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T, T~ O ERIE 1 0D IO TE, \RBDNHE—RBR = (2315 % % 2 1 (SLV : Single Laboratory
Validation) 28 L, M FEUE L, BEROIE L E RS OFE RICIVEERIZEHMEL T e,

A el [EBEAITEEE LX oaBRvE O = [ L [R BUBR 12 K D 2 4 M e 72 (HCV : Harmonized Collaborative
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1) HEHEABRARNRUVHRERBRARHORAR

JEBFEL THIBL TWDIRE D ABEIEE, ~o G e b sIERE (3 FEEE) , files LK, Bilg~ 7
B}, SR AR, SRR R SR A R, IBA M EERIEE & N~ A E Lo fe B A IR,
HBAZ 500 pm GEAVABRIEEN S OWTIE 212 um) OfESDVE IR T E TH-IRELIZ. Z0Hb,
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3) HEBRAE
SIEVE~ L B e ORI~ o O & OYRIE LY, Table 1 D LBV AERMERERIED KB T 152 v
7. B, BEOY, {3 HEO7a——k(Scheme 1 & TN Scheme 2) #7RL7=.

Table 1 Component and Measurement
Testing Methods for Fertilizers (2019)

Measurement

Component

. . 4.7.2.a
Citric acid-soluble manganese (C-MnO)

Flame atomic absorption spectrometry

(4.1.1) Citric acid solution — Rotational shaking (30 °C)
4.7.3.a Flame atomic absorption spectrometr

Water-soluble manganese (W-MnO) ' P . P Y
(4.1.1.1)  Water —Rotational shaking

1 g analytical sample Weigh to the order of Img 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 mx 30 °C +1°C, for 1 hour

Cooling

| Promptly

<—Water (up to the marked line)

Filtration

Sample solution
Aliquot
(predetermined volume)

| Type 3 filter paper

100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer (279.5 nm)

Scheme 1  Analytical procedure for citric acid-soluble manganese in fertilizers (C-MnO)
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| 5 g analytical sample | Weigh to the order of Img to a 500-mL volumetric flask

<—About 400 mL of water

| Shaking to mix | Rotary shaker (30-40 revolutions/min) For 30 minutes

—Water (up to the marked line)

| Filtration | Type 3 filter paper

| 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 (279.5 nm)

Scheme 2 Analytical procedure for water-soluble manganese in fertilizers (W-MnO)

4) HEIRBRAKHOHEMEER
IUPAC/ISO/AOAC DFREFRER 7 b /LI ZhE W, IVCEHHH LA 5 100 B B F EDOZ O
MEEIIZRBWT, ikl X 2 ST T, *Hsd AR BRE IC L0 oS-,

5) HEFR

AERIZZINLT 12 RBRE R O RBRECHEA LR RO EIILL TOLBY ThDH. TNEND
BRI IS FIREEF 20 3B (O E B 220 10 30BE , T FIEREE B ATIE R 284 1 45
Je OABR I BEAHABAT L, &UBREEIZIHVT 2019 42 10 A 10 H~2019 4F 12 A 20 H&FEHIXIST 5
3) DIBRFE e > T LTz,

« TAV— Ty —TalFEAS . Wb T (BEEET AA-7000)

- FAEa—77 7 Ukt BKE T35 (Thermo Fisher iCE3300)

- WA= T 7URASH B il T35 (Thermo Fisher iCE3300)

» VAW LT IS IR T (REEERT AA-7000)

« TUhT YIRS (BHEYERT AA-7000F)

c WiE~TIT Ty ey — RSt FSERRSE RS (7L k-T2 —  AA240FS)
© PRSTATECIE N R ETY B 22 42 % —# 5 &% — (Thermo Fisher iCE3000 Series /iCE3300)
« MSTATEOE N EMOKPER B4 2t # —FLiR % — (Thermo Fisher iCE3000)

- MSAATEUE NEMKEEH B 22t 2 — a2 — (B Z-2310)

