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Annotation: The operation methods and terms used in this research report are described in accordance
with "1. General rule 1.1 Common items (2) General matters in common, procedures and terms" in
Testing Methods for Fertilizers (2024)
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O ZHRE TS,

2. MHRUAZE

1) HEHEZRASEERVERERARF ORR

ABHE, B L CHSCIRIEL CTWDEEY, 18 EIRGIEEL, 15TRIERE, [LAAEE}, SRSV B AEE
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Weight to the order of 1 mg into a 200-mL - 300-mL

1 lytical 1
£ anaytical samp’e volumetric tall beaker

Charring Gently heat
Incineration Ignite 450 °C£5 °C, 8 - 16 hours
Standing to cool | Room temperature

<A small amount of water
<—About 10 mL of nitric acid
«<—About 30 mL of hydrochloric acid

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

<—Hydrochloric acid (1+5) 25 mL

| Heating | Cover with a watch glass, and dissolve
| Standing to cool | Room temperature
| Transfer | A 100-mL volumetric flask with water

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

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

<Hydrochloric acid (1+23) (up to the marked line)

| Sample solution |

| Measurement | Flame Atomic Absorption Spectrometry (248.3 nm)

Scheme  Flow sheet for measuring total iron in fertilizer

4) HREGEBRARMOHEERER

TUPAC/ISO/AOAC D#zRERER 7 I h=/L (2006) 7 IZHEWY, I LD L= B E M fes8 FHERE 50 18 (5
X0 fJ) (I2OWTHEREHT DX 2 ST OO L. 2ob, FabBhE, RESHE T8RS 2 FIERE
TERVENFRICTEINTODHT2D, RBRIFFIZIT 0.9 g # 8T LT,

5) HREIFER

HFEFERICSMNLT 12 HBREOKFRBRE T L2 7ot o br k& o MAEE X Table 1 DEFBVTH
v, ZNENOREREIZ 1) ICIVFRRS -5 10 308 B, FEIR 2 BR) , /oW PIaRGR AR 1 Ak
OGRBR M A A BT L, &3 BREITH T 2024 428 H 13 H~2024 4210 A 31 HOHIM, 3) Dor#r ik
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HIELT-. F2, IEROSR2EIZEI T 25EIT% (B ) EL TRILSNDIEDND, HTEIE% (B &55%)
TG THIELL, 1%L BT/ INECE 3 (A2 UE T AL NS 2 (L ET, 1 %ARIEOH AT/ N 4
N DU AL TN 3 ETOHE AR DT (] :12.345 % — 12.35 %, 1.2345 % — 1.23 %, 0.1234 % —
0.123 %) .

Table 1  Equipment used

Model of atomic absorption

a)
Lab ID spectrometer

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

SHIMADZU, AA-6200
SHIMADZU, AA-7000

Agilent, 240FS AA

HITACHI, Z-2310

SHIMADZU, AA-7000

HITACHI, Z-2310

HITACHI, ZA3000

HITACHI, ZA3300

L HITACHI, ZA3300

a) Laboratory identification (random order)

N = = - Q@m0 aw >

3. WRRUEER

1) HEFEBRAFRHEONEMRESR

5 FEO AT AR 2 SOMT O L8k 2B OREHME (%), —JthlE 0BT O R BHE ML
DHTIEHENR 7 (s,) M OB HE(R 7 (spp) & Table 2 IR L2, S5IZ, ERMERBRIENEE A IORSNT
WHERFBUEE D B % (CRSDr) K N LDR I (U 1) L7 HEE E R BUE R £ (6r) ZFIC< Table
2RIz, 7286, B U7 A G BT FRBR O M E DO RS HT L72D IDITUFE AL THRARLT.

B MEOHIE T, TUPAC/ISO/AOAC DO RERBR 7 uha/L O FEESBIZFMLT-. T, oWk RO%
S A MERR T 5728, Cochran DWREZX EMLT-. ZOHEE, T _RTORMEHIBWTHIVEITZRD S0y
STT2, ZIHD GHTRERIZ DWW T— SRl BT &2 i L, PR TR MR 22 (s,) B OB} HITRE YE IR 72
(spp) 23RO, PHTIERER 22 (5,) 2R L72E 25, £ TORECHIER G 2) 2L QW elend, BE
PEREFERER [ W2 HTE O O TR EE IR B T eV D A HERR S L7, IRIZ, TUPAC/ISO/AOAC D BERER
TR O+SIZEEOHERX G 3) AW THEEOHEET o7z, ZOREE, 2 TOREFCHEA G
3) Zii T LT ZED, ShFEERER GRS L TR 4 e A L QO D I s STz,
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6r = CRSDg X X/100 -GN D)
ss <050, =058 ---(32)
spp < 0.30, = 0.3y -+ (303)

Gr ERFBURGED B % (CRSDR) 755 H U7 HE 7 28 [ PR B e 722

CRSD g :NEBFEREBRIAI RSN COD = A LR B (R BB R R 22 (%)) D B %
X i T fE sy PFTEE HE(R 22

op 12UV EATO B BYICE & LI MR 2 Spp : VEHAR U 22

Table 2 Homogeneity test results

Sample No.of 3 CrRSD:” &Y ;9 05657 sw? 035"
Sample  (%)” (%) (0" (%) (2" (%) (%)
Iron-containing substances 10 36.07 2.5 0.90 0.14 0.45 0" 0.27
Designated mixed fertilizer 10 11.59 3 0.35 0.12 0.17 0.05 0.10
Shudge fertilizer 10 6.13 4 0.25 0.07 0.12 0" 0.07
Compound fertilizer 10 0.306 6 0.018 0.002 0.009 0.001 0.006
Slag silicate fertilizer 10 0.856 6 0.051 0.010 0.026 0.010 0.015

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

b) Mass fraction

¢) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2024
d) The estimated standard deviation of reproducibility calculated based on CRSD r

¢) Repeatability standard deviation

f) Parameters for the determination of repeatability standard deviation (s r)

g) Standard deviation of sample-to-sample

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

. . . 1. 2 .
1) When the variance between groups < the variance within a group, sy, was considered as 0

2) HREEBRERRUNANIERE

R = D ST 3L [RIFRERAS SR A Table 3 1R ULTz. AR F 1%, HWr#fEL h— v —h—CEi
T ARELZA, BRI M CEMBLUIZEORENRDHY, 2. 3) DIyHT H1E K OV BiE & 72D TN L 58T
SNIFER THHZEND, SRR E L CLAEOFEHEITIZIZH W RN e L.

AERE D J0EEY &K ORERA NI OWT, S ED KRB (O tralBl 2 Kb, AR ik, e
(1+5) TONNER - TR RF I Z ERE CIMNBAL T2 72D 3RS 3 22 WB L, b— /LB — I — B IZKDRIE R T
TRINOTRERAS | MRS, T e 72 B REILIZERFEE L TERIM L2,

SR UEREREE K MR EABRIME, &8 K O EIR A IEEHT 10 3R E, ZOMOIREHE 11 3B E DR
AT T IUPAC D HFIRAER 7 1 L ® | Y AOAC D= [ FIRAERH AR T Ao TRGHLELL 72
Gt RSB Z IR T 272012 Cochran D5 E & T Grubbs D 7E (Single Grubbs & & O} Paired
Grubbs fRE) #FML7-. ZORER, FEERASIEEICIE 10 BRBREDOHD 1 B, [LAIEEFCIE 11 RBh=
DHH 2 R, FLSWTOIREERTIE 11 SRBR=E DO D 2 SMBRESIMUEEL THIESIL. 7238, B iiE
TOHNTUBLL TRRAN T 2B B 5 IR E B AARFORBR =S D 2/9Y LINTHY, 2Lk EIZ/M U ES HIES
NI BRI~ Tz
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Table 3  Individual results of total iron (Wiw %)

Iron-containing Designated mixed

Lab IDY substances ortilizer Sludge fertilizer Compound fertilizer Slag silicate fertilizer
A 3624 3602 1180 1152 6.25 6.36 0307 0315 0886  0.865
B 36.57  36.89 1059 1098  6.05 5.76 0259”7 02507 0.869Y 0.790%
C 3577 3575 1124 1149  6.19 6.26 0325 0322 0858  0.849
D 34879 — 9 —9 11.86° 6.13 6.34 0297 0287  0.850  0.858
E 36.16 3637 1175  11.81 645 6.48 0333 0339 0883  0.874
2 3136 3202 9.99 1120  4.62 6.41 0284 0297 0587  0.695
G 36.02 3594 1130 1130  6.29 6.31 0353 0340 0870  0.891
H 3430 3495 1096  10.87 598 6.14 0.2227 0226”0817 0.783%
I 36.18 3569  11.13Y 10309 6.28 6.21 0328 0332  0.890  0.893
J 3558 3581 1128 1142  6.19 6.37 0327 0320  0.888  0.884
K 36.02 3606 1126 1133  6.11 6.13 0329 0324 0872  0.889
L 3580 3539 1135 1128  6.40 6.24 0319 0310 0850  0.860

a) Laboratory identification (random order)

b) Not Adopted the result for flaw of analytical procedure

¢) Invalid datas that were removed due to failure of the operation
d) Outlier of Cochran test

e) Outlier of Single grubbs test

f) Outlier of Paired grubbs test

3) BHTRERVEMBERRE

SAAEZ BRI 72 AT DB S O U8k B 5 E, DR TIEYE(R 22 (s0) K OV T4E S 2 Y 75
(RSDy) 3 ONT =2 [ F5 BUE YR 22 (sp) 2 OV [ - BUAH XA YE (R 72 (RSDR) & Table 4 | RL7-. 7233, AR YE(R
FETVEIE DTN, PR YER AN 1 ALEZRD DI AL TERRLIE.

PR TEDOTLEIMEIT 0.323 % (EE573) ~35.88 % (HEDZH) THY, TOPHTIEERZE () 1% 0.006 % (E
BIH) ~0.23 % (R HR), P TAHXHERER 2 (RSD,) 1% 0.6 %~1.7 %, =R MHHIEHERZE (sp) 1 0.016 %
(E &) ~0.57 % (E &5, EMHBAEMERERZE (RSDr) 13 1.6 %~5.0 % Th-o7-.

AERFERBRIEME E A, BEL LT LTBED H 2R RSNTND. ZOREED B 20T, REHERER
IEDOPERERTAT A5 R LV IEFLI A, SERHERBRIE DB TRAE a2 B W Tk - KRIN b D THD. £ DFF
AEPAIL, AOAC OEFILFRRBRAIARTALYE2EBEIZ, HEZD 2.0 fEETELTND.

ARILFFRBROFE R, WO OHAT R HE(R 22 (RSD,) Mo OV [ BB AR M Y 2 (RSDR) &, AEBEERA
BRIk FfHEE A OZYEMRO PRI TWDEIREL ~ U DR E O R HHN THHZ LD,
AIEORE BT RBRIE O VERERIEICE & L QD 2 e A MR8 LT,
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Table 4 Statistical analysis of Collaborative study results
Labs Mean” s,  RSD? 2*CRSD,” sx”  RSDR" 2*CRSDy’

Sample

p@” %) (%)) (%) (%) ) (%) (%)
Iron-containing substances 10 (0)  35.88 0.23 0.6 2 0.57 1.6 5
Designated mixed fertilizer 9 (1) 11.31 0.14 1.2 3 0.33 2.9 6
Sludge fertilizer 11 (0) 6.22 0.10 1.7 4 0.17 2.7 8
Compound fertilizer 9(2) 0.323 0.006 1.7 6 0.016 5.0 12
Slag silicate fertilizer 9(2) 0.873 0.009 1.1 6 0.016 1.8 12

a) Number of laboratories, where p =number of laboratories retained after outlier removed and (¢ )=number of outliers
b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier removed (n =The number of laboratories(p )xThe number of repetition(2))

¢) Mass fraction

d) Standard deviation of repeatability

¢) Repeatability relative standard deviation

f) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizers 2024
g) Standard deviation of reproducibility

h) Reproducibility relative standard deviation

1) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizers 2024

4. FEo

AR I SV B R D 7 L — AR F OB DN T, 12 3RBREE CTH 10 8 (5 FEE X 2 #)
DN O [ e [FERER | 2 LD % Y MEMERR (HCV : Harmonized Collaborative Validation) % 52 fifi L7-.

ZORER, EEIHE 0.323 % (B 857 =) ~35.88 % (E #4553 2R) O#iFH T % D% M F BUH SR 4R 72 (RSDRr)
1% 1.6 %~5.0 % T o7z, H[RFRERAS RO GHAT IR HER 7 (RSD,) M OV [H] 5 BUAH R (R 7= (RSDR) 13,
JEAEHERERIEM R A O Y MEMERO FIEIT RS TODFIREL U BT DR E OFF AR N Th-
7.

AL, BEICH BRI 5 2 Y MR8 (SLV : Single Laboratory Validation) 33U CTWHZ &N, Ak
SRBRIE S BT DB/ HE Type B(HCV KON SLV Ot AR BRIEMHE £ A OESRFIHEA -1
7o BRIE) IS A L QDI Ea R L=,

E

RTINS ST B 2 —, BRRESHd HPESE, A FIE A B AR IR
EWE B, ARMEEAN BARIER EHS A, ) - —0 o RS O SN b T3
M ESHOBICHEEZELET.

X ®|

1) FEAROKPER R 35 R Rl A : JERHBRHEIC ZE S<E RO — I B EIC A HEE S 2DV C GEFN)
BEFN 60 4= 1 A 21 H, 60 J27EH 54 &, HAKGIESTI 2412 A 1 A, 2 IHZH 3846 5 (2020)
< http://www.famic.go.jp/ffis/fert/obj/60n54.pdf >

2) EMOKER BRI IEAT B ATIE (1992 20D, H ARk E B, H U (1992)
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3) MSEATBUE NRMOKEETN B 2 Hdirz 2 — (FAMIC) : JERE R % (2023)
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Development of Determination Method for Measuring Total Iron
in Fertilizers
- Harmonized Collaborative Validation -

HIROI Toshiaki', TANAKA Yudai' and YOSHIMURA Hidemi'
' Food and Agricultural Materials Inspection Center (FAMIC), Fukuoka Regional Center

The performance of the determination of total iron in fertilizers using flame atomic absorption spectrometry as
described in Testing Methods for Fertilizers 2024 has confirmed in a single laboratory. To evaluate performance of
the total iron determination method in fertilizers, we conducted a collaborative study based on an internationally
harmonized protocol. We sent 5 materials, respectively, to 12 collaborators. They analyzed these materials as blind
duplicates. After identification of outliers with Cochran test and Grubbs test, the mean values and the
reproducibility relative standard deviation (RSDr) of determination of total iron were reported 0.323 % -
35.88 % as a mass fraction and 1.6 % - 5.0 %, respectively. These results indicated that this method has an
acceptable precision for determination of the total iron in these concentration ranges. In conclusion, those

results demonstrated the validity of the methods for the total iron in fertilizers.
Key words  iron, total iron, flame atomic absorption spectrometry, harmonized collaborative validation

(Research Report of Fertilizer, 18, 1-9, 2025)
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2 CGEIEYABRUKEIEY ABDSH % OB FRGEREE
(HEYABRIBHF)
— PRI LB T Y MR —

HAS T3 1 ILET 2
F—0—F EEOAMIEE, <E&PEVARE, KEMED AR, WOtEEETE, ICP-OES ik, it

1. (XL®HIZ

RO SE DO REPR SR BT DI AT BRI O — e OE (5 Fn 5 45 10 A ME T) VIcky, BIROA NG
HINEL T, TABIRS LHOBEAKMELFIEZFEIEL, TR ETHRIERIEL TSI T IERI DY B,
ZOEFE TR O E N E S, —EDRT BERIECEL LA IR ABRIEEL LU TR R A TS,
DAL AR AEENE IR A LTl ATREIC 72 572, OB, BEIRD ABRIEEHITGTRACEL S Brny, g
MG R BRI RAER Sy & D DT LD IR &7 o7

LoaL, ZHVE TG TR ILEN CE B LB LRI O ERr 3B TRELL TERSNDLLDDHTHY, <z
Fife RTVAME ROy oK IBME R 2 72 &, R LIS O FE I3 IT DV TR R 152 O iR+ 3127
Wi Tz,

ZIC, AR CIIE R R CE AR VBB IEBO T D72, AFEREEL N -ToZ8 0, BN AVREIEE
S OB DRI L TODTETRAEEE VY, AR GHTIEDD D, <X ABEFIERMEDARE (LT, [C-PIEW). ) K
OIKEEMED AL (LR, TW-P1EWD. ) DT REVT T URT =0 AR IR OW T B
EERFIL, ERDABIEESE I CH I CEH I TIEOS B ATV, B—RBR=E 02 Y MR 2 I L 7-.
Mz T, BEEHERBR AU S CD C-P T W-P @ ICP 5653 Y Wi Z DU CNEEHEA AV - 51k
IZOWTHR R ZIT T2 TH-E Tl 975,

2. MPRUAEE

1) FiRAEM

(1) B ABEREEE, 15TRARE & O bR AR

e i T 5% CRUE ST HCIRIEL CODIEEL 16 AL (F R ABRIEEL 2 A%, 7BIRAEEE 10 A5, {LAZIE
B4 50 2L (Table 1). K ENZOIEEHE, IEEHERERYE 2.3.1 12660 65 CT 5 RFLL_EO T
WLt AAT o7, IERHERRBRTE 2.3.3 IZHEV A BEE 500 pm .55\ A 1@l 45 £ T DR THELT-b
D& ST HERERE LT

VSIATBOE NRMOKEI B Z it 22— et 2— (Bl) kit 22—
2 MSIATEOE NRWOKPEIH R L ettt Z— thE o —
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Table 1 List of selected fertilizers and abbreviations

Type of fertilizers No. Main materials Abbreviation
Microbe phosphate 1 Industrial sludge — MF-1
fertilizer 2 Industrial sludge — MF-2
1 Industrial sludge Animal and plant origin SF-1
2 Industrial sludge Animal and plant origin SF-2
3 Sewage sludge Plant origin SF-3
4 Sewage sludge Animal and plant origin SF-4
5 Sewage sludge Human waste sludge SF-5
Sludge fertilizer
6 Industrial sludge Plant origin SF-6
7 Sewage sludge — SF-7
8 Human waste sludge — SF-8
9 Sewage sludge — SF-9
10 Human waste sludge Industrial sludge SF-10
1 Single superphosphate”  Ammonium phosphate” CF-1
Chemical fertilizer ? Ammonium phosphatea) B 2
3 Ammonium phosphate” — CF-3
4 Single superphosphate” — CF-4

a) Main material supplying phosphoric acid

(2) FRELAEE

B ORI, HIEIEE AL NE B IR A L7 RIEEL 20 M4 V72 (Table 2) . K5 OREAf M OVE &
FRR R T BROHEE 21X, Table 1 FOFEIDIED, BEIRD AURRIEEE (MF-2) & QbR NEEF AL L 7o kS 2R
A LT RAER 2 V= (Table 3) . AEEFR OASEIZ 3 X THBAZ 500 pm D550 il 5 F Tt LA
et CIIREL, IRA LIb DT R LTz
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Table 2 Proportion of prepared fertilizers
Sample Sludge Preparation Chemical Preparation

No. fertilizer  ratio (%)a) fertilizer ratio (%)a)

1 SF-8 0 CF-1 100

2 SF-8 25 CF-1 75

3 SF-8 50 CF-1 50

4 SF-8 75 CF-1 25

5 SF-8 100 CF-1 0

6 SF-9 0 CF-3 100

7 SF-9 25 CF-3 75

8 SF-9 50 CF-3 50

9 SF-9 75 CF-3 25

10 SF-9 100 CF-3 0

11 SF-10 0 CF-2 100

12 SF-10 25 CF-2 75

13 SF-10 50 CF-2 50

14 SF-10 75 CF-2 25

15 SF-10 100 CF-2 0

16 SF-4 0 CF-4 100

17 SF-4 25 CF-4 75

18 SF-4 50 CF-4 50

19 SF-4 75 CF-4 25

20 SF-4 100 CF-4 0

a) Mass Fraction (%)

Table 3 Design of samples used to verification of precision, estimation of LOQ ¥ and LOD"”
Preparation ratio (%)"
Design
Sample No. Ammonium Potassium Potassium oo neentration of
MF-2 sulfate dihydrogenphosphate sulfate CiabbaOn, W-P (%)
(NH4)2S0s KH2POs K2S04
21 95.00 2.50 1.94 0.50 0.06 1.20
22 75.00 12.50 9.68 2.50 0.32 5.18

a) Estimated lower limit of quantification
b) Estimated lower limit of detection
¢) Mass Fraction (%)

d) Water-soluble phosphoric acid

e) Calculation based on W-P concentration of MF-2 (0.20 %) and the theoretical value (51.90 %) of KH,PO4

(99.5 % as purity of reagent)
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2) BEF

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

(2) RNFDU(VEETE=T L JIS K 8747 HrflitE (B LF)

(3) BERVTFUEATE=U LMK : JISK 8905 Hflkilk (PRl « B+ A /L AFEHiEK (50 &
JIED )

(4) <z ABR—/KF¥: JIS K 8283 H5ikakdk (B di{L)

(5) <AAPBIEIR(2 %) : (4) D AFE—/KFni) 20 g Z/KIZEEALT 1000 mL &L7-.

