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OO, EEFR O S B EMIZOWTIE, IO B ORMERE IS 215 (IEEHE) I2E D
DAILTWD LB OB gk o OMFOBR SR O H G5BT 2235, IEEIFER E A~ AREIZE T2,
AEBE TE BLAS DR E H BT 2B L, HEHEIRIZED BTN D T B &M O AR A%
BEETHIZET, BRSO MG DR A, AERBG| &% 270 A OMRICERL Tk .

FEEHED B E R AL, NERES| &L 2700 A 2 MR T 570 120%, EEMICERSNDIERE
ERTLHEERCT, BEZETIEHL TEBEOS 2T, EETEL M EEZSELIEN
HELR0ET. 2020 4 12 A OEEHEDOSIEICZED, Hii-/elil O T € R EY CHEE 2 & % 5
RALTEH LWEA T DIREERAEFES DI EDD, DD RO /5y, B EWE %% EI R
DONTIEORFE - R, HRERHl AN ETICHI L TUEEIN TWET . 207, FAMIC TIE#HT
T2 R B DA B DRSS LI AT B DS B X0, ot O s 216 LT 3 AT IE OB S, 704
EOVERERTA 72 & OFHEAFIEICHTVMA TEY, ZNHOREE NIEEHERBRE IIEL, AFELT
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1 AF2ORRMNS72AVVEIERPORIVI7FIVBATEONER

KEGEES T, (L7 IERE?
F—0—F JER AVTIIUEE, A oa~ ST

1. [XL®I

RFEWLBEREIE THAMELT > E=T ORUED— 2L THAaU DIFE ChDE I T a7 2 A
TRENDEUNT D ENRZET HNHNY, 20 E CRIESNIZMERT L E=T OHPIEAL T 7 U NG &
NDGEDHY, OB EE KT TZENRESNLTNEY.

BUE, BEEHR DRV T 7V BEO SR, A4 7a~ T T7 % WA AT N THrEELT- 14, &
RABE R CHIE T2 00EE, @Kk a~hr 778 B5Hr5F (LC-MS) & B\ = /o iE s ek
RERIE TSN TODEN, AF 7= 757 2 FIWTASHTEIT R 23 4R M OSER 24 4EFEOREHT
BOTHBE IR RO A IO EY — 2 & /3B CEIRD o722 80D, GRS R T =T (HE)
DIBRESINTEYY, ZONHHEOHEESN-E & FIRIX 0.04 % (E&/yH) L7poT5.

FEBFD N EREICINT, BEET o E=T HOAL T IV RO G R AT SO K& (BATAR) X, £
F 1.0 %(EESFR)ICOF, 0.01 % (HESR) LEDLNTEYY, BIE, W7 T=7 LU TRESN T
DB Tt BHEMAER S B DI W IEE O T B = T HEEEFE T 20.5 % (BB ER), DAL T I
BEOEATREIT 021 %(EESF)IZTELRY, FFEEE FIROSHHETHITHNT ATRETHS. —H T,
LA R DRV T 7B AR, BHR, VAR XIIMBEOZENENOHRH RENER SO EDOEE
BOGHR 1.0 %EEDFR)ITOZ, 0.005 % (EEDFR) LEDLNTNDIEND, RIZEMTDOEFHED
8 % (EH &) Tholcl T DL, ANT7IVENEGATAEL EEENTWRITIVUZBEFO FIETII ST
TEY, Fiz, BEAOEIO FUTIZ TR OIRFER T B 1.0 % (E &3 BREOLOLHHIEND, FilkT >
F=T LSO JEEHZ T8 TE R0,

H) DD GHETHD LC-MS &= HriEITE R TR 0.002 % (B &5 3) FRE LHEES L TRY,
FTRCOMEENZE A TR CTH L0, IENEFETHY, KESITE AL S THDH. T2, IWEHERE T
(150 #1) MBINUT= BREBER (R 30 47 D4 [ 45im a2 IV o B SRS FE A B RER) O 77 7 —h
FEFICEDE, LC-MS ZFTA L CWDEIE 6 #1C, A4 7~ I7 DA X 30 tTho722h D, LC-
MS IZEN ANV T 7V BED /3T VB B D — B E L T THZ LT L VIR IC S 5.

ZDOTEND, ZEDOIHTETHNTZAREET D720, A4 7a~ NI 7 &N WL E R T =T
LSO JEEHZ G FJE K T 2HE ROV TREZT TV, B—RBR IR 53 BRIE D 2 Y R A1 T
STeOTHET 5.

2. MPRUAE

1) 2HTARRH

WRERT L E=7 2 i1, HHABZEFNEL 2 4, IRAEFAEL S 4, IRAMEICE 2 55, K 2 51, OF
U ISTATEOE N BMOK EEW B 22 i T L 2 — IR RN R A
2 PUSTATEBOE N EMOKEW B 2 it 2 — IEf B 22 A () 4R 2 —
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LI R OO A 2 J5, BIFEEEE 6 L, WCIRAEE 1 A8, IRETGIRE A IERE 1 A5, {Lahesh 30 &, IRA
HERRRE A AR 1 RDFE 54 mia Vo, Zivhg, IREHERERIEY2.3.3 [ZHDF 500 pm D550\ @R T 5
F O TR LT-b 0% AT EELE LTz,

2) HEFORHE

(1) ANT7IUEREEYERR (1 mg/mL) : JIS K 8005 |ZHIE T A5 & /T AR EY E 7 IR (& L7 L
LFEHIZE) 0.1 g Z OO EMLICED, ZOEE% 0.1 mg OHTETHELZ. VEOKENMZ TENL, 287
FTANIB LA, FERETKENMZT100 mL &L7-.

(2) FREMHFENERR (0.05 pg/mL~0.5 pg/mL) : (1) DIFEMERATEOREORET TR —EREED,
R TR A N2 TR AR S %E 1% (0.05 ug/mL, 0.1 pg/mL, 0.2 pg/mL, 0.3 ug/mL, 0.4 pg/mL K& O} 0.5
ug/mL) 2L 7.

(3) XTWE: JISK 8264 |[ZHET 5 98 % (E &%) UL EOR#kaREE (B s b52)

(4) TebeAUmE: M 98 % (E &0 %) L EORsladdE (8 L7 AL 2RDEHEE)

(5) FifET =72 JISK 8960 ([ZHLET D 99.5 % (B &850 ) LL EOFRfEIE (B H L)

(6) MHEET > E="U AL JIS K 8545 ([ZHIETD 99.0 % (& &/ R) UL EOREFEE (& L7 A/ 250
3)

(7) HEEEAIYD L JIS K 8548 \ZHIE T2 99.0 % (& &4y 3%) UL LD k#ksA3k (B H L)

(8) RN LV (1 mol/L) : AA Y ra~hrT7 r— IR (B L)

(9) JKREEFT NI AFEHE (20 mmol/L) = (8) DREET RIY AVEHK 20 mL #2877 ATIED, FER#E TKE
BNZ T 1000 mL &L7~.

(10) fREET RID LYEHR (0.3 mmol/L) @ (9) DEREET NI T LAEKHR 15 mL AR &7 7AIED, FERETK
Z ANz T 1000 mL £ L7-.

(11) A% /=) FefakdE (8 L7 AV LFEHEE)

(12) <z ABE—KF¥: IS K 8283 |ZHLE T 2H5kaHE (& L7 A /L AFtiis)

(13) 7o E=77K: JISK 8085 (ZHLET S 28 % (E &4y 3F) DRI (& L7 AL AFEHMER)

(14) 7Kk: &@HiAKRLELEE (Direct-Q UVS, Millipore) THEIL7= JIS K 0557 (ZHETDH A4 DKERHW
7-.

3) XERUBRA

(1) A£F>7a~<wh757: Aba—2A 850 Professional IC

(2) fHi#s: BRUSEERHS

(3) HZ2L: Metrosep A Supp 7-250/4.0 (£ 4.0 mm, =X 250 mm, KifE 5 um, A RIE=17 /L
I VEERIZE 4 BT =0 DAL B LT A A A HAR)

(4) ~TXTF v IARE—F—: YT F7v7 SMS-6

(5) L HERE: KUBOTA 7 —7 /Ly 75 D4 4000

(6) ¥yt Retsch ZM-200

(7) FBIaEAA L 2SI — )BT I Supelco ENVI-Carb/LC-NH, 500 mg/6 mL

(8) ATV 744 —: ADVANTEC DISMIC-13HP (L% 0.45 um)

(9) RVFEELU AL A% V—x /L AT A DigiTUBEs 50 mL
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4) BWEHAE

(1) b

SIMTEREL 1 g % 1 mg OHTETIENVED, e = /7522200 mL I AR, /K 100 mL 20z, ~7 %F >
JAZ—T—Z AT 10 3 RINEIRE T o7, S6IT, Z0 R 50 mL %‘:T)7 =l PG Al mp At
IZBL, 1700 X g T 5 4yfliE Doy BELTc B2tk e Uiz, it o —E &4 L0, /KT 20 f5I2mRL
TEbDEAT LT VA — (L2 0.45 um) THIEB L CGRERATRE LT,

(2) FBHEIEOWIE
BN 20 uL 214 7a~ N I7(2EAL, SbnE — 7 mE DR ERE ek L7z, 50k
VS 20 uL A A 7a~ b7 I7IEAL, B — 7 HEE DR SRR LR T DAV 7 7V RO &%
Ko, SHTEEH R OWREZ R L. 7238, AVT 7V BEORIESRME R O 7a—— e Table 1 K
Scheme 1 (Z7/RL7=.

Table 1 Measuring conditions of ion chromatography

Detection Conductivity detector

Column Metrosep A Supp 7-250/4.0 (4.0 mm 1.D., 250 mm L, 5 um particle size)
Column temp. 45 °C

Eluent Sodium carbonate

0.3 mmol/L (0-35 min), 0.3-20 mmol/L (35-40 min), 20 mmol/L (40-60 min),
20-0.3 mmol/L (60-65 min), 0.3 mmol/L (65-70 min)

Flow rate 0.7 mL/min

Injection volume 20 uL

Measurement time 70 min

Analytical sample 1 g 200 mL ground-in stopper Erlenmeyer flask

<~ Water 100 mL

Extraction Stir to mix, 10 minutes
[

. . 50 mL P.P. Volumetric flask
Centrifugal separation

1700 xg 5 min
Clearance
Dilution Wat

(20 times) ater
[

Filtration Hydrophilic PTFE membrane filter (0.45 pum)
I

Measurement lon Chromatograph

Scheme 1 Flow sheet for sulfamic acid in fertilizers

(3) HERRHIE RO/
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YRR 23 A K ONERR 24 FJEDAF L 7~ N TN LD HTEORFI OB, FMEE L T E 2<5
TALRRABEHZ I W T, AV T 7V iOE—2 E B DR FFRF IS I LS 2 DD L O EWE 3
éﬁ’bﬁ?ff%foﬁﬁiok;kb)E ile 7 B =7 OH% i HEFHE L T,

DZEND, R TITARIREDY EL — 7 EJER R THHLAN T 7LV BROY — 7 & 3 BES 57280
7TV T NEHEERREIL, IRBER O E TH D 0.3 mmol/L 75 20 mmol/L [ZEEMIC EH-3257 5
TUREMHEELT.

(4) WEDEREORR

Table | D7 TV T MFE AW T EWE ChoAEIRE & T RIPEIREIZ R E L7225, ANVT 78
DY —7 L EE— I RNER Y EECE 7272 (Fig. 1, 8. 1)), BRI IS ATLEE ORI 21T
Sl WMEDKHFHIIV ANV T 7O — 7 EERDEY —713E W, 7 aed U ThHhoHZEN D> TN
e, g, T ae A VK OAN T 7IUERO 3 FIRAEMERE R, LU O ATl EWE O EE
Tz, 223, HHWME CThHHAN T 7 O KEEIRITIREE CTHHZ LN D, 71—y T ALTFRAA 4L
B — N o BT DE WD EEL, PR e OV FE R AT AR 7 > 7 2 B3 TR LT,

H =N NT BT AR ) — V) S mL e OKK) S mL CHERPEF L=, 3 FEIRATEHER (4% 20 pg/mL)
SmL 5 —h o T AARL, WA FEF O EigllETHE TS E72. KIZ 0.5 mol/L 7= ik —
AB ) —NHKI10 mL 2 —R) o BT NMAGEF LTz, 50 mL 7277 Aa% 1 — Ny D7 L0 FICES, 7
VEZTK—AZ )= (3+425) 10 mL EH—R) o HT DMIEMEIIINZ, AVT 7V BRERESE-. ZOR
R 40 “CLLF DK B CRUEIRME L=, REWE D> EOKTEML, 100 mL 27 7AIHEBL
BT, KCERL. ERURREA T 7402 — (FL#2 0.45 um) TAIEL, HIEHFERARELTZ
(Scheme 2, 3. 1) =)

Byproduct fertilizer with sulfamic acid

standard solution

Byproduct

fertilizer

Fig. 1 Ion chromatogram of byproduct fertilizer containing organic acid

(Arrow: sulfamic acid ion peak)
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Cartridge column Condition the tube with 5 mL of methanol, followed by 5 mL of water

< Add propionic acid, formic acid, and sulfamic acid standard solution (each 20 ng/mL) 5 mL
< 0.5 mol/L citric acid - methanol about 10 mL
< Add ammonia solution (28 % (mass fraction)) - methanol [3+25] 10 mL

[Receiver, Eggplant-shaped flask 50 mL ]

Concentration Evaporated to dryness under 40 °C

Transfer 100 mL volumetric flask, water

< Water (up to the marked line)

Filtration Hydrophilic PTFE membrane filter (0.45 um)
Sample solution Supernatant solution
Measurement lon Chromatograph

Scheme 2 Flow sheet of solid-phase extraction for sulfamic acid in fertilizers

(5) WEY—7OH EOMER
FPENHEZRE LT LC-MS JEIZID AN T 7 BN G FIL TN S Al Ea LT s AR 120,
AF L ae N T 7IETOREY— 7 OF AR L.

(6) FREFROERE

ZILT I FEDOPEFEN 0.05 pg/mL, 0.1 pg/mL, 0.2 ug/mL, 0.3 pg/mL, 0.4 pg/mL & TF 0.5 pg/mL DO
FRAEERIZOWT, TU DRNERFT 2 BT OREL, o7 —7 R O B fER L CE AR
D& LT-.

(7) EHEPEFHM

BEAFMT 5720, g7 E=7 1 R OMEEIERE 2 mAaBte L, £3lkE 3 ST Tt 5k
INEGERER A i L7z, AV 7 7 BEOPREIZZENZT 1.00 % (E&55), 0.10 % (B &573) L0 0.01 %
(&R Y B LR IOEMERERINLE. 28, FREICNECTCOEAHFARRBBHRRICBIIIRESL
AL TRELT-.

(8) FEEERHAM

BHTHRE EE e NP RBTRS BE 2 Al 927200, AL T 730 BA S5 A L CWDIRA B HZINE R L CThife 7
F=T K ORERET BT HIRALIZHD) 1 A, AVT 7 BROPRFEN 0.05 % (B f&738) Y LD Lok
WER A TRINMU T AL R IR 1 2Bl L, K akbia 2 SOMTCTHZZEZ TS5 mothratTor-.

(9) & & FIROHEE
LC-MS JEIZXD AN T 7t %E N2 e MR LTV IEEHT, A7 7 BRIEFEDS 0.01 % (B &4y
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)RR Y LR DIIEHER AT 7 SOHTTONL, IEEHAERBRIEY IR E A SBRED 2 Y MR D
FMEICHE->TER FRE U T IREZHEE L.

3. WRRUBE

1) BEMEREORE

Tk, 7oA R ORIV T 7 FED 3 FRIEATEERR (4 20 pg/mL) Z B ML, 2. 4) (4) 1Z9E>CREFEHh
HUTZREHRIR D7 o~ T 8% Fig. 2 (R, 51T, RO, 7 a4 gk OVE BRIE R (% 20
pg/mL) EALT 7 U FRFEAENR (20 pg/mL) ZHE LTz a~ T Lk EREDE . EAME%ZO 3 fEE
BEHER D70~ T LTI, RO =230 D 70 A U BRIZRESH, AV 773V BITERTH2E
INTE. Fo, BETUZEFRhHH R O 3 MR SR HEIR h O AL 7 7 ORI ERIE 92.0 %~93.9 % ThHh->
7.

— —

Add propionic acid, formic acid, and
sulfamic acid standard solution using

solid-phase extraction

Propionic acid and formic acid

standard solution

Sulfamic acid standard solution

Fig. 2 Propionic acid and formic acid standard solution (each 20 pg/mL), Sulfamic acid standard solution (20
ug/mL), Ton chromatogram of mixed standard solution (each 20 pg/mL)

(1:Propionic acid, 2 : Sulfamic acid, 3 : Formic acid)

WA, MBI EFHN O T 2 HWT, 2V 7 730 Bk G AT IRA EHIE (R L CHi T =T
K OWEIET B =T ZRELTIEb D) ZRELIZEZA, B FICHE L BRICIZANL 7 7V oy —7
MRHENTZH OO, EAH L% ICHE LZBITIZ AL 7 7V B O — 7 NEE A E SN -T2, Z
DZEMD, IREERNEO FUE LTl SRR T B =7 UIHEIE T =7 OFEIZLY, AT 73
VBRSSOV AT REME AR S LT

IR ERIER OB X HE B OREE T E=7 R OREEET B =7 WM S TWAIEMND, 1
EWEERFET DI OREOREE T L E=0 LK OEIET =0 2% W CHEM I O A I L0 E 5
1To70. Fio, AL O RFE R ZRIFRIE LT SN A REIE Y Y AOFIRIC OV T, B oA ICk
DREZAToTZ. Zib 3 ORI AL T I AR HERR (20 pg/mL) Z 5 mL WINL, filtt U7-alphik - [
FRAHHEFTICE LT L ZAANL T 7V RO — 27 3 HE 7228, AR L2 % I E L7 BRIz AL~



A a b T T DT DRV T 7 RS HTIEO W R 7

TIVBOE — BRI T, IRGERIPEEFERICHEE T E=0 A, BT =0 LK ORI U 2
WZEEND~ N T ADFEENZ IV ANV T 7 T3 1 — NP 17 MR FRS VR W AT BEE DS RIR S AT
M E MBI L CE TR IERIOS A, AR CHL 7ot L VIS BN EY — s L2 b2 1 —R
DA T DA U EARH U KA BB AR ST LT3, TR T VB =7 S & FA B L TE DIRE OS54, %
T VBRI — )P T MR FFES W ATREME DN RIS = 2 8000, RIED S RN A #M 50k
BEERVEBIEEI O EL, B —F P HT L%E L7V Scheme 1 D5 ikEE L.

2) WEE—VDOEROHER

B EE— 7 DMERDT=8, ANT 7 fa G EN 2% LC-MS (ZEDHEFR L= il RS 34 Uz o\ T
2. 4) (1) Q) OEIETHIELZ. FEHIHER T T =7 % i L7AL IRkl 7 a~ T 2% Fig. 3 (2RI,
AT IV EEDOY — I DRIZ I DY — I BB NS Db o703, /BEEIL 1.5 LLETHY, HlEL
72T _RTOIEEHI B W T EY — 271380 bivieh o7z, £, fEIEHIE S5k % Table 2 1R
7.

Fig. 3 Ion chromatogram of compound fertilizer with ingredient made from ammonium sulfate

(Arrow: Retention time of sulfamic acid ion peak)

Table 2 Samples and materials

Type and number of samples Materials

1 Ammonium sulfate, Ammonium chloride, Ammonium nitrate, Urea,
Isobutylidene diurea, Ureaform, Superphosphate, Concentrated

Ammonium sulfate

Mixed nitrogen fertilizer 2 superphosphate, Fused magnesium phosphate, Processed phosphate
fertilizer, Potassium sulfate, Potassium chloride, Potassium silicate
Coated nitrogen fertilizer 2 fertilizer, Byproduct fertilizer, Ammonium phosphate, Compound

fertilizer, Magnesium hydroxide fertilizer, Slag manganese fertilizer,
Mixed potassium fertilizer 1 Borax fertilizer, Boric acid fertilizer, Fritted micronutrient mixture, Nitric
acid, Ammonia, Sulfuric acid, Phosphoric acid, Phosphate solution,

Compound fertilizer 28 Sulfur, Polyolefin, Paraffin wax, Chicken manure burning ash
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3) REROEHRMEORE
B SR (0.5 pg/mL) 122V T 2. 4) Q) I2it-> TRIEL TEb -/ u~ 7T 1% Fig. 4 [TRLTZ.
T, BREOREBRAEEREZTNE 2 BREIRLAIEL, B —7 mREEOR 35—k EFR
W TR ERAAERRLTZEZA, 1A D 95%E X IR A (0) 53 Eh, RIERE(2)130.99 BLETH
-7- (Fig. 5).

0.036
y = 0.0656x - 0.0002
r2 = 0.9987
2 0024 |
Q
>
=
8
l < 0012 }
3
o
Fig. 4 Ion chromat f sulfami 0 ¥~ ' '
lg. on chroma Ogramo sultamic 0 025 05

acid standard solution
Fig. 5 Calibration curves of sulfamic acid

(0.05 pg/mL-0.5 pg/mL)

(Arrow: sulfamic acid ion peak)

4) HRMEUERERIC k5 EE O

BRI 5720, BT =7 1 s OMLEAEE 2 SAiBte L, &lkle 3 A0MTCotr 5k
InIElERER A S L 7= & 5% Table 3 1R L7z, NIRRT ZNZI 1 % (EESH), 0.1 % (H &5 HF) L
0.01 % (HENR)HYELL, LRIIINETOGAAABBMFRICBITDRELLELL TRIELZ. W
FTHOENEES LEHERBRIE RSN TWDEEE D B AR AL T e,

Table 3 Result of recovery test

Spiked Criteria of the

Sample level Recovery trueness”

(%) ? (%) (%)
95.0

Ammonium sulfate 1 95.3 85 ~ 110
94.2
92.8

Compound fertilizer® 0.1 95.6 85 ~ 110
94.2
102.6

Compound fertilizer® 0.01 100.9 85 ~ 110
105.8

a) Mass fraction

b) Criteria of the trueness (recovery) shown in Testing Method of Fertilizers

¢) Materials : Ammonium sulfate, Ammonium phosphate, Potassium chloride,
Byproduct fertilizer
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5) PHTHEERUGEEEDTM

RIEOPHATREEE i OV RS BE A3 45728, AV T 7Iva &/ L COAIRS 2 Z Ik (R R LTt
M7 E=T KOWHIET o E=T ZIEE LI D) 1 R, 2T I FREEER A 0.05 % (H &0 3R) FY &Lk
DINTHIMUIACRAERE | SEHWT, ENEN 2 SOMTCHAEZZ TS [EIGH AT o725 R % Table 4 (C
RUTz. Fio, ZORERE T, —ToEE BT 21T > TR DN TR L e OV ETFS EE4 Table 5 (2R
7-.

WO FE HE HE(R 256 BEEHE S BR IES IR SV QOB O TRS BE (DR THE S HE(R 22) K OVFh RS B2 (p
AR AR 22) OFFREPHN Tho7o 280, RIEITH07e G EE A L CODI MRS,

Table 4 Individual results of repetition of the test on different days (% (mass))

Test day Mixed nitrogen fertilizer? ~ Compound fertilizer”
1 1.06 1.06 0.048 0.048
2 1.03 1.07 0.050 0.049
3 1.07 1.07 0.049 0.049
4 1.05 1.03 0.048 0.048
5 1.04 0.96 0.049 0.048

a)Materials : Ammonium sulfate, Ammonium nitrate
b)Materials : Ammonium sulfate, Ammonium phosphate, Superphosphate,
Potassium chloride, Potassium sulfate, Byproduct fertilizer

Table 5 Statistical analysis of repetition of the test results for estimating precision

Quantitative value Repeatability Intermediate precision
. - 1 a)
Sample of sulfamic acid 59 RSD® CRSD s RSD,n®” CRSD "
(%) (%) (%) (%) (%) (%) (%)
Mixed nitrogen fertilizer 1.04 0.03 2.8 4.0 0.03 3.3 6.5
Compound fertilizer 0.049 0.0005 1.1 4.0 0.0008 1.6 6.5

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

b) Mass fraction

c) Repeatability standard deviation

d) Repeatability relative standard deviation

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

f) Intermediate standard deviation

g) Intermediate relative standard deviation

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

6) EETREDHTE

LC-MS Z MWW TRV T 7V BRI G ENIRNZ EZMERR LIV RRIEEHT, 207 7 BRIREEDY 0.01 % (B &
53 3) 4 B L D FOREMERR A RN T 7 MM T CoadTL, IERKERBIEY MEE A SRBRIEO 2 PR
DO FNEICHE->TER FIRLZ O H FIRE Table 6 LBV L. ZOREE, & FIRIZ 0.004 % (E &5y
), B N ERIE 0.002 % (B &5 %) LEh i E Sk,

ERAEEI O LN TERUE TEDHILTCNDER T RE LS D F/N (%) TR OHE 1.0 % (B &5 3H)

=N
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TRBILI, AT 7 OB EATEEIT 0005 %Y, TRBIERHFD %L 7S i e
B AR LT, T, RS RBREY R T A BRI T MR T, A
o7, IR S OTER TR, SRRPRRROTAUCHET O RED 1L0mghkg BLEDHETILD 15 L
FThHESNTNHIEND, —EROALRIEE, SEER 35 A IS 0K AR B S HEES NI E
i FIRE FIEDATRERE D DA T, BT DL EN DS,

Table 6 Result of estimation of the lower limit of quantitation and detection of sulfamic acid

Spiked
Sample IEveI Mean"” 5,7 LOQ®" LOD®"
(9%)° w? o ()" (%)”
Compound fertilizer 0.01 0.00987 0.0004 0.004 0.002

a) Mass fraction

b) Mean value (n=7)

c) Repeatability standard deviation

d) Estimation of the lower limit of quantitation of sulfamic acid
e) Estimation of the lower limit of detection of sulfamic acid

f) Procedure(3.6.1) and (3.7.1) for validating the testing method in annexof Testing Methods of Fertilizers

7) AENMOEREBNELET SO I MEEORE

U MERERAAT > T BREO R EREIIE 1 30BHb 720 70 231X, AL 77 BEO(REHRERIER 27 45
Thot=Ziinh, WERRZERELIY YT MR LI, £9°, 277 B0 (R 2 e
5728, 0.3 mmol/L [T R AR A 90 %, 20 mmol/L fRfiEF R AVETi % 10 %D IRE Rl 7
PR RIIREEL L, Table 7 \ORLT2Y TV 0 A AV TR R HERR (0.5 ng/mL) & 2. 4) ()12
BEVBIE LTz, ZORES, A7 7 U MORF L 14 S H5EE720, SEORIER L 35 ST 52
L TETZ (Fig. 6) .

£, FIEEORBRAIEEREZTNEN 2 BEEURIEL, ©—2 TR0 ME k35— K EYE
&R EIRA AR L T2 25, BT 0 95%(E K BIICIFUR (0) A3 S, WELREL (7)1 0. 999 LU ETH
12 (Fig. 7). 2OV TV U MIHEA BIO MO I LI S e T M A CRRIE LTS ThY, FE
(2% BB TR L7 S h A O CHIE T 25 A I SR O TS R0 T A DA 4 S Rl ko C, B
LI TV M OFRAATI LI DD

Table 7 The time program of gradient elution

Time (min) 0.3 mmol/L Na,CO; (%) 20 mmol/L Na,CO; (%)
1-2 90 10
2-5 90 — 100 10—0
5-20 100 0
20 - 25 100— 0 0 — 100

25-35 0 100
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0.03 r
y =0.0572x - 0.0004
0.025 r rz=0.9995
£ o002
2
=~ 0.015
| g
© 001
4
3
o 0.005 r
0 1 1 1 1 )

0 0.1 0.2 0.3 0.4 0.5
Concentration (pg/mL)

Fig. 7 Calibration curves of sulfamic acid
(0.05 pg/mL-0.5 pg/mL)

Fig. 6 Ion chromatogram of sulfamic
acid standard solution

(Arrow: sulfamic acid ion peak)

4. F&O

AF 2 ra<w T T7 % T EB R DAV 7 7B HTEO W B A MGt th, H—BREIC LD 2% Y MR
BRI LT LA, IROFE RS-

(D BEOBRFHIBNWTAL T 7V BOREY — 7L L CREE LIRS T A HERR I O\W T, A4 A8 — R
VN7 LA U BRI LD RTLEE DR ET A1 T o728, ~ N 7 ZADFBIC LD ANV T 7 WA FE3C
Dol loh, RIEOXGARBH I IR D L LTz

() HER DI EY — 7 LRIEXMN R THIAN T 7V O — 0% S ¥ 5720, 77V NEIEE
FRETL, TREEE DY E CiHD 0.3 mmol/L 75 20 mmol/L [ZEEPEMC L9757 TV = Mg L=,

(3) ANT 7V Wt G FIRNT % LC-MS (ZRVHEREB L7 IEREAEEL 34 M2 W TRIEIZED T LI /E R,
AT 7 U ORI E E i E T DI — 71 TG5O BIR Do T.

