KR, N, 35 R BR=ENMEH
LCWALOZEF L.

3) HFAE

JEEHERRBRYE 4.1.3 BHERTEZE SR 4.1.3.c 7=/ — /VERIEIZIVHIE LT, 728, B0, 7n—r—h
Scheme 1 (Z/RL7=.

| 1.0 g | Weigh to the order of 1 mg to a 250-mL volumetric flask
|<— About 200 mL of copper sulfate - silver sulfate solution
|  Shakingtomix | Rotary shaker (30-40 revolutions/min) for 20 minutes

or Vertical reciprocating shaker (300 times/min)for 20 minutes

< About 1 g of calcium hydroxide
< About 1 g of basic magnesium carbonate

|  Shakingtomix | Rotary shaker (30-40 revolutions/min) for 10 minutes

or Vertical reciprocating shaker (300 times/min)for 10 minutes
< Water (up to the marked line)
| Filtration Type 3 filter paper

| Sample solution |

Scheme 1 The flow sheet of extraction procedure in solid fertilizer
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| 0.4¢g | Weigh to the order of 1 mg to a 100-mL volumetric flask
|<— About 80 mL of copper sulfate - silver sulfate solution
| Shaking to mix | Shaking with hands to mix completely

(Firstly making a flask up-side down and shaking mix about 5 times
in gripping a neck of its, then making return it, so far with
repeating about 10 times)

< About 0.4 g of calcium hydroxide
< About 0.4 g of basic magnesium carbonate

| Shaking to mix | Shaking with hands to mix completely

(Firstly making a flask up-side down and shaking mix about 5 times
in gripping a neck of its, then making return it, so far with
repeating about 10 times)

< Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 2 Simple extraction procedure (Shaking to mix completely) in liquid fertilizer

| Sample solution |

| Aliquot | Small evaporating dish

| Evaporation to dryness | No less than 80 °C water bath
|<— 2 mL of phenol sulfuric acid
About 10 minutes after making phenol sulfuric acid
contact with residue
|H 20 mL of water
| Standing to cool |

| Transfer | 100-mL volumetric flask

Leaving at rest

< 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 (410 nm)

Scheme 3 Flow sheet for quantitation method of nitrate nitrogen in fertilizers

4) HREFRBAAMOHEMHE
IUPAC/ISO/AOAC DFEFERRER 7 b= /L(ZhEW, 1)ICEVFERL, ML= AEE 50 3UBHZ W T BT
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D2 ROHMTTHONI L TR EMEZHERLT.

5) HFEHER

FERIFBR ISz 13 BB = OB E O H L7200 YR ORI OME R R, I ONZHRED RS
FROFEHL Table 1 DEFY. ZNENOREREIZ 1) ICIVFRBL 725 20 FEF (ERAEEIEL T 10 308, K
RAEEFELT 10 30BE) , 2O FIRRMGE AR U CREZARE SR IERE 25 2 5, I QNS EER I Hi
FEEAEATL, A aBREIZIV T 2021 4F 11 H 4 H~2021 4F 12 A 24 H OHIRE GEANCIHRFEL 7= —FB DK
BREEIE 2022 4F 1 A 14 HETOHM) 12, F3EHIXIE T2 8) D HHEIZHES THHTLIZ.

Table 1  Equipment used

Shaker
Lab ID" Model of spectrophotometer (Selected in preparing the sample solution
in solid fertilizer)
A SHIMADZU, UV-1800 Vertical reciprocating shaker
B HITACHI, U-1900 (Constant temperature) upside down rotary shaker
C SHIMADZU, UV-1800 (Constant temperature) upside down rotary shaker
D HITACHI, U-1800 (Constant temperature) upside down rotary shaker
E SHIMADZU, UV-1800 Vertical reciprocating shaker
F JASCO, V-670 (Constant temperature) upside down rotary shaker
G HITACHI, U-5100 (Constant temperature) upside down rotary shaker
H SHIMADZU, UV-1800 Vertical reciprocating shaker
I SHIMADZU, UV-1800 Vertical reciprocating shaker
J SHIMADZU, UV-1850 (Constant temperature) upside down rotary shaker
K HITACHI, UH5300 (Constant temperature) upside down rotary shaker
L SHIMADZU, UVmini-1240 Vertical reciprocating shaker
M SHIMADZU, UVmini-1240 Vertical reciprocating shaker

a) Laboratory identification (random order)

3. HWRRUER

1) #RAEBRAHEMOYEERER

BEIEIEEHZ DWTH 5 FEEOREZ 2 mOHMT ot L7 FEE (X)), — Bl &0 B DR RS
FHUTOMTIE R ZE (s,) , UBHRE IR 75 (spp) , DTG EE 25 Lo el AR ME (R 72 (Sp4) & Table 2 1Z7RL
7o BT, IERHERBRIE I ORI CW D E BRSO H %2 (CRSDr) K VENLMBHEH (K 1) LIz HEE =
PR B R 22 (6r) Z[RI U< Table 2 (Z/RLTZ.

BYEMEOHE I, TUPAC/ISO/AOAC DEFERBR 7 uha L DO FRNEAB B IZE ML=, £T°, S48t 2
PRT DT, HTRE ROV T Cochran DR EZ I L 7. ZDHRER, 2 3O ST E D MUVE S B E S bR
SALTC. SMVIEBRIME D TG RIZHOWT, — el E B2 ML, FHTEEER 2 (s,) M OSBHRAE 8
72 (spp) Z23KeD, (X 3) ITED TR MR 72 (s,) 2Rl L 7=. YRIZ, IUPAC/ISO/AOAC D hEaER 7 mh=/L
DFFZHEOHEX (K 2) O THEMOHEEI Tz, TORER, 2 TORBICHIEN (X 2) &7
LCWeZenh, HEFBAFBEL TR YRBEEZ AL CWDILEMR L. 2B, BEDTZD, HHMTHE
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Rl 5 GER 3) 2 TREIORT . £72 (R ) Ik TH TR B &2 & TRl B R FR MR 22 (spo) 2B L72L T
5, W ORERHET SR BURHER 2 (6 p) LU TNSWETH -T2,

Gr = CRSDg X X/100 «e (N D)
spp < 0.30, = 0.36¢ <e(X2)
s <050, = 0.56y .-+ (3)

Sbtr = V/Sr% + Spp? -++(4)

O g HERE =) F SR TR 22
CRSD g : JEEHEABRIZI RSN T E B EE (SEH SRR AER 2 (%)) O B &

X RS sy DM TEEYE(R 2=
op  E U PERERAAT) A BISIE A LT AR R 22
Spp : PRI Y 72 Spar : DHTHE EE % & o iR RS VR 25

Table 2 Homogeneity test results
e) f)

No. of i® A~ 1) )

Sample CRSDRd) OR Sbb 0.36Rg) Srh) O.SGR. Sb+rj
Sample
Pl O M V0 MR ) M ¢ M 0 M O M O M O &
Sodium 9(1) 17.21 3 052  0.03 0155 0041 026  0.052
nitrate
Formulated k)
cortilier 9(1)  11.69 3 0.35 0 0.105  0.064 0.18  0.064
Compound K
cortilier | 10 (0)  6.96 4 0.28 0 0.084  0.045 0.14  0.045
Compound K
crtiior s 10(0) 0739 6 0.04 0 0.013  0.005 0.02  0.005
Compost 10(0) 0.178 6 0.01 0.001  0.003  0.004 001  0.004

a) The number of samples after exclusion ; ( ): The number of outliers from Cochran test

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 2021

¢) The estimated standard deviation of reproducibility calculated based on CRSD r

f) Standard deviation of sample-to-sample

g) The value for the test :s,, < 0.30, = 0.36%

h) Repeatability standard deviation

1) Parameters for the determination of repeatability standard deviation (S)

j) Standard deviation of sample-to-sample including repeatability :  Sp4r = v/ Spp? + Sp2

k ) When the variance between groups < the variance within a group, s vb. Was considered as 0

2) EXRFABRERRUNNERTE
ZBR DA SN e [FERBR A 4 Table 3-1 TN 3-2 ITRLT-. BBRE G OFE BRI OV T ERR
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SRR O FIEICRE RN SHDHEE 2 STz, UBEOFKFHRITICIZ AV ez e Lz,
L7z 12 BRBREORE ROV, TUPAC ORI 7 aha U iCht> TREHIENT 2 FhE L=, 4 Ea
H 957212 Cochran DR E K& ) Grubbs DI EZ FEiL7=. FDHEHE, 12
I, WEEEY —4& C 1 RBRE, BLA R 1 3RBRE, Lkl 11 3REBRE, (LkIEsl 2 T 1 3BR=ER, ik

B G Z4h

RBREDH L, EFIEEHI SN T

JEBHZ OW TR ZE R ALENT 1 3B E, RE A IERNC 2 BB, FER=HEAIER 1 T 2 3HR=,
REE IR 2 T 1 RBRE;AIVESL THIES L.

Table 3-1  Individual result of nitrate nitrogen (in Solid Fertilizer) (%)a)
b Sodium Formulated Compound Compound
Lab ID nitrate fertilizer fertilizer 1 fertilizer 2 Compost
A 16.75 1677 11.39  11.55 6.88 6.94 0.743 0.735 0.195 0.193
B 16.40 1640 11.20 11.00 6.80 6.80 0.700  0.700 0.150  0.167
C 1684 1669 11.72Y 11.11Y 6.94 6.96 0.740 0.721 0.183  0.188
D 16.12 16.20 11.06 11.02 6.76 6.76 0.667 0.660 0.190 0.190
E 16.62 16.64 11.28 11.18 6.80 6.78 0.702 0.700 0.162 0.162
F 15.09Y 15.95Y 11.21 11.17 6.93 6.85 0.710Y 1.76Y 0.196  0.200
G° 17.85 1792 12.06 12.21 9.24 9.27 1.18 1.26 0.554 0.620
H 16.49 16.71 11.72  11.51 6.90 6.86 0.753 0.737 0.202  0.198
I 16.26 1638 11.32  11.37 6.91 6.91 0.716  0.723  0.167 0.166
J 1595 1590 1120 11.07 6.62Y 5.98° 0.716 0.718 0.169 0.178
K 16.51 16.05 11.32 11.28 6.97 6.77 0.692  0.734  0.191 0.183
L 17.24 17.15 11.77 1191 7.08 7.12 0.753 0.746  0.187  0.183
M 16.02 16.22 11.28 11.37 6.58 6.44 0.690 0.716  0.130  0.145

a) Mass fraction

b) Laboratory identification (random order)

¢) Not Adopted the result for flaw of analytical procedure

d) Outlier of Cochran test
e) Outlier of Single Grubbs test
f) Outlier of Paired Grubbs test
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Table 3-2  Individual result of nitrate nitrogen (in Liquid Fertilizer) (%)"
b) Liquid nitrogen Liquid mixed Home garden-use Liquid mixed Home garden-use
Lab ID .. . . . . . ..
fertilizer fertilizer 1 mixed fertilizer 1 fertilizer 2 mixed fertilizer 2

8.74 8.80 7.02 6.92 4.42 4.50 1.73 1.73 1.04 1.03
800 820 660 660 460 480 155 1750 0950  1.00
881 866 697 672 47" a2 172 168 104 101
8.48 8.56 6.88 6.80 4.48 4.40 1.66 1.62 1.01 0.980
8.67 8.69 6.98 6.92 4.35 4.33 1.69 1.69 1.00 1.01
8.72 8.85 8.52" 7740 4509 5259 1.77 1.83 1.08 1.05
9.72 9.86 8.37 8.44 5.28 5.65 2.01 2.07 1.39 1.45
8.38 8.35 6.80 6.68 4.30 4.24 1.61 1.65 0.996 1.01
7979 7619 s’ 62 364 364 151 153 0872 0957
8.60 8.42 6.70 6.68 4.45 4.45 1.63 1.59 1.05 1.01
8.45 8.27 6.37 6.83 4.11 3.96 1.60 1.67 1.00 0.990
8.90 8.99 7.20 7.12 4.54 4.57 1.77 1.76 1.05 1.05
8.93 8.88 7.10 7.23 4.57 4.57 1.78 1.75 1.06 1.07

2R~z moaw >

The foot note is shown in Table 3-1

3) HHTHRERVERBREE
A IEZBRIN T2 ST FAC RO B O D LTS3, D TR YR 72 (s0) X O THEXHE HE(R 22 (RSDy)
(2 T PR BUR E(R 72 (sr) M OVEE R PR BUESHZE ME(R 72 (RSDR) % Table 4-1 & TY 4-2 [Z/RLT-.

EIZIEEHZ DUWTIE 5 FREHDOBEHT DUV THREGHIFIT LIS R, FEIEIE 0.178 % (B &%) ~16.47 %
(HE&E5H) THY, ZOOMTEEMERZ (s) 1X 0.01 % (B &%) ~0.13 % (E&55=), O TH MR ER 22
(RSDY) 1% 0.8 %~3.1 %, [ FFBUEHENR 2 (se) 13 0.02 % (B 857 3) ~0.37 % (E &5 3#) , S FFEUE A%
YR 72 (RSDR) 13 2.2 %~10.8 % THY, HARIEEHZ DN TH RIS EEIEIL 1.01 % (E&5FR) ~8.61 % (H
BR) THY, ZOPATIERERZE (50) 13 0.02 % (E&E573) ~0.13 % (H &), PHTHMERERZE (RSD;)
13 1.0 %~2.4 %, HEMHIAFEERZE (sp) 13 0.05 % (HE53H) ~0.31 % (HESFR), =MEFIAH R R 2
(RSDR) 1 3.1 %~7.2 % T 7.

AIal, EFZAEER K OYRIEEHZ DWW T, W ORREHZ B TH O THH R MR 72 (RSD,) K OV= [ -8
FHARTAEHE (R 72 (RSDR) b I BFHEFRBRIEIHE E A O L HEMRO FINEIRL CODEIREL ~UIZEBIT DR E

DFF RN ThHoT=ZEM D, ARIEOREEIIIERFERBIEOMEREREO ZHRFIHIZH AL T .
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Table 4-1 Statistical analysis of Collaborative study results (in Solid Fertilizer)
d) h)

Sample Labs  Mean”  s: RSD°  2%CRSD." s:  RSDr" 2*CRSDy’
p(@) (%)Y ) (W) ) () () (%)

Sodium 11(1) 1647  0.13 0.8 3 0.37 23 6
nitrate
Formulated

" 1131 1. . . 2 2.2
fortilbor (1) 33 0.09 0.8 3 0.25 6
Compound
tortibon 1 11(1) 6.85 0.06 0.8 4 0.15 2.2 8
Compound
tortion 11(1) 0716  0.01 1.7 6 0.03 37 12
Compost 12000 0178 0.01 3.1 6 0.02 10.8 12

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

b) Grand mean value of the results of duplicate sample which were reported from laboratory
retained after outlier (» =The number of laboratories(p )xThe number of repetition(2))

c¢) Mass fraction

d) Standard deviation of repeatability

e) Repeatability relative standard deviation

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

g) Standard deviation of reproducibility

h) Reproducibility relative standard deviation

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

Table 4-2 Statistical analysis of Collaborative study results (in Liquid Fertilizer)

Samnle Labs  Mean”? s RSD: 2*CRSD.  sx®  RSDR’ 2*CRSDR
b p@ %)Y ) ) ) k) (%)
—
iquid nitrogen |} 8.61 0.09 1.0 4 0.27 3.1 8
fertilizer
Liquid mixed
U 10(2) 6.86 0.13 1.9 4 0.23 33 8
Home garden-use
o 10(2) 435 0.06 1.5 4 0.31 72 8
Liquid mixed
e 11(1) 1.68 0.03 1.6 4 0.08 5.1 8
Home garden-use ) 1.01 0.02 2.4 4 0.05 4.5 8

mixed fertilizer 2

The foot note is shown in Table 4-1

4. FEOH

RS BB L IR S AT RS 2 2 D7 = ) — VBRI IEIC LD T IEIC ST, 13 SRR ISV
TEREE SR EHI DWW TENZ I 5 S (10 /) OFEHE W CEBRRICIE L S D e [FFABR 2 F2fi L,
EEHHMEORME T 72,

ZORER, EIEEHZ OV T 0.178 % (B HR) ~16.47 % (E Y =) OFFAICHNT, EH
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B ER 72 (RSDr) 13 2.2 %~10.8 % THY, HARIEEHIOWTITFEIE 1.01 % (HE55FR) ~8.61 %
(BB OFPICR T, SR B E AR 22 (RSDR) 13 3.1 %~7.2 % THY, IEEFERBRIENEE A
IORSIVTWDRIREL ~UZRBIT DR E O B Zaimi- L.

AERFILZ, BEEEHIOWT 2 FEOIRVIB A H T 200, BIRIEEHZ DWW TIEFRVIEE
EATHOIHTIENL, F CIC IR LD WL D T SRR (SLV) SN TWHIED S, AILITIERH R
BRIEIC I D RBREE Y Type B(HCV & U8 SLV ORERASIEEHEBRIENTE & A O ZLRFIEAM 2 Lok
BRIE) ICH A L CWD T L2 HER L=,

LRSS W EL Ao — 7 7 7 Ukt IS, o7 rugklist w1y,
TEFALE TR WhE T, ARIEEEASAE A8 TS, A7V BRI AL dER T, &7
VEBHR A AL IES T8, A7V VBRI S 2 THOSICHELRLET.

X ®

1) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2018, [FRERFT M UL ERERIDREI N T 5 — M R HIH )

2) BB SE OMERE BT OIEMEIAT S, WA 25 4 6 A 20 H, BURH 198 5, HAMUIEST 2 4
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Improved Determination and Performance Evaluation of Analysis Method
for Nitrate Nitrogen by Phenol Sulfuric Acid :

— Harmonized Collaborative Validation —

SHIRASAWA Yuko' and KATO Kimie'
"Food and Agricultural Materials Inspection Center (FAMIC), Sapporo Regional Center

We conducted a collaborative study on analysis method for the nitrate nitrogen by phenol sulfuric acid due to
evaluating performance of Testing Methods for Fertilizers 2021 test procedures, using (constant-temperature)
upside down rotary shaker (hereinafter, referred to as rotary shaker) or commercially vertical reciprocating shaker
and on simple extraction procedure shaking with hand (hereinafter, to as simple extraction method). In this
collaborative study, all collaborators selected shaker for extraction of solid fertilizers, and performed simple
extraction method of liquid one.

Each of five solid samples passed the test for homogeneity and five liquid samples, send to 13 collaborators as
blind duplicates. In the test using solid samples, after identification of a result not adopted and outliers with
Cochran test and Grubbs test, the mean values and the reproducibility relative standard deviation (RSDr)
of determination of nitrate nitrogen were reported 0.178 % - 16.47 % as a mass fraction and 2.2 % - 10.8 %,
respectively. In liquid one, those of determination of nitrate nitrogen were reported 1.01 % - 8.61 % as a mass
fraction and 3.1 % - 7.2 %, respectively.

These results indicated that each method has acceptable precision for determination of nitrate nitrogen in
these concentration ranges. In conclusion, those results demonstrated the validity of these methods for
nitrate nitrogen in solid fertilizer using rotary shaker or commercially vertical reciprocating shaker and in liquid

fertilizer on simple extraction method.

Key words  upside down rotary shaker vertical reciprocating shaker nitrate nitrogen, fertilizer,

Harmonized collaborative validation

(Research Report of Fertilizer, 15, 33-43, 2022)
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4 <BERVAURUKBHERVAVRAIED-OD
2L—LREF|AE GEE 403.1 nm) D14 REST (i
—FEERRERIC KA EER—

INRFETRY, KB HE
¥—J—F ~Uhr, TU—ARFUORE, LFEERER, R 403.1 nm

1. [XC®HIZ

T D7 m—r Ak Lo o, G S PRI AR D T & DS EBRE 5 OFEEEL /B2 IDIZ, WTO/TBT 1
TECIEEE RS VD ZENEE ST TWS. TABEIZH VLT ISO/MEC 17025 (IS Q 17025) VA& %
ZIZAIHTAE R DIE AR 2N B ES, ISO/IEC 17025 Tif, EES - ER RS T2 S MRS
FEERETHIEEZERLCWD. £z, IEEOME ORI BT ES TED DN IEEO Tk sy~
(TARD E B OVBE D T FIEIZ DWW T, BAMOKFER &5 O I KRR ERBRIED MR EShTnd. 2o
72, AREHE BRI I 2 S SRR SN TV DL E N B S,

Bz 279.5 nm Z W=7 L— DR OIS R O<EE M~ U T e OUKER M~ 2 97 DA DWW T,
BRI R HE L S 2 5 [ 2R (A R BR 12 LD 224 MR8 (HCV : Harmonized Collaborative Validation) ® 2377
AU, BB BR AU S VT3, 5 403.1 nm 2 W2 R HHEIC DD TIIE S VTV T. &
DI, A 2 AFEICHIE R R OBMOT0, BH—BR==I12361) 5% 2 MR (SLV : Single Laboratory
Validation) 21T ->72LZATH 5.

AlEl, HCV IZRDFHlAATO 720, 71— LR ROtTE (R 403.1 nm) Z AW eEEE~ o 0 R OVKE
P~ T DRI DWW CE R L FRRERZ T 72D T, ZOMELHE T 5.

2. MERUAE

1) ¥EMEZASENRUVARFEBRARMORR

AEEE LTl L CUOA AR BEEN (2 FEEE) , LSV~ u B HERE, SRS MFUOERE IR, 1RO B k)
(4 FE) K OB A ekt 2 FitR) 2 B Uz, A L2 ERIO R E LT, (LAIEEHI A BEA DL AR IEARL K OV
BALRAEEL, SEEWTWERE REEHE Y =~ B U RS Al URLIRA LA A 2 RN U 7= AR, TR A R
FAEEHI D R BURMEM LU CEE, 8, Mg OV 7 T U2 RNU 7Rk, B A IRER [ 22 2h 76 B
EM AR EEHEECTHY, FERCOMEIRD R 2 72t D L7 D JHITERE L.

AEHT HBAZ 500 pm (FESWV V0 TR & OFESWTWOERE AEHZ DUV T 212 pm) O 550 V4 18
TLHETHHL, WEIZRDISITRA L. Z0HDRED, SEBREE Z 82 5 AR, <Bth~vo T
VO FRRBHIAK 1.9 g, KB~ A7 20 REHEAK) 9.5 g 22 2 Al E R A2 | FEHONE
BIZL 44 fE el TR LT,

BRI B 2RI T 050 220 f# (44 X 5) ICTELEER EZ W TTUZ ATE S Z AL, 3UBFZRAIL7Z.
BRI LTI BELELER Z O TTU A AT 10 T S35 E B, HEMEMRAREE L. ki, &
BEH 2l 5 FEOIEENST o H DZERER 2 HT ohhi L, —5BREISE 3o L RRER R

VPRSEATEOE NEMOKEEE B L et A= B 2 —
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L, ZNakBR =R b B alBt - MEf L 7.
B OB EMEZ MR LT 1%, JERRER R OB LRSI == (Zx T LTz,

(FE R 2R =)

- JURREEF 3RS ALY

« JSTATBOE NEMOKEEWN R 222 — e 2 — JEEHR AR

- JSTATBOE NEMOKEEN B 2 2B 2 — fLizr 27— JEfTEHGR AR

-« WSIATBUE NEMOKEN B 2 22— a2 — EfEHR AR

-« WSIATBUE NEMOKEEN B 2 2t 72— A EE 27— IEEHR AR

© WSIATBUE NEMOKEEN B 2 it 72— AR 27— kR AR

- PNTATBOE NEMOKEE B 22N 2 — @it 27— R R

 JRSTATBOE NEMOKEWN B 22t 2 — AE IEAEHZ SR IR i
A7 — A S 4R TS

- HAIEREREA S E TS

— R = L — sy O A AL [EIERER I

(50 FNE)

2) ¥BERUSRE

KRB EICRE L QWAL RE, Witz v, e~ T o oBIZITER ETig
B KRR VIR F 71 3R IR SO IR KA, KM~ B O OBRIZIT B N SR IR
R EITREEE RSO L.

3) STAHE
EEME~ 2 o B ORI~ T ORI R OMIELE, Table 1 D0 IEEFERERED D3R 7 %
W, B, BEOD, £ T EO 7o ——k(Scheme 1 2 O Scheme 2) Z7RL7-.

Table 1 Component and Measurement

Test item Testing Methods for Fertilizers (2021)
Component
number Measurement

o . 472.a Flame atomic absorption spectrometry
Citric acid-soluble manganese

(4.1.1)  Citric acid solution— Constant temperature rotary shaking (30 °C)
(C-MnO) P Yy £

(4.1.2)  Citric acid solution— Reciprocating water bath shaking (30 °C)
4.73.a Flame atomic absorption spectrometry

(4.1.1)  Water—Rotary shaking

(4.1.1.1) Water— Vertical shaking

Water-soluble manganese
(W-MnO)
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1 g analytical sample Weigh to the order of 1mg to a 250-mL volumetric flask

< About 150 mL of citric acid solution[about 30 °C]

Constant-temperature rotary shaker (30-40 revolutions/min)

Shaking to mi
axmg to mix 30 °C =1 °C, for 1 hour

| Cooling | Immediately

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 1-1 The flow sheet for citric acid-soluble manganese in fertilizers

(Extraction)

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

«— About 150 mL of citric acid solution[about 30 °C]

Reciprocating water bath shaker (reciprocation horizontally at
Shaking to mix 160 times /min, with amplitude of 25 mm-40 mm), at 30 °C + 1
°C, for 1 hour.

| Cooling | Immediately

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 1-2 The flow sheet for citric acid-soluble manganese in fertilizers
(Extraction)

| Sample solution |
Aliquot
(predetermined volume)

100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer (403.1 nm)

Scheme 1-3 The flow sheet for citric acid-soluble manganese in fertilizers

(Measurement)
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5 g analytical sample Weigh to the order of 1mg to a 500-mL volumetric flask

< About 400 mL of water

Rotary shaker (30-40 revolutions/min)

Shaking to mix ;
30 minutes

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 2-1 The flow sheet for water-soluble manganese in fertilizers

(Extraction)

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

«— About 200 mL of water

Vertical reciprocating shaker (300 times /min, with amplitude of

Shaking to mix )
25 mm-40 mm), for 30 minutes

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 2-2 The flow sheet for water-soluble manganese in fertilizers
(Extraction)

| Sample solution |

Aliquot
(predetermined volume)

100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer (403.1 nm)

Scheme 2-3 The flow sheet for water-soluble manganese in fertilizers

(Measurement)

4) HREFRBAAMOHEMHE
IUPAC/ISO/AOAC D#HERBR 7 ah= L 0256, DK LA EF 100 FBHZ W THKREHZ X
2 ST TOMTLE.
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5) HRFEIFAR

HFEFRBR SN 10 SRR O KRB R O LI F T 0 HrE B 0BT Table 2 DLV THY,
ZIENORBREIZ ) IZIDFRE A3 20 3B (AT B Z & 10 30K , 20T FIaREGE R 2341 E B
A SR OB I BAEA BT L, A RBREICI VT 2021 £ 8 A 4 H~2021 45 10 A 13 H O, %
FRBHIXHG T2 8) DAHTEICHESTHHT L.

Table 2  Equipment used

Model of atomic absorption

Shaker (Selected when the sample solution is prepared)

Lab D" spectrometer Citric acid-soluble manganese Water-soluble manganese
(C-MnO) (W-MnO)

A Thermo Fisher Scientific, iCE 3300 Constant temperature rotary shaker Rotary shaker
B HITACHLI, Z-2310 Constant temperature rotary shaker Rotary shaker
C SHIMADZU, AA-7000 Constant temperature rotary shaker Vertical shaker
D HITACHI, Z-2310 Reciprocating water bath shaker Vertical shaker
E HITACHI, Z-5310 Constant temperature rotary shaker Rotary shaker
F Thermo Fisher Scientific, iCE 3000 Constant temperature rotary shaker Rotary shaker
G HITACHI, ZA3300 Constant temperature rotary shaker Rotary shaker
H HITACHI, ZA3300 Constant temperature rotary shaker Rotary shaker
I Thermo Fisher Scientific, iCE 3300 Constant temperature rotary shaker —

J SHIMADZU, AA-7000 — Rotary shaker

a) Laboratory identification (random order)

3. HMRRUER

1) #EFHBRAEMOHEERESR

% 5 FHOREZ 2 ST TOIT LR ROBTEEIE (X) X O DO RAEIZ OV T— el B B
BONI M F &2 O CTE B UM TR 22 (s,) , SUBHEIE YR 22 (spp) , D TREEE 25 o Bk I V(R
7% (sp4p) & Table 3 (/RL7z. 51T, EEHERBRIEI RSN CTODE R B O B 22 (CRSDR) K VLD
BRI (G 1) U7 HEE == A BUE PR 22 (6 ) 2[RI U< Table 3 (Z7RLTz.

BEMEOHIE N, TUPAC/ISO/AOAC DOHRERBR 7 uha L O FEES B ICEMLT-. T, iR O%
Oy EMEERERR T 5728, Cochran OREAEEMELTZ. ZOFEER, T X TOREHIB W THMUEIZZRD D)
ST2leD, TRHDFHTRERIZOWT—eBlE S BT &2 FE L, DM TEEER 22 (s.) M OBURHHR A YR 22
(spp) 23R, (K 3) 1KV P THENENR 722 (s,) 22l L7=. ¥kIZ, IUPAC/ISO/AOAC DOHREER 7 b1
SZEEOHEX (R 2) AW THEMOHEETTo7. TORE, 2 TORECHER (X 2) 7L T
W= Emh, SEFEFBR GRS L TR S B2 A L QDI e RSN, F72, (U ) I2Ek->TH TR
%5 Lo R A VE R 22 (spyr) ZRHHLTZEZA, W OREND HEE = P BUE R 22 (6p) L HEL TR
SVMETHH-T-.

<o (U D
= (A2)

6r = CRSDg X %/100

Spb < 0.30'p = 036—R
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sy <0.50, = 0.56% o0 (A03)

Shtr = V/Sr% + Spp? -++(4)

O g HERE =[] P DU YR 22
CRSD g : IEEHEABRIEIREN T E B (SEH SRR AER 2 (%)) O B &

T AT sy D TIE R 2=
op G YERERRATTO H BT & LT AR YR 22
Spp : EH I e 22 Sper | DHTHE EE & To sl R e 2

Table 3 Homogeneity test results

No.of % CRSDx? %Y  sw® 038" Sr® 056" Sper)
Component Sample b b b b b N\ b
Sample (%) (O C73 M 2 W 7 S 023 W ) M (1 &
Mineral manganese fertilizer 10 12.72 3 0.38 o? 0114 0131 0191  0.13
Mixed micro element
Citric acid- ixed micro elemen 10 11.98 3 036 0106 0108 0094 0180  0.14
fertilizer 1
soluble
manganese  Mineral silicic acid fertilizer 10 4.11 4 0.16  0.023 0049 0046 0082  0.05
(C-MnO) 1 ound fertilizer 1 10 1.37 4 0.05 0010 0016 0017 0027  0.02
Formulated fertilizer1 10 0385 6 0.02 0004 0007 0007 0012 0.0l
Mixed micro cl .
xed micro element 10 427 4 0.17 o) 0051 0015 008 0.0l
fertilizer 2
Mixed micro element
- 10 644 4 026 0045 0077 0052 0.129  0.07
Water-soluble fertilizer 3
Mixed micro el
manganese ixed micro clement 10 258 4 0.10 0016 0031 0028 0052  0.03
(W-MnO) fertilizer 4
Formulated fertilizer 2 10 0474 6 0.03 o) 0009 0004 0014 0.004
Compound fertilizer 2 10 0.194 6 0.0l  0.0031 00035 0004 0006 0.0

a) Grand mean value (n = 10xnumber of repetition(2))

b) Mass fraction

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

e) Standard deviation of sample-to-sample

f) The value for the test : s,, < 0.30, = 0.36,

2) Repeatability standard deviation

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

i) Standard deviation of sample-to-sample including repeatability : Sp.4r = v Spp 2 + Sp2

j) When the variance between groups < the variance within a group, sbb2 was considered as 0

2) HFRRBRERRUNNERE

BB ORE SN, BV~ T ATDONTO RIS R % Table 4-1, KENE~ L T AZDNTD
RGBS Fo% Table 4-2 (R LT, 7238, AKIEME~ > T OFBHLAT B389 9 g D=8, i OFRIC BT
BRI E W B E IS W CUIREBI OB ETHD 3 [y oflEEE iR H S, MTRHciLEkic X
D 1 [E5 ORI EMEZ EOH U LTz, & RSO 0HTaE 06 R4 TUPAC O ILFRIFER 7 ahau 121255
THEFHLEEL 7=, i RO UEZ #3572 12 Cochran DR E KUY Grubbs DR E A Ffiti L7=.

RREONHHER DG, T~ T, 5 REIOIS 1 3BT 1 MEBREI S MVEEL CHlES .
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KM~ AT, 53OS 2 BT e 1 BBREIEE L THIES L.

Table 4-1  Individual result of citric acid-soluble manganese (C-MnO) (wiw %)

Mineral manganese ~ Mixed micro element ~ Mineral silicic acid

Lab ID? fertilizer fertilizer 1 fertilizer Compound fertilizer 1 ~ Formulated fertilizer1
A 133 12.9 14.0 13.6 4.03" 453" 1.49 1.61 0.413 0.416
B 12.9 12.9 13.0 13.2 436 438 1.41 1.40 0.378 0.390
C 13.1 13.0 12.8 133 4.41 4.15 1.60 1.54 0.396 0.413
D 12.2 12.3 13.1 13.0 411 4.03 1.38 1.39 0.400 0.394
E 12.7 12.4 13.1 13.0 4.36 4.41 1.45 1.40 0.385 0.378
F 12.7 12,5 12.5 12.0 433 4.24 1.42 1.40 0.386 0.388
G 12.5 12.3 12.4 12.1 4.26 421 1.50 1.4 0.389 0.397
H 13.1 12.9 12.9 12.9 427 425 1.41 1.40 0.377 0373
I 14.1 14.1 13.5 14.4 471 4.66 1.50 1.54 0.427 0.404

a) Laboratory identification (random order)
b) Outlier of Cochran test

Table 4-2  Individual result of water-soluble manganese (W-MnO) (wiw %)
Lab ID” Mixei:i;r;:l;ment Mixei:i;z:l;ment Mixec}erlrliiclirzc;:fment Formulated fertilizer 2~ Compound fertilizer 2
A 4.11 4.08 6.35 6.27 2319 2.319 0.462 0.463 0.187 0.191
B 4.29 4.22 6.50 6.57 2.49 2.49 0.467 0.465 0.194 0.198
C 4.35 431 6.82 6.84 2.47 2.52 0.497 0.475 0.191 0.203
D 4.32 4.36 6.65 6.61 2.52 2.57 0.479 0.472 0.185 0.186
E 4.32 4.28 6.62 6.66 2.62 2.56 0.475 0.477 0.198 0.204
F 4.21 4.28 6.43 6.51 2.49 2.50 0.473 0.465 0.178 0.181
G 4.20 4.16 6.56 6.45 2.52 2.53 0.467 0.460 0.176 0.173
H 4.22 4.20 6.45 6.48 2.50 2.50 0.470 0.467 0.178 0.176
J 4.22 4.22 6.53 6.49 2.52 2.57 04457  0485”  0.197 0.199

a) Laboratory identification (random order)
b) Outlier of Cochran test
¢) Outlier of Single grubbs test

3) PHTRERUVEMBIREE

SR A BRINL T2 3 HT i RN KO R DU IS4, DR TREYE(R 22 (s0) S OVDF THE AR HE (R 22 (RSDy)
A ONZ = R FF BT MR 72 (sr) M OV AT AR BUAE XS M (R 72 (RSDR) % Table 5 (2R L7z,

M~ T OFEIEIL 0.395 % (B 85y R) ~13.03 % (H 85 H) THY, T OO TR 7 (s,) 1T
0.01 % (EH &5 3) ~0.29 % (H &7 ), FHTHSIEERZE (RSD) 13 1.2 %~2.6 %, == M HBUEER 2 (sr)
130.02 % (B &4532R) ~0.62 % (E &), =M B HMEHER 22 (RSDr) 13 3.9 %~5.1 % Th o7z, KEE
~ AT ONLEIEIE 0.189 % (E &5 3HR) ~6.54 % (E &) THY, T OPHTIEEERZ (s0) 13 0.004 % (H &
) ~0.04 % CE B H) , PHTHSHEER 22 (RSD) 1% 0.7 %~1.9 %, =M P BLUEMER 2 (sp) 1X 0.01 % (&
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B HR) ~0.15 % (E &), =M B R HE R 72 (RSDr) 1 1.6 %~5.5 % Tdh -7z,

WO P TR UE(R 72 (RSDy) K OVE ] BUR SHE HE(R 72 (RSDp) b, IEBMERBRILV B E A D%
YHFER D FINAI RSN TODEIREL N ICB T DR E D BLLL N ThHIEND, ZNHD AT ED RS
(XA RBRIE O RE R I A L QDT LA iR LT,

Table 5 Statistical analysis of Collaborative study results

Labs Mean” s RSD. 2*CRSD,) sx¥ RSDr"” 2*CRSDR’

Component Sample 2 9 9 9
p(q) (%) (%) (%) (%) (%) (%) (%)
Mineralmanganese g ) 1288 015 12 3 054 42 6
fertilizer
Mixed micro element g () 1303 029 22 3 062 47 6
Citric acid- fertilizers 1 ) : : : : :
soluble Mineral silicic acid
manganese s e g8(1) 432 008 17 4 0.18 42 8
(C-MnO)
Compound fertilizer 1 9 (0) 1.46 0.04 2.6 4 0.08 5.1 8
Formulated fertilizer 1~ 9(0)  0.395  0.01 2.0 6 0.02 3.9 12
Mixed micro element g (454 003 07 4 008 19 8
fertilizers 2
Mixed micro element g () 654 004 07 4 0.15 23 8
Water-soluble . fertl.hzers 3
manganese ~ Mixedmicroelement g 550 g3 g 4 0.04 16 8
(W-MnO) fertilizers 4
Formulated fertilizer 2 8 (1) 0471 001 14 6 001 19 12
Compound fertilizer2  9(0)  0.189  0.004 1.9 6 001 55 12

a) Number of laboratories, where p =number of laboratories retained after outlier removed and (g )=number of outliers
b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier (» =The number of laboratories(p )xThe number of repetition(2))
¢) Mass fraction
d) Standard deviation of repeatability
e) Repeatability relative standard deviation
f) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizer 2021
g) Standard deviation of reproducibility
h) Reproducibility relative standard deviation
i) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2021

4. F&H

AR R BRYE D N S 2 7 b — DR (B R 403.1 nm) 2R DR~ o 1 e OUKEEE~ o 7
Y DIHEICOWT, BRI B 9 5B E T4 10 8 (5 FiE X 2 #) OlEE W EFRAIERE LS D
LFEIRRBR A FE ML, S B O AT > 7.