(6) Hilk: &J@otrH (BRI L)

(7) MEle: FEESITH (B L7V LF0EHEE)

(8) Ml (Vi+Va): (7) DHEIEDIERR Vi LAKDIERE Vo EERELIZHO

(9) flE: 4@ (BE L)

(10) fiHMfE: JISK 8541 FeikakdE (HNOs 60 % (H &), R LT B L7 AL LFEAIEE (50 FE) )
(11) FiEg7 =7 JISK 8960 Hifkakk (BHAL2)

(12) YABE —KFEHVT L JTISK 9007 Hifkakdk (B L)

(13) HiEEHUT L JIS K 8962 Frflkadk (BIH L)

(14) AZm—=A: JISK 8383 Hifkak3k (BI s L=:)

(15) ¥EMEIR: Z v G-60 (& L7 AV AR EHiER)

(16) VEMER: TEMEIRFE, ¥R (B L7 AL L2FEHi)

(17) 7rE=7/K: JISK 8085 Hrfkit#k (NH; 28 % (E E/r3#), B L7 A/ AFnehlisk)

(18) 7= /—/L7XLAr: JISK 8799 IRk (& L7 A /L LR EHiZE)

(19) WAAEHERE (P 1000 pg/mL) : JCSS (& L7 A /L AFEis)

(20) AAZHER (Au 1000 mg/L) : JCSS (& L7 A /L AR EHiEE)

(21) WEEYEHSAEYER (Au 50 mg/L) : (20) DEFEHERR 5 mL Z 100 mL 277 A3|280, B E T
i (1423) N7z,

3) HEERUFE

(1) RSN R BEERERT UV-1800

(2) M LA Retsch ZM-200

(3) ICP Z&H43 e /rhrdsiE: SEBERT ICPE-9820 (R 7 i@l i =, ~ /L F A7)
(4) ETEEXEHERR 0 RERE . w9 S RIERT

(5) tHIR_E TFisfE ARV IR : ADVANTEC THMO62FB + ADVANTEC 44

4) WA

FEITNEAHERBRIE I 572, C-P O HTITNEE ERERIE 4.23.a NFREIT T UBT UE=T L
WeSEYEEE 1 (LATF, TR 180D, ) 3T 4.2.3.d ICP 603 e #r ik (LLF, TICP-OES %1 &0M). )
ZHEVY, W-P D43 A IR 3R L 4.2.4.a WO 1E T 4.2.4.d ICP-OES &I ~T-. £ 7 1ED
7 —X % T2~ 7 (Scheme 1~ Scheme 3) . 7233, ICP-OES (£ B EDO 7 o — XX, W EELE
ML THHDEME L=, £7=, ICP-OES 1k TR EHA R OBl B IE X E i &S IcE &L,

WS BE IR IS BT AR BHE IR O i B BB I W AIE M IR D72 31T, 100 mL &7 7 A3 IIE M
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JR % N Z T % 0D i i IR ] 2 [ IRg L2 6 L 72 BB IR D e R D FE RE R & U, 2 I3 RUBHA IR & R AR 1238
& O E BRAIEZ4T V), TEMEIR SR DOV AN E BB IR B LW L2 TR L=,

ICP-OES JEIZDWTC, IERHEEFRBRIED 4.2.3.d X DV 4.2.4.d IZPHESILTODHE (BLF, T i &
BB ISV TNz, BRI EWNEREORR RMEO L CE BT 5515 (LT, TR L)) THIE
AT Tz, WAEHEVE X, JE IR K OCNEEEIRZZ i 9:1 OFIA T ICP FM i@ E A
L, Table 4 O E OIEREAME LTz, ICP FIE3 NN EEE DRI E S 1% Table 4 D &Y. it ik
AR E SUIWAR EE IS RO LT D BTl Bt R OV A (P) IR EEZ KD, LT O IR
H OV /UEE (P20s) I FEZH H LT C-P LT W-P &R 7.

IHTREHR DY AR (P0s) R EE (% (57 5R) ) = A alBh ov A (P) R EE (% (&5 5R) ) x2.292

Note Short name used in the following schemes, tables and figures.
C-P: Citric acid-soluble phosphoric acid
W-P: Water-soluble phosphoric acid
Absorptiometric analysis: Ammonium vanadomolybdate absorptiometric analysis
ICP-OES: ICP Optical Emission Spectrometry

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

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

Constant-temperature vertical rotating shaker

Shaking to mix (30 - 40 revolutions/min), at 30 °C + 1 °C, for 1 hour

Cooling Immediately (ex. In water)

<—Water (up to the marked line)

Filtration Type 3 filter paper

Sample solution (1)

Scheme 1-1 Flow sheet for C-P in fertilizers by absorptiometric analysis and ICP-OES
(Extraction procedure)
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If sample solution (1) is colored, perform

Sample solution (1) the following operation

Aliquot

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

<A few drops of hydrochloric acid (1+1)

«<—No more than 0.1 g activated carbon

Leaving at rest For about 30 minutes

< Water (up to the marked line)

Filtration Type 3 filter paper

Sample solution (2)

Scheme 1-2 Flow sheet for C-P in fertilizers by absorptiometric analysis
(Decolorization procedure)

Sample solution (1) or (2)

Aliquot

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

< Citric acid solution, until it reaches the equivalents of 17 mL

< 4 mL of nitric acid (1+1)

Heating Boiling

Cooling

< A proper amount of water
< 20 mL of coloring reagent solution

< Water (up to the marked line)

Leaving at rest For about 30 minutes

Measurement Spectrophotometer (420 nm)

Scheme 1-3 Flow sheet for C-P in fertilizers by absorptiometric analysis

(Coloring and measurement procedure)
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2.5 g analytical sample Weigh to the order of 1 mg into a 250-mL volumetric flask
<—Water, about 200 mL

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

<—Water (up to the marked line)

Filtration Type 3 filter paper

Sample solution (1)

Scheme 2-1 Flow sheet for W-P in fertilizers by absorptiometric analysis and ICP-OES

(Extraction procedure)

If sample solution (1) is colored, perform

Sample solution (1
P N M the following operation

Aliquot

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

<A few drops of hydrochloric acid (1+1)

<No more than 0.1 g activated carbon

Leaving at rest For about 30 minutes

< Water (up to the marked line)

Filtration Type 3 filter paper

Sample solution (2)

Scheme 2-2 Flow sheet of W-P by absorptiometric analysis
(Decolorization procedure)
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Sample solution (1) or (2)

Aliquot

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

< 4 mL of nitric acid (1+1)

Heating Boiling

Cooling

< 1 or 2 drop(s) of phenolphthalein solution (1 g/100 mL)
< Ammonia solution (1+1) [neutralization]

< Nitric acid (1+10) [slightly acidic]

< A proper amount of water

< 20 mL of coloring reagent solution

< Water (up to the marked line)

Leaving at rest For about 30 minutes

Measurement Spectrophotometer (420nm)

Scheme 2-3 Flow sheet for W-P in fertilizers by absorptiometric analysis

(Coloring and measurement procedure)

Sample solution (1)

Aliquot

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

< 25 mL of Hydrochloric acid (1+5)

< Water (up to the marked line)

Measurement ICP Optical Emission Spectrometer

Scheme 3 Flow sheet for C-P and W-P i fertilizers by ICP-OES
(Measurement procedure)
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Table 4 Measuring condition of ICP-OES
P 178.287 (I)"

Wavelengtha) (nm) 2
Au 242.795 (1)

High frequency output (kW) 1.2

Plasma gas (L/min) 14

Auxiliary gas (L/min) 1.2

Carrier gas (L/min) 0.7

Observation direction Axial and Radial

Observation height Low position

a) I: Atomic beam

5) BREAE
(1) JBd €25 U i PR P D A &t

WS IEIC B WO TRBHATR ICE D LB IR EO EE2Z 52 E0NHH20, FAEICITS1 5720
IR EADONENRGHD . FENERITHELZ LRI THAIE, IEEREZ AWV TIHRE T 28 ENIERZER
BRIZICRE SN TWD. LL, — oG LB Chlt i L7 3UBHE R O & A3 <, 0.5 RFRRTFR EE o fik
B IR ] CIE I 3 R 4 7R 3B 23 HE R S U7, 0.5 1 R oD e (8 5 R O 68 28 AR 1 43 2 BB IR L2 oW
T, HE R Z — BRI R T 58, BAantEs, EIIOE < enmR I,

ZZT, BB E R M2 F L. 4 B O Clieh & B ORI TG IR IEEL SF-2
OFRBHAW 25 mL % 100 mL &2 & 77 A2(2d), SR BRIE IS, Bl (1+1) Zi 2z Tkl
L, IGPERR 0.1 g Mz 7=, IRERMOARZEEL, 0 FERT, 0.5 BT, 1 BRI, 2 WER, 3 WERd, 4 FERT,
5 REFA] B O 20 IR & L7, 45 Wi (AL B BUBHR I & 2 D 1% DFRBR B AE I K> TR, I L 7=,

B Hi i R R D B £, A B RS I O T B B LZ ST, A USSR (B2 i) 268 T L, Ak 3k
ECIER S COD S G PE SRR SN0 HT i b D ICP-OES 1 (fftseh i AR 15, BT 1) > Y Co#E
LR L.

(2) EEOAM

ZYPEDERR S TS ICP-OES i (e @ fpiss, A5 M) LK EEEIZ DUV T, Table 2 (2R LT
RINEEE 20 MOHTEFERL, FFEO 2 TFIEO P EDOHEBKZER L. [FIREMROEEE (b), 817 (a)
B OFRBIR SR (r) 2 H L, BICTRIK AR T

(3)  DFFTHEEE B OS HTHE BE DR Aif

R0 AR BB 2 F5 1T B MR BE TR O OFAT R FE Je OV THDRS JEE 2R A9~ 5 728D, C-P IS DWW TR
RO ABEEE ME-2 J2 OB TRAEEL SF-5 %, W-P IO\ TR AR No.21, No.22 & U5 IR IR KL SE-
4 %, HRE 2 ROMTTHZZEATS BT -7,

(4) E8TRE OB H T IROHEE
RO AVBRAEEHO 2N E RIS T, C-P, W-P ZRGERR ST & 056, I/hEELT 1 % (HEDH) U ELE
DHNTNDHIEDD, ERTRD 1 % (EHEDR) LT THLILEMRTLUENDHY, Tha BT &



TEHED AUl B UK VATED AR OD 5347 120038 FH R DR e 2 (B 1RV A BE AT S5
—H—RBREIC LD Y VMR — 19
PRI O HH FIROHEEEFT 72, C-P IXEARD ABRINE MF-2 Z, W-P [ZFH8ANE} No.21 %, & 7 S 0T
THMT L. IERFERBRIEH R E AY O FIEIZEW, H5N 70 EO I TIEEER 212 10 2/ U CE
& FIR%, 2xt(n-1, 0.05) ZF U TR FIRZH H L7,

(5) ICP-OES ik D iE &7 ¥kl OGBLIJT 17 Ot
JE kAR BR A N # S TUVD C-P J OV W-P @ ICP-OES &I THe i B EA R S COA 23, 2022 48
(CHRET SN2 AUBR A D) R ONAIIRIED AUBRT O ICP-OES 15 Tldkk 2 72 T A IE 95 B B CIAZHEED R
HASNTWS. - T, C-P KLY W-P ([ZOWTHIRHEEA W E BT EA I L., WAEHED R E (2D
W, VAR A B OVRTVE Y ABE O ICP-OES 15Tk Be VA WDHILTWAA, Be O@mMEEEEL, KA
RFTTIE Au &2 e, I T, @7 i USRI DIREZTT, BLRIT MO EA R LT
(a) HEAROEMME
P O 0 mg/L, 5 mg/L, 10 mg/L, 20 mg/L, 40 mg/L, 60 mg/L, 80 mg/L & T* 100 mg/L D &
AR A E LT, WEEEDORIEICOWTE 248080, Mkl EREIT P OEEICHT5 P OR
fil, PWAEHEVEIL P OIREEIZKR T 2 R ME D H (P/Aw) ICX D B AR LTz
(b) EEDOFHIM
Table 2 OFRBALEL 20 A& VT, #schig ERE BT ) O RS, & &5 1 T8I G M2 28 2
T2 E Stk DA FE O 3 M O B ZE R L, 2.5)(2) LR CFINE CH B Z7Rf L 7=,

3. HRRUBE

1) BesE-REREORE

WE S FE 1 TR R AU B B ONBTRAEELD W-P 20T Li=L 25, sEHNAR O BB ED fiE iR 2
0.5 FEIELCTEMLIZ7210 TlE, BRPERLIEEINH-T-.

ZDHIBLIGIEAREF SF-2 IOV T ICP-OES 1£&, TEMER 5 A D s R 228 5 L7 e FEEE D 43 BT il
7 HEHR U726 % Table 5 127”797, ICP-OES £ TOHTEE 100 %& L, WOt EIED MERHZ LB &4
K7z, ZOFER, W-P [THLE RIS 5 B ETiX ICP-OES EDO S LOGWIE L E D ST A &L,
FE R 2S 20 REE CROEIEEE 1S ICP-OES IED T ENIZFRI U&7 o7, C-P TILALERHH 0 FefH, 0.5
IF OWE L EE VLS ICP-OES 5L DI HHEICZIRIE LA L2, BOOFEIT DR NEE 2 BT, W-P /0HT
1% C-P AT CGREHA BT 03B BB OB DN KR EW 0 S G0N EL, FUERI2S 5 BRI R
DI EARR a7l bbdoE 2 bz,

W-P IZDWVT, BEIRD A REREEL QNG URAEEFET 8 sia FIVNT, ICP-OES 14 M UM 20 IR W FE VA
THMTEAT o7 (Table 6) . 2 HIEDHHTEIZDOWT, -FE (— X OEARIZED ) ORME, AEAMES %)%
FEf LT A5 B, A B TR B -T2 (1(8)=-0.40, p=0.70) . Ht- T, WIEIEREHEZIBIRIEE K OFE R A
FEAE BN A DR, BUBHAIR O BTG ME R A 3286 O R ERERHIE, 0.5 FERCRLEANR+43 7085
B 20 FEfiIET 52 ELT.
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Table 5 Measurement value by extension contact time using activated carbon with sample solution

Absorptiometric analysis (A) ICP-OES
Decolorization time (hours) 0 0.5 1 2 3 4 5 20 B)
C-P (%)” 242 238 239 238 240 239 238 235 2.28
(A)(B) (%)” 106 104 105 104 105 105 104 103 100
W-P (%)" 072 063 063 060 061 060 060  0.54 0.53
(A)(B) (%)” 135 119 118 114 116 113 113 103 100

a) Mass Fraction

b) The percentage of absorptiometric analysis measurement value when the ICP-OES measurement value is set to 100

Table 6 Comparison between measurement value of absorptiometric analysis (with or without
decolorization) and ICP-OES with W-P sample solution

Absorptiometric analysis (%)a)

Sample Without With ICP-OES (%)
decolourization decolourization”
SF-1 0.59 0.40 0.38
SF-2 1.55 0.63 0.58
SF-3 2.14 1.85 1.81
SF-4 1.01 0.42 0.38
SF-6 - 1.39 1.43
SF-7 0.57 0.45 0.47
MF-1 1.75 0.18 0.24
MF-2 0.27 0.22 0.31

a) Mass Fraction
b) Decolourization time: 20 hours

2) EEDOFFE

C-P KON W-P IZ8WVC, x il ICP-OES 1% (it sl #571) O HriE%, y SRt EED 5y
Witz 7 vy ST A B & ONEDRE AR Figure 1 1RUTZ. £72, YR EMROMEE K O O 95 %[5 HE X
CFARAREA Table 7 (TR LT, ZOFER, IEBFERBIEME S A OEEFMOHELE S (BlR EAROMEE
D 95 WIEFXENC 1 23 FEi, IR D 95 %IEHE X I 0 235 41, MHBREDS 0.99 UL ETHDHIE) Al
L, 2 FIEM THEZEDROOHT RSO
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— R EIZ LD Y M — 21
5 - , 100
150 C-P W-P
N~ Al N
=8 0 F R
g g 10.0 g _%
£ 89 50 ¢
58 &
=R £ 2
é E\i 50 r § °\o
2 < ;
»=1.009x + 0.008 ¥ »=1.003x+0.013
0.0 ) . ‘ 00 & . . . . )
0.0 5.0 10.0 15.0 0.0 2.0 4.0 6.0 8.0 10.0
ICP-OES absolute calibration curve (Radial) ICP-OES absolute calibration curve (Radial)
(% (Mass fraction)) (% (Mass fraction))

Figure 1 Comparison of measurement value of W-P and C-P by absorptiometric analysis and by ICP-OES

Bold line: regression line, Dashed line: 95% confidence interval of regression line, thin line: y=x

Table 7 95 % confidence interval and correlation coefficient of the regression line of
measurement value between absorptiometric analysis and ICP-OES

95 % confidence interval Correlation
Component — :
Inclination (b ) Intercept (a) coefficient (r)
C-P 0982 - 1.035 -0.207 - 0.224 0.999
W-P 0.993 - 1.013 -0.030 - 0.056 1.000

3) BHTHERUTRMBEEDTE

WG L TR B 2 MOMT THZZL AT 5 BT 21T o7 2R % Table 8 (T/RL7Z. £72, £D
il R A e\ — JUBL B 53 WA AT AT > THESE ST OFT RS B2 S OV RS £ %2 Table 9 (SRLTZ. W
DR e CRABHI BN T, IEEHFEREBRIEM R & A RSN TOWDREOFFAFIN TH- 7.