(4) AVTFIUWEELT 0.05 ng/mL~0.5 pg/mL DR EFREVER LT-E25, UIH D 95 %35 X 25
(0) M EEA, RERI ) 1E0.99 LL ETH-T-.

() Wil T =7 K OMEENEEZ VT 3 JREE (E &5 0.01 %~1.0 %) CHINENGRER 21T > 75k
B 2V 77O EINERIE 92.8 %~105.8 % Tho7-. ZOHERIE, B RBRE RSN TWVAEEED
HAE &=L Q.

(6) PHMTREEE K OV IS EE A3 35720, IRA EHRIEH K O IERHE FVWT 2 mOMTCHAZEX T
5 BT ZAT T8 B, DM TR ER Z50T 1.1 %~2.8% THY, TR ER 713 1.6 %~3.3 % Tdh->
7o ZOREFIE, NEAMEFRBRIED I OREICOB I TR EE & OV RS BE O R i A N Th o 7.

(1) AT I EOPRRFED 0.01 Y% (B 55y 5) #H2 H 72D LOREMER A IR I L7 ALk -V CAf TRk
B (n="7) ZAT T2/ R, E R TRRIT 0.004 % CE &5 3) R, M FIRIE 0.002 % (B &5y =) R LHEES
ni-.

UL EDZEND, RIEFEE OV T I WA RE T 572018, +07eEiEEZ A L TWDHIED RSN
7-.
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Determination of Sulfamic Acid by Ion Chromatography

OSHIMA Mayu!, YAMANISHI Masayuki*

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

The analytical methods for sulfamic acid described in Testing Methods for Fertilizers (2022) include an analytical
method using ion chromatograph (IC) and an analytical method using liquid chromatograph mass spectrometer (LC-
MS). However, in past studies, the analytical method using IC could not separate the interference peak of organic
acids contained in fertilizers made from organic matter, so the target fertilizer is limited to ammonium sulfate. Then
we examined the measurement conditions of the IC, validated the IC measurement method in a single laboratory
for determination method of sulfamic acid in fertilizer.

We extracted the sample by adding water and stirred for ten minutes. After centrifugation, we analyzed sample
solution by IC, on an anion exchange column (4.0 mm internal diameter, 250 mm length, 5 um particle size) at a

flow-rate of 0.7 mL/min, using mobile phase of sodium carbonate.

As aresult of 3 replicate analysis of 3 fertilizer samples (ammonium sulfate and compound fertilizer) spiked with
sulfamic acid (0.01 %, 0.1 % and 1.0 % (mass fraction)), the recovery range were 92.8 % - 105.8 %. Repeatability
relative standard deviation of sulfamic acid were estimated 1.1 % - 2.8 % by analyzing 2 fertilizer samples (mixed
nitrogen fertilizer and compound fertilizers). Similarly, intermediate relative standard deviations of there were
estimated 1.6 % - 3.3 %. The limits of quantification of there were estimated 0.004 %, and the limits of detection of
there were estimated 0.002 %. Those results indicated that the developed method was valid for the determination of

sulfamic acid in fertilizers.

Key words fertilizer, sulfamic acid, ion chromatograph
(Research Report of Fertilizer, 16, 1-13, 2023)
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2 <BHEELIRVKBEEETLIAEDEOHDIL—LRFRIL

(K& 202.5 nm) D TEREFE (T
—ERIARRRIC S DR AR

INARFFR!, RKEFEHE
F—U—F d, TU—ARFRORE, LR, R 202.5 nm

1. [FE®IC

T D7 a— A HEL e, A PRI AR D TR E DS ERRE 5 OREREL 22572 1912, WTO/TBT 1
TECIHEEBEHREEZ AW ENRE ST TV, S EICEWTH ISO/AEC 17025 (JIS Q 17025) VA& s+
Z T HTAE RO MR N BB SN TRY, ISO/MEC 17025 Ti, FEES - [E S L2 S MEA R
SN FEERETHILETRL TS, Fiz, IEEO SE ORI T 2155 TED LIV RO F25%
32 NARDEO R IFIEIC DWW, EMKER RO KRR RBRE D MR ESIL TS, Z0iz
0, BEEHEBRIEIL 2 G P E SRR S TV DL BN DD,

W& 2852 nm MW7 L — NEFBROGIEIC I DT + R OOKEMETE O HriEiz on T, EER
A EEUE L X B a ] 2L (R 3R BR 12 LA 32 24 M fife 28 (HCV : Harmonized Collaborative Validation)® 2374041, I
BHERBRE ARSI TODD, JVIRERE O K 202.5 nm % W 72 RIHHEIZ O W I ER S TV e
ofz. MR, M oRERELL BRSNS REH AMERRO DA END, 55 2 A EIZHIE R
FEOBMOT-, H—RBR=RIR )5 % 4 MR (SLV : Single Laboratory Validation) 175722 A TH5Y .

AlEl, HCV 2RI Z1T97280, 71— S FROGEE (R 202.5 nm) & A7z KEMERE + K OUKEE M
TOGHHEIZ DWW CERILFRRBR A ML, BRI FHBMEOFMEIT 70T, ZOMELZRE T 5.

2. MBERUAHE

1) ¥EUHEZARMNRUARERAFEMORAR

JEEFE LTt L CODALRIEEL (3 FEER) , FeERd A IEEN (2 FiR) , SRSV VT OERE IR, Hrlein B+,
TRAA AR, 00 A BEAEARL K OVE A AUEE R LTz, (L2 IERI O R E LT, ALRAEEHI A BEAD
EREEE X O 2 3 A L7V MERIEEL, f5 @RS IEEHIABAVELS, SESWTWERE IREHIRORE AR
HEAF Z UL TR WERIR G, TR A HAREHT 2 SO L IREH R A LT-b 07 8 THY, ME-CrER MR
SN EE L.

AEHIEBAZ 500 pm (AR ANE K OFESWITWERE IEEHZ DWW TIE 212 pm) DSV i3 5E T
L, B2 IRE Lz, ZHOFENG, BB B 82 5 FEZSINL, 80 1.9 g #2heh
REARVELRT 1 OB L 44 5 el TRELT.

FRBRIE B RT3 0508 220l (5X44) ITELEFRZ W TIU X WMIERSZMAL, SBHZ LT
INHOFEBIUIZREINDELEEE O CGREIOFEET L7 % A2 10 83>k &H, S8 rEmess ek
L7z, I, BBRIEH 2212 5 fEORBINOZENENT o Z B2 2 E3 L, —BR=EITE 3235

VIRSEATBOE NEMOKBE B et 2 —2 e 2 —
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VAR 1 M OUKER M HIE DT D7 L — AR W1 (H4202.5 nm) OVEREREAT
— AL FERBRI L D2 Y PEERE — 15

R AR E L, SR B S e m R 2 Y L 7.
AR M2 R L 721k, SERRUBR R 2 L RIRUBR 2 IR == Sk A LTz

(GL[RIABRZS N ER =)

© AL TR SEE RS

- TURIEE T3St AT

- Y ruAatt BTG

© MSIATEAE NEMOKEH R LaEdi b 27— w2 — LB

© JNIATBOE NEMOKEEN B et 2 — L 2 — EfEHR AR
- PNIATBOE NEMWOKEHE et 72— et 72— Rt AR
© MSATEUE NBMOKEN T el 27— At Er 72— EEER
© MNATBOE NEMOKEEN B et 72— Al B 27— ki
© PSTATBOE NEMOKEH B 2 atidfre 7 — @it 7 — JEEHRARR

- MSIATBOE NEMOKPEH B 22t 27— A NREEH SAA IERhE & iR
© BRTT7—HRAEt AR TY

— BRI R T— oy O AL RIS N

(50 #IE)

2) XERURR
FBREDRA L TR, By b7 L — MR ORI TS E 2 I, <EPE foshiH o
(IR b T R RV IR A 72 K AR IR IR R EIE KA 2 L7z

3) oA E
SERMEHE A R OUKIEHE R +0RH R OVAIE, Table 1 OERBIREMERERED O RER T IEZ V-, 72
B, 2208, £R R 1EO7a—2—k(Scheme 1 & T Scheme 2) 7~ L7-.

Table 1 Component and Measurement

i Testing Methods for Fertilizers (2022
Test item Component g (2022)
number Measurement

46.3a Flame atomic absorption spectrometry
1 Citric acid-soluble magnesia ~ (C-MgO) (4.1.1)  Citric acid solution— Constant temperature rotary shaking (30 °C)
(4.1.2)  Citric acid solution—Reciprocating water bath shaking (30 °C)
46.4.a Flame atomic absorption spectrometry
(41.1)  Water—boil

2 Water-soluble magnesia  (W-MgO)
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1 g analytical sample Weigh to the order of 1 mg 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
aKing 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 magnesia in fertilizers
(Extraction)

1 g analytical sample | Weigh to the order of 1 mg 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 magnesia 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 (202.5 nm)

Scheme 1-3 The flow sheet for citric acid-soluble magnesia in fertilizers
(Measurement)
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| 1 g analytical sample | Weigh to the order of 1 mg to a 500-mL tall beaker
< About 400 mL of water
| Heating | Cover with a watch glass, and boil for about 30 minutes
Cooling Immediately
| Transfer | Water, 500-mL volumetric flask

<—Water (up to the marked line)

| Filtration | Type 3 fiter paper

| Sample solution |

Scheme 2-1 The flow sheet for water-soluble magnesia 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 (202.5 nm)

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

4) HRFABRRARHOHEMHE
TUPAC/ISO/AOAC DFREFRER 7 b= /L1 ZHEy, INIZEFhH L= &7 100 iEHZ W T Bz &
2 HOHTTHRT L. 7o, BMEE LI oW TR ER B FisE R RDIE- A H L T L.

5) #*MERER

EFRIFRBRICEINUZ 11 RBRE O AR O i LR 706/ AT ORI 20551 Table 2 OEBVTH
v, TNENOREREIC I)ICROFRRLUIZEF 20 308 (A H Z& 10 30EE , 0 FIAMER AR 3 e
HZEH 1A ORBR i B EA B AL, S aBREEI28V T 2022 47 A 20 H~2022 45 10 A 12 H O,
HREHZ R 35 3) D HTIEIC e > ToHbT LTz,
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Table 2  Equipment used

. . Shaker (Selected when the sample solution is prepared)
Model of atomic absorption

3
Lab ID spectrometer Citric acid-soluble manganese
(C-MgO0)

A HITACHI, Z-2310 Constant temperature rotary shaker
B HITACHI, Z-2310 Constant temperature rotary shaker
C SHIMADZU, AA-7000 Constant temperature rotary shaker
D HITACHI, Z-2310 Reciprocating water bath shaker

E HITACHI, Z-5310 Constant temperature rotary shaker
F HITACHI, Z-2310 Constant temperature rotary shaker
G HITACHI, ZA3300 Constant temperature rotary shaker
H HITACHI, ZA3300 Constant temperature rotary shaker
| HITACHI, ZA3300 Constant temperature rotary shaker
J SHIMADZU, AA-6200 —

K SHIMADZU, AA-7000 —

a) Laboratory identification (random order)

3. BRRUEER

1) HRAEBRAFEMOYTEERSE

HRBRIEE 5 FEOREE 2 SOMTTONT LIS RO (X) K OZEDRGHFIZOWT, —IohdiE sy
BT DDA R B2 W TR MU O TR MER 22 (s,) , SRBHEIER R 22 (spp) , DHTIEZ G o
BHEEEHE (R 7% (sp4,) & Table 3 1TRLTZ. SBIC, IEAHERBRIEIOR SN T AR B O H % (CRSDR)
FOENLBE (G 1) L7 H#EE =R B BUELER 7 (6 ) 2 [F U< Table 3 1T/RLTZ.

BIEMEOHE L, TUPAC/ISO/AOAC DOEHRERER 7 b=/l (2006) ' O FNEEZSZICEMLT=. £, /94T
FE RO HM 2R 5728, Cochran DR EZR FEiL7-. FOFEHE, T _XTOREHIBWTHIEITERD
LIRS TTD, ZIBD BTG RIZ DWW T Bl E S T 2 ML, PHTIRERZE (s,) & OF0BHH AR
Y2 (spp) 2ok, (R 3 ICEDBHTEHENR 2 (s,) ZRFL 7. 2 CORBCHIER R 3) 2L TV =2
END, BB MERERRRBRIC AW A O B TR B IR T 72V 2 &AM R S -, IRIZ, TUPAC/ISO/AOAC
OEHRERBR T TR L O+ E O ER (K 2) 2 O T EIEORIEE T o7, ZOREE, 2 ToRErT
HER (R 2) AL T2 en s, R AR L TR YR EMEEZ AL QDT e RISz, Fiz,
(N D& THITHEZ S LoRlBH R IR 72 (sp4p) 2 LTZLZA, WM ORUERGHEE = PR B
R7% (6r) L T/NSUWMETH -7,

Gr = CRSDg x /100 <o (D)
spp < 0.30, = 0.3y -+ (02)
s <050, =0.565 o0 (203)

Sb+r = v/St% + Spp? <o+ (:04)
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p={111)

Gr HEE =) A EBUE R 2
CRSD g : IERFERBRIA RSV TOD = ] P LR BE (S5 ) PR B SER R R 22 (%) ) DO B %

X RREEE sy DM TR MR 22
op 1 ZUVEREREEATO B BYICE B LI R &
Spp : AVEHEAE ER 2 Spar - DHTREEE 25 Lo RUBHR B MR 22
Table 3  Homogeneity test results
Component Sample No.of % CRSDg? 6x® sw® 03837 5:®  056R" Spar’
Sample (%)Y (%) (%)” )Y ()”  (0)” (%)  (%)”
Fused phosphate fertilizer 10 12.80 3 0.38 o 0.115 0184 0.192 0.18
P hosph
Citric acid- rocesfze:“ie?s'o ate 10 931 4 037 005 0112 0163 018 0.7
soluble
uoe Slag silicic fertilizer 10 6.81 4 027 0016 0082 0091 0136 0.09
magnesia
(C-MgO) Compound fertilizer 1 10 3.44 4 0.14 o> 0041 0052 0069 0.05
Compound fertilizer 2 10 3.17 4 013 0030 0038 0049 0063 0.6

Magnesium potassium sulfate 10 18.20 3 0.55 0.06 0.164 0218 0.273 0.23

Mixed magnesium fertilizer 10 11.85 3 0.36 0.06 0.107 0.041 0.178 0.08
Water-soluble

Magnesid — pesignated mixed fertilizer 1~ 10 5.43 4 022 005 0065 01085 01086 0.12
(W-MgO)

Compound fertilizer 3 10 3.33 4 0.13 o) 0.040 0.037 0.067 0.04

Designated mixed fertilizer 2 10 2.22 4 0.09 o) 0.027 0.039 0044 0.04

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

b) Mass fraction

c) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2022
d) The estimated standard deviation of reproducibility calculated based on CRSD

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 (s )

i) Standard deviation of sample-to-sample including repeatability : Spar =V Spp? + Sy

i) When the variance between groups < the variance within a group, s> was considered as 0

2) *RARBERRUNANERE

FRRED DA SN, EEMEE TIZOWTOIL[FRRERAE A Table 4-1, KM LI OV TO IR
Bufs % Table 4-2 IRUTZ. & R8I0 3 HT B ORE R % TUPAC O 3L mhaLth 12125 o T FHL
L7, oS R o nEz# 9572912 Cochran D E & Y Grubbs D E % £ it L7=.

REREODHHEROIG, RMEELTIE, 5 FEOIEEIOIBIERD AR, SEEVFOERE ARE % UMLK
JEEL 2 TENEI 1 RBRESANEEL CHIESNE. — 07, KB i, 5 FBEO RO B EELS
AEEE 1 C 1 RBREDIMUELL CHESIL, FEERCAIREL 2 T 2 BBR=SAVEEL CHIES L.
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Table 4-1  Individual result of citric acid-soluble magnesia (C-MgO) (wiw %)
Lab ID? Fusefcirp;:i(;z?hate Proces}(zei?ilir;?sphate Slag silicic fertilizer ~ Compound fertilizer 1 ~ Compound fertilizer 2
A 12.62 12.51 9.07 9.10 6.63 6.62 3.34 3.16 3.04 3.29
B 12.94 12.96 9.36 941 6.86 6.91 3.40 3.49 3.27 3.17
C 12.43 12.56 9.32 9.11 6.86 6.76 3.53 3.44 3.28 3.12
D 12.94 12.92 9.36 9.57 6.87 6.85 3.52 351 3.24 3.17
E 11.24° 11847 9.0 8.69 6.42 6777 336 3.45 3109  2.987
F 12.81 12.70 9.13 9.16 6.74 6.86 3.43 3.39 3.26 3.20
G 12.74 12.78 9.42 9.34 6.80 6.82 3.44 3.44 3.13 3.31
H 13.03 12.91 9.44 9.49 6.83 6.80 3.46 3.58 3.16 3.34

I 12.80 12.74 9.27 9.23 6.80 6.82 3.49 3.24 3.37 3.10
a) Laboratory identification (random order)
b) Outlier of Cochran test
¢) Outlier of Single grubbs test

Table 4-2  Individual result of water-soluble magnesia (W-MgO) (wiw %)
Lab ID? Magnesllljjrrr;apt)stassium Mixe?er::;igzcresium Des]igl:zltiigrniixed Compound fertilizer 3 Des;ger:f;ltiigrrgixed
A 18.26 18.27 11.61 11.63 5.11 5.05 3.27 3.28 2.23 219
B 18.44 18.63 12.09 11.99 5.40 5.59 3.35 3.32 2.107 2.32"
C 18.54 18.66 12.14 12.22 5.78 5.75 3.32 3.32 211 213
D 18.86 18.68 12.50 12.54 5.39 5.69 3.39 3.33 231 2.30
E 19.20 19.25 12.23 12.23 5.46 531 3.48 3.45 2.22 2.25
F 18.52 18.55 12.05 11.83 5.28 5.46 3.33 3.30 2.05 2.02
G 18.52 18.48 12.01 11.81 5.58 5.54 3.33 3.30 2.25 2.20
H 18.57 18.35 11.67 11.62 5.28 5.42 3.26 3.27 2.33 2.24
J 19.07 18.67 12.23 12.24 6.00 6.07 3.27 3.28 2.10 217
K 1819 1846 1143 1151  359® 6197  3.34 341 108 259"

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

3) BHTRERVEMBERE

I IE A BRAN T2 AT A RO B DU S, DR TAR YER 22 (s0) S OVOFT AR A VAR 72 (RSD:)
MO =2 [ BT (R 72 (sr) M OV T 5 BUAH R AR ME (R 72 (RSDR) % Table 5 (Z/RL7Z.

EEMETE T OVEIEIL 3.22 % (E 557 3) ~12.77 % (B &) THY, ZOPHTEEER 7 (s0) 13.0.04 % (&
BH) ~0.12 % (B EYFR), D THXHEHERZE (RSD,) 1 0.5 %~3.8 %, M HSAEHERZ (sr) 15 0.08 %
(E &) ~0.21 % (B E7HR), EFRFBFEMERERZ (RSDr) 13 1.2 %~3.8 % Th-o7-. KiEtEE 10
PIEIE 2.19 % (B 3R) ~18.61 % (HE/YF) THY, TOUTHEEUER 2 (5) 1% 0.02 % (E 255 R) ~0.14 %
(&3, OMTHXME R ZE (RSD) 1T 0.6 %~2.0 %, = B AR 2= (sp) 1X 0.06 % (& &%) ~
0.33 % (&), =M HEIFE R ERZE (RSDr) 13 1.6 %~5.1 % Th-o7z.
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Table 5 Statistical analysis of Collaborative study results

Labs Mean® s9 RSD? 2*CRSD,) sg? RSDR" 2*CRSDg"

Component Sample
p@?  (%)° (%) (%) %) (%) (%) (%)
Fusedphosphate o (1) 1577 006 05 3 018 14 6
fertilizer
Hi i Processed phosphate
Citric acid T 9 (0) 925 0.12 1.3 4 0.21 2.3 8
soluble f_P:rl:IhZEI’ -
magnesia Slag silicic fertilizer 8 (1)  6.80 0.04 06 4 0.08 1.2 8
(C-MgO)  Compound fertilizer 1 9 (0) 343 009 25 4 0.10 3.0 8
Compound fertilizer 2 8 (1)  3.22 0.12 3.8 4 0.12 3.8 8
Magnesum potassium gy 1861 014 07 3 030 16 6
sulfate
Mixed magnesium ., (5) 1193 008 06 3 033 28 6
Water-soluble .fert|l|zer _
magnesia Designated mixed o (1) 551 0117 20 4 028 51 8
(W-MgO) fertilizer 1
Compound fertilizer 3 10 (0) 3.33  0.02 0.7 4 0.06 1.9 8
Designated mixed ¢ (o) 999 003 16 4 009 43 8
fertilizer 2

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 removed (n =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 2022
g) Standard deviation of reproducibility
h) Reproducibility relative standard deviation
i) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2022

4. FLH

EEHE R BRE D TGS T2 7 b — DA (B R 202.5 nm) (22D <M 1 R OUKTEME S 12004y
FrEIZ DN, IRMER 1% 9 BB =R, /KVAME R 103 10 SRABR=E T4 10 18 (5 R X 2 f#) oalkl 2 W E
BRAICAE R L SN DL FRRER A T2 L, M BN OR&1T -7z

ZORER, IEMEREHITFSME 3.22 % (EEYR) ~12.77 % (B 85y 3R) O#PH T 05 W B 6 U
f72% (RSDR) 1 1.2 %~3.8 %, KM HIZ I 2.19 % (853 3E) ~18.61 % (B £33 O#FA TE D=
A SR SHE YR 72 (RSDR) 1 1.6 %~5.1 % CTdh o7, HFEIRRERGE B O OFF THE R YR 72 (RSD,) K OV
ﬁ%ﬁffﬁi‘ﬂ%i@ﬁ% (RSDR) 1, NEEFERBRE KHEE A7 OB Y HEMRO FIRIRSILCODEREL ~ L

BIDEED B ZLL T Thor-.
AlE a2 AT, BEICH—3RBR IS LD 0HTHED 2 Y VERERR (SLV) SETWBZEND, ARIEITHIE
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Performance Evaluation of Analysis Method
for Citric Acid-soluble and Water-soluble Magnesia
using Frame Atomic Absorption Spectrometry (wavelength 202.5 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 magnesia in fertilizer using frame atomic absorption spectrometry (wavelength 202.5 nm). These
components in fertilizer were extracted and analyzed by Testing Methods for Fertilizers 2022 test procedures,
respectively. We sent 5 materials in one component to 11 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 magnesia were reported 3.22 % - 12.77 % as a mass
fraction and 1.2 % - 3.8 %, respectively. Those of determination of water-soluble magnesia were reported
2.19 % - 18.61 % as a mass fraction and 1.6 % - 5.1 %, respectively. These results indicated that each method
has acceptable precision for determination of citric acid-soluble magnesia or water-soluble magnesia in these
concentration ranges. In conclusion, those results demonstrated these methods were validated for citric acid-
soluble and water-soluble magnesia in fertilizer using frame atomic absorption spectrometry (wavelength 202.5

nm).

Keywords  magnesia, flame atomic absorption spectrometer, harmonized collaborative validation,

wavelength 202.5 nm

(Research Report of Fertilizer, 16, 14-23, 2023)
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2. MHRUAX
1) BHE
FEAE T DAEEH I T IR E IV TOD URTGIR AR 2L FH L 72, A5y 7oA it X Table 1 &350,
PEUE KT AR 32 AR S OB T AR F X CHEEAR B U CREGRIED IR IR, Vg —KFET U E=T L
K O AV 2&fl U=, 15 TR AEE S OV IE RO 2 B 43 D 3 BT i T AR S 3R BRES |12 Lo 72 (Rl E AR D
%4y B E Table 2 (/R L70) . ZO0fth, AT ADYUGED T D A K (REEIIN T MR 2 LT-.

Table 1 Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen %°) 55 M oisture %°) 11.2
Total phosphoric acid” % 47 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® % 14 Total cadmium® mg /kg 28"
Organic carbon % 36.0 Acid-solubility -cadmium® mg /kg 18

a) Mass fraction

b) Content as P,Os

c) Content as K,0

d) Content as CaO

e) 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

Item Unit  Urea Ammonium dihy drogen Potassium

phosphate chloride
Total nitrogen % 46.1 12 —
Total phosphrus” % - 61 —
Total potassium®’ %) = - 63.1

a) Mass fraction
b) Content as P,Os
c) Content as K,O
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2) TIEOELEH
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3) HBRROHA
AR T 1 BRI OmEfEZ 4 m? (it 2 m X B8 2 m) &L, IGIRNEEEH X &K CHEREX 220 2 )R OF
4 ABRIXARLE LT

4) HERBE&Et

13 HAERTL YT RN 14 4 B BE=0 Y OfE R it % Table 3-1 & O Table 3-2 (2R L7, S Al
FHE, FEREWRIEEYE (5 EIR) 5B ICREH Lz,
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Table 3-1 The fertilization amount (spinach in winter 13th)

Types of fertilizer Amounts Components (g4 m) Amounts Components (kg/10 a)
(g4 md) N P05 K,0 Cd (kg/10 a) N P,0s K0 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 —
Total 211 164 72 0.0085 53 41 18 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 —
Total 80 88 72 — 20 22 18 —
Table 3-2 The fertilization amount (carrot in summer 14th)
Types of fertilizer Amounts Components (g4 m%) Amounts Components (kg/10 a)
(gam®d) N P05 KO MgO0 Cd (kg102) N P05 K,0O MgO Cd
<Sludge-fertilizer-application 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 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 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 P05 K,0 Cd (kg10a) N P05 K,0 Cd
1st Sludge fertilizer 332 11 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 —
1st 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 dihydrogenphosphate — — — — — 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 dihydrogenphosphate — — — — — 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 —
5th Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Summer Ammonium sulfate 81 17 — — — 80 17 — — —
Carrot  Ammonium dihydrogenphosphate — — — — — 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 —
5th Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Winter Ammonium sulfate 87 18 — — — 71 15 — — —
Spinach  Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 26 — — 16 — 29 — — 18 —
Fused magnesium phosphate 250 — 25 — — 250 — 25 — —
Slaked lime (pH adjustment) 196 — — — — 218 — — — —
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 dihydrogenphosphate — — — — — 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 dihydrogenphosphate 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,0s K, O Cd (kg10a) N P,0s K,O0 Cd
7th Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot  Ammonium dihydrogenphosphate — — — — — 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 dihydrogenphosphate 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 dihydrogenphosphate 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 dihydrogenphosphate — — — — — 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 dihydrogenphosphate — — — — — 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 dihydrogenphosphate — — — — — 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 dihydrogenphosphate — — — — — 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 dihydrogenphosphate — — — — — 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 dihydrogenphosphate — — — — — 39 5 24 — —
Potassium chloride 22 — — 14 — 25 — — 16 —
Total 33 24 16  0.0014 19 24 16 —
11th  Sludge fertilizer 500 29 24 2 0.0014 — — — — —
Winter Urea 31 14 — — — 33 15 — — —
Spinach  Ammonium dihydrogenphosphate — — — — — 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 phosphate — — — — — 27 3 17 — —
Potassium chloride 20 — — 13 — 25 — — 16 —
Magneium sulfate 25 — — — — 25 — — — —
Total 44 36 16  0.0021 19 17 16 —
12th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Winter Urea 23 11 — — — 34 16 — — —
Spinach  Ammonium dihydrogen phosphate 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 —
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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,0s KO Cd (kg20a) N P,0s KO Cd
13th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Summer Urea 4 2 — - - 32 15 - -
Carrot  Ammonium dihydrogen phosphate 7 1 4 — — 34 4 21 —
Potassium chloride 20 — — 13 — 25 — — 16 —
Magnesium lime (pH adjustment) 200 — — — 0.0002 200 — — 0.0002
Total 44 40 16 0.0023 19 21 16 0.0002
13th  Sludge fertilizer 750 41 36 3 0.0021 — — — —
Winter Urea 23 11 — — — 34 16 — —
Spinach  Ammonium dihydrogen phosphate 9 1 5 — — 36 4 22 —
Potassium chloride 24 — — 15 — 29 — — 18 —
Total 53 41 18 0.0021 20 22 18 —
14th  Sludge fertilizer 750 41 36 3 0.0021 — — — —
Summer Urea 4 2 — — — 32 15 — —
Carrot  Ammonium dihydrogen phosphate 7 1 4 — — 34 4 21 —
Potassium chloride 20 — — 13 — 25 — — 16 —
Magnesium lime (pH adjustment) 200 — — — 0.0002 200 — — 0.0002
Total 44 40 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)

5) A

FeRFOMEENT Table 5 LY. fuflix, FRBRXOFRE 1K) 12 kg Z4ITEY, Table 3-1, 3-2 DOJfEERF
IZLTe3 > THEBZ IR TIRA L, BalBRIXERBICHEICHAT L. 72k, BBRIXOEID 1 m 045y (7—
RTZ) 20, X OREAE T ERICEIA THRILL /2. 20k, Btz AV CESH 15 ecm £THHEL
7-.