ZORER, <EBVE~ T ATFEIE 0.395 % (BH &) ~13.03 % (E &5 3R) ORI T2 2 [ fRHLAH
FEYE(R 22 (RSDR) 13 3.9 %~5.1 %, KIEME~ 2 AATEEIE 0.189 % (B & 473) ~6.54 % (& &4 3) O
T O ] FF B S HZ MR 72 (RSDR) 1F 1.6 %~5.5 % Th-o7-. [RGB RO O TH SHE AR 722 (RSD;)
Je OVER [ P BUAR S HE (R 72 (RSDR) 1, MEEFSERERIE MHEE AD O U MMHERO FIEIRSI TR
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Performance Evaluation of Analysis Method for Citric Acid-soluble and Water-
soluble Manganese using Frame Atomic Absorption Spectrometry
(wavelength 403.1 nm) :

— Harmonized Collaborative Validation —

YAGI Toshiharu! and AMANO Tadao!
'Food and Agricultural Materials Inspection Center(FAMIC), Nagoya Regional Center

We conducted a collaborative study to evaluate performance of analysis method for citric acid-soluble and water-
soluble manganese in fertilizer using frame atomic absorption spectrometry (wavelength 403.1 nm). These
components in fertilizer were extracted and analyzed by Testing Methods for Fertilizers 2021 test procedures,
respectively. We sent 5 materials in one component to 10 collaborators 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 citric acid-soluble manganese were reported 0.395 % - 13.03 % as a mass
fraction and 3.9 % - 5.1 %, respectively. Those of determination of water-soluble manganese were reported
0.189 % - 6.54 % as a mass fraction and 1.6 % - 5.5 %, respectively. These results indicated that each method
has acceptable precision for determination of citric acid-soluble manganese or water-soluble manganese in
these concentration ranges. In conclusion, those results demonstrated these methods were validated for
citric acid-soluble and water-soluble manganese in fertilizer using frame atomic absorption spectrometry

(wavelength 403.1 nm).

Key words manganese, flame atomic absorption spectrometer, harmonized collaborative validation,

wavelength 403.1 nm

(Research Report of Fertilizer, 15, 44-53, 2022)
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5 HPLC ZAL\/=fE#4hd) DMPP (FHE& 1L RN #4) 0D 534 i 0D T4 RERT
— SR BRI LB T M MR —

TTHAGEE!, BARZE?, KEES2
F—J—F DMPPBA-UAF T — LY AR, midikikra~hr57 ) HERER

1. [XL®HIC

BRI EL THLSNZT B MR EIT HEP T =T AR DR B LA RENEEHE, HEY
(CEDILIER &322 2L CHEAIR 2% CTRIIRICIRILS D . ZOMBRAA AT TSR A ST, 1
IR IS E > TRBLL, EHRY DR THIENMENTNDY. 22T, AL HMLIER %
MA DD, BRI O RLERFZITAHER LRSI S B E LTINS NS L0305, 7ok, MHER LML
EMRIEUTIRINL 72 IERHE, IEEHE S RS Lo TIRAEZE I B OFEEE, 488Kk O H &0 SRS
DL TN,

FHRRALKENHIAL D 1 DI 34-PAF NETY — ) AUBRHL (LUF, TDMPP &N, ) 380, 50 2 AL TR
RO EEIRIE 7 0~ v T7 % T 0L (LU, TAREEIET 5. ) ZB%L, H—RBE To Y MR
(Single Laboratory Validation: SLV) Z1 7572, ZDfER, RIEOMEREATHEISAL, IEEHEREREY IZ DMPP O
SATELL TS TV D, A E, EEOICEELRD O EM L FRBRZ L, %2 MR
(Harmonized Collaborative Validation: HCV) 217\, A{EOMEREZFHIL 7D C, ZOfERa2WiET 5.

2. MHEERUAE

1) #RRBRARAMORERUVAR

(1) F[ERER BB DR E

DMPP % & TefEtOREEL T, — D AEEHI I CRRRLEL RIIG SUTREEEIC DMPP & A B E LK
DI DHZEN, AR IZIVIESN TV, LRI PR DMPP B2 T 5L AR =12k
(T2 TG FATR B A KT T 728, DMPP OffkRr) 7 8L B/ NSO AERHA L RIRER R L TR ET S
VERHY, FTEEMFEIH O DMPP R E L ORI LA B LT, AliateHTIX, IEBHERE T35% CHhl
ESALIRIEL TS DMPP 2SELA SAV7 IR (LA, TR Er &35, ) & OV DMPP R G AEHT DMPP 71
P —ERRIMU TR (CLF, TSGR &2, ) 2 vz,

B AEEI ORI, &M A ST DMPP A LIZIRSE, DMPP OMUIZE SRS I K OV b 2 dshiL
7RG EFRNEEL, DMPP %5 1o R R A4 #E LI g 2 RALENE ONC DMPPALIKAIRER & OV (b & il
TR OB R 2 FEECTHD. b HEIE 500 pm OS5V VE @B 5 E Tt IRA LT-. Fmiee
7> DMPP L2 ORI EAb 2R3 5728, 1 B H OO EATV, K 2 - H UL ERGEL TS 2 [ H 05y
HraAT o7z, KERIT Table 1 OEFBHVTHY, 1 [BIHE 2 [HH TORHED LD 100 %l -7 R3E, IRGE
FAEEE, ALRAEEr 1 o 3 FE A L EREBR R L TEiEL7-.

U ARSTATEOE N MK EE Y B e i B — IR R SRR A () AL 2 —
* PRSTATBOE NEMOKPEH B 22 2 it s 2 — RS R SR AT
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Table 1  Changes in DMPP concentration over time

Analytical value of DMPP Ratio of
) b Days elapsed
Sample Ist 2nd analytical values
(%) (%) (%) (day)
Urea 0.285 0.275 96 59
Mixed nitrogen fertilizer 0.171 0.172 101 71
Coated nitrogen fertilizer 0.151 0.131 87 56
Compound fertilizer 1 0.0770 0.0764 99 99
Compound fertilizer 2 0.0360 0.0327 91 99

a) Mass fraction

b) Ratio of analytical values = 2nd value/1st value X 100

AL 72 D RERBHT, AHE A5 £7e\ > DMPP JERL G OFd A IERH % QML EAEENE B B E 500 pm 8.5
DUWVEIEIER T HE T IR G LT2%IZ, DMPP 338 ROk T3, SHEMEE 98.0 % (B &0 =R)) iRl
TYERIL7=. L7 DMPP FEfLE OBLEAEEN K ORI OFEMIE, Sl 2h FL38 BURIER %5 T MK AC
AR, FERER IR A S OSRDRACAR R 2 IR A LRI PE R O U il F L7 SRR L Ik A, JRSB ORI T
=T EL R EUTALEEEL B, 72T, VAR K OWgE W CTREEL7ZW AR T =7 LIRS DAL
RRIEE C THD. GBI O RINEE 2R E T 572012, THICiEL COHIEEND DMPP & f &4 04 L
T, b D720 0T 0.034 % (HEDR), ikbZ W EDT 1.04 % (BH &5 5R) 727228735, DMPP i3
DOEFNFEE 0.02 % (EEIHF), 1.0 % EESFR), 1.5 % (EEHF) LLT-. DMPP RIRIRIN% 0L EMEE
MR T 272012, 1ERE 1~2 7 BB SRR OFE R4 Fig. 1-1, Fig. 1-2 XU Fig. 1-3 T/RLTZ. 7235,
HOREE H 0 BIZMERIRF ORI EZ/RL TV,

DMPP D#RREHI72 AL BV D72 LA T AR O, 3 FE O TR AR B HAUR e L CRE LIRS R,
AR OB L C DMPP 0.02 % (B 543 38) OFFRUTITEL A AEEFE, 1.0 % (B &5 3) OERIZ I b AR
BEC, 1.5 % (B &5 R) OERUTIHMERIEE A ZHVAZLELT-. 72771, —EBOMA - TIEFR % AN
DMPP &34 L, Fig. 1-3 TiX, {LAAEE A © DMPP & A SIFEEEIRINKED 1.5 % (H &%) 15, 1[5
HOGHTIE 1.3 % (BEESF) FTRA L. UL, ZOH%OBEHED T RN ehoT=2Enh, ik
MEEE A 2 TR [FRRBR a0 A AR B 2 BRI AR B2 BN RF D) 45 L C, DMPP OWINR E 4
2.0 % (EESFR)ITHIE BT HzeELT.

7%, Fig. 1-3 OALEALEL C IZ2oWT, 7 A HOZHHEAS 0.9 % (H &533) TR L2, 20 B H D4
pal

T 1.3 % (EE4=R) LHINL T, $a B2 20 HLUREIE 1.3 % (B E03R) THEB L QW=280D, oM
ORI I ERIEOIRE DR+ 5T o122 R TAEL S O L HERI L7,
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0.03 1.5
: Amount of DMPP spiked 0.02 % . Amount of DMPP spiked 1.0 %
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Fig. 1-1 Changes in DMPP concentration over Fig. 1-2 Changes in DMPP concentration over
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Fig. 1-3 Changes in DMPP concentration over

time for prepared fertilizer spiked
1.5 % (mass fraction)

(Day 0 is spiked concentration)

(2) F[EIERER H B O FR Y

(1) CEELI-FiBmALE 3 FdH (R, IRAEFIE, LRAEEr 1) R OFRREEE 3 fifHA HWC, LR
BrARUEIE Lz, BiEAREHE B BAE 500 pm OS5V AEIETAETHIEL, WELARDINCIKEALT-.
i BEUBHT DMPP FERL & OBLA REEE & OB AR 200 ¢ §7 D VT DMPP a3 A0 0.02 % (B
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), 1.0 % (EE73H), 2.0 % (E &) L7enI02iL, HEHE 500 um OS50 EEiE T 5E T
BLi-. 2 6 FEEEOAEENE 1.9 ¢ T 27 AURCTE, HEL, £ 44 OB ERIL7-.
VERLU7-30kE 264 {1 (44 {1 X 6 FBE) (CELEGE A W TIUZ DCERBZIEATL, 3BHE#BIL-. Zhbo
PRI 6 T OGBS ELIE A AW TT U A2 10 8 o8EEY, 60 18 (10 18 X 6 Fi¥H) 2 B feRe
MBS LTz, IZ, 6 FEHDREINGT A AT 2 fHF SR L, —3BREICEA 2L R RS L,
SRR E U R aR 2 E L7=.
BYEMERERR BB O Y ME SRR S =121, SRR A REHE DL T o LRI ER 2 NG BR = SRl L 7=

(F AR 2 AR =)

- —RMENEAN B AR ST 2 — ZEERFSEAT

- —RAEENEN B AR FERE RS Bkt 2 —

- A= U7V A S IR 2—

- VxS AR St WA~ — PR — A —

- WEFIE TR A4 Shodex Hh—tE 22—

c YRS AV A T RF LD RS~ — PR — A —

© MSIATBUE NEMOKPEN B Z et 24— WPt — JEEHR AR

- IRSIATEOE NEMOKEEE 2t 24— fLiger 2 — RfeHR AR
« MSIATBUE NEMOKEN B Z et 21— bty — EfEHR AR

© MNIATBUENRMOKENE Z et 24— AR 27— JEEHR AR

© MSIATBUE NRMOKEEEE Z 2t 27— it 72— JEEHE AR

o JRSIATEOE NEMOKEN B 2 it 2 — RER BN SRR IR A
(WIS, 50 35 IE)

i

2) $EBRUBE
ERBEICRIEL TOHRS —F—, B~ M ST MR L. BT A5 A3 A B
BAELTOBLORBAIL, FrAL TOARVRBREIC I AT AR5 LI,

3) HEAE
JEBHEERERTEY 7.7 3, 4-CAF LT — LY AR (DMPP) O 7.7.a mdikikra~ o712 -,
2EZDT-0IZ, HFEFREBRCHEHL-#/ED 71— —F% Scheme 1 T/
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1.0 g analytical

sample (powdery) 200-mL ground-in stopper Erlenmeyer flask

«— 100 mL water

| Stirring | Magnetic stirrer, 10 minutes
1
| Standing still |

2 Dilution operation if necessary

| Aliquot 25 mL | 100-mL volumetric flask
< Water (up to the marked line)

| Centrifugal separation | Ground-in stopper centrifugal precipitat tube, 8§ 000%g-10 000xg, 5 minutes

| Sanple solution | Supernatant

| Measurement | High-Performance Liquid Chromatograph

Scheme 1  The flow sheet for determination of DMPP used in the test

4) HREBRARHOHEERERZ

IUPAC/ISO/AOAC DHERBR 7 =LY DIZhEuy, 1) TR 7= BB MR AR 60 fHICHWT, 4%
AEHZ DX 2 mOMT T IS TOMILIE. 7220, ERBIOEHE 1.9 gD 2 B ET 5720, e =4
ZIAATIIAVANSEIE 0.90 g LLT-.

5) HFEHER

SINUT= 12 BB E A L@k iR v~ b7 57 OMA R CA—H—, 387 LOFEMIE Table 2 O
LBV THS. HEFBR R O HE i 0 5H  DMPP 33K G 98 % LA L, Btk T3kkaatt) %
FABRERIZ 2021 4 11 A 12 BB5EL, FEhEifITEUEHEIAE H 225 2021 4212 A 24 HET (o5
3202241 A 14 BE0) LT ZNENORBR=EICB VT ICEVEFTL7-AFE 1270k, 3) D Scheme
1 TRUIZHT HIEICES Tobr L.
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3. HWRRUER

1) #RERERBRARMOHEERHER

BYBEVEMeR AL 60 4 2 SOMTCONT LI FEIE (k) , — ol @5 B Hr OF G &b H H L2 0f
ITARVENR 22 (sr) , SRR E(R 22 (swo) , DR TREFE 25 ToalBHEAR ME(R 22 (sver) & Table 3 ITRL7Z. 61T, B
BHERBRIEIOREN TWO DR FFEUREE O H %2 (CRSDR) KON (3 1) 2055 H U 7o HE 7 == [ P B Y 2=
(6Rr)ZPFETC Table 3 IZRLT-.

PEMEOH]E L, TUPAC/ISO/AOAC D RERER 7 0=/ 9D D FNEAE B EICHEME L. T, OV FEERD
SO EME R HERR T 5 7-1C Cochran DMIEEEME L. ZDOFEE, 6 FMEETORBHII W TESHE ) e
RTET=OT, —JehlE T E L7z, (X 2) Z AW CTIMTRIEZ MR L= ZA, {LEEE 1 23 (X 2)
B TSI o= C, 2 TOREHIHL T, IUPAC/ISO/AOAC DO FHEFRBR 7 b=/l (1993) TREN TS
FE W ER (K 3) EHCTHEMEOHEEITo7-. T ORER, FHREE 2 25r< 5 FEOREFCH)
(R 3) A7z LT e, FAREREL 2 OOMTIEE A MR 5L, Table 4 D3, (X 2) TRIFHITIFED
Sl AL CTHRY, B TR ENHI/ NStz Zoi=w, FRGERE 2 13 TUPAC/ISO/AOAC D HEFRBR
7'rhaL (2006) TRENTWD B OS2 EMLUTHIEX GU 4) 2 DT EMZHELZ. 2D
FEAE, FHRECEL 2 13RO E R (R 4) 2wl R le o7,

Fo BB OHER G ) IO TR 2D NSWEAIS, FIESRGDSRL T 52803927 . FaMEk}
2 M ) AT o T2 B ELC, TR ZED N Eh o To 2l FAREOIR G DR+ 372072 e
IR ToHHEHERILT-.

LI EXY, 6 FEEATOREID I RGBT YR E A T 522 MR LT, 7ok, 5L
T, ()L T TR E A S ToRURH R YR 22 (sor) R LT2E 25, Table 3 DEFY, 2TORED G,
EHEEL TN SWME TH - 7.

6r = CRSDg x X/100 <.+ (1)
s <050, = 0.56y ---(2)
spp < 0.30, = 0.36y .-+ (3 3)
Spp’ = F1(0.30 ) + F2s, <o (X9)
Spher = V5% + Spp? <o (X5)

G R P =R ) B Y
CRSD g : JEEVEGRBRVE RS COD E T - HUR BE (E M P B HE R 2 (%)) O B %
X EME

Spp © R TR 22 op 2 VERERBAATO B BYICE & LIAE R 22
sy PHTIR HE(R 22 Sper | DHTHGEE 28 o URH AR YE(R 22

Fl, F2:BEMEHEDT=D DT A—42 G 10, 2 S0MTOHE, F1=1.88, F2=1.01)
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Table 3 Homogeneity test results

Sampls No.of %@  (RSD:” Y  sp®  036R7 5.8 056" spi?

Sample — (%)” (%) (W)’ (%) (W (%) (0" (%)

Prepared sample 1 10 1.66 8 0.133 0.031 0.040 0.065 0.066 0.072
Prepared sample 2 10 0.333 8 0.027 0.011 0.008 0.011 0.013 0.016
Urea 10 0.285 8 0.023 0 n 0.007 0.002 0.011 0.002
Mixed nitrogen fertilizer 10 0.131 8 0.011 0.0027  0.0032 0.001 0.005 0.003
Compound ferttilizer 1 10 0.0796 8 0.006 0 D 0.0019  0.0038 0.0032  0.0038
Prepared sample 3 10 0.0187 8 0.0015 0.00042 0.00045 0.00070 0.00075 0.0008

a) Grand mean value (n = 10xnumber of repetition(2))

b) Mass fraction
¢) Criteria of precision for Reproducibility relative standard in Testing Methods for Fertilizers 2021

d) The estimated standard deviation of reproducibility calculated based on CRSDr
e) Standard deviation of sample-to-sample

f) The value for the test : s,, < 0.30, = 0.36¢

g) Repeatability standard deviation

h) Parameters for the determination of repeatbility standard deviation (sr)

i) Standard deviation of sample-to-sample including repeatability : Spar=V S 2 + Spp2

. . . o 2 .
j) When the variance between groups < the variance within a group, svb~ was considered as 0

Table 4 Homogeneity test result of Prepared sample 2

Sample Noof 3 CRSDx” 5,9 59 0565 Sw® 03657 spp2? critical
i)

sample %) (%) (%)m )" )" ©%)” %)" value

Prepared sample 2 10 0.33 8 0.03 0011 0013 0011  0.008 0.0001 0.0002

a) ~d) Refer to the footnote Table 3

e) Repeatability standard deviation

f) Parameters for the determination of repeatbility standard deviation (sr)
g) Standard deviation of sample-to-sample

h) Parameters for the determination of homogeneity (determination of sbb)

i) The value for the test :  F1(0.365)2 + F2s,2
F1=1.88, F2=1.01 (The number of samples (10), The number of repetition (2) )

2) HRERBRERRUNNIERTE

BB ENSHAE ST e [RGB 4 Table 5 1R L7Z. 3ABR=E F OfE 1%, MEHRH DMPP Uik %
MR 72D o T2 Z LI KR ERUICA G D DD EE 2 BT, LABEOFEHRITIIZH VRN EE LTz,

FRBREE F 24072 11 BRBR=E OfE B2 TUPAC O LRI mhaL % Ot TRERHIENT LT, 77, s
EZ k95729012 Cochran DFFE K TN Grubbs DREZEMLT-. #EE, 11 RBREDOL, FHEGELE 2 T
2 AR, JRFET 1 ARBRE, (LAIER 1 T 2 3BkhE, FARGE 3 © 1 MBREBoREMEIMVELL THES
.
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Table 5 Individual results of DMPP (% Mass fraction)
Prepared Prepared
Lab 1D sarrlljple 1 sanf)ple 2 Urea
A 1.67 1.72 0.300 0.279 0.293 0.294
B 1.62 1.57 0.08677  0.243° 0.273 0.256
C 1.60 1.61 0.250 0.233 0.278 0.278
D 1.60 1.63 0.270 0.283 0.276 0.276
E 1.64 1.68 0.283 0.284 0.291 0.282
o 2.71 2.17 0.392 0.417 0.411 0.403
G 1.60 1.53 0.205"  0.178" 0357  0.254°
H 1.65 1.68 0.281 0.301 0.279 0.291
I 1.64 1.63 0.281 0.274 0.287 0.285
J 1.57 1.63 0.280 0.257 0.286 0.284
K 1.65 1.70 0.288 0.279 0.288 0.288
L 1.65 1.65 0.284 0.281 0.283 0.288
Lab ID” Mixed rﬁtrogen Corgpound Prepared
fertilizer fertilizer 1 sample 3

A 0.137 0.135 0.0825 0.0767 0.0199 0.0203
B 0.138 0.130 0.0948 0.0968 0.0176 0.0183
C 0.126 0.122 0.300° 0.297° 0.0180 0.0182
D 0.127 0.127 0.0961 0.0882 0.0172 0.0178
E 0.131 0.129 0.0784 0.0786 0.0161 0.0173
o 0.236 0.265 0.206 0.205 0.0454 0.0393
G 0.123 0.133 0.0796 0.0716 0.0167 0.0198
H 0.129 0.128 0.304°  0.307° 0.0274°  0.0181°
I 0.131 0.130 0.0780 0.0822 0.0189 0.0181
J 0.131 0.133 0.0834 0.0836 0.0181 0.0191
K 0.128 0.133 0.0798 0.0823 0.0184 0.0184
L 0.127 0.138 0.0753 0.0777 0.0184 0.0204

a) Laboratory identification (random order)

b) Not Adopted the result for flaw of analytical procedure
¢) Outlier of Cochran test

d) Outlier of Single Grubbs test

e) Outlier of Paired Grubbs test
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3) BHIRERUVEMBREE

S AU Z BRAN T 3RS e R0 R U7 SR, DR TAR MR 22 (s0) S ORI TA S (R 22 (RSDy) , I DN
2 [ AR B VE(R 22 (sp) S OVEETH] A BUAH XHE HE(R 72 (RSDR) % Table 6 2R L7z,

6 FFHDRBHI DWW THEFHIFNT 2 LTS e, AIEIZED DMPP O FEHEIE 0.0184 % (B &573) ~1.63 %
(BEEDHE)THY, ZOOMTHEEHERZE (s0) 1% 0.001 % (B &575) ~0.030 % (&5 %), DT HE R 2=
(RSD) 13 1.8 %~5.1 % Th-olz. iz, M HFIUATER A (sr) 15 0.001 % (B 857 3) ~0.045 % (H &5 %),
S AR SRR AR 2 (RSDR) 1 2.8 %~8.9 % Tdh-o7-. WINPT RMHEHER 7 (RSD,) K OV [E AR,
FARTFEHE(R 2 (RSDR) b, MERHERRERIE B E A O UMMERO FIECTREN TODEREL ~LCBT
DIGED Q2T DEEW T T2 e D, RIEOREE TR ERBRIEOMEREHEICH G L TW\WAHI L%
flEsd L7z,

Table 6  Statistical analysis of Collaborative study results

Sample Labs  Mean” s  RSD:” 2*CRSD.” sz  RSDx" 2*CRSDx’

p@” W W (W (%) (%)
Prepared sample 1 11(0) 1.63 0.030 1.8 8 0.045 2.8 16
Prepared sample 2 9(2) 0.277 0.010 3.8 8 0.017 6.0 16
Urea 10(1) 0.283 0.005 1.9 8 0.009 3.1 16
Mixed nitrogen fertilizer 11(0) 0.130 0.004 3.0 8 0.004 3.3 16
Compound ferttilizer 1 9(2) 0.0825 0.003 4.0 8 0.007 8.9 16
Prepared sample 3 10(1) 0.0184 0.001 5.1 8 0.001 6.3 16

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 laboratory retained after outlier
(n=The number of laboratories(p )xThe number of repetition(2))

¢) Mass fraction

d) Standard deviation of repeatability

e) Repeatability relative standard deviation

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

h) Reproducibility relative standard deviation

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

4. F&H

JEBHEBBRE IR S AL 3,4-D ATF VT — W) VB O 5Tk (LUT, TAREEIET 5. )I2o0T, [FHEE
AL HE L X2 38 ] L R BUBR 12 5 2 24 ME A% RE (Harmonized Collaborative Validation: HCV) @ 5 £ T BE
BT 572002, 12 3RBR=E T 6 fikH (12 &) OFEHE VW= 3L [FRIFBR & S hE L 7-.

TR DIo72 1 REREABRIIL, 11 REREOREE) DB FBLE Ol Z1T o 72 f5 5%, FHE
0.0184 % (B #/475) ~1.63 % (B #4r5) OFPHIZ BT, == BBUR R 22 (RSDR) 13 2.8 %~8.9 %
THY, IEEERBIEOW IR A ITRSNTODAFIREL VBT DREED H 2 LT D2z L.

AR U RBRIES, T CICHE—BR =215 2% 4 MEfERR (Single Laboratory Validation: SLV) 287254
TNDIEND, ARTEFAEFERBR LI BT 2588155788 Type BHCV M O8N SLV OfE FLANIERHERRER 1 B
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JBE A OERFIEA - LT BRE) ITHEA L T DI e e ieRd Lz,

LRIFRER ST e lEE R U, —MRIVEEN B AR RSO 2 —Z B ERT, —tEEEN B A
FRE BRI Lo 2 —, a—T = =TV RS R e 2 —, O v A AR
K&t 2L~ —HR— o —, BEfE TS Shodex —E AL & —, Y — XS ANAA VA
TURAREH AL — PR — e X —DENITHEERLET.
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2) RMOKEER SR IEEO M E ORI 2B DA MAT RS 40 8 I, 5 H, B ETHK
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3016 H, BEMOUKERSRE 700 5, HALES 346 A 14 A, BMOKERE 57R-H 1009 5 (2021)
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Performance Evaluation of Analysis method for 3,4-Dimethylpyrazole phosphate (DMPP)
in Fertilizers using HPLC : Harmonized Collaborative Validation

HIRATA Erika!, HASHIMOTO Yoshimi? and OSHIMA Mayu?

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

The performance of the determination of 3,4-dimethyl-1H-pyrazole phosphoric acid (DMPP) in fertilizer using
high-performance liquid chromatography (HPLC) as described in the Fertilizer Test Method has confirmed in a
single laboratory. To evaluate the performance of the DMPP analytical method using HPLC, we conducted a
collaborative study based on an internationally harmonized protocol. Six samples with confirmed homogeneity were
sent to 12 collaborators. Those samples were analyzed in blind and duplicate. We estimated the reproducibility
relative standard deviation (RSDRr) from analytical values reported by the 11 collaborators, excluding one failed
laboratory. After identification of outliers with Cochran test and Grubbs test, the mean value of DMPP was reported
0.0184 % -1.63 % for the mass fraction. Similarly, the RSDr for the determination of DMPP was estimated 2.8 %-
5.1 %. These results suggest that the accuracy of this method is suitable for the determination of DMPP in those

concentration range. In conclusion, it demonstrated that the method for determination of DMPP was validated.
Key words DMPP, high-performance liquid chromatography (HPLC), harmonized collaborative validation

(Research Report of Fertilizer, 15, 54-65, 2022)
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6 LC-MS/MS ZMAULi=fu%lchd PFOS BT PFOA D9 #HriE Dt EE
—ERHARFHRIC KD HZ L MERER —

W ESR T, BRG]
F——F PFOS, PFOA, 1518, ikikra~~ro7 205 NEBSHTEF, AR

1. [XL®HIC

ST AT B AR (LT, TPFOS| &V, Fig. 1-1 1Za—7 > 7 Al 1aiEk A, Fmis A7
VN, e, VT At s 2R (LR, TPFOAJEV. Fig. 1-2 1X5->F RO TEIF, Bk, FLLA
RENMBEHEIN T A S RILAEMTHY, ENREIZEALZ T TREPICEVEZEGF T35,
PFOS I3 A% 22 4F, PFOA 1Z5 1 3 R LFES 2 5655 2 HITRSNAH —HR EL P EE L THRESH
TEY, ZOHE A - ARFIRIN DS D, i, S0 2 FIEAFEE TKEKRP O Y, BREEE I
B /K HOIYPFOS &N PFOA A EOE EREMAELHIZ 50 ng/L EFRELZ. FRKES BT HHEAK
H1D PFOS J2 Of PFOA 1% D TREIZH W TREYCTE RIS T T HZ & AR 1 1D ST,

\/ \/ \/ \/ sos+

I W N W N
A ANANA
F F F F F F F F
Fig. 1-1  Structural formula of PFOS
F F F F R F
R VAAVIRV.
\C/ \C/ \C/ \C/ \OH
/N /\ /\ /\
F F F F F F F F

Fig. 1-2  Structural formula of PFOA

{0

AR 2 BRI, 2 1K 2033 A 2 4F 7 A 31 BT RHOKEATEE - L8R EELSE R LY
IGUEREELH D PFOS & OF PFOA D& A1 @A 357 D IHEFA B I H WD TiE DB A i Sh iz 2 L
%%%\F, PFOS } OF PFOA 3 HTiEDBR%E I OV —FRBR R D 2 4 A el L, B aBR L [ ST

Hﬂ%zéhm;z%%ﬂvw F7 8T NEESHTRF(LC-MS/MS) & AW fEFH 0 PFOS & U PFOA 43 T ik

MEREREM D720, EEAITIEIELZRB O b AR ILFERERZ ML, %S4 MR (Harmonized Collaborative
Validation: HCV) Z#1T7->7-DC, Z O EAZHRE T 5.

VOMSEATBOE N RAOK BETH B 2 e i e s — IR i A
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2. MERUAE

1) ¥EHEZASEMRUARKRASEHORAR

—E#ED PFOS-PFOA %5 A 5Bt L T, G L OVG IR ICENME YRR (B ki, RSTH) 2Nz,
WLROFEE D IR AT 5T b D% 6 FFHA R Lz, JERFERBRIE YLD ZALZ 4L 40 °C TR 70 IEETHZIRL
721%, ik (Retsch ZM 200) T 500 um OHESDHWEEIETHE T, HEE2DIHKIRA L CRELL
7z REHT, RV=F LRSI AN TR A CERL, EH B E2RET, FIRCHRIELEZ. 6 FEORENZS
W, RVTF LR 3.8 g TRHEL THEELIZLOE4 50 EFHRLUZ. 306 300 # (50 1# X 6 fi¥E) (27
UHEDNIE SR, REERIL. ZRSORBILT 6 FEOREIDhIS, T2 A 10 fHT k&
0, BEMERGEARREIE LT, F2, 6 FEDIERIN ST Z Moz 2 H3 ol Lizh 0% 3 [F 35
AEFEL, LT O EER= TR LT,

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

(50 & NE)

2) HERUSBE
KRBEOMRATDH LC-MS/MS, LC HBENT I, AL RO, B ALR, 5000 BER, &0
B, ~=AR—LR, RHEEE, RERE I —2 L.

3) HAE

FBHATE K Ok B IR A S YE h D PFOS K& Y PFOA (I2OW T, EEHA M OZ D EHEED & A 'Ly
I BAE RO EH BEEAFLIZE (LLT, THE1E0)) %, PFOS 1220V TIE BCs-PFOS K 13Cs-PFOS #,
PFOA |22\ TiE BC4-PFOA K T BCs-PFOA A NIEEME L CHWCENEN R T2 E LT,

PFOS &% (N PFOA O, K& HL K OV E (T AR GERIE Y 2 iz, 728, BUERHATR OB EIC WS
FIfEA A AR ~— 1 — )P T M InertSep MA-2 (F8 TAAIE: 500 mg, VW —/N—% & 6 mL), Oasis
WAX for PFAS Analysis (72 CAA & 500 mg, V¥ —/3—24 & 6 cc) DV Tt EoTe.
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Fr AR IR AR 1T PFOS & U PFOA O3 0.1 ng/mL, 0.2 ng/mL, 0.5 ng/mL, 1 ng/mL, 2 ng/mL,
5 ng/mL, 10 ng/mL, 20 ng/mL }% O} 50 ng/mL, ¥£7-, WAEHEME &L T 3C4-PFOS, *Cs-PFOS, “C4-PFOA K&
O BC-PFOA M3 ZFVE N DFEAERR T T 2 ng/mL T L5 I0CFHHIL, BN ~B T LT,

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

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

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

BEDTW, HHTED 71— —hk (Schemel-1 } O Scheme 1-2), & & TR SHEHETR M ORERRIR D E
BRI v X M A OB 7 v~ ~ 77 L1 (Fig. 2-1 O Fig. 2-2) &7~ LT,
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2.00 g analytical sample | 50 mL PP centrifugal precipitate tube with a screw cap (A)

<1 mL of isotope performance extraction standard solution (20 ng/mL each of mass
labeled PFOS and mass labeled PFOA)

< 15 mL of methanol
< 0.1 mL of formic acid

| Ultra-sonication | Ultrasonic generator, 20 minutes
|
| Centrifugal separation | 1700xg, 5 minutes
|
| Transfer (supernatant) | Acceptor, 50-mL PP test tube with a screw cap (B)

<Repeat procedures inside the frame 2 times>
(Residue)
(Supernatant)
15 mL of methanot>
0.1 mL of formic acid—
| Ultra-sonication | Ultrasonic generator, 20 minutes
|
| Centrifugal separation | Centrifugal precipitate tube with a screw cap (A),
1700xg, 5 minutes
(Residue)
Add up|
(Supernatant) (Supernatant)
< Methanol up to the marked line of the 50 mL test tube with a screw cap (B)
| Extract |

Scheme 1-1 Flow sheet for PFOS and PFOA in composted sludge (Extraction procedure)
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| Extract |

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

<« 5 mL of water

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

Centrifugal precipitate tube with a screw cap (C), 1700xg, 5 minutes

Weak anion exchange polymer cartridge column

(Wash with about 5 mL of ammonia solution (28% (mass fraction))-
methanol (1+100), about 5 mL of methanol, and then about 5 mL of
methanol-water (1+1) in advance)

Cleanup

< Wash the test tube with a screw cap (C) with 5 mL of methanol-water (1+1)
< Wash twice with 5 mL of methanol

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

Connection of cartridge
columns

< 2 mL of ammonia solution (28% (mass fraction))-methanol [1+100] [Discard]

< 4 mL of ammonia solution (28% (mass fraction))-methanol [ 1+100] [Elute,
graduated test tube (D)]

| Concentration | Gently spray nitrogen gas, down to the marked line of 0.5 mL

< 0.4 mL of Water

| Mixing | Test tube mixer

< Water, up to the 1 mL line

| Mixing | Test tube mixer
I

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

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

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

(Cleanup and measurement procedure)
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* Linear form of PFOS * Linear form of PFOS
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; 6.0e3
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Fig.2-1 MRM chromatogram of PFOS
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1.0e5 :
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6.0e4 : f N
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Standard solution (20 ng/mL as PFOA) Sample solution (Composted sludge)

Fig.2-2 MRM chromatogram of PFOA
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Table 1-1  Example of parameter of LC system

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

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

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

Column temperature: 40 °C
Injection volume: 5 pL

Table 1-2  Parameter of MS/MS

Ionaization: Electrospray ionization (ESI)
Mode: Positive

Table 1-3  Monitor ion

MRM transition (m/z)

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

4) HRFEBARHOHE R

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

5) HFEHER

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



AT

3

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

73

= _
W

@S PR

B

i

— == [#] L[]

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

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

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

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

‘ WU Q[ >t ¢ et . . .