Table 8 Individual result of repetition test of changing the date for the precision confirmation

(% (mass fraction))

Component . .Samp le Test day
(Abbreviation or sample No.) 1 2 3 4 5
Microbe phosphate fertilizer 1.90 1.94 1.98 1.83 1.94
C.p (MF-2) 1.95 1.93 1.98 1.84 1.87
Sludge fertilizer 8.28 8.31 8.52 8.09 8.05
(SF-5) 8.28 8.32 8.51 8.02 8.05
Prepared fertilizer 1.13 1.18 1.22 1.19 1.20
(No.21) 1.14 1.19 118 1.17 118
W-P Prepared fertilizer 4.95 5.18 4.91 4.99 5.26
(No.22) 4.95 5.20 4.84 4.99 5.27
Studge fertilizer 0.28 0.26 0.30 0.29 0.30

(SF-4) 0.25 0.27 0.30 0.29 0.31
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Table 9 Statistical analysis of repetition of the test results for estimating precision

Sample Mear® Repeatability Intermediate precision
Component  (Abbreviation or 5 D B) H 2) h)
sample No.) St RSD,” 2xXCRSD. sty RSDyry” 2XCRSD )
%) W’ ) ) %) ()
Microbe phosphate
o fertilizer (MF-2) 192 s ) v '
Sludigse Ff:esr;mZGr 8.24 0.02 0.3 4 0.20 2.4 7
P fertiliz
repeereg Zelr) er 1.18 0.02 1.4 4 0.03 23 7
P fertiliz
Wop repa(rNeg 2ezr) “ 5.05 0.02 05 4 017 33 7
Sludge fertili
u ?SeF_ei) izer 0.29 0.01 3.7 6 0.02 7.2 9

a) Mean value (n=sample number of parallel test(2)xnumber of test days(5))
b) Mass fraction

¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability (repeatability relative standard deviation)
shown in Testing Methods for Fertilizers 2024
f) Intermediate standard deviation

2) Intermediate relative standard deviation

h) Criteria of intermediate precision (intermediate relative standard deviation)
shown in Testing Methods for Fertilizers 2024

4) EETREDH#TE

WS E VA TCHEE ST E B R IR & O HE T IR Ot 5% Table 10 127", C-P O E & FIRIZ 0.3 %
B By =) FR B, B FERIZ 0.09 % (B &), W-P OFE & PRI 0.1 % (& &) BE, R
HU TR 0.04 % (B 547 232) R BE LHEE STz, BARD AR IEEFD C-P K O W-P OIRGE AT BB 72 e /Ml
X 1.0 % THY, PEHERBRIERBE A ICBOWTERDOEE FIRITAERK LOSH T &K/
D 1/5 LT EHELTWD. ZOHEREEZ C-P 13 EEI>722%, W-P IEiifi7zL Tz,

Table 10 Estimation of LOQ and LOD values (% (Mass fraction))
Component Sample o  Standard b) 0
P (Abbreviation or sample No.) Mean deviation LoQ LOD
Microbe phosphate fertilizer

-P 1. .02 . )

C (MF-2) 93 0.0 0.3 0.09
Prepared fertilizer
W-P 1.13 0.01 0.1 0.04
(No.21)

a) Mean value (n=7)
b) Estimated lower limit of quantification (Standard deviationx10)
¢) Estimated lower limit of detection (Standard deviationx2x¢(n -1, 0.05))
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5) ICP-OES MEE A ERUEMA E D&
(1) 9 S D HR A
TER L7k B fi % Figure 2 \R4 A B E LW o & 8 07 1 e O8I 5 1) T, RERRE ()
1% 0.999 UL ETHY, BIH D 95 %IEF X IR AN E T, Zeds, ff i EfiE (B 5 m) o
BT H LA ES TREN TS,
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Figure 2 P Calibration curve by ICP-OES depending on the combination of quantitation method and

observation direction

(2) EE O LAl

C-P K OV W-P (ZDUNT, x Hll T ek e v (BE 5 7)) O3 M i %, y sl L2t e e i s (s 5 1))
AR YEVE (B 5 1)) SUZN AR MR (il 5 1)) ISR D 0 A il 7 ey B U7 AR B X K VB E#R A Figure 3
WRLTE. e, ERESROMEE X OB R D 95 %IEHE X M EM LR % Table 11 1T L7z, EEHER
BRIEMRE A OFIEIZB W T, B EROMEED 95 %IE X MIZ 1 23E i, 17 D 95 %[5 HE X [
(20 2NEEAL, BRI 0.99 UL ETHLHZEAHERL CD. ff ki S fRiE (B A ) O 53 A il & HL g
LC, C-P (3ot o i s (b 5 1a)) M OVNAZ HEVE (B 1)) O 3 AT i, W-P 136 e A B s (s 7 1))
DoIHTE LD EVFEHUIZDOWNT, HED 95 %EBXHIZ 1 B3 FIL TR -T2, EOMOFAF 1T
7=l Tz,
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Figure 3 Comparison measurement value of C-P and W-P by ICP-OES depending on the combination of

quantitation method and observation direction

Bold line: regression line, Dashed line: 95 % confidence interval of regression line, Thin line: y=x
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Table 11 95 % confidence interval and correlation coefficient of the regression line compared with ICP-OES
measurement value of absolute calibration curve (Radial)

Component Quantitation Observation 95 % confidence interval Correlation
method direction Inclination (b) Intercept (a) coefficient ()
Absolute Axial 0957 - 0989 20057 - 0204 0.999
calibration curve
C-P ::1;;;1;111 Radical 1.002 - 1.032 -0.086 — 0.156 1.000
Int 1
Strln::(r;?d Axial 0.983 - 1.025 -0.062 - 0277 0.999
Absolut
Absolute Axial 0965 - 0.996 0082~ 0.049 0.999
calibration curve
W-P :trl;;g;:(ll Radical 0.990 - 1.012 -0.064 - 0.031 1.000
::1;5;1;?(11 Axial 0.990 - 1.014 -0.054 - 0.047 1.000
4. F&oH

B0 ABEREE B O DS EIL COBTETRAEEE FV, JERMERBR L IC#E S 0D C-P KT W-P
DWW SIS DWW TRERIE O I FLPEGE O 7200 B — R OB Y B A EhE L= 25, RO R4
Bonr-.

(1) W-P 311238\ T, B EEVEDBUEDTEME BRI LD M R CIIB a3+ e iRk 3 e S i
7o, 2T, A RIORFCheb & DR T3 ERARIZ DWW T A O kB R 2 20 FERICIE R L2t
FEWEE, 2P HERRES AL TS ICP-OES 1% (st i &, #71m) O 2 FIEDSHHE T - E 4 Eh L7z
LA, BREITRDOIDoTo. ZOZEND, TEVERICE DR OIER TG 2hEE 2 by, HBuE ke
0.5 REfCHLEA AR+ 070 85 A3 20 BRI 9752 8L U7z, 7035, C-P CIIALE FER 0 FEH, 0.5 REM DU
JE1EL ICP-OES DS HHEICZEIRIZEA LK, BOOFEET V2N EEZ 5N

(2) HEEDFM D=0, 3E 20 48125V TC ICP-OES i (Mot ik, B7 M) SO SeEE®RD 2 )5
ETHMTL, BURRATERLIZRE R, WO B O THIREHERBRIEN B E A IORSh-HESE L
7=z,

(3) BHTHSEE e OVh RS E OREA D72, C-P X3k 2 fiE, W-P 1330k 3 FEEIC oW T 2 fif
FTCRZEZ TS BN EIT o1, ZTORE, WD), REL TRV T IR AR5 5 BR A I R
EAITRENTWAREE D B LZOHFFFHIAN ThH o= 80D, WO 1T A0 AR IR RS o E
W+ EE A L CWDIEN RSN,

(4) MERFERBIEHEE A (RS TCODFIEICHES T 7 AOMTRERZITV, E & NIRSEAHEE LIRS
B, C-POTEETIRIT 0.3 %REE, Bl FIRIZ0.09 %FEE, W-P O & FIRIT 0.1 %R, BiHRRA
1% 0.04 %% B LHETE SALTz.

(5) MEBFEERBRVEI IS AL TS ICP-OES YEDMIE S BN E L CINAERETS K OIS M Ot
ATo0. RERIE, WTNOEREFIEL BRSBTS PR 0~100 mg/L OFiFH TR ELREK
7=0.999 UL ETHY, EMEZ R UZ. £, BEOREO7Z0, 30k 20 5IZ-2U T ICP-OES 1% (fsxl i wifit
%, B 1) LN E RO E SO SHHEDENFREVERLIZEZA, WTNORRTIZB W TH EEOHELE
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Performance Evaluation of Analytical Methods for Citric Acid-soluble Phosphoric Acid and
Water-soluble Phosphoric Acid for Fertilizers Such as Microbe Phosphate Fertilizers
- Single Laboratory Validation -

TAMURA Chiaki!, AOYAMA Keisuke?

! Food and Agricultural Materials Inspection Center, Sendai Regional Center (FAMIC)
(Now) Fukuoka Regional Center
2 FAMIC, Kobe Regional Center

A single laboratory validation was conducted to evaluate performance of analysis method for Citric acid-soluble
phosphoric acid (C-P) and Water-soluble phosphoric acid (W-P) in microbe phosphate fertilizer and sludge fertilizer
by absorptiometric analysis in Testing Methods for Fertilizers.

It was confirmed that the current absorptiometric analysis can be used for microbe phosphate fertilizer and sludge
fertilizer, but some fertilizers need to extend the leaving time of decolorization processing to 20 hours for the in
analysis of W-P.

To evaluate the trueness, comparison of measurement values by ICP-OES (validated method in Testing Methods
for Fertilizers) and absorptiometric analysis was conduct in C-P and W-P with 20 samples, and the regression line
was calculated. The trueness evaluated from these result was within the standards of Testing Methods for
Fertilizers Annex A. In addition, comparison of measurement values by ICP-OES with absolute calibration curve
and internal standard was conducted with 20 samples, and it exhibited a strong correlation.

To evaluate the precision, we conduct duplicate test in C-P and W-P for 5 days and analyze by one-way analysis
of variance. The repeatability relative standard deviation and intermediate relative standard deviation calculated
from these result were also within the standards of Testing Methods for Fertilizers Annex A.

The lower limit of quantification and the lower limit of detection by absorptiometric analysis were estimated to be
approximately 0.3 % and 0.09 %, respectively, for C-P, and approximately 0.1 % and 0.04 %, respectively, for
W-P.

These results show that for fertilizers such as microbe phosphate fertilizers the current absorptiometric analysis
can be used to analyze C-P, but some of samples needs extending the leaving time of decolorization processing time

to 20 hours to analyze W-P.

Key words  microbe phosphate fertilizers, citric acid-soluble phosphoric acid, water-soluble phosphoric acid,

absorptiometric analysis, ICP Optical Emission Spectrometry, decolourization

(Research Report of Fertilizer, 18, 10-27, 2025)
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1. [XC®IC

AERF DA EBUE Y CIXTBIRIEEI P OE B EZFINDIRIVA(CD) O K& LT, IEEFFRME] & v
9. )1%0.0005 %&EDHHILTIY, HIRNEEHIZOFPHNIZISW T, fifHSiTns. RIIGTEIRE o
ARIY LRENEATRMEITZELREY, BREOGIRIEIOEHIZ I THEEICA R SV RIT L0 EFE
L, HICRMINH T 28 TIRORF B2 TRIFM~BATL, NS ITHEREIEMNDEESND LD
BINTND. 2009 4F 3 A ITEEMOKEER M DI RS- WERIERIO R OHY 5123 o8k b 3 2
BT, 13 FERIEM T 2N MBI L LT, IRIY LS H R OR FR 1 A R
D78, WEIENEEIOE I L@ T LRI R LAOEE P EA TWD HHEAEHL, ARIVLZRINL S
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TIEA~OERE L OVEIE~ ORI R AL TWD.
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LY ORERLDIETHIEL, HEFRDOARIVLREDEL K OCVEMIRO I RIY LRIN &2 B L. £
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2. MMRUAE

1) BHZE

FRE T HREEHE T IRE AL TOD LIRIBTERER A FH L7-. 543 507G S0 Table 1 &350,

FEHE X\ A3~ AR K OB VR AEAEHIE A X Tl IE AR U TR IR D IR 3R, VAR —KET =T A
e QAL DA FA Uz, 15 TR AR K O IE AR O 45 5% 70 D 45T 1IR3 BRTES 12k~ 72 G IE AR
AR5y BElT Table 2 (R L72) . 2O, HEFE AT ADSED T [REE I V2w MEEFGE LA R) Z L.

Table 1 Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen 0, 5.5 Moisture 0, 112
Total phosphoric acid”’ %" 4.7 Total copper mg /kg 329
Citric acid-soluble phosphoric acid” %" 2.2 Total Zinc mg /kg 1038
Total potassium” 0,9 0.4 Carbon to nitrogen ratio - 6.3
Total calcium” %" 1.4 Total cadmium” mg /kg 2.8
Organic carbon %" 360 Acid-solubility-cadmium® __mg /kg 1.8

a) Mass fraction b) Content as P20s c¢) Content as K20 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 Ammoniumdihydrogen Potassium

phosphate chloride
Total nitrogen A 46.2 12.1 —
Total phosphrus” %Y - 61.1 —
Total potas siumc) %a) — - 62.9
a) Mass fraction b) Content as P20s ¢) Content as K20

2) TEOBE{LSEMY

ARERERIT Y T2 — Y (B BRIV E0) CEMLE. HEROBEEIIERAS L THhY, TR
<ETH5. 1 FHEEND 16 4 H BEAFETONESZ OB 5125\ T, pH, BXIxE = (EC: Electrical
Conductivity, LA FTECJEVN)), B4 A8 H#14% & (CEC: Cation Exchange Capacity, LA T TCECJ&VY)), R
421 (TN : Total Nitrogen, LA FITTN &), 5428 (TC: Total Carbon, LA NITCIEW)), HEIREDARE, &
HaPENNE, 2 A K S O 5 = O E A 5% Figure 1 (27,

pHIL, HHEFOHRIT AEFERICG 2 DFBNRKEND, pH6.5 UL/ 5912, BRGNS 34EH,
S5H, 6 FH KO T HBICHAKEZHWT pH sl 41T 7.

7 FHAEND 11 FFHBAEET pH6.4 FRE TLREL THER L TV, 11 FHAE, 12 5 EETIX
pH6.0 fHEET A o7z, 272w 134 H KON 14 4 H A EORFREATICH 4 K% H T pH FisEA 2L,
14 B ZIETIX 6.5 (T ECTRIE L.

15 45 B BAF CHEE AT AP DT K IR~ 7 3D LD AN E T LT L25, IRtk XD pH
DO 6.0 FHIET FN-72720, 16 4 B BEAECIIFONE LA IKOli HIZAE L7228, pH IZOWTIE4 ]
RELREA T RO 2D o7,



30 AEEHIFZEE#R S Vol.18 (2025)

EC (%, #BRBHLALARE, 0.1 mS/em~0.2 mS/cm DOFEFH T EFMHA AR TWZen b, 64 H D ZELIRE,
EFNEELTHEAL QOEiiE T v E=U AR IRFBICEL LR, EREANGEECT 0.1 B TREL
TeHER A R L Qs JBTRIEEHIE A X123 T 13 4F B LA IO B R M 2R LT,

BRNRED AR, A RATRSHI B W TERAY LICBIT2EH EO BEMEAFE 100 g %4720 10 mg
L E 100 mg L FEEDHIVTNDDIZHL T, BREALERFD 10 mg LN CTHEBE L CWeZenh, DAREIE
Bl e B RIE LA, 14 4 H AEEBRO T 8 4 H AVELIBIZITIE 10 mg DL EAHERS L T/,

14 - HAVETIE 10 mg & FlElo7272®, 15 4F B EEMAER CIIG et iz =3 L TRAL TV
T IRFBHT R COAEE ZKRFT E=T MR, VAR OB EETIEEAED 1.4 {521 TR, XD
0 AR BTG TR AR E F X2 Ao 7.

11 48 B E1EEM HIRIC W CEYE 22 TR LT 2 25, B EREMIEIEIEYE (B R IR) O lcitan - 3
EREREEASELLC, TR ORZHENEEE 3 sy CSHPEINE, 2RI IR, ZSHPETE 1) 0o b, 25
PEE LD AMEME D RS20, 12 4 B EER OAAERR TR RR ~ 7 320 DIt 4 2280
10, RENESTIED AT AD L EE K 5T, £z, 13 FH KON 14 48 H E/EERERNC pH F8b e+
FIRERRAL, FEEEICR R L TS LR A L 7o 24, A BT I3 MEE FIRTE ChIfE L.

UINUZR DS BAS MR IR D RR 53 3 HEHEAE 1 BRZ KR 2B 2 D A A3 T ziaw, 15 45 B BAERRRERTIC
HHAIRICEZ ORI b~ 7o 25 TEA LT 2 A, BT T Eshe.

16 4= B ZEAVEREREATIL Bk oD L3680 pH FRFE D70 A K O IR UT- L2 A, 23t 1135 | i
BCEMHIN O EE, AHMEA K OB RIS T BT ThoT-.
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Figure 1 Transition of the characteristics of the soil

Error bar shows standard deviation (SD) (n=4 (2x2) (repetition of plot x number of samples))
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Figure 2 Plots plan of the test field

4) HERAEE%Et

15 = B AERTL YT KON 16 4B BIE=0 V0 O iRk % Table 3-1 & (Y Table 3-2 (2R L7z, FEAERE
FHZOWTIE, EEEEYIEEE (B £ IR) O %225 1CGT L.

IGUEAREHE, 15 VEARE P O B4 8 O R ~OFRA Il 7572012, & ERO B LE24H 500
kg/10 a~1000 kg/10 a EL TS ATRERHT™Y, — I 1 /E272D 500 kg/10 a FREE i S T0510. &
7=, B TR AL UG TRIER 2 L2356, 1O pH MR T35, 2o, 4 428 ZIEND
11 B EAEETORBRICINT, 1 FEHTZVOIHIRALEL O H E4 500 kg/10 a L7z, LU HAGERD
HID—>ThD, LE~OEMELZHRTH-DIITEERIGIRIEE R O BRI KPR EE MR =6, Ak
Bro> 12 45 B BAELARIZ BT 275 TR AR OB A 81d 1 /F24729 750 kg/10 a ELCT5. BIRIEEIOE R DO
BALRICOWTE, AIEETOIEZZEL CRIEL TR, 12 43 BEIELIEE, Z1EIX 20 %, EVEIT 40 %
LCEHROBEZFE L, RRESICOWTUIRFBL W THIELT.

DABEIZDUVNTIE, U HE AR #H 2123 1T 2B N ABV AR O UE B AT FIRAE (10 mg/100 g #2 1) A
o IR LTz, 72k, BERIRE CHDIHIRIEEHIIR N E B EL, GA THEMED ABOMEZ B FHH
WV, IMEIZDWTHE, EEREWMEIEEYE (55 EIR) OO LBEGEH L. 728, ZRETORBRIZKIT D
&% Table 4 |Z/RL7T-.
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Table 3-1 The fertilization amount (spinach in winter 15th)

- Amounts Components (g/4 mz) Amounts Components (kg/10 a)
Types of fertilizer

(@4m’) N P05 K,0 Cd (kg/10 a) N P,0O; K, 0O 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 dihy drogen phosphate 35 4 21 — — 9 1 5 — —
Potassium chloride 95 — — 60 — 24 — — 15 —
Total 211 164 72 0.0085 53 41 18 0.0021
<Standard plot (SP)>
Urea 136 63 — — — 34 16 — — —
Ammonium dihy drogen phosphate 144 17 88 — — 36 4 22 — —
Potassium chloride 115 — — 72 — 29 — — 18 —
Total 80 88 72 — 20 22 18 —

Table 3-2 The fertilization amount (carrot in summer 16th)

L Amounts Components (g/4 mz) Amounts Components (kg/10 a)
Types of fertilizer )
(g4m® N P05 K,0 MgO Cd (kgl0a) N P,0; K,0 Mg0 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
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 (kg/10a) N P,05 K,0 Cd (kg/10a) N P,05 K,O Cd
Ist 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 —
st 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 — — —
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 —
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Table 4 (Continue)

Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kg10a) N P,05 K,O Cd (kg10a) N P,05; K,O Cd
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 —
S5th  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 —
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 —
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Table 4 (Continue)

Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kg/10a) N P,05 K,0 Cd (kg/1l0a) N P,05 K,O Cd
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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Table 4 (Continue)
Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kgl0a) N P,05 K,O Cd (kg/10a) N P,05 K,O 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
14th  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 —
15th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Summer Urea — — — — — 28 13 — — —
Carrot Ammonium dihydrogen phosphate 22 3 13 — — 49 6 30 — —
Potassium chloride 21 — — 13 — 25 — — 16 —
Magnesium hydroxide (pH adjustment) 25 — — — — 25 — — — —
Total 44 49 16  0.0021 19 30 16 —
15th  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 —
16th  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 49 16  0.0023 19 30 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) BIETE

HEZOMEEL X Table 5 LY. FEIL, &

TN, EEROSEAE

L7-.

AR X DB K 12 kg ZRITERY, £ 3-1, 3-2 DlafEakEHe
L= o TR I TRAL, FilBR X R BICHSICHA L. 7ok, KRBRXOEL 1 m Oy (F—K
REFCFILEIG TR L 72, D%, BHufz O TESK 15 em ETHHELC.
SIS DN DT T O RGO E mEhkRE LT ATV /R R AT L, ESK 15 cm ECH
LU CREAEOITRb L%, BB NE 9 5k (LMY 20 cm) [BIfE T —4 —7 — 7 I L&A/ FE T2 & Fd
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Table 5 Cultivation summary

Spinach Carrot

Species Mirage Koigokoro
Fertilization 2023.8.29 2024.4.11
Pesticide application 8.29 4.11
Seeding 9.11 4.18
Thinning (first) 9.22 5.16
Thinning (scond) 10.6 5.29
Harvest 12.13 8.2
Cultivation period 93 days 106 days

6) EMADRINE

ROV Yy DHERR (R &) ZINEL 7218, TIREHWIEEL, 1EMRO R B2 BRI EICHIELZ. S61Z,
ARBRX PR | m? 52T, KIEK, A4V ZBOKDINEIZHRE L, 7 A% T H IR L 7% i a1 as
12T 65°C TR,

=V ATOWTIARITOW e B ZKEK THRWEEL, BTy 78T 2 W THEEEAR R (R & E0)
Bl ZhEh O EEZ R AEICHEL-. S5, SRR FRO 1 m? 5382 Tk, KK, 1453
KON YL, BEEIIA T AE T AR L7 IR R RER T T 65 °C C— BB LI, ARERITET
78T 2 VDT IR L7, il Bz 512 T 65 °C T—BRHIRLT-.