SIS DRI T O R EDE M kRE BELT-A ATV ) R FlE AL, BRSK 15 em £T
BHEL CREZ OB LI, BB NE 9 54 (5[ 20 cm) R T —& — 7 — 7 I LS 1248
FELT=. 7236, = DU RREERH IR AR X R & U TR Al D4 1 =—)1 1000 2 I L7Z.

Table 5 Cultivation summary

Spinach Carrot

Species Miirage Koigokoro
Fertilization 2021.10.7 2022.4.11
Pesticide application 10.7 4.18
Fungicide application - 6.16
Seeding 10.15 4.18
Thinning (first) 10.29 5.19
Thinning (scond) 11.12 5.30
Harvest 2022.2.17 8.3
Cultivation period 125 days 107 days

6) EMikDRNE

ROV Yy DR (ATRER) 2L T2 1%, TR WREL, (ERO HEZRBRKEICHIELZ. 561,
BRI R 1 m? 3Tk, JKIEK, (A SZHIKDNEIZYEFL, HTAETH IRFLIR LI 1208 R L
(2T 65 CTBARIRL.

ZUVAATONTUIRIZOW HEAKGEK THRVWEE L, BTy 7 Ra T2 A THERR LARFS (AT AE50) (12
GIkrL, 2N ENOEEERBXEICHELZ. SO, BB FRO 1 m? 52 TE, KK, 14 233HiK
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DNEIZYEA L, BEHITH T A% T H R LT % @R AR 2T 65 °CT— B L. IR eIy
AT 2 AT BIWT L7212, R ERER 2T 65 °CT— BRI LT,

HLIEUT- 30k B BHE 500 um D 550 EiEiE T 5 E THifeié (ZM200:Retsch 72— —[al#5%L 6000 rpm)
Tl o FEERE LTz,

7) YEEDAREY LA

SINTERER 0.5 g (ZhHEE 4 mL K ONEER (/KSR K 1 mL 2002~ A 27wl 5y i i& (ETHOS EASY:~ A /L AR
— BRI NS AL) THMSD LTob O CRORFRIE DA UL AL, SOICHEE 1| mL 2002 THLEL) % 50
mL (ZERL, ICP E &% (iCAP RQ :Thermo Fisher Scientific) z VN CHIEL7=.

8) HihtIRD ST

IHERS, Wt H 2 s R HIE IS K VER IR L 72, &3k BR X D VEM (R A I RHE L 7= 35 AT &[] U Ak Bk X o
1 m2 O PURE L O ROFE 5 ETEY, £ 1288 (WA 50 mm X KX 250 mm) 2 VW CTRENDH 15 em 0
I, IRA Ui, RS E AT 45 °CT—i Ll Bz, HEE 2mm 05250 2@l Lizb D% /54
ke,

TP OEARIVAL, SHEE 0.5 g (2, MEEER 5 mL, @ERL/KFE KK 2 mL, MO 7 ALK EBEK 1
mL 2%, A7 SRS EIC L0 R LT 1%, ISEE 1 mL, W RS | mL 2002 B~ A 27 ril 25 i i
IZED oL, SRR E LTz, JIE I ICP E ST s s L0 T o7,

0.1 mol/L ¥l rI¥E 7RI 4 (0.1 mol/L HCI-Cd) i%, 2345k 10 g (Z%FL 0.1 mol/L HC1 50 mL /%, #9
30 °CIZIR B2 035 1 RFEHR VIR Tl L7 3UBHIRIC DT ICP B BT dE B2 W ClllE L7121,

9) HittTIBOEESRDHRI YL

13 42 [ O 38 GHIEIREHREHT X 2 X, FRHEX 2 X) D 5 em ORIV AR EZ MR T 5720 1
R0 2. 8) TRLEFIETERLZHTHEIZT 0 cm 205 5 em O HHEZEEEE, [RIUEHLE/ED 5 ecm 25 10
cm, 10 cm 725 15¢cm, 15 cm 725 20 cm ZZAVEAVERIRL 72, 8RR 2 VT 45 °CC— Wiz iz, H B
T2 mm D55V EEIEURA L7cb D2 HEEHE LTz

SFTERER 0.5 g 12, FEEEKY 5 mL, WL AKEAR 2mL, K OT7 AbKFERER | mL ZI1Z, ~A 27055 iR
BB ICID MR-, 2 1 mL, @R 1 mL 2002 FE~A 70l e @ C I iRl , sEHRIREL
7=, JEIX ICP B &/ Hrdki@E 2 kv T o7,

3. HWRRUBE

1) &4ERoLoynD

(D ERDIL R, FIRID LJREE

13 4F H &AERT L D Ot B Table 6 128 LT-.

B, VHIRAEEHEH X C 12.1 kg, FEYEX T 11.8 kg THY, FEUEXIZ 5T D5 TRALEH FH X DU EHEEL
1% 103 Th-orz. 1 FHDD 13 4 H DOEXNEDOINEOHESE A Fig.2 (TRULTZ. RUL YU BT ORIV LR
FET, VBURREEHIE A X C 0.081 mg/kg, FEAEX T 0.054 mg/kg Th-o7-=. 1 4FEHMD 13 4EHDARTL VT BIY)
ORIV LREOHEREIE Fig.3-1 [RLzEBY, BAHIEZEE S (LIT, TCodex ZEE LV, ) NEDD
FEAEET (0.2 mg/kg) (2R L TRV I THER L CU Tz,
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Fio, ROV YT R OTIRIT LPRFEIZONTHEREZ R LI2E A, IGIRIEEHEH X T 0.53 mg/kg, 1%
HEXC 0.33 mg/kg THY, (HIRAEEHEH K23 B2 @R R Th 72 (p=9.4X109) .

TGIRIERIOHE I LRIV YT R D IIRIT AR EOHER 2 Fig.3-2 IIRLIC. 1 FHDD 13 4FEHE
TEEUFRIHTUIZEZA, 1GTEARE i X & OEHE X S I A8 80 DL o7z,

Table 6 Yield of spinach (edible portion) and Cadmium concentration (winter 13th)

Unit Test plot-1 Test plot-2 Average  Yield indext’ Signti];Lc:tance
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 12.1 12.0 12.1 103 -
Cadmium concentration (fresh matter) mgkg 0.080 0.078 0.083 0.083 0.081 -
Cadmium concentration (dry matter) mgkg  0.52 0.51 0.55 0.55 0.53 Significanceb)
<Standard plot (SP)>
Fresh weight kg 11.8 11.7 11.8
Cadmium concentration (fresh matter) mgkg 0.055  0.059 0.050 0.051 0.054
Cadmium concentration (dry matter) mgkg 0.33 0.36 0.31 0.31 0.33

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) )

rJ
I

BAP osp

Yield (kg)

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

Fig.2 The yield of the spinach in winter (Note: 2nd year (qinggengcai))

020 1.0

ke )

- - AP O-SP
0.15 03 1

06 —0-
2010

0.05

Cd concentration (mg/kg)
toal ¢
Cd concentration (mg
o s

2 0.00 0.0
q 1 2 34 56 7 8 910111213 1 2 3 4 5 6 7 8 9 10111213
Year Year
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))
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(2) Wit LD A RIT A

13 4 H & MERT Lo B 130D 0.1 mol/L HCI-Cd, pH (H20) K& TN EC &/ L7=#& 5% Table 7 ([Z/”L
72. 0.1 mol/L HCI-Cd 1%, 75V fEkHiE i X1% 0.28 mg/kg, FEHEX L 0.16 mg/kg THY, 1HIEIEEHEF X TH
BEIC@ED-o7= (p=7.9X107).

Table 7 Characteristics of cultivated soil (winter 13th)

Unit Test prot-1 Test prot-2 Average SlganStance
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HCI-Cd® mg/kg 0.26 029 027 028 0.28 Significance”’
pH (H,0)" 6.0 6.0 -
EC® mS/cm 0.10 0.10
<Standard plot(SP)>
0.1 mol /L HCI-Cd mg/kg 0.16 0.15 0.16 0.16 0.16
pH (H,0) 6.3 6.2
EC mS/cm 0.06 0.06

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) BEE=2PY

(D EIRDI R, TIRID LR EE

14 2 H BE=0 D0 OfER% Table 8 IZ/RLT-.

IV, VHURERHE X C 17.1 kg (FRHEB 12.5 kg, HEH0 4.7 k), ARHEX T 17.0 kg (BB 12.2 kg, HEHS 4.8
kg) THY, FEAERIT T D15 VE B H X DU EFEEUT 101 BRES 102, FEE 97) Tho7-.

1AEE D 14 4E BICBITD EEDOINEDOHES & Fig.4-1 GET), Fig.4-2 (RER) IRLT-. FEAE 13 £ H D=
VU MII R EARNE TR E, BRIRD B AN 2. TORENLRERIX TREMFEETLDR
DIERDFAEL, BENFAL LI, MisET DN R DNT-7280, 144 B BIEOBITEEANC L D8R k%
o7z, ST, FEREMRHAZVEELDD 1 7 BIFE 5 GRS 21T TR R, 1GIRIEEHG X, EEAEX O [X 2
BOTREI EIIHIFE LV 2L o7z,

=2V VE RO I RIT AR, TEURREERE H X CTHRES 0.021 mg/kg, HEE 0.041 mg/kg THY, FEAEX
TR 0.017 mg/kg, HEHES 0.026 mg/kg Th o7z,

Codex Z BT &o TR FHED FAEE® (0.1 mg/kg) 1T AT BFBORIIZ OV TED LI TS, =P8
Wy O AR LR EEIL Fig.5-1 (RUTEDS, ARERO AR L EE I3 UEEI T L, ROEE CHEB L Q.
=V DO AIRIT LR EIZOW T KA i L& 24, 15 TRIEEHE H X CHRES 0.16 mg/kg, HEH0.21
mg/kg, FEYEX CHRHEE 0.13 mg/kg, ZEHE 0.14 mg/kg THY, RER (p=3.2X 104), B (p=1.2 X 105) D FRAL T
TBIRIEEHX A B IS E WS R Th o7z,

TBIRAREI OB AL D=0 DU MW R DA RIT KR EEOHERS T Fig.5-2 ITR LT,



36

REEHFZE RS Vol.16 (2023)

Table 8 Yield of carrot and Cadmium concentration (summer 14th)

Part Unit Test plot-1 Test plot-2 Average Yield index’’  Significance test
<Sludge-fertilizer-application plot (AP)>
Root kg 124 125 12.5 102 -
Fresh weight Leaf kg 5.2 4.1 4.7 97 -
Total kg 17.6 16.6 17.1 101 -
Cadmium concentration (fresh matter) Root  mgkg  0.017 0.020 0023 00220021 i
Leaf mgkg 0.035 0.034 0.047 0.046 0.041 -
. b)
Cadmium concentration (dry matter) Root  mgkg 013 0.15 0.19 018 016 Slgnlf_l(_:ance
Leaf mgkg 0.20 0.19 0.22 0.22 0.21 Significance
<Standard plot (SP)>
Root kg 115 12.8 12.2
Fresh weight Leaf kg 4.8 4.8 4.8
Total kg 16.3 17.6 17.0
Cadmium concentration (fresh matter) Root  mgkg ~0.018 0.018 0.015 0015 0017
Leaf mgkg 0.028 0.028 0.023 0.024 0.026
Cadmium concentration (dry matter) Root  mgkg 013 0.13 0.13 0.13 0.13
Leaf mgkg 0.16 0.15 0.13 0.13 0.14
a) Yield of Standard plot was indexed as 100
b) 1t was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2)
(repetition x number of samples) )
15 20
mAP asp BAP oSP
15
w5 10 - i ~
-y 2
= - 10
& =
PR -
h > - ﬁ.ﬂ -
1 2 3 4 5 6 7 8 91011121314 I 2 3 4 5 6 7 8 9 10 11 12 13 14
Year Year

Fig.4-1 The yield of the carrot (leaf) in summer Fig.4-2 The yield of the carrot (root) in summer

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

30
BAP asp

25
E; 20
515 .
=10

i

0

1 2 3 456 7 8 91011121314

Year

Fig.4-3 The yield of the carrot (total) in summer
(Note:2nd year (spinach), 3rd year (trunip))
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Fig.5-2 Cd concentration (content in the dry matter)

Fig.5-1 Cd concentration (content in the fresh matter)

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

(2) Bt LHED A RIT L

Bt HHED 4 AIRIT A, 0.1 mol/L HCI-Cd, pH (H20) J OY EC D341 #& % Table 9 (2R L7z,

BIRIY LR, (GUEAREHE A XX 0.64 mg/kg, FEHEXIL 0.46 mg/kg T, {HIEAEEHEH XA EIZHE
D7z (p=1.1X107%).

0.1 mol/L HCI-Cd I, {5VEAERHE A X1 0.26 mg/kg, FEHEXIT 0.16 mg/kg THY, THIRAEHEH XA A &
WZEoTe (p=1.2X10).

Table 9 Characteristics of cultivated soil (summer 14th)

Unit Test prot-1 Test prot-2 Average Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd” mgkg  0.64 0.62 0.64 0.65 0.64 Significance®
0.1 mol/L HCI-Cd” mgkg  0.27 0.27 0.26 0.26 0.26 Significance®
pH (H,0)® 6.5 6.4 -
ec? mS/cm 0.13 0.15 -
<Standard plot (SP)>
Total-Cd® mgkg 0.46 0.45 0.46 0.46 0.46
0.1 mol/L HCl-cd” mgkg 0.15 0.16 0.16 0.16 0.16
pH (H,0)? 6.5 6.5
Ec? mS/cm 0.07 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 xnumber of samples))

3) EithtiEchh KIS LDHRE

(1) B D DRI LR

B D 2RI AR FEOHER % Table 10 (Z/RL72. F72, 0.1 mol/L HCI-Cd #EFEOHERE L L1 12 Fig.6-
1 (TG YRR [X) Fig.6-2 (BEHEX) (2R LT=.
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TG VEREEHiE H X OREYEX. DR NI AR EDOHERZ DWW TN AR T 5720, 2N ZE O X
BiF5, 1 80 BEELLORE A (BAENOIROBEEETORIIRIX 12 7 HELI) I T 58RIV LRED
PRIZHENR AT 24T 72 (BREYFRO 0 H TR O p I KORH, WiRIAEKYE S %) (Table 10). 14 4 H
B AEHR =TI R ARG F X 1E_E A (p=4.2 X 10) 23FRDHA, FEYEX T F BT (p=1.8 X 103) 2558
HHILT.

TGUENERHE T X % OFEHEX DA R AR E A L 72224, A LT 1 4R B BEAELIG TR L X
PIEEEX VA BICELS > TRY, 07T 4 4 H EAELIRE, BHE b0 LR L% RERORE R TV,
ZHUE, THVRARENE A KIZIE TRAEE Sk D A R AO B B, 1EMIROINHEC LD EHER IR A0 [
BAA~OFFHHLEIVS 22D, IRIT ARSI T HEMICHHZEERL TN,

0.8 0.8
o -@-Total Cd -#- 0.lmol/L. HCI soluble Cd ) O-Total Cd -4- 0, Imol/L HCI soluble Cd
E | .- ®os 4
206 Pa— .__6__‘_._.‘-.-0--0' 206
§  [eee 3 690550
= =1 -
=z =z | -O-Q-0-0-0._ .0-©
S04 £ 04 + ©:07970:0:0;.5.0-0-C
£ £
- ENSguaga®e -
~ 2 R a2 - » 4 B
gé 02 Sugutig e -’.".'. cé 0.2 DDUDDDDDGD{]D 00000000
b1 £ oaoo®
= 0.0 =00 -
A e
1 2 3 4 5 6 7 8 910111213 14 1 2 3 4 5 6 7 8 910111213 14
Year Year
Fig.6—1 Cd concentration of cultivated soil Fig.6—2 Cd concentration of cultivated soil

(AP: Sludge-fertilizer-application plot) (SP: Standard plot)
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Table 10 Changes in the total-Cd concentration® of soil after harvest

p -value of single

AP” Sp®) Significance test regression analysisd)
Year Season  TestCrops .owq (mgkg (difference between the AP P9
processing)

st 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 Significance p<0.05" 0.16
7th  Summer Carrot 0.57 0.46 Significance p<0.01? 0.06
8th  Summer Carrot 0.54 0.45 Significance p<0.05 p<0.05
9th  Summer Carrot 0.61 0.46 Significance p<0.01 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 Significance p<0.01 p<0.01
13th  Summer Carrot 0.63 0.44 Significance p<0.01 p<0.01
14th  Summer Carrot 0.64 0.46 Significance p<0.01 p<0.01

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)

(2) BrH 13 0.1 mol/L HCI-Cd DHER

Bt 180> 0.1 mol/L HCI-Cd #2JE DHERS % Table 11 (TR L7z, F£72, ORIV AEEOHEB L LI Fig.6-
1 ((GIRAEEHE X)) , Fig.6-2 (FEYEX) IR L7z,

TS Uk A X B OMEHEX D 0.1 mol/L HCI-Cd DHERIZ DWW TR A2 T 572, A E DO LER X

BT HRBRBH AR DO RE H (B 3BROMIFREIX 6 7 H LL72) 12675 0.1 mol/L HCI-Cd O#E HLIEF 47

*ﬁ%‘:ﬁot(ﬁlﬁl IR D IHTRD p EIZEVFEM, WA EAKYE S %) (Table 11). 14 4= B E{EBiiET
OIEPRAEEHEH K OEYFITAEL72D, EFMHEAARD O (p=1.6X107). 10 4 B EEE TOR LI
IR AU 3T BTG TR IR A X O Ef I A Tl —E THERB L TOAHIA Th 7223, 10 45 H A VELIFE 5
\ZERU 72, ZD%1E, 0.26 mg/kg DR FEFHTIZIHB W T—E THREL Q5.

— 77, BEYERX TN, BAMEE SR DI (p=1.3 X 102) . BUOEIAT 3 4F B ZAELLREREE L TV5.
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Table 11 Changes in the 0.1 mol/L HCI-Cd concentration® of soil after harvest

N -value of single
Significance test P d

Vear  Season Test Craps APY  sp9 | regression analysis”
(mgkg) (mgkg) (difference betweenthe — APY spY
processing)

— Start — 0.19 0.20 N.s.” — —
1st Summer Carrot 0.21 0.21 N.S. — —
1st Winter Spinach 0.20 0.18 Significance? — —
2nd Summer Spinach 0.19 0.17 Significance — —
2nd Winter Qinggengcai 0.18 0.18 N.S. — —
3rd Summer Turnip 0.19 0.18 Significance — —
3rd Winter Spinach 0.20 0.17 Significance 0.63 <0.05
4th Summer Carrot 0.19 0.15 Significance 0.41 <0.01
4th Winter Spinach 0.21 0.17 Significance 0.98 <0.01
5th Summer Carrot 0.20 0.16 Significance 0.89 <0.01
5th Winter Spinach 0.22 0.16 Significance 0.34 <0.01
6th Summer Carrot 0.20 0.15 Significance 0.30 <0.01
6th Winter Spinach 0.21 0.15 Significance 0.17 <0.01
7th Summer Carrot 0.15 0.11 Significance 0.80 <0.01
7th Winter Spinach 0.16 0.11 Significance 0.29 <0.01
8th Summer Carrot 0.19 0.12 Significance 0.30 <0.01
8th Winter Spinach 0.17 0.11 Significance 0.16 <0.01
9th Summer Carrot 0.21 0.14 Significance 0.45 <0.01
9th Winter Spinach 0.27 0.17 Significance 0.51 <0.01
10th Summer Carrot 0.27 0.17 Significance 0.15 <0.01
10th Winter Spinach 0.27 0.16 Significance <0.05 <0.01
11th Summer Carrot 0.25 0.15 Significance <0.05 <0.01
11th Winter Spinach 0.26 0.17 Significance <0.01 <0.01
12th Summer Carrot 0.26 0.16 Significance <0.01 <0.01
12th Winter Spinach 0.25 0.15 Significance <0.01 <0.01
13th Summer Carrot 0.27 0.15 Significance <0.01 <0.01
13th Winter Spinach 0.28 0.16 Significance <0.01 <0.01
14th Summer Carrot 0.26 0.16 Significance <0.01 <0.05

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) 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))
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(3) ARV ADOAR &, FHHURK R

1 FEHEE~14 FEHEREORBRICBWT, MEAELIGIRIER RO ARIV LA B THLAN &, 1E
WMEREE L2 IS E DRIV LD LU E, FHE~OEHEEN O RO IV LALFEEE % Table 12
\RLTe. £, BB AO A RIY AOA M &IE, {GIRIEEIR OB RIV AEH RITHRER X (4 m?) ~Offi &
ERCCHEM U, EMICEDIRIVLAORL I UET, RBREICBITDINHELI-EY D AR LRI EDZ
EC, (FH O EIAED T OARIV LREZFRU TR L., HHEAOHDRIV LAEREIL, HIRIERHCED A
R MO G RLAEMICED AR AOFFHILROZCIVE MU, LE~OH I AOEFRRIEN, 7
RITAOZEREEICRBRX Y7200 LHE ((ELOBES 15 em, THEOMREE 0.7 LU, BRBRX (4 m?) 47200
+HEEA 420 kg ELT-) TERLCHEHL.

IGIEAEEHE X T, #3BRICI W T, ARIVLAR &R L TR L &V D 72N e HEO IR
T LN TTALIL DT80, THIEAEE O IZ LD A RIT A OB AN o T HEEERE T 5 RITV L0
EELEM THLHIENE X HND. EREIZIBVTHHR HEEO 2T RIT AR EE O HEAME 7 2558 H0 T
2. 187 27 (ORI I DTG IR NEEHE T XD BRIV L& FERIL 165.4 mg/alERIX (413.5 g/ha), IRITV A
LREEE IRV AEHESRBR X B EODFE B UM G Lo LR ARIY A0 EFYRE) 13 0.394 mg/kg
Lipor-.
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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 14th year

Sludge-fertilizer-application 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
(mglplot) (mghplot) (mgplot)  (mgkg) (mg/plot) (mgplot) (mgplot)  (mgkg)

1st  Summer Carrot 4.84 0.39 4.45 0.011 0 0.36 -0.36 -0.001
1st  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 2.43 0.006 0 0.21 -0.21 0.000
3rd  Summer Turnip 3.30 0.17 3.13 0.007 0 0.20 -0.20 0.000
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 0.000
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 0.000
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 0.000
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 0.001
13th  Winter Spinach 8.53 0.98 7.56 0.018 0 0.63 -0.63 -0.001
14th  Summer Carrot 9.30 0.44 8.86 0.021 0.76 0.33 0.43 0.001

Total 181.4 16.0 165.4 0.394 15 12.5 -11.0 -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)

B DRI RIT LRREEIZOWT, 1A H B/EBM OO R RME L BRRIEDOHER 2 Table 13 2 O Fig.7
(RUTZ. TG URNERHRE A X K OMRHER O R AR EE O BRI, 145 H 2 /EER M 50 2RI a2 A &
LG, Table 12 THRHLIZARIY AERREZ ABUA H U, BEEXII AN B RRE2N3IE — Bl THER
Lz, —J7, IGURIEEIE XIS, PR & beie L CIaME oD 5 MRV M A THERE L T/,
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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 Test APP spY APDD gp9®
Crops
(mg/kg)  (mg/kg) (mg/kg)  (mglkg)
1st  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
8th ~ 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
14th  Summer  Carrot 0.64 0.46 0.89 0.45

a) Total-Cd concentration in the drying soil

b) Sludge-fertilizer-application plot

c¢) 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
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Fig.7 Changes in the actual total-Cd concentration

and the theoretical total-Cd concentration of soil after harvest

4) HipTIROEBESADA FIIVLRE

13 4 H OLAEBH T OFRERIZ I\ T, B 5 om B ITERIL 743X O TR NIy AR EE
(RfE) DFERZ Table 14 (RULTZ. 2 CORER CTIHUEAEEHE A X OMEEX 0 A EICm WG R Lo
72(0-5 cm: p=5.2 X107, 5-10 cm: p=6.3 X107, 10-15 cm: p=7.3 X 10, 15-20 cm: p=1.9X102).

Table 14  The total-Cd concentration moved vertically of soil after harvest

I?f::)h (ma/kg) (mg/ka) Significance test
0-5 0.69 (0.05)° 0.44 (0.02) Significance”’
5-10 0.60 (0.02) 0.42 (0.02) Significance
10-15 0.58 (0.00) 0.42 (0.01) Significance
15-20 0.47 (0.00) 0.42 (0.01) Significance

a) Sludge-fertilizer-application plot

b) Standard plot

¢) Standard deviation (n=4 (2x2) (repetition x number of samples))

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

THHEREUL 5 cm BEIAToTODI2D, IUISEIVEILDTREE O IR LR A& TR EEH O IS5 53 D
RSIZBIDRELLISA (FIZIE, 0 em~5 em OVEEH CRIESIVEARID AR EE A, ZOVRE O
o DIRE 2.5 ecm THIESND I RIV LR LRET D) DV T7% Fig.8 \IRLic. TR 771X RITV A
DWEE, BT T7 3 HEROIRIV LD EFREEZRLTVD. 728, HHEEIIELOBRES 5.0 cm, HEHEO
FEEE 0.7 £, RBRIX (4 m?) U7=0THEHL T2, 2 TOREHRT 140 kg THD.
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AR CIIELEE 15 em EFEL T3, 15 em JOHIEVB IZB W THIBTRAREHE H X ORI AjR
FENEEEX DA BIZEWD, IRITAIL 15 em SIS FABITL TS DEB 2 HiLD. X TIIEE
DEWIZE S THRIVAREEIZZEITIZEAE RO -7, {GIRAREHE X DA NI AR BRI BITD
WWCHEBANIF D THERE T HE, IRIT LR LI T D5 TR X 00 3T LR A2 YE X 0 3T (Ll R
INEEI DS B D RS TIZARIT ADOBATNEL TORNWEEZ NS, Lo T, RS 15.0 cm S IUT L E R
DR 23.0 em EFTIEHRIVLRBAT U ATREMEARIB S L. ZOTRE R O I/ OUESIE 19.0 cm T
HY, ZOTRSIZIST DTG VAR X K& OFEHEX OITEIERRDO AR IV AR EO 1L 0.05 mgkg Th-o7-.

FRLCHRRE R ORI OWRSICBIT IR EZZDREH O I RIVARELEZ X HEERL TNDHTD,
15.0 cm~23.0 cm @ HHEIZIBIT 5 RIT AR ES [FERIZ 0.05 mg/kg £725. iz 15.0 em~23.0 cm O
TR (RS 8.0cm, HEDHILE 0.7 LU, RBRIX (4m?) Y7-0THHT5E, £223kg THD) TERTIHER
10.9 mg DARIV LM FE (15.0 cm~23.0 cm) ~BATL CWOD AREMENREZE 2 HND.

0.8
= AP(Cd content) C—1SP(Cd content) 100
0.7
. —+— AP(total-Cd concentration) —m— SP(total-Cd concentration)
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Fig.8 The total-Cd concentration moved vertically of soil after harvest and Cd content in a lower layer
5. £&H

REBFD A S0 B OVEE A D RERAZ L BRI B 9~ DR A2t 8 L C, VH VAR RN 18 Jits FH 3R A 2009 4
F0IT-THY, HIEAEEH X K& OVG IR IEBHIEiE FH O EX D 2 3UBRIXIZ, 13 2 B AEEL TRuL Yy
Z, 14 AR HEELL T=0 Du 3835 L, BB O BRI AR EOZAL I OVEMIR T 0O J1 R 2 FE 2 fife i
L7z, 13 A H AERT L YO B R OB RIT AR, (5IRIEEHX T 0.081 mg/kg, FEHEX T 0.054 mg/kg
ThHY, Codex ZEERNE D DHHYENE (0.2 mg/kg) (25 L TURWE R ThHh-7-.

