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Table 1 Component and Measurement

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

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

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

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

(4.1.1)  Water—Rotary shaking

(4.1.1.1) Water— Vertical shaking

Water-soluble manganese
(W-MnO)




46 AERHFZ2 84S Vol.15 (2022)

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

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

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

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

| Cooling | Immediately

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

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

(Extraction)

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

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

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

| Cooling | Immediately

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

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

| Sample solution |
Aliquot
(predetermined volume)

100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer (403.1 nm)

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

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

< About 400 mL of water

Rotary shaker (30-40 revolutions/min)

Shaking to mix ;
30 minutes

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

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

(Extraction)

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

«— About 200 mL of water

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

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

<—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

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

| Sample solution |

Aliquot
(predetermined volume)

100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer (403.1 nm)

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

(Measurement)

4) HREFRBAAMOHEMHE
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Table 2  Equipment used

Model of atomic absorption

Shaker (Selected when the sample solution is prepared)

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

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

J SHIMADZU, AA-7000 — Rotary shaker

a) Laboratory identification (random order)
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Spb < 0.30'p = 036—R



M~ Ty B OKEBHE~ B IEDT-D D7 L — LNEF W YEHE (% 5403.1 nm) OPEREZER
— S I FIERBR I C LA 2 e Rl — 49

sy <0.50, = 0.56% o0 (A03)

Shtr = V/Sr% + Spp? -++(4)
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Table 3 Homogeneity test results

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

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

b) Mass fraction

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

e) Standard deviation of sample-to-sample

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

2) Repeatability standard deviation

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

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

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

2) HFRRBRERRUNNERE

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

RREONHHER DG, T~ T, 5 REIOIS 1 3BT 1 MEBREI S MVEEL CHlES .
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Table 4-1  Individual result of citric acid-soluble manganese (C-MnO) (wiw %)

Mineral manganese ~ Mixed micro element ~ Mineral silicic acid

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

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

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

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

3) PHTRERUVEMBIREE

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

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



SN~ T R OKEENE~ T APNE DT D7 L— LR W6 (4 £403.1 nm) OVEREFFA
— S LRI RABRIC &% 2 2 MR — 51
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Table 5 Statistical analysis of Collaborative study results

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

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

a) Number of laboratories, where p =number of laboratories retained after outlier removed and (g )=number of outliers
b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier (» =The number of laboratories(p )xThe number of repetition(2))
¢) Mass fraction
d) Standard deviation of repeatability
e) Repeatability relative standard deviation
f) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizer 2021
g) Standard deviation of reproducibility
h) Reproducibility relative standard deviation
i) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2021
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FEYE(R 22 (RSDR) 13 3.9 %~5.1 %, KIEME~ 2 AATEEIE 0.189 % (B & 473) ~6.54 % (& &4 3) O
T O ] FF B S HZ MR 72 (RSDR) 1F 1.6 %~5.5 % Th-o7-. [RGB RO O TH SHE AR 722 (RSD;)
Je OVER [ P BUAR S HE (R 72 (RSDR) 1, MEEFSERERIE MHEE AD O U MMHERO FIEIRSI TR
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Performance Evaluation of Analysis Method for Citric Acid-soluble and Water-
soluble Manganese using Frame Atomic Absorption Spectrometry
(wavelength 403.1 nm) :

— Harmonized Collaborative Validation —

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

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

(wavelength 403.1 nm).

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

wavelength 403.1 nm

(Research Report of Fertilizer, 15, 44-53, 2022)
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