« MNTATECE N EMAKEN B2 e it 2 —4 R 2 — (AL Z2-2310)

o« BRSTATEOE N BMOKPEE B 22 8 i 2 —#@ ]2 4 — (Thermo Fisher SOLAAR M5)
- MSZATEGE N RMOKPETE B 2 i o2 — A0 (R RERT AA-6800)

(50 & IE)
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3. HRRUSBE

1) #EFHBRAEMOHE R

T FHEDOZANNHEBED DB ESNZ 10 3B 2 SO T TONT LI B MERRER O sl O fe M (%)
B RZ DRI DN T TR E S BT s SO N st B2 AW TR L M THE R 22 (s,) , s BHHIAE
(R 22 (spp) , DHTAEE 25 Lol RIS ME IR 22 (Spyp) & Table 2 IR LTZ. SBIT, JERMERBRIEIRSILTH
LB FHBUIEE O B % (CRSDR) K OFNHBHE ] (X 1) U7 HE & S ) i BUSR HE(R 22 (6 ) & Table 2 1Z7RL
7-.

PVEMEDHI 1T, TUPAC/ISO/AOAC DIFRERBR 7 B/ D FNEE B EICERLT-. T, KRBk 0%
S EMEZHER T D700, ARBREAE OV T Cochran DMEEEMELT-. ZDFEE, <At~ oo 1 3k
ST ERIMVE S HE SR U=, SR AU BRIME D EGEIZ DWW T, — Il @ BT a £l , DHTAEvE
{7 (sp) K OVERBE M AZ HE R 72 (spp) ok ®, (X 2) IC KD OFITAE ME (R 2 () ZREAli L 72, Wi,
IUPAC/ISO/AOAC DHREFRER 7 1 hm/L D+ 43 1B E OHEAX G 3) T EME D EZAT T2, £ D
FEA, B~ AT OIRE Y AN BRSEEHCHIER U 3) 2wz vz, 22T, HiE G 3) A
2L TR W B O O TR HE(R 72 (s,.) D301/ S (s, < 0.56 ) ZE0D, (K 3) ZAEF LI HIER (X 4)
W CTEEIEOHEEAT o7z, ZORER, IREVABEIEEHI I W TCHIER (FN 4) 27zl Tz, ZoZeEh
5, 2TOOHHREHNIE CHLZLEMR L. 7ok, 2B 00, (K S ICE-> TIMTREZ & il
PR 22 (Spyp) I LTZEZA, WD A S HEE = M B BUAE R 22 (6 ) S L THA3 I/ SV MET
Holz.

&r = CRSDg X X/100 -+ (D)
sy <0.50, = 0.56R e (5 2)
spp < 030, = 0.36y -+ (503)
sy’ = F1(0.3 0,)% + F2 s5,° <o (R9)
Shir =/ Sr? + Spp? <o+ (X5)

O g HEE = ] R B TR 22
CRSD g :NERHERABRIEI RS T D = FEUE L (SR SRR ER 22 (%)) O B %

X REEE sy D TREYER 722
op B U MEMERR AT B BT & LTAR R 2=
Spp © Pk I V(R 2= Spar : D TREEE 25 Lo BRI MR 22

F1 ¥EMEHEDT-H DT A—H

GREHEK 10, 2 SOMTOYA, F1=1.88 3EHK 9, 2 SOMTOYNA, F1=1.94)
F2 BJEMHEDRTA—Z

GREHE 10, 2 SOMTOSA, F2=1.01 3k 9, 2 m0HMTOHA, F2=1.11)
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Table 2 Homogeneity test results of phosphorus

No.of z b) 4 € f) 5.9 h) ~ 1) 2D Critical Spar®
Ingredient Sample ) x ?) CRSDyr” ORr Sy 0.50R™" Spp 0.36) Sbb | b+r
sample o o o o o 0 o value o
(%) ) (%) (%) (%) (%) (%) (%)
Processed 10 3304 25 083 014 041 023 025 0053  0.14 0.27
ferromanganese slag
Molten microclement 10 2250 3 068 014 034 011 020 0013  0.10 0.18
Citric acid- mixed fertilizers
Jubl
soluble ~ Phosphate 9(1) 1.8 4 007 00l 004 00225 00222 0.0005 0.001 0.03
manganese fertilizer mixture
(C-MnO)
Compound 10 087 6 0050 00l 002 o 0.0l o 0.0005 0.0l
fertilizer 1
Compound 10 0272 6 0.016 0005 0008 o 0.005 o) 0.0001 0.005
fertilizer 2
M
anganese 10 1161 3 035 0.14 017 003 010 0001  0.042 0.15
sulfate fertilizer
Mixed micro 10 5.17 4 021 004 010 002 006 0001  0.009 0.05