=B OARIY LPREEE, 1GIENE G H X CTHERS 0.041 mg/kg, ARES 0.021 mg/kg, FEHEX THER
0.026 mg/kg, B 0.017 mg/kg Th-7-. AIEHETHOMRIBOARIT AP T Codex 25 B2 03 E 6 2 KL YE(H
(0.1 mg/kg) IZxF L TIRV i - CdnoTz. Fio, ARTL LY () KON D (FEE - M) LHITAEAEX |2 b
AT TRIEEHE F X3 B @m O R CThoTz.
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14 4 B ZE=0 D0 OB B3O 20 R AR IV TRAREHE H K OMERE X L X TR B IS @D -7

1B DD 14 4F B OB L8R O 2 RIT AR L O8N 0.1 mol/L HCI-Cd IR EE DHEB &R LT-L2A, 15
JEAEEHiE H X D2 R AR T IME R 2R~ L CTRY, BIEIEEHZE B T2 RIV AN EICEREL T
HZENIRENTZ., — 5T, HIRAEEHE X ™ 0.1 mol/L HCI-Cd (22 Tl 10 4 H EEE Tl — BB
DR DI REFVTNZDS, 10 - B ZAELARR I I [ 2~ Uiz, FGTERERHZ B A T2 RIy AT BRI
WA ELEA DT LICEORBEEL CODEB Z LN TWDE, Bl HEEFR O BRI AED 2,
EHEMEREA TR D BA BB L2812, 0.1 mol/L HCl (IR ADIERROIRIT ARLHIINLIZL S
Z BV, EFE, 0.26 mg/kg DIRFEFITICHBWT—E THRL T\,

PEHEX DA A R AR T ME R THY, 0.1 mol/L HCI-Cd (DWW ThIBME 2R LT, FEHEX D4
AIRIV AFHEAEIZ LD AIRIT OG22 DJA L, E72, 1E#RAS 0.1 mol/L HCI-Cd ZF¢H 13729,
15841 0.1 mol/L HCI-Cd &80 355 2 b,

B ChE AL U775 TR ARE R SR D AR L AN B CTh D AN &L OMEME RIS L2 LIC LD IRIV LD FE
HHLEDS, HEICERBIN TOBIETOIRIVLOBEE N LI-EDA, YK T FRME L PR ENTIE
—HLUTHER L Qe — 05, THTRAREHE A XL, BRERE S bt L CERRIE O J7 DML ME A THERR L Cu e,
ZHUE, BEESS M EOFERE R 0D, BEPOARIT AOKFF I ~OBATRRD SN2 EnDH
FEIZED =D I RIT LPME LI EOR2NZLICEAbDEB X DT,

AR DF & Ol EDOFHAERE RO ARIY LOREF M ~DOBENIIZLEA LN EDZETHES T
N, AR TSOICHINK Sem BEICHEA L, HRIY LAOEE ST A ~OBENZ SV CEITTHRATLZ.
fELJE 15 cm X0 FEICHET DRIV A ONT, IEIEARIC IV HEE LB TIRIEZ B H L. ZOfE R,
15.0 cm~23.0 cm DRSO JE VG TRAREH S 0.05 mg/kg A7 241287255 10.9mg DARIT LB TL TV
DRRBMED DD ZE D 0o T GRERIXAY 4 m? THY, HEORKELE 0.7 LL725H OES 15.0 cm~23.0 cm (2
BIFAHHEER 223kg TOARIVLLELTEI) . ZOEE S A~DHRITLOBEL, HHEORIHK 25cm
EDAay 7 H O TOME I UNEXEDOBRIC HER O ZXRELNAELELOEE I BNA.
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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 2021 and Summer 2022 -

KOBAYASHI Ryoto!, MASUI Ryotaz, HIBINO Hiroshil,
ABE Fumihiro! and ASAO Naoki?

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

We have been researching cadmium(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 2021 and carrot in summer 2022.
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
Cd and acid-solubility-Cd in the soil and total Cd in the crop 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 significantly.
The concentration of total-Cd in the soil (from summer 2009 to summer 2022) showed significant increasing trend
in the AP. Also, the accumulation of Cd in the soil was observed from the results of the total-Cd concentration
in the former soil, and the amount of 0.1 mol/L HCI-Cd available to plants in the soil.

The concentrations of total-Cd in each crop harvested (from summer 2009 to summer 2022) 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 Cd-transition in the soil from now on.

In order to understand the Cd vertical distribution in the soil, the soil sampled at a depth of each every 5
cm (from 0 cm to 20 cm) was measured. As a result, the total-Cd was a statistically significant difference between
the soil in the AP and the SP at the every area (0-5 cm, 5-10 cm, 10-15 cm, 15-20 cm). Moreover, the estimation
of approximate straight line that was obtained by vertical distribution of the AP and the SP indicated what Cd
were existed at a depth of approximately 23.0 cm.

Key words  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 16, 24-48, 2023)
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4 2022 5FE EHOXBABEAWN-STICTONT

(PR, AR 2, RT3 3, KB 4,
EANER S, MEEE S, ot T) 7, BH®RIG S
F—0—F  RABRPTE e, LAAEEL, JESUVTWOERE AEEL, ISO/IEC 17043, z A7

1. [XL®HIC

[E B 75 A PERE o B & 23T e i, HAEICF T ISO/EC 17025 (JIS Q 17025) V DE R HIHA S
\CU TN B OB O HEMEZ R D D LN EHER S TS, ISO/IEC 17025 (JIS Q 17025) 121, Y70k
REMTRRANDSDHEAEIETELIDNCT DO DERFHNEENTEY, ZRFHDO—DOTHD 7 71
TRCTHEREED 7.7 FHEROZLIEOHRICB T, EEYE UL E S B AYWE ORIV RSN
TW5. IEEHERE RO MEE L, IEEHR AR ORBITEIZB W Th, SHThE ROZ Y OO
DI AHE S FL W E TR EY 2 3 il FH S TG,

—J57C, ISO/IEC 17025 (JIS Q 17025) ® 7.2.2 J5 15D Z 4 MM R\ CRER AT ELi i c kB 715D %24
PERERAREIVTODA, Ik Hebf & U= B RE B2 B L QO 258 = F B BT BIEEIN AT A, 2ok
RO, EMOKFEE DEFEZ ST, FAMIC CTIEERHEREWHS S B Y s e 32
BRI % 72 BNkt G & LT HERF D M it 2 - 72 24 O BRI [ LR O i L2 35T, BUBHR R A~ D 1
11, EREFEDOIER, a5 SIZ oM B IOV T ISO/MEC 17043 (JIS Q 17043) 2% % L UI-#iaHigtr &
1ToTWVA.

2022 IR E R OSES W OB EIEEHZ DWW TERML 72D T, ZOfEREHmET 5.

2. MPRUAHE

1) SR

{EAAEEHZ, el CH BAZE 500 pm OISV E RS, SWEOREZXDHT-DK 4 4 A IR CHRE
L. 20, fEEIIREL, OLBRIRITIES CHEMPIRIZ 9 %L, 1~9 ORAGFEZEMHL TEMRITHEL
7o, ZOHNBE 1| OIRGEIEROMEEITEN 4 KA HL, JKIRGLZOb 4 F5 L COrORZRITRE
Uiz, ZO#EE 7 BRE0IKLTZ%, 1~9 OFKIFORZND—ERmT 2RI, IIRALIZE, 1 484720
#1200 g AVDOFE 250 fEAFRHEL, 25 BHRICRUERE 5L LT 1~250 OF 2L, RV=F L RURTHR

VISTATBOE NIRMOKETH B 2 Tt 2 — Bkt 2 e A (B4Rt 72—
2 PSIATBOE N R MOKPEH Y 2 it 2 — ALt o —

3MSATBUE N RMOKETH B Z aiddfre 2 —filia e 22—

S MSTATBUE NRMOKPEH R 2 it 2 =4 R 2 —

S MSATBUE NRMOKETH B &2 Eidfre e 2 —thF e 2 —

8 MNTATBUE N RMOKPETH B & iidfre s 2 —f@ e 2 —

TIRNTATBUE N RMOKPETH B 22 e tidfre s 2 — IEAT R S A il

® TR HIEN B ANEERE
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U CRTR S CHIRRE L.

FLSWDT OB AEEHE, ML CTHBE 212 pm OS5V EEESE 2. S00EmELEEHE, LIRS
L2, OUBRRIZILT THEMERIZ 9 5L, 1~9 ORGFESEZMH L TR LIz, Zofhhbk 1| RS
BEROMAERITHEN 4 KaattL, KIRALEDL 4 S5 L CTLOEBIR L. ZOHEEE 7 [l
WLT=t%, 1~9 OFXTOREGNPL—ERET SEIML, IRAELE, 1 488247208 180 g AVDFEL 170
fHZFRIL, A RBHSICREIE 5LLT1~170 OFFEAHL, RUZF Lo MU CREEL Tl RFE TR IR AR

gL,

#1 ALEEEOIR G BER

RA R I i} I \Y4 A4 VI VI
9 3 1 1 3 1 2
6 7 7 9 4 9 4

X 5725
%o 2 4 5 2 7 6 5
5 8 8 6 8 3 6

2 LS W WERE IREOIR A BESER

1RA R I i} m \Y4 A4 VI VI
8 2 3 5 3 4 3
6 5 6 8 2 2 1

x/\ =
%o & 1 9 7 1 7 8 6
7 4 9 4 5 9 9

2) HEMESR

IUPAC/ISO/AOAC DERERER 7 b= L Y 256N, 2.1) THBLL 7230806 T 2 AT 10 3BT kW
VB MEMER R LT, ABEAEEHZ DU TIEAKEEMED AUBE (W-P20s) M OKIEEMENNTER (W-Ko0) , SRSV T
B NEEHZ DUV T 1 (C-MgO) 22 BB s BN X 2 ST CotrL7-.

3) Ecft
FUBHE S AT LT RlRE, SRR S OV Tt R s F RN SRR RISk A L7z, 2022 FEEICIR VT
V3, ABRRIERH S 132 3B, JESUVNTWERE RN 76 SABRENZ L.

4) SRS

{EERIEEHZ DWW, Koy, ToE=T M2 (AN), B AR (C-P0s), /KIEMED AR (W-P,0s), 7K
BPENNE (W-K20) , <EEMETE T (C-MgO) , KEMEIFHFE (W-B203), UK (As) D 8 iaramoirisreLiz. &
=, SRSV WERE AEEHZ DWW T, AIVEMETOER (S-Si0,), 74 A4y (AL), <M 1 (C-Mg0), 4>
(Ti), 7L (Cr) D 5 o3& BT sr & LTz,

5) oA E
SRR E 16 U TIRBME S ERTE (2021) O 2R LTz, 28T Aoy O fEEH 3Bk o 1E B & 5 K OV i
HEOMEETEE 3 DERVTHD. T, KEMHIEFHIFELT Y AT H EIZK0 ST LI=5E 113 ENR DO & .04l
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EDEROHEEZOWTHREZRD -, 708, OO T IEARA LR ERE 2%, 20 EOHED
WA RO

3 IR SRBRIEOT H % 5%
Sy 5

LAIEED

K5y 3.La WCHRIRIC L R R

4.1.2.a R GREHR OB 1L (4.1.1))
ToE=THEF(AN)  4.1.2.a KEEGUEHK O 14 (4.1.3))
4.1ba HVLTILTERE
4.23.a NFREVTTUMT =0 DL
4.2.3.d ICP &t/ Y omhrik
. L 4.2.4a NFREVTF URET T =0 WIS EE 1
ATTED AR (W-P20s) e Fe i S i
il 4.3.1a 7L —LRTROETE T T L — SRR
AR (W-K0) e o S/ e s
4.6.3.a 7L — A7 E
4.6.3.0 ICP R ek
482.a T/AF L HE
4.8.2.h ICP F&t0 Y mhrik
5.2.a KFEM R LR FWOLIE
OB (As) 5.2.0 T LT A BV SIREEERWE Y
5.2.c ICP E &k

ERMEY AR (C-P,0s)

¥ 1 (C-MgO)

IKEETEIED 3 (W-B,03)

(BESUNTOERE IEEL
ARV R (S-Si0,)

4.4.1.a 5oV NE

4.4.1.d MG EEEE

455a TF LTI NRREE

4550 AITAEMEA IR B VAT A I KA H
4.6.3.a 7L —LE LI EE

4.6.3.b ICP F&H Wbk

T H 455 (AL)

¥ 1 (C-MgO)

o 5.11.a ICP J&J653 K mhris (1)
T 5.110 ICP 6L/ JEAHTE (2
S (Cr) Eﬁ;t:) T — LR (B, SLSWEE EIRETD

a) fEEHERBRIEDTE H & 5%
6) HESh-DirEER O
(1) O RANEIZLD z ZaT7 ORI
F7°, 2ROMEOH I (Median) ZRD7=. KIZ, 5 1 WO O 3 WAL EE Rk, (a) 2k
Sy (TOR) B H L=
IOR="%5 3 Wi —55 1 ik -+« (a)

IEFR PO 2 & P (NIOR) % (b) SUC KV FE I LT=. IES DA, NIOR SAEHER AT — T 5.

NIOR= IQRX0.7413 -+ (b)
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z 237 (2) Z () NUTIVEHLZ. z 2a71%, FRBREOSOHHEE (x) D Median 7>HDFE-0ESWER
TIHETHD.

z= (x;—Median) /NIOR +-+(c)
(2) z AaTICL5EHMn

F—Z DR F1EEL T, ISO/MEC 17043 (JIS Q 17043) ¥ &V, KikBRED M D z 227 L0k D
FONFM AT o7

lZ|=2 .o il iE
2<Z<3 -ee BEDLW
2123 e R

7) SHEREWEET SHEE
B RST DG ST HTRE R BN LTI 5720, IROBERHEZRD 7.

(1) MRBR=ER (T —2%:N).

(2) z AATIZELFHIA |z =2 (i), 2<[z|<3 (e L) K V2| =3 (R /&) Le o TR =5 Ve El
A (%) .

(3) MUEAEFEHIL2WET — XD NHJE (Mean) .

(4) EEOED I (Median) .

(5) NIOR % HEHE(R 728 A 72 LTz Median DILEATHEDE (Usse,) (BIEAREL  k =2) % (d) U IR H.

Ugso, = ZXN]QR/\/N cee(d)

(6) AT —HDOIEHEFE(s).
(7)  EHPU AP (NIQR) % (b) UKV R L. IERSAOSE, NIOR & s 13—83%.
(8) B/ANANENDRDIAARMENENF 72% RSDrop EL, (€) FUTKVH L.

RSD:ob = NIOR,”Median X100+« (e)

(9) JERMERBRIEMES A THEO B ZEL ORI TV L= MBI R HER 722 (CRSDR) .

NEEHEABIEM RS A [ZBWT, BEDHZO 2 % (2*CRSDR) ETHFAL TWD. 7238, HIRGRICIDR
TR ERTE TSN DK HOW T, SBRIEDBIERSRIE DI A 2 E T 5BRIE (Def-M) THLH7D
FEREE D H 22130 Fl S Hu7pu .
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3 HRRUER

1) HHOBHEMEHER

2. 2)I2B\V\T 10 EHE 2 SOMT TOMLIZONTEORTEIIIE (%) ki OZ DR RICHOWTO—IEhL &y
BotrinbRonicitit &2 W TR U OMTIRERZE (s.) , ABHFIEERZE (spy,) , PHTREZ S e
BFHEREENR 22 (spyp) &R 4 1R LTZ. IS, EEFERBRIEMEE A IORSIVTWOERHERMEDOH %
(CRSDy) K VN BBE Y (1) L7 HEE = M iR R 22 (Gr) 23K 4 [TRLIE.

BYE MO EIL, TUPAC/ISO/AOAC DHFFRERER 7 uha VY OFIAEEZ BB ICE LT, £7°, AT EO%
SRIEE R T D70, SSHTHEIZ DUV T Cochran OFREZFENEL 2. ZOFER, T XTORRTITB W TH
EIFFRD BN ST=2DT, ZIHDSHHEIZ DV T— Il & 0 AT & Ehi L7z, IKIZ, IUPAC/ISO/AOAC
O RERER T mh= L OHER (K 2) ZHWTHENDHEE T 7. ZTORER, T X TOMITIZBNTHIE
H(FH2) Z7z L T2 e n, LFRRRBAFEHI 2T E Th oA MR L. 72k, Z2EDD, A3
IZE o THMTREEE 25 o sl B R YEIR 22 (spa) BRI LIZEZ A, 6 EHERL TOTNDORSH 310/ E
VMETH 7.

6r = CRSDg X /100 -e- (A1)
spp < 0.30, = 0.3y -+ (2)
Sptr =/ Sr% + Spp? <e-(:03)

Or - HEE =] A SIS YRR 22
CRSDg :NEBMERRBRIES | RS QD = ] AR BURE B (SR A BUR AR YRR 72 (%) ) D B %2

X S EIE sy PHTEEAE R 22
op 1 ZUPEMERE AT A RICE G LT AR R A
Spp : BRI AE (R 22 Sper | DHTREEEZ & ToRUBH IR HE (R 22

# 4 BEMEREROR R
Lo Rk SH B £ CRSDRY 6,9 spe® 03657 Sr® Spar?
B FEEE [ e @) (%) ((yl:)b) (%) % )Rb) %) (%)
S, W-P,0s 10 6.52 4 0.26 0.02 0.08 0.04 0.05
fERER W-K, O 10 12.68 3 0.38 o" 0.11 0.06 0.06
PRIV WEREAEEL C-MgO 10 7.14 4 0.29  0.03 0.09 0.01 0.03
a) S HTE DK L5 (BB <2 s BF 753 4T)
b) B &5y
c) AEBFEFBRE B EATRIAVTWDER F B (E R B MEERZE) OB %
d) = MHFBUEE O B 20 DRE U7 HEE = M i BUE R 22
e) ARk AT e i 72
f) ZIEMEDHIE (SppDFEAM) DI DD /NTA—H
0) PHTIR MR 2
h) DFTHE 4 & To iUk A V(R 72
D) =TS < Z—T NS DT-D, $p,2=0
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2) SRR OREH

2. 7) (1) LVQ) &F 5 (TRLE. 728, KT OWTITE SN =2 TONNTRE R, WM EE2 L
Teo Mt SR, FIERHIEZ R CORW TR R (LT, S2RE) 2 E I DV TORE RS R L.

BHT RSy DTG R Tl (21=2) | LOFHli A= T TR E ORIG1L, SLSW T W ERE AEE o F %
V3100 Y%l ib <, ALRAEEIF DK SN 60 %l ibIRWEIGZ R LTz, Fio, TR (2|=3) | LRkl
FToRREORIG T, (LEBEEIO KDY 25 %l m VR Cho7o. FEFEEIE, [l ) LM S 7o iR

EDOEIEDN 81 %~92 %, [ R /& | LFHISNIZFREREDOEIEG N 3 %~17 % Th-o7z.

2. 7) 3) ~(9) TROI-MEELE 6 TR, ZLDOHHTRS TEYEIL Median SIEIF— L= —FF
T, EIROERERFZE s 1%, KLU TRESNIZT RTOOIHFER KL OTFZ LIS T NIQR L LT

RERMEERLUIZDN, ANEOBIZLDEDEE X DIV, RSDiby &5 AT AT DIREL ~)UIZEBIT 5
2*CRSDr L DBIRZE 1 IR LT, FHATDONTD I 2*CRSDR B Z 12705, sUBRELDS 14 LD7pnZ e
JRINELTEZONTZ. ZTOMD T RLSTIENT Y, RSDiob 1 2*CRSDr DHFIPHIN TH-7=.

Fio, R 8 HERELL WA Do o738 715510 Median, NIQR, RSDro, 2 N CRSDr 5% 3 7 IR
7-.



20224 fEEFO ILEEELZ W2 HTic DT 55

5 OHTE S Dz AT OEIL

=p a) b) C)
RO TR OF »Sé]g A : z|=2 e 2< |z|<3%”/a\ 4 lz|=3 =
SISy - G e (%) ABREL (%) AHEREL (%)
bR AEEL
P 116 70 60 17 15 29 25
Ak45® 81 68 84 9 11 4
5 el P 35 32 91 2 6
TR 116 104 90 6 5 6 5
SEEMED AR 116 9 83 5 4 15 13
IKIEMED AT 123 101 82 8 7 14 11
STy IEES 122 92 75 12 10 18 15
EEMEE £ 117 103 88 7 6 7 6
VIS EHESES 95 79 83 9 9 7 7
(055 35 29 83 0 0 6 17
FLSUNT R A
AT ER 58 48 83 2 3 8 14
TIVHV5GY 70 58 83 4 6 8 11
ALYEME A IR 62 55 89 2 3 5 8
AR 1 62 47 76 4 6 11 18
EEMEE 1 73 59 81 3 4 11 15
FH 14 14 100 0 0 0 0
A=A 24 19 79 3 13 2 8

a) 2z AATIZEDRHEANHE IR (2| =2) Lre o7z iR E S OZF DEE (%)
b) z A TIZLBFHmAEE DL (2<|z|<3) L7 o= ikBR R E K N DENE (%)

) zAATIZEBEHMAR L (B=|z]) &7~ iBR = H L OZ DEIE (%)

d) KLU THESNIZ A TOHHTHRE R

e) KLU TGS RDIS | THEHBEWM EDHD | &L CTHE S s
f) KLU THESNIZOPHRERDOIS | THERBEMIMMIERL ) &L THE SV ot &
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£6  OPTRER O

PN ;5;? Mean®  Median® U gso,” s NIQR? RSD,, 2*CRSDg?
(%", mglkg’) (%", mgkg’) (%"mgkg’) (%" mgkg’) %"mgkg) (%) (%)
Cl954i[s%=3)
45D 116 1.2 1.07 0.11 0.55 0.58 53.8 -m
A 45% 81 0.953 0.880  0.053 0.367 0.237 27.0 —m
7 e ) 35 1.83 1.84 0.11 0.39 0.34 18.3 —m
AN 116 14.34 14.37 0.04 0.29 0.23 1.6 6
C-P,0s 116 9.38 9.49 0.02 0.88 0.11 1.1 8
W-P,0s 123 6.30 6.38 0.03 0.67 0.16 2.5 8
W-K,0 122 12,59 12.68 0.04 0.75 0.20 1.6 6
C-MgO 117  2.88 2.90 0.02 0.25 0.08 2.8 8
W-B,05 95  0.362 0.369  0.002 0.042 0.012 3.2 12
..... AS o ®f1S r05 018 140 054 nT %2
(FLSWT O ERE AR
S-Si0, 58  34.88 35.00 0.12 1.82 0.46 1.3 5
AL 70  50.07 50.27 0.23 2.96 0.95 1.9 5
S-Ca0 62  40.67 40.82 0.28 2.78 1.10 2.7 5
S-MgO 62 6.76 6.80 0.03 0.53 0.12 1.8 8
C-MgO 73 6.52 6.74 0.05 0.77 0.20 3.0 8
Ti 14 0.309 0.308  0.027 0.039 0.051 16.5 12
Cr 24 5524  56.11 2.64 10.8 6.47 11.5 22
a) BERDOFEIE CGREHTED 0) MERMEEUBRIERN B EA T RIS ZE M FFEUAE
i 722 D FF 75 i PH
b) RO IfE (FREHTED h) EH &%= (As,CrLish)
c) BARDFIAED RS ) As,Cr
d) BIROEHER = ) K ELTHRESNI A TOSITHER
e) EHLIY o Fdi K) TR EDHY | LTRSS oG5

f) T NAMERHE SR 2 (NIQR/Median% % ) HERMIH E/R L) &L TGS L7 /Wi 5
FRLIZHD) m) CRSD g% Fi A< 1[
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(@)

%1

As

B3 BTt R D 2*CRSDR &RSD, 4, D B

$-si0, O]
AL [O]
s-ca0 [O]
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KT RO RS R OF R R
HA# Median®  NIQR®  RSD?  2*CRSDR”

AN AN IN N
ST RS ST T e oo ot (%) %)
(bAAEAE)
Koy WL AR KD R I 81 0.880  0.237 27.0 )
Wz B | C L D Bz R BV E(FE R Ml IE/e L) 34 1.83 0.34 18.4 -9
AN AR GREHR OFRBL 515 (4.1.1)) 91 14.37 0.23 1.6 6
FREAE GREHER O 51 (4.1.3)) 14 14.43 0.26 1.8 6
C-P,0s  NFREVTFUBT B LRI E 112 9.49 0.11 1.1 8
W-P,05 N FREVTFUBRT T LEEERE 119 6.38 0.16 2.4 8
W-K,0 7L — AR 90 12.67 0.22 1.7 6
TL— IR 25 12.71 0.11 0.9 6
C-Mg0 7L —AJF W eyE 107 2.90 0.08 2.7 8
ICP F& 53 ok 8 2.93 0.21 7.0 8
W-B,0; 7Y AFUHEE(FHIEHD) 16 0.368  0.015 4.0 12
T AFUHE (i E7R L) 65 0.368  0.010 2.6 12
ICP F& 53 oo iss 14 0.374  0.022 6.0 12
As IKRFALFE R WOk 15 7.18 0.29 4.0 32
DTN F A I RIRERERI G E R 12 6.71 0.80 11.9 32
(BESUNTOERE AR
S-Si0, SoAb AT Bk 38 35.01 0.33 0.9 5
W SR EETE 19 34.97 0.86 2.5 5
AL TFLUT IR 9 50.43 0.09 0.2 5
AIYAME A IR B OVA] Pt RIS A L HY 57 50.11 0.09 0.2 5
S-Ca0 7 L— AR AR 57 40.64 1.00 2.5 5
S-Mg0  TL—LAJRFIGEE 57 6.80 0.12 1.7 8
C-Mg0 7L — AR WYk 65 6.75 0.16 2.4 8
Cr {Z:Z;gfﬂﬂi;&t{i UM, SV ) ge0g 546 97 22
a) Ao JE e) H&E5r3#E (As,Creish)
b) EHIPU S LB HEPH f) As,Cr
c) T NANMBXAE R g) CRSD g% A A Al
d) JEEFERBRIEN B ZA TRIND R B B HUE 2 Y 24
DFFE A

3) SHHHERDIER

[ — DRI TR SN TR OIS, [7—FEHT B\ CRIBRD I 715 TR Y (kK
JEELFD C-P,0s & C-MgO %) O z 227 DER% K 2 12, BAnhh 7k TR —ORE Lo E Sy (LA
B C-MgO EFESWTWERE ARENF D S-MgO %) D z A7 ORfREIX 3 I[TRLT-.

I, z AaT RRCEE/2 e EEMZ 7. ZOBEMUTEATHE 07wy M 7 UE ik
BWTCRMARIROOBER B HHEEZ 2 HND. RITHRLE, WTFNORIZEWTH RHEIRIRVITEED S
NP, WECBOCHEBMIRIBEL TOSRBRER D72, 7235, MINN T — 22 F7T DL, KE
DT vy "OMIRZARFR CEALARDI20, TRz 2 237 20 INELIAS, THAEHER 5T — XTI T
bR IZFRD IR T,
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2-1 ALRAEEHH DC-P,05—
C-MgODzA=7 DR
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BRI (22 =7 B31R) Al % R~ IEAR)
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. | 'S
-20 -15 -10 -5 0 5 10 15 20
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[X12-2 fLAAERHH DOW-P,05—
W-K,0Dz2=7 DEAR
¢ [ BREIZKITDHzA=27D7 2y b
--------- B (22 =27 AA CARA T AR
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5
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20 20
15 15 +
10 10 L+
5 5 o
2 0 . S 0 '
EI T T T T T T EI T T & T T
S 5 S 5 o e
-10 -10 4 1
*
-15 -15 -
20 & 20 &
20 -15 -10 -5 0 5 10 15 20 20 -15 -10 -5 0 5 10 15 20
C-MgO S-MgO
X3-1 fLRAEELH DC-MgO %3-2 % AT TS - —
g s [43-2 GESFVERETILEL 1 DS-MgO

S-MgODzA= T D B
¢ [ BREBICBITz2AaT70T ey b

--------- I (22 2 7 DA UAE 2 7~ 37 EAR)

4) SHTRS B D55 R O Fi

(1) ABERERF DK Sy

A EE R UZ3EHID AUBE T B = AV E FCWAT-
D, I EE VLT,

116 HERENSIUIZD, M IEL L 73R =
X 81 HBRE o7, 1 RBRENKDFHIIVERML, fthix
TR C LD MR BRI S L FE L 7. A 1
e SNt L 72 o3 BT i SR B OIS A IE & FEfE L TR T
FERAZHOWT, T ROEEMED N L DME (-FRE)
EAToTLZh, KA 5 % THEENRDOIZ. oW
FEFD Median 1 1.07 % (B &573), NIOR 1% 0.58 % (&
TR, FMEIL 1.22 % (B &5 H) ThoTz. z AaTIZ
FLFHMIE 70 ARBR=EDE 1 THY, 29 FERED R
) IRE R T o7, 7eds, RSN IEA S HE L7230 AT s 5L
DHDEEETO Median 13 0.880 % (E&=45r=R), NIOR 1%
0.237 % (&7 %), FHMEIL 0.953 % (E&D=H) Tho
7-.

