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| Analytical sample 0.5 g Weigh to the order of 1 mg into a 250-mL volumetric flask
«—About 200 mL of water

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

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
[

| Sample solution |

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

| Sample solution |

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

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

Measurement | Atomic absorption spectrometer (422.7 nm)

Scheme 2 The flow sheet for water-soluble lime (calcium) in fertilizers (Measurement)
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Table 1  Equipment used

Model of atomic absorption

a)
Lab ID spectrometer

SHIMADZU, AA-7800

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

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

HITACHI, Z-2310

SHIMADZU, AA-7000

HITACHI, Z-2310

SHIMADZU, SPCA-6210

L HITACHI, ZA3300

N = = m Q O m I O wm >

a) Laboratory identification (random order)
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Table 2 Homogeneity test results

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

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

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

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

h) Standard deviation of sample-to-sample

i) The value for the test :  Spp < 0.30p = 0.36Rr
j) When the variance between groups < the variance within a group, sy,” was considered as 0
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Table 3  Individual results of water-soluble lime (calcium) (Wiw %)

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

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

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

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

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

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

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

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

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

4. FEDH

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

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

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

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

X ®|

1) BEEFIEFE 1988. &5 kAT FEARACEMIHTIE, pl52. FEE .
2) SRV, IIAE: 7 aya) —{EE BAEDO R A KIET AV MO A, AR T 225, 20(2), p.53~



[ TR th D IR ESPEAT PR D 53 AT i D BR 8 — 5 ] 3 [FIRRIBR (2 % 22 9 MERfERR — 63

58(2008)
3) EMOKEER &R NERD 5B ORECRE 2B 3 DIE AT A +— 485 )\EEE = 5 ORI ST R
MOKEERFEDIRET DA AR ELIRET DM, F 34 12 4 1 B, BHOKES SR 1018 5 (2021)
4) JRMOKEER 57 RO S ORER S IZ B DIEHRA TR RIS +— 2D 5 —IH, o5 IH, B _IHK
O IIHDOBUE TS @ LB OB O TR S O LRFEEEA~OFLHIZ BT 55 H A E O O, IHFN 59 48
3016 A, BMOKPER SR 700 5, RAUEST S 49 7 1 A, BMOKPER SR 1055 5 (2023)
5) JRMOKER SR ALEO ShE ORI T DL S EALE O NERE 2 E O DO, B
61 42 1 22 A, RMOKPER T7R-5 284 75, S f&UES T 8 42 2 1 26 H, RMOKPER 57R5 243 75
(2026)
6) MK PERL PR 25 R BB R Rl Vo DA RO RO R Bl AR E S DR U CTRE A 5
HZEITOWT, TR 9 F 9 H 30 H, (1997)
7) WEAER T, BEIEZ, FEE B ARE R O KEVEA K D HTIED B %, IEEMITFE® S, 17, 1~18
(2024)
8) MMNAATEUE NEMAKPEIE B i 2 — (FAMIC) - Il BFEatERE  (2024)
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2024.pdf >

9) MMSIATHUE NEMOKPE B 22 22— (FAMIC) : JEEHERBRE (2025)
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2025.pdf >

10) Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency Testing
of Analytical Chemistry Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)

11) MSZATBAE N BMOKPEH B L2 22— (FAMIC) : BB EABRTE (2025) Fit/E= A
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2025 fuzokusho A.pdf>

12) JIS Z 8402-2 : 1999 HETTIEK OHIERS ROKEHES (REE KR OHRGHEE) — 55 2 ¥ AEHER E ST IEDO TR
FE R OVFRBURS BE 2 3R 8D 57280 D B AR J7 1k

13) Tomson, M., WOOD, R.: The International Harmonized Protocol for the Prociency Testing of (Chemical)
Analytical Chemical Laboratories, Pure & Appl.Chem., 65 (9), 2123-2144(1993)

14) Horwitz, W., : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure &
Appl. Chem., 67(2), 331~343(1995)

15) AOAC OFFICIAL METHODS OF ANALYSIS Appendix D : Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005)



64 JEBHIFZEHRAE Vol 19 (2026)

Development of Determination Method for Measuring
Water-soluble Lime (Calcium) in Fertilizers by Atomic Absorption Spectrometer
—Harmonized Collaborative Validation —

SAKUMA Kenta! and MATSUO Shingo®

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

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

soluble lime (calcium) in fertilizers.

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

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