element fertilizers
Water-soluble

manganese ?;iﬁ;asdeiertﬂjzer 10 0461 6 0028 0.004 001 0.003 0008 0.0000 0.0001 0.005
(W-MnO)
E‘;E]if;‘e’?‘;d 10 0422 6 0025 0.004 001 0.005 0008 0.0000 0.0001  0.006
Magnesium

.. 10 0.099 8 0.008 0.002 0.004 0.002 0.002  0.00000 0.00001 0.003
sulpdate fertilizer

a) The number of samples after exclusion ; ( ): The number of outliers from Cochran test
b) Total mean (Number of samples after excluding outliersxn =2)
¢) Mass fraction
d) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2019
¢) Estimated standard deviation of reproducibility calculated from rough standard of relative standard deviation of reproducibility
f) Repeatability standard deviation
g) Parameters for the determination of repeatability standard deviation (sr)
h) Standard deviation of sample-to-sample
i) Parameters for the determination of homogeneity (determination of ~ Sbb)
j) The value for the test : F1(0.36g)2 + F2s,.2
F1=1.88, F2=1.01 (The number of samples (10), The number of repetition (2) )
F1=1.94, F2=1.11 (The number of samples (9), The number of repetition (2) )

k) Standard deviation of sample-to-sample include repeatability Spar = v/ Spp2 + Sp2

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

2) HEFEBRABERVNNIERTE

Z i BRE DS S L [FRRERAAEZ Table 3-1 O8N Table 3-2 [ Z/RL7z. R8O ATl Bz
IUPAC D3RR 7 bt 2t CTREFHLELL 72, SRBRAEE DM VIEZ R H 357212 Cochran DR
TE K& OF Grubbs DR E % FE i L 7=

IR DOREBRAR DI D, SEEME~ T TlE, 5 35BS 2 3BT 2 3BRE, 2 3BT 1| MBR=Eols
AR IUEEL THIES. KIEME~ BT, 5 BREOID 2 BT 1 BBR=EOMEEAFEEL T
HESNT.
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Table 3-1 Individual result of citric acid-soluble manganese (C-MnO) (%)
b Processed Molten microelement Phosphate Compound Compound
Lab ID ferromanganese slag mixed fertilizers fertilizer mixture fertilizer 1 fertilizer 2
A 32.59 32.31 22.27 22.23 1.77 1.77 0.829 0.832 0.290 0.288
B 31.56 31.66 21.98 22.10 1.86 1.91 0.891° 09379 03729  0.347°
C 36.00° 3644”2153 2178 246" 2429 07449 08107 0246 0.251
D 34.73Y  33.96Y 23.54 23.00 1.86 1.86 0.856 0.856 0.282 0.274
E 32.89 32.22 23.49 23.35 1.81 1.82 0.863 0.844 0.317 0.322
F 31.64 32.41 22.10 21.73 1.87 1.89 0.794 0.798 0.295 0.291
G 30.44 30.51 20.86 20.54 1.69 1.75 0.763 0.753 0.250 0.255
H 32.50 32.53 22.23 22.46 1.83 1.83 0.835 0.837 0.278 0.288
I 32.03 32.08 21.57 21.81 1.84 1.83 0.798 0.805 0.265 0.262
J 31.90 31.95 22.20 22.03 1.89 1.89 0.837 0.840 0.288 0.288
K 32.18 32.19 22.12 22.28 1.86 1.87 0.843 0.845 0.293 0.298
L 31.89 33.11 22.57 22.19 1.79 1.74 0.770 0.768 0.275 0.270
a) Mass fraction
b) Laboratory identification (random order)
¢) Outlier of Cochran test
d) Outlier of Grubbs test
Table 3-2 Individual result of water-soluble manganese (W-MnO) (%)
b) Manganese Mixed micro Designated Compound Magnesium
Lab ID sulfate fertilizer element fertilizers ~ combined fertilizer fertilizer 3 sulpdate fertilizer
A 11.49 11.08 5.10 5.10 0.463 0.457 0.428 0.430 0.105 0.106
B 11.11 11.01 5.00 5.00 0.471 0.480 0.435 0.436 0.115° 0.127°
C 10.33 10.77 5.10 4.93 0.454 0.456 0.421 0.429 0.099 0.102
D 12.02 12.08 5.36 5.36 0.483 0.481 0.455 0.449 0.106 0.107
E 11.24 11.17 5.23 5.22 0.477 0.474 0.443 0.436 0.112 0.109
F 10.64 10.59 5.01 4.99 0.450 0.464 0.419° 0.439% 0.107 0.107
G 10.74 11.16 5.09 5.10 0.451 0.452 0.420 0.418 0.115 0.111
H 11.14 11.16 5.23 5.15 0.473 0.474 0.438 0.437 0.108 0.108
I 10.99 10.93 4.94 4.92 0.466 0.470 0.429 0.434 0.101 0.104
J 10.93 10.83 5.25 5.15 0.464 0.473 0.433 0.432 0.108 0.109
K 10.55 10.76 5.14 5.03 0.458 0.457 0.421 0.430 0.107 0.107
L 11.65 11.38 5.15 5.09 0.477 0.468 0.428 0.430 0.110 0.108