HLE U730 H B 500 um D 55\ & i@ 35 F THIF (ZM200:Retsch  7— & —[m]#5% 6000 rpm)
TEEL AT B LT

7) EMEOHRED LS

IINTRRER 0.5 g IZhYEE 4 mL M ONEBER{L/KFE/K | mL 21z~ A7/ fifE & (ETHOS EASY: <A /LA
— B RTI) THEY UI-b O CRO BN EUHH AL, SOICHEEE 1 mL 22 CTAEE) % 50 mL (Z&
AL, ICP & &/ HriE & (iCAP RQ :Thermo Fisher Scientific) % N CHIELT-.

8) EihtIEDHHT

I HERS , B 43 2 5 8 R ER 1 IS KD ERIL 2. 25 3R BR X O EM IR A SURE L 7= 35 Pt &[] U sk X R
1 m2 DPURE K O DFE 5 20FT8D, £ (A 50 mm X £X 250 mm) 2 WO CTEENGH 15 em £ T
B, IRA U, RS A AT 45 °CT— Bl EREESHE, BRI 2mm 0520 EEiELI-b 0% 54T
e LT,

THEFROEHRIT AL, SHEE 0.5 g 12, ISR 5 mL, @BERILKFEAK 2 mL, K OT7 o LKFEEEK 1
mL ZHNZ, A7 fRIEEIZ DR LT-1%, 58 | mL, WMESREE | mL 2N B~ A 7l oy g2
(XL, BBHATR S Lz, JIEIL ICP B & i E Ic LT o7,

0.1 mol/L ¥gFg FT¥R AR 4 (LLF, 10.1 mol/L HCI-CdJ &) ) 1, 43k} 10 g (2% L 0.1 mol/L HCI 50
mL ZNZ, K9 30 °CIZfR B30 1 REFIRVIEE CThit U723 EHE IS DWW T ICP B &4 ki 2 TV ClllE
L7119,
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3. HWRRUBE

1) &fERoLovyn

(MW IEMAEDOIE, HFEOLEBE

15 FE H & MER UL T DOfER% Table 6 (Z/RLT-.

I, JBVRAEEHE X C 12.3 kg, FEAEX T 9.7 kg THY, FEAEX I3 DG TEALEHEFH X O 5%k
1% 126 THot=. 1 FEHMND 15 4 HOXAEDINEDHER % Figure 3 1287

YLV TBTROTRIT LG ENE, IGTEIEEEH X T 0.064 mg/kg, HEHEX T 0.050 mg/kg Th-o7z. 1
FHNS 15 FEHORTL Y YBWY RO ARIY LNREOHERS T Figure 4-1 |ZR 3880, REBIEZES (U
T, TCodex ZZEZ3 1L, ) DNE S LHIEUEAE (0.2 mg/kg) (2K L TRV VR EE THER L Tuh-.

Fio, ROV YT RO TIRIT LIRFEICOWTHE XA LRI LA, {GIRIEEHE X T 0.54 mg/kg, 1%

HEXC 0.36 mg/kg THY, {HIRAEEHH X 23G BEIZEORE R Th o7z (p=4.2X10°) .

TGIEREELOEHICE DRI L YT R O I RIT MR EE OHERS 4 Figure 4-2 1R L7Z. 1 R HG 154 H
FETEEIRSHTLIZEZA, 1GIEREEHE I X K& OME X I IS A8 D B -7,

Table 6 Yield of spinach (edible portion) and cadmium concentration (winter 15th)

Unit Test plot-1 Test plot-2 Average  Yield index") Sgn tieﬁ:tme
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 12.9 11.6 12.3 126
Cadmium concentration (fresh matter) mg/kg 0.061 0.061 0.066 0.068 0.064
Cadmium concentration (dry matter) mgkg 0.51 0.52 0.56 0.57 0.54 Significance®
<Standard plot (SP)>
Fresh weight kg 10.9 8.5 9.7
Cadmium concentration (fresh matter) mgkg 0.053 0.053 0.045 0.048 0.050
Cadmium concentration (dry matter) mgkg 0.40 0.40 0.31 0.33 0.36

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 of plot x number
of samples))
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Figure 3 The yield of the spinach in winter (Note: 2nd year (qinggengcai))
Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 4-1 Cd concentration (content in the fresh matter) in spinach (Note: 2nd year (qinggengcai))
Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 4-2 Cd concentration (content in the dry matter) in spinach (Note: 2nd year (qinggengcai))
Error bar shows SD (n=4 (2x2) (repetition of plot X number of samples))

(2) B LD ARZD L

15 B &AERT LTl 1180 0.1 mol/L HCI-Cd, pH (H20) K OY EC %53 #1 L7 4% H:% Table 7 (Z/RL
72. 0.1 mol/L HCI-Cd J 213, {5 RAEEHE A IX1% 0.26 mg/kg, FEHEX T 0.13 mg/kg THY, {GIRAEEHEH X
THEIZED T (p=5.1X109).
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Table 7 Characteristics of cultivated soil (winter 15th)

Unit Test prot-1 Test prot-2 Average Slgnilsctance
<Sludge-fertilizer-ap plication plot (AP)>
0.1 mol /L HCI-Cd® mgkg 025 026 026 028 026  Sigificance”
pH (H,0) 5.9 5.9 -
EC” mS/cm 0.13 0.12 -
<Standard plot (SP)>
0.1 mol /L HCI-Cd mgkg 0.13 0.13 0.13 0.14 0.13
pH (H,0) 6.3 6.3
EC mS/cm 0.07 0.08

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 of plot X number of samples))

2) BEfE=2PY

(MW IEMAEDOIE, HFEOLEBE

16 4F H BAE=2 0 OfE % Table 8 IZ/RLT-.

B, VHURAERHIE X C 17.4 kg (FRE6 9.5 kg, HEHH 7.9kg) , HEHEX T 16.4 kg (BB 10.0 kg, HEH 6.4 kg)
THY, FEAEXIT 215 TR AEEHE F K OUEFEEUT 106 RE 95, HEES 123) Th-olz.

1 FHMNS 16 F BHIZBITAEAEOINEOHERS % Figure 5-1 (FEES) , Figure 5-2 (FR356) , Figure 5-3 (55H) 12
RLTE.

=PV BIWHR ORI AR EEE, 15 TR A X CHRER 0.017 mg/kg, FEES 0.033 mg/kg THY, FEAEX
THRHED 0.012 mg/kg, 5B 0.021 mg/kg Th -7z,

Codex ZBRIZL- THRFFEDFELHEES (0.1 mg/kg) 1L AT RHDIREBIZ OV TEDHIL TS, =2 VBl
W DA RIT LR LT Figure 6-1 [Z/RUL722N, AREROD A RI AR FEIIIAEM IS, R CTHERB L U
7.

=V VU O AR ARFEIZOW T XA I L7=L 25, (GIRNEEHE A X CHES 0.21 mg/kg, HE56
0.22 mg/kg, FEHEX THREL 0.14 mg/kg, HEHL 0.12 mg/kg THY, ARHEL (p=1.6X10*), HEL (p=1.5X10) Dl
AL CIHTRAEEHX 23 B S s R Thho 7.

GIENEEOE RIS LD =0 P e O A RID MR EEOHER T Figure 6-2 (ZRLTZ. 1 EHEDD 16 42 H
FCERENFIATLIZEZA, IGIRAEEHEH X OFEYE X S IME AN EFR O BTz,
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Table 8 Yield of carrot and cadmium concentration (summer 16th)

Part Unit Test plot-1 Test plot-2 Average Yield index” Significance test
<Sludge-fertilizer-application plot (AP)>
Root kg 10.2 8.8 9.5 95 -
Fresh weight Leaf kg 8.1 7.7 79 123 -
Total kg 183 16.5 17.4 106 -
Cadmium concentration (fresh matter) Root mg/kg 0.018 0.017 0.017 0.016 0.017 .
Leaf mg/kg  0.033 0.033 0.032 0.033 0.033 -
. . Root mg/kg 021 0.20 0.21 0.21 0.21 Significance”
Cad trat d tt
admium concentration (dry matter) Leaf  mg/kg 024 024 0.20 0.20 022 Significance
<Standard plot (SP)>
Root kg 11.5 8.5 10.0
Fresh weight Leaf kg 79 49 6.4
Total kg 194 134 164
Cadmium concentration (fresh matter) Root mg/kg 0013 0.013 oot 0.012 0.012
Leaf mg/kg  0.015 0.015 0.028 0.027 0.021
Root /k 0.14 0.13 0.13 0.14 0.14
Cadmium concentration (dry matter) 00 TE'<E
Leaf mg/kg 0.11 0.11 0.13 0.12 0.12

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 of plot x number of samples))

Figure 5-1
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The yield of the carrot (leaf) in summer (Note:2nd year (spinach), 3rd year (trunip))

Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 5-2 The yield of the carrot (root) in summer (Note:2nd year (spinach), 3rd year (trunip))

Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 5-3 The yield of the carrot (total) in summer (Note:2nd year (spinach), 3rd year (trunip))
Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))

=
Y—
()

| —-Leaf (AP) -0-Leaf(SP)

e
S
&

| —*—Root (AP) -m-Root (SP)

o

o

N
|

e
o
=

Cd concentration (mg/kg)
(e
o
OS]
[ Eu

o
o
S

1 23 45 6 7 8 910111213141516
Year

Figure 6-1 Cd concentration (content in the fresh matter) in carrot (Note:2nd year (spinach), 3rd year (trunip))

Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 6-2 Cd concentration (content in the dry matter) in carrot (Note:2nd year (spinach), 3rd year (trunip))
Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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(2) B LD AR L

Wit HEED 4 RIT A, 0.1 mol/L HCI-Cd, pH (H20) KON EC D43 #r#i $% Table 9 (277 L7-.

BRI LR, VIR X1 0.62 mg/kg, FRYEXIT 0.42 mg/kg T, {GURALEHEH KA EICH
Motz (p=3.9X10%).

0.1 mol/L HCI-Cd I, {BYEAEEHEFH X1% 0.26 mg/kg, HEHEXIE 0.16 mg/kg THY, {GIEIEHEH X3 H &
\ZEoTz (p=5.2X107).

Table 9 Characteristics of cultivated soil (summer 16th)

Unit Test prot-1 Test prot-2 Average  Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd" mg/kg 0.58 0.58 0.65 0.65 0.62 Significance®
0.1 mol/L HCI-Cd” mgkg 025 0.24 0.27 0.28 0.26 Significance”
pH (H,0)” 6.0 5.9
EC’ mS/cm 0.19 0.20
<Standard plot (SP)>
Total-Cd" mg/kg 0.42 0.42 0.41 0.41 0.42
0.1 mol/L HCI-Cd" mgkg 0.15 0.15 0.16 0.16 0.16
pH (H,0)" 6.3 6.3
Ec” mS/em 0.09 0.10

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 of plot x number of samples))

3) EithETIRBDHRIVLOKERE

(1) B TIROLARSIVLEE

B O 2RI AR OHER A Table 10 (Z/RxL72. F72, 0.1 mol/L HCI-Cd ¥ £ DHER L4512 Figure
7-1 GBI AR A [X) Figure 7-2 (BEHEX) (2R L=,

TGV NEARHE I X M OFEHE X DA RIY LR E OHERIZ DWW T AR 357280, £ LD X
BIIS, | FHEEPLORM A (BIEDLOROBEAEETORMIMRIL 12 7 H L) IZxT 52 RIV LRED
I BG4 24T o 72 (BN RO 5 TR O p EIZKOFHE, mAIAEKEE 5 %) (Table 10). 16 4-H
H ARG E T OIETRAEAEHE K13 _E T ] (p=4.0 X 107) 23580 B, FEUER T T AT (p=1.7 X 104) 2338
LoLSY gV el

TG IR X OMFEHEX DRI AR EA W LT-L 24, FAE L7z 1 4R B ZEAEDOIG TR IR X
PIEEX IVA BIZEKR-TRY, £OZIT 4 4 B ZEELRE, BERD O L720 LIZFRORE RN TS,
SV, TETRIEEME F KI5 TR AR S D BRI AOHEE B2, VEMIROINHEZ 15 - th H Ry A0 [
BN~ OFFHL L &IV D, IRIVARER T HEMICHHZEARL TN,
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Table 10 Changes in the total-Cd concentration® of soil after harvest

p-value of single

Year Season Test Crops AP Sp _ Significance test regression analy sis”
(mgkg) (mgkg)  (difference between the APY Sp®
processing)

Ist  Summer Carrot 0.51 0.48 Significance® - -
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 p< 0.05" —
6th  Summer Carrot 0.57 0.47 Significance p<0.05 —
7th  Summer Carrot 0.57 0.46 Significance p< 0.01% —
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
15th  Summer Carrot 0.64 0.43 Significance p<0.01 p<0.01
16th  Summer Carrot 0.62 0.42 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 (2x2) (repetition of plot 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)
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Figure 7-1 Cd concentration of cultivated soil (AP: Sludge-fertilizer-application plot)

Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))
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Figure 7-2  Cd concentration of cultivated soil (SP: Standard plot)
Error bar shows SD (n=4 (2x2) (repetition of plot x number of samples))

(2) BhdthEIED 0.1 mol/L HCI-Cd DHEFE

B 132D 0.1 mol/L HCI-Cd IR EEDHERE % Table 11 (/R LT=. Fz, ORIV ANREOHER LELEHIZ Figure
7-1 (5 VEREAEHE X)) , Figure 7-2 (FEHEX) [TRLT-.

THUENEEHE H X % OFEHEX 0D 0.1 mol/L HCI-Cd i DHER DWW TR AR 35720, £ 2ol
B X231 25 ERBAAARE D ORI A (KR OMIRIL 6 7 A L L72)12xF3 % 0.1 mol/L HCI-Cd ¥ £ DO#R
BRI EAT o7 (FREUFO 58T RO p I LOFHM, WA EAK%E S %) (Table 11). 16 4 H EZAE
B E COIGTRNEEHE ] X OEYFITA B LY, EAEmBZRO BT (p=4.1X107). 10 FH ZIFETOH
BRIRURE I AT B 1 B TE TR AR K O B3 A B Cled — B THEE L COAEE Tho7223, 10 45 B A1E
DIRe EHICERU 72, 20513, 0.26 mg/kg DIRFEFITIZEBWT—E THBL Q5. ERIEEHCE/T25HR
VA EERICBWTUIAEY S SR T2 LI RIBEEL CODEE Z B TODR, Bt o
ARIVAENEZ, AHEMEREE L TR T &2 L 72281280, 0.1 mol/L HCLIZIEfF T D ED IR
SULELEINLTI-EE 2 BT,

— 7, BEYERX T, BB SRR DIV (p=5.5X1073) . BB 3 4F H AELIERkGEL QU D. HEiE
R OEARITAIFEARIZ LD DRI LOMIEBIEIT 220 L, F72, TEWIEAY 0.1 mol/LHCI-Cd Z+5H
Hi 728, T30 0.1 mol/L HCI-Cd #2EL D 5L %5 2 bz,
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Table 11 Changes in the 0.1 mol/L HCI-Cd concentration® of soil after harvest

. -value of single
Significance test 4 d

Vear Season Test Crops AP SpY regression analysis”
(mgkg) (mg/kg) (difference betweenthe ~ APY Sp®)
processing)
— Start — 0.19 0.20 N.S.° — —
Ist Summer Carrot 0.21 0.21 N.S. — —
Ist 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 041 <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
Sth 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
14th Winter Spinach 0.25 0.13 Significance <0.01 <0.01
15th Summer Carrot 0.28 0.16 Significance <0.01 <0.01
15th Winter Spinach 0.26 0.13 Significance <0.01 <0.01
16th Summer Carrot 0.26 0.16 Significance <0.01 <0.01

a) Content in dryingsoil  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 of plot 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 of plot x number of samples))

Q) HFEVLDOEHE, FbHLERUVERE

1 FH EfE~16 FHEENEOREBICIENT, MALLZGIRIERHHSRO A RIV A AR THL AR &,
FEAEMZINHEL T2 ZLIC LRIV Lo L&, HEA~OFEREL O P OH IV LERREL Table
12 (TRL. &, SR A~DOARIV AOAR BT, (GIRIERHHOURIY LG A BIZHRERIX (4 m?) ~Di
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AEZFEUCEHLE. EWICED IR L0 HHLUERD, REBRXIC ‘cj‘éﬂﬂ?ﬁbf:{’ﬁ%@ﬁb“i'ﬁa%ﬁﬂﬂ%
DZLET, EMOIREI/EH T ORIV AREZFEC TR L., BEA~ODRIY LRI, 15N
DHRIY LOBARBEEAEMIZEDIRIV LORHHLEOZICIE L. i%é«@ﬁF‘:?A@%%ﬁ?%fE&
AIRIY LOZERERNFBRX L7200 THE & (TELOWS 15em, HHEOfULE 0.7 L1, FHBRX (4 m?) 47-0D
THEEA 420 kg £LT-) TERLUCTHE L.

THIRAEEE H XTI, AlBRICEB VT, IRIYV LA EE L TR L &N DN ENE ORI
T LN T T ALIe DT80, IHIRIEE O IZ LD A RIT LA EOB AN > CHEEERE T HIRIT LM
BELEM THHZENE 2 HND. EREIZIB W THERM HEEO 2T RIT AR OB ) 2358 H41 TV
%. % 31 AEORERIZ BT DTHIRNEEHE H XD A RID LA M &I 216.3 mg/ilBR X (540.8 g/ha), WRIV.L
SHBE (DRI LB REERBRX TR B DR U B Lo H3h IRIv A0 EFIEE) 13 0.472 mg/ke
Lipor-.

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 16th year

Sludge-fertilizer-ap plication plot (AP) Standard plot (SP)
Quantity of cadmium® Quantity of cadmium®
Concentration Concentration
b Accumula of cadmium b Accumula of cadmium
Load” Removal® = . o Load” Removal’ . )
tion accumulation tion accumulation

Year Season  Test Crops

(mg/plot) (mgplot) (mgplot)  (mgkg) (mglplot) (mgplot) (mgplot)  (mgke)

Ist  Summer Carrot 4.84 0.39 4.45 0.011 0 0.36 -0.36 -0.001
Ist  Winter Spinach 4.40 1.18 3.22 0.008 0 1.34 -1.34 -0.003
2nd  Summer Spinach 3.30 0.72 2.58 0.006 0 0.96 -0.96 -0.002
2nd  Winter Qinggengcai  2.64 0.21 243 0.006 0 0.21 -0.21 0.000
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
S5th 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
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Table 12 (Continue)

Sludge-fertilizer-app lication plot (AP) Standard plot (SP)
Quantity of cadmium” Quantity of cadmium®
Concentration Concentration
Accumula of cadmium Accumula of cadmium

Load” Removal® y  Load” Removal”

tion?  accumulation® tion  accumulation®

Year Season  Test Crops

(mg/plot) (mg/plot) (mghplot)  (mgkg) (mg/plot) (mgjplot) (mgplot)  (mgke)

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
14th  Winter Spinach 8.53 0.61 7.92 0.019 0 0.35 -0.35 -0.001
15th  Summer Carrot 8.53 0.37 8.16 0.019 0 0.17 -0.17 0.000
15th  Winter Spinach 8.53 0.78 7.75 0.018 0 0.45 -0.45 -0.001
16th  Summer Carrot 9.30 0.42 8.88 0.021 0.76 0.25 0.51 0.001

Total 216.31 18.20 198.11 0.472 2.28 13.74 -11.46 -0.027

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 app lication
¢) Quantity of peculating due to the crops body = Yield (dry weight) x Cadmium 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)

BIHL DR RIY NREEITOUWNT, 1 4R B EAERMIH 0 F2HE L B R EOHER A Table 13 J O Figure
8 VR U7, G VEAREHiE X M OEYEX DA RIY A O FZHEIL Table 10 TRULIZEBDT, BEHMHEIC
DN 1 4 H E RS O ZRIEAE AL LT, Table 12 TRHIHLZARIV AL RREZBRBLUAHL
7o BEVEX T FERE B RR E N B B e da— B ABIM CHEB L e, — 07, TG TEAREHG A X%, Blimfa s
Hei U C FNME A F B AR THEB LTV 2. ZOZEICHOWTIE, BAEDS R0 EORARE F19 78 T i
FDOHRIT LD KEF [ ~DBATRRD BN TNAZEND, HHEIZED —EBOHIRITLABMELITE ES2
LD FRBEDN B 2 BTz,
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Table 13 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration® of

soil after harvest

Actual measurement Theoretical value

Year Season C];Z;ts APY spY APY9Y spY?