BB RBRVE S 12 W T, R IE DO FIEIZ DN T
DFEMMZRFLA NI TR . FEEEE OFF R O A

C-MgODzA=T DEIf%
o F—FRBR=ERIZBITb5z2a707ay b

--------- B (24 2 7 81 LAl 7 )

40

(%l
B4-1 ALRAEE DK 5y

e ERT =k L
Y R ED Y
—— IS L

ETHERLI VY = WETHRZOREIO TN ZERTL5HEIE, 2RO TN SHREHE TN
DIENZT B =T ~OBFLEIARL, FREENLELFIKCEICIVK BRI TES.
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PRI L EL R R D — DR 2 &0 TN 2l E LM O IEZ 586 O iR 47~ G
4).

KAy (BB RY%) =D— (N1 -N2x(100-D) /100) x 1.216 ++++ (3 4)

D: WS FEE R R T DRI DK 5y B (B B0 3 %)
N1: TRt O =R 25 (Y
N2: izt Bt D =R & (H
EHN)ZTE=T (NH3) |

ARG IE (AL 2R 2R N OIREE 59 A 13— & Tl B OALEIZ &> T FEROIR DS G E IR &
RpDIENDHDTW, BHITEER RS 2 352N EEL . F2, SN ORIRICIFURHS
THIENR®D. 51T, —EIORIEREEN L WE, BB HPERDTDIEEPLETHS.

(2) fbREIEBF DT =T 225 (A-N)

116 FRER=E NS I L 105 RBRE 3R E 1L, b iBR=E)N 50
RIVAT AT e RiEERWE. 5SRO
Median I% 14.37 % (B &4%) , NIQR (% 0.23% (H & 40 S
), FMEIE 1434% (HEHDFR) Tholo. ZAMIE
DB, 91 RBREDHBE R 7 TAT~RIRT DY g /l-
Uk, 14 RBRENHERE (1423) TR L2 ISR a8 955 § 2 /
ETHY, ZHEDSHHREBEAZ DN T, 8T B0 L E
DA LBIE () AT o125, RO S %l \
BRI LN -T2, 2 Aa T 2L 55T 104 7408 N
= ) ThY, 6 BN [RGRE) Z2EThH . el nd :&.ﬂ*
otz [FR] ©6RBRED I B, 5RBRENEHIE S8888S § 8888
Tholz. I R Y N I A
REEE, TVBVFNKIBIE T N L& T 58, (%)
R RATHED 5 5 TR T LA SR L C T 172 -2 LRI e = 7 IR
ABBBDT, TABRIOBI ST o0 ERns, & o T DL
e -8 [ A

fo, WALTAFERBICE O TIL, DABRICEDBEE L o ypmenn s
CHZENBIEALT V=0 DRI E DRI L D0 A B

EBAE, XU AN E0REHT pH OFFFE K OVE BT BT HIENRH LD THAL T V=0 NEWR IR
IZAHMMEATHZE, FTBRN LT VT ERERRERINT 2010 pH FREEEAES O 4 O3 HT R EE IEMIZITHZ
LICIEE NI THS.
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(3) AR D EENED AFE (C-P2Os)

116 FERENSINL, 112 RBREDS AT REVT 7 40
TR ARG L, 4 RBREEDY ICP-OES 1A% AW —
7o WSS MG RO Median 13 9.49 % (H &%),
NIOR 1% 0.11 % (EH&E/75=R) |, ‘FHHEIFL9.38 % (HEn
) Thotz. 96 BR=IL M E I THY, 15 ERENIR R
R fERThoTz. [RHRIOFMDID, 13 RRE =
PAFREYTF T B AR E R, 2 iRy |
ICP-OES {5 Th oz, 10

TRMED AUBE D ERATIE, FRBHEZ RSEE /3 I #
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Ty AOEEEE R, 4 5BREE )Y ICP-OES {54 A
7o MRS S HT S D Median 13 6.38 % (E&E45 >0 B
%), NIOR1%0.16 % (EE7=) , FHIEIT 6.30 % 40
(BEHF) Thotz. 101 BRI 1 THY, 143K %ﬁ
92 30

BRI R R | 7o hE S CTho7-. TR 2 Ol H, £t
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(5) AbRESAEBE R O K EHINE (W-K20)

122 ARBERENSINL, 98 BR=EN T L — ARk
1%, 25 BRENT L — 2oL, 5 3 BR=E2% ICP-OES 54
AW, 70— AR WREEO SIS R E T L — 2 1k
DEHHERICHOWTCOEEMED I DE (- E) 217>
7eEZAh, HEKME 5 % THERAETRDONRD T,
HENTZHTHE R D Median 13 12.68 % (B &43%) , NIOR
13£020% (EHESHR) , FHMHEIT 12.59% (BES5*R) T
Hovz. 92 BN R | THY, 18 REREIN R E 72
fi R Thorz. [R R | OFHIDI B, 12 RRENTL —
LIFEFE, 3 BBRENTL— 2 EE, 3 BR=EN
ICP-OES £ Th 7.
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RNFET D20, JIERITREHE & OME R O IR,
EAREE K ORI E 2[R — T DTN ELL.

(6) ALAAEEF DOFENETE 1 (C-MgO)
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(7) ALEAEBE R Ok EMHEIEH FE (W-B203)

95 HEREN SN, 81 RERENT Y AT H %, 14 3Bk
)Y ICP-OES IE4 W o, s Sz 20 HTfs R D Median 1%
0.369% (EE4R) , NIOR1E 0.012% (EE/NR) , Y
i 0.362% (AR Thotz. 79 REREN L | Th
v, 7 WBREN AR I8 R Thorz. TR DR
DI 5, BARBRENT Y AF L HIE, 2 BR=E) ICP-OES
HEThHoT-.

Fie, TV AF U HIETRBLUIERBREDID 16 HBR=1T
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L7V AF HBERIZENAENERLTEY, RN&
DIESDERHHEDIEH O X ITER Y 0T W=, —
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(8) ABRZIEEF DTSR (As)
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%, 1R2BRENTF NS F A BN FERER R
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(9)  FESWTUEREEELF O RIE T O (S-Si02)

58 RN L, 3B RRE N 5ok B U 7 AL, 193K 25
BRE DR E 2 W, S ST #E R D Median
1£35.00% (&) , NIOR 1% 0.46 % (EEAYE) | Ty 20
fll% 34.88 % (EHENE) Thot-. 48 REREN LI Th —
0, 8 WBREN N2 | 2FE R Thote. [RE] OFHD
25, SMMENS oAV U LE, 5 RBRERERIEE
Thole. Sofbn U 7 DEOHTHRER & OB SEFETED
SIHTAERIZDONT, T ROEEIED ZZ LD E (-0
) ZATHT2E25, AEKYES % THERZEITRO LIV
7.
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(10) FESWIFWERE IEE D7 V71055 (AL)

70 REREN SN L, 9B EDTA VL, 57 iRBR=EN 25
T L — AR EE W, WSSO RE RO
Median 1% 50.27 % (B &) , NIOR1%0.95 % (EH=57 20
), FEIMEIL 50.07% (H&5H) Tholo. 58 sl
N /& 1 TV, 8 FBRED ARG L | 725 R Tho7z. [
) DRI 72 8 BRI 2T L — AR Itk Th-o
72. EDTA LD ks R K O b — LR - E DO Sy i
FIZOWTOEED ZZIC LD E (+-100E) ZAT 72825,

>
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IEE E2TIE L CODRBRED ST R 0 O/ HT i Rl §8 8§ § 8888 § §
DUTHAERZ . WM R R OV ATV 113 62 3t DD A (el G (e A A
BRENLHRENDH Y, 57 RBR=EN T L — AFTRGTE, (%)
4 3RS ICP-OES 1, 1 3B EDTA 1% V- K410 fﬁiﬁ;‘;ﬁi@ﬂﬂ*@
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6.80 % (Ef4r3), NIOR 1% 0.12 % (E &5 %) , JEHIEIL 6.76 % (BH&E5r3H) Th-olo. 47 RBRE=IL 2
THY, 11 RREN AN R RAFER CThole. [REE)] OFMED 55, 9 HMBREN 7 L— AFTFROLIE,
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1 3B 7Y ICP-OES {5 Th » 7-.
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(11)  FESUVNTWERE AR o <EaE e+ (C-MgO)

T3RBRENSBML, 65 REN T L— AFFIORIE, 30
6 RER=E)N ICP-0OES % A=, @Szt o —
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0.308 %, NIQR /% 0.051 %, FH#IfEI%0.309 % Tdh-7-.
WEDOH T MABBREBETHN TR ThoT-. %ﬁ
il — i — MR (RS MBRIE 5110) MV 5 O
B CIEIT B B A IR KR T = AR
Srfi (REEFERBREE 5.11.b) 2179 2 & THOMRROIES
DEXEEBTHLENTX S,
O 1 1
o o o o o o o
RIS ¥ 8§ 8 2 =
o o o o o o o
VI ! ! ! ! ! N
(%)
B14-14 §5 W WOERE IR o
FH

il



68 NEEHIFZE RS Vol. 16 (2023)

(13) FESWIFWERE IR D272 (Cr)

24 RBRENSINL, 21 WBREN 7 b— ARFOkE 15
Z WL e 2 T iE S Median 13 56.11 mg/kg,
NIQR /% 6.47 mg/kg, “F-¥fEIE 55.24 mg/kg Tod - 7=. 19
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6) IERERABREICRITOT—IAE

MERHERER ] DIEEIORNERME~DEE 2B 2720 DRERIEL LTED DN Z L b, &
IEREREE Tk U TR EBRIEIC DWW T T v — M &2 To 7z, AW, B St T2 08Tk
IZBWTH R LTI LWOHTEE, 4% OIERERBIEOSOEIZH 7= 0 BIN L TE LWL D E %
Zlaotz. HFRBELVETONIZNFICOWTUILLFTO LB Tholz

(7 > /r— MMIEE)
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® IhHERICOWT, KRB IR A BN
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FRZEIBIZ X 2 BTALER 7 1A OB IR
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Exb.

Fo, T EATO BT BRI W NEN O 2 Y PERERR N B L2278, IERIO /3% Ik 20722
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Proficiency Test in Fiscal Year 2022

YAMANISHI Masayuki!, YOSHIMOTO Masayuki?, TAMURA Chiaki’, AMANO Tadao*,
IWAMOTO Naoki®, MATSUO Shingo®, AKIMOTO Satono’ and SHIRAI Yuji®

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

2 FAMIC, Sapporo Regional Center

3 FAMIC, Sendai Regional Center

4 FAMIC, Nagoya Regional Center

> FAMIC, Kobe Regional Center

¢ FAMIC, Fukuoka Regional Center

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

8 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2022, using compound fertilizer and
silicate slag fertilizer based on ISO/IEC 17043, “Conformity assessment— General requirements for proficiency
testing”. Moisture (Mois), ammonium nitrogen (A-N), citric acid-soluble phosphorus (C-P>Os), water-soluble
phosphorus (W-P,0s), water-soluble potassium (W-K,0), citric acid-soluble magnesium (C-MgO), water-soluble
boron (W-B,03) and arsenic (As) were analyzed using a compound fertilizer sample. Acid-soluble silicon (S-SiO,),
alkalinity (AL), citric acid-soluble magnesium (C-MgO), Titanium(Ti) and chromium(Cr) were analyzed using
silicate slag fertilizer sample.

Two homogenized samples were sent to the participants. From the 132 participants which received a compound
fertilizer sample, 35-123 results were returned for each analytical component. From the 76 participants which
received a silicate slag fertilizer sample, 14-73 results were returned for each analytical component.

Statistical analysis of results was conducted according to the harmonized protocol for proficiency testing, revised
cooperatively by the international standardizing organizations [UPAC, ISO, and AOAC International (2006). The
ratios of the number of z scores between -2 and +2 to that of all scores were 60 %-100 % and the results from the

satisfactory participants were almost normally distributed.
Keywords  proficiency test, compound fertilizer, silicate slag fertilizer, ISO/IEC 17043, z score

(Research Report of Fertilizer, 16, 49-73, 2023)
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5 2022 ¥ IEHZRIIREMEDORMF

— &AL IREE FAMIC-A-17, @ bk IR B FAMIC-B-14,
THUEFE AR FAMIC-C-18-2, {GIEFEEEANE FAMIC-C-21 O EHZ2 MRl —

NS, FudES L, I aHE
SEAER?, RKOTELTY 3, [P IR 4
F—0—F  ERHEERE, IR, ERSr, B ERKSS, 1SO Guide 35, B EM:

1. [XL®HIC

LETRNERIOFEBZ MR T 57012, FAMIC (ZAEEIO SE O MRS B3 DIEHEER 30 5200 2VICHS%
SEAREEAT>TOD. SEAREIT BV TR E LT ALE O S #E R DWW T, BB BRI LAE RO R
AE~OBVFAAZ BT, fEROZ YA TIIENRDOLN TS, — 5T, IEEEIC, REBRATO
ER SR RE /1R O RIEL L S ET e, ERMEE RS O BB =, LRSS EZ TR
4TRSS, Ak A RE 25 DR BR AT 12 38\ T ISO/IEC 17025 (JIS Q 17025) ¥ DELR FIHA B Z T L4y
Bt RO 24 PO RN BRI TRY, 2O BEHFIRO— 2L U CHEEYE UL WEE B AWED
I BHITHR TN,

ZDIH7EE O™, FAMIC TITEBRATIZ BT DIEEIO /3 HT I B35 B ARAE~ D IAE A T 5457
D, NEEFRGEEEYE A (B LR FAMIC-A-17), [F] B (@ LAk IEE FAMIC-B-14) & ONA] C (5 78%
B BB B FAMIC-C-18-2, FAMIC-C-21) (LL T, Z# % 1L FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2,
FAMIC-C-21 &), ) Zds~10 Fift LT (R 1), ZHHOFRIZ DWW X EBRIC L EE S A
72977212 180 17034 (JIS Q 17034) "W 17 Hiflf ke OAPEIZ BT 5B R FIH | 2 2B 1T 5Lk L,
ISO Guide 35 (JIS Q 0035) P& & E L fifH 21 T->7- T ISO Guide 31 (JIS Q 0031) ' &5 & |ZFRFEE KL VT
SUVEAERRL CWDEZATHS. 2022 £ 1L, FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2 & " FAMIC-C-
21 OFEFEFEE VY, FRAERLTICHOWT, FRHERR ERDN LD R DL ENDE=2Y 72 EE L= T,
ZOMEERETD.

2. MERUAE

1) REEDE=S)VY
(1) Fhi
ISO Guide 35(JIS Q 0035) TlZ, BFHEEMEOREHM T, E=FV 7 &2 FL CREMEEZHRT DL
NLENTND. LZEMDOBFNTOWTIE, AIROK T R TOF — X2 &4 2[R R B i 22 ik
B ORI IC T — 2 BN AR R B RO SO IRV FER F LRSS, RIRFHZFHRL
7= AR VW) B D RAT AN 1T DRBRER S DRI T —Z S B2 Z D, $hE O iEE B et

PARSTATEOE N RMOKETH B 2 BB 2 — M F e 2 —

2 MSAATBUE NRMOKEE B Z et 2 —mP o 2— (B @kt 72—

SMSIATEAE NEMOKPEHE R Bt # — EET B2 AT

PIMSTATBOE NEMOKPETH B 2 2t 2 — Rl 2 A (Bl 4 hErr4—
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DE=HVAT OFIEELUTERIRLZ. ZOWERRIZ EVERERZ Fht 55728, IROD a) ~f) % FAMIC 7+t
Z—TEEL-. 28, BEEEL CRIAFEICEH L FAMIC-A-17 & O FAMIC-C-21 D K43T W Th a4
\ZEB=H) T EHTHoT-.

a) oM FaREL: « «“FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2 2 (X FAMIC-C-21 OFRFEED [ {17 I2BT 9
HIEEFHE]CE S, FiE (20 °CE10 °C), B4 B K NEIRZ AR T TORMFSNIAE DD,
FNENRNU SN F B EEIE LS TTUH AT | RERE RT3k,

b) SIHTER Sy« BRRESIIZ T X TOMSY (F 1).

o) HIMT T - SRR E O 3L [FIBRER Ol FH Sz IR B EERRER A Y (3% 3A~% 3D).

d) E=RYL Y EREEIE - - B = 27 E R ON AR E % ORGE A B>V T 2 1R
L7z, PR ERFO SRR CoOMT o — Ok R4 1 [H (0 » ARG#E) ELT-, ZhETOE
=2V 7 DFEREHEEL T, FAMIC-A-17 X 11 [EH, FAMIC-B-14 /% 17 [E1H, FAMIC-C-18-2 % 9
[B1H, FAMIC-C-21 (% 3 Bl H £THEMiL7-. 7238, FAMIC-C-21 (2311555 28 (B EEER) I\ T,
FERIFRBRRE AT 22— T L QRN 2D, 1 [EH O 43 HT it SRR B 8 L 7=

e) RBAZE .« FAMIC # At 2 —.

) ZZEMEDFAM -« + 32 1 1RUZERFER SISOV CRREEERR B (0 4 H ) 75, EHIRZR0E A $
LT 2 BT CTE=ZIL T 24T, ZONEEEOHER TSV T ISO Guide 35 (JIS Q 0035) [ @&
B.5 5B TfNT L=

1 NEBREREAR D B O 2L
G2l HEHH JEUEHHHLRK PRI SY AR

D/vﬁ&?/»%:?, e T & WHELR, TUE=THES, B A
EELE =7, RE, BN, B~ B, MR, EME L, <tk 20234
JEEE 2RO T, BRI, WER U, IRMEEOFE, KIEMEIEIE, RE e %D
MR R AR P22 3% (4295 4)

FAMIC-A-17

S . VRN " TR HRESR, TR AR, K 2023
FAMIC-B-14 bR B e=7, @Y AfA HED A, AKETENEL, O, D372, -

Rkt R, sfe L (BTHSY) 61 A
. EHER, AR, MR MR
FAMIC-C-18-2 {ﬁgﬁﬁﬁ LRIEIR W TR AT, FHIE, OF, DI 26029;?
I, =L, %:r , 80 (&212A57)

EHREE (REEER), BREB (VL —L
VEIR3EEE LIRIGIR. L3751R. TAIBIRKE 15), VABRAR, IR, fes, fih 20264F
Mgk OEE YRR (R R ) A, AIKEE, AHIRE, OF, IRV 6K
L, KR, = v, ras, )y (R14R%5))

FAMIC-C-21

a) HOHNIIRITERGEDET=L) TS5 aAT -T2 HE 5 (2022 4 12 A) Db DT, BE, FAMIC-A-17 1%
2027 4E 6 H R, FAMIC-B-14 1% 2026 £ 6 H RE CIZIERE SN T 5,
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#2 =XV T EEREE

BEYES  1BE  2BEB 3EIEH  4BIH  SEIH 6BIE  7EIE 8EIE  OMEIE

20174 20184F 201942 20204 20214F
FAMIC-A-17

7~98  4~58 10~11A 4~58 10~11A 6~7H 10~11B 5~6A 10~12H
s A 0 A 9-H  15-H 217H 277 A 3BrH  39-H 465  51xH

20144F  20154F 20164 20174 20184F
FAMIC-B-14

12~18 4~5H 10~118 4~58 10~118B 4~58 10~118 4~58 10~11A
w1 H 0 A 4»H 107 H 16-H 227 H 28,H 34, H 40 467 H

20184F  20194F 20204 20214F 20224F -
FAMIC-C-18-2

11~128 4~58 10~118 6~7H 10~11A 5~6H 10~12H 5~94 10~12H
% A 0rH 5-H  11-H 195  23»H  30»H 3550 42xH  410H
FAMIC.C.pp  20214F 20224 20224 - - - - - -

10~117 5~9H 10~12H - - - - - -
& A 07 H 77 H 12 H - - - - - -

K2A(MiX)

T4 10EEH  11EEH 128E  13EB 14[E1 B 15[ B 16[E] B 17[E 8B

20224 - - - - - -
FAMIC-A-17

5~9H 10~12H - - - - - -
% H 58 H 637 H - - - - - -

2019 2020 2021 20224F
FAMIC-B-14 i i F

4~58 10~118 6~7H 10~118 5~6H 10~12H 5~9H 10~12H

1 A 52-H  58%H 66+ H 707 777 1 82+ H 89+ H 94
FAMIC-C-18-2 ) ) ) ) ) ) )
1 A - - - - - - - -
FAMIC-C-21 ) ) )




20224 ERHREHEYEME OIS — R e EREm — 77
F3A FAMIC-A-17 DoAY B OV i
mEE sy HH MO 5
ree FEY BN 1 WE I
WHELE(T-N) 4.11a  IVH— Lo fR— K Hh R E 1A
- L VBT VT ERIRIN,
=T PEZEE (A e e o
TUoE=THEZ(AN) 4120 HEER(1+20) fhiH i A
e (. . ) e NFREVT T URT o E=D L
. s e 7L — LR
<IEMENNE (C-K,0) 4.3.2.a <Z AUl (20 mg/mL) FhH AT L — MY
<P 1 (C-MgO) 4.6.3a <z AP (20 mg/mL) fhiH 7L — LA
EEME~ A (C-MnO)  4.7.2.a <z AR (20 mg/mL) fili 7L — LR
T N T AFHIE R p
EEPEIED 3 (C-B,03) 481a <z A (20 mg/mL) it Y v ML
e . T AF HRE i
KEMIZHFE (W-B,0;)  4.82a /Kl T MIEZ2L
JRFMEZEHE (U-N) 6.3.b piSiiifas ERkIR 0~ 57 1k
1) Ik R BRI OE H & 5
#3B FAMIC-B-14D 550 %455 M OV M
H=EH sy HH IIATIE OB B 5
pork A %2 SBHE R A JE
TUoE=THER(AN)  4.12a oy HR RS TR
. s (L Kt N—=T w2 A NFREVT T UBT =T A
WA AR (S-P,0s) 4.2.2.a A i v g U
) (L NFREVT T UBRT o E=T L
AKIEHEY AR (W-P,0s)  4.2.4.a K HA Y e
) : 7 — LR E
FRESHENNHL (W-K,0) 4.3.3.a KA H T — I
O\ (As) 5.2.a il — hl s — R R i KB AR TGk
HRI7 L (Cd) 5.3.a TR Sy fiE T — KRR
=41 (Ni) 5.4.a KR 7L — N AR
eI Z3A 25 1R
#3C FAMIC-C-18-2D 55 H7 il oy B OV M i
PN HH SINTIE DR 1%
” EaY BN I WE I
EHLE(T-N 4.1.1a VA — LA iR — A R R B I
A . g NWNFIREVT T URT =T A
VA4 & (T-P,05) 421a  TNE—)UERERS iR vy e
=) - T — AR E T T —
ME2E(T-K,0) 43.1a K fE D
41K 42 (T-CaO) 45.1a  EKGfE ZL— BB EIR D]
Fib% R (0-C) 411.1a  —rnAkikt FRALIE oI AE
B 45 (T-Cu) 4.10.1.a FAKRSR 7 L— LA
Hen 45 (T-Zn) 49.1a TR T L— LR AW
ON%E (As) 5.2.a WilE — idiE — BRI 0 if KB R AR ek
HRI A (C) 5.3.a F K31 7L —NR AW ETE
7K 4R (Hg) 5.1.a TS 1% — e 4 SR Ry fif E RO
=7V (Ni) 5.4.a F oK1 7L — LR A WETE
a2 (Cr) 5.5.a F oK Gy fiFt 7L — LR
¢h (Pb) 5.6.a FoK Gy fiF 7L —NR WG

JHEIZRIA ZS
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#3D FAMIC-C-21D 51l o5 B OV T
R HH WA DS ik
%5 AR R HEE
EFREE(T-N)REEE 4110 — BRBEE
}iféi T-NITAT= 4118 ras—nsyfi—iE R A
DB (T-P,0s) 4218 A — LR %gﬁ;;gﬁfﬁ”%
IR 48 (T-K,0) 43.1a F IR T L— LB T
A K 25 (T-Ca0) 45.1.a F IR 7L — LR A
AR (0-C) 4111a - roAEREl LB ool ek
B4 (T-Cu) 410.1.a FKROHE 7L — LA
Hen 45 (T-Zn) 49.1.a F KR 7L — NE WG E
U (As) 5.2.a Wil — fllE — IBIE R iR KB R LR TE
RN (o)) 5.3.a TR T — AR ROTE
7K R (Hg) 5.1.a TR — M SR ey iR e R SIRES
=)L (Ni) 5.4.a TR T L— AR RS
27112 (Cr) 5.5.a TR 7L — LR F TS
# (Pb) 5.6.a KGR 7L — LR ROETE

JVEIZFR3A 22 ]

(2) ®B=XV T DEN

T=H) T DFENEFFAREIE D FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2 } () FAMIC-C-21 %5 1 %
T, DTS 2 BT 21T 72

SIHHEOHTENE, FAMIC-A-17 J Of FAMIC-B-14 (DWW CIE, AESY (As, Cd, Ni), <&M~ (C-

MnO), <¥EMEIFHFE (C-B203) K OVKIENEIFH 5 (W-B203) D OHTHEILA T 3 #r, TSRO HTRATIE,
INBGE 2 i FTELT-. FAMIC-C-18-2 }2 U8 FAMIC-C-21 (Z2W\W T, $il4 & (T-Cu) & O\dign 28 (T-Zn) O
SINTEIEEESL, 2RI D 3 HT AT I Z DUV TH N 3 M1 Lie. ET, RRREEE BRI K A IE L 72V VR
(CHZIRED) &L=

3. #R

1) BEMEOE=S)VY

(1) E=HVTHER

FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2 } O} FAMIC-C-21 D&43HT %45 D o5 it a2 4A~F 4D
\Z7R L7, ISO/IEC 17025 (JIS Q 17025) T, [7.7 #EFDZ Y MO T3 CEEEY B 30 & B
WE DR REINTEY, FAMIC TS AMRAE CILE LB Z 08T 3 28RS, JEEBERAEE Y B A A
THMT T EATV, BRI E RO T 0 U7 T — 3B N TSNS OTEDOIE D S EITHEE
SIVHHPH T FE D EFRE SN ER BRI L OWLE R AL, Zha O T RO M EE AT >T
W5,

FAMIC-A-17 OE=XV> 7 Bl 63 7 H %, FAMIC-B-14 OF=XV> 7 BitEND 94 7 A t%, FAMIC-
C-18-2 DE=ZV T BALEND 47 » A1, KON FAMIC-C-21 DE=XV > Z BMENS 12 » A # FTICHEIELIZ
-kt H B OB TR D 2 RO T DA E ORI EA ] 1A~ 1D (TRL, BIZERRA KO
W& RS A -

72E, RS K OMLE IR FUZ DWW TR, FERRRHEED E OFRGEED [ RHENSOR N 22 E 1R
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AR ER E DO BRI RIFABRI SN U7 3RBR =58 (n) W ONTREREME (1) , B NERHER 7 (syw) K& OV [ A BLAR ME
{72 (sp) Z VT (a) 3, (b) ALV (o) LR

2
B BRI M OVRLE RS o0 B L W 72 R HE (R 72 (o) = \/(SRZ — sw?) +S% <. (a)
SEEHEIC KT DEIRR = u+20 <+« (b)
SEEEICKT T DALEIRE = u+30 <o (o)
n: HELFEFRERICBIT SRR =5 sp: FERIFER CHEOIV T2 M F B HE R 2=
sw: IEAFRER CHELI - BN MR = u: PRIHE
FAA FAMIC-A-1TDLEMT=HV 7 Tt F (E &3 %)
P EREE ToE=TH IEMEOARE <wtemE
B AN TN T e an TR (cpoy TR (ko) T

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 1172 13.39 13.44 1342 13.38 14.32 13.85
15 14.01 14.02 14.01 1194 1211 12.03 1324 1336 13.30 13.95 13.99 13.97
21 13.98 14.00 13.99 1159 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 1355 13.57 13.56
35 13.94 14.00 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 1321 13.20 13.81 13.66 13.74
51 13.98 13.99 13.98 11.72 11.72 1172 1320 13.19 13.20 13.95 13.94 13.95
58 13.71 1390 13.81 11.78 12.06 11.92 13.14 1329 13.22 1358 13.72 13.65
63 14.21 1426 1423 11.89 12.00 1195 13.28 13.39 13.34 14.13 13.81 13.97