a) ~c) Refer to the footnote of Table 3-1
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3) HHTHRERVEMBREE

MU Z BRI TR AR I C RO B U7 S, DR TARE(R 72 (s0) K OV TAR SR (R 22 (RSDy) , IO
(22 [ PR BUE MR 22 (sp) M OVES [ AR B RHE HE R 22 (RSDR) % Table 4 (7R LTZ.

M~ AT OYLEJEIE 0.280 % ~32.03 % (B &7H) THY, TOHATIEHER A () 13 0.004 %~
0.36 % (EE/7R), P THAIERERZE (RSD,) 13 0.6 %~1.4 %, ] FFHFEHER 2 (sp) 13 0.021 %~0.73 %
CEESy3R), BRI AR R 22 (RSDR) 1T 2.1 %~7.4 % Th-o7-. Kt~ B OFEEIEIL 0.107 %
~11.07 % (E &) THY, ZOOTIEAER 2 (s0) 1T 0.002 %~0.17 % CE &), JHTHRHEAER 2=
(RSD) 1% 0.8 %~1.5 %, EHHFIIEUERZE (sp) 1L 0.004 %~0.44 % (EE/73R), =M B o Y R 22
(RSDR) 1 2.1 %~3.9 % T 7=

WO P TAE S YR 22 (RSDy) Jo OVER 8] FF BUAH AR HE R 722 (RSDR) ®, REBHEBRBRIE D 2 VEMERR D
FIEIRENTODFIREL ~UI BT DR E DO HZOFREFHHAN THLZ LD, ZNHLDORBRIED KT
B RRBRIE OMERE L HE I A L QAT L& R LTz,

Table 4 Statistical analysis of Collaborative study results
Labs  Mean” 5, RSD,” 2*CRSD, si® RSDR” 2*CRSDy’

Ingredient Sample
p(@" (% (%)Y (%) %) (W (%) (%)
Processed 102) 3203 036 1.1 2 0.68 2.1 5
ferromanganese slag
Molten microclement 12 2217 020 0.9 30 073 3.3 6
Citric acid-  mixed fertilizers
lubl
soluble * — Phosphate 11(1) 1.8 002 1.1 4 0.06 32 8
manganese  fertilizer mixture
(C-MnO)
Compound fertilizer 1 10(2) 0.818 0.005 0.6 6 0.035 4.3 12
Compound fertilizer 2 11(1) 0.280 0.004 1.4 6 0.021 7.4 12
Manganese
- 12 11.07 0.17 1.5 3.0 0.44 3.9 6
sulfate fertilizer
Mixed micro 12 511 005 1.0 4 012 24 8
element fertilizers
Water-soluble Desienated
manganese esf?lag — 12 0466 0005 1.0 6 0.010 22 12
(W-MI‘IO) combpine er cr
Compound fertilizer 3 11(1) 0.432 0.004 0.8 6 0.009 2.1 12
Magnesium
11(1) 0.107 0.002 1.4 3 0.004 3.4 6