(mg/kg)  (mg/kg) (mg/kg)  (mg/kg)

Ist Summer Carrot 0.51 0.48 0.51 0.48
2nd Summer Spinach 0.52 0.49 0.52 0.48
3rd Summer Turnip 0.51 0.48 0.53 0.48
4th Summer Carrot 0.52 0.46 0.56 0.47
Sth Summer Carrot 0.53 0.46 0.60 0.47
6th Summer Carrot 0.57 0.47 0.63 0.47
7th Summer Carrot 0.57 0.46 0.66 0.47
8th Summer Carrot 0.54 0.45 0.69 0.47
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 0.46
13th Summer Carrot 0.63 0.44 0.85 0.46
14th Summer Carrot 0.64 0.46 0.89 0.46
15th Summer Carrot 0.64 0.43 0.93 0.46
16th Summer Carrot 0.62 0.42 0.97 0.46

a) Total-Cd concentration in the drying soil

b) Sludge-fertilizer-application plot ¢) Standard plot

d) This value is the theoretical total-cadmium concentration of soil when assuming that there was
accumulation of the whole quantity cadmium derived from fertilizer to the surface soil of the
test plots in a starting point in summer 2009

e) This value is the theoretical total-cadmium concentration of soil when assuming that there was
not accumulation of cadmium derived from fertilizer to the surface soil of the test plots in a
starting point in summer 2009
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Figure 8 Changes in the actual total-Cd concentration and the theoretical total-Cd

concentration of soil after harvest

Error bar shows SD (n=4 (2x2) (repetition of plot X number of samples))
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4. F&H

NEBFD A M Mo OV R DREPRA B2 Z B9 D A 72 L U C, TH IR 8 ] Ji I 7R 22 2009 4
L0FT-TEY, IHIRAEHEH X K ONV5 TR AEEHE i OFEYER 0> 2 3RBRIXIZ, 15 4F HA/ELL TRYL LYY
Z, 16 FFHEMELL T=0 Dr 23050, BT O DRIV AREDOZAL K OVEMIR T 0O A1 R 2 FE 2 7d
L7z 15 2 B AERUL YO B R ORI AT, GIRIEEHX T 0.064 mg/kg, FEHEX T 0.050 mg/kg
THY, Codex ZH2NED HHUEAH (0.2 mg/kg) IZRL TIERWFEIR Th o7z,

16 4F HBEAE=2 DU B O ORI AJREEL, (5IRAREHE FH X CTHEL 0.033 mg/kg, RS 0.017 mg/kg,
FEUEX CHEYD 0.021 mg/kg, MRS 0.012 mg/kg Th-o7=. AT THORERDO BRIV LEEIL Codex EER
DIE D HIEMEE (0.1 mg/kg) 12X L THRWIE IR ThH o7z, Fiz, RUL Yy (BER) M R=2 s (BEE - AR ER) &
IR AT HE A~ TR TR IR E H X3 B @O s R Th o7z,

16 4 B HAE= 20 OB B3O 20 RI7 AR SIS TR EHE H K OMERE X Z LT B @D -7

14E B0 16 4F B OB -0 2 RIw KPR )% O 0.1 mol/L HCI-Cd & L DOHES ZfffT LT-L 24, 15iE
AEAEHIE H XD RID AR X NME R 2R L TRY, HIRIEEHCE A TRV AN HHEICEFEL T D
ZEDIRENTZ. — I, HVRIEEHE X 0.1 mol/L HCI-Cd 122>\ CiE 10 £ A BEAEETIE—EICHEB 15
fEMAIAREIVTNED, 10 4 B AVELRR I AME M 27~ L, IR 0.26 mgkg OREFHTIZIHBWNT—ET
HERBL QD EHERX ORI AR EE (XRMETTHY, 0.1 mol/L HCI-Cd (22 Ch I/ M M 2 7R LT,

R CHEAL U775 IRAREHE RO A RIY A A B CTH DA M B L CVEREIEL 722 L2 XD A RIV LD FE
HHLEA IS, AR HHICEHENDITTOIRIT L0 & (FHE) 2B H L7225, YR TITFEHIEE
PN TIE — B THERB L Qe —J7, 15 TRIEEHIG A X C i, BRAm AR S Hhie U C S IME AMEY ME [ CHER
LCu =,

X ®|
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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 2023 and Summer 2024 -

HIBINO Hiroshi', SAKUMA Kenta?, ABE Fumihiro!, KOBAYASHI Ryoto?,
MANABE Noriko' and IKEDA Mizuki!

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

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 Andosol. We cultivated spinach in winter 2023 and carrot in summer 2024.
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-soluble-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 2024) 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 2024) 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.

Key words  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 18, 28-52, 2025)
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(2B D ESRFIED 7.7 fEROZ GO B WLV & HEWE O i 2VRSICTRY, IEEHERE F 3
DS EE P, IR AT ORBRIT 2V Th, TG R D 2 M MEDRER DT 12 5B E FLE U T
AR RREAR LY A3l FH S T 5.

—J57C, ISO/IEC 17025 (JIS Q 17025) 7 7.2.2 J7{ED Z 4 MEREFRIZ I W CRRBRFT M L2 LB 71D %24
PERERAVREI TSN, IEHE b & U7 B RE B2 B L T 228 = F BB T BIEEN AN A2, 2ok
FIRBLOH, B E R 2R DO EFEE2 %1 T, FAMIC TIiRIEEHEE R #S SBT3 B %
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(7) WARIEE P OKEENE~ 77 (W-MnO)

97 HMERENBIL, 82 ABRENTL —LHFROLIE,
13 #BR=E )Y ICP-OES 1%, 2 BRSPS I v FIeh Uy Lk
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=3 DOSHHEZERN LIS, 7L — LR EE KR
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20
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(13) FESWIFWEE L D7 171055 (AL)

83 BRSNS, 10 FER=ED EDTA 1%, 68 RBR=EN
T —LJRORE, 5 FBREDY ICP-OES {E4 v iz, #
HENTZ AR D Median 1% 50.80 %, NIOR 13 1.24 %,
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BRI I ) 7ol B Th-oT=. TR R | ORI, 9
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JR T SEIEC LD T RAE IC D W TP ED T L A
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TIVHIV Gy DT AR DG IZEELC, Al K K O
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(14)  FESWNTOERE AEEEF o <M L (C-
MgO)

86 MER=E NS IIL, 78 EREN VL — AR 1
Wik, 6 sBR=EY ICP-OES ik, 2 iBR=EN
EDTA 5% Fl\ T2, %5 Stz 45 47 B o 20
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(4) OO FERABRIEIC BT 5 2

® EUUEICKVERA RIEBZIRETED LD IThhoTclcd, AHHOEHEIT LY iriEEZXRIT 5
DOTIEZ <, JFBHEIEFIIS Ul ikt 2 R 7o B e oA o8

o HIAMEY ARRDSHTIEIZIIT 2 N L R O SCE Ot —1k

o L0y T WIERHERERIE DO WIE R O

4. FEH

2024 FFENERI O Ia@RARE e T2 AT IR, BCIRIERR 11 Bl 115 3B, SESWITWEREIEEL 3 By
90 FRER=E NS MLT-.

R ZEDHHERE T SANEIZLD 2 2T E VTl L2825, e (|2]=2) | SFlishi- iR =
DEIEIL T2 %~92 %, [Nt (| z |=3) | LFHESNIZRBREOEI A1 6 %~17 % Th-o7l=. HEORBRIE
ICEBWIET, SRBRELL LA LT EMIC OV T, Rl e ThoTm i A FEHI L% IO EHED I
FDWRIE (RRE) AT o722 A, KEEMEERD 7L — LR WG EE ICP-OES 15, KIEMEEV T T OF 74
T BT NID MRS ICP-OES 15, RIVATETWERD 5o b VD ME LR R IRIEDZENEND 3 HT
EIZBWTHEKYE 5 % THEEDPBOONZ. ZNLSDITITIBNTIT 2 HFIERTHEKRE 5 % TH
BATROLNh-oT-.

IHHEZ LD RSDroy 13, WCRIEBIOFEIEMEE TR DT NSNAE G — TNV — WEER RO IO s
TH IR ERERVED RS O FF R HIPAN Th o7

SIHTEATH O BN WV E B O 2 Y VERERR S B L7 573, JEEF DRI IE 2 IR 7 5728
FAMIC T CODIEEERIHEEY T LV 2 CORS T DL IR EE R THD. 20T, 5
[ A U7 e [R) 300 A 3Rk & 4 BT SERERE D PN A B A BERERB S L IR A T2 28NS,

B

ZOIFRABRE R T DI2HTZY, VAT LT 7 VRS ARG T35 R OTH K TR AL TG TH(C
FRBO UG, L O E MRS TR 2B L. BIRE SRS EZ R LET.

X

1) ISO/IEC 17025(2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025: 2018, TFRERFT & OBIIEMEBIORE /BT — ik BR FH )
2) MNATBUE NEMOKPEE B 22 a8l t 2 — (FAMIC) : IEBFEGERE Y B O RAAT FA 55 Fhc
<http://www.famic.go.jp/ffis/fert/sub6.html>
3) ISO/IEC 17043 (2010): “Conformity assessment — General requirements for proficiency testing” (JIS Q
17043: 2011, N AR — HRERBRIC 970 — i BRI )
4) Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency Testing
of Analytical Chemical Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)
5) BRSZATBUE NEMOKEEN B2 efiifrt 2 — (FAMIC) : JERFERER L (2023)
<http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2023.pdf>
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Proficiency Test in Fiscal Year 2024

SAKAIDA Satoko!, ITABASHI Aoi!, OKUNISHI Manan?, NUMAZAKI Kanako?, AMANO Tadao*,
KAMIKAWA Takafumi’, TANAKA Yudai®, AKIMOTO Satono' and AMANO Masatake’

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

3 FAMIC, Sendai Regional Center

4 (Former) FAMIC, Nagoya Regional Center

> FAMIC, Kobe Regional Center

¢ FAMIC, Fukuoka Regional Center

7 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2024, using liquid fertilizer and
silicate slag fertilizer on ISO/IEC 17043, “Conformity assessment— General requirements for proficiency testing”.

Total nitrogen (T-N), ammonium nitrogen (A-N), nitrate nitrogen (N-N), water-soluble phosphorus (W-P,0s),
water-soluble potassium (W-K,O), water-soluble magnesia (W-MgQO), water-soluble manganese (W-MnO), water-
soluble zinc (W-Zn), water-soluble copper (W-Cu), water-soluble iron (W-Fe), and water-molybdenum (W-Mo),
were analyzed using a liquid fertilizer sample. Acid-soluble silicon (S-Si0,), alkalinity (AL) and citric acid-soluble
magnesium (C-MgO) were analyzed using a silicate slag fertilizer sample.

Two homogenized samples were sent to the participants. From the 115 participants which received a liquid
fertilizer sample, 44-112 results were returned for each analytical component. From the 90 participants which
received a silicate slag fertilizer sample, 65-86 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 IUPAC, ISO and AOAC International (2006). The
ratios of the number of z scores between -2 and +2 to that of all scores were 72 %-92 % and the results from the

satisfactory participants were almost normally distributed.

Key words  proficiency test, liquid fertilizer, silicate slag fertilizer, ISO/IEC 17043, z score

(Research Report of Fertilizer, 18, 53-73, 2025)
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1. (XC®HIZ
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EGONEERE, EEFRELDOONIKELZ T TR, IEEHR AR S ORBRE TIL, s
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R OB W OFRERBRICSIIL CRBIWEA LR L QD IT4E, [EERA7eE SRl O Bh & 31
T, HAENZFWTE ISO/MEC 17025 (JIS Q17025) 2 D BR FIE A 7= L 7= /0 AT s RO E fE M E M (R S B 3
HENTN5.
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35(JIS Q 0035) ¥, FRAEEIZ I DA K OT~ L OB ISO Guide 31 (JIS Q 0031) %2 &E LL T 5.
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Iz, AR E S CHFREENED HN TCOBHEER D OW, i EF 2R LIZ0FE (As),
ARITL(CA), =5V (Ni), 704 (Cr) DFF 9 R E AT L LT,

NEBFD S E O R BT DIEE TR, IERIO SWE AR T 5720, RO AERE - GBI H 72> T &
BRI R, W E DB BT AT I B A R SR T A B AT TV A,
PRAEEICEHE T R EMR S B A RE A RIRE CRlE 22810725 Tn D285 FAMIC TER 2 AEEER
AAEEYE OBFHEII A BRELL TS, — T, SGHEOE T AR 57 DIIIK IR E DL B Y
BITAUNERHDLZEDNDKRIEIHTRITCE DT, 7285, K7 1E FAMIC N 6 55k = CH[RRER 21T o7z,

4) oA

R DHTEN, IEEHERBRE I R L7 (£ 1).

IEEHERBRIE TIE 1 RS LR DO HTEN ED HTRY, HFERERZ £+ 28021%, K5y, 7
F=THER KO LLSMNIEE O HITEE R L.
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F 1 EEEREAEEY B el BO T k53 S OV HT ik

JAN i
VAN TH i1.a) _ _ ﬁ*ﬁﬁi@wf%
il A& A TR
K4y 3.1a - WA T 1A W A )
ToE=T RS (A-N) 412.a — FRRRE — PR E
=% AN 3 b - i =
R MEZE 3 (NN) 4.13.a B TS G e RIE ‘EF'ﬁﬂ{F%ni
4.13.c 7 = ) — UHEE
NFREVTFUET =T L
N 5 4.2.2.2 A R—=T Kz WG v
AIYAMED AR (S-P,0s) e ‘
422.¢ ICPH L7 etk
4240 NFREVTFUBRT o E=T L
KEEME Y AUlE (W-P,0s) o kb W ERE
42.44d ICPH L7 etk
4334 TL—AFERFIOEE T
IKEEMENN R (W-K,0) o Kl T2t
433d ICPF I3 e ik
' i N2y
O (aAs) 24 R O CPREPER
5.2.b DZF VD F A TSI NEEERI GG B
N 53a T L— NE T
HRITA(C) JRA-E K5 iR
53¢ o TCP K5 e A i
4 54.a AN - E S
=4V (N}) JRAV-F AR5 iR
1 s4e o TCP 353 e 4 4
712 (Cr) 5.5.c TR - Ryl -1 e SR R ) iR TL— AR ETE

a) RSB L (2024) ORBRIH H %5

5) HEMEHER

TUPAC/ISO/AOAC D5 fERRER 7 B ha /L8 | ZHE W, IERIFRREZ HEM E el B (400 A) D ELEIC SV T4
LT 10 AefhE B> T EMEMEREHOREIEL, K3 EHZOWT 2 ST COrEtTo72. £, T DIA
FZOWTHELEIZ VT Z AT,

6) HEHER

[E NI 31T DB 3ot = 3645 K OB AT RS REM DB NG A SR4E L, i B ICAREERERE HEY) B D FE AL
£ 50 L FERBRICS I U7 3B = K ONEEH G E R 2 as O ERRBRIC SRR =E DD, HH
RO SBINZFE GO 9 RER=E L FAMIC 6 sBR=E D 15 SBR=IZEY, S 6 £ 8 H 27 AD 11
A 1 Ao FRRERE E i L. LRIFRBROFENS, R REER S EY B M B 22 HElE0c XY
T B2 AU TEAL, TNEUCOWTHEZEZT 3 AT Core a7, B RI3a%
BT AT B AT AL T 3HTE Tl Ee L.

L FRRER S IR = (L5 IH)
/NP AL SE TR AR AL R T8
MRSt T 2 —
BRA AL REERBE R AT SE T
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MRASHIREBR B A2 —
PASMENEN  BARERE 2 BV 3T
NIEMENEN  BARIERERE S A
TaARLT VIS LT

AR 7o —RAath ROEASH

A7 —Aath TETY

MNTATBUEN BEMOKPEHE a2t 7 — tF 2 —
MNTATBUEN BMOKPEH R it 72— Lt 22—
MNTATBUEN BMOKENE a2t 27— it 22—
MNTATBUEN BMOKENE 2 et 27— B rr 72—
MNTATBUEN BMOKPEH B a2t 2 — fahts 22—
MNTATBUEN RMOKPEN 2 it 27— AR

3. BRRUSBE

1) HEMRER

BB MERBH OREHZ DWW, 2% 2 SO T TN LIZREEIE (X) & DS HHEIZ OV Tt
BLiE Sy BT I DA DR A W TR U DM TIEYER 2 (s,) , aURHEERMEIR 722 (spp) 23R 2 1TRL
7. ST, EEFERBRIEM R E A ITRSIVTWDERFERSE D B % (CRSDr) K AL DH ] (X 1)
U7 HEE S B MR 72 (6 ) 2R 2 (R LTE. 738, B L7003 BT L RIRBR OB O Fortfi L7z
DI AL THRRL.

BB DM TEIL, TUPAC/ISO/AOAC DHFHERER 7 uha ¥ O FIAE S ZICHEMLT-. £, OHFERD
TR A RS D728, Cochran FRE (B B KUE BT 5 %) L7z, ZTORER, =y 7o 1 3EO ST
EASIUE & E STUBRIM LT SMVIEBRSME D53 TS FIZ DN T, — el B i &2 F2hiL , PHTIEE
{72 (sp) B OFUBHER MEIR 72 (spp) 23RO T2, D TIEMER 22 (s,) Rl L 72 & 25, K3 &R A TORET
FIER (N 2) AL Qe end, BB MEMRGRRBRIC AW o EO M TRE IR Z &3 R
7=, I, IUPAC/ISO/AOAC DHiFERER 7 mh= L DHE N (5N 3) 2 W THEMEOMEREI T T2, T Dk
B, K ERSETORAFITH O THER (3 3) 22 L T2 enh, SFRER B U T4 2y B i
EHLTCWAZ LR LT,

AEEFEREAE EM B il B O FEM LU CRE LT AEEHTIIEHIREE T o E=7 DMEH I T2 lnb,
K DI Z LD U I BB S Lo CHMEL 72, S i KoM BRI RN & £ JFENT
Fo THMEAEN E RSN TODIHTETHY, NEEFERBRIED 2 Y MR L~ L2 [ERBRIE O BAE T E
DB ZEFRT DIMTE TR MEREREL ~VEEERIfR | L T80, IERHERBIEM RS A TRTH
RERLEDSE D DILTVRN. 1T, PEEEHED 1 S THA=RE BRI O B 22 (CRSDR) 23 S 720 -
O, NEBFERBRIEIZ 3617 2 M BB R MR 2= DRl 2 L7227 > 72

6r = CRSDg X X/100 -GN D)
ss <050, =0568g .-+ (x02)
spp < 0.30, = 0.36y -+ (303)
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Gr M FHBUEIED B %2 (CRSDR) HD R H U 7= HE & 2 [ P B VA 2=

CRSDy :EEHEBRIEI RSV CWD R M B L (S5 M BUR R IR 72 (%) ) D B %2
X K ERE sy PHTIEAER 2

p 1 UVERERRAATO B BT A& LT R 22

Spp : B HIAE E(R A2

g

% 2 BRI MERERRBR O B

= ~ €) -
Ty S x®  CRrRSDR? Gx" se 0.56Rg) St 0.36R1)
(%) (%) (Y (%) (%)Y (W (%)
Koy 10(0)  1.38 — — 0.03 — 0.02 —
ToE=THEF(AN) 100)  9.81 4 0.39 0.07 0.20 0.04 0.12
fEEEMEZE SR (N-N) 10(0)  4.20 4 0.17 0.06 0.08 0.02 0.05
AIYATED AR (S-P,0Os) 100) 5.11 4 0.20 0.06 0.10 0" 0.06
IKEEHED AUBE (W-P2,0s)  10(0)  3.95 4 0.16 0.02 0.08 0" 0.05
IREEMEIEL (W-K,0) 1000) 8.11 4 0.32 0.06 0.16 0.05 0.10
el s b crspRY 6”7 s 0562 se” 0.365"
(mg/kg) (%) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg)
U (As) 10(0)  4.48 16 0.72 0.05 0.36 0 0.21
JIRIT A (Cd) 10(0)  3.37 16 0.54 0.02 0.27 0.03 0.16
=/r/V(Ni) 9(1)  6.69 16 1.07 0.10 0.53 0.08 0.32
71 (Cr) 10(0) 344 11 3.8 1.5 1.9 0" 1.1

a) FMUIEBR % OB, ()DfEIXCochrant & 12KV AMUIEE 22 o 72 30
b) & A fE G2 BT 4HT)

c) HEHHE

d) AERMERBRIE TR TWDE FFEBUR B (B SHE R 22) O B %
e) MBI D B 22005 U7 HE 7 =8 [ B e i 22

f) PHTHEHE(R 2=

g) DHTHEEE (s:DFEAM) DI=b D /T A—4

h) B MR 2

i) BIEMEOHIE (sooDFFAM) DT D/RT A5

D) I =T < 2 —TF NS DT sbb =0

2) HEREBHBRRUNNERE

FARBRE DDA SN L FRBR O WA E 3-1 25 3-3 \RLT-. [Fl—BRE TH BALMHIEETIT-
AR 2 SOFERATE L.