FAA (HiZ) (HE73 %)
PRI 2 - Lt~ SEEMEIED # ISEEAESE S JRFAVEZE TR
IGH MNZFA MZFA MNZFA MNZFA MZFA
BBAK (Cyeo) T oy I o i T e o0t i T i
0 344 347 3.46 0.298 0.318 0.308 0.568 0.583 0.575 0.444 0.462 0.453 214 224 219
9 342 344 343 0289 0.303 0.296 0.561 0.567 0.564 0.452 0.464 0.458 228 231 230

15 352 354 353 0309 0318 0.313 0561 0578 0.569 0445 0453 0449 229 233 231
21 341 349 345 0294 0.311 0302 0.527 0.572 0549 0.460 0.470 0.465 212 235 223
27 352 354 353 0311 0.319 0315 0.555 0.563 0.559 0.446 0.452 0449 235 236 235
35 347 350 3.48 0304 0.309 0.306 0.569 0.549 0.559 0.427 0.444 0436 248 248 248
39 350 361 356 0319 0319 0.319 0575 0575 0.575 0.447 0.443 0445 233 236 235
46 354 347 351 0317 0320 0.319 0554 0556 0.555 0.460 0.450 0.455 222 221 221
51 349 348 349 0314 0322 0318 0545 0550 0.548 0.460 0.450 0.455 224 226 225
58 348 354 351 0315 0.316 0315 0.555 0.593 0574 0.438 0.466 0.452 250 249 250
63 350 349 350 0324 0.327 0325 0.594 0.595 0.594 0.480 0.449 0.464 228 226 227
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#4B FAMIC-B-14D % E T =2V 7 5 Mt CEF 2455 %)
oo T E=THE AIEED AR IRUEED AUER RIS
X 1 ¥ SZPA 7 A LA ZAA
0 7.94 8.09 8.02 9.13 914 9.13 6.66 6.74 6.70 8.18 823 8.20
4 7.98 7.98 7.98 9.18 9.23 9.20 6.77 6.79 6.78 8.15 816 8.16

10 796 801 7.98 9.12 913 9.12 6.65 6.67 6.66 8.28 8.29 829
16 8.01 8.05 8.03 919 926 9.23 6.65 6.66 6.66 8.23 827 8.25
22 8.02 8.06 8.04 9.25 9.33 9.29 6.72 6.77 6.75 8.17 8.47 8.32
28 7.98 8.00 7.99 9.10 9.13 9.12 6.69 6.71 6.70 8.17 828 8.23
34 7.93 803 7.98 910 911 911 6.69 6.73 6.71 8.27 854 841
40 789 802 7.96 921 923 9.22 6.66 6.67 6.67 8.07 830 8.18
46 793 7.95 7.94 9.27 9.28 9.27 6.74 6.76 6.75 8.17 818 8.17
52 793 801 7.97 9.17 926 9.22 6.77 6.78 6.77 835 844 8.39
58 7.96 8.01 7.99 9.25 926 9.25 6.82 6.82 6.82 8.07 819 8.13
66 8.08 8.03 8.06 919 9.17 9.18 6.71 6.76 6.74 8.15 820 8.18
70 8.13 812 8.13 915 9.15 9.15 6.66 6.66 6.66 821 819 8.20
77 796 7.95 7.96 919 918 9.19 6.72 6.78 6.75 825 823 824
82 8.09 8.06 8.08 911 910 9.10 6.78 6.80 6.79 8.13 819 8.6
89 7.95 7.92 7.94 9.07 914 91 6.62 6.61 6.61 8.26 8.17 8.22
94 7.94 8.06 8.00 9.28 9.28 9.28 6.69 6.72 6.71 8.28 840 8.34

F4B (fiiX) (mg/kg)

o 0% ARIVA =vhn
BBA%K g TE T LT i N P
0 3.01 323 312 3.92 411 4.01 36.7 38.3 37.49
4 296 3.07 3.02 426 427 4.26 377 37.7 37.70

10 293 296 294 415 419 417 36.9 37.8 37.37
16 288 297 293 417 419 4.8 36.9 37.1 37.00
22 291 298 294 3.95 399 397 38.1 39.0 38.55
28 3.01 3.08 3.05 3.70 3.78 3.74 36.3 36.6 36.44
34 3.06 3.10 3.08 443 444 443 38.3 39.1 38.74
40 294 299 296 429 438 4.34 372 372 37.20
46 294 298 2.96 4.04 414 4.09 374 381 37.75
52 285 290 2.88 434 437 435 37.2 38.7 3791
58 282 296 2.89 435 448 4.42 36.0 36.5 36.26
66 296 293 294 422 430 4.26 39.0 39.0 39.01
70 319 334 3.27 444 440 4.42 36.6 36.7 36.66
77 2.88 2.88 2.88 423 422 4.23 384 383 38.35
82 295 3.03 299 438 440 439 376 37.6 37.62
89 277 295 2.86 4.47 437 442 376 376 37.59
94 297 3.00 299 449 441 4.45 36.1 358 35.93
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RAC FAMIC-C-18-20 L EVEE =2V 7 3BT A (E RS %)
mans RS gy OEEE e NEER g TRER gy WREE gy
0 470 471 470 461 4.67 464 0.107 0.118 0.113 162 1.68 1.65 36.6 36.7 36.7
5 478 479 479 460 460 460 0.117 0.120 0.119 161 165 1.63 37.6 378 377
11 481 485 4.83 460 4.65 462 0117 0.118 0.118 1.68 1.68 1.68 37.8 38.0 379
19 482 484 483 443 472 457 0.116 0.116 0.116 162 165 1.63 38.0 378 379
23 484 480 4.82 449 440 4.44 0.111 0.111 0.111 164 169 1.67 37.8 378 37.8
30 440 4.80 4.60 454 461 458 0.117 0.114 0.116 171 173 172 37.8 377 37.8
35 482 481 4.82 4.67 4.68 4.67 0.118 0.112 0.115 174 173 174 379 376 37.8
42 475 478 ATT 466 469 468 0.128 0.123 0.125 164 163 1.63 36.3 37.0 36.7
47 485 4.89 4.87 471 479 475 0126 0.127 0.127 164 163 1.64 37.3 378 375
#4c (i) (mg/kg)
FA=A AVAS=NR = I
mias oy TEEE g DR g TRITS g
0 919 922 920 1547 1553 1550 120 137 128 1.80 1.93 1.87
5 911 913 912 1533 1537 1535 140 143 142 186 193 189
11 951 954 952 1547 1547 1547 13.3 139 136 1.81 1.83 1.82
19 874 882 878 1512 1516 1514 136 139 137 185 185 185
23 926 920 923 1561 1557 1559 147 137 14.2 1.88 182 1.85
30 869 904 887 1536 1534 1535 144 148 146 183 182 183
35 920 925 923 1579 1556 1568 140 140 140 182 181 182
2 905 902 903 1515 1514 1514 124 123 123 181 187 184
47 946 965 956 1582 1591 1587 140 143 141 1.87 189 1.88
#4AC (fix) (mg/kg)
-~ /\
CT T SO 207 S AN C°T N
0 242 262 25.2 42.4 46.5 445 23.0 248 239
5 248 25.6 25.2 493 513 50.3 248 253 251
11 249 254 251 440 442 441 243 248 245
19 25.2 254 253 439 444 4472 23.3 232 233
23 247 252 249 43.7 46.0 4438 264 27.1 26.8
30 28.8 23.7 26.3 453 40.8 43.1 247 233 240
35 244 2411 2472 449 431 440 25.7 251 254
42 249 263 25.6 40.0 43.1 415 26.6 26.6 26.6

47 22.1 23.0 225 43.3 43.6 435 26.3 25.6 25.9
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82
724D FAMIC-C-21D & EMEE =XV 7 o3 Bt e (E &5 %)
o, SEER o 0 ARk R
EIERE SV ! Y SR S ] AP T
(T-N) (T'P205)
0 -3 —3 —a) 3.76 3.97 3.86 538 5.30 5.34
7 4,07 4.08 4.07 3.82 3.88 3.85 5.24 5.37 5.31
12 407 4.06 4.06 400 4.02 4.01 532 5.36 5.34
a) LEFRBRIF O T2 EhE
F4D (i) (E 852 %)
o o pIIIEERE gy - AR AHERFE
R H 24 (T-K,0) SN (T-Ca0) SR fE (0-C) A
0 0.52 0.49 0.50 421 424 423 27.20 26.93 27.1
7 0.52 0.52 0.52 417 414 4.15 27.57 26.61 27.1
12 0.53 0.52 0.52 4,12 4.18 4.15 27.73 27.43 27.6
#4D (Fix) (mg/kg)
9" EN > ﬁﬁé% N7 A ﬁﬁa/f‘% NZAA ()\% NZAA j‘ﬂ\\ilj‘b' N7 A
e H (T-Cu) i (T-Zn) I fE (As) EE (cd) W E
0 449 438 443 1360 1323 1342 8.19 7.95 8.07 191 190 1.91
7 443 439 441 1324 1315 1320 7.75 6.53 7.14 1.90 192 191
12 459 443 451 1333 1332 1333 8.64 8.37 8.50 1.92 200 1.96
#4D (Fix) (mg/kg)
N JKER =L Z4=FN &
R IS . MEPAAE EPAAE LS
0 0.66 0.58 0.62 27 29 28 30 31 31 22 21 21
7 0.56 0.53 0.55 29 28 29 30 27 28 23 24 23
12 0.67 0.68 0.68 26 26 26 31 30 30 22 21 22
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y =0.0004x + 13.981

AN

SibriE (&
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1. FAMIC-A-17 (£ £ 4 &)
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=340
%
3.2 1 1 1
0 20 40 60

A% (H)
5. FAMIC-A-17 (a5 +)

12.4

(%))

12.1

y =0.0033x + 11.719
..... D_._._._.D...D.-.U
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& g e o _.
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il
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6. FAMIC-A-17 KiEtE~2 )

1A FAMIC-A-17 DF=FV 743 HrHE 5
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y =0.0001x + 0.5614

A% (H)
7. FAMIC-A-17 (KIEMI1EH )

%))

b

0.50

0.47

0.45

y =0.00003 x + 0.45190

0

20 40 60
i A # ()

8. FAMIC-A-17 OKIEM:1EH )

2.7 ¢ y = 0.0012x + 2.2765
S ol
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N O _
1 |
s 22 & ¥
~ il 0
g
jug 20 F
&
1.7 ' '

0 20

40

e A % (7))

9. FAMIC-A-17 (JR#E M2 3)

1A (%)

8.3

y = 0.0001x + 7.9946

0 50 100
A% (H)
1. FAMIC-B-14(7 =T M%)

7 (%))

<

=R
L=ER

i/

I=

SIMTE (

9.5

8.8

y =0.00002 x +9.18481

50 100
il A % ()

2. FAMIC-B-14 (RI MY AUFR)

1B FAMIC-B-14 OF=FV 725 HihE 5
(PRI 1A 2 08)
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8.8
69 | y = 0.00004 x + 6.71601 y = -0.0001x + 8.2436
& I e S 86 fomrmmqgm e
¥ 6.8 . O M
< i < = | O
mﬁﬂ & T " HFhisg”" 7/ """" - b e HIEH 8.3 . A ﬁ »
67 b g O i * gﬁﬁﬂa_
~ ~ E Y il Vi i 3
oo (m]
@ E 8 1 b = i e - ﬁ - -
95 66 F - -mrmrmrmmm i m = 95 . B
i %
N N
65 L 78 L
0 50 100 0 50 100
A% () walm A% (H)
3. FAMIC-B-14 (KA AFR) 4. FAMIC-B-14 (KM )
36 F y = -0.0007x + 3.0121 52 y = 0.0038x + 4.0652
? ] ;i:” g P
E E Py R
= m 2 e ¥
= = il
Ropg Frmrmimimmmm s Rgy koo M
2.0 . 3.2 !
0 50 100 0 50 100
A% (H) walm A% (H)
5. FAMIC-B-14 ((\3%) 6. FAMIC-B-14 (BRI 4)
49 y = -0.0035x + 37.664
/8) 43 b = e e Em = -t -— -
<
g
E oD ®
- W
=
R 32 pimimimim e
26 '

50

100

A (H)
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y = 0.0009x + 4.7592
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51

! y = 0.0021x + 4.5675
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IH 17
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y = 0.0004x + 1.6552
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y = 0.1281x + 914.04
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1,847
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i y = -0.0909x + 46.579
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(%))
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I
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T (
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5.4

5.2

5.0

y =-0.0038x + 4.1052
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;c:n 91 F }:;, e e e e e it
> A > O
E Ei\~\EF//E E .
71 F ~ R
l O 219 -
= S
\ 5.1 b = = e e el Em - - - - \
3.1 . 1.7 !
0 10 20 0 10 20
A% (H) A% (H)
9. FAMIC-C-21 (1 5%) 10. FAMIC-C-21 (I RI7 4)
40
0.79 |} y = 0.0037x + 0.5905 y = -0.1443x + 28.605
35 F
/c?) /8) L e e e e e e i i m i =
< <
£ E%0 §oF
i 0.59 wog | TTm
: S
20
0.39 . 15 !
0 10 20 0 10 20
amAE (H) A% (H)
11. FAMIC-C-21 (/K $2) 12. FAMIC-C-21(=>7/V)

ID (%)



90 JEBHFZEHAE Vol 16 (2023)

28
y =-0.0358x + 30.013 y = 0.0757x + 21.682
39 L 26 F
’_\@ e meo. f_\@ IR
g 34 r g 24 }
=29 Fo—C &= 2 [V'/""'——\\‘g
= O = h
= I = DR Gt LIETE L e PE
24t 20 E
19 L 17 1
0 10 20 0 10 20
waE A% (H) waE A H (H)
13. FAMIC-C-21 (71 .1) 14. FAMIC-C-21 (%)

ID (%)

2) IEHZHREDEORMRE S

FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2 2 (8 FAMIC-C-21 D FRGHE R & Wb HAE T TORGE A 4%,
BE DI D I S e =F D 7 3 BT DOFHRE RIS HOWTE A &% (B &S HR) ObDEF 5-1 12,
mg/kg OHLDEFR 52 (TRLTC. ZEMOFEAMIZ, #Ri A $ D FEEE E A B O E DO EZ VT 1SO
Guide 35(JIS Q 0035) S B ZIROFNATITo72. T, (D)L (e) kb, #i H & O HrE & o El
EAROMEE (by) K OEIF (by) Z3RD7-. ki, (XKL () &b, TRIOEAERRE (s) K ONENFE RO X
DIFHERRE (sp,) 23RO T2 BURELFROBEE OIFHERFE (sp,) & ¢ 18 (tg 95 7—2) 2R CTABLLAHZ OAEXE (| by )
Z g LTz,

ZDHER, FAMIC-A-17 KM~ 72 <) , FAMIC-B-14 (IR 5% [x<) , FAMIC-C-18-2 D4 TD
FRRERIIIZINT, |by| < sp, X togsr—p L7RY, HEITHABLITRBO LN T, £, BF=HU T 55D
FEhaEENE, 3 [ED7R003, FAMIC-C-21 (2 DWW T [RIBRDO Gl 2 Efi L 72 L 24, W N ORERER /B E
WA EERO LI -Tz,

723, FAMIC-A-17 OLIAME~ > 2} Y FAMIC-B-14 DRIV AZHOW T, HENAE THT2HX
1A 6 LU 1B 6 AZHBWCHEREEEL COEETHY, +Ir I E ki BRADOFPAN THHI DD, IRFEFELL
P | e 7%,

ZHUZ XY FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2 }% (" FAMIC-C-21 DFBFER L, T=4V> 7 FliE
BARREDZNEN S F3 7 H, TH 10 7 H, 3411 » A KON 1 FRLE THLEHBLT-.

T T
b= ) (=D -7) / DE-0t @

b0=)_/—b13? "'(e)

1, 1 | .
§= mZ(Yi —-y)? = mZ()’i — by — by x;) e (f)
i=

i=1
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- (g)

E*f”ﬁg%@ |b1| < Sb1 X tO.95,T—2 e ,Jél:yc‘fcﬁll\ (f'ﬁf)
|b1] = sp, X toosr-2 - AR THD (RLIE)

T: B=2V 7 FEhiR% (A-17 (11 [[), B-14(17 [8]), C-18-2(9 [A]) KO C-18-2(3 [A]))
xi: PARE B OFT=2V 7 A DT =27 F i H £ CORGBRER (F)
X ox; OWHIE(H)

yi . B=XU 7 FE B OREM O PRI fE

Vi oy OOHTHEROMBTEIE

by: [l ERROME

by: B EAROE A

st TRIOEHERZE (HEETRZE (y; — 91) DIEERE)

P ox (ST 5y, O FHIE

Sp,t EVRELAROBEE OFEUE(R 72

toosr—z: ¢ ME (WA EAKEE a=0.05 HHEE T-2)
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#5-1 NEBRRFEYEN E D2 E DT =2 2 755 H DR ARG 5
(R D HLA 3% (53 58) THDHFRIERSY)

o 2 b) o (B s 53 AT s R I ’
RS YU n® b 0 wmP e
(mon.) (%) <i>” %)) (%)? ( % >]) ( % )D
mon. mon. mon.

(FAMIC-A-17)

EHEL2E (T-N) 33.1 140  0.0004 14.0 0.102  0.0016  0.0036 @)
Tre=TM%EF (AANN) 331 11.8  0.0033 11.7 0.138  0.0021  0.0048 O
yPEoABE (C-P,0s) 331 133 -0.0012 133 0.079  0.0012  0.0028 O
IEMENE (C-Ky0) 33.1 13.8  0.0007 13.8 0.207  0.0032  0.0072 @)
<¥EPERE 1+ (C-MgO) 33.1 349  0.0008 3.47 0.036  0.0006  0.0013 O
<M~ H (C-MnO) 331 0.312  0.0003 0.302  0.006  0.0001  0.0002 X
<EEMEIEHFE (C-B,0;) 331 0.566 0.0001 0561  0.014  0.0002  0.0005 @)
KEEMIEIFE (W-B,0;)  33.1  0.453 0.00003 0.452  0.009  0.0001  0.0003 O
JRFEMEEEFE (U-N) 331 232  0.0012 2.28 0.098  0.0015  0.0034 O
(FAMIC-B-14)

Troe=TPE%EHE (AN) 464 800  0.0001 7.99 0.05 0.0004  0.0009 O
wAMED AUBR (S-P,0s) 464 919 0.00002  9.18 0.07 0.0006  0.0012 O
KIEMEDARE (W-P,0s) 464 672  0.00004 6.72 0.06 0.0005  0.0010 @)
KA (W-K,0) 46.4 824 -0.0001  8.24 0.09 0.0007  0.0015 O
(FAMIC-C-18-2)

EHE2E (T-N) 23.6 478  0.0009 4.76 0.09 0.0019  0.0044 @)
VAR (T-P,0s) 23.6  4.62  0.0021 4,57 0.08 0.0018 0.0043 O
INEAE (T-K,0) 23.6 0118 0.0002 0.113  0.005  0.0001  0.0002 O
£ K45 (T-Ca0) 23.6 1.67  0.0004 1.66 0.04 0.0009  0.0021 @)
fHgmE (0-C) 23.6 375 -0.0008 375 0.53 0.0115 0.0271 O
(FAMIC-C-21)

wEHELE (T-N)sar—e 63 391 0.0112 3.84 0.08 0.0097  0.1227 O
EFReE (T-N) S 63 408 -0.0038 411 0.01 0.0007  0.0089 O
0 AR 4R (T-P,0s) 6.3 533 -0.0004 5.33 0.00 0.0032  0.0407 O
IHE AR (T-K,0) 6.3 0513 0.0015 0.504 0.01 0.0004  0.0053 @)
K4 & (T-Cao) 6.3 418 -0.0068  4.22 12.71  0.0028  0.0350 O
A (0-C) 6.3 27.2  0.0402 27.0 12.71  0.0264  0.3360 O

a) FAMIC-A- 17T DE=2) 7 Eli H bR L T3, HZEEFTE=4U 7
FAMIC-B-14I3fR 8% DE=FV 7 Fh BHREFE L T4y Atk ETE=XU L
FAMIC-C-18-2/Fi#t% DE=X V" EMi ANLERAEL CT47r A ETE=HI 7
FAMIC-C-2LIEFRZ D=2V JE i H bR L T2y AR ETE=XFY T

b) FHRLAIEIOE=F) T Ll HNSE=X) 7 El B £ TOREEBEROFEE (F)

¢) FAMIC-A-17D 55 Wl RO EENE (7 — 2%k = =4V 7 FEHia1Ex (9) X PT84k (2))
FAMIC-B-14D /3 M ik B DR EIIE (77— 4 4% = =4V 7 E a5k (15) x HH 70814k (2))
FAMIC-C-18-2D 43 HT it S OR-YIE (77— 2%k = B=2V 7 FEREEE(T) X PT84 (2))
FAMIC-C-21D 53 A1l e DMl (7 — 2% = £ =2V 7 FEhim1E (3) X PR T4k (2))

d) [EUFERROMEE

e) [EUFERROL)

) THIOEEA

9) BN EMROEE O

h)  Sp, X togsr-2

) ORFKRATHEES L THXIIABRLLROLNT, ZE LMLy

|b1] < sp, X toosT—2
) EHHOWTEESyR
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£5-2 JERRGEE Y B O EME DT =2 2 753 HT DR 5
(/)i%f@ﬁuﬁlmg/kgfﬁ)énwﬁﬁk 7)
1) . T oy BT HE
Ej_(:ﬁj\ X y bl d) bo e) s f) S, g) %@h) :HJH—»I)

mg/kg mg/kg mg/kg
(mon.) (mg/kg) (mon_> (mg/kg)  (mg/kg) (mon_> <m0nl>

(FAMIC-B-14)
OF (As) 46.4 298 -0.0007 3.01 0.10 0.0009  0.0018 O
JRI7 4 (Cd) 46.4 424  0.0038  4.07 0.17 0.0014  0.0029 X
=4V (Ni) 46.4 375 -0.0035  37.7 0.89 0.0074  0.0157 O
(FAMIC-C-18-2)
4 5 (T-Cu) 236 917  0.1281 914 27.96  0.6044  1.4293 O
ffign 4 & (T-Zn) 23.6 1545 0.3603 1537 2475 05350  1.2650 O
OF (As) 23.6 13.7  0.0030 13.7 0.77 0.0167  0.0395 O
JRI7 4 (Cd) 23.6 1.85 -0.0004 1.86 0.03 0.0006  0.0015 O
=4V (Ni) 23.6 249  -0.0277 256 1.01 0.0217  0.0514 O
21 (Cr) 23.6 444  -0.0909  46.6 2.03 0.0439  0.1038 O
i (Pb) 236 251  0.0409  24.1 1.10 0.0239  0.0564 O
(FAMIC-C-21)
#i4 & (T-Cu) 6.3 445  0.6174 441 5.72 0.6712  8.5289 O
Hfign 4 (T-Zn) 6.3 1331 -0.9177 1337 13.63  1.5988 20.3151 O
U (As) 6.3 7.90 0.0252 7.74 0.96 0.1128 1.4331 O
AR 2 (Cd) 6.3 1.93  0.0044 1.90 0.02 0.0029  0.0365 O
KR (Hg) 6.3 0.614 0.0037 0590 0.085  0.0100  0.1269 O
=4V (Ni) 6.3 27.7 -0.1443 286 1.49 0.1749  2.2220 O
a5 (Cr) 6.3 29.8 -0.0358  30.0 1.73 0.2035  2.5859 O
& (Pb) 6.3 222  0.0757 21.7 1.42 0.1668  2.1198 O

JIVEIXRE-12 5

3) IEBHEHREMROFEMHRICONT

FAMIC TIZAATL TWA BRI M B IZ DWW T, BRI EMEOMER AT -/ R E BA % E
LAMROIER 21T > T b, £72, FAMIC NOFEBELEOH S F, ARMIRIZZNETIOF 6 H K]
ERREL TS, ZOZEND, 6 A KUELL, FIEEHERGHREMEIZ oW, HFER O 6 ARIZBITLL

TEMED RN SEHEE LA AR A T L7z, 51T 1SO Guide 35 (JIS Q 0035) #2511, BREERR ED>
SEAFE%R D 6 HRKETO A EA R L7 R CORER D DR EMED R S%E (h) RUZLOHEE L, Bk
BRALD RS (EAHT D72 DL FFRER O R LV HE H LI N E E BEO 72D DIEHER 2 (0 ) D 2 fi5) &
b3 L TH IR Z T HIL - (2 6A~6B).

ZORER, LEMED NS ETR SRR O RS (20) ZHBZHDIE FAMIC-A-17 1220\ TiE 2029 4F 6
A RIZIEVEMNE, FAMIC-B-14 {22 Tl 2036 4= 6 H RICKIBEMEV AR ThH-T-.

FAMIC-A-17 OLIEME~ 2 72 J Y FAMIC-B-14 DRI LZOWTIE, 8. 2) IZB W CRIFERROEZ D
EENAE ThHD EHEINTD, TREIHNEDHIRIZI W T HEH IR O AN S 2 L72n 2
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& DD, FAMIC-A-17 IZBL TIXAZIMIIRE 2028 4F 6 A KET, FAMIC-B-14 ([ZBIL CIEA 2 HIBR% 2035
6 A RETIEFRETHHLEE 2 DT,

7%, FAMIC-C-18-2 (2 DWWV TCIHEMH A BEIZH T L TEY, FAMIC-C-21 (22O CIEakBR IS 3 [m1 & 7e
WO RIREL 72T,

Ults = Sblmexpir e (h)

Mexpir: E=FV T EREBAAREEDHO A %L
uns: REMEDRHENS

#6A FAMIC-A-1TDO NS OHEEE

u Itsb)
w4y S, 131, A #% 143 A% 155 A #% 269
(20286 H K)  (20294:6H &) (2030461 K)

e B (T-N)? 0.002 0.206 0.225 0.244 0.266
FoE=TEZEHE (AN)Y  0.002 0.278 0.303 0.328 0.362
UMED AR (C-P,05) 9 0.001 0.160 0.175 0.189 0.176
SVEVENE (C-K,0)9 0.003 0.416 0.454 0.492 0.448
<A (C-MgO)? 0.001 0.073 0.080 0.087 0.158
B~ Ay (C-Mn0)®  0.0001 0.012 0.013 0.014 0.025
HEMEIFEHFE (C-B,05)? 0.0002 0.029 0.031 0.034 0.045
KEEMEIEHFE (W-B,0,)?  0.0001 0.018 0.019 0.021 0.024
JREEMEZEEE (U-N)Y 0.002 0.197 0.215 0.233 0.259
a) 1y AL EhEE C) ERIRADORHe S
b) il A 1% DO RHEN S OHEE N d) % CE R4y)

#6B : FAMIC-B-L4D RS DOHEENE

u Itsb)
R4y Spr? 246 1 % 258 1 1% 270 A 1% 267
(20354F6H K)  (20364F6H K)  (20374E6H K)

FrE=THEE (AN)Y  0.000 0.107 0.112 0.117 0.137
FTVAHED AU (S-P,05) @ 0.001 0.136 0.143 0.150 0.173
AKEPED ABE (W-P,05)®  0.0005 0.117 | 0.123 | 0.128 | 0120
AT (W-K,0)® 0.001 0.173 0.181 0.190 0.247
0 (As)? 0.001 0.211 0.221 0.231 0.433
BRI L (Cd)? 0.001 0.335 0.352 0.368 0.534
=L (Ni)? 0.007 1.809 1.897 1.985 5.899
a) 1r Abl-hoLdhas d) % (E&EDH)
b) #%ita H % ORI OHEEE e) mg/kg

C) EABRFOARHENS
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4. F&O

AEEFRGHEYEY)E FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2 & T8 FAMIC-C-21 DE=%U 7| ;Z;sa%
M2 EVEE MR LTRSS, & IR W B D & FBREA T (2 3BT D BTl R O E L, Wi i ads
R E RF DI R I W TR OV AR S DR S 7 RS (B — 3R 2 TS SN D o AT o
i%’)% (X UHERE SV #iPH) N Thh o7z, F7e, /TG H% 1SO Guide 35 (JIS Q 0035) & BT aHi#ATL,

EROMEEOLE N L L ENEEFIMML7=EZ 5, FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2 } O}
FAMIC-C-21 c:ou\f:e:&uyﬁ‘%ﬁﬁﬁﬁﬁéﬁim%, BxS5E3 AR, T4 10 7 HH, 34 11 2 HHAEO 1
FEMORBFERST 1T FAMIC-A-17 OLENME~Y 72 &Y FAMIC-B-14 O AIRIY D% RO CLEM DRI
7.