sulpdate fertilizer

a) Number of laboratories, where p=number of laboratories retained after outlier removed and (¢ )=number of outlier
b) Average value after excluding outliers(n=The number of laboratories(p )xThe number of samples(2))
¢) Mass fraction
d) Repeatability standard deviation
e) Repeatability relative standard deviation
f) Criteria of precision for Repeatability relative standard deviation in Testing Methods for Fertilizers 2019
2) Reproducibility standard deviation
h) Reproducibility relative standard deviation
i) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2019
( As for precision, the permissible level may exceed them by a factor of 2.0)
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4. FEDH

AR BRI A S N2 7 L — AR TG IRIC K AEEME~ o B R OVKIEYE~ o 1 DFRER TR
WT, 12 FRBREE T 10 8 (5 8 X2 ) okl W FRRBR A £ L, BRSO B ELZFHAL
7-.

ZORER, IRME~ B AT 0.280 % ~32.03 % (& &5y 3) O&FH T D 5[] 1 B e He R 22
(RSDR) 1 2.1 %~7.4 %, KIEME~ 2 AT 0.107 % ~11.07 % (& &5y =R) O#PH T2 0 = B H 5
KIPEHEAR 25 (RSDR) 1 2.1 %~3.9 % Toho7=. IL[RIFER#E RO O TA XTI AR 22 (RSD) S OV [ F A it
FEVEMR 22 (RSDR) 1, BV RRBRIE D 2 Y PEERE O FIRIT RSV TOD KR EL ~UZ BT HREE D B & D
FFAELPHLANTHY, i e T DB Th T,

A lERat U7 s BRIE L, BEIC B — BRI L ORBRIE D 2 Y AR (SLV) A& TEY, BIZZOMFHIT
BWTEBENAERE L SN A BB EIC LD 2 Y MR (HCV) ICXRVFHli SN2 L5, Zhb O BRE
OMERRIFAEBFERBVE DO MEREBIUED Type B(SLV LN HLV IZX55HM) 1T G L CWAI AR LT,

HFERBRICTH NP WAy — T —T a ket A Aa—7T7 7R e, A LT
TS, ToaT YIS R O E#E~T I TV T Jal — RSO BN E AR L ET.
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Performance Evaluation of Determination Method for Manganese in Fertilizer:
Harmonized Collaborative Validation

HIRABARA Toshio !, ECHI Masahiro !, KOBAYASHI Ryouto !

"Food and Agricultural Materials Inspection Center (FAMIC) , Sendai Regional Center

A collaborative study was conducted to evaluate absorption spectrometry for determination of citric acid-soluble
manganese and water-soluble manganese in fertilizer. These components in fertilizer was extracted and analyzed
by Testing Methods for Fertilizers 2019 test procedures”, respectively. We sent 5 materials to 12 collaborators as
blind duplicates. After identification outliers with Cochran test and Grubbs test, the mean values of determination
of citric acid-soluble manganese and water-soluble manganese were reported 0.280 % - 32.03 % and 0.107 % -
11.07 % as a mass fraction, respectively. In addition, the reproducibility relative standard deviation (RSDr) of
determination of citric acid-soluble manganese and water-soluble manganese were reported 2.1 % - 7.4 % and 2.1 %
- 3.9 %, respectively. Those results indicated that each method has acceptable precision for the analysis of the

components in these concentration ranges.

Key words  citric acid-soluble manganese, water-soluble manganese, flame atomic absorption spectrometry,

harmonized collaborative validation

(Research Report of Fertilizer, 13, 102-111, 2020)