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

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

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

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

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

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

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

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

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

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

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

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

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

(QImoo o3puyaeo

uwnjod Ae[op

uwnjod prend

uwmjod |

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

T 9L



74 AEUEHIIFZE 8 Vol. 15 (2022)

Table 3 Conditions of LC system used in the collaborative study

) Mobile phase Flow rate Gradient program Column
Labs ID temperature
A B (mL/min) Time (min) A(%) B:(%) (°0)
A 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 1.5 min A: 60 B: 40 40
acetate 1.5 min - 10.0 min A: 60—0 B:40—100
10.0 min - 12.0 min A:0 B: 100
12.0 min - 12.2 min A:0—60 B: 100—40
12.2 min - 20.0 min A: 60 B: 40
B 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 1.5 min A: 60 B:40 40
acetate 1.5 min - 10.0 min A:60—0 B:40—100
10.0 min - 12.0 min A:0 B: 100
12.0 min - 12.2 min A:0—60 B: 100—40
12.2 min - 20.0 min A: 60 B:40
C 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 1.5 min A: 60 B: 40 40
acetate 1.5 min - 10.0 min A: 60—0 B:40—100
10.0 min - 12.0 min A:0 B: 100
12.0 min - 12.2 min A:0—60 B: 100—40
12.2 min - 18.0 min A: 60 B:40
D 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 7.0 min A:70—35 B:30—65 40
acetate 7.0 min - 7.1 min A:35—5 B: 65—95
7.1 min - 7.5 min A:5 B: 95
0.35 7.5 min - 10.5 min A:5 B: 95
10.5 min - 10.6 min A:5—70 B:95—30
0.2 10.6 min - 15.0 min A:70 B:30
E 0.5 mmol/L ammonium  Acetonitrile 0.2 0.0 - 13.0 min A:60—5 B:40—95 40
acetate 13.0 min - 18.0 min A:S5 B: 95
(0.1 % Formic acid contained) 18.0 min - 21.0 min A:5—60 B:95—40
21.0 min - 25.0 min A: 60 B:40
F 5 mmol/L ammonium  Acetonitrile 0.25 0.0-4.8 min A:70—5 B:30—95 45
acetate 4.8 min - 5.4 min A:S B: 95
5.4 min - 5.5 min A:5—70 B:95—30
G 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 20.0 min A:70—10 B:30—90 40
acetate 20.0 min - 25.0 min A: 10 B: 90
25.0 min - 25.1 min A:10—70 B:90—30
H 10 mmol/L ammonium  Acetonitrile 0.35 0.0-1.0min A:75 B: 25 40
acetate 1.0 min - 16.0 min A:75—2 B:25—098
16.0 min - 20.0 min A:2 B: 98
20.0 min - 20.1 min A:2—75 B:98—25
20.1 min - 22.5 min A:75 B: 25
I 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 20.0 min A:75—0 B:25—100 40
acetate 20.0 min - 23.0 min A:0 B: 100
23.0 min - 23.1 min A:0—75 B: 100—25
23.1 min - 30.0 min A:75 B: 25
J 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 20.0 min A:70—5 B:30—95 40
acetate 20.0 min - 23.0 min A:S5 B: 95
23.0 min - 23.1 min A:5—70 B:95—30
23.1 min - 25.0 min A:70 B:30
K 10 mmol/L ammonium  Methanol 0.3 0.0 - 3.0 min A:70 B:30 40
formate 3.0 min - 10.0 min A:70—0 B:30—100
(0.1 % Formic acid contained) 10.0 min - 15.0 min A:0 B: 100
15.0 min A:0—70 B: 100—30
15.0 min - 20.1 min A:70 B:30
L 2 mmol/L ammonium  Acetonitrile 0.3 0.0 - 8.0 min A:99—5 B:1—95 40
acetate 8.0 min - 9.0 min A5 B:95
9.0 min - 9.1 min A:5—99 B:95—1
M 10 mmol/L ammonium  Acetonitrile 0.2 0.0 - 1.5 min A: 60 B: 40 40
acetate 1.5 min - 10.0 min A: 60—0 B:40—100
10.0 min - 12.0 min A:0 B: 100
12.0 min - 12.2 min A:0—60 B: 100—40
12.2 min - 20.0 min A: 60 B: 40
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Table 4-1 Homogeneity test result of PFOS

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

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

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

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

e) Standard deviation of sample-to-sample

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

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

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

Table 4-2 Homogeneity test result of PFOA

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

Refer to the footnote Table 4-1

2) HRRBRABERUNNERE

B RERENOHE SN2 E O [RFRERBE % Table 5-1 K& X Table 5-2 (2R U7z, 4R 51D S[R3k
R#E O HHiEZ TUPAC O 3EIFREBR 7 ohaL 16102t > CREEHENT L2, M2 95729012
Cochran OFE & T Grubbs DR EZ FEhL72. ZORER, 13 SERENLHE SN ZNZE O H[EFUR AL
FEDHL, 3C4-PFOS Z# WIEHEW) L &L CTordT L7z PFOS EL8AAR T 2 5B S, 13C4-PFOS 2 NAZHEM) - &L Chy
Hri7z PFOS A& T 2 iR =, "Cs-PFOS ZWIEHEME L L THHTL7- PFOS EH#{AT 1 #Bk=E, PCs-PFOS
T PNAZRE) L L LT AT LT PFOS A& & T 1 3kl E, 3C4-PFOA ZNAZHEYE L L C/rfr L7 PFOA B4 T
2 BRE, BC4-PFOA ZNIEHEWE L L T/HMTL7= PFOA 58T 2 BR=, 3Cs-PFOA ZNEEHEME L Loy
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LC-MS/MS% F W= IEE 1 O PFOS M2 NPEFOA D A3 1 DM RE 2L A
— R W FEFBRIC LD 2 Y MR RE — 81

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

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

a) Target substances / internal standard substances

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

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

e) Repeatability relative standard deviaton

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

h) Reproducibility relative standard deviation

i) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2021
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Table 6-2 Statistical analysis of Collaborative study results for PFOA
Measuring Sample Labs Mean” s  RSD.” 2*CRSD.  sx  RSDr” 2*CRSDx’

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

The foot note is shown in Table 6-1.

4, F&EOH

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

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

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

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

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

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

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



Bk S-oFALEMD o0 87

1T ARASORIEEVDS I

HHAMIE !, A ERT L ot !
F—J—FK i 5->F LG, PFOS, PFOA, {GIRIEEL, WiKk/a~hr o720 5 K8 &
IR R

1. [ZLHIZ

A S-oFLEW (LT, [PFASs) &V, ETo, HBIOWE D4 FRIE Table 1 IR TS Z2 A5, )
I%, PFOS % & te~L7 AT L)L AR (LLF, TPESAs] &), ), PFOA & el 7 L 41
TNFNTNVIR A (LU, TPFCAsI V). ) ORI THY, HAH, eHFEzirdll, ZHEITHWY
LILTE. ZNHITHRE A RE THY, BRET THMINES, AREERTLIZLNMEINTNDS. T
KRABIGZ B B AKF D PFOS KT PFOA (3% D TRIZEB W TRREBEY G IEICEAT T 528
HIDENTND. ZOZEMND, PFOS LT PFOA O HriEEBIRL, B—iBRE O 3 4 MR (uT
[SLV LW, )& FEMLZY. SLV ORFHIHWIZIERINBE SR D PFOS Y PFOA D AH7257, 43
Iz ALK D PFOS J OY PFOA A HHEN7=Z&0 0, HRRBRICLAEEGRBR = O % Y i TIE, &
&E{zm PFOS } ' PFOA O & H BD KRBT, FAHIZ7 I B RO PFOS & O PFOA O & A &% I

HREEIT, TAREIEVI IOV THELIZY . ZO/REE, IBEFERBEY O B E A O3k
REBE 2L QD2 e a R LTz,

LinL72 A5, PFOS K& OY PFOA LIS PFASs OO LRI B CTHRIBL W= ELH 7, KkEHE
EWE IR Gk R (ATSDR) O #7177 /V 7 ClL, PFOS, PFOA, PFHxS, PFDA } O' PFUdA (2%

AERB D LRSI, F2, BINTIE PFOS & T PFOA OffiiZ PFHxS, PFHxA, PFNA, PFDA,
PFUdA, PFDoA, PFTDA, PFTeDA & Z oW CHIHI D@ & 0385810,

ZDOZEND, U PEEMEFR LT PFOS O PFOA Ok (LLF, TEE#H &), ) Y o EHA TR O
B EZ AV T PFASs DO B ITE FIREZR Ry R E T L7z, BEIZ, W ] W HE Td o7z PFASs D43 H il Of
IZ PFOS } OF PFOA D43 I $H B AR A B Lo B O ST EEZ TV EL D= TEOMELZ IR E T 5.

Table 1  List of PFASs included in the resent study

Component Abbreviation Carbon® Chemical formula
Perfluoroalkylsulfonic acids PFSAs
Perfluorobutanesulfonic acid PFBS C4 CF;(CF,);SOsH
Perfluoropentanesulfonic acid PFPeS C5 CF;(CF,)4SOsH
Perfluorohexanesulfonic acid PFHxS Co6 CF;(CF,)sSO;H
Perfluoroheptanesulfonicacid PRHpS . .CT . CEs(CF)eSOsH
Perfluorooctanesulfonic acid PFOS C8 CF;(CF,);SOsH
Perfluorononanesulfonic acid PFNS C9 CF;(CF,)sSOsH
Perfluorodenanesulfonic acid PFDS C10 CF;(CF,)9SOsH
Perfluorododenanesulfonic acid PFDoS C12 CF;(CF,),,SO;H

a) Number of carbon

VRSTAT Bk N EEAROK BE T B A e BT o 2 — IR SRR 2 iR AR
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Table 1  continued
Component Abbreviation Carbon® Chemical formula
Perfluoroalkylcarboxylic acids PFCAs
Perfluorobutanoic acid PFBA C4 CF;(CF,),COOH
Perfluoropentanoic acid PFPeA C5 CF5(CF,); COOH
Perfluorohexanoic acid PFHxA C6 CF;(CF,)4COOH
Perfluoroheptanoicacid ... PPHpA . .CT  CE(CFy)sCOOH
Perfluorooctanoic acid PFOA C8 CF;5(CF,)sCOOH
Perfluorononanoic acid PFNA C9 CF;(CF,),COOH
Perfluorodecanoic acid PFDA C10 CF;(CF,)sCOOH
Perfluoroundecancicacid . PFUAA CL1 . CFy(CFp),COOH
Perfluorododecanoic acid PFDoA C12 CF5(CF,);(COOH
Perfluorotridecanoic acid PFTrDA Cl13 CF5(CF,);;COOH
Perfluorotetradecanoic acid PFTeDA Cl4 CF5(CF,);,COOH
Perfluorohexadecanoic acid PFHxDA Cl6 CF;(CF,)14,COOH
Perfluorooctadecanoic acid PFODA C18 CF;(CF,),;,COOH

a) Number of carbon

2. HHRUAE

1) HHOWRE VAR
THUENEAL 86 AN ONREMRE (RAEAE 10 SRAFBR I EL, TIE 4 40 °C TH 70 FFfHZEL7-1%, Th 2
R DR (Retsch ZM 200) T 500 um D AZY — 2 Z @i 35 F THIEL, 1RE L Tofr BRI
7o BT AEEHT, AV =F LRSI AN TR ATHERL, B BYCERET, FIRCTRAFLZ.

2) FERURE
(1) Whra~br 775207 WE AT (LC-MS/MS) : SHIMADZU LCMS-8045
S7BER 717 50 GL-Sciences InertSustain C18 (N£E 2.1 mm, £ & 150 mm, F7£E 3 pm)
H—R772: GL-Sciences Inertsil ODS-SP HP (IN£% 3.0 mm, £& 10 mm, $74£8 3 pm)
T4V A7 5 GL-Sciences Delay Column for PFAS (£ 3.0 mm, £X 10 mm)
(2) #WHEHFEAEL: Yamato 8510
(3) L HERS . KUBOTA 77— /L by 7 it LB 4000
(4) #iE L5 HER: AS ONE MCD-2000
(5) FEAA AR~ —H—R )BT A GL-Sciences InertSep MA-2 500 mg/6 mL, Waters
Oasis WAX 6 cc (500 mg), Waters Oasis WAX for PFAS Analysis 6 cc (500 mg) , phenomenex Strata-XL-

AW 500 mg/6 mL

(6) 7777 ANI—AR>F—K) v BT GL-Sciences InertSep Slim GC 400 mg

(7) ~=&—JLK: GL-Sciences, WATERS

(8) IEfE#RE: GL-Sciences ZEHZMEf T /7=

(9) FEREIFH—: ASONE #HEEIF ¥ —TRIO TM-2N

(10) BR&FH&BRE . GL-Sciences GL-SPE 7 mL &4 (0.5 mL&1.0 mL fE#R1F )
(11) FEERMATFHRQCORSS: Labcon 15 mL ARV 7 mE'L U BRIEE AX LT —2 A
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(12) LC /3 A7 V2 WATERS ARV7mbt'L A SA7)1 (300 pL), BFZ AL AR F L 8al
eSS4

(13) RV 7revr o8l niB% : GL-Sciences 50 mL DigiTUBEs, GL-Sciences 15 mL
DigiTUBEs

(14) RY7arL o fdtlem LLEE : v 1.5 mL 2V r% Yy Fa—T FFaTL

(15) RAY =Xy b CORNING FHFWEEH T AR Y — L~k (146 mm), CORNING
EDTF VIR T AR SAY — L E 2wk (229 mm)

3) HE

(1) 7K: #B#l/k Sl EE & (MILLIPORE ¢ Milli-Q Integral 5) & VTR R L 728 #i K (FL R HUE
18 MQcem LA b)) I L7=. JIS K 0557 ([ZHETD A4 DK

(2) AZ/— v FREEEIK-PCB B (5000 (546 (& L7 AL L Fneiisk)

(3) A& /=) (Fa B )« JIS K 8891 4kl (5 L7 A /L AFn ot fli k)

(4) 7EF=NIVORBERF) : LC-MS FIEER (8 7 A/ 2506 ER)

(5) TrE=TK: JISK 8085 HpkaABE (A (NHs) H &0 % 28 %) (& L7 A /L ARG HiHE)

(6) XP#: JIS K 8264 Fekild (& (HCOOH) & 43 % 98 %LL 1) (B b7F)

(7) EEfR7T o E=U LR (1 mol/L) : iRk a~hr 77 FaEE. (B L7 AV L F i)

(8) MEMET v E=" AVAHEZ (10 mmol/L) : WEFET > =17 AR (1 mol/L) Z/K T 100 {5 AR L7-.

(9) AZ /==K (1+1) : 2) DAZ )—)VOIRFE 1 EKRKOEFE 1 EERALTE.

(10) TrE=TK—AF /=L (1+100) : (5) DT E=T KDEFE 1 £(2) DAZ ) — L DIEFE 100
LERIRALT.

(11) PFASs EH#E{: PFAC-MXC (8 %45y PFSAs K& N 13 %4y D PFCAs IR AR, T OOy
OV FE X Table 2 2%, 1.2 mL A%/ —/LiE#K) (WELLINGTON) 1 mL @ PFAC-MXC % 10mL 4 &
TTANIAI, BERRETAZ ) — L% 2T PFASs FEHEVEK (200 ng/mL) Z 8L 7=,

(12) '3C4-PFOS WAZHEYWZ: MPFOS (Sodium perfluoro-1-[1,2,3,4-13C4]- octanesulfonate 1.2 mL)
(WELLINGTON) 1| mL % 50 mL &7 7A2(ZE), FERRETAY /— /L& MZ T BCys-PFOS WAEHEHR
(1 pg/mL) ZFH L 7=

(13) '3Cs-PFOS W 4% #£9% : MS8PFOS (Sodium perfluoro-1-['3Cs]- octanesulfonate 1.2 mL)
(WELLINGTON) 1| mL % 50 mL &7 7A3(2&), FEHRETAY ) — /L% MZ T BCs-PFOS WAEHEHR
(1 pg/mL) ZFHHLT-.

(14) BC4-PFOA W 1% # ¥ :  MPFOA ( Perfluoro-n-[1,2,3,4-13C4]-octanoic acid 1.2 mL )
(WELLINGTON) 1| mL % 50 mL &7 7A2(IED, R ETAY /— /L& 2 T BC4-PFOA WAEHEHR
(1 pg/mL) ZFHHL7-.

(15) '3Cs-PFOA WIZ#E]Z: MSPFOA (Perfluoro-n-['3Cs]-octanoic acid 1.2 mL) (WELLINGTON)
1 mL % 50 mL &8 7723240, fERETAZ ) — /L& N2 T BCs-PFOA WEEHER (1 pg/mL) ZFHHLL
7.

(16) BC-IRAWEEUERL : 3C4-PFOS WA HEN (1 ng/mL) 10 mL, *Cs-PFOS WHEHEHE (1 pg/mL) 10
mL, C4-PFOA FEHEJE (1 pg/mL) 10 mL & OY 3Cs-PFOA WAZ#EWL (1 ug/mL) 10 mL % 50 mL &2 &~77
ATZEVIRA L, HERETAY ) — & NZ T BC-IRA MR (200 ng/mL) ZFH 8L 7-.

(17) HMEHRHIEAEYERR (0.1 ng/mL~50 ng/mL) : PFASs %% (200 ng/mL) /K TAIRL T



90 AEEHIFZEER S Vol. 15 (2022)

PFASs fZ #£%#% (100 ng/mL) Z FH %L, PFASs A= ¥4 (100 ng/mL) % A% /—/L — /K (1+1) T 10 {5 & ' 100
5 IZA IR L, PFASs FEHER (10 ng/mL) & OV(1 ng/mL) 2% L7-. BC-IRA WAZ #E#E (200 ng/mL) 2.5
mL % 25 mL 287 T7AIED, B ETAY /—/b— K (1+1) 22 TREA WAZHER (20 ng/mL) % 3
L7-.

PFASs FE#Ei% (100 ng/mL) ® 1 mL, 2 mL & X5 mL % 10 mL & &7 7 A ZEMEMICEY, BC-IRE
WAEAERR (20 ng/mL) 1 mL ZZENZNINZ, R ETAY /—/L— K (1+1) Z Mz 7-. PFASs 4R (10
ng/mL)® 1mL, 2mL %85 mL % 10 mL 2877 AZEPEICEY, BC-IRA IR (20 ng/mL) 1
mL 2Nz, R ETAY ) —— K (1+1) ZZNE NI A 7=, PFASs #EHEE (1 ng/mL) ® 1 mL, 2 mL
OS5 mL % 10 mL 2877 AZERERIZED, BCIR G NAENERK (20 ng/mL) | mL #ZNZhINx, 15
METAZ ) — L —K(1+1) 2N ZT-.

(18) o HTalEHRINA BC-IRA WEEHERE . PC-IRA WAL HERK (200 ng/mL) 10 mL % 100 mL £ &~
FANZEY, FERETAY ) — N2 THRral RN BC-IR A NAZYERR (20 ng/mL) Z 8 L7=. /34T
ABHR N BC-1RA NEEYERL (20 ng/mL) 5 mL % 50 mL &7 7 AL, I ETAX ) — /LA
CRBRMR T BC-IRA WARYER (2 ng/mL) AR L7,

(19) FRERFRFIH PFASs HEHEHT . PFASs ZZ#E{% (200 ng/mL) % 2 1§, 20 {5 & OV 100 52 A% /— )L
TARL, BT A PFASs FE#E{E (100 ng/mL, 10 ng/mL &% Y 2 ng/mL) Z 8 L7, B
PFASs #E#Ej%Z (100 ng/mL) 1 mL % 100 mL &7 7 ALY, R ETAX /—/L— K (1+1) Z M2 TR
B et B PFASs FE¥ERE (1 ng/mL) 238 LU 7= C RURIEO G ) .

72k, RRL(11) ~ (19) ORI, Al 0REBE (R 7 e L o 8) ICB LA, MREHR S 8 °C LA
TCREL.

Table 2 Components of PFASs standard solution and their concentrations

PFSAs PFCAs
Concentration (ng/ml.) coefficient Concentration (ng/mL)

Abbreviation  as salt asacid  (Acid/Salt) Abbreviation as acid
PFBS 2000 1770 0.885 PFBA 2000
PFPeS 2000 1880 0.940 PFPeA 2000
PFHxS 2000 1900 0.950 PFHxA 2000
PFHpS 2000 1910 0.955 PFHpA 2000
PFOS 2000 1920 0.960 PFOA 2000
PFNS 2000 1920 0.960 PFNA 2000
PFDS 2000 1930 0.965 PFDA 2000
PFUdA 2000

PFDoS 2000 1940 0.970 PFDoA 2000
PFTIDA 2000

PFTeDA 2000

PFHxXDA 2000

PFODA 2000
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4) SIERIE

(1) #

SIFTRREL 2.00 g Z13A0EST 50 mL 2l FEBRE (A) ICAIL, S3#TaeHRINA BC-IRA N HER (20
ng/mL) I mL Z /M%7, B2, A% /—/15mL KOEEE 0.1 mL 2/ x, @EEHAERE HNT20 5
M S LR L, /007150 1700xg THI 5 [l OB L, B A% SO0mL 22 U OB (B) IC L
7o 50, ZOfEEE 2 BIEE L, EEARE R T DRERE (B) 127z, 50mL 22 U HRERE (B) O
BECTAX /—NZ&x, fHiRs L.

2) 2V—=rTv

FEA AL AR~ — T — NPT L TOT =T K— A% )=/ (1+100) ) 5§ mL, A%/ —)v
5 mL K OAZ 7 —/—K(+1) K 5 mL CHRREFLTZ. £io, 7777 AMN—RUT—RN w7 A
T Y OAZ ) — VK] 5 mL THeiEL-.

FHHIHE 5 mL % 15 mL 22U O 3RE (C)12&0, K 5 mL N2 TIRVIEE GFilEw XXk Em R e 5
Br e i3m0 UK 1700xg THI 5 p i Doy BEL ), 582 A A4 ZHARY ~— I — Ny P BT LIZARL,
WA FETAR O ESICETAETRESEZ. AU ORERE (C) 2A%//—1L—K 1+ 5 mL TP
L, iREFRCIZMMZARL, WEAFE TARO EISET HETHIHSE 2. TICAX/—K) 5
mL % 2 B AF L MR~ —H— P AT LN A, IRE T TAR O LI ET L ETRES
Wi, FIT7 7 AN =R T — NV BT LEGHEAT o R AR )~ — T3 — N 7 L0 FIEFEL, 7
VEZT K= AX =L (1+4100) 2 mL 2N x, RS TAHO ElcETo2E Sz, BT
HRBRE (D) EZI—N P HTLD FICEE, ToE=TK—A% /=L (1+100) 4 mL &5 —K v BT A
Mz TPFOS, PFOA KUENLOWIEEYE 2 E ST,

BRI AR HRIRRCNITREAT, 0.5 mL O BB ETRMEL, KK 0.4 mL 2%, SBREIxY
—TCRVIEYE, T2 | mL OFEETKENL, BREIFV—CIRVIEY, 1.5 mL 32 O (B)
WZ ATz, 0 /) 8000xg THY 5 oyl D orBEL, LB RZ B A & LTz, 2% Scheme 1-1 K Y
Scheme 1-2 IZ/RLT=.

5) HIE

K B R AR eI L OSUEHA 2 LC-MS/MS (Z7E AL, Table 3-1 K OF Table 3-2 Ol & 514
e THAA Y ORI H (MRM : Multiple Reaction Monitoring) 72~ 7 A& FREkL, EiLE
oY —JiffEZ RO KRy LN OONIEEMEOE‘RMAF L O =7 HfEHEZ R H L. £
AR A EHETR DA K5y DY FE LR DT — & b O B AAHT (1% REREER L, SREHAR
P OFK RS DIREERD, SR O Ry DR EEF H L.

BB TR A YR K ORRBHA T D45 By E 2 N DO INIE W B O & B A A LR A4
DY — 7 fE 2 H L TR L7z,
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Table 3-1  Operating conditions of LC-MS/MS

[HPLC conditions] SHIMADZU Nexera Series
Delay column: Delay Column for PFAS (3.0 mm I.D., 10 mm L)
Guard column: Cartridge Guard Column E Inertsil (3.0 mm [.D., 10 mm L, 3 pm)
Analytical column: InertSustain C18 (2.1 mm [.D., 150 mm L, 3 pm)
Mobile phase (A): A: 10 mmol/L ammonium acetate solution  B: Acetonitrile
Gradient program: 0 min (20 %B)—2.0 mim (20 %B)—15 min (100 %B)—
16 min (100 %B)—16.1 min (20 %B)—21 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: Positive
Probe voltage: -1 kV
DL temperature: 200 °C
Heat block temperature: 300 “C
Interface temperature: 300 ‘C

Nebulizing gas flow: 3 L/min
Drying gas flow: 5 L/min
Heating gas flow: 15 L/min

Table 3-2 MRM parameters for detection of PFASs

For determination For validation
Precursor Product Colision Precursor Product Colision
Abbreviation ion ion energy ion ion energy
m/z m/z (eV) m/z m/z (eV)
PFBS 298.9 80 33 298.9 99.0 28
PFPeS 348.9 80 44 348.9 98.9 33
PFHxS 399 80 44 399.0 99.0 35
______ PFHpS 489 80 S M489 989 38
PFOS 498.8 80 54 498.8 98.9 44
3c,~PFOS 502.8 80 52 502.8 98.9 45
BCPFOS. 5068 80 S4 5068 990 4.
PFNS 548.9 80 55 548.9 99.0 46
PFDS 598.9 80 55 598.9 99.0 51
PFDoS 698.9 80 55 698.9 98.9 55
PFBA 212.9 169 10 — — —
PFPeA 262.9 219 - — —
PFHxA 312.9 269 312.9 119.0 19
______ PFHPA 3629 319 9 3630 1690 16
PFOA 413 169 18 412.8 369.0 10
3C,-PFOA 416.9 169 18 416.8 372.0 10
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Table 3-2 continued

For determination For validation

Precursor Product Colision Precursor Product Colision

Abbreviation ion ion energy ion ion energy
mlz m/z (eV) mlz mlz (eV)
PFNA 463 419 10 463.0 219.0 17
PFDA 512.9 468.9 11 512.9 269.0 18
PFUdA 562.9 518.9 12 562.9 269.0 18

LPFDOA 6120 s69.0 12 6129 1691 26

PFTrDA 662.9 618.9 13 662.9 169.0 28
PFTeDA 712.9 668.9 14 712.9 169.1 30
PFHxDA 812.8 768.9 15 812.8 219.0 27
PFODA 912.8 868.8 16 912.8 219.0 32

2.00 g analytical sample 50-mL PP cenfrifugal precipitate tube with a screw cap (A)

< 1 mL of isotope performance extraction standard solution (20 ng/mL each of mass
labeled PFOS and mass labeled PFOA)

< 15 mL of methanol
< 0.1 mL of Formic acid

‘ Ultra-sonication ‘ Ultrasonic generator, 20 minutes
[
‘ Centrifugal separation ‘ 1700%g, 5 minutes
[
‘ Transfer (supernatant) ‘ Acceptor, 50-mL PP test tube with a screw cap (B)
<_Repeat procedures inside the frame 2 times™>
(Residue)
(Supernatant)
15 mL of mathanol—
0.1 mL of Formic acid—
‘ Ultra-sonication | Ultrasonic generator, 20 minutes
|
‘ Centrifugal separation | Centrifugal precipitate tube with a screw cap (A),
1700%g, 5 minutes
(Residue)
Addup
(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 PFASs in sludge fertilizers (Extraction procedure)
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| Extract |
I
| Aliquot (5 mL) | Acceptor, 15-mL PP test tube with a screw cap (C)

<— 5 mL of water

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

Centrifugal precipitate tube with a screw cap (C), 1700xg, 5 minutes

Weak anion exchange polymer cartridge column

(Wash with about 5 mL of ammonia solution (28 % (mass fraction))-
methanol (1+100), about 5 mL of methanol, and then about 5 mL of
methanol-water (1+1) in advance)

Cleanup

< Wash the test tube with a screw cap (C) with 5 mL of methanol-water (1+1)
< Wash twice with 5 mL of methanol

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

Connection of cartridge
columns

< 2 mL of ammonia solution (28 % (mass fraction))-methanol [1+100] [Discard]

< 4 mL of ammonia solution (28 % (mass fraction))-methanol [1+100] [Elute,
graduated test tube (D)]

| Concentration | Gently spray nitrogen gas, down to the marked line of 0.5 mL

<~ 0.4 mL of Water

| Mixing | Test tube mixer

< Water, up to the 1 mL line

| Mixing | Test tube mixer
I

. . 1.5-mL ground-in stopper centrifugal precipitate tube (E),
Centrifugal separation 7500%g-10 000xg, 5 minutes
I

| Sample solution | Supernatant
|

| Measurement | High-Performance Liquid Chromatograph/Tandem Mass spectrometer

Scheme 1-2 Flow sheet for PFASs in sludge fertilizers (Cleanup and measurement procedures)

3. HWRRUER

1) LC-MS/MS D RIE & DR

PFASs D BEDT-DIZBE#RY TR L2/l 7 252, 79V MED LC S L=y
BEH T LDOT TV r—a W EBREBITREL, £2, MS/IMS OA A4 AL, A4 b —REIZEEHR DS
% F\ 7= (Table 3-1) . BC 25k & O FEREFE > PFOS I ONZ PFOA 1XBE# Tl b LIz =4 — A4
R\ ZEOMD T DE=F—AF 2OV TIE, LC-MS/MS (SHIMADZU LCMS-8050) D7 7' U/r
—ar P EBREICHEEL, FIZ PFASs FEHENR (200 ng/mL) ZH T, ZRENDO RSy D% i
L CHIE % Table 3-2 DEBVIERLT-.

B AR R B AR YRR (50 ng/mL) M OFUEHAE TR (TG VEAEEL 1220\ T 2. 4) 3) IZfE» THIEL THH
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ni-ra~h/7 5% Fig. 1-1 KO Fig. 1-2 (27”072, PFOS K& (Y PFOA O EEHKROE —27 ORFFREM 1T
£ 11.65 43 KUY 9.82 43 T, iAEHAWR TlE PFOS M O PFOA D43 MR DY — 7 % 4y Bl C& -,

- T - — T — T — —— — T
40 50 60 70 80 90 100 110 120 130

Fig 1-1 MRM chromatogram of PFASs in a mixed standard solution, with each PFAS at 50 ng/mL

Peak position ( | —<)
1. PFBA 2. PFPeA 3. PFHxA 4. PFHpA 5. PFOA 6. PFNA 7.PFDA 8. PFUdA
9. PFDoA 10. PFTrDA 11. PFTeDA 12. PFHxDA
13. PFODA 14. PFBS 15. PFPeS 16. PFHxS 17. PFHpS 18. PFOS 19. PFNS
20. PFDS 21. PFDoS
Condition of LC-MS/MS  As shown in Table 3-1 and Table 3-2.

Linear Linear
form of PFOS form of PFOA
_> _>
Branched
form of PFOS
l Branched

form of PFOA
6.0 6.5 7.0 7.5 8.0

|

80 85 90 95 100
Fig 1-2  MRM chromatograms of PFOS and PFOA in a sample solution extracted Sludge fertilizer
Condition of LC-MS/MS  As shown in Table 3-1 and Table 3-2.

B IR A MET (PFASs £LC 0.5 ng/mL~50 ng/mL & A, '3C4-PFOS, *Cs-PFOS, '3C4-PFOA
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Y BCg-PFOA &L T4 2 ng/mL & A) IZ2WT 2 EHIEL, 8 43 ® PFSAs (E *C4-PFOS X i *Cs-

PFOS (Zxf 3 28 —7mfgtt, F7-,

13 %4y PFCAs I '*C4-PFOA X% 3Cs-PFOA B — 7 fE b %

L1, % PFASs JEE L NS AR L O FE AT (1/x7) BERZVERL, £ 0BG ROBRE I R E K
% Table 4 IZ/RL7-. ZDOfEHE, PFDoS, PFHXxDA K Uf PFODA % F#< PFASs @ 18 il 4y D B DX
T A= IAERHE BRI (2021) O R T ARSI TWAEHER =L QU 2. 7288, 25 D72, PFOS
KON PFOA DL — WAZHEY — 7 i ff lh O fR B % Fig. 2-1 K& O Fig. 2-2 IORL, TRHOE R 7=
% Fig. 3-1 & ¥ Fig. 3-2 [T/RLT-.

Table 4  Calibration Curve
Analytes Isotope Linear equation” Confidence interval of ¢ ©”  Coefficient of
Abbreviation Range (ng/mL) abbreviation® Inclination b Intercepta  Lower limit  Upper limit determination® 7>
PFBS 0.1-50 3 ¢,-PFOS 0.852 0.008 -0.018 0.033 0.997
3Ce-PFOS 0.949 0.001 -0.028 0.030 0.997
©PFPeS 0.1-50 BCPFOS | 0.655 - 0.005 - 0030 002 0993
SO © = 4 .0, S oL LA 0.008 . 0.036 0.020 0993 ...
PFHxS 0.1-50 13C4_PFOS 0.583 0.001 -0.023 0.026 0.991
e SOy PFOS  0.647 0.000 ... 0028 0.027 0.991 ...
PFHpS 0.1-50 B3¢,-PFOS 0.593 0.015 -0.009 0.039 0.994
e JCyPFOS _ 0.659 0014 .. 0013 0.040 0994 ...
PFOS 0.1-50 3 ¢,-PFOS 0.425 -0.012 -0.018 0.006 0.998
SR © = 4 .1 S o s S 0.003 . 0019 0.013 0.994 ...
PFNS 0.1-50 13C4_]5‘FOS 0.477 -0.008 -0.021 0.005 0.996
oo C:PFOS 0529 0.010 . 0.026 0.065 0999 ...
PFDS 0.1-50 B3¢,-PFOS 0.422 0.009 -0.004 0.022 0.995
e JCyPFOS 0467 0.009 ... 0002 0015 0999
PFDoS 0.1-50 3¢,-PFOS 0.229 -0.002 -0.021 0.016 0.969
3Ce-PFOS 0.254 -0.003 -0.023 0.017 0.970
PFBA 0.1-50 13C4.PFOA 0.337 -0.003 -0.013 0.007 0.995
oo G PFOA 0293 0004 . 0015 0.007 oo 0993 ...
PFPeA 0.1-50 3C,-PFOA 0.695 0.002 -0.015 0.019 0.997
oo G PFOA | 0.603 0.001 . 0017 0.016 0.9% ..
PFHxA 0.1-50 3C,-PFOA 0.844 0.007 -0.015 0.029 0.997
3Ce-PFOA 0.732 0.003 -0.022 0.028 0.994
©PFHpA 0.1-50  C.PFOA  0.860 0.013 0007 0.033 0.997
e Gy PFOA 0745 0.008 .. 0003 0019 0999
PFOA 0.1-50 3C,-PFOA 0.518 0.002 -0.009 0.013 0.998
e JCyPFOA | 0450 0.000 .. 0012 001 0997
PFNA 0.1-50 3C,-PFOA 0.606 0.014 -0.005 0.033 0.995
3Ce-PFOA 0.450 0.000 -0.012 0.011 0.997

a) Calibration standard solution containg 2 ng as each isotope performance PFOS and PFOA

b) Linear equation y=bx+a

¢) Confidence interval 95%

d) Recommended criteria shown in Testing Methods for Fertilizers (2021) (lower limit =< 0 =< upper limit)

e) Coefficient of determination usable as calibration curve shown in Testing Methods for Fertilizers (2021) (r2 >=0.99)

f) Unable to create calibration curve
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Table 4 continued

Analytes Isotope Linear equation” Confidence interval of ¢ ?¥  Coefficient of
Abbreviation Range (ng/mL) abbreviation® Inclination » Intercepta  Lower limit ~ Upper limit determination® 7>
PFDA 0.1-50 BC,-PFOA 0.495 0.013 -0.004 0.031 0.994
BCs-PFOA 0.524 0.009 0.000 0.017 0.999
"""" PFUIA  0.1-50  C,pFOA 0446 0016  -0.007 0038 0990
DCy-PFOA 0390 o1 . 0.003 . 0.026 o 0.994 ...
~ PFDoA 0.1-50  C,PFOA  0.406 0.014 -0.001 0.029 0.993
'Cy-PFOA 0.351 0010 0002 0018 ! 0.997 -
" PFTtDA  0.1-50  C.PFOA 0300  0.007  -0.005 0.018 0.993
oo JCPFOA._ 0258 0.005 ... 0.002 . 0011 0.997 ...
" PFTeDA 0.1-50 BC, pFOA  0.228 -0.004 -0.014 0.007 0.990
e Gy PFOA 0197 0.004 0011 0.003 .. 0.994 ..
PFHxDA 0.1-50 3C,-PFOA -9 - — — -
e CePFOA T e e e
PFODA 0.1-50 13C4-PFOA - - - B o
"Cy-PFOA — — — — —
25 ¢ 30 -
2 2
= =
g &
0 . . : : , 0 . A . . ,
0 10 20 30 40 50 0 10 20 30 40 50
Concentration of PFOS (ng/mL) Concentration of PFOA (ng/mL)
Fig. 2-1  PFOS calibration curve Fig. 2-2 PFOA calibration curve

X: Plot of peak area ratio of native to isotope performance analyte at each native analyte
concentration (Concentration of isomer performance analytes: Each 2 ng/mL)

Solid line: Regression line
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2 2
X X
1.5 - e 15 F---- X
P VAV S B! S
—_ < X
= X "5 05 ___________ B —————————— -
EO'S --—x-——-—-----—-——-------—X-—- z x X
o X =
- 0 x ! g 0 X X
& = X
= < e e g = = — = = = = — = o]
= = X
=} X s -1 ) . !
-1.5 -
-5 - X————m oo oo - »
2 X -2
0.1 1 10 100 01 ! 10 100
Concentration of PFOS (ng/mL) Concentration of PFOA (ng/mL)
Fig.3-1 Evaluation of PFOS calibration curve Fig.3-2 Evaluation of PFOA calibration curve

x: Plot of the standardized residual of peak area ratio at each native analyte concentration

2) FEREBEEOREH

EHOIT, BEEHSY LRERIC, VT =T AR D T T T 7 AR —R J1—R) ¥ H7 A (InertSep Slim
GC) ZHWT, 3EAA L MR ) ~—H—RN P AT L0 FIZHEFEL T AL, PFOS &' PFOA DF
Hi3 % 53 12OV T PEASs Al EL7-.

PFASs 2% 2345 1 ng/mL 725 IS 7= A% ) — v — K (1+1) TA1% 10 mL % 2.4) (2) Z7V—>T
T OENEIZHWD 4 FEOFEA AL AR ~— 71 —R) w717 A (InertSep MA-2, Oasis WAX, Oasis
WAX for PFAS Analysis, Strata-XL-AW) (ZZNE N ARL, L FRERIZAY /—v— K (1+1) L OIAZ
—/L 10 mL TOWHFEIEEZ LT, 7 T77 7 AN —R —N P h T LadfE L=tk IWHTAER 1| mL %
8 BIENENDITLIINZ, &V HREZNENDIRMEE [ZEoTe.