F7-, ARHIROZ G AR T D120, FIERSITHOWT, BEER O 6 A RIZBIT DL EMED RS
%%%ﬂzuu:_é FAMIC-A-17 K TU" FAMIC-B-14 OZIAfE 2023 - 6 H KFETEFREL TODHEZIHIRAIZ
FTIVDFERER 7S L EMED NS HVEF IR DO A S B LR L2 g L72. FAMIC-A-17 O<E
rivm//;w FAMIC-B-14 OARIT AZDOWTL, ﬁuﬂ:@zzm HEFAM L 33U ClENF EAR OB E O ZE B 23
BETHD LTSN, FRIRS DOLEMED AN S1E, FAMIC-A-17 OLEMEMESBZ LT
HIEH7= 2029 4 6 H KFEA, FAMIC-B-14 O /KA réb/uﬁﬁﬁ“ﬁzé%?ﬁ%hf: 2036 47 6 H KK R Ch &K
R D AN SE BRI EHEE SN2, HAE FAMIC-A-17 & T8 FAMIC-B-14 Ci%E STV 5 HL)
H BE%E%E@EJE%&UEF@@EH%&%%% L, FAMIC-A-17 I% 4 4[], FAMIC-B-14 |3 3 EEEL, +
LI 2027 4F 6 H AR L TR 2026 - 6 H RETHZEICRIBEIT/2 ORI L=

ISO/IEC 17025 (JIS Q 17025) T, #ERDZUMEAER T L7 DO FINALL T, FEEYE UL EE B
WEOHERIRENTWD, Fi, fERELTRONLT — 1%, HIARIHTELL97e 75 CRigkl, EITH]
BB AT, FEROLE 2 — TR FIEZE H LT AUTR D720 ZOZEM D, BRSO R Z EM%
MR L TV LB RERE Y B ORI FRLE D NERL 54T O S E RFEICH BRI 5L 2AITREL, FIHE D4
f ROEEMEDOR LICHETbDEE 26N,
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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 and FAMIC-C-21)

KAMIKAWA Takafumi!, AOYAMA Keisuke!, KAWAGUCHI Shinji!
IWAMOTO Naoki?, AKIMOTO Satono® and YAMANISHI Masayuki*

! Food and Agricultural Materials Inspection Center (FAMIC), Kobe Regional Center

2 FAMIC, Kobe Regional Center (Now) FAMIC, Fukuoka Regional Center

3 FAMIC, Fertilizer and Feed Inspection Department

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

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 and FAMIC-C-21) 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»0:s), citric acid-soluble potassium (C-K0), citric acid-soluble magnesium (C-MgO), citric acid-
soluble manganese (C-MnO), citric acid-soluble boron (C-B203), water-soluble boron (W-B,03) 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-K20), 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 and FAMIC-C-21. 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: 5 years 3 months after preparation, FAMIC-B-14: 7 years 10 months after preparation,
FAMIC-C-18-2: 3 years 11 months after preparation, FAMIC-C-21: 1 year 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, 16, 74-97, 2023)
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6 FEMFT-IRZAVEREBHOETEAEZDRHFE

B ERT |, BARZE?, FOoTi )y
F—0—F  CRHEIE, (HURALEL, HEAE, SEARBAREL, B FT-IR

1. [XL®HIC

AEBHEDIZ BN TR ER AT o 7 BRI S A5 TR & JFUELE LG TR R OF FIE I IR 30, HE
AED JFEHZAE T2 2813 TERWD L JHIRAERE 68 L 72 BRI 82 IS 372708, £ DaHERO JFURHI f
AL, IEEPE k% BUSEFICHEIRE U CAPE RIS B QU EANHIBA LIS 252 1, 15 TR AR S HERE 278
BT D728 O E F IEE LT

FEBHFZE A 12 51T, FAIBTR, URIGIEEFUBHT WG TR IREHE, BRE/213 7 Vv AV B L 714,
P8 CHEHEIR O IR e VDN IR A SRR A, JROBE & OV TR KO R EMEBEK SIS
FNDVAIOTTAF 7 ETIHRNNERIBS TV, e, IBEMFZE®R S 13 5912 C, 2nbid7—I=
BTGRP H IR FT-IR) THRIEL 72825, DB A O—HITAR) 7 ae’Lw (BLF, PP) 0K
TF L (LAF, PE) LEERDFRIMBULART IV (LUF, ATV SRSz eniiEsSn Tz, —JF
T, HERRCEh Y DY) O 53 iR TR B D> DIZ B DA N TSRO IR A A fifesE C XD o 7o Z &G [AIREIC
EHEL TS,

AWFFETIL, BEREFIRR, T/KIGIR, LIRIGIEA AR L Cff F L7215 R IR R 2 U IS O JEEF I & Fi
DT TAFvIIZERL, ZNDE LRI E T 57D ORI ikE, TMRIMIE 8L E 2 HSH L
TZFT-IR (LA T, BEMAFT-IR) & FHV 8 E J7 ik Mt L, 1GIRAEE R OHERE D 7T 2F > 7 3 ARt A AL,
T IAF I OEARBULIGIENE EHEARZ TR A3 B AR L =D CTHRE T 5.

2. #PERUVAHE

1) SHAREM

THURAEEE JFEHZ TAKVETR, LIRTGTE, TEGIEOWT I —2b LUTEE A H LI D) 16 &, HE
B 6 S (RS AMERE 3 A, IRSAHEIE 1 R, BBSAHERR 1 A, BSAHEIE 1 50 26 L7, R REH LR
WL TWDLOE A, 2 CHzE, Mfka Ehi I icE L.

2) /ARVEE

(1) fHIRAKME:. 7 X7 A~v—hy4—&—/32 TB-2NC

(2) Bkt PTFE BLA T VLo T v 4 — AV L& 10 pum, EAE 47 mm (HE R OWEEH), 90 mm
(VEvEH)

(3) ZANH—HAFRNE — EESE mm DT AT TR )—Liv—L&EMLIL, (2) DEL 47 mm DA
TV Ty NE— RSl ORE TRy UL AT BEZe S D% HA/EL T L 7.

U OPSTATEOE N BAROKPETY B R At & — B B2 2 AR B lekrr 42—
? PRSEATBUE N EMOKPETH & L it s 2 — IEETE L i A il
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(4) BIEAWMHTANVE =RV — TR Ty 7 A tiEfE 2.1 cm? (JIEH), 9.6 cm?, 43.0
cm? (e )

(5) TALL—HX:TRAUY av /IR RIA T AL —4% DAS-1

(6) Wen| A : TR ATy Ve WEAREY AT A% E VT-5000.5 L

(7) #8520 : HBAE 500 um

(8) EREAMREE : r=A A —LXFEKREAMEE LZ-LED-T, BT 23 AL F D= —ITHRHIL TITH
7-.

(9) FEIKRFEAMSE: ¥ =A FAMELI E5-600T, BRIV ZE=4—1Z(8) IZ[FIL

(10) PAMKEET P # N7 A7 : TUCSEN CMOS 17— A7 AT I Michrome 20

(11) 7=V IR Y6 FE R Thermo Fisher Scientific Nicolet iN10 MX, BERAM I i 25 &
L, MR MCT-A Metias (WA, IR FEEEM), ME, Y77 =7 OMNIC Picta. 25T (LIF,
ATR) #£ClZ Thermo Fisher Scientific Ge Tip ATR ZUAX /L& . FiREIL Q) DA TV T — F3%5
L<IZ Thermo Fisher Scientific BaF, D724 /v | TI{To77.

3) HEFORH

(1) 7k :flikBbEEERE (HAIUAR T Elix Advantage 5) & FVWCREHLL 72 JIS K 0557 (ZH7E 5 A3 DK

(2) EEE{b/KSE IS K 8230 (ZHLE T DRHkERIE (& L7 A /L ARG HMISE)

(3) 0.5 mol/L Fitha#k (1) ¥R : IS K 8978 |ZHIE T~ HMitlesk (1) LT Rttt (F L7 ALV LF
JeAtEE) 139 mg A7k 1 mL IS L, 0.5 mol/L DRk LIz, (FHEFHER)

(4) 2 mol/lL Mkt A E4J8NEM (B L7 AL LRDEHEE) 40 mL (2/KZMZT 200 mL &L, 2
mol/L DR ELT-.

(5) HEWK: IO NI A BekatdE (8 L7 AL 2FEH%E) 40 g 12K 40 mL 2Nz TRAL, HER
1.6 DEKELT.

(6) RUVAL T AT U NID I L E B ¥yR4 1~ (SOMETU)

4) AILEREZERUER, MEHEOREH

TIAF I DG ITIEITEREEE K0T, WD T FAF 7 T DITART A0 | EHOWRETG Ye i
% 45 ChD GESAMP LVHREF T TAF v I 3T D HARTAL VPRI S TODIED, [RICIEESR, T
IKFDTTAF I 53 H FFIEDOHENSIVTNDD, R SR ELT T Rk, 4ENE, BLEo k57
W, W, FARFESEOTIAF I O FEELTARSNTODELO D EREIZRO (1)~ (T) D&
FYRTER T 15 K OBLES, IE HIEO B EIT 7.

(1) W LAKRNBEFIEO R
BEHRY 25812, BARR FT-IR Z W82, JE, @z aTeeL 4570 b/l B &2 MatL, o iiko
WEAE{ToTz.

(2) 7= NABIZIDE Y o RIEED BT
M S AT B 1L LT, PKEEZ DM C7 = BAERIVBRS'D: Was, LIZULIET AT
U 5HECH RN IV B TOBBIR B 10 1), SEIREE( T
fli FHL7= 0.5 mol/L Fitegk (1) ¥k & OF 2 mol/L ¥afe DRl 7151 2. 3) HAEZFOHE 3) LMD ITR
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L7=EB0THY, R T EERICTEEH L.

UBE DRra

B 1 g (SRR L KR ZIRINL721%, 0.5 mol/L fiifidk (11) Fik #9 200 pL Z¥INL7-. FEE 0
PNTIRDIRES, 60 °CLL T OTEIRAKAE TINEALTZ. Syt T1%, kA4 HR O DL L UBLLR,
WEDWF LD, WIEAE#ENT 2 mol/L MR IZ LDV 21T LR DR EE21T 7.

(3) EEFRFLIZ LA AW R DR
MAELOHRED T, HOWMLENDO~A7aTTAT 7 53 BHICEEFRAELE VTV ZEnh, 2o
Ea BB A2 VTR WL DR ZAT > 72, N2 RSV TV D EESR ADBEAIT
HY, U7 AERA] & O 513k D LBV THH.
it L 7 AL ER 5]
SARAYA 8 LR ETRHH T — I Ay
[#ELLC, TarT—, US—F¥, v LF7—F, 7I5—FE 5.
JVER 5 1
FRURE 1 g ICIBER LKA 20 ML ZTRINL, FEIEDFE00ITR0IKEE 60 ‘CLL T OTEIR A THEAL7-.
SIIRAE T %, BIKME PTFE AL T LT 4B — (LT, ATV 72 —) IRABE R L b D%
BB —IZ AR, BERVEAIK 20 mL ZUShIL, AT Lo 74— BB TOEIRET-% 5 BIEE#
BLIZ. ZO%EESEEZITVD, KRB A T LT v F— BT LT 500 pm Al O alkl 4 SRR
B CTBIEELT-.

(4) FEEESBESTEORG
BEHY Tl gL K FE 2 O CTRE D fEEATo721%, TOREWE BERBZEL QWR, TORETTIA
Fo 7 LIS DRSS DI 2 IRIEL T2, D740, FIAF v 72 K0 BhRINCBIEE, JIET
DIz, TTAT v CHREY O EOBWEFRI T E B EO KRG E To2.
BEASBEO FIEELT, 2RV FiEEE — I —E W HiED 2 FEEOMR
MEfTot. W E AW FIETRER OHARTA V%, B — I —% A= F ki
BHOFIED 2BEI T

B i AV AWaR i

Figl OISy Fa—T2oRE, Fa—THNEn—7—I7 7T B8
B To. SR ISR LI BB AL T LY T LS — AL, R ANTCE S
— N —=HNICANTA T LU TANE—FBOBRW T ZIRE %, TOwiRER -}
W LIAATE. SO B ARG TR > Car ZIr—3ar N ENIDHICL TR
REFFE LTz, BB, DBENE T LED, Ta—7 O FIIFwmEENTRr—
T—=IT T EIN, WIRO TR Z ST CorbiEel Tl a1k, FEE
SFDOBIFINICTE LT, Fa—T FTOE—h—2 ANEZ, RO LBy % i H
S, HBITIFO ENBKTHRVIAATL.

Fig.1 Density separation using funnel
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E—h—% M Bk

ISR 2 W FIEEFRICL, iR IR LB a2 A T Lo 7 v 2 — L, IERE Ao
——PNIZBL AN TIRVIBE 21, #E L. RELRNES, SBERTE T LD, RlEDE LR
BIOE — 7 — I 7. BERIZEF00T ORI O EUEHEBIA E o e IV TERELL, BiAE Ry R
FORE72RBHIE U2 AWV CTRRELT=.

(5) FLEHIEROMRTT
HEEEL TRV Z T AT BT NIT A (BLT, SPT) IR E I T RIY AERIK D 2 FIEZ BT L7z.

(6) BLETTIEDO RS
ATALERAAT > 73Uk 2 2 TR, IEICH WD LB O BERDNE R BRIERNEEL o770, B,
HE AREIEORFEAT 7. REFICE END T TAT v T OEBEME T 522 BIEL, AT L7
ANF— BIHET L 8ZE6 T 720, =D —ICHESEHR O EMEETEL, KERMLT—ERE
L, I IR EERFIL.

(7) MIE 7LD
HBHZ 500 pm OS5 EITFR-72308E (500 upm LU EDFEL) K AT L7 v B — EICHifELTZ
500 um ARl OFEFHENZIUT DN T, B FT-IR CORIE HIEORGT AT 7.

3. HBRRUBE

1) FIRESERUVERE, ARAEORE

(1) EER LK FLIE T EORET

ST T 2806, A EIHWDRBIEA BB EE —EITATOZENTE, »ollg, WE, @il
Fy7e LT 1 g EL. B LK FITREN T RITIRDE (K 20 mL) Z RN, F1aRFEen T2k
B TEIRKAE TINEL (60 °CLATF) L, VAN BRI ELE T EZITo72. IEUREEX, 60 °CLL LTI
TIAF Y PIESN AN DS DY 728, 60°CLL FELiz. FIan7alies Th A+ (B
WFEDEE) ThHIUE, BEMEKFEEZ R L CELIIHMRLTZ. OB, SERSHfESNLDOE T80, A%
— T AW ZRE I bRl LTz, (Fig.2)

1. Analytical sample 1 g 2. Add hydrogen peroxide

Fig.2 Digestion
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3. Heating in a constant temperature water bath 4. Continue digesting until finish to foaming

under 60 °C (If digest was insufficient, add more Hydrogen
peroxide)

Fig.2 (Continue) Digestion

(2) 7= NABIZLDA BN 3 RARHE D RRFS

B DS AR+ 5 1EE LT, HEKERZ O TSN TWE 7 2 hi! WA RELT-.

AR ATRINLT- B ORET-1X Fig3 ©LBVTHY, 0.5 mol/L FiEEEk (1) IREOEIMILY, @ik
R DHD 3R E L Tor i BRARTE 1% DG 73 fR BOS D 8L D 2L 2 iR LT, £z, EL PP KX
PE @ 2 FIADO T T7AF w7 & AW, BEMK FT-IR (ZXOARMHE, WE LK RO ORI, @is bk
72U NAER FIWERTLERD 3 FIERIC LA % D AT MU A T T2 25, BRI F1EIZ LD A
RIMLASOEBIT DTN L5757, (Fig.4)

LA EXY, 7= b BOSETZIEE R O G 3 TIEL L TR THDO LRI L.

k [ £
2. Cleaning by 2 mol/L Hydrochloric acid 3. After cleaning sample
Brown precipitation generates in instrument Precipitation was removed

Fig.3 Digestion by Fenton reaction
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20 ‘PP ’m Unprocessed
Hydrogen peroxide
| —— Fenton Reaction

Absorbance

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (em=1
200 PE \ — Unprocessed
" —— Hydrogen peroxide
» —— Fenton Reaction

Absorbance

Wavenumbers (em-1)

Conditions follow Transmission mode in Table 2
Fig.4 Comparison of infrared absorption spectrum between different preprocessing

(3) BRI L DA Iy RO

IMELOHRED T, HOWLENDO~Y AT TAT v 7 3SR LR Z DTN =2 enn, i
SN TWDEESR ADTEAIE W CTILEZTT, AN A T LT g H— FICHISE LT 500 um Al D
kA FERBAMEE CRIZE LTz,

fE R ZOMBR S IETIIA NSO AR T A LT TE R o7, IEBHC G SRS AT Lo
—ZNRETHY, AL -BERERIT LT — P E TN TWALOD, T ELTRATEEND
RO RII AR ATRE T o7z, FIEDLY ORRFLT, MR LEII AW ORLDLW Mk E R 52 8%
HIEL TR, M-SR & 13 RSN ED ZE D, HEAE & OGRS 0 1O 12l
W Frin <& ENDEBHIITE S /2N 2 e o7z,

Fig.5 (2, MEEFOEER LB OB O RRBMBE T E L2 R 3. P DIRAFEL TODRE 23 R T
Ey
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e

Sludge fertilizer 2 with enzyme trearment (X 25) Plant tissue could be confirmed (x400)

Fig.5 After treatment of Enzyme treatment (picture of stereoscopic microscope)

(4) HHEEOWE

FeEEEL T SPT IR E LT N U LB D 2 FRFEZ T LTz, TN E D R EIT SPT #HE T 3.1
1IN AERIT 1.8 RETHL. EHLOLMETHY, BlEMICHBEO W 2R LTz, A
HIE OB FEREIY K ORI R AL O - MHER A FE Y 2 2B\, RERTTAF v/ O EA Table |
ZREHLTZDS, ZDZ BT DITIZE LT NID AR O KHE T4y Ths. £/, SPT I THD
ZEmb, BENETTAF I 53T CIRK WD TR IR 222 XL N o 2R E VWb 2 ek L
7.

HEIE, BREEE DHART ALY, GESAMP DI~ A/ 0T TAF v I BE=H) T DI DHART AL
DEDOHIRBIEEL T 1.6 FRE L.

HE D BEOHAEAIBINL /22T, Fig.6 (T3 BAMEEBLEIRE R D I L L OIHMEM DIV ERD L, Bl
BERR G\ TIroTz.

Table 1 Specific gravity of major plastics

material density (g/cm®)
Low density polyethylene (LDPE) 0.91 ~ 0.93?
High density polyethylene (HDPE) 0.94 ~ 0.96%

Polypropylene (PP) 0.90 ~ 0.91”
Polystyrene (PS) 1.05 ~ 1.07%
Polyester (PET) 1.38"

Acrylic resin 1.14 ~ 117"
Acrylonitrile 0.8060”
Polyurethane (PU) 1.0 ~ 1.3V
Polyvinyl chloride (PVC) 1.39"

Nylon 1.14"

a) See Ref number 19
b) See Ref number 20
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Fig.6  Comparison of contaminants with or without density separation

(picture of stereoscopic microscope, X25)

(5) FLEESYEETIEDORE

LB EED TIEL LT, IR AW ke = — 2 AW Gk 2 FEOBRREITo. Wb E
W FIEIFBREEE OTARTA L V%, = —& AW FIEIZR RO HIEP 255477,

WSR2 AW FEE R LTERE R, FIGRBHIRE AR ENRIS D56, KF Lo 2 [E B
WD T E-THRY, WD FIg s LR e WgG &btz —F, BE—h—Z2 AW FIETI, BE
AR DR T ORI EUBHIBNA L~ M W TERIRL, BlAE ~y b S L R EZ2RFEHISCEZ VLT
I 2 OMEHEICLY, B2 LT EBED LT EN KT L0, TGIRIEREA M D2V ER Tiie
— I —EHOTHEGBEZITHIZENETIEE 2 b,

YL LD, ESBEOBAEEZ R DL ELT (Fig.7) . & T, BIEAmaa W CREmE
FKTEFL DDA T L TN —ITHE LT, AT L TN —%, By MEE W TEIE TN
LRI 50 mL &2 ANTZE— I — N T IR TRBME TR IEEL, AT L7 L Z— TR
Wz BREHZERWT, R bk R LI T NT LIRS T D5 LE TSI IY, KA miRe/eoTle. %
D E T TATF v IR FREVENR B DT, LT N T AR OEEIIAREL, B fif OWIE A OFE
IERBHE K RSB L TNBEE T NID AR ZTRINUTZ . B — I — 2RI, 3B+
LTINS 2B LT, BB A A, SEAE — I — DR LR 25225 BT 2 F CHIRFf ~1
H & E L CHEGEEZ T o7, AT L T2 =B B HID UG A, X E RN TR
(2725580, B — % E eI IR L CTIRDZE TS 7. srBESE T#, IR B ORED %, B
IAE Ry NMEZ W THIOE — I —IZEEL, K TR 50 mL EUT-. MiD72iilEwide — o — OBRER I D
KT, FEEL CTERIRET T,
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1. Vacuum filtration

3. After mixing 4. Leave to stand until solution become clear

5. Transfer all floating solids
in the beaker to another beaker

using komagome pipette etc.

6. Add water up to 50 mL

Fig.7 Density separation
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6) BIZEHIEOMET

e EAYBE TR DN 3B A A TR M O E I VA E, Fig.9 DI O BN 3SR 0EREA N
LIpoT-Tow, Bl K OIE FRBHREORFZITV, LFDLBVELT- (Fig.8) .

AHEDI D, 500 pm L EORESOEDIIE By METHRW BIFHZENFRETH 7. ZNHIESDUVy
T THEIBRW TR S v — L 2 TP AR, 60 °CLL T DRz CRBES TG B 1 & VSRR B EE 4 H
WTBIE A Tz,

500 pm REHOHL O, FLEZBEERIZKT 50 mL EL7REIRVIEE T, 725 _XGRENR I #d 2k
BRICLRDD, AT LT A — BT LT L& ITRRID AR B 2B EIIC— E &/ L TAHi
Lz, ZOBEO IENE, IEHI KD LB BER OB RN REER D7D ENEFUTL L TIT-72. Table
3TRLIZERY, AL 0.5 mL~50 mL L7z, AT Lo vz — B L7 B R & OVEIRER
A W CBIE A T o7,

Sieved by a sieve

o with a opening of 500 um

Sample that size is

less than 500 um

After filtration
Sample is on surface of membrane filter (PTFE)
1. Sieving, vacuum filtration

Fractionating sample as needed

‘*

2-1. Collect sample on a sieve 2-2. Set a membrane filter to folder and desiccate it

Fig.8 Observation and measurement
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3. visual assess and observation 4. Measurement by Microscopy FT-IR (u-FT-IR)

by stereoscopic microscope

Fig.8 (Continue) Observation and measurement

[r— m - e wr
qlmm' . & | lﬂ'lm )/ ‘

L .

Sludge fertilizer 2 50 mL/50 mL Sludge fertilizer 2 5 mL/50 mL

Sample piles up and difficult to observation and There are little overlap of sample, so it is easier to
measurement observation and measurement

Fig.9 Sample quantity on membrane filter (PTFE) (picture of stereoscopic microscope, x25)

(7) WEFHIEOKF

HBHZ 500 pm OS5 BT S72308 (500 um L EOFEN) K AT L7 v b — EICHfEL
500 um AR OFEHENZIUT DN T, B FT-IR COMRIE FIEOMF AT 7.

500 um LA EDOFEHZOWTIL, BEEEBLZRAITV, TIAF w7 THHZENDNIRE N H -T2
A, BBy METHRW BIF T ATR IELLITEREZ W TREAZTTo72. 500 pm A OFEHZ DT
X, BEO KM AW Ty ZHIE (2 R0E) 21T o7, ATRIEIZED vy B ZRIEDREBIT 72
M, ATV TgNS— EOBEE R ERESTDER, HIEZRDOL X5y (Ge ZVAS)LV) SBEITHERIC, 3
BHZEZEL, Ge ZUAZ NV DEIZHIEF A DOREIDFE LI EEBEIL CLEIE W ST BN L7290, Z
DOIFEFTHN 2N LT,

72%5, A LT2IE S Table 2 DEFD THD.
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Table 2 Example of condition of u-FT-IR

Categories Measuring method
Mode Transmission ATR (Attenuated Total Reflectance)
Ditector MCT (Mercury Cadmium Telluride) MCT
Spectral resolution 8 cm™ 8cm?
Cumulative number 64 times 64 times
Spectral range 4000 cm™*~650 cm’™ 4000 cm™*~650 cm’™

FEFTIXEARS FT-IR I INDTA T TV DR K AT MUVIBRIZE D BRI 21T ~72. AT L
TUNE— LT TEERAT ST 5EBE, AT Lo 74 E—DFRA I (1200 cmt Bi%) % Fig.
10 DISNTT TV ELTHIBRLIZR T4 7 TV B &I T 1.

— l

ol o5

ol o.00f

o5

. ocol
s sol g

H 5 ossl
§ 2ol &

= = 0501

200

ui 040!

1 oasi

0.5 = |~ a.30]

00! o.25:

o5t o.20]

500 4000 3500 3000 2500 2000 1500 0 5
Wavenumbers (am-1)

Wavenumbers Com-1)

Left figure : Infrared absorption spectrum of sample + membrane filter (PTFE)
Right figure : Blank the region that infrared absorption spectrum of membrane filter (PTFE) (D) exists.

Fig.10  Processing of infrared absorption spectrum
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VL EOBEINE LIS EZ, S EDT-O DT EZ RO EBVELTZ (Scheme 1) .

lg
Analytical sample

200 mL ~ 300 mL tall beaker

|HAbout 20 mL of hydrogen peroxide

Digestion

Filtering 1

«<—Shaking

Density separation

After density separation

Sieving

Solids that 500 pm or more

Desiccation

Dryer
Under 60°C

Filtering 2

Desiccation

Observation, Measurement

Digest sample using Constant Temperature Water Bath under 60 °C
(no stirring)

If difficult to get reaction, add about 200 pL of 0.5 mol/L Iron(II)
Sulfate Heptahydrate to promote digestion

Hydrophilic membrane filter (PTFE)
Washing with hydrochloric acid (2 mol/L) after add 0.5 mol/L Iron(Il)
Sulfate Heptahydrate

<—About 50 mL of sodium iodide solution ( 40 g/40mL, density is about 1.6 )

Few hours~one day

Transfer all floating solids in the beaker to another beaker using
komagome pipette and add water up to 50 mL

Sieved by a sieve with a sieve opening of 500 um
Fractionating sample as needed

Solids that less than 500 pum

Hydrophilic membrane filter (PTFE)

Natural drying

Visual observation, Stereo microscope, p-FT-IR

Scheme 1 Flow sheet for identification fertilizer by u-FT-IR

(8) WK FT-IR 747 ZUDHEFE

AEAERCIE, Figll OEEFEMBIGE TR L7, B IZSEWIEROWEP BB S, £
7z, FRCURIBIEZR ST IEEICIE, Fig.s TRLEES72, REIZEAHVMEHE, EEWEROWE D%
BRAL T, 2K FT-IR THIEL TIA 77U ET5HE, Fig.12 DA MV IR T 280
RVZF L AZIEFITEORERAGOILD. Lo, RIS <BLAIRZ B R bh, SHITHIR$ 54 4H
WIS K ALE B DD OB AOLNTZZEND, ZIOITEY ThHAHEHERIL 72, Bk % 223k &2 i 7695
2, ZOBEEWERYE DA CH LD AT IDBMELNE DR LT AL, ZhboHRIE7R
LERERI DT F AT ZBE O FHRE RPN FERRERE R > TLEIR—N DR BT,

F72, HIROLIEFR /R E TELLBIL LT TAT 7 D AT MUIHILRTOS D TR B D55
Asd-o7= (Fig.13).
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VL B2 ER, A RIIA Y70 85 ML U1 PE 72 EREEHIIR AL DB X HIHH DR HER
AERFHIZIRAL TOzb0 120 BERIZE IS OWT, B FT-IR ICTHEL, 187 AT MV ETA7 ZUIZIEN
TOZETIAT TVEPLTET DL WO EHI L.

-

Yellow, thin object in fertilizer The observed tissue seemed like stomata.

