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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
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HIELT-. F2, IEROSR2EIZEI T 25EIT% (B ) EL TRILSNDIEDND, HTEIE% (B &55%)
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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)
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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
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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
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BIH) ~0.23 % (R HR), P TAHXHERER 2 (RSD,) 1% 0.6 %~1.7 %, =R MHHIEHERZE (sp) 1 0.016 %
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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
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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)