B R B R PC-IR A PR HENE (2 ng/mL) 1 mL ZA0Z, MEHE & OUKICEAm RA L TRlBH
REL, 18 %5y D PFASs ZlE L=, ZDfE 5L, Table 5 DLV, 4 PFASs [ H® 4y 0 mL~2 mL T
AT, FEHE S 2 mL~6 mL TR HL7=. PFTrDA & Of PFTeDA %< 16 %4y @ PFASs DA[IY
FIX, 72.3 %~119.7 % Th-7-. PFTrDA } O* PFTeDA DAL KL 70 %Aiili TH o720 TH # Ot
MOIISFZEELT.
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Table 5 Elution pattern of PFASs® from the cleanup column®

The name of the Elution amount of PFASs (ng)
cleanup column Fraction volume (mL) Recovery

Abbreviation at the top® 0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8  Total® (%)

PFBS InertSep MA-2  —9 — — 7.4 1.4 — — — 8.8 88.0

Oasis WAX — — — 0.3 8.5 0.5 — — 9.3 92.8

Oasis WAX(P)? — — — 0.7 7.1 2.5 — — 10.3 103.4
_________________________ Strata- Xt AW -~ -~ 18 70 02 - -~ =20 %9

PFPeS InertSep MA-2 - — 0.2 8.1 1.3 0.1 — - 9.7 97.1

Oasis WAX — — 0.5 8.9 0.5 — — — 10.0 100.0

Oasis WAX(P) — — 0.9 8.4 1.9 0.1 — — 11.4 114.2

3 Strata- XL-AW — — 2.5 7.3 0.2 — — — 9.9 99.0

PFHxS InertSep MA-2 — — 0.3 8.5 1.1 - — - 9.9 99.0

Oasis WAX - - 1.0 8.5 0.5 - - - 10.1 100.6

Oasis WAX(P) - - 0.7 8.9 1.1 - - - 10.7 106.9
] StrawXLAW -~ 27 67 0l = = = 96 958

PFHpS InertSep MA-2 - - 0.4 8.4 0.8 - - - 9.7 97.0

Oasis WAX - - 1.7 7.9 - - - - 9.6 96.0

Oasis WAX(P) — — 0.5 8.3 0.8 — — — 9.6 96.3
_________________________ Strata-XU-AW ... 84 23 B2

PFOS InertSep MA-2 — — 0.7 7.9 0.8 — — — 9.4 93.8

Oasis WAX — — 2.4 7.0 0.1 — — — 9.6 95.6

Oasis WAX(P) — — 0.7 8.3 0.4 — — — 9.3 93.3
_________________________ Straw-XLAW - - 28 61 01 = = = 91 910

PFNS InertSep MA-2 — — 0.8 8.4 0.6 — — — 9.8 98.1

Oasis WAX — — 3.0 6.0 0.1 — — — 9.1 91.0

Oasis WAX(P) — — 1.0 7.7 0.5 — — — 9.2 91.8
......................... Strata-XL-AW .31 58 02 o200 903

PFDS InertSep MA-2 - - 1.0 8.1 0.5 - - - 9.5 95.0

Oasis WAX - — 3.1 5.8 — - — - 8.9 88.8

Oasis WAX(P) — — 1.2 7.2 0.4 - — — 8.8 88.0

Strata-XL-AW — — 2.7 5.7 0.1 — — — 8.4 84.5

PFBA InertSep MA-2 - - 1.6 8.3 - - - - 9.9 98.6

Oasis WAX - - 3.0 7.9 - - - - 10.9 109.1

Oasis WAX(P) — — 1.4 8.9 1.6 — — — 12.0 119.7
OSSO, State- XULAW 3L es 2T 05

PFPeA InertSep MA-2 - - 2.3 6.7 - - - - 9.0 89.9

Oasis WAX — — 4.0 5.8 — — — — 9.9 98.6

Oasis WAX(P) — — 2.1 7.8 1.3 — — — 11.2 112.2

Strata-XL-AW — — 3.5 5.5 — — — — 8.9 89.4

a) Each PFASs was loaded with 20 ng.

b) Cleanup column with the graphite carbon cartridge column (InertSep Slim GC) connected under the anion
exchange polymer cartridge column

¢) The anion exchange polymer cartridge column

d) Total amount of PFASs eluted from 2 mL to 6 mL

e) Less than the lower limit (0.1 ng / mL) of calibration curve

f) Oasis WAX for PFASs Analysis
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Table 5 Continued

The name of the Elution amount of PFASs (ng)
cleanup column Fraction volume (mL) Recovery

Abbreviation at the top” 0-1 1-2 2-3 3-4  4-5 5-6 6-7 7-8  Total” (%)

PFHxA InertSep MA-2 - - 33 5.8 — — - - 9.1 91.1

Oasis WAX — — 5.0 4.8 — — — — 9.8 98.2

Oasis WAX(P) — — 3.1 7.2 1.1 — — — 11.3 113.3
_________________________ Strata-XT-AW - -39 4% -~ — . =—...-. .88 82

PFHpA InertSep MA-2 - - 4.1 5.0 — — - - 9.1 91.3

Oasis WAX — — 6.0 4.0 — — — — 10.0 99.7

Oasis WAX(P) — — 3.7 6.5 0.5 — — — 10.7 107.1
_________________________ Strata-XL-AW A2 AT 89 894

PFOA InertSep MA-2 — — 4.8 4.4 — — — — 9.2 91.8

Oasis WAX — — 6.4 3.5 — — — — 9.9 99.1

Oasis WAX(P) — — 4.2 5.3 — — — — 9.5 94.9
_________________________ Strata-XL-AW A 4S8 s

PFNA InertSep MA-2 - - 5.1 3.7 — — - - 8.8 87.8

Oasis WAX — — 6.6 2.8 — — — — 9.4 94.5

Oasis WAX(P) - - 4.2 4.5 — — — — 8.7 87.0
_________________________ Strata-XL-AW A A 8T 82

PFDA InertSep MA-2 — — 5.5 3.6 — — — — 9.1 91.3

Oasis WAX — — 6.9 2.6 — — — — 9.6 95.5

Oasis WAX(P) — — 4.6 4.2 — — — — 8.9 88.5
_________________________ Strata-XL-AW A A 8889

PFUdA InertSep MA-2 — — 5.4 3.3 — — — — 8.8 87.6

Oasis WAX — — 7.0 2.3 — — — — 9.3 92.7

Oasis WAX(P) — — 4.5 3.9 — — — — 8.4 83.9
_________________________ Strata-XL-AW 4338 s 8o

PFDoA InertSep MA-2 - - 4.3 3.0 - - - - 7.2 72.3

Oasis WAX — — 5.7 1.9 — — — — 7.6 75.9

Oasis WAX(P) — — 4.0 3.3 — — — — 7.4 73.7
_________________________ Strata-XL-AW . ... 37003 T JTA T

PFTrDA InertSep MA-2 - - 2.5 3.0 - - - - 5.5 54.7

Oasis WAX — — 3.7 1.8 — — — — 5.5 54.8

Oasis WAX(P) — — 3.2 3.1 — — — — 6.3 63.4
_________________________ Strata-XL-AW .39 038 e 88 61T

PFTeDA InertSep MA-2 - - - 2.9 — - - - 2.9 29.0

Oasis WAX — — 0.7 2.1 — — — — 2.8 28.1

Oasis WAX(P) — — 0.9 2.8 — — — — 3.7 37.3

Strata-XL-AW — — 0.7 3.5 — — — — 4.2 41.9

3) HBMEURGRERICEIEEDHMRUEETREDIETE

AR 57-0, IGIRIEBEHCZNZEH 1 pg/kg, 5 pg/kg &Y 50 pg/kg fH 4 BE2FMLTE%
W, 4 FEOEEA A R ~— D —R oD BT HIONWT 3 HOHMT TERENEINEIGA R %
F it L7 % % Table 6 (2R L7z,

ZORER, 8.2) Tl I DAERNPELNT 16 AL/ D PFASs O FEXIEIILHRIL, 1 pg/kg~50 pgkg O
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HPHT 65.2 %~124.8 % THY, WTFHHAEHERERTE (2021) QO IRENTWAEE O B EFH LN T
HoTr.

Table 6 Result of recovery test

Analytes InertSep MA-2 Oasis WAX QOasis WAX ( P)“) Strata-XL-AW
Abbreviation Concentration” Mean® Recovery” Mean Recovery Mean Recovery Mean Recovery
(ng/kg) (ngkg) (%) (ngrkg) (%) (ngkg) (%) (ngkg) (%)
PFBS 50 47.5 95.1 50.6 101.1 49.2 98.5 48.3 96.6
5 4.87 97.3 4.68 93.6 4.79 95.8 5.10 102.1
____________________________________________________ 074 736 084 840 091 910 086 861
PFPeS 50 47.3 94.5 54.6 109.2 53.3 106.6 51.5 103.0
5 4.95 99.0 5.12 102.4 5.19 103.8 5.44 108.9
____________________________________________________ 073 727 066 663 089 893 086 862
PFHxS 50 49.6 99.1 53.6 107.1 52.5 105.0 49.9 99.9
5 5.00 100.0 5.00 99.9 5.13 102.7 5.60 112.0
1100 999 071 770 088 880 066 659
PFHpS 50 51.4 102.9 53.4 106.7 52.9 105.9 51.5 103.0
5 5.32 106.4 5.04 100.9 5.06 101.2 5.41 108.1
____________________________________________________ 087 866 073 725 063 633 076 765
PFOS 50 52.3 104.6 49.4 98.7 50.6 101.1 49.7 99.5
5 5.43 108.6 491 98.3 4.85 97.0 4.93 98.6
____________________________________________________ 099 988 091 913 088 882 094 944
PFNS 50 48.4 96.8 35.1 70.2 38.0 76.0 39.7 79.5
5 5.21 104.3 3.87 77.5 4.01 80.3 3.89 77.7
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 089 $89 090 905 092 9L6 091 912
PFDS 50 45.2 90.4 35.5 71.0 36.8 73.6 36.7 73.4
5 4.90 98.0 3.36 67.2 4.05 80.9 3.24 64.7
0.85 85.0 0.79 79.2 0.82 82.1 0.74 74.5
PFBA 50 53.5 107.0 50.5 101.0 50.9 101.8 50.9 101.7
5 5.65 113.1 5.50 110.0 5.80 116.0 5.92 118.5
04 1035 L6 155 1011005 089 891
PFPeA 50 50.7 101.4 48.0 96.0 48.4 96.7 47.9 95.8
5 5.33 106.6 4.95 99.0 5.13 102.6 5.19 103.8
116 1160 LIS 182 124 1239 125 1248
PFHxA 50 49 .4 98.8 48.5 97.0 49.0 97.9 48.6 97.1
5 5.06 101.1 5.18 103.7 5.43 108.7 5.45 109.0
1 1.04 103.6 0.94 93.5 0.97 97.4 0.97 97.4

a) Oasis WAX for PFASs Analysis
b) The concentration of PFASs spiked to the sample
¢) Mean value (n=3)
d) Tolerance range of recovery rate shown in Testing Methods for Fertilizers (2021)
(70 %-120 % for 50 ng/mL of the analyte, 60 %-125 % for 5 ng/mL and 1 ng/mL of the anaiyte)



102 AEEHFZEER S Vol. 15 (2022)

Table 6 Continued

Analytes InertSep MA-2 Oasis WAX Oasis WAX (P)“) Strata-XL-AW
Abbreviation Concentration® Mean® Recovery? ~Mean Recovery Mean Recovery Mean Recovery
(ng/kg) (ngrkg) (%) (ngkg) (%) (rgkg) (%) (ngkg) (%)
PFHpA 50 48.8 97.5 48.6 97.1 48.6 97.3 48.6 97.3
5 4.99 99.7 5.02 100.4 5.15 103.0 5.18 103.5
___________________________________ 106 1064 101 10Ls 105 1049 098 982
PFOA 50 46.4 92.9 49.1 98.2 49.7 99.4 49.8 99.6
5 5.30 106.0 5.31 106.3 5.22 104.5 5.18 103.7
____________________________________________________ 099 992 106 1058 107 1067 101 1013 _
PFNA 50 49.2 98.3 44.1 88.1 45.6 91.2 46.4 92.8
5 5.02 100.4 4.65 92.9 4.67 93.4 4.64 92.9
1091090 1101096 113 1129 098 979
PFDA 50 48.7 97.4 36.8 73.6 39.1 78.1 42.2 84.3
5 4.98 99.6 3.74 74.7 3.97 79.3 3.71 74.2
____________________________________________________ 085 850 088 880 092 915 095 955
PFUdA 50 45.6 91.1 37.3 74.5 42.9 85.9 46.8 93.7
5 4.88 97.5 3.50 70.1 3.98 79.7 3.64 72.9
____________________________________________________ 074 740065 652 069 688 069 695
PFDoA 50 38.5 76.9 35.7 71.5 46.2 92.3 46.1 92.1
5 4.45 89.0 3.12 62.4 3.46 69.1 3.19 63.8
0.70 70.2 0.74 73.8 0.77 77.5 0.73 73.2

PFASs D% &g H OFEHERR D& fe/MNEFEIE 0.1 ng/mL THY, W T o' —2 SN b 10 2 T
fo. ZOZEND, B FREHET D720, OGIEAEEHT PFASs & 1 pg/kg FHYS &ARMLT 7 20HT
THOM LM TRBROR B, @ W= E#R (0.1 ng/mL~2 ng/mL) DF% 7 K O@FEHAKR D SN i
FLLT, 16 iy @ PFASs IZ DWW TE N HIEEHE R BRIE (2021) Y B & A O FIEICHE - TER TR
KO T IR% Table 7 DEBVRE H L.

ZDFER, PFASs D45 E & T IRIL 0.5 pg/kg~1 pg/kg FRELHEE SN, $2, EROICBIT5 16 oy
® PFASs O F-HJENERIT 72.6 %025 114.8 % THY, F X TIEEHERERE (2021) ITRSIVTWDFFE D
FEHEIZHHE A LT,
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Table 7 Result of estimation of the lower limit of quantification

Replicate test” Calibration curve” SN ratio” Estimation
Abbreviation Concentration” Mean®  s,¥ Recovery L0Q® LOD” LOQ LOD LOQ LOD  of LOQ

(ng/kg) (ng/kg) (ngkg) (%)  (ngkg) (ngkg) (ngkg) (ngkg)  (ngkg) (ngrkg)  (ng/kg)

PFBS 1 0.81 0.10 81.4 1 0.4 0.3 0.1 0.4 0.1 1
PFPeS 1 0.94 0.14 93.8 1 0.5 0.7 0.3 0.6 0.2 1
PFHxS 1 1.04 0.08 104.5 0.8 0.3 0.7 0.3 0.4 0.1 0.8
PFHpS 1 0.86 0.04 85.7 0.4 0.2 0.3 0.1 0.5 0.1 0.5
PFOS 1 0.98 0.05 98.4 0.5 0.2 0.5 0.2 0.3 0.1 0.5
PFNS 1 0.90 0.14 89.9 1 0.6 0.5 0.2 0.4 0.1 1
PFDS 1 0.85 0.14 85.2 1 0.5 0.9 0.4 0.4 0.1 1
PFBA 1 1.03 0.11 103.0 1 0.4 0.3 0.1 1 0.3 1
PFPeA 1 1.15 0.05 114.8 0.5 0.2 0.4 0.2 0.7 0.2 0.7
PFHxA 1 1.03 0.07 102.6 0.7 0.3 0.7 0.3 0.5 0.2 0.7
PFHpA 1 1.04 0.04 104.1 0.4 0.2 0.6 0.3 0.3 0.1 0.6
PFOA 1 0.98 0.04 98.0 0.4 0.1 0.5 0.2 0.1 0.04 0.5
PFNA 1 1.09 0.04 109.2 0.4 0.2 0.7 0.3 0.4 0.1 0.7
PFDA 1 0.97 0.10 97.4 1 0.4 1 0.5 0.2 0.06 1
PFUdA 1 0.95 0.11 94.9 1 0.4 1 0.5 0.2 0.05 1
PFDoA 1 0.73 0.08 72.6 0.8 0.3 1 0.6 0.2 0.05 1

a) The Procedure shown in Testing Methods for Fertilizers (2021)
b) The concentration of PFAS spiked the sample

¢) Mean value (n=7)

d) Repeatability standard deviation

e) Lower limit of quantitation

f) Lower limit of detection

4) PFASs D5 IRHEMEED T

PFASs DEBIZEBWT, ELHK K O ss IR E2 b4 B CRMi 722 RkH 5T\
Z L5, PFOS K O PFOA O G BICHO W THE L.

PFASs D4y Iz 5 F%: /& (PFHxS, PFOS, PFDS, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUdA,
PFDoA) DY — 2% Ff-o/u~h/J L% Fig. 4 12k T, Benskin B W RO Jin 5 W2k THEINT
WAHIIZ, ZNHO 5 I S8 TR — 7 ORFFRFINIL, EHEIKE —27 ORFFREHE LB o7z
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- — — — —
l l
l
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l
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S
90 95 100 105 100 105 110 115 105 0 1s 120 w12 12 a3
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Fig. 4 Example of MRM chromatogram of sample solution in which branched isomers are detected
Black line drawing: MRM chromatogram with product ion for determination
Red line drawing: MRM chromatogram with product ion for validation
—: Linear form of PFAS
| : Branched form of PFAS

Table 7 TR U727 & F IR O HHEIZ 0 pg/kg LT PFOS & () PFOA OF G EEZTEREL, 56
BT 2FOEEROIHTED 5 HDEE 1 57 %~96 % CEHIE 83 %) K& T 85 %~100 % (CF-HIHE
97 %) THY, H LS 1O KN Fang & 7 O 5 LA % Tho72. PFOS O PFOA DA BIZxH T 5% D
ESERO G HHEO 7 vy hO AR E R Z R DIZEZA, HEIL 0.797~0.942 THY, THOFBIRENT
3£12.0.999 THY, MNFHB A R LT,
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4. FEH

21 %43 D PFASs ([Z DWW TEEROFRENAR O EREAZ EHG L7225, (1) ~(5) DEEY 16 K7D
PFASs |2 L CHIE CXAZ LA R LT,

(1) 70 7IurIsakERT 528280, BERCTHWZSBEDT 5T 21 553 PFASs W NT
PFOS M U PFOA D4y MR A Sy B9~ H 2 L8 TEIZ.

(2) 21 % &4A 45 PFASs HEHE (4% 0.1 ng/mL~50 ng/mL) Z il EL7=EZ5, 18 %47 PFASs (2
DVWTHEMMEDH LM EMREERR TET.

(3) BEHOREHAR OO WEREEZRFILIZE2A, B—N) P BT L5 PFOS K TN PFOA &
W U312 16 [543 D PFASs DA HI LT,

(4) IGVERRERE -V CTHMENNGRER I Z LV B S OfER AT S T2 RE R, 16 A7 PFASs % 1 pg/kg~50
ng/kg O FEFIHTEH AR 65.2 %~124.8 % THY, I Nb EEHERBRIEN B & A IREhTn
HEED HIEEFPH LN Th o7,

(5) 16 %570 PFASs D & T RITEAE 1T 0.5 pg/kg~1 pg/kg B LHEEI NI,

(6) zwm~h2'F5121%, PFHxS, PFOS, PFDS, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUdA,
PFDoA @ PFAS /3l SR — 73872, PFOS & PFOA D4y SR E T4 A BT T D E M
RO EDDEIETE 57 %~96 % CEEIMHE 82 %) K T 85 %~100 % CEHIE 97 %) THY, H(LiHE Shuhong
HOME LA % Th 7.
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Analysis of Per- and Polyfluoroalkyl Substances (PFASs)

SHIRAI Yuji', NUMAZAKI Kanako' and AKIMOTO Satono'
' Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department

We improved the PFOS and PFOA measurement methods to develop determination method of 16 PFASs
in sludge fertilizers using liquid chromatograph/tandem mass spectrometer (LC-MS/MS). After the analytical
portion was added the isotope performance extraction standard solution (20 ng/mL each of mass labeled PFOS
and mass labeled PFOA), PFASs were extracted with methanol containing a small amount of formic acid. The
extract was purified with weak anion exchange polymer cartridge column and graphite carbon cartridge
column. PFASs were measured by LC-MS/MS. As a result of 3 replicate analysis in sludge fertilizer sample
prepared to contain with PFASs at 1 pg/kg, 5 pg/kg and 50 pg/kg, the mean recoveries ranged from 62.4 %
to 124.8 %. Their lower limit of quantification (LOQ) ranged from 0.5 pg/kg to 1 pg/kg (analytical sample).
The following PFASs branched isomer peaks appeared on the chromatogram of the sample solution, which
were PFHxS, PFOS, PFDS, PFHxA, PFHpA, PFOA, PFNA, PFDA, PFUdA and PFDoA. The proportions of
the linear forms of PFOS and PFOA to the total amount including those of the branched form were the mean

values of 83 % and 97 %, respectively.
Key words PFASs, PFOS, PFOA, sludge fertilizer, LC-MS/MS

(Research Report of Fertilizer, 15, 87-107, 2022)
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8 FBREEHMDERICEIHFIVLFOLEAD

ER, (FO~DORUNGER (HEf)
—2020 FEAAE-2021 FEEAE—

IR, /NI 2, SRR 2, AL SE 3, el S0 2
F—0—F  GURAE, HARER, DRIV L

1. [XC®HIZ

AEEFD A TE UG Y CIIBIRIEEH T OB A EFFSNDIRIV LD K& (LUT, [EHFFRME] ). )
1% 0.0005 %&EHHILTEY, HIRIEEHIZOFFHNIZIBW TR, i HSh WD, RICTETRIEE T O AR
U LIREDNE AT EL2<ES, REIOHIRIEEOHEMIZLY HEICAmINTER BN SHHEL, B
EMNCHA 2L THORFEIEBZ TRIEM~SBITL, NS FREBIEMNEESNDIZENRESNT
5. 2009 4 3 AICEMOKIEA N DRERINIZNERIEEIOBH 050 HIZT 2w EE 2B 0
T, 13 FFkFEM T HZENLERTIEMIERE LU T, IRIVLAEFHFRMEOR FZ M AEERE T 57
b, TTGIRAEEROE K08 IS RIT AOER B EA TS HEAIE AL, DRIV AZWITLL9 0
BEAEME R, ) ~OWIOF I, BEEZHRDNENH L LLHIN. ZOZEnD, RO A
e O A DR R\ BRI S B A ZE L LT, 15 TR 8 i F sk BR 2 i L, IR L0 -3

~OEE K OVEPIE~OWIN EEFERL TV,

1 4 H (2009 4F) BEAEND 12 45 H (2020 42) EAECONT T, 1HTRAREfit FH L 72 X & OVt F L T X
D2 HEBRX AT, =2y, ROV VY, RV LYY, FUT YA, BT, RV LYy, Litk=r T, R
LUV ORERLDONATHETL, THEFROIRIY AR EDOLEAL K OVEIRD A RIY AR S4B LT, &
OFEFIIBEICEEHF 2 E S 4 B9 ~14 ZYVTHELTODEN, 5I&EHiE, 12 4H (2020 F) Z{EE T
1345 H (2021 4F) EEICBWTHLHEEERBR 2 FEM L0 TE O RE2HETD.

Flo, TNETOHM FEORARIVAREOFE RS, LEPAOIRIVLAOERERRBOLN,
0.1 mol/L HCI-Cd {Z DWW THAFEL L TEY, AFEREDOAIRIT AL HEFIZHINL TWnHEE 2 b7,
TP OIRIVLELVEMICIEE 35720, 1FERD 1344 H O LEAK, BT =0 MEIR,
TF L UT IV EERE TR Y AR (LA EDTAEIK) 2 VT L, & % ORIERTPT OARIT A
BEZRELZOTEDOR Ra2mE 45,

2. MERUAE
(1) JERE
RS DIEEHI T IRS IV TO D LIRTGIRIEB A I L7z, Bl53 5347t RIS Table 1 D LY.
FRYE DT A 9~ 2 B K OVB YRR B X TR EALEE U CRARGRIED IR FR, Vo Bk —KET o E=T LM%

U ASTATBOE N MK PETE B 2 2l & — IBf B2 SRR (B) 4R 24—
2 MRSAATBOE NRMOKEETH Y 2 2B £ & — IR Bk A
3OMSIATEUE NEMOK TN B Z Rt 2 — RETEMZ R A (Bl BRI
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OMEAL VD 2 U=, 15 TRIEE S OV IE RO 4 %45 DT I T NEEHE R BRIE 12 Ko 72 (i EJEEL O
S5 EIE Table 2 IR LTD) . OO, YIS 2D ED -0+ IK (REEA Vv LEEL 25 FHLU7-.

Table 1 Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen %Y 5.5 Moisture %Y 11.2
Total phosphoric acid” %% 4.7 Total copper mg /kg 329
Citric acid-soluble phosphoric acid” %% 2.2 Total Zinc mg /kg 1038
Total potassium®’ %) 0.4 Carbon to nitrogen ratio - 6.3
Total calcium® % 1.4 Total cadmium®’ mg /kg 2.8"
Organic carbon %" 36.0 Acid-solubility -cadmium? mg /kg 1.8

a) Mass fraction

b) Content as P,0O;

c¢) Content as K,O

d) Content as CaO

¢) Content of cadmium dissolved with aqua regia

f) 3.2 mg/kg in the dry matter

g) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid

Table 2 Properties of reagent

Ammonium dihydrogen Potassium

ftem Unit - Urea phosphate chloride
Total nitrogen o0 46.1 12.0 —
Total phosphorusb) %) — 61.0 —
Total potassium®’ % — - 63.1

a) Mass fraction
b) Content as P,O5
c¢) Content as K,0

(2) THEOBEbFM

AT Y B2 — S WE (OF ERIWEH) CHEL. TEORBEITEARY L ThHY, LHEITmRLx
<ETHS. 1 FHEEND 13 FHEIEETOWHER OB +51250 T, pH, FEXI5E = (EC: Electrical
Conductivity, LA F EC &509), BiA A 22 #a%5 & (CEC: Cation Exchange Capacity, LA CEC &F09), EH#
425 (TN: Total Nitrogen, LA~ TN &9, fkRFE 42 & (TC: Total Carbon, LA TC L509), AREVAER, &2
AN, ASHAME AT K o QS HME TS O RIERE % Fig1 IR

pH %, THEH O Cd EHEEICHADENREIND, pH 6~pH 7 L725J512, sBREALED 3 4FH, 5
EH, 6 FH KON T FBITHAIKEZ AW T pH 21T o7, 6 FF HAE0D 11 4F B ZA/EET pH 6.4 FRET
ZELUTHRBL TR, 11 FBEAE, 12 £ 8 EEE pH 6.0 i Fso7z728, 418l 13 4 B BAFO#EHE
AN A K2 VT pH B2 FE L, 6.2 i EClEIE L.

EC(E, SBRBIAALLUEE, 0.1 mS/cm~0.2 mS/cm OFEPH T EFM 2R TOZEND, 6 4 H D Z LI,
ZHRIEBFE L TRERHL CWeiifg Y o E=y AE JRFICE L LIRER, EAMEMDEIC T 0.1 i TLEL
TeHERB AR L TN,

FNHED AR, HDHEHEFEARTES#H B W CTEARZ LIZBIT AN EV ARG A BEO BAEEDHZ - 100 g
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B729 10 mg LA E 100 mg LU FEEDHNTNDDIZHLT,
B, DABRIEEIO MR Ea T L7225, 8 4B AAELIFRIL 10 mg UL ETHEBEL Ta.

ARBRBA AR D 10 mg LA R CHERR L TeZen

11 4 B ZEEH LR O B L AV MR L T2 825, RER(EM I AR FEvE (B £ IR) it T B
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Fig.1 Transition of the characteristics of the soil

AP : Sludge fertilizer application plot

SP : Standerd plot
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HIEEZZELLC, HIEP OSBRI 3 plisy (CCEPEINER, M A K, AZHMEE 1) DOh, Atk
FORG AME MBI RS20, 12 4 B BAER OB~ 7 2o A& RS2 81280,
RV LD T 2D BGER M o7, $£7-, 13 4 H EERHEMEAINIC pH L R TF L AR REL, R
LTS Loy il L7z,
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Fig.1 Continue

(3) WERX DAL

BRI 1 MUK OB RA 4 m? (E 2 m>XBE 2 m) XL, P5URNEEHIG A< OB £ 2 h, 2 R OF
4 BRIRCA AL L.

(4) MEfEERE

12 FF BAAERTL YT KON 13 4E B BAE=0 U Oft %% Table 3-1 K& O Table 3-2 (/R L7z, Jiti A%
FHE, FEREMMAE S UE (5 £ IR) A5 B TG L.

T5IRAEEHE, {5 IRREEH O E S JE O B A~DOZEREZ MG 572012, HED ERO B ZE24H 500
kg/10a~1000kg/10a L CTWD™ HIEEAHY, —MANZ 1 FEX47-0 500 kg/10 a FEEE I SN T B10. &
=, B THEEM 2 A UG IRIE R A A L2354, 130 pH AME T 3510, 2o, 4 FHEEND
11 B ZAEETORBRIZEBNT, 1 1ES7Z0DGIRIERIO i B4 500 kg/10 a LL7Z. LInL7RA s, AR
D HEWDO—D>ThDH THEA~OEREEL MR T DIIUEEIGIRIE OB RIY A EE MR 2D, RRERO
12 4 H BAELARRIZ 31T D15 VR BB O M FH 213 1 /E4720 750kg/10a L L7z, {HIEAREIDOE RO MR LRI,
RIEECOIEAZEL CREL TEHY, 12 4 H EIELARE, ARITEE0R 20 %, EAFTERLER 40 %L
TEHEORSBZEBL, RESICOWTILREEL AN THIEL-.

DABEIZ DUV TIE, M AR 2121 24 20 BB AU BB O B8 F A T RRAE (10 mg/100 g 72 1) A4
e IR LT, 7ok, (BRI CHLIGIRIEEHIAE M RE B EL, B8 T2 VBB OEZ %I H
U, MERIZOWTE, FEREMEIREEDLIBVERET L. 72k, THETORBRIZIITDMELEREZ Table
4 1ZRLTz.
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Table 3-1 The fertilization amount (spinach in winter 12th)

. Amounts Components (g/4 m?) Amounts Components (kg/10 a)
Types of fertilizer 5

(g4m” N P05 K,0 MgO Cd (kg/'10 a) N P,0; K,0 MgO Cd
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 3000 164 142 12 — 0.0085 750 41 36 3 — 0.0021
Urea 93 43 — — — — 23 11 — — - —
Ammonium dihydrogen phosphate 35 4 21 — — — 9 1 5 — — —
Potassium chloride 94 — — 60 — — 24 — — 15 — —
M agneium sulfate 100 — — — 33 — 25 — — — 8 —
Total 211 164 72 33 0.0085 53 41 18 8 0.0021
<Standard plot (SP)>
Urea 136 63 — — — — 34 16 — — — —
Ammonium dihydrogen phosphate 144 17 88 — — — 36 4 22 — — —
Potassium chloride 114 — — 72 — — 29 — — 18 — —
M agneium sulfate 100 — — — 33 - 25 — — — 8 —
Total 80 88 72 33 — 20 22 18 8 —

Table 3-2 The fertilization amount (carrot in summer 13th)

. Amounts Components (g/4 m?) Amounts Components (kg/10 a)
Types of fertilizer

(g4m®) N P,0s K,0 Mg0 Cd (kg/10 a) N P,0s K,0 MgO Cd
<Sludge-fertilizer-ap plication plot (AP)>
Sludge fertilizer 3000 164 142 12 — 0.0085 750 41 36 3 — 0.0021
Urea 15 7 — — — — 4 2 — — — —
Ammonium dihydrogen phosphate 29 3 17 — — — 7 1 4 — — —
Potassium chloride 82 — — 52 — — 20 — — 13 — —
M agnesium lime (pH adjustment) 800 — — — 136 0.0008 200 — — — 34 0.0002
Total 174 160 64 136 0.0093 44 40 16 34 0.0023
<Standard plot (SP)>
Urea 129 59 — — — — 32 15 — — — —
Ammonium dihydrogen phosphate 138 17 84 — — — 34 4 21 — — —
Potassium chloride 101 — — 64 — — 25 — — 16 — —
M agnesium lime (pH adjustment) 800 — — — 136 0.0008 200 — — — 34 0.0002

Total 76 84 64 136 0.0008 19 21 16 34 0.0002
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Table 4 The fertilizer application log of the test plots

Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>

Season Types of fertilizer Amounts  Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kgl0a) N P,0, K,0 Cd (kgl0a) N P,05 K,0 «Cd
Ist  Sludge fertilizer 332 T 17 1 0.0012 — — — — —
Summer Ammonium sulfate 52 11 — — — 104 22 — — —
Carrot Potassium dihydrogen phosphate 3 — 2 1 — 36 19 12 —
Potassium chloride 28 — — 18 — 12 8 —

Total 22 19 20 0.0012 22 19 20 —

Ist  Sludge fertilizer 302 10 16 1 0.0011 — — — — —
Winter Ammonium sulfate 47 10 — — — 95 20 — — —
Spinach Potassium dihydrogen phosphate — - = — — 30 16 10 —
Potassium chloride 27 - — 17 — 12 — — 8 —

Total 20 16 18  0.0011 20 16 18 —

2nd  Sludge fertilizer 227 8 12 1 0.0008 — — — —
Summer Ammonium sulfate 36 8 — — — 71 15 — — —
Spinach Potassium dihydrogen phosphate — — — — — 23 12 8 —
Potassium chloride 15 - — 9 — 3 — — 2 —

Total 15 12 10 0.0008 15 12 10 —

2nd  Sludge fertilizer 181 6 9 1 0.0007 — — — —
Winter Ammonium sulfate 28 6 — — — 57 12 — — —
Qing Potassium dihydrogen phosphate 5 - 3 2 — 23 12 8 —
Potassium chloride 15 — — 10 — 6 — — 4 —

Total 12 12 12 0.0007 12 12 12 —

3rd  Sludge fertilizer 227 8 12 1 0.0008 — — — —
Summer Ammonium sulfate 33 7 — — — 57 12 — — —
Turnip Potassium dihydrogen phosphate 6 1 3 — — 24 3 15 — —
Potassium chloride 22 - 14 — 24 — — 15 —

Total 15 15 15  0.0008 15 15 15 —

3rd  Sludge fertilizer 483 16 25 2 0.0018 — — — —
Winter Urea 22 10 — — — 43 20 — — —
Spinach Potassium dihydrogen phosphate 1 — 1 1 — 50 — 26 17 —
Potassium chloride 25 - - 16 — 1 - - 1 —

Slaked lime (pH adjustment) 176 - — — — 216 — — — —

Total 26 26 18 0.0018 20 26 18 —

4th  Sludge fertilizer 500 17 26 2 0.0018 — - — — —
Summer Ammonium sulfate 65 14 — — — 80 17 — — —
Carrot Ammonium dihydrogenphosphat — - - — — 42 5 26 — —
Potassium chloride 29 - = 18 — 32 - — 20 —

Fused magnesium phosphate 50 — 10 — — 50 — 10 — —

Total 30 36 20 0.0018 22 36 20 —

4th  Sludge fertilizer 500 17 26 2 0.0018 — - - — —
Winter Ammonium sulfate 71 15 — — — 71 15 — — —
Spinach Ammonium dihydrogenphosphat — - - — — 42 5 26 — —
Potassium chloride 26 - - 16 — 29 - - 18 —

Fused magnesium phosphate 50 — 10 — — 50 — 10 — —

Total 32 36 18 0.0018 20 36 18 —

Sth Sludge fertilizer 500 17 26 2 0.0018 — - - — —
Summer Ammonium sulfate 81 17 — — — 80 17 — — —
Carrot Ammonium dihydrogenphosphat — - - — — 42 5 26 — —
Potassium chloride 29 - - 18 — 32 - — 20 —

Fused magnesium phosphate 50 — 10 — — 50 — 10 — —

Total 34 36 20  0.0018 22 36 20 —

S5th  Sludge fertilizer 500 17 26 2 0.0018 — - — — —
Winter Ammonium sulfate 87 18 — — — 71 15 — — —
Spinach Ammonium dihydrogenphosphat — - - — — 42 5 26 — —
Potassium chloride 26 - — 16 — 29 - - 18 —

Fused magnesium phosphate 250 — 25 — — 250 — 25 — —

Slaked lime (pH adjustment) 196 — — — — 2189 — — — —

Total 35 51 18 0.0018 20 51 18 —

6th  Sludge fertilizer 500 17 26 2 0.0018 — - — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphat — - - — — 42 5 26 — —
Potassium chloride 23 - — 14 — 25 - - 16 —

Fused magnesium phosphate 291 — 58 — — 33 - 7 — —

Slaked lime (pH adjustment) — — — — — 196 — — — —

Total 27 84 16 0.0018 19 33 16 —

6th  Sludge fertilizer 500 17 26 2 0.0018 — - — — —
Winter Urea 25 11 — — — 34 16 — — —
Spinach Ammonium dihydrogenphosphat 71 9 43 — — 36 4 22 — —
Potassium chloride 26 - — 16 — 29 - — 18 —

Total 37 70 18 0.0018 20 22 18 —
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Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts  Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kgl0a) N P,05; K,0 Cd (kgl0a) N P,0; K,0 Cd
7th  Sludge fertilizer 500 17 26 2 0.0018 — - - — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphat — - = — — 42 5 26 — —
Potassium chloride 23 - = 14 — 25 - = 16 —
Slaked lime (pH adjustment) 196 — — — — — — — — —
Total 27 26 16 0.0018 19 26 16 —
7th  Sludge fertilizer 500 17 26 2 0.0018 — - - — —
Winter Urea 21 10 — — — 15 7 — — —
Spinach Ammonium dihydrogenphosphat 72 9 44 — — 109 13 67 — —
Potassium chloride 26 -  — 16 — 29 - - 18 —
Total 35 70 18 0.0018 20 67 18 —
8th  Sludge fertilizer 500 17 26 2 0.0018 — - = — —
Summer Urea — - = — — 30 14 — — —
Carrot Ammonium dihydrogenphosphat 89 11 54 — — 42 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —
Total 27 80 16 0.0018 19 26 16 —
8th  Sludge fertilizer 500 17 26 2 0.0018 — -  — — —
Winter Urea 36 17 — — — 32 15 — — —
Spinach Ammonium dihydrogenphosphat — - = — — 43 5 26 — —
Potassium chloride 26 - - 16 — 29 - - 18 —
Total 33 26 18 0.0018 20 26 18 —
9th  Sludge fertilizer 500 17 26 2 0.0018 — - = — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphat — - = — — 43 5 26 — —
Potassium chloride 23 - — 14 — 25 - — 16 —
Total 27 26 16 0.0018 19 26 16 —
9th  Sludge fertilizer 500 17 26 2 0.0018 — - - — —
Winter Urea 36 17 — — — 32 15 — — —
Spinach Ammonium dihydrogenphosphat — - = — — 43 5 26 — —
Potassium chloride 26 - - 16 — 29 - - 18 —
Total 33 26 18 0.0018 20 26 18 —
10th  Sludge fertilizer 500 17 26 2 0.0018 — - - — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphat — - = — — 43 5 26 — —
Potassium chloride 23 - — 14 — 25 - — 16 —
Total 27 26 16 0.0018 19 26 16 —
10th  Sludge fertilizer 500 29 24 2 0.0014 — - — — —
Winter Urea 31 14 — — — 33 15 — — —
Spinach Ammonium dihydrogenphosphat — - = — — 39 5 24 — —
Potassium chloride 25 - - 16 — 29 - - 18 —
Total 43 24 18 0.0014 20 24 18 —
11th  Sludge fertilizer 500 29 24 2 0.0014 — - - — —
Summer Urea 10 5 — — — 31 14 — — —
Carrot Ammonium dihydrogenphosphat — - = — — 39 5 24 — —
Potassium chloride 22 - — 14 — 25 - = 16 —
Total 33 24 16  0.0014 19 24 16 —
I'Tth  Sludge fertilizer 500 29 24 2 0.0014 — - = — —
Winter Urea 31 14 — — — 33 15 — — —
Spinach Ammonium dihydrogenphosphat — - = — — 39 5 24 — —
Potassium chloride 25 — — 16 — 29 — — 18 —
Total 43 24 18 0.0014 20 24 18 —
12th  Sludge fertilizer 750 41 36 3 0.0021 — — - — —
Summer Urea 6 3 — — — 34 16 — — —
Carrot Ammonium dihydrogen phospha — - = — — 27 3 17 — —
Potassium chloride 20 - = 13 — 25 - = 16 —
Magneium sulfate 25 — — — — 25 — — — —
Total 4436 16  0.0021 19 17 16 —
12th  Sludge fertilizer 750 41 36 3 0.0021 — — - — —
Winter Urea 23 11 — — — 34 16 — — —
Spinach Ammonium dihydrogen phospha 9 1 5 — — 36 4 22 — —
Potassium chloride 24 - = 15 — 29 - = 18 —
Magneium sulfate 25 - — — — 25 - — — —
Total 53 41 18 0.0021 20 22 18 —
13th  Sludge fertilizer 750 41 36 3 0.0021 — - - — —
Summer Urea 4 2 — — — 32 15 — — —
Carrot Ammonium dihydrogen phospha 7 1 4 — — 34 4 21 — —
Potassium chloride 20 - = 13 — 25 - = 16 —
Magnesium lime (pH adjustment, 200 - — — 0.0002 200 - — — 0.0002
Total 4440 16  0.0023 19 21 16 0.0002

a) The average value of the two district for changing the amount used by each of the experimental plot
(SP-1:240 kg, SP-2:196 kg)
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(5) Fkb5J7ik

HeBGOMELT Table 5 &Y. FifltiX, £RBRXDOFRE 14 12 kg Z4I2EY, Table 3-1 & U* Table 3-2 ©
FEAERRFHI Lo > THERHE A TRE L, &R BRX R8I E I L. 7ed, ZFRBRIXOEL 1 m @

oy (T —R7 7)1, BEERORMER G EFUEIE TRAELE. 0%, BHais AWV CRSK 15 cm
FTHHRLT-.