Its spectrum resembles to PE’s (picture of stereoscopic microscope, x400)

(picture of stereoscopic microscope, X45)

Fig.11 Plant in fertilizer (picture of stereoscopic microscope)

R weeo meda [ Tamdg T s |7 el

PE

-----

oag
o.3F ;\'
1 . K ﬂ e, L
o0 , \ - Ca
AL E .mu-u?‘r T S ? ||n{‘ 163050 1‘ T

Conditions follow Transmission mode in Table 2

Some of spectrum peak position of Plant and PE ( f) are corresponding and there is a risk of leading wrong decision

Fig.12 Comparison of infrared absorption spectrum between plant (Fig.11) and PE
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1.60-

150_? — PP deteriorated

1.40-5 — PP not deteriorated
1.30-5
1.20-5
1.10-%
100
090

Absorba nce

080!
0.70:
0.60¢
050:

0.401 \

O-H

0.30=

0.20° ﬁ ﬁ

0.10%

ooo;

4000 3500 3000 2800 2000 18500 1000 500
Wawvenumbers {cm—1)

Conditions follow Transmission mode in Table 2
Some of spectrum peak position are changed (some peaksﬁare appeared)
Fig.13 Change of infrared absorption spectrum of PP by degradation

2) ERHTHONIZHHIZOWNT
(1) FHRBAMEEBIZ

48] Schemel (ZXVFREIORTILERZATY Y, FRBAMEEE VTR AT 572225, TKRIBIE, LRIGTE
(FHEHEPE K DALBRIZ LV AE U DIETR) 2 FEURHIE I L7295 TR AREHTREHER, Wk, 7 v 200k, BRIRE D
WIENRZARAL TODIEN MRS, ZRDOIREFCIE, #Ex RTERE, t, RESDIRAM B —DDH
TIVRTRIEL Tz, FARTGTR, LIRIGIEIR, FEEHEYE KOG K2 AL B TR DRI AT 5.
WG OWENKF O T FZATF v 71%, IR TIGIRICBAT T2 TR LD T TAF v 7R EDT
DA, MBIk l, ZORRERIIFENO FRUERS 5 & Ao FJfEC, 100 pm~1 mm T 99.6 %,
10 um ~100 pm T 76.3 % TH - EMESNTRY, OB CRAETHERIZTT TAT v 24L&
FERHON TG, 2, FABRHOFIAF v OFEEH|ZH -7~ Koyuncuoglu B2 DLE 2—H T
1%, 20 HFOFEFHIZ LI THHMER, WK, 710K, BRIREDIR AT FAF v 7 M RSN &4
S TNA.

TGTRIEERE L C L3V Ve (LGP KBRS CAULIGIR) O B4 f FHLTEIGIRIEENCI, IR A O, T
REOFHIZ L OV 7 N TR~ TH o7,

— 05, PR TIX T TAT 7 T DL A O BT 72, ERLKE THMRL E N2 o T K &R
Z bz,

LU D SR BEMEBEBL L O A Fig.14 (3. (GIRIERHTIZE H 3515 ORI A FLHIL 7. /KT 50
mL ELT2ZD, ATV TN —~ LI IEE G ORLE. f53RITR TR 25 5 Tz L T
5.



FRIMET-IRZ V=15 TR AR O 8 T8 5 1= DRt ST, 113

Sludge fertilizer] (Human waste sludge) Sludge fertilize.rZ (Human waste sludge,
0.5 mL/50 mL Industrial sludge) 5 mL /50 mL

f—
1 mim

BN
Sludge fertilizer 3 (Human waste sludge) ‘ Sludge fertilizer 4 (Sewage sludge, Industrial sludge,
5 mL /50 mL Human waste sludge) 5 mL /50 mL

| |
1 mm

Sludge fertilizer 5 (Industrial sludge) 10 mL /50 mL

Fig.14 Sample after pre-processing (picture of stereoscopic microscope, x25)
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e Ay
Sludge fertlllzer 7 (Industrial sludge) 10 mL /50 mL

Compost 1 (Cattle manure) 25 mL /50 mL Compost 2 (Plg manure) 50 mL /50 mL

Compost 3 (Poultry manure) 50 mL /50 mL Compost 4 (Horse manure) 5 mL /50 mL

Fig.14(Continue) Sample after pre-processing (picture of stereoscopic microscope, X25)

(2) BAM FT-IR Z H 7= E G 5
BONTZREHZOWT, KK 1 g HT20V DT TAF w7 HEEE S % R U745 % Table 3124, 3k
A%, TOKIGTR, URIGIRZ AN L7z TR IEEHEISFO 1, 15IREEIE L CLEB RO A2 LT
JEEHEITO ), HEARIXICO &L,
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BIEEFTIL, Fig.15 DI, AT L7 V4 — FIZHBIRICHIEE LT 500 pm K OEHZ W T,
Z DM ORI 3 AT, PRI 3 EFTOEE 6 ATEL, ZHBIZOWTH 0.3 em MU O ffE N Ok 7 i
15 (MIESRARE Table 2 D&30) Z W Tyt s 7 (Z ) MIE L. MIEREHIRILAFBLZ 25 um 2L |
DHLDOELTHIEER B RELT.

%72, 500 um L LDV T AZONT, 8. 1) (7)) DEBVEEITTAER T TAT v 7 ChoTo 51,
[k q ety RSN B

BRI T OB THS. 7235, S RIOEHOFE I, #IEHRTAELDLFEERLOFBEDKRFHIHE
L T2, FI2alEt O —EO A OREFRE R THH-0, HEIIHEEM THS.

Estimated amount of plastics in fertilizer (pieces/g)
=1{(5/6S’) XN X (50/V) }+{N’> X (50/V) }

S :Area that sample was filtered on membrane filter
2.1 cm? (Effective filter area of filter holder)
S’ :Area of individual measuring spot
0.3cm X 0.3 cm =0.09 cm?
+6S’ :Sum of area of 6 measuring spots
0.09 X6 = 0.54 cm?
-N :Estimated total amount of plastics of 6 measuring spots  Fig.15 Example of measurement points

0.3 cm square

N’ : Amount of plastics of 500 um or larger
-V :Aliquot (floating solids of specific gravity liquid in 50 mL of solution)

Table 3 (20, JIE & T CHERSNIZ T T AT v/ DR L OFEE G ORUEZ. ML, AL
T2 FT-IR OTA 7 VR CIRb okl A el LTz, £/, HIEEREHZ W2 REHZ DWT, 3
I IVARITIHIROAE RGN R0, ZDOEIGHRL.

UIRIGIR, FAKIGIRZJFEHZ A WIZIGIRIEEHZSWT, IBE 1 g TOTTAF v 7 HEEEEIL 1361~
31111 A CH 7. FRBMBEHLEICB O THRAD O ASCTAR DR 2 THHZ LM A THRINZAS, BE FT-
IR CHIE LA SR, EOMEIHIL 5~21 R E CTholz. IR ADZL -T2 7 TATF 7 OFESEIL PP, PE,
RI=FL T 77X —RELTF, PET), RUAFL U (LLF, PS), 727Ua=R))L+ AF L« T 7L ERT A
FIEAW (LLF, ASA), 727Un=RILTE T ZF LB AR (LLF, ABS), AF L AZ YL —RT
BT AF L ILEA R (LT, MBS), 727Va=R, RYZA7 /L (LA, PEs), AU LZ2 (BLF,
PU) & Th-oTz.

THIRIEEIE LC TEIBIED A% W IREFCIE, 7 IAF v 7 H#EEEEUL, 68~3889 HTh-o7z. F7z,
ZOFEFENE 1~5 FERRE Ch ol 7 IAFT v/ OFEFAIL PS, PP, PE, PET % Th-o7-.

HEAE I, HEE T T AT w78 50% 19~233 il ChhoT=. Fio, TOREEIT 1~3 FHREE Th-o7z. 7
T AT OFEFAIT PP, PE, PS, PU & Th -7z,
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F7z, Table 3 DIEE}L 1 g HOHEEEB AT, BIEESIT T TATF v 7 RSN 7 vy NUTZ X %
Fig.16 (2" 7.

TFARIGVE, URIGIRZ FBEHZ WG IR IR E 2 B D REEH T, RENITHF O SHRETHITHIEMN
TEIz. TARIBIE, LRIGIRAFEAEHZ A WZIHIEAREHZ DWT, A RIBIESI 7 TATF v 7 OFEFEITE
K& s HEL ETHY, HEEMEIT 2 TORENT 1000 fEH/g LLETH 7.

THIRIERIE U C T 275 IR O e FA L7275 VRN, SERBAMEE CRIZR LIRS R FEE, IRATE T T
T ORI D 7o <R H— ) THLRHEN R o7, HEEMEE DL OBRECIX, 1 RO IATF Y
I DIHPEEIRANL TN,

HEARIE, HEEEEG FEEE R D722 R Cdh o7, Shengwei 522250, HEIECHREE IEEN D7 T AF
Y ZEEITOWT, TE 22 M, 102 FEOAENEE T O~ A 7a 7 TAFy ZPEORER, OB
0~2550 fiil/ kg T oToEMENIILTND. ZIUTA EISGHIZ WG ED 1 g HICHE T DL/ KT
2.5 L7205 DK 233 HEVOFEREREL B2 72728, Shengwei HOFFE TIEHI IR 5% 0.1 mm~5
mm O TAF 7 E LTSI BIEERD V7L, AEIOBEE 25 pm LU EA2 R U7 RE T HLAED
HELTEEBZ LS.

100000
SF3: 31111
*
= SF11: 11472 SF8: 9917
3 10000 * SF2:5999 @
3 13: 3889 ‘
2 14: 3477 * SF1: 3510
SN
g SF5: 2139 SF4: 1819 .
B SF7: 1450 ‘ °
) . SFO: 1944 § 5F10: 1594
Qa 1000 SF6: 1361
= 11: 389
3 |
g C3:233
< 12: 194
3 -
‘g 100 C5:78 (C4:78 15:68
E C6:39 C1:39
C2:19
Label Sample : Estimated amount of plastics in fertilizer (pieces/g)
10
0 5 10 15 20

The number of kind of plastics that observed in this research

Fig.16 Result of estimated amount and number of kind of plastics in fertilizers
(The points in the figure are Table 3)

WIS, IEEE 1 g T TAF w7 HEE ARSI, 15IE0 i EIS 287y h L2 X% Fig.17 (25
T BROMAEIGIE, Table 3 HOIGIRMEHEIA (%) OE B ITRLIEAGIROME RIS 22 L iz

fEH L.
Fig.17 &Y, 7 IR F 7 feE @5 L5 TR B S BN AN~ T=Z 800, HEEEETI5 IR
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FIEDOZFITILT, NIV RARHEEZ 2N,

& SF3: 31111
F11: 114
10000 2 ML N2 @ 5F8: 9917
& SF2; 5999
~~
%" 13: 3889 & SFL: 3510
S 3877 SF5: 2139
= SF9: 1944
N |
= sra- 10 i SF10: 1594
2 SF7: 1405
2 1000 SF6; 1361
o
Gy
]
=
3 W 11 389
g
® C3: 233
3 W 2 194
<
=
@ 100
s}
® Ca: 78 .
Cs: 78 Wis: 68
® C1: 3%
C6: 39
® C2: 19
Label Sample : Estimated amount of plastics in fertilizer (pieces/g)
10
0 20 40 60 80 100 120

Use rate of sludge in fertilizer (%)

Fig.17 Result of estimated amount of plastics and use rate of sludge of fertilizers
(The points in the figure are Table 3)

Mz T, Al FERBEMEITBIECEM FT-IR TOREEZIT>TWOKHT, FARETE, LIRIGIRZFEHT
NG IR NEE CRABHIZIR A D3 - T

FT, Fig5 TRLIZIDREABEOSHLEOEY F X, FRCURIGIRZFEHI AW EE T Abh
7o L, K EE D AT L NELIGLNTZ. ATV ORI E Fig18 1R, KR bkt
T DARTIATIA VL THY, ZIUTERORLR L e R EL THOWONLZEbHD0Y, N TR
AEEHZH IR A ZRBD DAVIc. DAV LM DO JFEE 72 DMl SEE TR 51T 2% TR, [BPESIE)
B e EECHEASILTRY, ZROREOW T 2NEAL COD ATREMIVRIBS . TA4T7 FURBR O
BLELT, AV ZDOLOLEL Ty M H1IZ, [polyester with Kaolin filler| &L Ty M HZ ENRFIZEL,
ZD 7= HIZ Fig.19 DI taz L CNDIENELHY, BB OBTHEEL THOLN THDED
THDHATREMEI VRIS L.

MIZTA T TR B R THEBICE Y LIz DL, =R RO JFEE LT i &35 [ Bisphenol
A, BEERRT =V T ELTHWOIAE RUEE Téh 5 Mpoly isobutylene], /&7 (/L LD RGERHAL
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AL TEROTIMMIZHWLNA =T L vm—R | EERn o7,

- | Nl 500 pm

£ 2500 3an A5 I [ 1000

Characteristical peak at 3500 cm™! or larger wavenumber Fig.19 Example of sample that

Result of library Search was
Fig.18 Example of infrared absorption spectrum polyester with Kaolin filler

that contains clay mineral’s (picture of stereoscopic microscope, X45)

(3)  AEErOME FIEEOH 51

LGOI AR A2, RO JFEPHBI00 5% 2% Table 4 OEBVITIERR L. HBNT—2>DHEE D H
TITOT, EEOHEEDPORENATIDONFELNEE 2D, Fo, IBRAMEENIT I LZERKEE3 25 pum LA ED
TIAF I FIZDOWCOMETHY, T TAF 7 FEEHH A [EE U7 §HE N CHGRS - Ba it § 57
W, H<ETEH LT 5.

Table 4 Reference table distinction of raw material for fertilizers

Kind of fertilizers Appearance of plastics Amount of plastics The number of kind of plastics
Sludge fertilizer that Shape of plastics are fragment, There's a possibility that the
contains Sewage sludge and foam, film, line, pellet etc number of plastics are 1,000 About more than 5
Human waste sludge Their color, size are various pieces/g or more

Shape of plastics are not rich in

Industrial sludge fertilizer )
variety

Depends on raw material About 5 or less
There's a possibility that the
number of plastics are 300 About 5 or less
pieces/g or less

Shape of plastics are not rich in

Compost .
P variety

4. FEDH

BAME FT-IR Z WG IR IR R O & T k2B 32720, LLTF OB EITV, IRORE R L7,
(1) EEOBESRITIELLTT7 2 PAEKR OBER LB OB 2TV, 7= MNARTA R THL L
R LT-.
(2) BETHOWOLN TWIZBERL KR ICED DR ICH - S B BEOBRELINZ5H T, LOEM
WZHEE R DT T AT 7 DB K O EAATOZE R AR 75T
(3) FERBAMEIBILE K QWA FT-IR 2 H\VWCEIZE K OMIIEA 2 RICATIZ0, #7223 B A 1527 R
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FEOHREITV, 20 B ZE2HEE L.

(4) BAMA FT-IR & AW CREMEIINE 35 IEORFIEITV), RERFEAE SO THRVBRWZ T, A7
Lo TN — BB LR R 7 N H— D e~ B TIET 25152 A, BRI BIZ N I iEs 7o
7-.

(5) FBHIE LMY A DI, B FT-IR THIELTCRERGOND AT MVIRT TATF v 7 Db D LR
HIBNEND FTREMEDN B WD DR L EENDTEN G, W) I T TATF 7 DAV EEFE 200 FEFELL
EREELCIAT TVEAETE T DI THIBIOKRE R E2 o7,

(6) RIALBROZE D ERBEMEBE B 22 51T 572025, FARIEIR, LIRIGIRAFUEHC AW I5 TR BB T
kxR, B, RESORAMDPIRBIEL TODLEEFBLESZ. THIRERE L C LB IR O A& JFEHT
FWTZIBRIEECIE, IBAMO A, REORIHIIMRE —Tho7-. HER, AMEIRETIEED LI 7R
AN D BT A7, RLENIR D -T2 KN Z< AbT-.

(7) BEM FT-IR TORERERLEIEEL 1 g HIZ0DTTATF 7 OHEE I ZH H Uk 5, FAIEIR, L
PRIGIE % JFBHZ WG IEEHZ DWW, ZOEENIENOEFEHZ W TN S DI LR TE U ME
oI, Fo, BIESNT- T IAT 7 OFEEIIRS X2 5 i ~21 LS VR THY, BARMIZIT PP,
PE, PET, PS, ASA, ABS, MBS, 72Vr=KJ/L, PEs, PU 8% 57,

TBIRIEIE L C T 275D e W IEENCIE, IRAT T AT v/ 83BN L0 e o7z, IRASDZ VR
Blbdo7ohy, ERBEMEE CHIE LG R FRE, SIS 7 TATF v/ ORI A E — ) Th 280 A
b IBAL TWeT IAF 7 OFEFAIT PS, PP, PE, PET % Th o7z,

HERCIX, IBA T TAF v B ERIEEIT D70~ BIBRESNIZ T IAF v/ OFESEIT PS, PP, PE, PU %5
Th-oi-.
(8) FHONIFERDIG, I 1 g T TAF v/ #HEEE LB SNT T TATF v 7 fE A Rl T ry bk
L7=BZAERC L, TKRIGTE, LIRIGIRZJFEIE L THWZIGIRIEEE Z DM AR T, 777 T RENTT IV
— 7 TCELI AR LI.
(9) {BONTRERDIG, JEEL L g h 7 FATF v 7 #HEERBEG IR EIA 2 8L Ty MUz RIAPERLL,
HEE BB TG VR AE FHRIC IS T RBHT L B2 ofE Lo o7,
(10) AEELNTFEREZITIC, 8T D7 IFAF 7O BEEFFRICLOIGIRIEEIEHEIRZHB 357 D &
ZREAER LT

X ®
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7 72x/—)VRBEICKAIEBEERDORRICHNT S22 LR
— ﬁiﬁ —

BT O Aokt
F—0—F HMerEER, L, H-RRBREIC I D 2 Y PEERR

1. [XL®HIC

AR BR 1LY O W B CE T P ERBI R ARV IR RHE L CHHI DD, LEEEE Y
HrigBa7e & & H LD, ZHaM LW S IEOHESLIZOWTEENGFE O TERY, MIATEE AR
IKEEW B 2 i 2 — (FAMIC) TIEBERFRRGETEATVY, Z<DOHTEICIBW T Y LIRVIE SR LIS DHRY
IR O HYEAZ L CTVD.

2020 FEEEDD 2021 LIS TR 2 2 T IR ORI E R 2 i 75 T 1ECTHL T = /) — Vil
EOMHFIEIZOWTHIREZITV, | TR IRVB S A A L0 AR L CREFERVIEE
A AL O BRI Rk VR WL FRBRIC LD S Y R E L, Z O R BRI 72 3
BICTARLIZIN, B—RBRERITID 2 Y PEMERRIZ I\ TP RS B OB TS O HEE D7D D #EEHiE
HHIZRRD D3GR DI, ZHUT DOV T EEFEEHENT 2 L7 1L Table 1 OEF0THY, HEAE (a2 (N-
N) &L THY 0.03 % (B 853 3R) ) Z VN THERE U7 1 S EE S IR S5 5 A M B S RL S VR EE D B2 D
2 fEEEEL Q. BB L7 FIRIC DWW T U7 HEE P O RSB E R B OSBRI kD5 %Y

Tablel Errata of accuracy estimation results

Quantitative Repeatability Intermediate precision
value of -
Sample AN s’ RsD? CRSD s’ RSDyp” CRSD,q
e W7 ) (%) (%)° (%) (%)
incorrect 0.03
Compost ? 0.03 0.001 35 4.0 0005 —— 65

correct 16 4

It was measured in 2020

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

a
b

= L Z

VOBRSEATEOE NEMOKPETE & L il 2 — Lt 2 —
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PERER CHEE ST E & FIRMEDOIRE Thotelzd B 2 b,

AR B A M B RS e P R OHEE 7 1A CIE, BUE T 2%iE ST 0D 2 RIEOREE
FANWDZEESNTEY, HEEEZE R ITAREIO £ THHI- D IEIE T DAEEI O LRFE A Sy B O & PH &5
TENEEND. LL, 2020 FITHERLUIZHEAR (N-N K9 0.03 % (B &%) ) 2 -V CHEE L7 RS EE A3 AR
BFERBRIEE F I CFLRS N E D H LD 2 (G2 L QN eZ b, 1 R 2 HEE - 595
WENATT.

BUETHEPHELC, AEATEZE R ITAEEID ER THHIEDD, TEREIZARE O S E ORI BT 51k
AREI TR ICE D BN T D FRER 35 A A IEEI O & A~ & ko & OR E IR A IRk (FRER 25 I
BR%) DIRFERR S D/ NETHY, MEEIEEHFELL T 0.1 % (B ESR) Tho. EIRITIEEREGET —#—25
FVEFRENEEIOMEET =0 MBI DR T B 17 % (E&5F) ThY, ZofiHE#EET2En
BHENDHZEND, AEl, ZO FRREISTWET 725308 VT, FE R ESZHEEL =0T, TOREE
W7 5.

2. HHRUAE

1) SHTAEH
HEAE (NN-%9 0.2 % (&4 5R) ) & HBA& 500 pm O 550\ & 22895 F T (ZM200;Retsch H) L7=HD
o BT B E L TRV V.

2) HEOHRR

(1) 7k: AREREEE (A ARIUART Milli-Q 1X7005) & W CTRERIL7- JISK 0557 IZHE 35 A3 FH4 DK
AL

(2) RHEAYEAEYERR (N-N 5 mg/mL) : FHEE VD I (AL, BRIRMIEE 99.995 % (B &4738)) % 110 °C T 1
RERI LA EINBAL, 73— 2 — R CHRm LTz, 36.09 g ZONEH BTNV EST-. D EOKTHENL, &
7722 1000 mL (IZFE L AL, B ETRA A 72

(3) HMEHRARYENL (N-N 0.01 mg/mL) : FHERIEREHEHR (N-N 5 mg/mL) D— & &4 /K CAIRL, AEEeiE s
Yk (N-N 0.01 mg/mL) Z 8L 7=

(4) iR — iR ERTANT . JIS K 8983 (ZHLE T Hfilash (11) HokFnd (B H b, Fifk) 5 g 7K 900 mL
ZEEML, JIS K 8965 [ZHLE T DHilAER (& L7 AV AFOEMEE, Fifk) 4 g N2 THED L2, 1000 mL &L
7-.

(5) 7= /—/URfilE: JIS K 8798 \ZHLET D7 =/ — /v (BIHALS:, Fi#k) 15 g % JIS K 8951 [ ZHLE I D
i (B ERAL2E, H5#%) 100 mL (Z¥E2L, 80 °C~100 °C D /KIEHIC 2 BEREINEAL, fia L.

(6) TE=T/K: JIS K 8085 IZHIE T D%k (& L7 A /L LFEHIEE, NH; 28 % (H &5 ))

(7) KER{EH LT 2 JIS K 8575 \THUE T 24Kk (BAFE2%)

(8) MEHMERIE~ 7 2D L BRI, FERHk

3) B/ERRUEE

(1) B ROPA: =—+TUR-TA GR-202, ART7—-FLK MS303-S
(2) EIEEIRVIEERE: Y177 SR-2DW

(3) K. v~IMEY BM-41
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(4) SyEeRERt: RHEERERT UV-1800

4) SITiRE

AEH g% 1 mg OHTET 250 mL BT A3 TIEN0ED, FEEHR —FEEERIRTG 200 mL Z01%, HEE
EHEBEVIRERET 20 4 RHEVIRY, KERILAL 708 1 g, HHEPERIE~ 7 R0 1 g 21Z, FiT 10
4y RV IEE 7= (Scheme 1) .

AERRIRIZ DWW T, ilERTE%E 3 (N-N) IZ Scheme 2 D FIETHIEL7=.

1g
analytical sample
|H About 200 mL of copper sulfate - silver sulfate solution
| Shaking to mix | Vertical reciprocating shaker (300 times/min)for 20 minutes

Weight to the order of 1 mg to a 250-mL volumetric flask

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

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

| Sample solution |

Scheme 1 Flow sheet of extraction procedure

| Sapmle solution |

Aliquot
(predeterminded volume)

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

Small evaporating dish

|H 20 mL of water
| Standing to cool |

| Transfer |100-mL volumetric flask

< 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 2 Flow sheet for nitrate nitrogen in fertilizers
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5) HF{THREE R U P REIR B D ET i

TS EE M O P RIS BE AHEE 375720, HEAE (N-N K 0.2 % (&0 3R)) 20 A FEE L LT 2 mifHTTH
AT ST EATV, EEHEERERE WEE A RERIED 2 SRR O FIEICE > T TSR R &
K O A e R 2 2 S H LT

3. WRRUBE

1) BHTHREE R U RAFS E o 5T

DHTOHTOREFA Table 2 (TR L7z, HERDT=%, 2020 AFIZHEAE (N-N 9 0.03 % (E &5 %) ) & VT 1o
TR Rb R LTz, ETe, 2B ORE RS — B 5 BT 24T > TR DIV OF TAR e YR 725 S OV AR
FEUE(R #2% Table 3 (Z/RL7=.

A lEflE F U HERR O A EIE 0.184 % (B 855 38) T, DM THAHEERZEIT 1.5 %, TR HERER 22X
42 %THY, VTN IERIERBIEV I ORSNDIEE D B ZNThHh-T-.

LD PRAER 7y B D fe/ NEE, JERED SV O LR SR B9 DI THLRIO 12 E D 2 R BER 2 A A IR
BFOEA T _REER D L O IR I FREREZEHICIRS) OGRS B THY, EEtEEFRELT 0.1 %
(B&EDH) ThD. 4RIV HERRO SR 2 2R X2 O MRAER /3 BT DR E CTh 7.

2020 A FE N O [FIAR T O 5 R 2 AN R U CHEE SAV OM TR BE X OV R BTRS BE I, 0.184 % (B &5 %) ~
15.89 % (E &3 ) O#FPFHIZIBWT, FHTHRRERZT 0.3%~1.5 %, TEAEEERZE 0.3 %~4.2 %
THY, IEEHERHRBIEIOREN COBREE D B L 2L TRY, ZOZEnD, ARIENTLEEROREEES F
DEH BEMERT DIDDHIEEL CTHARREEE AL TNWDI LA iR L.

Table 2 Individual results of repetition test of changing the date
for accuracy estimation (mass fraction (%) )

Test Day Compost 1% Compost 2”
1 0.17 0.18 0.03 0.03
2 0.19 0.19 0.04 0.04
3 0.18 0.18 0.03 0.03
4 0.19 0.19 0.04 0.04
5 0.18 0.18 0.03 0.03

a) Compost 1 contained about 0.2 % as N-N
b) Compost 2 contained about 0.03 % as N-N measured in 2020
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Table 3 Statistical analysis of repetition test result for estimating precision
Quantitative Repeatability Intermediate precision
sample? s RrRsD? CRSD  sin” RSD” CRSDq
(%) © (%) (%) (%)° (%) (%)
Compound 007 05 15 013 08 25
fertilizer
Home garden use
. - 0.01 0.3 2.0 0.01 0.3 35
mixed fertilizer
Compost 17 0.003 15 3.0 0.008 4.2 4.5
Compost 2 0.001 35 4.0 0.005  16.43 6.5

a) Compost 1 measured in 2023, other than it done in 2020
b) Mean value (n=sample number of parallel test (2) X number of test days (5))

¢) 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

j) Compost 1 contained about 0.2 % as N-N, making text bold in this table
k) Compost 2 contained about 0.03 % as N-N

2020 FIZERLL - AEDO B —RIBRE I LD 2 U VEMERR AT o703, IR EE S DOHEE DT DFFHFEAT
LB, R R A E LT

2020 4EFEHi D FRROFERE IR L CHEE SN - REAE RV IREHIC
0.184 % (& E/y3) ~15.89 % (B &y =R) OH#iHIZ
YERMZEIT 0.3 %~4.2 % THY, JERHE
F43 7 EREE A L CWD I L E iR LT

IZBWGRUDSEEBOBNTZZEND,

1) SIATEGE NEMOKPER S et 2 — (FAMIC) : IR

4. F&O

X ®

< http://www.famic.go.jp/ffis/fert/obj/shikenho_2022.pdf#page=1>

2) HEBETDL, 7=/ —VRBRIEIZ BT DRI E SR O

24(2021)

3) BERETD, HERMEER

RENAGR LTI O S, IERHF e,

R (2022)

BT AOHMTHE BE B NP RTRS B 1
BT, FHTARMEAERZEL 0.3 %~1.5 %, TS
ERBRIE ORIV COWDREE D H 2272 U QU2 8D, Tkl T

14, 12-

WrD1=d DT =/ — VR ERIED S B EPERE R — =8 W L [FIRAER (S L5 2 4 1

7
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e —, NEEHIFFEHER S, 15, 33-43(2022)
4)  JEMOKEES S RO SVE ORI BT DIEMERA T BN, BEFN 25 45 6 H 20 H, BMIKEA S 64
5, IHEIES 346 A 14 H, EMOKEE S 38 5 (2021)
5) EMIKEES JEBHENR RS AT A

<https://fertilizer-search.maff.go.jp/FertilizerRegistrationSearch>
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