2B, BRSTDWEMIZ OV TIL ISO 5725-2 (JIS Z 8402-2) V&L & (THGHRIT T2, SMUEE R
H957291Z, Cochran Fi7E & OF Grubbs f7E (Single Grubbs # 7E & U Paired Grubbs 7€) 2 %L, A &K
Y 1 %O NEEERINLT=. ZOFER, ToE=TMHEZTIL 1S HBR=EDID | ABR=E, MERrEEHE Tl 1S
REREDOID 1 REBRE, WIREVARETIT 14 RBREDOID 1 BB, KIEMEVARETIE 17 RBREDHH 2 3
B, AKISMEMETIZ 17 RBREDOIS | RBR=E, OFTIE 2RBREDOHIL 2 W BRE, TRIVA T 14 B
EDHIH 1 REBRE, =7 /L TIZ 1I3REBREDH D 1 3RBR=E ) Cochran f# B VM UEE L THIFES 4172, Grubbs
BE CHMUEL B ESN DRI a0 o7, 728, AT BR=EDO A 290 FTLLT-.
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# 3.1 HFERBRAL R

bR K5y (%) " TUoESTHESR (%"
A - - - - - - 997 990 991 990 9.89  9.89
B 131 136 139 137 128 1.8 9.80 993 991 988 991 9.86
C - - - - - - 9.80 991 9.93 990 9.87 9.86
D 1.56 144 142 135 138 142 975 974 9.74 980 9.77 9.71
E - - - - - - 9.98 999 10.30 996 1020 9.97
F - - - - - - 9.83 984  9.86 992 992 9.88
G 113 126 118 121 110  1.08 9.66 9.60  9.65 972 975 972
H - - - - - - 997 994 997 983 9.88  9.86
I 1.59 149  1.58 170 171 1.70 10.10 10.10 10.10  10.10 10.00 10.10
J 161 163 1.64 164 155 1.62 971 975  9.68 977 9.69 9.78
K - - - - - - 9.98  9.85 10.00 986 952 959 ©
L - - - - - - 956  9.66 9.63 9.63 9.65 9.70
M 137 139 142 139 147 140 9.86 978  9.79 981 9.83 9.79
N - - - - - - 9.60 970  9.67 970 9.66  9.81
0 - - - - - - 9.86 994 9.93 986 9.84  9.93
" REEEETE (%) FTVEED AT (%)
A 422 428 426 426 428 427 508 506 5.06 511 509 508
B 447 451 444 434 428 430 505 503  5.00 504 500 5.03
C 411 408  4.09 415 412 4.06 503 498  5.04 504 497 498
D 404 415 397 3.86 401 3.94 492 491 497 508 506 5.09
E 344 347 340 332 3.01 328 - - - - - -
F 417 412 421 412 410 420 - - - - - -
G1Y 419 440 447 429 381 487 9 500 499 484 512 507 515 ©
G2? - - - - - - 518 524 5.10 525 524 525
H 412 411  4.09 420 419 420 511 507 511 511 513 515
I 449 450 452 457 456 458 497 495 497 504 501 5.02
J 422 403 4.03 435 427 430 506 510  5.07 508 518  4.99
K 401 410 4.05 400 402  3.80 497 497 497 502 504 5.06
L 3.95 405 391 3.89 400 3.96 498 499 491 498 501 497
M 408 416 417 417 426 420 504 510 5.05 503 503  5.00
N 402 399 416 429 384 423 495 493 4.9 494 493 495
0 414 413 425 409 420 417 498 500 5.03 499 503 505

a) 3 I—Jui%ﬁ IHML iR = 050 5 (IEAR])

b) HES

c) Cochran*ﬁﬂi@iiéﬂﬂﬂﬁ

d) [F—FBREI I TR HRIETE THEMEL 7 R
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# 32 H:FERBRAL R

R IRIEMED Al (%) ARIEMENNE (%) ™
A 391 390 3.9 3.86 3.87 3.87 8.00 800 798 812 808 809
B 3.88 391  3.90 3.85 390 391 8.11 815 814 790 809  8.08
C 378  3.86  3.80 3.82 3.8 378 8.15 812 812 8.16 817 812
D 370 3.66  3.73 392 3.8  3.88 825 822 823 832 818 829
E 395 3.83  3.89 393 378 3.84 846 867 851 841 850 845
F 3.88  3.86 3.89 3.86 3.86  3.86 8.12 807 806 8.05 8.08 808
Gl1Y 339 325 312 38 381 379 9 776 780 71.77 789 798  7.84
&Y 370 371 373 374 369  3.71 821 831 8.08 8.05 795 7.81
H 3.93 393 391 394 390 3.94 840 807 812 8.17 806 8.1l
I 3.86  3.89 3.84 3.83  3.80 3.82 832 806 819 8.13 820 821
nY 392 39 3091 391  3.89  3.89 812 815 792 8.10 831 832
129 403 390 4.00 347 371 363 9 823 852 853 772 157 797 9
K 3.94 397  3.94 3.87 393 387 789 789  7.96 754 759 753
L 3.83  3.84 382 379 381 3.9 8.16 809 806 8.06 819 808
M 396  3.95 3.97 3.85 393 391 785 789 785 8.02 811 819
N 3.88  3.85 391 3.88 3.84 3.84 794 798  7.99 8.02 811 795
0 3.86 3.86 3.81 3.85 3.85 3.83 8.07 802 807 8.06 8.0l 801

PVEILF3- 125 1R
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# 33 HFERBRL R

= ER Y UF#  (mg/kg) JIRIV A (mg/kg)
A 517 518  5.16 518 525 535 336 336 332 332 328 332
B 424 426 414 416 407 414 353 355 351 350 352 3.50
C - - - - - - 351 333 339 341 335 333
D 413 400 4.00 451 434 432 335 341 343 343 348 348
E 436 431 439 430 415 443 3.67  3.65 3.65 3.68  3.68  3.68
F - - - - - - - - - - - -
G1Y 451 454 44 401 418 359 9 380 372 3.79 342 377 3.98
G2? - - - - - - 3.04 305 3.03 451 452 451 °©
H 455 437 446 415 448 424 299 286 279 3.02 3.09  3.07
I 486  3.60 4.01 347 424 393 9 - - - - - -
J 451 462 425 468 461 465 347 344 344 3.69  3.68 372
K 490 492 486 513 521 5.14 348 350 349 3.62  3.62 3.8
L 398 3.88 3.78 449 403 420 333 336 337 335 335 331
M 437 431 432 446 437 427 342 348 349 326 312 322
N - - - - - - 347 345 350 345 349 3.50
0 452 477 429 440 477 419 346 345 338 348 346 342
SR =v4/V (mg/kg) s (mgke)

A 772 170 7.68 776 170 772 329 328 329 329 329 329
B 748 748 748 709  7.04 719 320 299 299 31,6 307 299
C 7.02 723 688 7.0 7.01 687 329 308 336 333 319 322
D 6.62 659 662 691 652 676 300 300 300 362 355 362
E 761 764 172 8.02 817 797 331 329 327 331 323 340
F - - - - - - - - - - - -
Gl1Y 662 671 693 6.81 650 673 288 288 278 279 261 243
Y 838 836 819 798 777 7.93

H - - - - - - 294 332 332 3.0 310 3238
I - - - - - - - - - - - -
J 717 717 717 759 724 7.46 340 340 340 325 325 310
K 670 659  7.30 697 663 7.03 295 292 285 3.0 305 313
L 7.06 763 655 755 661 630 9 359 369 300 34.1 353 306
M 6.81 717 687 6.55 656 658 334 360 347 332 346 346
N 6.46 649  6.44 647 655 658 - - - - - -
0 729 737 729 749 739 749 326 342 326 384 359 308

PEIZ #3122

3) HREIFHERKER DM

SR AU Z BRI LT L RO WA IS L0 R U7, AR ERZE (sw [ RBRETHALZ T
RBRA LR CWDIEND A MEBZ G 1), M HBUEERZ (sg), MBI UER 2 (RSDr) X O}
NEARHERRER I 31T D = M B R ME R 22 D A DA (2*CRSDR) %% 4 |RLITZ.

S 1 P ERAE S AR 7% (RSDR) 134 TORRAT T DWW TR BR 113615 56 ) A B e B YR 22 D 7
A HPH (2*CRSDr) W Th 7. HRERIC R DRI EIE CTOKR GO HTIE, 3. 1) LRICIERERBRIEICE
2R B O B 22 (CRSDR) 235 S AU 285, 58 ) B B e HE R 22 O Rl 2 L7270 o 7.
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& 4 FEERABGR RO EHIEHT

\ et EHmEY swd sk’ RSDRr? 2*CRSDy’
%
P @ " Y " (%) (%)
Koy 6 (0) 1.43 0.06 0.19 13.0 —
ToE=THEER (AN) 14 (1) 9.85 0.06 0.14 1.5 8
AR ME 2 32 (N-N) 14 (1) 4.11 0.09 0.29 7.0 8
AIPRMED AU (S-P,0s) 13 (1) 5.04 0.04 0.08 1.6 8
IRIEAED AUl (W-P205) 15(2) 3.86 0.04 0.07 1.8 8
KA (W-K,0) 16 (1) 8.08 0.11 0.19 2.4 8
N AR T sy’ se’  RSDx” 2*CRSDR’
(»@)? (mgke) (mgke) (mgke) (%) (%)
U (As) 10 (2) 4.48 0.16 0.40 8.9 32
JIRIT A (Cd) 13 (1) 3.44 0.09 0.21 6.1 32
=7V (Ni) 12 (1) 7.18 0.18 0.54 7.5 32
215 (Cr) 12 (0) 32.2 1.8 2.6 8.1 22
a) AT B BR = 5K e) ZE[AIFFHLAE R HE (R 22
b) MR (n =2BRE L P TREREL (3) ) AR BR LTI T D E R A HLAE
xR H %2 (2)) IR ZEOFTFA# (B L 0265)
c) EWNIEHERE(HHEBZET) g) p AN RBREL ¢ TR
d) =M EBUEERE h) E&ESH

4) PREHERUTRHEMS
ISO Guide 31 (JIS Q 0031) (ZF\W N THEERREFEEY E OFEFEED MENAR L L TER I T DFEREE &
O R EHF 5 1R L.

(1) JEEAHENZOF 71k

SR FRBR D # T OAEHERFED NS (u) 1 ISO/TS 21748 (JIS Z 8404-1) "V IZHEV Y, e [FIFAER 0D 5= P A HE(fR
7 (sw), B HBIEHERZE (sp), ARBRELL (p =6~16) K O BRE TOMIKLREREL (n =6) 2°5, (a) i
FORDI-. EEEO RN SIX, LEATHENIEL, FEENENE (w) A EF 1 M, ZHUCa &R
35 (k) 2T U TR ((0) ), IEEERBRIEICRITHE R FIROMIZID . eds, WERE () I22\ T
IEHL AR DIFFEKAER) 95 %ITH Y325 k=2 LLT-.

_ Sw?
(SRZ SW2 ) + n

p

RERENS (W) =

-+ (a)

?}igﬁmﬁﬁﬁ)é(l]95 %) =kXu ce (b)

sg: EFFBUEAER A
sw: ENEEERZE
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n: HERBEOENBEK L AERE(n = 6)
p: HFERIFRBRORER =L
k: aEtRE(k = 2)

(2) FRHEDOYE H 1k
ETORAT

(ZRWT, EHFFHH AR 22 (RSDr) 23RBS AR IEIC

BT D= W BUH R AR R R =D

FF#EPH (2*CRSDr) W CTH-T=285, 9 BT OV TR um“é;ké:b, HRHRATIC AN IV Z BRI LT

SERMEAERSREEE LT (32 5). F£T-, RSGEEII Akl
L7z, F7z, Ko

FRIEICE

& FROMTHICHO TP RRTDHILE

IOWTE, 2B (F 6)&L“CTE@W“ZQ:<‘:&L nwﬂﬁo)ﬁa%%ﬁ LEHEZR T \RLE.

% 5 H‘LA IIIJ‘_Ei ‘—HEA%‘?‘%IE E
FRRET HIEH
o E < @)
o mﬂii JEBREA %j) =
(%) (%)
TrE=TMHEEFE (A-N) 9.85 0.08
fEEETEZE 32 (N-N) 4.11 0.14
AIYAMED AR (S-P20s) 5.04 0.04
IKIEMED AUFE (W-P,05) 3.86 0.04
IKEEMENNEL (W-K,0) 8.08 0.08
RET DA E
[T AHE  IEEAHE)SY
(mg/kg) (mg/kg)
R (As) 4.5 0.2
FIRIT A (CA) 3.4 0.1
=7V (Ni) 7.2 0.2
271 (Cr) 32 1
a) WERE (k=2)
b) HESHR
# 6 BEHE
7;% ~ WX
Wy 2> 3%1;@: JREEAR ﬁ”ﬁ;? =
(%) (%)
K5y 1.4 0.1
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# 7 REHEO = M BB 22 S NEEER 2 & O R E (R (IS LD R )
. b) ) FOREED
o gy A o S
(p (g)? (%) (%) (%)° (%)
Toe=T %R (AN) 14 (1) 9.85 0.06 0.14 9.99
fir et 25 32 (N-N) 14 (1) 4.11 0.09 0.29 4.17
FIVAMED AR (S-P20s) 13 (1) 5.04 0.04 0.08 5.11
IKEEPED A (W-P20s) 15 (2) 3.86 0.04 0.07 3.91
KIEPENNE (W-K20) 16 (1) 8.08 0.11 0.19 8.20
~ Mgy R s 52 b
oy AR ZE HE A
(p (@)? (mg/kg) (mg/kg) (mg/kg) (mg/kg)
V5% (As) 10 (2) 45 0.2 0.4 45
HRI7 4 (Cd) 13 (1) 3.4 0.09 0.2 3.5
=L (Ni) 12 (1) 7.2 0.2 0.5 7.3
2112 (Cr) 12 (0) 32 2 3 33
a) FRATICH W B =L d) p: AABREL ¢ TSRS
b) EWIEERZ (A HEBEZET) e) HESHE
o) =MW HBUEER~Z
5) BxhHEAR
FOREE SR SN S CIRAFSNT S AT IRY, FRGEEIXHRT B 25 2 R ZhE LTz, ks, il kAR

AE B} Eobf & LT ATy o> FAMIC-B-14 13, E,ﬂ;ﬁ EVEDFHMO 76D DOFRBRAE R A E %, 7R .]Mﬁ@ﬁ’éu
25 8 4F 10 7 A MO M Z R L TD.

F72, I1SO Guide 35(JIS Q 0035) T, RFEEEMEOREWRI PICE=2V 72 I T HENEENT
WDIEMD, K& HDIZARRGY _owfmmﬁﬁﬁ?&b% 5 EITIBEEEFIT 1 EOEIE THERIIIC
=LV T EFEREL, FAVLARE, ZEMEIZRIED IRV OW T HRIZ 1 EOEIG CE=4) 723
T5. Fio, BEECRBERH ST 7OV, SEHENO S BEIZT 278 OWEZITHIZELEL THD.

4. F&&H

AAE T IERFRREAE MEY BT & U Ol il L IR B 23R 8L, ZOFBFHEO T 5070 DL FFEBREZI TV,
ISO Guide 35 (JIS Q 0035) ZZ& & Zf#HTL, 1SO Guide 31 (JIS Q 0031) DELR FIH(ZFE SN TFRIEE KL DT
NWEAERR LTz, ZHDZEIZHOWT, IEREF IR IR Y E R R S O fF a2 T, 2025 4£ 4
H KO IEEERAENEY)E FAMIC-B-24 L L ClFE&ZBRAAL T,

JEBHZ DWW T ORGEAEEME I, ENIZIEMI/ERL TWDEI23700. £z, EATHIHS L TODIEE
R E E IO E R OREEH & O DT T IEDERIZAEL THHT, ARSI E I AFD
WECTH 5. ZOIH722BLED D, FAMIC 2SiRELELL T2 IEEEERHEEWE L, b3 EICB T HIE )
Hr OB OLRFEIZ K EEBRL TS,
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X ®|

1) MSZATBOE NEMOKPETH B 22 2 Hir 22— (FAMIC) : IERIRREAR EM E OB F 55 T
<http://www.famic.go.jp/ffis/fert/sub6.html>

2) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025: 2018, [FRBRFT & OBLEREBIORE /)IZPE 92—k BRI )

3) 1SO 17034 (2016): “General requirements for the competence of reference material producers” (JIS Q 17034:
2018, MERYEWE A PER DREICEE 5 — iR FIH )

4) 1SO Guide 35 (2017): “Reference materials— Guidance for characterization and assessment of homogeneity
and stability” (JIS Q 0035: 2022, IEHEW)E — EfHF I ONZ BV ENE & OVZ E ORI R 2F51% )
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Preparation of Certified Reference Material (CRM) for Determination of Major
Components and Harmful Components:
Low-analysis Compound Fertilizer (FAMIC-B-24)

OSHIMA Mayu', ABE Fumihiro?, SAKUMA Kenta’,
ITABASHI Aoi2, MANABE Noriko? and AKIMOTO Satono?

! Food and Agricultural Materials Inspection Center (FAMIC), Division of Food Contaminants Analysis
2 FAMIC, Fertilizer Inspection Department
3 FAMIC, Sendai Regional Center

Food and Agricultural Materials Inspection Center (FAMIC) has developed the certified reference material
(CRM): low-analysis compound fertilizer (FAMIC-B-24), for analysis of major components and harmful
components. FAMIC-B-24 was certified for the contents of ammoniacal nitrogen (A-N), nitrate nitrogen (N-N),
citrate-soluble phosphoric acid (S-P»Os), water-soluble phosphoric acid (W-P,0s), water-soluble potassium (W-
K>0), arsenic (As), cadmium (Cd), nickel (Ni) and chromium (Cr). In addition, it is stated as an information value
of moisture content (H2O).

The certified values and their expanded uncertainties (k = 2) were determined by the collaborative study of 15
laboratories. The mean of the quantitation value in the collaborative study was determined as the certified value.
In the calculation of the mean, the Cochran test at the one-sided significance level of 1 % and the Grubbs test at
the two-sided significance level of 1 % were conducted to exclude outliers.

The CRMs were expected to be useful for the quality assurance and the quality control of the analysis of major

components and harmful components in low-analysis compound fertilizer.

Key words  certified reference material (CRM), low-analysis compound fertilizer, major component,

harmful component, ISO Guide 31, ISO Guide 35, collaborative study

(Research Report of Fertilizer, 18, 74-86, 2025)
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6 2024 £ RREZREIEEMBE DR

— ALK AEE FAMIC-A-17, ¥ @Ak FAMIC-B-14 J O}
15 IRFEEENLEL FAMIC-C-21 O K22 R Al —

HEFRRE KL, #IZESC 2, FILEA 2,
JIERE] 3, KIGEES 4, FkocH ) S
F—0—F  FEEEEERE, IEE, ER5y, B ESY, 1SO Guide 35, EHZEM:

1. (FE®HIC

AR ERIO ST AR $ 572012, FAMIC [ZAEENO S OREPRZ BT DA 30 &0 2VIHES%
SEAREEAT > TOD. SEAREITIB VTR E LT ARE O TG R DWW T, BB BRI K AE MO MR
AE~ORAAAZEE T, G RO Z Y WEHER T H2ENROLINTND. ITEEBRIC, #EY7RE 05
Wit RAAF DD BRI SRR RO DD, IEBHERE RGO WEE LS, A FEFELD DY
MR A 52 T 7 R A AT B, AR A B 2 O BB ITIZ 351 T ISO/IEC 17025 (JIS Q 17025) 2 D E R 5
T A 7= LT o Wil RO B O RER N B BRI TIY, 20 BRI FIED 1 LU TR B W E S B
B %A U7 /3 HTE O 2 4 MERE R ONC NI LS B 3BT DI Q.