IR T DN N T O RO FE R FRE BE LA ATV ) RAIE AT, TRSK 15 cm £T
PHEL TREZTEOIZRD L%, BB NE 9 4 (5059 20 cm) M@ Ty — & —7 — 7 I LE&N/-Fl 1% 1%
FEL7=.

Table 5 Cultivation summary

Spinach Carrot

Species Mirage Koigokoro
Fertilization 2020.10.15 2021.5.11
Pesticide application 11.26 6.11
Seeding 10.28 5.20
Thinning (first) 11.11 6.17
Thinning (scond) 11.26 7.6
Harvest 2021.3.11 9.7
Cultivation period 134 days 110 days

(6) 1EMIRDRITLEE

AL DIER (AR ER) Z UL HELT-1%, AL WL, EMIRO B EZRBR X EICHIE L. S5,
SIRTHRUEIE L GRERX RS 1 m? 5348 Ta, KK, A4 AWK DNRIZHE L, 7T AZE T HIRFEEL -
WA 12 C 65 CT—BERLIRELT-.

S VAT OWTUIRIZ DN e R AKGEKR THWIEEL, BTy 7 8a T % AV CIEER SARES (R0 12
GIkTL, ZNENOEEFZRBXEICHELZ. 35 ”‘*ﬁﬁﬁnﬁ*ﬂrkbfﬁiﬁﬁl:qj%OD1m2/\/}§“(% KB K,
AZ IR DN YL, BEEIA T A2 C AR L% IR 12T 65 CT—RARKRIERLZ. 1R
T eIy 7 8-e) T 2 VGl BT L 724%, dEHZ AR 12T 65 CT— BRI,

R U7 3UE A HBAZ 500 pm D520\ A @il 35 F TR (ZM200:Retsch 7—4—[al#550 6000 rpm)
TEHREL AT B LT

(7) AEIRDTIRIT 2547

SYHTEEL 0.5 g AR 4 mL K ONEER /KK | mL 21z ~A 7 e sy ik E (ETHOS EASY:~A /LA
— U PRI EH) THME P LEb DA 50 mL ISERL, ICP B &5 G(CAP RQ :Thermo Fisher
Scientific) Z AV CTHIELT-.

(8) Bt D /3Hr

IR, BiRHh 1382 56 A MR i IS RO T2, 3R BR X D VEMI IR D43 T F 3Bk 2 R L 7= 35 T & [+
CaBR X 1 m? OPURE K O D EE 5 23Tk, B g (S 50 mm X RE 250 mm) 2 WV CRENBH
15 cm £ CEREL IRA L. @R EEZ AT 35 CT— B, HBE 2mm OS50 E@iELb 0%
AT AR LT,

TEEFORARIV AL, SHTEEL 0.5 g 12, AEEEK) 5 mL, IER{L/KFEKK 2 mL, KO bLKFERER 1
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mL 20N, ~ A7 RS K0 R UT-1%, fElR 1 mL, M FREEE | mL 200X FEE~ A 7 aii oy i
(X REL, REHRIRE LT, E T ICP B & E LT o7,

MR AR A E, 138 10 g (251 0.1 mol/L HC1 50 mL Z A1z, #J 30 °CIZIRH/RE 1 FEFIRD IR
T L 723 UBHIRIZ D W T ICP B BT @2 F W CRIEL 72 19,

(9) Bk HHED A FEFERER A NI AR 4T

VA BB 134 H O ZVEBRH 158 GHIEIERHE A X2 X, FEREX2[X) & F5i2. (8) T/RUIZJFIACTERIY,
T2 02 B E L2 B LN O RN R O TERERISR D ST I W= iR B B 121,
Scheme I /RUL72dIDCHAEL, EFEZRED I RIT LM LT-. B8 8 LTk, ELE o H V1250 mL
ODigiTUBEsZ il L7722 E R OGRIIC L A TREEZRy N7 L — MLV ERBLZZETHY, WTh
I X DMFHIAT > TR0, BIEME~OREREEIRNEZZOND.

F9, AT L 5 g % 50mL @ DigiTUBEs 288D, 7K 20 mL A% T 2 REFHRDIEH 7=, £ 750X g T
15 43 il DAL C BV A Sy BEL 7=, 3 BEL 723 Hrakfh~ pH 7.0 BERE T B =7 VK 20 mL 212 CIA]
FROBREZITVY, 51T 1 %EDTA AR 20 mL Z 1% CRIEEOEIEEITo72. /K, pH 7.0 FifET > E=0 LR
%, 1 %EDTA {ERICEZV BRI N b DEZNEIKEEEARIT L, [EHRRETIRIT A, FL—MEIRIY
LELTz. 1 %EDTA ¥R I DI AN T L7221, el 24 807K T 200 mL X1 300 mL Oh—/LE
——IZBL, Ry —h B CARIGES T, fERIC S %zt /K#EK 50 mL Z001Z, a3 7e<i25
FTHEAWY O REATOARREESE . £0%, oHalkE% 50 mL @ DigiTUBEs (IZ# L, LGCFAERD
BAETIK, pH 7.0 BEEET B =0 LR, 1 %EDTA IR ONEIZHI 2403 U, AGRBRCIE 5 %itdfig{bk
FAKIZEDEHD 3% TSN DTN ENOAIRIT 2B GH LI O GHEREIRIT AE LT, LHEND
U7 ARE 3 FECAIEL, ICP E B/ HiEE 2 AWl L.
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Sg
analytical sample

mL DigiTUBEs

|H 20 mL of water

Shaking

|2 hour

Centrifugal separation

750 X g, 15 min

Filtration

Type 3 filter paper

Weigh to the order of 1 mg to a 50

Sample solution

(Water-soluble Cd)

Solid content

|H 20 mL of ammonium acetate solution (pH 7.0)

Shaking

|2 hour

Centrifugal separation

750 X g, 15 min

Filtration

Type 3 filter paper

Sample solution

(Exchangeable Cd)

Solid content

|<— 20 mL of 1 % EDTA solution

Shaking

| 2 hour

Centrifugal separation

750 X g, 15 min

Filtration

Type 3 filter paper

Sample solution

(Chelated Cd)

Transfer

| 200-mL volumetric flask, water

|<— 50 mL of 5 % H20:2 solution

Heating

| Evaporation to remove water

Transfer

| 50 mL DigiTUBEs, 20 mL water

Shaking

|2 hour

Centrifugal separation

750 X g, 15 min

Filtration

Type 3 filter paper

Sample solution

(Slowly soluble Cd (1))

]

Solid content |

|H 20 mL of ammonium acetate solution (pH 7.0)

Shaking |2 hour

Centrifugal separation |750 X g, 15 min

Filtration Type 3 filter paper

Sample solution
(Slowly soluble Cd (2))

Solid content |

|H 20 mL of 1 % EDTA solution

Shaking |z hour

Centrifugal separation |750 X g, 15 min

Filtration Type 3 filter paper

Sample solution
(Slowly soluble Cd (3))

Sample solution

< Adjusting the acid concentration by the
nitric acid solution at the time of dilution

Measurement ICP-MS

2 Slowly soluble Cd is the sum of (1), (2) and (3)
after measurement.

Scheme 1 Cadmium analysis method in soil by sequential extraction
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3. HRRUEER

1) Z4EFHRILIYY

(W EMEDOIRE, hFEVLEE

12 = B & ERT L Yo Ot J% Table 6 (2R L7z,

I, B VRAEEHE X C 17.5 kg, FEUEX T 17.9 kg THY, FEAEX I3 DIGTEALEHE F X O 5%k
1% 98 Tho7o. 1 FEMND 12 - HOLEOWEDOHER I Fig.2 ITRLIZAY, 12 4 H OIXEIIFIFI 4 Th
o7,

ROV VOB R ORI AR ELE, GIEAREHEH X T 0.090 mg/kg, FEAEX T 0.045 mg/kg Th-or-. 1
FEPD 12 FHORYL YU HOARIY LREOHRIL Fig3-1 12773230 Codex HEMEM' (0.2
mg/kg) (Z5xF LTIV EE CHERB L Cu e,

Fo, ROV YT DRIV LRI OWTH X2 R L2 E 24, HIRiEBHE X T 0.81 mg/kg, 1%
HEX T 0.39 mg/kg THY, {GIEAEEHEH XA EIZE WS R Tho7 (p=4.3X107).

HIRIERIOHE R X DR L o ORI AR EEORER 2 Fig.3-2 (RLic. (GTRAREHEH X123
7% 12 45 B O Ry A LR BRI AR LU b iV MEE 7257

Table 6 Yield of spinach (edible portion) and Cadmium concentration (winter 12th)

Unit Test plot-1 Test plot-2 Average  Yield index” Signtii'lsctance
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 18.0 17.1 17.5 98
Cadmium concentration (fresh matter) mgkg 0.095 0.094 0.085 0.087 0.090
Cadmium concentration (dry matter) mgkg 0.86 0.85 0.75 0.77 0.81 Signiﬁcanceb>
<Standard plot (SP)>
Fresh weight kg 18.0 17.8 17.9
Cadmium concentration (fresh matter) mgkg 0.048 0.050 0.041 0.041 0.045
Cadmium concentration (dry matter) mgkg 0.42 0.44 0.35 0.35 0.39

a) Yield of Standard plot was indexed as 100

b) It was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition X number of
samples) )

mAP oSP
25 [

Year

Fig.2 The yield of the spinach in winter (Note: 2nd year (qinggengcai))
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Fig.3-1 Cd concentration (content in the fresh Fig.3-2 Cd concentration (content in the dry

matter) in spinach (Note: 2nd year (qinggengcai)) matter) in spinach (Note: 2nd year (qinggengcai))
(2) Hish TIRDAFIV L

12 4 B &AERT L YD 380> 0.1 mol/L HCI-Cd, pH (H,0) }2 OV EC %34T L7=#& 5% Table 7 (27”1
72. 0.1 mol/L HCI-Cd I, {B VARG A X1X 0.25 mg/kg, fEHEX 1T 0.15 mg/kg THY, {GIEALEHEH X TH
BlZEoTz (p=2.3X107).

Table 7 Characteristics of cultivated soil (winter 12th)

Unit Test prot-1 Test prot-2 Average Slgnilsctance
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HCI-Cd" mgkg 0.25 0.25 0.25 0.25 0.25 Significance”
pH (H,0)"” 5.9 57
ECY mS/cm 0.20 0.28
<Standard plot(SP)>
0.1 mol /L HCI-Cd mgkg 0.15 0.15 0.15 0.14 0.15
pH (H,0) 5.9 6.0
EC mS/cm 0.13 0.10

a) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil

b) Soil pH determined on 1 : 5 (soil : water) suspensions with a glass electrode, n =2

¢) Soil electrical conductivity determined on 1 : 5 (soil : water) suspensions with an electricalconductivity meter, n=2

d) It was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance, n=4 (2X2) (repetition X number of
samples) )

2) Be=ooy

() EMEOIRE, HFEHLEE

13 4 B ZEAE=2 Y Ot % Table 8 (1”7

IV, VHTRAEEHE FH X C 6.7 kg (FRER 3.6 kg, HEHE 3.1 kg) , FEAEX T 6.2 kg (FRE] 4.1 kg, ZEHR 2.2 kg) T
oY, IEFEEIE 108 (1R 90, HEHL 144) Th o7z,

1 FEHNS 13 FHICBI2EEOINEDOHER % Figd-1 (BEX), Figd-2 (RER) (TRLZ. 13 FEHDO=Y
CRIEHIRN IR EANE TR E, & RIRO H MW7z, 2058 HRlBR X C R IERR & b D 0E
WAFEAEL, NI, FhELT. 20720, IRHOAERD IEFV RO INHETI 245, fFEIZTEA~
TG UR AR A X, AEYE X O X2 W T &I R o 72

=V VB O IR LREE, 15 TR AEEHE X TR 0.050 mg/kg, B4 0.060 mg/kg THY, FEHEX
THREB 0.030 mg/kg, HEHL 0.040 mg/kg Th o7z,

MRIHD Codex FEHET (0.1 mg/ke) IZFT BEDOREICOVTEDHLNTND, =2 D B OARIY
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LPRPEVE Fig.5-1 IRULTZDS, RO A RIT LY IE Codex FEVEMEIZXIL, KR EE THEEL T .
=V O HIRIT KPR FEIZOWTE K& i LT &2 A, 15 TRIEEE H X CHRER 0.35 mg/kg, HEH

0.38 mg/kg, FEAEX THREL 0.20 mg/kg, HEHE 0.23 mg/kg THY, BEL (p=3.2X104),

HAL TR IEEHE 3 A BIZ @S R Tho T,
HIEIEEOE N LD =0 P R O J1RIT MR EE OHERS X, Fig.5-2 IR LTC.

Table 8 Yield of carrot and Cadmium concentration (summer 13th)

HEER (p=1.2X10) Dl

Part Unit Test plot-1 Test plot-2 Average  Yield index” Significance test
<Sludge-fertilizer-application plot (AP)>
Root kg 3.8 35 3.6 90 -
Fresh weight Leaf kg 34 2.9 3.1 144 -
Total kg 72 6.3 6.7 108 -
Cadmium concentration (fresh matter) Root mghkg  0.053 00460050 0.050 0050 )
Leaf mgkg 0.056 0.057 0.062 0.066 0.060 -
R 3 X X . X . . b)
Cadmium concentration (dry matter) oot mgkg 038 0.3 035 0.35 035 Significance
Leaf mgkeg 038 0.39 0.36 0.38 0.38 Significance”
<Standard plot (SP)>
Root kg 4.2 3.9 4.1
Fresh weight Leaf kg 2.3 2.1 2.2
Total kg 6.5 6.0 6.2
Root 0.029 0.030  0.030 0.029  0.030
Cadmium concentration (fresh matter) 00 mgke
Leaf mgkg  0.041 0.042  0.040 0.039  0.040
Root 0.19  0.20 020  0.20 0.20
Cadmium concentration (dry matter) 00 meke
Leaf mgkg 024 025 022 021 0.23
a) Yield of Standard plot was indexed as 100
b) It was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance, n =4 (2x2)
(repetition x number of samples) )
5 30
! AP oSP BAP oSP
25
“ep 10 t T “ep 20
& £,
= ~ 15
2 2
N05 A = 10
5
0 - 0
1 2 3 4 5 6 7 8 9 1011 12 13 1 2 3 4 5 6 7 8 9 10 11 12 13
Year Year

Fig.4-1 The yield of the carrot (leaf) in summer

(Note:2nd year (spinach), 3rd year (trunip))

Fig.4-2 The yield of the carrot (root) in summer

(Note:2nd year (spinach), 3rd year (trunip))
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EAP aosp

1 2 3 4 5 6 7 8 9 1011 12 13
Year

Fig.4-3 The yield of the carrot (total) in summer
(Note: 2nd year (spinach), 3rd year (trunip))

0.10 +— _ 0.80

£ —o—Leaf (AP) -o-Leaf (SP) é‘) ——Leaf (AP) —o-Leaf (SP)
0 0.08 +— o0 1
o 2 0.60
= 0.06 — —*—Root (AP) -=-Root (SP) = —+—Root (AP) -=—Root (SP)
8 £ 040 <5
£0.04 - g /7
£ =
9 LN $ s @ 020 + — ¢ -
2002 g N 20, == sSZ=
zZ 0.00 < 0.00
1 23 45 6 7 8 910111213 @] 1 23456 7 8 910111213
Year Yo
ecar
Fig.5-1 Cd concentration (content in the fresh Fig.5-2 Cd concentration (content in the dry
matter) in carrot(Note:2nd year (spinach), 3rd matter) in carrot(Note:2nd year (spinach), 3rd
year (trunip)) year (trunip))
(2) B IRDARSIY L

it 5D 4 RIT A, 0.1 mol/L HCI-Cd, pH (H20) } OY EC D43 ##& 5% Table 9 (/R L7z,

AHRIVAREEE, (HIRIREHEH XX 0.63 mg/kg, FEHEXIL 0.44 mg/kg T, WGIEAEEHEH X3 B2 &
Motz (p=13X10%).

0.1 mol/L HCI-Cd I, {HUREAHH X% 0.27 mg/kg, HEHEXIE 0.15 mg/kg THY, {HIMEHEH XA &
(2R o7 (p=1.1X10F).
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Table 9 Characteristics of cultivated soil (summer 13th)

Unit Test prot-1 Test prot-2 Average  Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd® mgkg 0.65 0.61 0.64 0.61 0.63 Significance®’
0.1 mol/L HCI-Cd” mgkg  0.27 0.27 0.27 0.26 0.27 Significance®’
pH (H,0)? 6.4 6.1
ECY mS/cm 0.12 0.13
<Standard plot (SP)>
Total-Cd® mgkg 0.43 0.43 0.44 0.46 0.44
0.1 mol/L HCI-Cd® mgkg 0.15 0.15 0.15 0.16 0.15
pH (H,0)* 6.1 6.1
ECY mS/cm 0.09 0.07

a) Content in the dry matter
b) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil
¢) Soil pH determined on 1:5 (soil : water) suspensions with a glass electrode, n=2
d) Soil electrical conductivity determined on 1:5 (soil : water) suspensions with an electricalconductivity meter, n =2
e) It was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance,
n=4 (2x2) (repetition Xxnumber of samples))

3) Eithti®PDA FSHLOHER

(1) B tEBOEIRIT LBE

B D 2 RIT AR FEOHERSZ Table 10 (Z/RL7=. 72, 0.1 mol/L HCI-Cd R FE DHERS L L1 1Z Fig.6-
1 (T5YRAEEHE A X) J O Fig.6-2 (BEHEX) |2 /R L=,

TG TR NEEHE F XK OEHE X DA RIT AR E OHEREIZ OV T AR 5720, T E DML XIZ
BiI5, 1 FHEENLORKE A (EENLROBEEEZTOMRIX 12 # AL IS TER2IRIT ARED
MG B RIR T 24T > T2 (RIEYRO 53 B2 O p I KOFHE, WA EKYE 5 %) (Table 10). 13 42 H
HAEB L E OB TR MBI X 13 FE T (p=3.8 X 10°°) 233D B 41, FEHERKE T KB (p=2.0 X 10*) 2332
HHIT.

TG TR X e OMEHE X DA RIT AR EZ R LT- 225, FHELTZ 14 B VRN DIGTRIEAEHE FH X
DEHEX TV A BICELK 8- TERY, Z072E1% 2012 FEELIKE, BEE /2 D L7220 DI [RIERORE S35 T
5. ZHUE, T5TRRERHE A XIZIG IR AR RO AR LD RGBS, TEMIROINHEIZ LD THEh A RIT A0
S~ DFFH L EIDE LD, DRIV LRERT DM HDAY, FEAEKITALER R DA RIY LDk
HMTRNZEEIRL TN,
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Table 10 Changes in the total-Cd concentration? of soil after harvest

p -value of single

Year Season Test Crops AP Sp® Significance test regression analy sis?
(mgkg) (mgkg)  (difference between the APY Sp®)
processing)

Ist  Summer Carrot 0.51 0.48 Signiﬁcancee) - -
2nd  Summer  Spinach 0.52 0.49 Significance®! — —
3rd  Summer  Turnip 0.51 0.48 Significance®! - —
4th  Summer  Carrot 0.52 0.46 Significance®! - —
5th Summer  Carrot 0.53 0.46 Significance®) — —
6th  Summer Carrot 0.57 0.47 Signiﬁcancee) p<0.05"  0.16
7th  Summer  Carrot 0.57 0.46 Significance® p<0.012  0.06
8th  Summer Carrot 0.54 0.45 Signiﬁcancee) p<0.05 p<0.05
9th  Summer Carrot 0.61 0.46 Signiﬁcancee) p<0.0l p<0.05
10th Summer  Carrot 0.58 0.41 Significance® p<0.01 p<0.01
11th Summer  Carrot 0.58 0.42 Significance® p<0.01 p<0.01
12th  Summer Carrot 0.58 0.42 Signiﬁcancee) p<0.01 p<0.01
13th  Summer Carrot 0.63 0.44 Significance® <00l p<0.0l

a) Content in the drying soil
b) Sludge-fertilizer-application plot
¢) Standard plot

d) The p -value which calculated from dispersion analysis for linear regression by examination start of
each experimental plot

e) It was significantly different for processing examination section

(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x 2) (repetition X number of samples
f) It show that regression is significant in p < 0.05 (5 % of both sides levels of significance)

g) It show that regression is significant in p < 0.01 (1 % of both sides levels of significance)

h) Standard deviations (n=4 (2 X 2) (repetition X number of samples)) of the concentration in the AP
and the SP were 0.00 mg/kg - 0.03 mgkg

(2) Bt 0.1 mol/L HCI-Cd DHERE

Bt 180> 0.1 mol/L HCI-Cd OHERE % Table 11 \ZR LTz, &z, RARIVAREOHERLEHIZ Fig.6-1 (5
JEAREHE A X) , Fig.6-2 (FEHEX) [Z/RLTZ.

THVENEAHE A X K OMEHEX 9D 0.1 mol/L HCI-Cd OHERBIZ DWW T AR T 5728, TIENOMLEEX
ZRIT DR LR D ORI A (R OMIRIL 6 - H L L72) 1Zx9% 0.1 mol/L HCI-Cd O IEH A7 53
WraetT o7z RIENFRO BT £ O p IR, WA EKYE 5 %) (Table 11). 13 4£ H E{EHIHLE T
DG TRALEHEH X OEHIX A EERY, EFEEARDOI (p=2.1 X10%). 10 4 B EAEETOETRBURH
IR ARUZ IS T DTG TR AR R FH X DBV I3 A B Tl —E THERB L WD Th-7223, 10 42 H A 1ELIRE 57
([ZER 7.

— 07, BHEXTIE, 13 4F B ZEBME ToFE e EEHiE H X O R ITAE LRD, BAEm D bz
(p=8.1X107). W EIRIE 3 45 H AMELLREAKREL T 5.
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Table 11 Changes in the 0.1 mol/L HCI-Cd concentration® of soil after harvest

. -value of si
Significance test p-value of single

Year Season Test Crops APY Sp® regression analysis”
(mgkg) (mgke) (difference between the  APY Sp®
processing)

— Start - 0.19 020 N.S.9 — —
Ist Summer Carrot 0.21 0.21 N.S.9 — -
Ist Winter Spinach 020  0.18 Pending” — —
2nd Summer Spinach 0.19 0.17 Pending” — —
2nd Winter Qing gengcai 0.18 0.18 N.S.9 — —
3rd  Summer Turnip 0.19  0.18 Pending”’ — —
3rd Winter Spinach 020  0.17 Significance®’ 0.63 <0.05
4th Summer Carrot 0.19 0.15 Signiﬁcanceg) 0.41 <0.01
4th Winter Spinach 0.21 0.17 Signiﬁcanceg) 0.98 <0.01
5th  Summer Carrot 020  0.16 Significance® 0.89 <0.01
5th Winter Spinach 022  0.16 Significance®’ 0.34 <0.01
6th Summer Carrot 020  0.15 Significance®’ 0.30 <0.01
6th Winter Spinach 0.21 0.15 Pending” 0.17 <0.01
7th Summer Carrot 0.15 0.11 Signiﬁcanceg) 0.80 <0.01
7th  Winter Spinach ~ 0.16  0.11 Pending” 0.29 <0.01
8th Summer Carrot 0.19 0.12 Pending” 0.30 <0.01
8th Winter Spinach 0.17  0.11 Significance® 0.16 <0.01
9th Summer Carrot 0.21 0.14 Signiﬁcanceg) 0.45 <0.01
9th Winter Spinach 0.27 0.17 Signiﬁcanceg) 0.51 <0.01
10th Summer Carrot 0.27 0.17 Signiﬁcanceg) 0.15 <0.01
10th  Winter Spinach 027  0.16 Significance?’ <0.05  <0.01
11th  Summer Carrot 025 015 Significance® <0.05 <0.01
11th Winter Spinach 0.26 0.17 Significance® <0.01 <0.01
12th  Summer Carrot 026  0.16 Significance® <0.01 <0.01
12th Winter Spinach 0.25 0.15 Significance? <0.01 <0.01
13th  Summer Carrot 027  0.15 Significance? <0.01 <0.01

a) Content in drying soil

b) Sludge-fertilizer-application plot

¢) Standard plot

d) The p -value which calculated from dispersion analysis for linear regression by examination start of
each experimental plot

e) N.S. was not significantly different for processing examination section

(two-way ANOVA 5% of both sides levels of significance, n=4 (2x2) (repetition x number of samples)

f) Pending was pending decision to be significantly different for Standard plot and for interaction

(two-way ANOVA 5% of both sides levels of significance, n =4 (2x2) (repetition x number of samples)

g) Significance was significantly different for processing examination section

(two-way ANOVA 5% of both sides levels of significance, n =4 (2x2) (repetition X number of samples)

h) Standard deviations (n=4(2%2) (repetition x number of samples)) of the concentration in the AP and
the SP were 0.00 mg/kg - 0.02 mg/kg
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Fig.6—1 Cd concentration of cultivated soil Fig.6—2 Cd concentration of cultivated soil
(AP: Sludge-fertilizer-application plot) (SP: Standard plot)

(3) IRIVLADATE, FHLHLERVOEEE

1 EHEE~13 FEBFEEIEORBRICB T, BBLZIGRIEEHE ORIV MEARTHLAN &, 1E
M ERRE LT EICE DRIV LD LN &, THEA~OFEEE L O ORIy AEEIRE% Table 12,
Fig.7 \ZRL7z. BRI A~DOARIV AOAG &L, (GIRIEH T OARIY AE A BRI (4 m?) ~ofi &
U CTEHLE. EWIZED ORIV LOFRFHHLER, RERXKIZBITANHELT-EH DI RIT AN EOZ
ET, AEM DI EIAE T OARIV AREZFCTRINLUZ. HREA~ODFIV LEFEET, GIeEEHI LD
R LDOAMEEAEMZEDI NIV LOFFHHLEDOZIZIVRE N L., TEADIRIV LAOERHEIREIX, &
RITAOZEFEEICRBRX Y7200 HHEE ((ELOBRES 15 em, HHEORILE 0.7 LU, BREBRX (4 m?) 47200
THEEA 420 kg EL72) TRRUCH L.

IGUENEEH XTI, ARBRICIBWT, BRIV LA EL L TRHLERDRNIENDL HHED IR
U LN KN T TAEIL DT80, {GIRAEE OB LD A RIY AA T BEOBNNI > T HEERE T 2RIV L0
BELEF THLIENE Z NS, EREICB O THER M HHEO A R AR EE OB IME R 235788 BT
%. 2 25 (EORBRIZIIT DIGIRAEEHEF KO A RIY LA fT &1L 163.6 mg/iBRIX (40.9 g/10a), HRIV L
EHEEE IRy A R LA X HEEDOHEH UG Lo B3k ARy A0 EFPEE) 13 0.355 mg/ke
Lot
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Table 12

Changes in the quantity of cadmium load by fertilizer, quantity of peculating due to the crops body,

and quantity of cadmium accumulation to the soil from the 1st year to the 13th year

Sludge-fertilizer-ap plication plot (AP) Standard plot (SP)
Quantity of cadmium® Quantity of cadmium®
Concentration Concentration
Accumula of cadmium Accumula of cadmium

Load® Removal® Load® Removal”

tion?  accumulation® tion?  accumulation®

Year Season  Test Crops

(mgplot) (mgplot) (mgplot)  (mgke) (mgplot) (mgplot) (mgplot)  (mgke)

Ist  Summer Carrot 4.84 0.39 4.45 0.011 0 0.36 -0.36 -0.001
Ist  Winter Spinach 4.40 1.18 3.22 0.008 0 1.34 -1.34 -0.003
2nd  Summer Spinach 3.30 0.72 2.58 0.006 0 0.96 -0.96 -0.002
2nd  Winter Qinggengcai 2.64 0.21 243 0.006 0 0.21 -0.21 -0.0005
3rd  Summer Turnip 3.30 0.17 3.13 0.007 0 0.20 -0.20 -0.0005
3rd  Winter Spinach 7.04 0.66 6.37 0.015 0 0.56 -0.56 -0.001
4th  Summer Carrot 7.28 0.73 6.55 0.016 0 0.68 -0.68 -0.002
4th  Winter Spinach 7.28 0.75 6.53 0.016 0 0.75 -0.75 -0.002
5th  Summer Carrot 7.28 0.46 6.82 0.016 0 0.34 -0.34 -0.001
5th  Winter Spinach 7.28 0.73 6.55 0.016 0 0.53 -0.53 -0.001
6th  Summer Carrot 7.28 0.38 6.90 0.016 0 0.29 -0.29 -0.001
6th  Winter Spinach 7.28 0.65 6.63 0.016 0 0.42 -0.42 -0.001
7th  Summer Carrot 7.28 0.36 6.92 0.016 0 0.26 -0.26 -0.001
7th  Winter Spinach 7.28 0.71 6.57 0.016 0 0.59 -0.59 -0.001
8th  Summer Carrot 7.28 0.21 7.07 0.017 0 0.18 -0.18 -0.0004
8th  Winter Spinach 7.28 0.60 6.68 0.016 0 0.57 -0.57 -0.001
9th  Summer Carrot 7.28 0.28 7.00 0.017 0 0.24 -0.24 -0.001
9th  Winter Spinach 7.28 0.51 6.77 0.016 0 0.38 -0.38 -0.001
10th  Summer Carrot 7.28 0.33 6.95 0.017 0 0.20 -0.20 -0.0005
10th  Winter Spinach 5.68 1.00 4.68 0.011 0 0.51 -0.51 -0.001
11th  Summer Carrot 5.68 0.40 5.28 0.013 0 0.28 -0.28 -0.001
11th  Winter Spinach 5.68 0.64 5.04 0.012 0 0.51 -0.51 -0.001
12th  Summer Carrot 8.53 0.57 7.97 0.019 0 0.17 -0.17 -0.0004
12th  Winter Spinach 8.53 1.58 6.96 0.017 0 0.81 -0.81 -0.002
13th  Summer Carrot 9.30 0.37 8.93 0.021 0.76 0.21 0.56 0.0013

Total 163.57 14.60 148.98 0.355 0.76 11.56 -10.79 -0.026

a) It show every test plot 4 m’
b) Quantity of cadmium load by fertilizer = Total cadmium concentration of the fertirizer x Amount of the fertirizer application

¢) Quantity of peculating due to the crops body = Yield (dry weight) xCadmium concentration (dry matter)

d) Quantity of cadmium accumularion to the soil = b) — c)

e) Concentration of cadmium accumulation to the soil = d) / Amount of test plot soil (420 kg)

Bt HEED A RIY MR EEICOWT, 1R H EEBR )0 FEHIE & BEREOHER % Table 13 & T Fig.7
(R LTz, TG TR I X e OEVEIX DA R AP FEEOPRERIEIX, 1 4F B B AR 3o FERIEZ R e
LG, Table 12 TR NIV LAEEIREZ BB LR H U7z, EEXITIERME L PRERE DN 2T — B THER
L QW e, —J7, TGURAEAEHE A X 1L, B iE & el U CRHME O J7 AME B THER L Tz,
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Table 13 Changes in the actual total-Cd concentration and

the theoretical total-Cd concentration® of soil after harvest

Actual measurement Theoretical value
Year  Season C"l;z;ts AP” sp? ApP? gp?®
(mg/kg)  (mg/kg) (mg/kg)  (mg/kg)

Ist  Summer Carrot 0.51 0.48 0.51 0.48
2nd  Summer Spinach 0.52 0.49 0.52 0.47
3rd  Summer Turnip 0.51 0.48 0.53 0.47
4th  Summer Carrot 0.52 0.46 0.56 0.47
5th Summer Carrot 0.53 0.46 0.60 0.47
6th  Summer Carrot 0.57 0.47 0.63 0.46
7th  Summer Carrot 0.57 0.46 0.66 0.46
8h  Summer Carrot 0.54 0.45 0.69 0.46
9th  Summer Carrot 0.61 0.46 0.73 0.46
10th  Summer Carrot 0.58 0.41 0.76 0.46
11th  Summer Carrot 0.58 0.42 0.78 0.46
12th  Summer Carrot 0.58 0.42 0.81 0.45
13th  Summer Carrot 0.63 0.44 0.85 0.45

a) Total-Cd concentration in the drying soil

b) Sludge-fertilizer-application plot

¢) Standard plot

d) This value is the theoretical total-cadmium concentration of soil when
assuming that there was accumulation of the whole quantity cadmium
derived from fertilizer to the surface soil of the test plots in a starting point

in summer 2009

e) This value is the theoretical total-cadmium concentration of soil when
assuming that there was not accumulation of cadmium derived from
fertilizer to the surface soil of the test plots in a starting point in summer 2009
f) Standard deviations (n =4 (2%2) (repetition x number of samples)) of

the actual measurement in the AP and the SP were 0.00 mg/kg - 0.03 mg/kg

=@ actual total-Cd concentration (AP)

—{ll— actual total-Cd concentration (SP)
090 —
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Fig.7 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration of soil after harvest
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(4) FRERIANIY NRE

14 B~ 134 HORBRIZEB W TERIL, R L Q= BRI 52 2k R Z I RERIN R L,
& LT SR % Table 14 (TR LTz, AKEEVE Cd IE2 TOREEDE & T FRA (0.007 mg/L) &72o7-72hFK 1T
L3NeE DA AN By

FEEX T2 TORREICB W TEIN D2, FFET &SR oT.

IGIEREEHE I X O RER] Cd IR 2 2R ARIV AR, 0.1 mol/L HCI-Cd £&4,12 Fig. 8 (Z/RLTZ. {5TEAE
B X C IR % H Ba LY, 45 4 OTFREDIREEIZOWT 13 2 H £ TORE RE BT LI2LZA,
EHLE Cd, FL—ME Cd OFFREICB W T IME AR, AHRE Cd I3 IME A ~EeoT. — T, &

ZHE Cd PIEMEA =TT 5% ERE Cd JIEEOEIA %A Fig. 9 \TRLIED, I LIZEE;ITHLHHLDD Cd %
ARLTORN 1R L Cd BEREL TS 13 4 BIZBWTE kIT D72 o7z,

F7z, EHRE Cd 1% 0.1 mol/LHCI-Cd &&v VHES (FHBEFR 45 0.83) 27”1, FL—ME Cd 134 & Cd IREL &
VVFH B (FEBE6R % 0.82) 27~ L7=. F72 0.1 mol/L HCI-Cd 23 EH#AHE Cd KV @275, 0.1 mol/L HCI (L& #
HE Cd Z1TIF L, L —1E Cd O—HZMmHL WD EE X LT,

Table 14  The cadmium concentration® for each form of cultivated soil

AP SP
EDTA Slowl EDTA Slowl
Year Season Crl;fi)ts Exchangeable soluble solublz Exchangeable soluble solublz
(mg/kg) (mg/kg)  (mg/kg) (mg/kg)  (mg/kg)  (mg/kg)
Ist Summer Carrot 0.02 0.13 0.14 0.01 0.12 0.14
2nd Summer Spinach 0.02 0.17 0.18 0.02 0.14 0.16
3rd Summer Turnip 0.02 0.15 0.12 0.02 0.14 0.12
4th Summer Carrot 0.02 0.16 0.15 0.01 0.13 0.13
Sth Summer Carrot 0.02 0.17 0.14 0.01 0.14 0.12
6th Summer Carrot 0.02 0.18 0.20 0.01 0.14 0.18
7th Summer Carrot 0.02 0.18 0.14 0.01 0.13 0.12
8th Summer Carrot 0.02 0.20 0.18 0.01 0.14 0.14
9th Summer Carrot 0.02 0.22 0.17 0.01 0.13 0.12
10th Summer Carrot 0.03 0.22 0.15 0.01 0.13 0.12
11th Summer Carrot 0.03 0.20 0.17 0.01 0.12 0.13
12th Summer Carrot 0.02 0.17 0.17 0.01 0.12 0.13
13th Summer Carrot 0.03 0.21 0.21 0.01 0.13 0.15

a) Cadmium concentration in the drying soil

b) Standard deviations (n = 4 (2x2) (repetition x number of samples)) were 0.00 mg/kg - 0.02 mg/kg
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F7o, EOHED Cd BMEMIRIZRINS R T VDGR T 57280, K TERED Cd IREIT3H 3 21EMiA T o Cd
IREEDORfRE Fig 10 1T UTe. Xl X, X DRI 3035 KR LD, R EEmE T o Cd
REDOBREZRTIEND, HBEREITRBRXZ XAk, ok, ALY IILAETHLN, 0.1
mol/L HCI-Cd & EE AR DTEREIZ DWW T EARBI 2 I L TD 72, SRR O HIEEOMBAZ R LT,

% 2 OB AR BIREL TR 9L, EHARE (Exchangeable) X =20 #2:0.5756, =22 %£:0.5796, 7L
> V:0.5664 LEMIRACEMBENGRD BTz, FL—RE (EDTA soluble) IZ=2 4R :0.4168, =2 L HE:
0.4609, RV V17:03827 L= TR, TEICHOWTHHEIZ /R LT, HHERE (Slowly soluble) (=T 4R :
0.4567, =2 #:0.3976, RUL 2 V17:0.3080 E=2 VUMD IR AR L=, 0.1 mol/LHCI-Cd (Z=23
VHR:0.6255, =PV HE0.6706, RUL L V17:0.6196 SAEMIRATIZIWTHLOERES i U VB 23R
DB, ZIHORE G 0.1 mol/LHCI-Cd T HEHF O FIHEHE Cd IREZHELE TR ThHLE R b,
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5. F&H

EEFD A 20 By OV AR D RELRAZ L B2 3R I B - 2 A AR 5E & L C, VA TRAEARkoD3E i i FH 35k A 2009 4
01T TEY, HIEAEEHE FH X & UG AEHE i FH O HEX D 2 BRERXIZ, 12 FFHAEELTRYL VY
Z, 13 FFHEELL T=0 Dr a5 L, BT OIRIV AREO ALK OVEMIRT ORI AR EE % iR
L7z, 12 4F B ZEFRTL YU BI R O BRIV AR, GIRAEEHX T 0.090 mg/kg, FEHEX T 0.045 mg/kg
THY, Codex FVEMH (0.2 mg/kg) (2% L TIEWE R CThHho7-. Fio, RUL YT O RIT LR EEIXI5E
FECEHAE A X AR X2 6 LT RS @<, TEUEIEEHE A X231 5 12 45 H DRz A R A 1 LR B
LIRS e iR\ M S o7z

=2 VU BIHR ORI AR, THIR IR X THERS 0.060 mg/kg, AR 0.050 mg/kg, FEHE X CHEH
0.030 mg/kg, RS 0.040 mg/kg Tho7z. FAIEFRTHOMRE DA RIT LR EEIL Codex FEYE(H (0.1 mg/kg) (Z%F
L TRV R Th o7z,

Flo, SV VETROHRIVAREICOWTE R A IR LI LA, B & OMRER O [ E A TG TR AR
it X 3G B @S WS R Tho72. 13 FEH BEE=r Yo ol HEO 2RIy AR E TG R IEEE F X A3
PEAEX LR THBEICED T

1 H25 13 42 H OBt R O RIY A K T 0.1 mol/L HCI-Cd & EEDHEB AT Li=L25, 15
JEAEEE A X DA RIy AR E T IME R 2~ LCTRY, BIRIEEHIE B T A RIV AN HEICEREL T
HZENRENTZ, — 05T, 1HIRAEEHR X 0.1 mol/L HCI-Cd (22 Cik 10 4 H BEEE Tl —EICHES
DA REI TN, 10 4 H AVELARE I IME 2R L C0D. (BIRIERHZE A T2 RIY Al L
ICBWTIIAEBY S LAY TAZLICEOREIEL TODEE LN TWAD, B HER o IR 80
W2, A EREA TRER B2 L 7-2 81250, 0.1 mol/L HC (ZIEfE T 2IMRED IR IV AELHIINL7=L%
b,

FEHEX DA RIT AR ITJAME B THY, 0.1 mol/L HCI-Cd (2 OW ThIBME 2R LT, FEHER D4
JIRIV AFHEAEIZE DA RIT AOAE 2N oD L, F72, 1E#RD 0.1 mol/L HCI-Cd ZF¢H 3720,
+HEd D 0.1 mol/L HCI-Cd b8V 55 2 b,

AR CHEAE L7 VG VR AEB SR DO BRI A N ETHL A M &L OMEMZ G LT 2SI DRIV LD F;f
HHLENS, HEICEBINL TOWAITTONRIVLAOBREE L7224, X I T ERIEE BRI EIE
—HLUTHER L Qe — 05, TGTEAEEMIE A XL, BEERE L i L CSRIE D J7 A3 IV ME [ THERB L Cu iz,
T, HESYY R EORERBRONG, HEPDODRITLDOKTE S H~OBITRRD LN EnBHE
FRICED—EDOARIT APMELICHE ELR NI EIZEDL D EE 2 BT,

ZIVETOIHVENEOFRERIX A~DHEH ORGSR, INHESIL-/EY O Cd JRE K T~ Cd DFFHEIZON
TYHFIMERNEB 2 BN, LnLRNG, B TR ORIy ARESEINL TRY, HEIZiRmLz
AIRIVLDIEREEALD FIREME DN HHZEN D, Uik FHAMER T H720, 1 FHNG 13 FH OB (EHiH 11
WL, KM, B, XL —NME, AHREOK RO IRIY ARELZNELT.

TGIR AR A XA T 2 OFZREO IR FE 2158 A 03 L 1345 B ECOREREHIEIF oI LIE2A,
EHLRE Cd, FL—ME Cd X ERMEMZ/RLIZA, AR Cd 1T LR M2 RS20 o7,

LALRDG, i LA TERED Cd A &S T2ENENDOIERE Cd OFIEITFEI LIE/ITHLEDD,
1FEAL 13 FEHICBOTURELZEL CQURDoTo, ZOZEND, HEOIRETE R TIIRIVLADIRENLE
{ET5ZL13H00, TEHEAOHIRIV LAOZEFEOEEIMNEIRIT AOFEREEAIZ —EDOBRIEIZFE OB
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WEEBZ BT,

iz, 1E~O AL O BIEIZ DWW TEILRED A RIY AJRFE LAVEMIR R DO BRI LR FE L O FH B2 e iR
L72fE 5, 0.1 mol/LHCI-Cd 73= 4R :0.6255, =2 38:0.6706, ARUL 2 V17:0.6196 SVEMIAETICE
WO TZREL R L i WHBE 2SFRD 541, 0.1 mol/LHCI-Cd THEEH O HGHE Cd B EAHEL A TRETHDHE
ExHhz.
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absorption of the
Crop and Accumulation of Cadmium in the Soil (Continued Report)
- Winter 2020 and Summer 2021 -

ASAO Naoki!, KOBAYASHI Ryoto?, MASUI Ryota?,
MURAYAMA Kazuaki® and ABE Fumihiro®

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

2 FAMIC, Fertilizer and Feed Inspection Department

3 FAMIC, Fertilizer and Feed Inspection Department, (Now) Agricultural Chemicals Inspection Station

We have been researching Cd absorption of the crop and accumulation in the soil used sludge fertilizer since
2009. The soil is composed of the Andosol. We cultivated spinach in winter 2020 and carrot in summer 2021. Those
crops were cultivated in the standard plot (SP) and the sludge-fertilizer-application plot (AP). In the SP, we used
only chemical reagents for the crops. In the AP, we used 750 kg/10 a (fresh weight) of the sludge fertilizer and
chemical reagents for the crops. The amount of nitrogen, phosphorus and potassium applied to each plot was
designed based on the fertilization standard shown on the Saitama prefecture’s web site. The concentration of total
cadmium in the crop, acid-solubility-Cd in the soil after each of the harvests were measured by the inductivity
coupled plasma mass spectrometry (ICP-MS). As a result, the soil in the AP after the harvests has indicated a high
concentration of the total-Cd compared with the soil in the SP since summer 2012. The concentration of total-Cd in
the soil (from summer 2009 to summer 2021) showed significant increasing trend in the AP. The concentrations of
cadmium in each crop harvested (from summer 2009 to summer 2021) in the SP and AP were less than that of the
CODEX standard. We consider that it is necessary to be conducted further monitoring of the cadmium-transition in
the soil from now on.

In addition, the accumulation of cadmium in the soil was observed from the results of the total cadmium
concentration in the former soil, and the amount of 0.1 mol/L HCI-Cd is increasing year by year, and the
available cadmium is also in the soil. It was thought to be increasing. In order to understand the cadmium in
the soil in more detail, the soil from the Ist to the 13th year was extracted using water, ammonium acetate

solution, EDTA solution, etc., and the cadmium concentration in each solution was measured.

Key words  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 15, 108-134, 2022)
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#3 BRI IE

. AR IA H RERVE O3
AR TH — - —
RERRH x5! B R R 1R 7 51

(AL E L)

NFREYTFURT o E=T A

Y. . &, o 1. X -~

Sk (CMgO) 4.63.a  SAARRM TV ARTRORE
SEE~ 1 (C-MnO)  4.72.a SAAERMH o Tl AR
<EEMEIEH 55 (C-B,03) 48.1.a <z AMEH TV AF L HIE

A )
ez A EL 4.1.1.a TIVE — Vol — 25 HORIR E VA

B X K S
ToE=THZEFR(AN)  4.12a  KE WD E VA

NFIREY T FUBRT o ET=T I

--------------------------------------------------------------------------------------------------------- WS
IKEEPENNE (W-K,0) 433a  JKHiH ;ﬁ%ﬁﬁ%”ﬁfﬂi/ TL—2

TN T A IV SINERER

o s2b MBI ey
HES Ay T P TN T
& (Pb) 5.6.a KGR 71— AR A

N e
4, HEEHRI % R USRS R O S %

1) |EShI-HEREER D
(1) vRANEIZLD z ZAaT DR F
F7, B2EROEOHF IE (Median) ZRD7=. WIZ, H 1IN E N OFE I A8 E R, (a) ik iy
LA (IOR) 2B H L7
IOR=F3M i — 1L« -+ (a)
IEMLPU S 25 %G P (NIOR) % (b) UKD FE I U=, IEHS A D4, NIOR SFEHER 21— 5.

NIOR= IORX0.7413 <+ (b)

z 237 (2) % (o) MUTKVFEML T2, z 223713, B BRE OB R (6) © Median 22bOMRIZVEG VAR
THIETHS.

z= (x;—Median) /NIQR -+ (c)
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(2) z AaTIZL5EHM
F—H DN FEELT, ISO/EC 17043 (JIS Q 17043) Y& W, & ikBR=E O ER#E RO 2 A2 7 Ik D
JONTFH AT~ 72,

Iz =2 e i
2<7|<3 eee BEDLWY
=3 s iR

2) HBREREWZHEYTSMEE
F ROy D SIS R R ETHE 5720, IROMEHRERDT.

(1) ZMRBR=EL (T —2H:N).

(2) zAIATIZEDRHE N =2 (i) , 2<z(<3 Beb L) B V2| =3 (Rl /) Lo =ik B == 455 K OV D E|
A (%) .

(3) AMUBEZ AL 72427 — X DL (Mean) .

(4) RO D Hfil (Median) .

(5) NIQR ZAEHEMR 2L 772 LT Median OYLEIRAHENE (Usse,) (B EFREL: k =2) % (d) RUTKVHE .

Uss,=2XNIQR/VN ~ +++(d)

(6) &F —ZDIEAERFE(s).
(7) IEHIPUS AL EEL P (NIOR) % (b) UKV B H U=, IEBL AR O%E, NIOR & s 13—E95.
(8) B NANEDNLR O T-AHRMEAENR 2% RSDroy £, (e) ATV HE LT,

RSD:ob = NIOR,/Median X100 =+ (e)

(9) RERFERBRE CHFEFBROREE D B 2L L OURSIVTND == [ - B G #E (R 7% (CRSDR) -
AEBFERBRIE IO T, HFEIRBROKSEE X, CRSDr DIED 2 fFETHALTWD. ZORED H 2L, X
53 5 DORRERI 3 BB I3l Sz,

5. BRRUEER

1) *RFEBRAFEMOYEERR

2.2) 2B\ T 10 3B 2 ST TN LI oW RO TEEIE (X) K O DS RIZONTO— Tl E 5y
Bt e Gonioiit&E O TR U OM TR 22 (s,) , SRR IR 22 (spy) , DHMTREEZ B ik
B (R 25 (spar) B2 4 WORLIZ. B, IRBHSERBAEIOREN TO DR B O B % (CRSDR) K O
ZNHDDRE (1) Lo HEE = BUEHE R 2 (6r) K 4 ITRLTZ.

BEMEOHE L, TUPAC/ISO/AOAC DIFERBR T oha YO FEE2SEZICE L. £, SRR
SRR T D720, TR ROV T Cochran DRIEZ FEiti L7z, FDFER, T X TORITIBWNT
ANEIZROOLNRNST-DT, ZTRHD G RICOWVWT— i E S B atrad EmL7-. KIZ,
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IUPAC/ISO/AOAC D RERER 7 mha /L OHER (R 2) ZHWTHEMEDOHEL ToT. ZOFER, T
DB THIER (X 2) 2572 Ci=Zenn, LRFRBAREHIYE ThoZ La R L. 2B, &
EDI2H, X 3 1L T TR E A & ClBHREER 2 (spyp) R M LIZETA, g LHRL TW TNk
H NSV TH -7

6r = CRSDg x X/100 --- (A1)
spp < 0.30, = 0.36y ---(2)
Sptr = /Sr% + Spp? <--(:03)

G r < HETE = H] B e 22
CRSD g : JEBFE3ERIES | RS T D M SRS (S I AR BUR SR HE IR 72 (%)) O A %2

£ R sp ¢ TR AR 2
0 TSP RA T F I A LT A el 2
Spp : PUEHITRE M 5 Sbar DI THE L2 TR T Y 2

24 SEHEREROMWE
3H N *
N S 7> G U1 B 7> Wi 1> WA/ W U W 0
W-P,Os 10  12.33 3 0.37 0" 0.11 0.08 0.08

B LA .
AL AERY W-K,0 10 13.37 3 0.40 oV 0.12 0.09 0.09
S T-N 10 9.44 4 0.38 oV 0.11 0.07 0.07

6 AD AL .
ARADILRUER W-K,0 10 9.00 4 0.36 oV 0.11 0.17 0.17

a) T2 E Bl GRBHEO 2 s BT 43 4T)

b) HER

¢) NEBHERBRTE T/RSITO DA FFBURS B (S R B R E(R 722) O B &2
d) SRR FFBURE BE O H 2270 5 H U7 HE i = ] U Y 22

e) e PHHIPR e (R 22

f) BVEPEDHITE (spp DFHM) DIZDD /T A—=H

g) DT MR 2

h) DHTAR L 25 Lo RURH AR Y I 72

D) ZN—T G < 7V —T NI DI, spp=0

2) BEBRIEROBM

4.2) (1)~ (2) OFBREH I O z 227 THAMSN A RREBEL L NEOFIEGE R 5 ITRLIZ. FRBREE
OB TR (21=2) | 0T 22 T 7B RO &1L, AHEAVLRRIEE R OB R I LK O
92 %Libmi<, ML OIEME AR 81 %lixbIRWEIGEZ R LIz, £, TR (|21=3) JL5T
%32 7B EOEIEN, BECRREIOIETED AVBRD 17 %e b B FE R CTh oz, FEERE T, [ )
ERHE NI ARERE DOEIG DS 79 %~93 %, [N 2 | LRl S A2 sABRE DOEIG D3 2 %~13 % Th 7.

4.2) (3) ~(9) TROT-MEHEEF 6 (TRLTZ. 2L ORBIE A TRIKDEHEIIAT 4T LIFFE LT
0, HIUEDFELZ T, —EOMBRIEH CEMEEAT 47 OENBO LN, £, BAROEAERFZE s 1T,
T RCORBRIEH T NIQR LH#L CRE2MEZ/RUTZ. RSDrop 5 FRBRIE B OIRFEL ~LIZEI1TD CRSDr
e Y CRSDR O 2 fEDEEDBIRZEE 1 IR LT, g8 DWW TDIr CRSD ZHBZT278, NEEHE R BRTE CH
LLTEFAESN TWDHIAN Th o7z, ZOMOFRERE B X\ 340h, RSDroy (3 CRSDr DHIFHN TH -7z,
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Fiz, REE 8 BRI WS OH 7235k 5715510 Median, NIOR, RSDo, 2 08 CRSDR %5:% 3% 7 1Z/RL
7.

#&S5 zAA7ZLHRERAE RO
3l z|=2? 2<|z|<3 Y 3=<|z]?
MBEE R am wme Ca Sy Her o HE
E-4 Ev-4 (%) E<L~4 (%) EC4 (%)

(F& BE LR L)
C-P,0:s 116 94 81 2 2 20 17
C-MgO 119 103 87 6 5 10
C-MnO 111 92 83 9 8 10 9
C-B,0; 98 84 86 6 6 8 8
(AREADALAAEE
T-N 118 104 88 4 3 10 8
A-N 110 96 87 4 4 10 9
W-P,05 117 101 86 8 7 8 7
W-K,0 118 102 86 7 6 9 8
As 36 30 83 3 8 3 8
Cd 52 48 92 1 2 3 6
Pb 36 33 92 2 6 1 3

a) zAATIZE DI AN 2 (2| =2) LleoTe BRI L OZ DA (%)
b) zAATIZEDRHEAEED L (2<|z|<3) Lo T- BRI L O DOEIA (%)
¢) zAATIZLLFHMAARG & B =z)) &le o TR =L L PZEDOEIE (%)
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#6 HFERBRE RO &

kBRI ] zﬁ Mean”  Median”  Ugsy,” 59 NIOR® Rﬂmﬁ(ﬁﬁﬁ)CMDw
(GO R ) M ) M ¢ M GO M (%) (%) (%)
(AL A
C-P,0s 116  17.16 1739  0.041 1.0 0.22 1.3 3 6
C-MgO 119 3.67 3.69 0.020 0.33 0.11 3.0 4 8
C-MnO 111 0.452 0.457  0.004 0.05 0.02 4.1 6 12
_____ CBO, 9% 024 026 0002 002 00l 52 6 12
(HHEAVILRAERE)
T-N 118 9.43 9.47 0.017 0.27 0.09 1.0 4 8
AN 110 9.04 9.07 0.020 0.19 0.10 1.1 4 8
W-P,0;s 117 5.94 5.93 0.016 0.42 0.09 1.5 4 8
W-K,0 118 8.84 8.82 0.038 0.61 0.21 2.3 4 8
As 36 5.40 5.49 0.15 0.78 0.44 8.0 16 32
cd 52 2.14 2.12 0.041 0.19 0.15 7.0 16 32
Pb 36 14.35 14.49 0.69 2.5 2.1 14.2 11 22
a) BIROELIE (HEHTED f) BN AMAXHERERZE (NIQR /AT AT v % Y% FRkLTZH D)
b) BRIl (HEHTED g) NEBMERBRIE TR O H LU CTHERES I T D ZE M B BUFHE % e 722
¢) BAROH RAED RS h) AERHERRBRYE TR L L CRERSIL T D 2 ] B EL R 6% Y 75
d) RO i) HEDHE

e) T/ NAMEHE(RE

40
35
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S 25 |
&
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SERE: =1 [
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% §0 § QIQNF < ¥ < O
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1 AaBRAE RO CRSDRERSD,,, D BAfR
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F£7  RWEHERN O EFERRE RO &
st Median” NIOR®  RSDy,” CRSDR®  2xCRSD®

SABRIE B BRIk BEH (o)) o) %) %) %
Bt oo eeeee e+ eeeeee oo seeeeee et eeeeeeee oo
LGP0 ANFREVTTUMTESTANE 11 1741 014 078 3 6
C-MgO 7L — AJE 1Mk 107 369 o011 29 4 8§
...................... ICP-OESYE o D308 040 2T A
C-MnO 7L —AF WY 101 0.458  0.02 3.4 6 12
...................... ICP-OESY: 90482 002 33 6 12
C-B,0;  TYAFUHIE 85 0.226  0.01 4.8 6 12

ICP-OESY£ 13 0.229 0.0l 6.1 6 12
B N Y oo eseeeeeeeeeeeeee oo oo eeeeeeeee e eeeeseseeene
T-N RETE 22 9.48 0.10 1.0 4 8
_______________________ TN IR 6 94T 009 094 A8
AN X S 108 .5:08 009 . 10 A 8 e
..... W-P0s  NFREVZTUMETESUANE M3 593 009 LS A 8
W-K,0 7L —AJFFRGE 91 8.82 0.17 2.0 4 8
_______________________ TV hOREE 023 88 020 22 4 8
As KB AR OETE 17 5.75 0.53 9.3 16 32
....................... YT TAIV S BRIROR e 12 538 o1 20 16 32
LCd U REEMORE 44 2011 0l0 49 16 3
Pb 71— AU 27 1459 1.4 04 11 2
a) EEOHJfE e) JNEEIERBRE TR LU CIFASIL TV A B BUHE MR MR =
b) B SAME ) B Ry %

¢) PANAMERRE R
d) NERHERBIETHED B ZLLTHERS LTS
I R BUAR R R 7

3) BBREEDIER

[f]— DR BB W TG SN B 53 RAE RO G, [A—30k - RO 71k TR Dk (B AL
FEEHF D C-P20s & C-MgO %), 725 hhH Ik TRl — DRy (8 BEALRER R > C-P,0s EA ALK
JEEHF D W-P20s) D z 227 O EARZ K] 2-1~[X] 2-8 IZ/RLT-.

W2, z AaT NRICEERD SR A BEEINZ 72, ZOBEMITEATH RO 7wy M 55 O3 E 7k
BOWTHRHARREYOERNNHDHEEZ NS, TRLE, WTFNORSICBOTH RN RIEED S
T, PIEICB W THIEINRO DB EL TR ENH 7. 10k, Wl n=7 — 452 R rT 5L, K%
BOT oy O E R TERIeDT0, FoRdiid z 237 20 INELTZNR, TNEBZ DT —XIZHB00 T
bRV RTRD HIg o7z,
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o [H—RB=EICIBTD z2xaryoray b ¢ [F—RB=EIIBTD zAa7ro7ay b
--------- B (24 27 23 UAE 2 R~ ) w8 (22 27 AR UAB % T R
10 10
5 5
o QS
0 a0
B -5 B -5
10 -10
-15 -15
20 20
20 1510 5 0 5 10 15 20 20 -15-10 -5 0 5 10 15 20
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W-K,00z A= 7 0%
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4) HEBRIEB R OEEBEER O M
(1) EEACERAEE R D<A AURE (C-P0s)
H6RBMENSMU 1 RRENANTF K2 77 @
T U=y AW EEYE, 5 BBREN ICP-OES 5%
W R SN MTHRERO AT 4 7 03 1739 % (E
/3 R) , NIOR 13022 % (E &), FHMHEIT 17.16 %
(EENFE) Tholz. 94 BR=1T e THY, 20
REBEN (R R Cchotz. [RE] DR
DIHH, 19 RBRENANFT REYVTT VBTV E=T A
WLSESEREYE, 1 3BREE Y ICP-OES HE THh » 7=,

TR 7efE R & 7o o T2l == IR ISR © 28 A
DAV, HHH OB T 2 < 2 AR OIRE MK
W E BTN S TWARWATEEE R H 5729, < 2 A
FAVS IR 2 TN 2 BRI DY 30 CIZINR I TW5
Z b, s L LTI IR IBERE, B L <IXE
BARFENLT O 30 ClZoTNDHZ L zRT 54
ERHD.

F 7z, WERFTIE, SUBHEE P R OIERER P O < 2
feiE A — L L, 3051 30~120 5 ORICHIEZ & T
THER.

(2) mEALE AR OIRETE £ (C-MgO)

19FRBRENSAL, 107 HBREN 7L — ARG,
9 AR =E75 ICP-OES V£, 3 ili=7% EDTA £ e, 7L
— LRSS K OV ICP-OES IOV T, T R
EOEIZLDIRE (HRTE) BAToT2L A, AEKEES % TH
BREFRO LN 5T WSS oW ROAT 47
1%£3.69% (E&EH) , NIOR 13 0.11% (HEH=HR) , ¥
1% 3.67% (E&DF) Tholz. 103 HEREILHZE I Th
0, 10 ER=E D AR R | 72568 R ChoTo. T | ORI D
25, 8 MREN T L — LRI, 1 3BRED ICP-OES
%, 1 BR=2Y EDTA (5 CThHoT-.

EAETORE CTIXEAEICEEL, LR
WZOWNWThH, REHORIEEEHITREZEDNELLZERHD
OTEMINTRBUBETIENE L. S, ERITITR
BHAK OMETE RN EET D720, WERHILREHA K &
OMEYEIR OIRJE, FEFAR % ORIR 2R — L35I ET
HLEDDHD.
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(3)  EEACREE DL~ H 2 (C-MnO)

111 BHERENASIL, 101 REBREN 7L — AR WORE,
9 REREN ICP-OES 14, 1 RBR=EWIV R AT LEE
MWz, 7L —LJEFROTE K Y ICP-OES 12DV, 4y
W& RO EEHED ZEC L DME (1008 ) AT 7L A, 1
BKYE 5% THBEREITROONR DT, WSSO
FERDOAT AT 1F 0457 % (HESH) , NIOR 130.02 %

(EEDR) |, FHMEIZ0.452% (HEDHR) ThH-olz. 92
ARBREIL R THY, 10 REBREN AL ) o7 Tho
7o IR 2 | OFHl DD, 9 SRERE N7 L — A -0
1%, 1 3 BR=E28 ICP-OES £ Th -7z,

(4) @ EALEREE O<EMEES FE (C-B20s)

98 AERENBML, 85 WBRENTV AT HIE, 13 3
BREE )N ICP-OES #:% 2. 2 FFIEIC O W CERED #IC
FDWE (-RE) AT o722 25, A EKUEE 5 % THERE
ILRODNIR o T. MESNTZHRERDOAT 47 1%
0226% (EE/3) , NIOR X 0.01% (EENH) ,
fllX 0224 % (EHESR) Thotz. 84 BN E ) T
HY, 8 AEREN AR 70 R ThoTo. TR | OFH
DHG, TRERENT Y AT H 5, 1 5BR=)Y ICP-OES 14
ThH-oT-.

o, TV AF L H ECRBRLIEABR=EDSD 16 RE
(I SE R EDVEREZFREL, 69 FRBRE TS M ED
VERA BRI -T2, WL EDO A HEIZ OV T
D LDIRE (-80E) AT o128 2A, AEAKYE 5 %T
BELRETROLN -T2, S RIOBREHZ SOV TIRIFEA
EHEL TR T2728, fIEDOA IO AT E N2>
7-.
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(5) ABEAVLEAEE D% F 45 (T-N)

118 BB, 96 RERFE N7 /L& — Lk, 22
AREBRE DRI Th -T2, 2 FIEICOWTOERED 7
ICEDRIE (-WE) AT 12825, AEKEES %TH
B EITRO NN T2, G0 i o A
TATNE947% (E&E53#) , NIOR X 0.09% (&
BE) , I 9.43 % (HESHE) Tholz. 104
ARERE R 1 THY, 10 RERE DR L ) 7ofs R
Thoto. IR R IDOIBIrVE —VER 7 RBR=E,
BRBELED 3 RBRE TH-T-.

FVE—VIEORERERELT, BREOMBRIKIC
KEEAL T R DR E RIS 28, 7B =T %
FOPEHA RN, KEEALT N T AEIRIRINE X
77 A% H RORIE G528, BIED
B ED R EEE )ME RN E AR T DL,
F7o, WMERDT 774 —FHEITEEI .

(6) HHEAVLERIEEFOT =T 12 (A-N)

110 BRER=E NS SINL, 108 RERENAKIE, 1 sk,
R, | BBRENRNVLT VT EREE AW, S
NIEWHERDAT 4T 1% 9.07 % (EEFR) , NIOR
130.10% (HE5=R) , FHHEIZ9.04% (HESH) T
ol 96 FERENTHE ) THY, 10 SR DA E )
RRERThH ol TR | 2 R 7eo TR = 1T 2T
AR IECTOEMTE 7.

BB BT HIEERELT, R BETMALT A
VITKEBLFT N L EE T 5L, RESCHEDEE T
AREHIZNOD L TEELRD 58 BRHDHDT, K
LN LORDVICE L~ 7 2T DEFHIE B,

AR DI b~ 7 2T DTRRBRE T O (b
RFEHEWAEL TOE, (AN REEIICRDZERHHD
T, BT 1%, BHEE 1~2 HEERL, HE%EE
T 50, HONCDERL~ T 17 L% TWEE (800 C, 2
BRI ) SETODM AT LR,
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(7) BHHEADLRAEE T OKEEMED AL (W-P,0s)

117 REBRENSIL, 113 W= I NEVT T
fe7 o e=0 2O SE L, 4 3BREED ICP-OES 5%
Wz, ESNI TR RDOAT 4713593 % (B
), NIOR1E0.09 % (E &4532) , FHEIL 5.94 %

(E&ED=) Thorz. 101 REEN L | THY, 83k
BRE N R ) s R ThoT. TR 1 7 e e7
STERBRE I AT RV T T U T T = LG E
B 7 3RBREE, ICP-OES 1£2° | IBRE CTh-o7-.

T, NFREVT T UBRT =T DRGSR
THREBUIZHBRE DY D 28 BRI A D EHEE i
L, 85 ABREIIMADIEREL FIEL IR -T2h, il
DHBEIZDOWTEHED LD E (-FE) 21T
7oLl Ah, AEKME 5 % THEREITRDLNRNS
7-.

(8) HHEAVILRAEREH DKM B (W-K20)

118 FABR=ENSNL, 91 RBREN T L — LJH IOk
1%, 23 BBREN T L — LR, 4 3 BREDY ICP-OES 14
Rz 70— DR ROEE R T L — DRI
W, T RE RO FEEME D LD E (-8E) 24T
72EZh, AEKYE 5 % THEREITRO N7,
WMESNTZAHHERDOAT 4T 11 8.82% (HEDH) ,
NIOR 1% 021% (EH&E533) |, FHEIL8.84% (H&ESD
) Thorz. 102 REREN L | THY, 9 mBREN TR
il /& | 7255 e Tdoo7z. T ) Okl ==13 8 FABR=E)
T —AJFEFROEE, 13D ICP-OES £ Th o7z,

7L — LR AR ETRIE T DB, AR o B
TEFEED RICHE T O DD,
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X3-7 AN D ALRIEEF OKEEIE Y AR
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(9) AREAVILEAEEHF DT (As)

36 MER=EDBIL, 17 RERE D KF LR L1
s, 12 BBREN Y =T VT F A B SINERERT
JEIEEER, 5 RBREAY ICP-OES 1%, 2 BN ICP-
MS EZ Tz, KB I AR ROt iE R O =
T TINSINERERW I EETE D 2 FFIEIZ DT
WD LDME (-1 1E) AT o728 2A, HEK
# 5 % THEEITRO DN oTc. ST
FERDOAT 47 1% 5.49 mg/kg, NIQOR 1% 0.44 mg/kg,
MBI 5.40 mg/kg ThHo7=. 30 sRBREN L T

Z @x/x

AN

B0, 3 HBERR R ) e R ChoTe. TR (AN ?( fk) TR
mg/kg
ORBR=EIL 1 REBRELKBAD I LT FWOCIE, 2 B39 AHEA Y LRIEKE O UKD
AR LT L DT A I AR I ETE T i il
ol =Y —— R
JEFWR S
VT F NI FAINNI FEESR
WL
(10) AAVLRAEE T O A RIT L (C) y
52 WBRENSINL, 44 REREDN TV — LG, 6
SKBREEAS ICP-OFS 12, 2 3RBRZE 2% ICP-MS 14 FiV V=, ¥ 14
12

HENTWHRE RO AT 47213 2.12 mg/kg, NIOR 1% 0.15
mg/kg, “FHEIT 2.14 mg/kg Tho7z. 48 FRER =D i 2 |
ThHY, 3 HEREN RN L )2k R Tho7z. TR 2 78
fERL S-SRI A TT L — AR WO E TOENRT
>7z.

7L — AR WOEVE TRIE T AR O E RE, mEAL
RIEEHZ B DR LRI TH L. Z0iEn, Akt
FOARIT NEF BN DRWIGEIE, B RO R &
O RR DL TENED A2 T4\, £/2, ICP-OES {1
WE TR OME, WE G K O 220 I EL
T,

B
= 4
0 7
6
4
2 LA lf—
0
N e 9 = o e
— — — o o [\l [\l [\l [\l [\l (g\l
AY/R N T R R D T B N BN
(mg/kg)
X3-10 A VALRZIEEIF OB KI U LD
ISHT AR
AR e —fEb L
| BT 724 -7 L — N JE R

=@ 1CP-0ESY%, ICP-MSik
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(11) HHAVILEAEEHF D (Pb)

36 RBRENSIL, 27 RBREN 7L — LR '
1%, 7 3 BREDY ICP-OES 1%, 2 #BR=E7% ICP-MS 154 H 1
WL SR SHTE D AT (713 14.49 me/ke, 14
NIOR I 2.06 mg/kg, I 14.35 mg/kg Téh-o7=. 33 12
RREAHL T, | BRED Rl AR RTH gy 10 [\
Stz IR 7fE Rl Ao 1= RIREIT ICP-OES 15T g 8 / \
FEhi7= 7. 6 f

ICP-OES 1E& W BR = IX 2T EL<Teh o7z 4 / \
0, ZEETIZT L — LAWK OV ICP-0ES £ED 2 ) N Y
FHRICANTTHIED I EHRE (AR E) & 1T o7k . B
25, HEKEE 5 % THEAENRD LI, ICP-OES 1D iy T T T T R
SIHTRE R BAAR Do T (mg/kg)

INTEAMEL A2 B B R LU TIEAAY L0 ) [X3-11 AHEA Y ALRIEE R Ofh o
B2 NG, FHEHTHREELT, v Ry s Z~vy g R
F o TIESCEEVERINEDE A, FNEELEZER AL T E=gtb L

AN i

WDEETE e NIEHETT R ORI A D THS.

5) STEDOHE

== L — AR
=®—1CP-0ES{£, ICP-MS%:

WEAEFE, 3RBRIE B L ORI AE R OB LN H T2 b, 8 REREL ERRA L OWET LD AT ¢
T, AT AT OEFEXEEEIZOWT, £ 8 ICHEED T,
WPTHDEATIZEBNTY, SITERICEAAT 4T R OZED 95 %E X I R EARFE T T,
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K8 KB EOREHTER (423 2R

. BBTER > apppe W AF4T> AF4TLO  NIQR RSD "
FUBILH s R st @&:%;g; OI . e 95074,1;@12% © o
WER " (A), mg/kg) ) (A), mg/kg) ) = (%’ mg/kg)ﬂ)

(R AR )

LNFREVT T U
C-P,05 Tt gk 116 111 92 17.41 17.41 17.38 17.44 0.14 0.8

11 7 L — BRI R 107 99 3.68 3.69 367 ~ 3.71 0.11 29
C-MgO 119

2:1CP-OES%: 9 8 3.73 3.68 361 ~ 375 0.10 2.7

1: 7L — Aotk 101 92 0.455 0.458 0.455 ~ 0.461 0.02 34
C-MnO 111

2:1CP-OES{% 9 8 0.458 0.452 0.441 ~ 0.462 0.02 33

1: 7Y AFUHE 85 78 0.224 0.226 0224 ~ 0.228 0.01 4.8
C-B,0, 98

2:1CP-OES{% 13 12 0.229 0.229 0220 ~ 0.237 0.01 6.1
(AHADILREEL

1R BETE 22 19 9.48 9.48 944 ~ 952 0.10 1.0
TN 118

2: 7 NH— )ik 96 89 9.47 9.47 945 ~ 949 0.09 0.9
AN 1: 2K 110 108 98 9.08 9.08 9.06 ~ 9.10 0.09 1.0

1 FREVT T
W-P,05 S 117 113 106 5.94 5.93 591 ~ 595 0.09 15

11 7 L — ARG R 91 83 8.82 8.82 878 ~ 886 0.17 2.0
W-K,0 118

2: 7L — B 23 23 8.86 8.82 874 ~ 8.90 0.20 22

1: KA R AL TRk 17 16 5.67 5.75 548 ~ 6.02 0.53 93
As . . . 36

2: VTN T A IR

12 1 ) ) 31 ~ 544 11 2.

B GRS v 0 5.36 5.38 53 5 0 0
cd 1: 7L — AW 52 44 41 2.11 2.11 208 ~ 2.14 0.10 49
Pb 1: 7L — LRt 36 27 27 14.98 14.59 1406 ~ 15.12 1.38 9.4

a) O, ARIV LK O8hiEmgke, ZHOLIIMNEY% (B 5y 53R) 2§
b) RSDroblINIQR/ AT 4 7 > % % £m Lz b D (B8R MEIZ K D5 R )

6) IBHERBREOAEELICRITUI—MAE

2020 4F 4 A OERIES (12X v, THREFEGERYE ) 2SR O AE RS~ & % 1l 2 72 O35k
BEELTEDLNZZ D, ARoMEFEHT X2 00T MW= 72 0= WER 2SS S B R OES
EFIRASHTRICHT LT, IERMEERBRIE DA EELICH 1D T v — F 21TV, 8BS T D 5HEIC
BOTHRIERDN VI WA, AHBOKECHZVBML TUELWOHEOBERES 2772, £RRBR=
X VBT OENTEZRRIZOWTIILUTDO LB ThoT-.

(7 > — M)

(1) SHHEIZB D THEIEDR DD IZ < VA
ﬁ%@%,Fiﬁwﬂémﬁéifj#@%m®é®%%%bﬁwm<w

Bl O EOKE ANDE, BHRRRTLNH D

HHFEEICOWT, BEICRE SN T DO LHEZBICTEHINTWDEI L ORH D
DB YRS 2 F CTHNEVE L 508 & TV B B AT I BARN 22 B 2 fodlk L Car L
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() At&, BIMML TR LWIHEDOER

® JEBMIHTEIZELH STV iR BRIE OB
BARMIZIL EDTA 15 (BREREI ST O7=0) |, F4 v OB FIESCRE ROGENZET b
7-.

o HHFORBRIEICONTHE
EARANZIT T V& — Vo3 g O IMBNRE R D HIHEC, #7225 50K T o TH IRKALILER DB O IRE % #t
—L TR L WA EREF Nz, £/, ALVAT AT e kot ke L TEREEEREE 2 #oO
BN, A AVBRO T T IEOFEL, RIE OSSR DWW T Z R L ko, 7
VG (=F L o7 I UMERBELE) CHEASNDL ST AT Y U AIZONT, BEEEOKNERIE
WCEE L THRLWEWIBEENRH -T2,

® i/ 2V —diBEN
W ERER G IE OB, SR TR A B A TICHIE T 2 REEOREE, K0 R TR R
DD 0HTEORE, 41> F7 = /) —WEEEROoNEE L TEML TR LW ERET 5
7.