ZDIH7RNEBDH, FAMIC TIFRBRATICH T DO 3T B35 B RGE~ DO I H R 572
0, IEEEFHEEYE A (& LR AER FAMIC-A-17), [F B (i@ (AR AEAE FAMIC-B-14) & OV C (7578 3§
BEAEEE FAMIC-C-21) (AR, 4240 FAMIC-A-17, FAMIC-B-14, FAMIC-C-21 £\ 9. ) Z3fHis~5) | Filffo
LTCTRY(FE 1), ZNHOFRBIC OV E AN ML LS D FIA A 72972912 1SO 17034 (JIS Q 17034) ¥
DT FAfi e OAEFEIC B A ERFIH | 255 | ZHR 9 528 L, 1SO Guide 35 (JIS Q 0035) ¥ &2 & | fifhT %
1772 1T ISO Guide 31 (JIS Q 0031) ¥ & E | ZFRAEE K T~ UL E/ER L CWDHEZATHD.

F=, ZHD FAMIC 23R 7= 38R M B 31T DR oy OB 2R T 572012, FRFERECAT 5 L1238
AHE DD R EMNETE=XV 7 L T5. 2024 X, FAMIC-A-17, FAMIC-B-14, FAMIC-C-21 OfEJ#ER
Bl AV, ZREERICHOWT, BHIORENDE=F) L T hFERLT-0DT, ZOWELZRET 5.

2. #HRUAE

1) ‘REEDE=S)T

(1) FrE

ISO Guide 35 (JIS Q 0035) Ti, ARAHEEME ORE I, E=2V 72 E L CLEMEHRE T 528
ISR E A PE R (T BOR SN TS, BEMEDRFHIOW TR, ARHIROKE TR R THOT —F 42k

VSTATEOE NBMOK B Z et 2 —mrer 22— (B4 HEE 22—

2 PSATBUE N RMOKPETH & &2 T 2 —th A 2 —

3 On) SATBUE NRMOKPEIH R 2 e 2 —th P e 2 —

* MNTATBUE NRMOKE N Y 2 atifiv o 2 — RN 2 et Al (GR) A EWE S o ril AT — 4
S MNIATBUE N RMOKEETH B &2 et o 2 — B2 i A
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T2 [AIRE I E B ERR K ORAF IR T — 2 MO D0E T 2 B MR BR D 2 DD IR FER 7LD &
%. BlEE =Y 7 % FEhi T 2 MR R G HE BT 1 X R R S AR B L 7 ARGIEAZ HE ) L O AR A7 RS 331 5BE
Ry DFRRRE) 72T —Z NI IRZ L0, thE O EE R L ENDET=2I 7 O FIELLUTRIRLEZ. 20
PN 22 TE M ERER A T D728, IRD a) ~g) ZFHi HFEFELCEEILTZ. 2055 d) T REIZOWT, 2
WETIE, TN TORIAEEWEITIW TR 2 M T4 2 [BIOBEE TIT->T&E2. LinL, TR
52 mUCIERUEHNIE R 2203+ IR CEARWVATREME S H B2 8035, 2024 FFEXVOMTRERZE 5 AT
RU7e. Fio, FEMEEIE, 2023 FEETORMZEEHOREREBRL Te) T=FY 7 Elina1 4 - F ks
WEICEE#HO LB EL.

a) T FFEL: « -FAMIC-A-17, FAMIC-B-14 } (O} FAMIC-C-21 ORBFEED[{RFICE+2EEFIH]IC
FUEIS AU, FIR (20 °CE10 °C), BT B YR NER SR A BT CIRESIVIZIEEN D, T E AL
(AP ESNTZR B LELEE A > TTUZ AT 1 RaikE BTk

b) BBy - BREES LT R TOR (F D).

c) M. - - RREEE R G- 3 [FEER Ol F S 7o IR R BR A 1O (R 2A~F 20).

d) OHTRE- -5 K.

e) E=HV T Lyl - FEREEELEE - - - T =H V7 FEREREY & OFEREEAT 5% Ok H 2o\ T 3
R LTe. RBRHERT GO L [FFRER COM T 22— D ki R4 1 [ H (0 # A ) LU, £=2Y
V7 FEREEENZ DUV TIE, FAMIC-C-21 14 2024 47 3 A £CTOMICHOTEIEAD 5 [BlED 7=, 2027
3 HETOWRIIIAVETLFRERIZAE 2 [T a1T52 L& L72. FAMIC-A-17 } Uf FAMIC-B-14 {2
WTIEAE 1 BTz, 72720, 2023 FEOR N Z EMRARIZIW\ T, FAMIC-A-17 D<M+
K OREE M~ 7 AW NE FAMIC-B-14 D AR AZHOW T EEIFERROBEZ O NA B ThHHEH
ESITZD, Z0 3 DORGTIZ DWW LTI E TR 2 [l HrE Lz, 7o, FAMIC-C-21 12317
DR F AR (BRBEE) IOV, JEFBBREHCM 22— THtrL TRz, 1B H O 547G
REREE A I LT,

f) RER=E - - FAMIC 722 —.

g) LEMDFM -+ % 1 (TR URRRER S DWW CRRGHIERT 555 (0 H #08) 705, E IR 808 A %K
TR S5 AOMT Q023 AFEEETIL 2 AOMT) THWTZITV, EDOFEEDHERIZ DU T ISO Guide 35 (JIS
Q 0035) M |E & B.3 BB T LT-.

# 1 NERIRREAEEY) B O E
L7 i JEUBHLK ARG HEHIR

DABET E=T, Bilg 7T EREE, TUE=THER, WA
B =7, JR#E, SN, e~ B, SR, B, Bt 20274

I

Ty

FAMIC-A-T ol ™ rxs 7\ 35mEimE), fipk o, <EPEEHI#E, KIEMEEI%E, RE 68K
WEEEEA IR 2T (29 Y)

e e TURST ISR, AIAMED AN, AVE
FAMIC-B-14 j‘gﬁﬁﬁk J@iﬁﬁz{gj;éﬁﬂw”&a PEO AR, KERTEINEL, OSR, IRITV 4, 260)2163'%
, =N (RTRAY)

BELR (NGE), BELR AL —L
EAMIC.CLpl  [BTESERE LIRIGIE, TG, TAIGIRR 1), DAMAE, MERRE, (REE A 2026F

JERE  OERE IR (B ARE) IR, flahk, ihaeR, 05, IRy 6A K
A, KER, = v, sak, gy (2145057)
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% 2A FAMIC-A-17 OFBIERLSY e OV M iE

H.

So=E sy HH T O
roRL ] &2 ABHEGR R HIE
EH#RAE(T-N) 41.1.a  TAHE— O — K HRFOE E VR
T THERE(AN) 4120 HEEE(+20) AV LT VT ER TN, TR RN E
e . . NTRERVT FURRT =0 D30/
<EAEMED Al (C-P20s) 423.a <A AUEE (20 mg/mL) filiH S
<EAPEINE (C-K20) 432a <z A% (20 mg/mL) T —NFEFRIEE T T L — DG
<¥EPEE 1 (C-Mg0) 4.6.3.a <Z AW (20 mg/mL) fh Hi T — ARSI E
M~ H (C-MnO)  4.7.2.a <Z AUFE (20 mg/mL) HhiH T — NE W
. , . TV AT HFE A,
R = (. 7
<EMEIEH F (C-B203) 48.1.a <Z ABE (20 mg/mL) i PO (EEEL)
" ; X T AF LR
# (W-B.O 4.8.2. R .
IKIEMEIED FE (W-B0s) a  KEFELH TSRS (L)
R#EVEEFE (U-N) 6.3.b JKF B IR O~ N5 1

a) JERHERBRIE DI H % 5

% 2B FAMIC-B-14 OB M VT iE

IS L — INTEOBE
x5 RN R 1k HEE
TUoE=THZEHE (AN)  4.12a K WO E VA
- " KA R—=F K2 NFREVTFUBT RS ARG
TSEDARR(S-P20s) - 4228 ey e T
VRO AUBE (W-P20s) 4242 kit Al
IKEEPENNE (W-K20) 433.a KA H T — AR WEE I T L — B
V% (As) 5.2.a fiils — fHEE — R B 0 fiE KRBT AR T OeE
HRI A (Cd) 53.a TR fiR TL— LR
=47 (Ni) 5.4.a EKRDE TL— DR
VR F02A 25 R
% 2C FAMIC-C-21 DFRBIFRLS K OVt
B . E— OFTEOBE
G e BN G 1k HEE

EFEReE(T-N)BEEE 41.1b 0 — PRIETE
ERERINTVIT 4l rayonsm-kE RS
D Jufik 42 Bt (T-P20s) 4218 AK— IR &Q;E{ET/ 7 T=U L RES
JNE4E (T-K20) 43.1.a TR iR 7L — LR TE
K4 E: (T-Ca0) 45.1.a TRy fiE ANl ot
AR (0-C) 4.11.1.a _—raAfERb Fe iR oei e VR
#i 4 & (T-Cu) 4.10.1.a  EKH#E T — LR OTE
i1 4 B (T-Zn) 49.1.a  FEKHMRE T — LR ARG
U3 (As) 5.2.a Tl — Al — R iR KA R AWk
HRIT A (Cd) 53.a BRIV 7L — LR RORTE
/K48 (Hg) 5.1.a TR — 8 HE SRR /) fiFt B ST ) VG R
=41 (Ni) 5.4.a TRy i ANl ot
Va=SN(0 5.5.a K 5 fi T — LR OTE
i (Pb) 5.6.a TR fiE 71— DR TR

I T Z2A 25 1R
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3 ®=HU T TN

IREE A JERE! 2[5l H 3[ElH 481 H slal H olel H 7l8l H 8lel H 9lal H 10[=1H

20174 20184  20184F  20194F  20194F  20204F 20204 20214  20214F  20224F

7~9A  4~5A 10~11H 4~5A 10~11A 6~7H 10~11A 5~6A 10~12H 5~9A
&t A 07 H 9 1 15/ H 217 H 27 H 354 H 394 H 46/ H 5174 587 H

20144F  20154F  20154F  20164F  20164F  20174F  20174F  20184F  2018%F  20194F

FAMIC-A-17

«

FAMIC-B-14
12~1H 4~5H 10~11H 4~5H 10~11A 4~5A 10~113 4~5°H 10~11H 4~5H
P& A 07 H 4 A 107 A 16/ A 224 H 287 H 34, A 407 A 467 A 524 A
20214F  20224F  20224F  20234F  2023%F  20244F  20244F - - -
FAMIC-C-21
10~11H 5~9H 10~12H 5~9A 10~12A 5~7H 9~12H - - -
e H 07 A 7 H 1274 1974 24/ A 3174 357 A - - -

&£ 3 (Fi)

ey e 4, 11EH 120 13RI 14RIE 1s5BEIE S 1elmE 17mE - 18EIE 19EIEH  20mIEH  21EIE

FAMIC-A-17  20224F  2023%F  2023%F  20244F 20244 - - - - - .
(KEMHEFE L <
i~ )
e H 637 A 70 H 7571 827 H 897 H - - - - - B,
FAMIC-A-17  2022%F  2023%F  2023%F  20244F - - - - - - -
(ORFMEZEFR) 10~12H 5~9H 10~12H 104 - - - - - - -
ks H 63xH 7003 755xA 817A - - - - - B }
FAMIC-A-17  2022%F  2023%F  2023%F  20244F - - - - - - -
(LFELsh 10~12H  5~9H 10~12H 5~8H - - - - - - -
e H 6371 704 H 75 A 824 H - - - - - - .
FAMIC-B-14  2019%F  20204F  20204F  20214F  20214F  20224F  20224F  2023%F  2023%F  2024%F  2024%F
(IRIT L) 10~11H 6~7H 10~11H 5~6H 10~12H 5~9H 10~12H 5~9A 10~12H 5~6H 124
A 58 H 66 H 70 H 777 A 827 H 89 H 9 H 10178 10608 11378 12044
FAMIC-B-14  20194F  20204F  20204F  20214F  20214F  20224F  20224F  2023%F  20234F  20244F -
(LFELAN) 10~11H 6~7H 10~11H 5~6H 10~12H 5~9H 10~12H 5~9A 10~12H 5~6H -
2 H 587 H 667 H 70 H 777 H 827 H 89 H 945 1017H  106-H  1137H -

10~12  5~9H 10~12H 5~8H 124 - - - - - -

(2) E=XV T DEN

TR 7 DFERIZ LIZARBAE D FAMIC-A-17, FAMIC-B-14 2 () FAMIC-C-21 %% 1 i FAVC, 58GERK
T8I 5 ROHMT T A T o7,

FAMIC-A-17 K% FAMIC-B-14 O43HHEOHTHUL, A ER Sy (As, Cd, Ni), <t~ 4 (C-MnO), <
FEMEIZDFE (C-Ba03) K OVKIETEIZHFR (W-B203) I3A T 3 #7, ZALLIAMDFRAER /3TN 2 ik TD
AL L7z, FAMIC-C-21 DO HrEOHTENE, $i4 & (T-Cu) & O EN4 & (T-Zn) 1382, IHE 4 & (T-K,0)
e OVF R 42 B (T-Ca0) 13/INEER 2 (v, LIS ORBGERL T IX A 2088 T 3T CoKiLE L. Fio, RFHHEE
[FRRIC AR AR IE L7V R (SR T ) S LT
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3. HR

1) REMOE=S)VT

(1) F=FVTHER

FAMIC-A-17, FAMIC-B-14 & T FAMIC-C-21 DA F3RERK 5 D53 i Fo 7 4A~F 4C 1R LTZ. ISO/IEC
17025 (JIS Q 17025) Ti%, 7.7 FEROZ PO TR W TR EYE UL EE AW E O VRS
ALTHY, FAMIC TIINZARA CINE LT EE 25T T D8RS, IEBRRREEEEM B A W C 2 AOMT o &
1TV, BREEAT 5-FRED 3 HHE L B U7 [ — 3B N TG SN D W ED XD DX (T HEE S LD HIPH )
(ZEEDERRIE SV E AR B QL& [R S A IO T RO B ZEFL T,

FAMIC-A-17 DE=XV 7 BbEDD 82 7 A # (KIEMES LR OKVEM~ U 13 89 7 A 14, IRFEMEZERIL
87 r H1#), FAMIC-B-14 OE =2V 7 Bha b 113  H#% (WRIV AT 120 # A #%), FAMIC-C-21 DE=4
Vo7 BRAEDD 35 4 H % ECI SN L 7= A0 B 20 OV FRRIERK 20 D 5 s D T/0HT (2023 4R FE £ Cld 2 siff
1T) DIHHEDNEEEEZ K 1A~ 1CIZRL, BIZHBELT 2 BT o REOEIR R M OVLiE BRI A4
AV

72E, 2 BOMTHHTREO R R I M QML E RS DWW TS, A IEEFRREAE Y E O [ ARGE AR Y B
VT |9 BB TR 2 B PERBR O OFT SRR (n) W ONCREREE (), SRAHEZ A 53572012477 3[R
RO IR IS B EEER 72 (sw) M OB R AR BAE R 72 (sp) Z VT (a) 24, (b) AKXV (e) 2k
D3RO,

2
A R SR B VLB R 00 L P L2 U 7 8 Y {5 (o) = J (5% — sw?) + S% e (a)
FEIEICRTHERIBR = u+ 20 v (b)
SEHEI R HERR = g+ 30 e (0)
n: FMIZEMERRO O TR sp: SEFIBUBR O DAL= S P B e (%

Sw- I—Jnit%‘( ?%hf;éﬁ*%@{ﬁﬁ u: e NE'fE
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# 4A FAMIC-A-17 OZEWE=XVTHER (B&SHE %)
R RN FoR=THEER (AN <HSHED A (C-P205)
B s Tl S0 T s T
0 13.92 14.03 13.98 11.62 11.64 11.63 13.20 13.32 13.26
9 13.99 14.03 14.01 11.70 11.74 1172 13.39 13.44 13.42
15 14.01 14.02 14.01 11.94 12.11 12.03 13.24 13.36 13.30
21 13.98 14.00 13.99 11.59 11.61 11.60 13.19 13.22 13.20
27 13.99 14.00 14.00 11.72 11.82 11.77  13.32 13.47 13.40
35 13.94 14.00 13.97  11.99 12.03 12.01 13.17 13.30 13.23
39 13.98 13.99 13.98 12.03 11.75 11.89  13.36 13.28 13.32
46 13.96 13.97 13.97 11.70 12.02 11.86  13.19 13.21 13.20
51 13.98 13.99 13.98 11.72 11.72 11.72 13.20 13.19 13.20
58 13.71 13.90 13.81 11.78 12.06 1192 13.14 13.29 13.22
63 14.21 14.26 14.23  11.89 12.00 11.95 13.28 13.39 13.34
70 13.87 14.30 14.08 11.90 11.72 11.81 13.30 13.23 13.26
75 13.95 14.06 14.00 12.04 12.03 12.04  13.16 13.18 13.17
82 13.77 13.78 13.81 1390 1390 13.83 12.04 11.89 11.86 11.75 11.79 11.87 13.23 13.32 1332 13.33 13.40 13.32
F4A (Bix)  (EESFE %)
<IN (C-K0) SV 1 (C-MgO) STaTE <> A (C-Mn0)
-
FB I SHT T Sy T Srbi T
0 13.76 13.91 13.84 3.44 347 3.46 0.298 0.318 0.308
9 13.38 14.32 13.85 342 344 3.43 0.289 0.303 0.296
15 13.95 13.99 13.97 3.52  3.54 3.53 0.309 0.318 0.313
21 13.63 13.70 13.67 341 349 3.45 0.294 0.311 0.302
27 13.55 13.57 13.56 3.52  3.54 3.53 0.311 0.319 0.315
35 13.70 13.75 13.73 3.47  3.50 3.48 0.304 0.309 0.306
39 14.17 14.34 14.26 3.50  3.61 3.56 0.319 0.319 0.319
46 13.81 13.66 13.74 3.54 347 3.51 0.317 0.320 0.319
51 13.95 13.94 13.95 349 348 3.49 0.314 0.322 0.318
58 13.58 13.72 13.65 348 3.54 3.51 0.315 0.316 0.315
63 14.13 13.81 13.97 3.50  3.49 3.50 0.324 0.327 0.325
70 14.26 13.97 14.12 3.55 348 3.52 0.312  0.309 0.310
75 13.94 13.94 13.94 3.58 3.55 3.57 0.313 0.316 0.315
82 13.57 13.58 13.71 13.72 13.78 13.67 347 348 348 350 356 3.50 0.319 0.320 0.327 0.335 0.338 0.328
89 - - - - - - 3.55 356 361 362 3.67 3.60 0.325 0.329 0.329 0.331 0.332 0.329
F4A (Bix)  (EHESFE %)
SEPEIFHF (C-B03) AREEPEIES F (W-B203) IRFMEZEFR (U-N)
e
B Syt s Sy S Sy SEE
0 0.568 0.583 0.575  0.444 0.462 0.453 2.14  2.24 2.19
9 0.561 0.567 0.564  0.452 0.464 0.458 228 231 2.30
15 0.561 0.578 0.569  0.445 0.453 0.449 229 233 2.31
21 0.527 0.572 0.549  0.460 0.470 0.465 2,12 235 2.23
27 0.555 0.563 0.559  0.446 0.452 0.449 2.35 236 2.35
35 0.569 0.549 0.559  0.427 0.444 0.436 248 248 2.48
39 0.575 0.575 0.575  0.447 0.443 0.445 233 2.36 2.35
46 0.554 0.556 0.555  0.460 0.450 0.455 222 221 2.21
51 0.545 0.550 0.548  0.460 0.450 0.455 224 226 2.25
58 0.555 0.593 0.574  0.438 0.466 0.452 2.50  2.49 2.50
63 0.594 0.595 0.594  0.480 0.449 0.464 228 226 2.27
70 0.546 0.549 0.547  0.450 0.452 0.451 220 2.16 2.18
75 0.570 0.580 0.575  0.457 0.452 0.454 2.19 221 2.20
82 0.568 0.572 0.580 0.598 0.610 0.585 0.448 0.450 0.453 0.454 0.468 0.455 - - - - - -
87 - - - - - - - - - - - - 225 226 227 227 228 227
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3% 4B FAMIC-B-14 OZEMEE =X THER