(3) D EEE

o JERMEERBREOM (MW7) HAR

TELEOKIZONT, ARAR (BERE) OIERK

BN+ BEFEITIZ FAMIC FAE DS HTHHE S % F2Hi

ICP-OES {E&# FEBHAH L TR U AV v b, T AU v hOFRIEM

JEEFDARE « DHTEBNEICH O, FADEIITORZ 10 ALBEICT 5 LTRLW
HERRBIAZRC OV T, Fy v 7T EWTREINTF v v 7855I E D, BHAL CORENEH LW
72, R RVEORMBITEL L TR LN

6. £&OH

2021 SN EEE BT D O IL[FIFRER 1T, " LRIEEE 4 TR 121 3B, A AVLERIEERL 7 5
FIZ 124 SRBR=ENS L.

H A L DORBREE AT ANRNEICLD 2 2aTEHWTEMBELZEZA, TR (| z |=2) | EiHtisn -3
FEDOFIEIE 81 %~92 %, [ & (| z |=3) | LFHMlSIZRREOEIGIL 3 %~17 % Tholo. HEOHER
B LA T, 8RBRE DL EAMEA L FEMICOWT, Rl R Chom AR L% I EE D=
IZEDRE (-4 1E) AT 212 2Ah, TRTOHEBIZBWTH EKYE S % CEITRBO LR ST

AAEFE IR FE L[RIBRIZ ICP-OES JEICLAME N —EHHY, K IR DI N T, 7L —AFE
BTV AF 2 H 1L ICP-OES EICB W COEED ZIZLOME (+-#0E) 21T 272824, WTOHEH
ICBWTHHEEAKYE 5 % TEITRO LN/ 72, ICP-0OES {ETORBREHN 8 RBRE T2/ > 72801
SN, BEETICTL—LR AU EED 2 HIEICOWTEBRMEDO L DRE (R E) 21T-728 25,

EKHE 5% CTHEZENRO LI, ICP-0OES O 3T RAVA B I 72, ICP-OES £ 425612
1%, FEART VT EELZ I D5 R AL THD.
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WEAR I3 | XX A SRR SO [IREHERERVE 12 OWTOE R - ER S A /572225, S HIEDE
IR DN S KT NI 2L, A HbIO LR FERBRATE AL, EEAMHEICR AN TH
STERWAEEZ Z IV,

o, NTEATO ECEHEEEIE H W EE O S RN E R LR DD, IEEIO 7 IEZIEICH72%
twI%Mmrfﬁibfwé%ﬂmm$ﬁﬁ%g_ib TORRDERRETHZ IR EE R THS. ZDT-

A [l U7 2 [R5 3R O 5% B4 40 T SERERF O PN b B BRBURE L CIE 322 e ELL .

I

ZOEFERBREER T 2I2H0, Faa—7 7 7 VRS )/UF TSI o 1, F15k OBt
MR E CERRTHzEBYEL. BRE SRS EZRLET.

X B

1) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2018, TRABRAT K O IEMEBI D RE ST BT 2 — R R F1H )
2) FSZIATBOE NRMOKPETE B 22 2 H it 2 — (FAMIC) : JERIERREE HEM B O BAT F 55 FiiE
<http://www.famic.go.jp/ffis/fert/sub6.html >
3) ISO/IEC 17043 (2010): “Conformity assessment— General requirements for proficiency testing” (JIS Q
17043 : 2011, D@EEPERFEAR — S RERABR I -2 — R EREE I )
4) Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency Testing
of Analytical Chemical Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)
5) MNZATEGE NEMOKEE R el 2 — (FAMIC) - IRk ER 1A (2021)
<http://www.famic.go.jp/ffis/fert/obj/shikenho 2021.pdf>
6) JEMIKEER 7R RO S E OMERE IR T DB LSS E @ ALE O N E I E D DFEDI:, 1
16142 J 22 H, RMOKER ERE 284 5, BAkIEaFl 4 4 3 H 17 B, RMOKES 5HR5 302
5 (2022)
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Result of Proficiency Testing for Determination of Major Components and
Harmful Elements in Ground Fertilizers Conducted in Fiscal Year 2021

OSHIMA Mayu', SHIRASAWA Yuko?, ECHI Masahiro’, AMANO Tadao?,
KAMIKAWA Takafumi’, TANAKA Yudai®, AKIMOTO Satono! and HIKICHI Norio’

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

3 FAMIC, Sendai Regional Center

* FAMIC, Nagoya Regional Center

> FAMIC, Kobe Regional Center

® FAMIC, Fukuoka Regional Center

7 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2021, using reference materials of
high-analysis compound fertilizer and organic chemical compound fertilizer based 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) and citric acid-soluble boron (C-B,03), were
analyzed using a high-analysis compound fertilizer sample. Total nitrogen (T-N), ammonium nitrogen (A-N), water-
soluble phosphorus (W-P»0s), water-soluble potassium (W-K,0), arsenic (As), cadmium (Cd) and lead (Pb) were
analyzed using an organic chemical compound fertilizer sample. Two homogenized samples were sent to the
participants. From the 121 participants which received a high-analysis compound fertilizer sample, 98-119 results
were returned for each element. From the 124 participants which received an ordinary compound fertilizer sample,
36-118 results were returned for each element. Data analysis was conducted according to the harmonized protocol
for proficiency testing, revised cooperatively by the international standardizing organizations IUPAC, ISO, and
AOAC International (2006). The ratios of the number of z scores between -2 and +2 to that of all scores were 81 %-

92 % and the results from the satisfactory participants were almost normally distributed.

Key words  proficiency testing, high-analysis compound fertilizer, organic chemical compound fertilizer,
ISO/IEC 17043, z score

(Research Report of Fertilizer, 15, 135-154, 2022)
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10 BBHEREEEME DR
—FAMIC-C (B AEEL Ol —

RRBEE Y, A, R,
AL, BKOr L) 2
F—U—F  REHEEWE, 1GIRNEEr, EEERRy, A FERY, 1SO Guide 31,
ISO Guide 35, LR BR

1. [XC®IC

FAMIC Ti¥, Z27ZIEEIOFEE MR T D720 AR ZFENEL, T OB E LU AEEND £y K&
OHFR DM EfiL TNDDY, ZIHD TR ROE DIRFED KD HI TNV, TERTRY, IEEHEES
ELOWEERE, EEFELDDOINHREE Z T T 00T, IEEHR B S OB =TI, TG
ROBORFEDT=, B HFE SUIEERGEEY B VI LN E S E B B2 B I Thh, Tickis
R ORI M O L FRIFRBRIC S INL CRBIEAZIRL CTA. IT4F, ERSM75E & 1l O Bh& H3iE
torf, DAEIZEWTH ISO/MEC 17025 JIS Q17025) ) DB R FIEHA S #5 | Z LTl Fe oD 13 FEM: e (R 03 H 245
STV,

2T, ISO/IEC 17025 (JIS Q17025) THESES A [FRRFAR HEME 0 i W) 72458 1 ) Je OF TR I ] D B g

XITHRERBR T 0 T A~OBNNTE T 5720, BUE, FAMIC IZB W\ T, EERERREREDE A (B LR
RERE) , ARERAAEEYE B (@ LA e & OMEEEEREEEME C (5 TRFEFEICAEL 23R 8 - Bl L T 2.
Z OB, EEEANC ML EESNDE AWM= 720, WA EYE ORI 1SO 17034 (JIS Q 17034) D I5
Wi R OVEFEIZ BT 2 BR B | 25 B L, fEROMATIL 1SO Guide 35UIS Q 0035) Y, FRREEIZLDMATT
L 0T~V DOAERLIE ISO Guide 31 (JIS Q 0031) ¥ Z2& & LL T4,

2021 AEFE XTI IR RREAE Y E C (FAMIC-C-21) Zf%IL, ZDEAIy Ik OF ER/TIZOWVT 14 34
B CHLRIRBR A EML, FRAMEOME T EZ LD T, ZOMBE L M55,

2. MBERUAE

1) EMORE

B LA D IEEHT, BIHGIERCRAETHUIRIGIE, TEENR, TARIGIREK OB EE (&M 7%S) 250k
ELTCIEBHE T3 clbES - R DTG IR IEE A1 E LTz,

B, Hhr eI, GIRIEEIO A EBEICED D E B ETFINDIHEMY (OF, WRIV A, KEE,
=), Rk, ) ORKEICHLUT, 8 1/10 BLEEFEN TODLIEE T ORI ZEEL.

VNTATEOE NRMOKEETH B 22 ettt s 2 — @i v 2 —
PIRNAATBOE NRMOKEETH B 2 2Bl 1o & — IR Bk i A
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2) IEHERENERAOFAR

FEM E7R DAERHIME AL, EIRFEEET 65 °C, 5 Rl Bz, Huntk, B .OmPsCHBIZ 500
um D55WEIEIERTDETHIELT. X, WEERDIOHMBEEL, BT 2K 150 g 32/h
SITRBEEIL, R ORINZENEITNDTD, v SIRFREZITV, TIERRREEEM B sl C1 &L CRlkt
R LTz,

3) SRS

AEBED B D P51 B3 DI LG TR IR ORI FERH A ED DTS Ek s (ER e (T
N), WA 4E (T-P,0s), E A& (T-K0), fiJK 45 (T-Ca0), #i4 & (T-Cu), MEr2 5 (T-Zn)) O 1%
FREFRI OF BT AR (0-C) M NG TR IEEI O A E RS TR EMERED LIV TV DA ERK
57 (05 (As), IRIDVA(CA), KR (Hg), =2 /L (Ni), Z7aA(Cr), £ (Pb)) IR EMAT-GF 14 THEZ5
Mriksr iz,

4) Sk
B BT DAY, IERHERBRIEOIC IV ERE L=, 7235, DT K OVobriEE £ 1 1R T.
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1 ERREREEEW B A COIMTE Y B OV ik

\ M RO
I\ E =1a) -
A5 R A Wk
. A=l l:l )
K (H,0) 3.1a EI:LJ:;'KEE Ji%)ﬁﬂ%/&%(fb)
............................................ L Y 572 1 o 0 oL 2. 3 5 8
41.1b — RIEE
P =N -~
FERER (TN 411a K LERER S — KRR e

LB — LR R iR NN
U il ) i NFREBYSF T E=T A

AN AV b Py
CAmEIReS M kicekw o
MRERGO  ada gima e
R e s
______ w%
semroy MM jcewow PURPIE
4.10.1.b F 4t £7k ﬁq: ICPH& 0 S omhiris
O T I PURIRE
__________________________________________ 4. 91br45357kﬁ*10f’%7‘ﬂ7‘5*ﬂ£
L oEGa9 L mmemesmwson o S e
I T A S o
___________ %ﬁ%ﬁﬁummmmmékimmmmm@@g@mmﬁmiﬁmmmmmmm"mJ%ﬁ:ﬂ@%f@bb%mmmmmm_
=L (N 212 AL EA R ;;%2E1W§§
G T oy
4 (Pb) 22; Al Ay i ;;;iﬁiwﬁi

a) MEEFERERVE (2021) ORBRIE A & 5
b) 100 °C+2 °C, SR
c) 100 °CIZ TR/ HFE TR (B & E 1 mg/90F) XX 140%))

5) MEMERHER
IUPAC DHREFER Y mha L O BB MEREBRICIE Y, NEREREEEM B 5l C (320 &) M B EEIc I T
210 RafhE - THEMEMR M OREEL, K3BHZOWT 2 ROMTTONZIT~70. 72, 7%
ﬁiﬁﬂ»@ﬂlﬁ% ZOWTHELEITID T & DT LT,

6) HRIFEER

W2, JEEERREEEEYE C ORI RR E O R IS I 75l = & OV BLERLA H D FAMIC-C-18 %
PR AL é@&xﬁﬁ%{véﬁﬁﬁwﬂxiﬂﬁ%@ﬁw ZREMEFOINTE 8 BREEE FAMIC 6 35k
%@ﬁﬂ4ﬁ%§_ibAﬁwﬁﬂoﬂ15#5nﬂ305@@ﬁ?ﬂﬁﬁ%%£mbt;iﬂﬁ%@ﬁﬂ
I, PR U7 IR E E Al C DD ELBUC I T Z AT 2 RERUTL, ENEIUTDOWTHEZ
3 ROMT oA L L. BRBRENDIL, AT 4 #HTH AU EAL THET 3 #iH iﬁ%i&%m
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LLTRHLE.

- S EF BRI RR = (H 5 E)
—RMEEN AARRSOTE 2 —
AR BN IE 2 —
RS T 2 —
RS IR BRI 2 —
RS AR EBR LR A SE T
NESARNEN AR E S BIFE 3G
NASETEN AR ERS AHED
MSIATEGEN BEMOKEWR ZeEi e 22— mPrr2—
MSIATEGEN BMOKEWE Z et 22— ikt 22—
MSIATEGEN BMWKEWE Zaiiitr 22— et o—
MSIATEOEN BWOKERE ZeEit 21— AhEe 72—
MSIATEGEN BMOKEWE Zetditr 42— mite 22—
MSIATEGEN BEMOKEME Z et 22— A
Tty B R AR B T 22—

3. BRRUEBER

1) HEMRER

BE MR OREHZOWT, 2% 2 SO T oM LI EIE & O O EIZ DV C—JohliE 5y
BotrinbGoniomit &4 O TR U OMTIR R ZE (s,.) , AUBHEIEHEIRZE (spy) , BT EZ S Teik
AR ER 2 (spyp) 2K 2 1TRLTZ. SHIT, IERHERBIEI RSN TW D E MBS O B % (CRSDr) K&
OZNBBREH (K1) U7 E = R BUEHER £ () K 2 ITRLTZ.

BYEMEOfERRIZ, TUPAC/ISO/AOAC DHReiR 7 nha /L OFINEAZBIZE MLz, £, FoitEa ik
F 5728, Cochran REZFERELTZ. ZDFER, T X TOMRTITBWTHIUEITRD DI >72DT, Zh
HOSHHEIZ DWW T— L & 53 BT & S i L 7. IRIZ, TUPAC/ISO/AOAC D HERER 7 v h= L D E
(K 2) W THEMOMEREIToT. TOREE, 2 TORRMITBWTHIER (X 2) Z5i7-L T2 b,
el U7 sk 2 S (Al RR R AR e U Ce 4 e B A L QD e 2B LT, 7ok, 28072, R 3 12k
STHMTIEEE % & il B R R 22 (Spy) ZHHLTZESA, WTNO D6 EEL T/RSWETH ST,

&r = CRSDg x X/100 <o+ (A1)
spp < 0.30, = 0.36 .-+ (2)
Sptr = /St% + Spp? <o (X03)

&g < HEE S P BUS E(R 22

CRSD g : NEEFERBRIE I RS TOD E R EUR L (GBI SRR ZE (%)) O B %2

X R sy PHTIR MR 72

p G PERERRAATO B BT A LT AR R 22

Spb | PVEHRIE R 72 Spar : DHITREEE A& TRl AR YR 22

g
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3 2 BB MRS R

D% B FEIEY CRSD? OR K Sty 0.36%" s 2 Shir
(%) (%) (W)Y (%)Y (% (% (%
K57 (H,0) 10 13.1 3 0.394  0.105  0.118 0.13 0.16
ZEZALE (T-N)? 10 3.91 4 0.156  0.011  0.047 0.02 0.02
0 ABE 4 (T-P,05) 10 5.28 4 0211  0.005  0.063 0.01 0.01
SN 4 & (T-K,0) 10 0.564 6 0.034 09 0.010  0.010  0.010
AKX 4 (T-Ca0) 10 4.08 4 0.163  0.047  0.049 0.03 0.06
Hig 3 (0-C) 10 26.9 2.5 0.671 09 0.201 0.4 0.4
\ o THEY CRSDRO ORT syY 038D g gD
%5y B '
(mgkg) (%) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg)
i 4= & (T-Cu) 10 460 8 36.8 2.039 11.0 3 4
fign4 & (T-Zn) 10 1350 6 81.0 0.756 24.3 7 7
O (As) 10 7.95 16 1.273 09 0.382 0.14 0.14
HRIT A (CA) 10 1.95 16 0.312 09 0.094 0.03 0.03
7KER (Hg) 10 0.646 22 0.142 0017 0.043 0.038  0.042
=7V (Ni) 10 27.4 11 3.013 0173 0.904 0.1 0.2
a2 (Cr) 10 33.5 11 3.684  0.551 1.105 0.42 0.7
#h (Pb) 10 22.9 11 2.518  0.148  0.755 0.26 0.3
a) MR-l GRUBHEO 2 s T2 #T)
b) B Ry

c) ERPERRBRIE TREN TS M LS B (SR F B X HEER 22) O B &
d) =R FFBURS EE O B 220050 U7 HE e == [ i BUR YR 2

e) PUBH AR V(R 72

) BYEAMEDHITE (54 DFHAM) DT DD/ NT A—H

o) DM TR HE(R 2=

h) DFTRE FE % & TRk A HE (i 2

)7 E— ik

DN —TF R < 7 —T DT sp, =0

2) HEHRER

F B E NS HRE SN L FRBROMAEEE XK 3-1 75 3-3 ITRLTE.

KIFITIBNT, HtREm S X DRI R R LK 0 FH XD MR B R O AR B C S W T IER L A1 T 7.
FRREICIVE B TRV EZ R LD T, BB E LRV E L REEIT T EZAH B EDRD
BTz, FFERIC, BRRRICBWTC, FE — WIELRBEEO WA IZ DWW T IER A T 572l 25,
F BTSSRV SRR L. BHEERBIZOWVTH N E LR WHREL: t-BEEITo12E 2
AHBZEDRDONTZ. LoT, Kk OBREREITOWTL, FIERNCHEHENT Z1ToZ8E LTz,

7B, B DB OV TIT ISO 5725-2 (JIS Z 8402-2) ¥ 2B B (i aHEIT T 528 &L, AANUEZH
3572912, Cochran fE K& O Grubbs R EZFEMEL, A EAKUE 1 %DM VEZFRINLTZ. 728, FHRETD
FEHEIIBINRBRE D AR 2/99 £TELT-.
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# 3-1 HL[ERBRE R

R Ky (et (%)Y Koy OkaED (%)Y

A - - - - - 129 126 13.0 131 132 133
B 112 112 110 11.8 114 11.5 - - - - - -
C 121 121 121 122 122 122 - - - - - -
D 11.7 116 115 9.7 9.8 9.7 9 - - - - - -
E - - - - - - 132 131 132 131 132 132
F - - - - - - 133 131 134 134 131 132
G 119 117 119 120 118 120 - - - - - -
H 119 119 119 120 120 120 - - - - - -
I 112 112 112 1.5 11.8 118 - - - - - -
J - - - - - - 129 129 129 133 133 134
K 121 117 120 1.6 115 115 - - - - - -
L - - - - - - 133 134 131 132 132 132
M 124 125 125 124 126 125 - - - - - -
N 129 129 129 126 126 127 13.0 131 131 132 132 132
B EREEIVE—LE) (%) ERLE RBEER) (%)Y
A 404 402 402 401 404 404 409 411 413 409 411 412
B 3.69  3.69  3.48 3.48 341  3.83 - - - - - -
C - - - - - - 442 441 444 417 428 431 ©
D - - - - - - 409 410 4.09 410 410 410
E 381 377  3.79 382 384 3.8 410 408  4.09 409 408 4.08
F 399 39  4.07 3.89 399  4.00 414 413 411 404 408  4.08
G - - - - - - 412 412 410 414 410 411
H 3.66  3.67  3.68 370 3.69  3.68 - - - - - -
I - - - - - - 413 413 415 413 415 414
J 381 384  3.62 3.94 391  4.06 - - - - - -
K - - - - - - 409 411 410 404 407 408
L 380 379 387 3.63 370 3.46 412 411 411 412 412 412
M 371 3.69  3.70 3.66  3.69  3.66 413 414 413 412 412 411
N 3.84 386 3.77 391 386  3.90 - - - - - -
v e DA AR (%)Y MEAE (%)
A 537 536 537 534 534 534 0.491 0.485 0.499 0506 0.501 0.497
B 519 521 523 524 530 538 0.578 0.585 0.580  0.558 0.566 0.545
C 528 520 521 518 511 518 0.542 0544 0542  0.547 0.559 0.549
D 525 533 527 521 520 515 - - - - - -
E 538 538 541 535 538 537 0.525 0.529 0.529  0.533 0.527 0.534
F 538 537 537 532 533 532 0.530 0.528 0.537  0.532 0.525 0.553
G 531 534 529 536 536 534 0.504 0.513 0.518 0522 0.536 0.536
H 524 521 525 519 521 523 0.546 0.545 0.546  0.551 0.547 0.547
I 524 524 525 528 529 529 0.521 0.528 0.511  0.528 0.520 0.534
J 555 525 535 528 534 529 9 0522 0513 0519 0488 0.484 0.489
K - - - - - - - - - - - -
L 520 534 532 541 538 531 0.532  0.552 0.543 0518 0.521 0.542
M 518 530 525 532 529 525 0.482 0491 0502 0513 0497 0.502
N 531 529 528 533 536 535 0.549 0.551 0.558  0.577 0.580 0.578
a) LFEFBRIZEB ML =RBR=E 05 (EARR) d) Single Grubbst# &2 LD UE
b) Hmy%E e) Paired Grubbsi® & (2L B4 U

¢) Cochranf® EZ& A4 fE
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# 3-2 H:[EGRERRE R

B FIRAERE (%) AR E (%)Y
A 371 381  3.82 409 408 406 © 272 271 270 269 268 27.0
B 436 433 437 411 424 415 275 281 277 283 285 280
C 3.60 345 3.5 3.69 368 343 9 262 266 264 268 267 266
D - - - - - - 239 240 241 250 253 251 9
E 407 405 410 410 410 411 267 268  26.8 268 264 268
F 409 414 407 403 405 4.03 268 269 267 268 269 272
G 416 406  4.09 423 411 418 - - - - - -
H 401 401 403 407 403  4.04 - - - - - -
I 430 433 432 436 434 432 272 271 271 270 270 27.0
J 423 420 421 427 421 425 27.0 274 272 265 272 271
K - - - - - - - - - - - -
L 3.94 404  3.99 332 338 338 9 271 269 273 269 270 27.0
M 406 404 415 404 401  4.03 268 267 27.0 269 269 271
N 413 415 415 439 440 430 272 267 268 272 272 215
AR feE (mgke) fnes (mgke)
A 388 390 390 422 425 426 9 1260 1260 1260 1350 1350 1340
B 466 464 460 423 418 411 9 1350 1390 1370 1260 1240 1280
C 024 419 419 415 415 415 1360 1360 1360 1300 1290 1290
D 468 470 472 463 469 471 1430 1510 1520 1310 1320 1340 ©
E 445 448 449 450 447 447 1330 1330 1330 1390 1380 1390
F 458 456 457 447 447 452 1330 1320 1320 1450 1490 1470 ©
G 416 413 422 445 447 445 1330 1330 1340 1360 1340 1350
H 439 434 441 449 452 446 1330 1400 1380 1380 1380 1380
I 461 466 469 450 453 458 1340 1330 1330 1330 1330 1320
J 448 444 454 436 441 436 1360 1360 1360 1310 1330 1330
K - - - - - - - - - - - -
L 452 452 451 432 433 432 1320 1330 1330 1330 1330 1330
M 423 471 451 452 446 449 1130 1140 1160 1o 990 1030 9
N 455 459 462 462 463 464 1350 1350 1350 1343 1330 1331
B V% (mg/kg) ARIVL (mgke)
A 970  9.50  9.09 892 976 9.31 199 199 1.99 198 199 1.99
B 7.10 751 737 751 740  7.40 206 205 2.04 196 196 1.94
C 6.95 674  6.65 6.64 669  6.69 1.85 1.84  1.88 181 181 1.81 ©
D - - - - - - 1.64 168  1.66 158 162 1.58 ©
E 772 750 7.65 836 826 8.10 196 198 197 191 197 1.9
F 6.74 688 721 751  7.60  7.69 201 199 201 201 198 1.96
G 777 801 823 772 797 748 199 198  1.99 200 199  2.00
H - - - - - - 194 189  1.88 185 18 1.86
I 580 581 5.64 6.13 648 636 193 191 193 1.85 183 1.8
J 8.10 823 823 796 789  8.01 1.94 191 1.89 191 190 1.90
K - - - - - - - - - - - -
L 6.46 672  6.52 716 714 723 199 199  1.99 200 200 2.02
M 560 537 470 6.09 595 545 201 204 197 191 191 194
N 7.60 728 172 7.67 173 1.65 198 199  2.00 193 188 1.8

L ER3- 125 R



162 AEEHFZEE S Vol.15 (2022)

7 3-3 H[RIEBRR R

=R KER  (mg/kg) =y (mgke
A 0.639 0.670 0.633 0.652 0.652 0.647 29.7 30.6 29.6 28.1 28.5 28.2
B 0.600 0.618 0.576 0.597 0.598 0.575 29.7 29.7 29.8 323 30.6 30.8
C 0.594 0.607 0.591 0.609 0.606 0.590 22.9 22.2 22.1 21.8 21.7 21.7
D 0.617 0.490 0.546 0.586 0.609 0.613 22.8 22.6 24.0 20.9 20.6 20.5
E 0.631 0.645 0.666 0.678 0.645 0.587 290.1 32.6 29.9 28.6 28.6 28.8
F 0.651 0.647 0.697 0.676  0.673 0.696 28.6 28.8 28.8 29.3 29.0 29.1
G 0.583 0.583 0.576 0.593  0.597 0.603 28.5 28.8 293 29.0 28.8 29.0
H 0.254 0.444 0.543 0.540 0.413 0338 9 293 28.9 28.9 28.1 28.0 28.3
I 0.582 0.592 0.620 0.518 0.545 0.567 27.2 26.9 27.0 28.1 27.9 28.7
J 0.631 0.674 0.667 0.514 0.610 0.620 27.7 26.9 27.2 28.9 28.9 29.0
K - - - - - - - - - - - -
L 0.691 0.644 0.697 0.671 0.675 0.663 28.8 28.3 28.7 29.3 29.0 29.3
M 0.527 0.532  0.559 0.583 0.582 0.557 243 25.7 233 23.1 24.2 23.9
N 0.572  0.637 0.574 0.619 0.651 0.664 28.1 28.2 28.2 27.9 28.2 27.3
R 7. (mgkg) ¥ (mgke)
A 30.5 30.5 30.5 32.9 33.2 32.5 24.1 23.9 23.7 23.7 24.1 24.1
B 31.6 31.6 31.6 32.2 30.3 30.2 22.5 21.8 21.3 21.9 21.3 22.0
C 26.1 25.9 26.2 26.2 26.3 25.8 22.0 21.7 21.5 21.1 21.6 20.7
D 36.6 36.8 37.8 34.5 334 33.1 15.5 16.2 15.7 15.3 16.0 151 9
E 32.6 38.2 33.0 32.6 32.5 32.7 22.1 22.5 22.1 22.3 22.2 22.2
F 32.2 30.0 32.2 31.4 30.7 29.5 24.7 24.3 24.3 24.1 24.3 24.3
G 30.0 30.5 30.9 31.9 30.5 33.1 23.5 23.2 233 22.8 22.6 23.0
H 31.6 31.6 31.4 30.3 30.6 31.2 24.9 24.5 24.8 24.2 24.2 24.4
I 30.4 29.6 29.3 30.9 31.0 30.9 23.0 22.9 23.2 22.5 22.2 22.5
J 30.2 29.7 29.7 31.2 31.9 30.9 22.1 21.6 21.6 20.6 20.7 20.6
K - - - - - - - - - - - -
L 31.9 31.9 31.9 32.0 31.8 31.5 22.4 22.6 22.1 22.7 22.5 22.5
M 30.0 27.5 24.6 24.0 27.8 29.7 24.3 24.7 24.3 22.1 22.1 232 9
N 31.1 31.0 30.1 32.7 33.0 32.9 23.4 23.4 23.6 23.6 24.5 24.0

IEITR3- 122 1]

3) HEHBHR DM

SR Z BRI LT L FIRRBR OIS L H U P E, BPEERZE (sw :[F—BRETRZLA T
B FHEL TODZLnb H FABZE 1), BRI HIUEERZE (sg), EMFHREHMELER 2 (RSDr) S T
RS R BRTA I o 1T D = ) FF B R AR R 22 O R A #iPH (2*CRSDR) 23 4 (RLTC. 7038, 2 AICHIZD
HEZ T =AU DT LI 825, P M CPERRAHE SIZ R CAE L0 DT LR L 72,

2 [ PR BUAR SR MR 22 (RSDR) 138 TO T IT DU THERERBR LI Z 361 2 S R TR B R R 22 D FF
AP (2*CRSDr) N Th -7z
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F# 4 FL[EFERKE ROBEHET

o HEBREHY EHEY sy sg? RSD® 2*CRSD’
p@? Y Y ()W (%) (%)
K%y (Hy,0) Hlies 8(1) 12.0 0.19 0.51 43 6
K53 (H,0) K575t 6 (0) 13.2 0.16 0.17 1.3 6
EREE (T-N) BREEE 9 (1) 4.11 0.02 0.02 0.6 8
EHREE (T-N) vy —uik 9 (0) 3.8 0.09 0.17 4.4 8
0 AUlE A5 (T-P,05) 12 (1) 5.29 0.04 0.07 1.4 8
SN 45 (T-K,0) 12 (0) 0.531 0.01 0.03 4.9 12
£ K 45 (T-Ca0) 9 (3) 4.16 0.07 0.12 3.0 8
AR (0-C) 10 (1) 27.0 0.2 0.4 1.6 5
N HEpE® EHEY sy sg? RSD® 2*CRSD’
(p (@) (mgkg) (mgkg) (mgkg) (%) (%)
4= 5 (T-Cu) 11 (2) 447 8.6 16.2 3.6 16
Hfgh 4= B (T-Zn) 10 (3) 1336 31.4 35.3 2.6 12
% (As) 11 (0) 7.33 0.31 1.08 14.8 32
FIRIT 2 (Cd) 11 (2) 1.95 0.04 0.06 3.0 32
/KR (Hg) 12 (1) 0.614 0.03 0.048 7.9 44
=71 (Ni) 13 (0) 27.4 0.9 2.9 10.7 22
712 (Cr) 13 (0) 31.0 1.3 2.7 8.6 22
#n (Pb) 11 (2) 22.9 0.4 1.2 53 22
a) RTINS e) =M B ER A2
b) KM (n =RRBREHO O TR 2L (3) ) ERHERRBR A SIS ) B W B
xR H % (2)) TEYEIR 22 DOFF A &P (B Z02(%)
c) EWIEERZ (HMEEZE ) g) p:AheaBREL
d) =M AEBUE R q AEARE LT E

pighl =N %7
h) E&E5HR

4) RIHERUTREMS

ISO Guide 31 (JIS Q 0031) [TV TIEBIFEREAR EY E OREGEEFE O MAN AL L TER SV TWDREREE &
O ESEF 5 1TRLTz. 72, 1SO Guide 33 (JIS Q 0033) 1012 B W TR EIERZHE HEYE O F I2 & 720 4
WL b5ET — 4 (GEFRBRICE T 5B NIRRT 22, 50 B BUZ HE(R 22 & ORT I 723 B =450 % [
FRITRLT-.

(1) JEEAFENSOE 7k

HFFRBR O EEIEOEAER NS (1) 13 ISO/TS 21748 (JIS Z 8404-1) 'V IhEVy, HLFEIFRBR O ENIE (R
7 (sw) , ERFHBEAERZ (sp), BB (p =6~13) L OEHBRE TOMIK LRI (n =6) 25, (a) 2
FORDT-. FEUEDORHENIIL, JLREANHENSEL, BEERHENES (u) 2G0T 1 HTITRD, TICE &R
() 2R TRD (b)), IEEHSERBIEICBITDER FIROHIZD 2. 7ed, AERE () IZ20W T
EHR AT OISR UER) 95 %ITHRY T 5 k=2 L7
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2 _g2) 4 SWo
(SR Sw )+ n

p

FRERE S () = -+ (a)

JEBEAHEDN S (Ugs o) = k X u -+« (b)

sp: M HIURMER A

sw: ENEEHERE

n: RO E N LR (n = 6)
p: FEIEERORER =5

k: wlEfREk =2)

(2) FRFEEOPE ITiIE

KIFZDNTIE, A LD ETE (12.0 %) LK FHC LD ETE (13.2 %) D R85 DD 45y
WriETHEZDRO NI FIERNTH T 21T 7273, FRREHE O R I LB BR =R R LT
W22 ED, 25 EH (3R 6) LL TR T 228 LT.

Flo, ERVRICONWTHERD “OONHTECHBEDRRBOOLNITD, FIERNIREHRIT ATV, &7
B — WAL EIRBEE D T ERNTGRAEE M OHERA S BT 028 & LT,

TIVE = WAEIZ XD WIS B W CBRE 2 & A T 5 EHT, ZOFOERITERSINT, HITMOFIED
BHEHELTHIDIRME LR D ENRERDDBN TS . —J7, BEHEICEDOPTICB W TL, 7LV y —
MEFVEFR 2RO OHHENE LD S MRS TRY, MEEEICIVBEEEEL GO - 2R R E R
THIEPERINTNDY . 22T, BRLEBOFBEPRBOOLNRRNERFT 578, 3k ot
EFRBIZOWTIEEFERBRE 4.1.3.c 7=/ — VERIBIEIZ KO T &AT o722 25, IV — LD S RIS
A (T-N 3.80 %) ERRBEED L [ERRERRE F (T-N 4.11 %) DAL [FIFEEE DR FE M2 3R (N-N 0.36 %) D& A D3
RBENT-. ZOREH ORI R I B EICIAOITR R THDEIEND, BEHW(F 7) LLTHR
fledpzllLe.

ETORSTIZBNT, S B SRR 22 (RSDR) 23 I EFHERRERVE I 3517 2 28 [ B BUH SHE HE (R 220
FFAAE (2¥*CRSDR) LA T T o722 binh, K3 EFRS 13 fRATICOWTRERET D2 EE LT (G 5). F7-, FE8REHHE
IIHERMERBRIEIC BT B E R FIRONTICAS T ERRTHIEELT.
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5 WErEICEET2HEA
Pt nﬁﬁ«%ﬂ,ﬁ\ H 7;/;%”%5:‘—5
PN ORI PR s sg B
(%) (%)° (%)® (%) ()"
ERLE (T-N) PREEE 4.11 0.02 0.02 0.02 9 (1)
EHZEE (T-N) 7VE— ik 3.8 0.1 0.09 0.17 9 (0)
V) Ul 2B (T-P,05) 5.29 0.04 0.04 0.07 12 (1)
SN 4 & (T-K,0) 0.53 0.02 0.01 0.03 12 (0)
IR 425 (T-Ca0) 4.16 0.08 0.07 0.12 9 (3)
AR (0-C) 27.0 0.20 0.2 0.44 10 (1)
IR 2ET X
FR5y WAL PRIE A EY sw” sg” A
(mg/kg) (mg/kg) (mghkg) (mgkg) (p (¢))?
il 4> (T-Cu) 447 8 9 16 11(2)
fign 45 (T-Zn) 1340 14 31 35 10 (3)
U (As) 7.3 0.6 0.3 1.1 11 (0)
JIRIT L (Cd) 2.0 0.1 0.04 0.06 11 (2)
K8 (Hg) 0.61 0.02 0.03 0.05 12 (1)
=7V (Ni) 27 2 1 3 13 (0)
211 (Cr) 31 2 1 3 13 (0)
i (Pb) 23 0.4 1 11(2)
a) WERE(k=2) d) ﬁﬁ*ﬁ TRV R BRE S
b) EPIEERE = e) BHENFE
c) =EMFHBURERZE ) p A RBRE
q B Z RS LT B =5
2% 6 @ Rty HEE \—%”:%I‘FI %&&LVC?%%Z—;‘%)IE E
e BEM PERRENEY s s Y
(%)° (%) (%)Y ()Y (p(g)”
K5y (H,0) #lEkas 12.0 0.4 0.2 0.5 8 (1)
K%y (H,0) K5yat 13.2 0.1 0.2 0.2 6 (0)
RS SR
F< 7 MR EER U O R R 22 R
52‘57\ Ii’/ﬂﬁa) b)
(%)Y (%)°

0.36 0.002

A MEZE 5% (N-N) @

a) n=3
b) AEE(RE

c) BEESHE
d) 7=/ VEiEEE

5) AR

LIRTCEAT L QU2 B IR IS BE AR B 2 F561 & LT FAMIC-C-12-2 1%, F2e DRG0 730 ek 510
S E %, FRREHEOFEEATT OKER (Hg) K O%h (Pb) ) 1D 4 A% ETOLREMAMRL Tz, ZhalE
R, WORAEEW B A C DR ZDIBRIE, 4 FE5 0 2026 4F 6 A RICRET HILLLT-.
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72%35, 1SO Guide 35 (JIS Q 0035) TiZ, FRFHEEME ORE MM HFICE=42) 72 F T HZENEENT
WHZEND, K% GO BT IOV TRRAHERR EZ DI I EHFIC 1 EOFIE THREMICE=4
710 %R L, LEMECEBEA G ST OV T, FEHENS S BEICT D78 DMEEFTHITEEL T
5.

4. F&OH

AAEEL IR HEEY E LU CHRIREE C TR, ZORFHEDKE DT DL FRERZ1 TV, ISO
Guide 35 (JIS Q 0035) ZZ& (Zf#HTL, ISO Guide 31 (JIS Q 0031) DE R FHIHIZFL SV THRREE L T~ L%
TERR LT, ZHDHDZETDNT, S 4452 A 18 BICIERHE B i BRI R R ) B i S = O 5
Z2lF, 2022 4F 4 A 1 B XVIRERRGEEEDE FAMIC-C-21 LU THRIEZBARL T\ 5.

HEH [ZOWTOFEIHEEY E L, ENIIEMI/ERL T 612870, F72, ESNCRIASLTL B HEER
AR YEY B 1 X N E OR A O IR Sy o O O 38T O FIEDREES TR LT, i ABLHIF LY ATF
WNREETHD. ZOIIRBUEND, BRI EY B AR 4T O M E PRFEICERL TV 2.