(&= %)

TUE=THESE (AN)

AIYEMED AR (S-P20s)

FEI e Tl e TR
0 7.94 8.09 8.02 9.13 9.14 9.13
4 7.98 7.98 7.98 9.18 9.23 9.20
10 7.96 8.01 7.98 9.12 9.13 9.12
16 8.01 8.05 8.03 9.19 9.26 9.23
22 8.02 8.06 8.04 9.25 9.33 9.29
28 7.98 8.00 7.99 9.10 9.13 9.12
34 7.93 8.03 7.98 9.10 9.11 9.11
40 7.89 8.02 7.96 9.21 9.23 9.22
46 7.93 7.95 7.94 9.27 9.28 9.27
52 7.93 8.01 7.97 9.17 9.26 9.22
58 7.96 8.01 7.99 9.25 9.26 9.25
66 8.08 8.03 8.06 9.19 9.17 9.18
70 8.13 8.12 8.13 9.15 9.15 9.15
77 7.96 7.95 7.96 9.19 9.18 9.19
82 8.09 8.06 8.08 9.11 9.10 9.10
89 7.95 7.92 7.94 9.07 9.14 9.11
94 7.94  8.06 8.00 9.28 9.28 9.28
101 8.01 8.02 8.01 9.17 9.18 9.18
106 8.09 7.93 8.01 9.05 9.11 9.08
113 7.91 7.93 7.94 7.96 7.98 7.94 8.98 9.05 9.05 9.07 9.14 9.06

# 4B FAMIC-B-14 OZEMEET=AV 7R (HESER %)
KD /B (W-P203) KT (W-KoO)

ERAR Sy S Sybri T
0 6.66 6.74 6.70 8.18 8.23 8.20
4 6.77 6.79 6.78 8.15 8.16 8.16
10 6.65 6.67 6.66 8.28 8.29 8.29
16 6.65 6.66 6.66 8.23 8.27 8.25
22 6.72 6.77 6.75 8.17 8.47 8.32
28 6.69 6.71 6.70 8.17 8.28 8.23
34 6.69 6.73 6.71 8.27 8.54 8.41
40 6.66 6.67 6.67 8.07 8.30 8.18
46 6.74 6.76 6.75 8.17 8.18 8.17
52 6.77 6.78 6.77 8.35 8.44 8.39
58 6.82 6.82 6.82 8.07 8.19 8.13
66 6.71 6.76 6.74 8.15 8.20 8.18
70 6.66 6.66 6.66 8.21 8.19 8.20
77 6.72 6.78 6.75 8.25 8.23 8.24
82 6.78 6.80 6.79 8.13 8.19 8.16
89 6.62 6.61 6.61 8.26 8.17 8.22
94 6.69 6.72 6.71 8.28 8.40 8.34
101 6.72 6.78 6.75 8.34 8.21 8.28
106 6.75 6.76 6.76 8.23 8.28 8.26
113 6.72 6.76 6.78 6.79 6.81 6.77 8.22 8.22 8.28 8.36 8.38 8.29
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#4B (Fix)  (mgkg)
0% (As) HRI 2 (Cd) =%\ (Ni)
;}:@H é//( PAN 0 N NZ A N N7 A
SyMEA TRt SHHE S S S
0 3.01 3.23 3.12 3.92 4.11 4.01 36.7 38.3 37.5
4 296 3.07 3.02 426 4.27 4.26 37.7 37.7 37.7
10 293 296 2.94 4.15 4.19 4.17 36.9 37.8 37.4
16 2.88 297 2.93 4.17 4.19 4.18 36.9 37.1 37.0
22 291 298 2.94 3.95 3.99 3.97 38.1 39.0 38.6
28 3.01 3.08 3.05 3.70 3.78 3.74 36.3 36.6 36.4
34 3.06 3.10 3.08 4.43 4.44 4.43 38.3 39.1 38.7
40 294 299 2.96 4.29 4.38 4.34 37.2 37.2 37.2
46 294 298 2.96 4,04 4.14 4.09 37.4 38.1 37.8
52 2.85 290 2.88 434 437 4.35 37.2 38.7 37.9
58 2.82 296 2.89 4.35 4.48 4.42 36.0 36.5 36.3
66 296 293 2.94 4.22 4.30 4.26 39.0 39.0 39.0
70 3.19 3.34 3.27 444  4.40 4.42 36.6 36.7 36.7
77 2.88 2.88 2.88 4.23 4.22 4.23 38.4 38.3 38.4
82 295 3.03 2.99 4.38 4.40 4.39 37.6 37.6 37.6
89 277 295 2.86 4.47 4.37 4.42 37.6 37.6 37.6
94 297 3.00 2.99 4.49 441 4.45 36.1 35.8 35.9
101 2.87 296 2.92 4.47 4.45 4.46 36.6 36.1 36.4
106 275 2.77 2.76 4.43 4.43 4.43 37.5 37.4 37.4
113 291 292 299 3.05 3.07 299 420 439 4.48 450 4.52 4.42 39.9 40.3 40.3 40.4  40.8 40.3
120 - - - - - - 410 4.18 422 424 426 4.20 - - - - - -
# 4C FAMIC-C-21 OREMET=2V 7R (BESE %)
EHRAE RIEL (T-N) EHRLR VA —LiE(T-N) 0 Jl A i (T-P20s)
LSS PAY K[! S AY: AT 45 A7
SyMEff 41t SR S Sy S
0 L _Y 376 3.97 3.86 538 530 5.34
7 4.07 4.08 4.07 3.82 3.88 3.85 5.24 5.37 5.31
12 4.07 4.06 4.06 4.00 4.02 4.01 5.32 5.36 5.34
19 4,08 4.08 4.08 3.60 3.70 3.65 5.33 5.32 5.33
24 4,12 4.09 4.10 3.68 3.71 3.70 5.34 5.36 5.35
31 406 4.06 4.06 4.07 4.08 4.07 3.78 3.83 3.85 3.86 3.90 3.84 5.30 5.30 5.32 5.32 5.34 5.32
35 4,08 4.08 4.08 4.09 4.09 4.08 3.80 3.81 3.88 3.93 3.95 3.87 5.29 5.30 5.31 5.31 5.32 5.31
a) JERIRBRIF O /4T 2 J28 5
F4C (X)) (HESE %)
L4 (T-K20) K 42 5 (T-CaO) kg% (0-0)
e 1
FEB I SyMTiE SR SyMTE SEHyfE SyMTiE S
0 0.52  0.49 0.50 4.21 4.24 4.23 27.2 26.9 27.1
7 0.52 0.52 0.52 4.17 4.14 4.15 27.6 26.6 27.1
12 0.53 0.52 0.52 4.12 4.18 4.15 27.7 27.4 27.6
19 0.51 0.51 0.51 4.29 4.33 431 27.3 26.9 27.1
24 0.51 0.51 0.51 436 4.32 4.34 27.5 26.9 27.2
31 0.51 052 052 052 052 0.52 4.13 4.13 414 416 4.17 4.15 26.9 27.3 27.4 27.4 27.6 27.3
35 0.52 052 052 052 053 0.52 4.23 4.23 424 426 427 4.25 26.7 26.9 27.0 27.1 27.3 27.0
#4C (ftx)  (mgkg)
$ %4 F (T-Cu) Tign% B (T-Zn) U5 (As)
;}:@Hﬁ /\*ﬁ1§ I’Zi/\ VAN § NZPA YA MZHA
SHTIE [ Sy S SR S
0 449 438 443 1360 1323 1342 8.19 7.95 8.07
7 443 439 441 1324 1315 1320 7.75 6.53 7.14
12 459 443 451 1333 1332 1333 8.64 8.37 8.50
19 462 454 458 1360 1350 1355 7.76 7.71 7.74
24 453 449 451 1382 1382 1382 8.21 7.43 7.82
31 444 445 447 447 448 446 1317 1319 1325 1331 1334 1325 6.08 6.55 7.24 7.42 7.55 6.97
35 437 439 441 449 451 443 1310 1310 1312 1312 1324 1313 7.82 7.85 7.97 8.00 8.04 7.94
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#F4C (Ftx)  (mgkg)
HIRI 4 (Cd) KR (Hg) =41 (Ni)
R H
SYHHIE A SyHTIE A SYHHE A
0 1.91 1.90 1.91 0.657 0.581 0.619 273 28.9 28.1
7 1.90 1.92 1.91 0.562 0.532 0.547 29.3 28.3 28.8
12 1.92  2.00 1.96 0.670 0.680 0.675 26.3 26.1 26.2
19 1.96 2.00 1.98 0.659 0.634 0.646 27.8 27.6 27.7
24 1.96 1.97 1.97 0.649 0.636 0.642 28.8 29.6 29.2
31 1.97 2.00 2.05 205 207 203 0.639 0.662 0.662 0.656 0.669 0.658 28.4 28.6 28.7 28.9 31.7 29.3
35 1.94 1.95 1.96 2.00 2.02 1.98 0.608 0.651 0.652 0.660 0.669 0.648 27.8 27.9 28.0 28.3 28.3 28.1
#4C (FrZx) (mgkg)
s (Cr) s (Pb)
S SNR
- Sy HTAE SEYIE S HTAE EHIE

0 299 31.3 30.6 21.8 20.6 21.2

7 29.7 27.0 28.4 23.1 23.6 23.4

12 31.1 29.7 30.4 22.4 21.4 21.9

19 31.4 29.2 30.3 23.2 21.1 22.1

24 29.8 31.3 30.5 23.2 23.4 23.3

31 29.5 29.8 298 298 329 30.3 21.9 22.1 22.6 22.6 23.7 22.6

35 29.4  30.1 30.1 31.5 322 30.6 22.3 22.6 22.8 22.8 23.0 22.7
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D% 5-112, mglkg DRy &2 5-2 1R Uiz, ZEMEORHMIE, #6 A $o FE)E L& [BIORN E D55
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7 5-1 JEEISEREREMEY)E O EME YO FEAmRS &
(W BE D BN 3% (B &5y ) ThDOFRAERST)
2 b) . Bl 59 BT e HE _
AR A y b by ®  sD S g o)
co mon) g () g e ()0 ()
mon. mon. mon.

(FAMIC-A-17)

w#FLE (T-N) 14.08 422 13.99 -0.0002 14.00  0.104 0.001 0.002 O
TrE=THES (AN) 1172 422 11.84  0.0025 11.74 0.130 0.001 0.0031 O
SEEMED AR (C-P20s) 13.32 422 13.27  -0.001 13.31 0.076 0.001 0.002 O
<EEHEME (C-K0) 13.96 422 13.85 0.001 13.81 0.203 0.002 0.005 O
<ML (C-MgO) 3.54 453 351  0.0010  3.461 0.037  0.0004  0.0008 X
M~ A (C-MnO) 0313 453 0315 0.0002 03035  0.006  0.0001 0.0001 X
<HEMEIZHFHE (C-B03) 0.55 422 0.566 0.0001 0.5608  0.015 0.0002  0.0003 O
KEMEIZHFE (W-B203) 0.45 422 0.453 0.00002 0.4520  0.008 0.0001 0.0002 O
JRFEVEZEFR (UN) 226 42,6 229  -0.001 2317  0.099 0.001 0.002 O
(FAMIC-B-14)

TUoE=THEFR (AN)  8.06 55.4  8.00 -0.00002  8.000 0.05 0.0003 0.001 O
AIPATED AR (S-P20s) 9.18 554  9.17  -0.0005  9.203 0.07 0.0004  0.0009 O
KEEPED Al (W-P20s) 6.70 554  6.72  0.0003  6.708 0.05 0.0003 0.001 O
ARIEPEME (W-K20) 8.32 55.4 824  0.0002  8.235 0.08 0.0005 0.001 O
(FAMIC-C-21)

EHELR (T-N)rry—ri 3.8 183 3.8  -0.002  3.862 0.13 0.004 0.01 O
EHE e (T-N) REEE 4.11 183 408  -0.0003  4.088 0.02 0.001 0.002 O
D AUlk4 . (T-P20s) 5.29 18.3 533 -0.0005 5.337 0.02 0.001 0.0014 O
INEAE (T-K0) 0.53 183 051  0.0002  0.5093 0.01 0.0002 0.001 O
fifK 45 (T-Ca0) 4.16 183  4.23 0.001 4.201 0.09 0.003 0.01 O
A& (0-C) 27.0 183 272 -0.001  27.21 0.22 0.01 0.02 O

a) FAMIC-A-1713FAS% OF=F) 7 EiE A OB L T2, A1, 87 A% £721389» Atk TE=F) 7
FAMIC-B-14{ 373tk D=4V 7 FE i B HREL T34 A% E-13 120 A ETE=X) 7

FAMIC-C2LiFFHE DE=X) o J Rl B DREAL T35+ Ak FTcE=4V 7

b) SRR AIEIOFT=2Y 7 E i A SE=2Y 7 i B E CORE R O E (H)
¢) FAMIC-A-17 (¥t + M OEME~ 0 LISK) D53 it i ) E
(7 =% = =2V 7 Efim$ (13) X JHT0H#Q2) +==2V > 7 EhEmE (1) X §HT85(5))

FAMIC-A-17 (TR £ e OV~ 2 0 2) D538 R OFe - ME

(77— ¥ = B=4) 7 EHiEE (13) X T (Q2) + =2V 7 L hiEmE (2) X §HTH5(S)
FAMIC-B-14 (IR L LISL) D53k DR E
(7 =54 = T=4V 7 Kl (19) X PHTH5(2) +'=5Y 7 FHaE (1) X T8 (5))
FAMIC-B-14 (7RI L) D43 HT g R ORI
(77— ¥ = B=4) 7 EHi[EE (19) X AT 5 (Q2) + =52V 7 EhEmE (2) X §HTHE(S))
FAMIC-C-21D 534t B D -4
(7 =% = =2V 7 EHiaEL (5) X GHTaHTE(2) + =2V 7 FEfam i (2) X FHTHHT5(S))

d) FEFEROMEE
e) [MYREFROYIF
f) FRIOEERE

) [RIREMEOMHE DIEAER A

h) Sp, X toosT-2

) OIS E L THSITAZLITBOLNT, LE LML 725y

|by]| < sp, X toosT—2
i) BHO%ITEESR
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52 NERIRESREAEEM B O e M YO FEARSE SR
(2 £ D ENLDS mg/kg THHFRIELSY)
oo I S i HIE
N - x y s, 8 ) )
D) PRRIEE b, d) by e) sD by Fiue HE

/k /k /k
(mgkg) (mon.) (mgke) (?) (mgkg) (mg/ke) (“fg) (“ﬁfg>

(FAMIC-B-14)

% (As) 2.87 554 297 -0.0010 3.021 0.10 0.001 0.0014 O
FRIT L (C) 4.23 58.5  4.27 0.003 4.099 0.16 0.001 0.002 X
=/ /L (Ni) 37.9 554  37.6 0.002 37.45 1.09 0.01 0.01 O
(FAMIC-C-21)

#iem (T-Cu) 447 18.3 448 0.1 446.4 6.67 0.2 1 O
figh 4 & (T-Zn) 1340 18.3 1338 -0.1 1341 2591 0.8 2 O
UE (As) 7.3 18.3 7.74 -0.01 7.929 0.56 0.02 0.05 O
FIRIT L (Cd) 2.0 18.3 1.96 0.003 1.912 0.03 0.001 0.002 X
/KR (Hg) 0.61 18.3  0.634 0.002 0.6041 0.04 0.001 0.003 O
=L (Ni) 27 18.3  28.2 0.03 27.73 1.13 0.04 0.1 O
a2 (Cr) 31 18.3 30.2 0.02 29.73 0.82 0.03 0.1 O
£ (Pb) 23 183 225 0.03 21.96 0.76 0.02 0.1 O

MET RS- 122
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AEEFRRHAEHEY)E FAMIC-A-17, FAMIC-B-14 & TOf FAMIC-C-21 OE=4V 785 B EED /3 HT
ft$4 1SO Guide 35 (JIS Q 0035) & M FHENTL, 181 ELAR DB E OB I FE-D EFFAM L 72 7 25,
FAMIC-A-17, FAMIC-B-14 & UF FAMIC-C-21 D#RGERS1E, FAMIC-A-17 O<EEME + /O~ T,
FAMIC-B-14 & O} FAMIC-C-21 DHIRIY LERWTE=ZY 7 ERiBRIEEEND, £ % 6 4 10 # A (JR#EMZE
FRIITHEIAH), 9F 571, 24 11 7 AR EMED MRS,

ISO/IEC 17025 (JIS Q 17025) TiX, S #HT#E RO Z UL R T 272D O FNAL L T, BEHEYE LM EE
HAE O ARSI TS, FAMIC 2338 Bl A L QOB IR R R RAE M) 0O B RIERL 7y D 28 Bh A e 7
THIE, BE LT RREEYE ORI SN0, FIHE O SHTHEROEEEON EICHEIRT260L%E
ZHND.
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(JIS Q 17025 :2018, TFAERAT K OB IEFEBIDORE I B2 — i ZORHIH )
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HWEWE DB — B ALRUIEEE FAMIC-A-17 OFF# —, IEEHRFZEHE, 11, 159~172(2018)
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7) 1SO 17034 (2016) : “General requirements for the competence of reference material producers” (JIS Q 17034:
2018, MEHEME A PEE ORE N BT 25— R ERFIH))

8) ISO Guide 35(2017): “Reference materials—Guidance for characterization and assessment of homogeneity
and stability” (JIS Q 0035: 2022, EHEW)E — fEfHT I ONZ BV ENE K OV E ORI 32 F51% )

9) ISO Guide 31(2015) :"Reference materials-Contents of certificates, labels and accompanying documentation”
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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-21)

MASUI Ryota!, KAMIKAWA Takafumi?, AOYAMA Keisuke?
KAWAGUCHI Shinji3, OSHIMA Mayu*, and AKIMOTO Satono®

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

3 (Former) FAMIC, Kobe Regional Center

4 FAMIC, Division of Food Contaminants Analysis

> FAMIC, Fertilizer and Feed Inspection Department

FAMIC has performed long-term stability examinations to confirm shelf life of fertilizer certified reference
materials (CRMs), high-analysis compound fertilizer (FAMIC-A-17) , ordinary compound fertilizer (FAMIC-B-14)
and composted sludge fertilizer (FAMIC-C-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,0s),
citric acid-soluble potassium (C-K»0), citric acid-soluble magnesium (C-MgO), citric acid-soluble manganese (C-
MnO), citric acid-soluble boron (C-B203), water-soluble boron (W-B20O3) 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-P20Os),
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-P20s), total potassium (T-K»0), total calcium (T-CaO), total copper (T-Cu), total zinc
(T-Zn), organic carbon (O-C), arsenic (As), cadmium (Cd), nickel (Ni), chromium (Cr), lead (Pb) and mercury (Hg)
for 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: 2017. It shows evidence that there were no need to update the certified value and its uncertainty.
From these results of the statistical analysis, the CRMs (FAMIC-A-17: 6 years 10 months or 7 years 3 months after
preparation, FAMIC-B-14: 9 years 5 months after preparation, FAMIC-C-21: 2 year 11 months after preparation)
were stable expect for some components. 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, 18, 87-106, 2025)



L EE e H R 107

(T 5E il

T — AR FYOE (R 202.5 nm) IZED IR O~ 7 220 A s B L O~ 7
¥ INHITE 5 {EOMEREFEAM (FSR == ] A [RIEBR I 2 L5 26 4 M )
INARFIR, K OHE
A AR B AREL MRS, 96(2), 149-153(2025)



A

in g
ot
(R
A

EHMRHEEREEZE

b1 RZER S H
FED SOFm Hr
iYL JHEE IEA
i HLIEB 7
YN R EA

IBEHEHRE F 185

MSTATBUE N BMOKEETE B L it 2 —
B RSN E T SR OB L 2 2 1
SV EHBO A [T B i AR
TEL 050-3797-1856
FAX 048-601-1179
http://www.famic.go.jp/

SFTH 9 H

JEEHTZE SRS mE L B =






	表紙
	目次
	1  肥料中の鉄全量の測定方法の開発
	2  く溶性りん酸及び水溶性りん酸の分析法の適用範囲確認
	3  汚泥肥料の連用によるカドミウム等の土壌への蓄積，作物への吸収試験（継続）  
	4  2024年度 肥料の共通試料を用いた分析について 
	5  肥料認証標準物質の開発
	6   2024年度 肥料認証標準物質の開発
	他誌掲載論文
	肥料研究報告編集委員 