ZOIFREBRE R T oI12Hh72h, —fRMETEAN AAR M2 —, RS REM 7 —, Bk
KA & —, IR IRABR B Bl o & —, RS AL ALRREREE R A JE A, ARRMHIEA
HAE R 5 T 2 AR K OBE P SR, M DN SR i SR AR AT BR 6 2 o 2 — I B R T iz i £ LT
BIPRE B ALICTRSHEZ R LET

X B

1) MSZATBOE NRMOKETH B 2 2Bz 2 — (FAMIC) : IEEFRRREAR HEY) B ORCAT F 36 Fhex
<http://www.famic.go.jp/ffis/fert/sub6.html>

2) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025: 2018, FRERPT M OB IERERIDRE NI BE 50— A% B R E1H )

3) ISO 17034 (2016): “General requirements for the competence of reference material producers” (JIS Q 17034:
2018, MERVEME APEHR DREINZBE 5 — M B R FIH))

4) ISO Guide 35 (2006)' “Reference materials — General and statistical principles for certification” (JIS Q 0035:
2008, MMEHEY)E —FEREDT=0 O— ) L ON a7 7 I )

5) ISO Guide 31 (2015): “Reference materials— Contents of certificates and labels” (JIS Q 0031: 2018, [fE#%E
WE —FRREE R T L DN ))

6) MNZATEUE NEMOKPETE E 22 it 2 — (FAMIC) : ekt L
<http://www.famic.go.jp/ffis/fert/bunseki/sub9_shiken2021.html>

7) Thompson, M., R. Ellison, S. Wood, R.: The International Harmonized Protocol for the Proficiency Testing of
Analytical Chemical Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)

8) ISO 5725-2 (1994): “Accuracy (trueness and precision) of measurement methods and results— Part 2: Basic

method for the determination of repeatability and reproducibility of standard measurement method” (JIS Z 8402-
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2: 1999, NHIEJ7 ik K ONAIE RS RO FEfES (B M OHREEE) — 25 2 &8 AR HERE T IEOPHTIEE M O F-EL
FEHE2 RO DD DFARTT L))

9) Horwitz, W., Protocol for the Design,Conduct and Interpretation of Collaborative Studies.Pure & Appl.Chem.,
60(6),855-864(1988)

10) ISO Guide 33 (2000): “Uses of certified reference materials” (JIS Q 0033: 2002, [FRFFFEHEY)E DfE
73 1)

11) ISO/TS 21748 (2017): “Measurement uncertainty-Part 1:Guidance for the use of repeatability reproducibility
and trueness estimates in measurement uncertainty estimation” (JIS Z 8404-1 :2018, [JJE D ARHEINS-5 1
# E DRSS ORI I DHHATREEE, FHEE K CEEOHEEMEOF|HOFEE# )

12) AR PER B EBRETHANAT 20T - IEE I ATIE (1992 4ERR) , A AEHRIRE s, AR (1992)

13) RISk, HEER, AMRIER, )UK, PN E 7y —VELW R T 2~ I 2R RN E
HIZOWTO MR, BB RV AT, % 56 5, 31~36

14) ISO 31-0 (1992): “Quantities and units —Part 0: General principles, Annex B (Informative) (Guide to the
rounding of numbers)” (JIS Z 8401 : 1999, [FAEDHLDH 7 1)

15) F EE, FWLES, N, AR, FOcHET):2020 5 IEERSEIHEEWE O — &k
RRAEEF FAMIC-A-17, i@ LAk EE FAMIC-B-14, 15 R JEBFIEE FAMIC-C-12-2 & T8 FAMIC-C-18 O f
W ZEVERHI —, ALEHTZEE T, 14, 186~209(2021)

16) AIZESC, FIILEST, )OS, EAERS, FRocH )Y :2021 FE EEEEGHEEME ORSRE — &
{ERRIEE FAMIC-A-17, E5@E LA LR FAMIC-B-14, {5UEFEREALE FAMIC-C-18-2 O &3 22 MR Al —,
FEEHF TR, 15, 169~189(2022)
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Preparation of Certified Reference Material (CRM) for Determination of Major
Components, Organic Carbon and Harmful Components:
Sludge Fermented Fertilizer (FAMIC-C-21)

MATSUO Shingo', YAGI Keiji', TANAKA Yudai',
YOSHIMURA Hidemi' and AKIMOTO Satono?

" Food and Agricultural Materials Inspection Center (FAMIC) , Fukuoka Regional Center
2 FAMIC, Fertilizer Inspection Department

Food and Agricultural Materials Inspection Center (FAMIC) has developed a certified reference material (CRM):
sludge fermented fertilizer (FAMIC-C-21), for analysis of major components, organic carbon and harmful
components. FAMIC-C-21 was certified for the contents of total nitrogen (T-N), total phosphoric acid(T-P,Os), total
potassium (T-K,0), total copper(T-Cu), total zinc(T-Zn), total lime(T-CaO), organic carbon(O-C), arsenic(As),
cadmium(Cd), mercury(Hg), nickel(Ni), chromium(Cr) and lead(Pb). In addition, it is stated as a reference value
that moisture content (H>O). The certified values were obtained from a statistical analysis of the results of a
collaborative study on the chemical analysis of the candidate for CRM. Fourteen laboratories participated in this
study, in a statistical analysis of data which were reported from participants, outliers were removed by Cochran test
and Grubbs test, followed by the usual statistical procedure. Since significant differences were observed between
the analysis methods in terms of the moisture content (H>O) and the content of total nitrogen (T-N), the reference
value and the certified value were set for each analysis method.

The CRMs were expected to be useful for the quality assurance and the quality control in the analysis of major

components, organic carbon and harmful components in sludge fermented fertilizer.

Keywords ~ certified reference material (CRM), sludge fermented fertilizer, major component, harmful component,

ISO Guide 31, ISO Guide 35, collaborative study

(Research Report of Fertilizer, 15, 155-168, 2022)
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WEFENTND. BEVEDORFHIOWTIX, ARNMIROKE TR S TOT — & &4afk7-2 [FIRp E B 22 E Ve
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3. HE

1) BREMOE=S)Y

(1) F=FVTHER

FAMIC-A-17, FAMIC-B-14 & " FAMIC-C-18-2 Doy DE=ZV 7 DfEREHR 4A~FK 4C | TRLT-.
ISO/IEC 17025 (JIS Q 17025) TI&, 5.9 #kR - BEIERE R D i E OIRAEI SRR ED E &2 FIWTOREBRFT O A
H ORI EHEHERS N TS0, FAMIC T, IERREFHEEDE 2 W COMT oM 21TV, F8REMH
R IE RF O AT RAC IV E I U7 B — 3R N THUS S LD AT DX D S ITHEE SN D HIPHIC EL DXk
TESHUT BRI e O E R A W CRVE S BRAAT > Td. FAMIC-A-17 DE=ZV 7 Bilhah s 51 7 H
?& FAMIC-B-14 OE=#V 7 BbEDD 82 4 A4, KO FAMIC-C-18-2 OE=XV 7 Bhk5 35 A4 E

FEh L7480l A B O 1o D 2 s T3 BT OfE R OFEEZ K 1TA~[X] 1C IRL, BIZERRA

&U\%%Bﬁﬁé"?mb\ﬁ 7R BEGRRS K OMLE R FUZ DWW T, S IERERIAREY E OFREED [ RN S

DR M2 E I CRGHER E OB O I RIS I U3 EBR =L (n) W ONZFRREE (1), BNEERZE (sw)
Je OV B BUEE(R 22 (sp) Z# W T (a) 2, (b) WKL OV (e) Rz Kk 7z, ZDOFEE, FAMIC-A-17,
FAMIC-B-14 & " FAMIC-C-18-2 DE=FV 7128\ TH RGO A RS O3 BT EOFEIEIE, Wi
HEARA OHIFAN ThH 7.

2
%ﬁﬁ&ﬁ&@@%ﬁﬁﬁo)%mez)zﬁl/\fij:%ﬁ{ﬁ%(o)=\/(SRZ_SWZ)'FS% <. (a)
SEMEIC T AR = u+ 20 -++ (b)
SEVMEIZR T DALER R = u+ 30 --+ (o)
n: FHFEFERICB TS IR = sgp: FEFRIFER CEOIV- S W A BUAE e R 2=
swi  JEFARBR TR BN (R 2= w: ARREE
F4A FAMIC-A-17DZENVET=F) 75T iE R (BE7H#E %)
ol EREE ., TrE=THE EEMEOARE <EMmE
& A £ (T-N) S fE 223 (AN) A (C-P,05) Y fE (C-K,0) EEIHE
0 13.92 14.03 13.98 11.62 11.64 11.63 13.20 13.32 13.26 13.76 13.91 13.84
9 13.99 14.03 14.01 11.70 11.74 11.72 13.39 13.44 13.42 13.38 14.32 13.85

15 14.01 14.02 14.01 11.94 12.11 12.03 13.24 13.36 13.30 13.95 13.99 13.97
21 13.98 14.00 13.99 11.59 11.61 11.60 13.19 13.22 13.20 13.63 13.70 13.67
27 13.99 14.00 14.00 11.72 11.82 11.77 13.32 13.47 13.40 13.55 13.57 13.56
35 14.00 13.94 13.97 11.99 12.03 12.01 13.17 13.30 13.23 13.70 13.75 13.73
39 13.98 13.99 13.98 12.03 11.75 11.89 13.36  13.28 13.32 14.17 14.34 14.26
46 13.96 13.97 13.97 11.70 12.02 11.86 13.19 13.21 13.20 13.81 13.66 13.74
51 13.99 13.98 13.98 11.72 11.72 11.72 13.20 13.19 13.20 13.95 13.94 13.95
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H4A (5E) (BB %)
wang TS i TEC g TR g KRR g FEEEE g
0 3.44 347 3.46 0.298 0.318 0.308 0.568 0.583 0.575 0.444 0.462 0.453 2.14 224 219
9 342 344 343  0.289 0303 0.296 0.561 0.567 0.564 0.452 0.464 0.458 228 231 230
15 352 354 3.53 0.309 0.318 0.313 0.561 0.578 0.569 0.445 0.453 0.449 229 233 231
21 3.41 3.49 345 0.294 0311 0302 0.527 0.572 0.549 0.460 0.470 0.465 2,12 235 223
27 3.52 354 353 0311 0319 0315 0555 0.563 0.559 0.446 0.452 0.449 235 236 235
35 347 3.50 3.48 0.304 0.309 0.306 0.569 0.549 0.559 0.427 0.444 0.436 2.48 248 248
39 350 3.61 3.56 0.319 0.319 0319 0575 0.575 0.575 0.447 0.443 0.445 233 236 235
46 3.54 3.47 3.51 0.317 0.320 0.319 0.554 0.556 0.555 0.460 0.450 0.455 222 221 221
51 3.49 3.48 3.49 0.314 0.322 0.318 0.545 0.550 0.548 0.460 0.450 0.455 224 226 2.25
#&AB FAMIC-B- 14D EME =4V 7 i (E R %)
N — = EIRAY oY N 7 VR
0 7.94 8.09 8.02 9.13 9.14 9.13 6.66 674 6.70 8.18 823 820
4 798 798 798 9.18 923 9.20 6.77 679 6.78 815 8.16 8&.16
10 796 8.01 798 912 9.13 9.12 6.65 6.67 6.66 828 829 829
16 8.01 8.05 8.03 9.19 926 9.23 6.65 6.66 6.66 823 827 825
22 8.02 8.06 8.04 9.25 933 9.29 6.72 677 6.75 8.17 8.47 832
28 7.98 800 7.99 9.10 9.13 9.12 6.69 6.71 6.70 8.17 8.28 8123
34 793 803 7.98 9.10 9.11 9.11 6.69 673 6.71 8.27 854 841
40 7.89 802 7.96 921 923 9.22 6.66 6.67 6.67 8.07 830 &.18
46 793 795 794 9.27 928 9.27 6.74 6776 6.75 8.17 8.18 8&.17
52 793 801 7.97 9.17 926 9.22 6.77 678 6.77 835 8.44 839
58 796 801 7.99 9.25 926 9.25 6.82 682 6.82 8.07 819 8.13
66 8.08 8.03 8.06 9.19 9.17 9.18 6.71 676 6.74 8.15 820 818
70 813 812 8.13 9.15 9.15 9.15 6.66 6.66 6.66 821 819 820
77 796 795 7.96 9.19 9.18 9.19 6.72 678 6.75 8.25 823 824
82 8.09 8.06 8.08 9.11 9.10 9.10 6.78 6.80 6.79 813 8.19 &.16
F4B (&) (mg/kg)
AR On e Wt mmw T e
0 301 323 312 392 411 401 367 383 3749
4 296 307 302 426 427 426 317 377 3770
10 203 206 204 415 410 417 369 378 3737
16 288 207 293 417 410 418 369 371 37.00
22 291 298 294 3Jos 399 397 381 390 3855
28 301 308 305 370 378 374 363 366 3644
34 306 310 308 443 444 443 383 301 3874
40 204 299 206 429 438 434 372 372 3720
46 204 208 206 404 414 400 374 381 3775
2 285 200 288 434 437 435 372 387 3791
58 282 29 289 435 448 442 360 3635 3626
66 296 203 204 420 430 426 390 390 3901
70 319 334 327 444 440 442 366 367 3666
77 288 288 288 423 422 423 334 383 3835
82 205 303 200 438 440 430 376 376 3162
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FA4C FAMIC-C-18- 2D LT =2V L 7o Hr i R HES %)
o= A B A=Y A=Y NPA=N % L =
monn TS e 00N e NES wew EER g TR g
0 470 471 4.70 4.61 4.67 4.64 0.107 0.118 0.113 1.62 1.68 1.65 36.6  36.7 36.7
5 478 479 479 460 460 460 0.117 0.120 0.119 161 1.65 1.63  37.6 37.8 37.7
11 4.81 485 4.83 4.60 4.65 4.62 0.117 0.118 0.118 1.68 1.68 1.68 37.8  38.0 37.9
19 482 484 483 443 472 457  0.116 0.116 0.116  1.62 1.65 1.63 380 37.8 37.9
23 4.84 480 4.82 4.49 440 444 0.111 0.111 0.111 1.64 1.69 1.67 37.8  37.8 37.8
30 440 480 460 454 461 458 0.117 0.114 0116 171 1.73 172 378 377 37.8
35 4.82 4.81 4.82 4.67 4.68 4.67 0.118 0.112 0.115 1.74 1.73 1.74 379 37.6 37.8
FAC () (mg/ke)
mAy T e Tha e on FE Tlart T
0 919 022 920 1,547 1,553 1550 120 13.7 128 1.80 193 1.87
5 911 013 012 1:533 1:537 1535 140 143 142 1.86 193 1.89
11 951 054 952 1,547 1,547 1547 133 139 135 1.81 183 1.82
19 874 882 878 1,512 1516 1514 136 139 137 18 18 185
23 026 020 923 1,561 1557 1559 147 137 142 18 18 185
30 869 004 887 1,536 1534 1535 144 148 146 183 18 183
35 920 025 923 1,579 1,556 1368 140 140 140 182 181 1.82
F4C () (mg'kg)
mRA e TE G T oy WM e P
0 0.905 1.012 0959 242 262 252 424 465 H5 230 248 239
5 0.862 1.049 00955 248 256 252 493 513 503 248 233
11 0.878 1005 0941 249 254 251 40 442 H41 243 -
19 0.933 0866 0.900 252 254 253 430 444 442 233
23 1.254 0940 1.097 247 252 249 437 460 448 26.4
30 0.893 0.767 0.830 288 237 263 453 408 431 247
35 0.957 1.026 0.992 244 241 242 49 431 #H0 257 251 2
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e
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EEAE (B
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FEEBE (B
9. FAMIC-C-18-2{F3™ )

L.165 y=-0.5221x + 922.71
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y=-0.0957x + 46.67 30 y=0.0235x + 24.289
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11. FAMIC-C-18-2{»1.4) 12. FAMIC-C-18-2( 4
134 | y=-0.0002x +0.9567 81 y=0.0005% + 6.6007
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EmAY (A EmAY (A
13. FAMIC-C-18-2( 7K $f) 14. FAMIC-C-18-2( #K4%)

1C (Fix)

2) IBHZBIEREMHEORAREMLE

FAMIC-A-17, FAMIC-B-14 . O} FAMIC-C-18-2 OE =4V 7 Efii BhER - HEAEETORGE A K, 41
DEHTEDNEIIE K OF =2V 7 53 OFFAlifGE Rl DWW TE A &% (B &5 3H) DbDOEEK 5-1 12, mg/kg
DOLOEFR 52 1 IRUiz., ZEVEOFHML, ©8 A £ FEHIfE L4 B OR E D% VT ISO Guide 35
(JIS Q 0035) B HZ KD FNATITo72. 5, (d) XL O (e) &0, #Ri8 H £ &% OV & O [al 7 B AR O
%(bl)&oﬂﬁ(bo)%kw_ Iz, () MO (g) KDY, FRIOIEAERZE (s) K O HIFE#ROEHE OFEAERR
7 (sp,) AR DT=. AR EMROME OIEHERRFE (s, ) & 1 A (tg.95,7-2) EFCTAELMHZOAERHE (b, |) ZHEIL
7-.

ZDFER, FAMIC-A-17, FAMIC-B-14 & Y FAMIC-C-18-2 (f7JK 2 8% [R<) DR TOFRFERTITBNT,
|by| < sp, X togsr—2 720, HSIIATLITRO SN -T2, ZHIZEY FAMIC-A-17, FAMIC-B-14 K& O
FAMIC-C-18-2 ORBFERIIE, E=ZV 7 FERiBitaR D 4 43 2 H, 6 4 10 7 H, 2 4F 11 » AL ETH
LWLz

723, FAMIC-C-18-2 O JRAEEIZ OV T, K 1C 4128 W CGRIHEE L TOEETHY, +I3 &R
KON THLZEND, WL EfiE R T 5.
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T T
b, =;(xi—f)()’i_}7)/;(xi—f)2 -+ (d)

b0=}7_b1f "'(e)

T T
1 1
s = thikﬁ—y02= ngz;%—bm—hﬂy s (D)
1= i=

- (g)

HIESEYE: |by| <sp, Xtoosr—z =+ AE TRV (ZIE)
|b1| ; Sbl X t0.95,T—2 ° 'ﬁ%‘n\f&)é (Z:f'ﬁ::)

T: E=XV 7R (A-17(9 [8]), B-14(15 [\]), C-18-2(7 [A]))
X0 ARZYIEOFT=F) 7 EE B )HHE=XV 7 F i H ECOREREH (A)
x: ox; OFEIE(H)

yi o BE=HV 7 FE i B OREEOFLEE

Vi yi DO RORFEIE

by: [BUFERROMEE

by: [EUREREOY]fT

st TRIOBEHERZE (HEEKE (y; — 9) OEER )

Pi x WK Dy, 0T HIME

Sp,: RIREFROMBEE OIEHERE

toosr—z: ¢ME(EMHAEKLE a=0.05 HHE T-2)
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F5-1 FEHEYE DR ENVEDT =2V L 755 W OEEAffE 5

£ 7O (1) 53 BT HE
sy by by®  sD S5 ®
(mon) (%) < % )D @ (%) ( i )D ( % )D
mon. mon. mon.

(FAMIC-A-17)

EHEE (T-N) 27.0  13.99  -0.0005  14.00 0.015 0.0003 0.0007 O
ToE=TMEESR (ANN) 27.0  11.80 0.0028  11.728  0.156 0.0032 0.0075 O
EMEVAREE (C-P,0s)  27.0  13.28  -0.0022 13.338  0.080 0.0016 0.0039 O
<EEMEIE (C-K,0) 27.0 13.84 0.0017 13.792  0.216 0.0044 0.0105 O
<HEMEFE 1 (C-MgO) 27.0  3.492  0.0011  3.461 0.040  0.0008  0.0019 O
WM~ 4> (C-MnO) 27.0 0311 0.0003  0.302 0.006 0.0001 0.0003 O
<WMIFEHFE (C-B,0;)  27.0  0.561  -0.0003  0.570 0.009 0.0002 0.0004 O
KEEMEIEYFE (W-B,0;)  27.0 0.452  -0.0001  0.455 0.009 0.0002 0.0004 O
JRFEMEZEFE (U-N) 27.0 2302  0.0005  2.287 0.089 0.0018 0.0043 O
(FAMIC-B-14)

Troe=TMHEHR (AN) 40.3  8.01  0.0005 7.98 0.05 0.0005 0.0011 O
AYAMED AR (S-P,0s) 403 9.18  -0.0001  9.19 0.06 0.0006  0.0014 O
KEEMED AR (W-P,0s) 403 6.73  0.0006 6.70 0.05 0.0005 0.0011 O
IKYEPEITE (W-K,0) 40.3 823  -0.0006  8.26 0.09 0.0008 0.0018 O
(FAMIC-C-18-2)

=X eE (T-N) 17.6 477  -0.0004  4.78 0.10 0.0030 0.0077 O
0 bk E (T-P,05) 17.6 459  -0.0009  4.60 0.08 0.0025 0.0065 O
N4 & (T-K,0) 17.6  0.12  0.0000 0.12 0.003 0.0001 0.0002 O
K4k (T-Ca0) 17.6  1.67  0.0025 1.63 0.03 0.0009  0.0023 X
Ak (0-C) 17.6  37.65 0.0189  37.31 0.39 0.0124 0.0319 O

a) FAMIC-A-1713H% D=4V 7 I A hHREL TS5y A% ETE=4V 7
FAMIC-B- 1413 % OE=2V 7 i A O REE L T8y A% ETE=ZV T
FAMIC-C-18-2(FFfg OE =4V 7 Elii HIHER L 35, HR E TE=XU> 7

b) FEYIEOE=F) 7 ERi A NHE=Z) 7 Ei H E CORBIRT O E (H)

c) FAMIC-A-17D 55 M RO FENE (7 — 2% = =2V 7 EHilm % (7) X O 708 %50(2))
FAMIC-B- 14D 53 1 R OK - EIE (77— 2%k = =2V 7 Ehila %k (13) x DHT0878%(2))
FAMIC-C-18-2D 43 i e DR S (7 — 248k = =XV 7 FRERIEL (5) X T4 (2))

d) [EUFEFROMEE

e) [EUFERROGI T

f) Pl

g) AR ERROEE O YA

h)  Sp, X togsT-2

) ORFRRITHEE L THEIIAELTROLNT, L8 EFHlL7=m 5y

|by| < sp, X toosT—2
P RPO%ITE RS R
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50 [EAEMET DL E VDT =2V L 7OV DA i

‘ i §O (5 Jife J3 ATs Re *lJ‘ﬁz” |
sy bd  b®  sD S b )
mg/kg mg/kg mg/kg
(mon.) (mg/kg) < p— ) (mg/kg) (mg/kg) ( mon. ) ( o, )
(FAMIC-B-14)
UF (As) 40.3  2.99  -0.0004  3.01 0.11 0.0011 0.0023 O
FHRIT L (CA) 40.3 422  0.0037 4.07 0.18 0.0018  0.0038 O
=>4 (Ni) 403 37.6  0.0029 37.5 0.85 0.0085  0.0183 O
(FAMIC-C-18-2)
#il 4 (T-Cu) 17.6 914  -0.5221 923 26.33  0.8328  2.1408 O
g5 (T-Zn) 17.6 1544  0.3203 1538 18.87 0.5969 1.5344 O
UF (As) 176 13.9  0.0291 13.4 0.47 0.0147  0.0378 O
FHRIT L (Cd) 17.6  1.85  -0.0015  1.87 0.02 0.0007  0.0018 O
KR (Hg) 17.6 095  -0.0002  0.96 0.090 0.0028 0.0073 O
=L (Ni) 176 252  -0.0054 253 0.64 0.0204  0.0524 O
271125 (Cr) 17.6 450  -0.0957  46.7 2.28 0.0720  0.1852 O
¢ (Pb) 17.6 247  0.0235 24.3 1.23 0.0388  0.0997 O

MET#S5- 122

3) EBHBIFREVHEOEDHBRREORIEMY

FAMIC (2R TR 72 IR AME EY B 1T, FRAHERR E DO7=0 OIL RN DK 4 4 6 7 HRitkOH
IR Z MR E L CWDD, TEREE B L, ZEMZHER L ECll BRI HROIERE O Tt a1 7o
THY, FAMIC-A-13 ([ZBWTUTE=ZY 7 Efi Bl a5 4 45 7 - A [#], FAMIC-C-12-2 Tl 6 4% 8 » A [H]
DRENEHERL NS, £, EROE=4V 7LD E ML E MO R, 2021 4 12 AKFAT
FAMIC-B-14 1% 6 4F 10 » H 2 E THHEHIB SN2 Em D, # IEERRAFEUEY B 2D C, BT BRAARIC
BOTK 44 6 » ARREOHIIREZRETHLITH Y THHEE B

4) BHEIREVHEOAMHRICOVWTOHE

FAMIC NOFEBLEOH G b, HHHMBRIZINETION 6 HARIEERELTND. ZOZEnb, B2
HIRDIERCHOWT, 6 HEEHELL, FEEWEICONT, RHENSOHERELRHL, A2 RIC-o
WCOHEE 2T o 72, HEE J71E13 ISO Guide 35(JIS Q 0035) & E (1L, #AHER ENOEES 6 A KET
DA R LT s COR ML EMEICLD R E% (h) RUCEVFE L, Em R R O RS (EH T
D= DO IFRBROME F L FHH U NS E B EL D720 DIEHER 22 (0 ) O 2 %) LHER 52 L THZIHIR
DOHEEZAT 72 (7 6A~6C) . ZDFEHR, FAMIC-A-17 122\ CIE, 2026 4 6 A RIZIEMEM B O RS0
HEEME DNV EAL R RO RS (20) ZABZ, FAMIC-B-14 {25 T, 2035 4E 6 H RIZKIEMED ABRD AR
SOHEEMAE R R R O RHENE (20) Z#E 2, FAMIC-C-18-2 {22\ T, 2024 4E 6 H RICE DO RHENED
HEEME LT R T DO ARHENS (20) X HZEN THEILZ. 15T, FAMIC-B-14 (ZBIL T A2 IR %
2034 FFE TR A RETHL LHERIS L.

Ults = Sblmexpir ce (h)
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Mexpic: E=FV 7 FEuBAIERENDD H #K
uns:  F W2 EVEIC XD R FE S OHERE
F26A  :FAMIC-A-17DRHENSDOHEHINE
ultsb)
4y 55" 954 H % 107 A #% 1197 A #% 269
(0256 K)  (2026F6H K)  (20274F6H K)
e H 4B (T-N)? 0.000 0.030 0.034 0.037 0.266
FroE=THEE (AN)Y  0.003 0.303 0.342 0.380 0.362
SYRMED JUfE (C-P,05) Y 0.002 0.155 0.175 0.195 0.176
SEMEIE (C-K,0)? 0.004 0.421 0.474 0.527 0.448
<EEHEE L (C-Mgo)? 0.001 0.078 0.087 0.097 0.158
M~ H (C-MnO)®  0.000 0.013 0.014 0.016 0.025
UMEIFEHZE (C-B0;)? 0.000 0.018 0.020 0.023 0.045
KEEMEIESFE (W-B,0,)?  0.000 0.017 0.019 0.021 0.024
JREMEZEE (UN)Y 0.002 0.173 0.194 0.216 0.259
a) 17 HH=WDOEERA A= ¢) EHRF DO NS
b) #riE H % O AR HENS OHEHIE d) % (BH&Em7=R)
F26B  : FAMIC-B- 140D RS OHERI i
ultsb)
w4y Sp,” 222/ H % 2347 H % 246 H % 2¢°
(20337 F6H K)  (Q034FE6H K)  (20354F6H R)

TroE=THESE (AN 0.001 0.114 0.120 0.127 0.137
FIVAMED A (S-P,05) ¥ 0.001 0.140 0.147 0.155 0.173
KBS AU (W-P,05)®  0.001 0.111 0.117 0.123 0.120
KEEHE R (W-K,0) 0.001 0.188 0.198 0.209 0.247
05 (As)? 0.001 0.238 0.251 0.264 0.433
R A (C) 0.002 0.392 0.413 0.435 0.534
=47 L (Ni )? 0.008 1.880 1.981 2.083 5.899
a) 17 AdHi=voLEiasE d) % (E&E5=H)
b) i H % DA S OHERE e) mgkg

c) ERIRFA DO
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#%6C :FAMIC-CI18-2D eSO HERINE
b)

U s
R4y sp” 550 1% 67 1 1% 797 1 1% 26"
(QO234E6H K) (QO44E6 K) (202546 K)

2FELE (T-N)? 0.003 0.165 0.201 0.237 0.40
B4 (T-P,05)? 0.003 0.139 0.169 0.200 0.23
M4 & (T-K,0)? 0.000 0.005 0.006 0.007 0.02
FR 45 (T-Ca0)? 0.001 0.049 0.059 0.070 0.17
s (0-0)9 0.012 0.684 0.833 0.982 0.87
$i4 & (T-Cu)® 0.833 45.804 55.798 65.791 108.36
N4 B (T-Zn) © 0.597 32.829 39.992 47.154 156.03
0FE (As)? 0.015 0.809 0.986 1.162 2.60
HRIT L (C)® 0.001 0.038 0.046 0.054 0.10
KR (Hg)® 0.003 0.156 0.190 | 0.224 | o021
=L (Ni)? 0.020 1.120 1.365 1.609 4.81
714 (Cr)® 0.072 3.962 4.826 5.690 7.26
8 (Pb)® 0.039 2.133 | 2598 | 3.064 | 228

X F6BA S

[l EAR OB E OIEHERRFE (1 7 H T DEBRAZE 1 sp, ) 1, ZEMEDHEFRSILTODATIRSNE F T, i
MR & LB 5. FEAEE FAMIC-C-18-2 DI DWW CRERICHEE A1 T 72 BITIE, A SHEE A
B IR RO RSB R DET RSO 2021 4 6 A K THoTN, BESM T ThHIEND, 4RO
HETE CIE 2024 4 6 H K EL7eo72. 2D FAMIC-C-18-2 DERIOWTIE, BEREL CWDHEZARD 1 4%
(AT S DHEEE DA IR A DA SEH R TLEID, ZHUTBRED s, ZHNTNDIZD THY,
BBDOE=LV T L LB S OHEEEOHMFREE 13/ S0, B R A DA EE 2 5L T RIS
HHRITIE DTV EEZLND. 2, 3. D ICB W CHUREROEZOLEHNAE TH D LHE SN
FAMIC-C-18-2 DA R EEIZOWTY, TORMENIOHEEMIL, 2025 4 6 H RKREATHE L R O
SEERIpNE TR, ZEMECHBIT2WEE B,

723, BUEIOH > TD 3 TSRO LB ED E DA NHIRIZOWTIE, WIiuh 2023 42 6 ARKH &
LTW508, FRL - BRI E E 2 A 20 TS 35 8LE00, TEREE B L T 2022 FE I 2 IR
DIER FHEEEATHIZLEL TS,

F£72, FAMIC-C-18-2 (Z2WWTIE, HHMEDIZLDERKENIEND, KEBIZOWTORIEEZ S E i
ELTRY, FBUSIERIEEZ Bk &3 2 IR R A e A TR o',

4. FE&&H

AEENRAEEYEY) . FAMIC-A-17, FAMIC-B-14 K (' FAMIC-C-18-2 OE =XV 785 R 22 ENE 4 e
LTS, FAMIC-A-17, FAMIC-B-14 } (X FAMIC-C-18-2 D45 FX /3 28T 2 /0 Mt SO SEHMEIE, W
DS H AR AEE R 2 R0 35 [ BRI C B W TS DI TE R S D DR I S U7 B IR (B — 3B == TS
NASHHEDIZS DX IR UHEESNIZHH) N Tho7-. F=, i % 1SO Guide 35 (JIS Q 0035) 5%
ZHERHIEATL, DR EAR O E DO EE NG Z E VAT L 72L 25, FAMIC-A-17, FAMIC-B-14 K& U* FAMIC-
C-18-2 IZDOWTE=ZIU 7 ERiBRIARFND, 4 %4 4 3 » HH, 6 4 10 » [, 2 4 11 - H B OFGERSY
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(FAMIC-C-18-2 DA JK At fir<) DL EMEI RS

T2, AR OZ YA R T 5720, RENSOHEEEEZREHLIZEZA, HRTICB W THAEREL
TWDH LRI A HENS OHEEMEAE T IR DO NS 2B LW 2 L2 g L7z, FAMIC-C-18-2 @
FAIRAERIZOWTE, ATROZEMFHEIC B W TR EROBEEOEHNGFE TH H LHEINTR, Z
DR E DOHEEIZIBNTIE 2025 4 6 H KRR THERMIBR O AN S A LW Z &0 h, BLERE
THZHHAR D FUE UIXL B 20 & L7z,

ISO/IEC 17025 (JIS Q 17025) T, /3 HHiED 2 MERERRIZ I T, EEMEME 4 JHV T K OV BE O FEAT
DRSNS FED—DIZHE T O TWD. Ee, HEOOHTHE RO L HEOHERIZIB T, fHRELTED
NDHT—HL, FATARER GBS, M TIEEZ O CERBSI TR REMAITL, SEmT 2203 HELEX
TS, ZOZEND, BIEA ST DR ENMEZ MR L COD IR R AR W B OF| AR HE DS R 54T D
i B PRFEICH R T 2L AT REL, FIHEO I ROEEMEOF LICFHF S5 T500DLE 5N,

X B

1) MNTATEE N MK PEHE B 22 — (FAMIC) : JEBFRFEEE Y B OB H 56 Fhe s
<http://www.famic.go.jp/ffis/fert/sub6.html>

2) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2018, [FRBRT i OBLEMEBIORE )12 BE 92—k BREIH )

3) BOTETY, BRI, ORI, BAAM, fHEEN, REEZF, SORUF, BEHEIF, BHEE,
SEHBIN 2012 fREE EERBARUEM B OB — 15 IERBENLEE FAMIC-C-12—, JEEHMIFZEHRE, 6, 84~100
(2013)

4) MEE—, \KRFR, BRI, BOTH)), R T, BEEHT, ARE, BEHFH, AR5,
APRBA 2013 4R EBEERERE EM E OB %S — & L AL R EE FAMIC-A-13 —, EEHFSE# S, 7, 95~
104(2014)

5) PR, RO HY, SOFR B, RFFE, G, BAPRER, INE(E —, BEIERIE, $hRip, 1=
ATRIER, fACR S, FJTFHRTR 12014 4R NRISERERE M E OB % — S i@ LItk FAMIC-B-14 O3
Bl— JOEHIFTE A, 8, 140~152 (2015)

6) FKICHLTY, F[EsE, \ARFR, BRAIER, FAMEER, AHAIR:2015 FE LR EDE OB
% — {5 IRIERENLEL FAMIC-C-12 DO HR8GE—, NERHFFEH A, 9, 145~169 (2016)

7) BKOTHTY, NEEEE, SOFR BT, ORI, TAMEC, BARE, BIFRTE:2017 FE JEEERRERR
HEYVB DOBHF — B AL AAER FAMIC-A-17 OFF# —, JREHMFZEHE, 11, 159~172 (2018)

8) TEAKHE, SHH T, MEEED, REHES, TAME, OoH ), AR 2018 45 NERERGEE

W OB — 15 TR R BEAEEE FAMIC-C-18 OFfi#l —, IkHFZEEe, 12, 160~174(2019)

9) ISO 17034 (2016): “General requirements for the competence of reference material producers” ((JIS Q
17034:2018, TERIEMEAES ORESNCEE T2 —fRERKFH))

10) ISO Guide 35 (2006): “Reference materials— General and statistical principles for certification” (JIS Q
0035 : 2008, [FEHEME —FRFED 7= D—HZHI K O+ R72 5 All))

11) ISO Guide 31 (2015): “Reference materials — Contents of certificates and labels” (JIS Q 0031 : 2018, X
HEWHE —RREE R OT L DNE )

12) ISIATEOE N EMOKEEHE 228l 2 — (FAMIC) : IEHERBRTE (2020)
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13) MEEL, R, HERER, SR8, RO ERERREEEME OB¥ —I5IEREEIEE
FAMIC-C-21 Orlai e —, JREHIFIEHEE, 15, 155~168(2022)
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Long-term Stability Evaluation of Fertilizer Certified Reference Materials for
Determination of Major Components and Harmful Elements:
High-Analysis Compound Fertilizer (FAMIC-A-17) , Ordinary Compound
Fertilizer (FAMIC-B-14) and Composted Sludge Fertilizer (FAMIC-C-18-2)

KAMIKAWA Takafumi', AOYAMA Keisuke!, KAWAGUCHI Shinji',
IWAMOTO Naoki! and AKIMOTO Satono?

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

FAMIC has performed long-term stability examinations to confirm shelf life of fertilizer certified reference
materials (CRMs), high-analysis compound fertilizer ( FAMIC-A-17) , ordinary compound fertilizer (FAMIC-B-
14) and composted sludge fertilizer ( FAMIC-C-18-2) for analysis of major components and harmful elements. We
have given certified values total nitrogen (T-N), ammonium nitrogen (A-N), citric acid-soluble phosphorus (C-P,0s),
citric acid-soluble potassium (C-K,0), citric acid-soluble magnesium (C-MgO), citric acid-soluble manganese (C-
MnO), citric acid-soluble boron (C-B»03), water-soluble boron (W-B>0s) and urea nitrogen (U-N) for FAMIC-A-
17, ammonium nitrogen (A-N), citrate-soluble phosphoric acid (S-P»0Os), water-soluble phosphoric acid (W-P20s),
water-soluble potassium (W-K>0), arsenic (As), cadmium (Cd), and nickel (Ni) for FAMIC-B-14, total nitrogen (T-
N), total phosphoric acid (T-P»Os), total potassium (T-K»0), total calcium (T-CaO), total copper (T-Cu), total zinc
(T-Zn), organic carbon (O-C), arsenic (As), cadmium (Cd), nickel (Ni), chromium (Cr), and lead (Pb) for FAMIC-
C-18-2. We evaluated the monitoring long-term stability by a statistical analysis of the results of stability
examination on the chemical analysis of the stock CRMs. The data was performed a statistical analysis in reference
to ISO Guide 35: 2006. It shows evidence that there were no need to update the certified value and its uncertainty.
From these results of the statistical analysis, the all certified values of the CRMs (FAMIC-A-17: 3 years 10 months
after preparation, FAMIC-B-14: 6 years 5 months after preparation, FAMIC-C-18-2: 2 year 6 months after
preparation) were stable. The CRMs were expected to be useful for the quality assurance and the quality control in

the analysis of major components and harmful elements in compound fertilizers.

Key words  certified reference material (CRM), fertilizer, major component, harmful elements, ISO Guide 35,
long-term stability
(Research Report of Fertilizer, 15, 169-189, 2022)
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