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1. [FC®HIC

EFRAO 72 A PEF o B 23 Ted, Fe S EICB VT ISO/IEC 17025 (JIS Q 17025) VO EE R FHIHA S
(ZUToaRBR AR D5 MR IR OB X 7 3 RSN TS, ISO/IEC 17025 Ti, EES - B S L
YPERTERSNT- HFIEZRET HIEETRL TS, FAMIC Tl IEEHEGRES TED LIVZIREIO F F
R NARDE R CEOE M ITIETOIC N T, ZOMEEZTHEL >, BAMEICEEL 2B HLRFIL,
AERHEGRBRE D NG L T, BB SV TR R T IEE HLEL QOB MK PER SR EIC Ry, SF0 2
£ 4 A 1 BFHTT, FAMIC 23ED D IEEFERERE | DA r, B ERSFOoIriELL TS ZED
AThD.

AE R BR 1L T N DI ER S AT FIEATE O BRIZ DWW TR T8, KB OB OFRBRIEIZ DWW TN 123,
H—RBRE 2RI 5% 4 M (SLV : Single Laboratory Validation) Z#E2% ¥ L CW\5. ZDH 5 A[IRMEITFWERD
AR VE O 2 ) FEBURS EE OVERERR A1, BETR OO SRS B2 48 B 45 Ol R K E E BRI L T as,
KEEMEF DI ORBRIEIZ OWTE, B BB EOMERRELIT> TV RhoTz. A, EERAICEES
S BHE M FIFRER IS LD % Y M #EFR (HCV : Harmonized Collaborative Validation) 5{EIC LDl Z1TH 7=
D, WRBRIEDOILFRRBRE FIELI=D T, TOMELHRETH.

72k, ARILFEIFERIC IV IR L 7 e [F RN 0B O BB MR 1T, SRR EER O T4 Fnoo a4 B ARk
DERK S DLV ENEMRTIE LT EE (ERF O OEE K NEI TR DT | (LU TR T RFEEE L)) 1
TEMSIT.

2. MERUAE

1) MEMHBAREERVARFRBRAANORR

AAMETOEROFUEH T, IEEHE L THEEL TOBIESWT W ERE IR, 1RA YV ABRILE, I THLS0 AR
REAE, JRA DN AR R QMR a7 — Mg R IEEE B BHE 212 pm OS2\ A i35 E THk- 1R
HLlz. Eo, KEEMETOEEOREHE, AT ORI B ALE (5 fiE) Z W e, Zooh, IO R H
AREHIAM 1.9 g, AREBEMETOEERBHFREHIAR 9.8 g 22N ZNACRRY AR OFEET & 44 {#
Fe L TR LT,

[ U R BRIE Al 32308 220 18 (44 {8 X 5 FE) ICELBER A MW TT U Z DIFRFEIL, 3B 2%
BIL7z. AIETETWERIZ DWW T, 2D OB L7 S FEOR B B ELE R 2 AW TIEIEAIZ 10 18528k
EHo72 50 18 (10 i X 5 FE) 28 MERER A RE L, KB OBRIZOW I E R A AR L. &

VOSIATBOE N MO EH B L Bt 2 — 4 i B 2 — (BL) RMOKES S BUR THE - L
2 MSIATBOE NBMOKE B 2 et 2 =4 B 24—
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(2, RUBRIE H 28I 5 OB BEEER (2 22 i 2 E° oL, 1 3B ERIZEA D IR IR
BReL, HLEFBRZ R B S 22l 2 e L7z
YA MR RN I R R F R DO RE TR B s AT LT, B EMERBR I,

B DB EPED HERB S LT
, S EEBR RO 2 L RRBR S I BR = kA L7z,

\’

2) ¥EERURBR
HRBRRICRBL CODERY L —h, B~ —fle—f—, R~ —8AE5% fE5iE F R R E iR
RN O Tl R IR0 IR A L 7.

3) RABRAE

FIPAPE O EE M OIS T OEE O FBR 1A M ONRIE 51513, Table 1 12 RS BR 1E D £ 508k 5 L%
. 708, B2EO-D, £ FiED 72— —k(Scheme 1 & 8 Scheme 2) Z7RL7-.

Table 1 Component and Measurement

Testing Methods for Fertilizers (2019)

Component
Measurement
Soluble silicic acid (S-SiO,) 44.1.a Potassn.lm fluoride meth'od
(4.1.1) Extraction procedure using constant-temperature rotary shaker

4.4.2.a Potassium fluoride method
Water-soluble silicic acid (W-SiO,) um

(4.1.1) Extraction procedure using rotary shaker
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1 g analytical sample | Weight to the order of 1 mg into a 250-mL volumetric flask

| —About 150 mL hydrochloric acid (1+23) [30 °C]

Shaking to mix

Constant-temperature rotary shaker
(30 - 40 revolutions/min), 30 °C = 1 °C, for 1 hour

Cooling |
|HWater (up to the marked line)
Filtration | Type 3 filter paper

Sample solution |

(predetermined amount)

Aliquot
duo 200-mL beaker made of polymer

« About 10 mL hydrochloric acid
< About 15 mL potassium fluoride solution
< About 2 g of potassium chloride

Cooling For 30 minutes in a refrigerator

Filtration under
reduced pressure

Filter made of polymer, Type 6 filter paper

Washing | Wash 6 - 7 times with potassium chloride solution
Transfer | 300-mL tall beaker, water

|<— Water (until the liquid volume reaches about 200 mL)
Heating | 70 °C - 80 °C

|H A few drops of phenolphthalein solution (1 g/100 mL)

0.1 mol/L - 0.2 mol/L sodium hydroxide solution

Titration . . .
(Until the solution becomes light red)

Scheme 1

Flow sheet for soluble silicic acid in fertilizers
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| 5 g analytical sample | Weight to the order of 1 mg into a 500-mL volumetric flask
|HWater,ab0ut 400 mL

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

| Cooling |
|HWater (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Aliquot
(predetermined amount)

200-mL beaker made of polymer

« About 10 mL hydrochloric acid
< About 15 mL potassium fluoride solution
«— About 2 g of potassium chloride

Cooling For 30 minutes or more in a refrigerator

Filtration under
reduced pressure

Filter made of polymer, Type 6 filter paper

| Washing | Wash 6 - 7 times with potassium chloride solution
| Transfer | 300-mL tall beaker, water

|<— Water (until the liquid volume reaches about 200 mL)
| Heating | 70°C-80°C

|H A few drops of phenolphthalein solution (1 g/100 mL)
0.1 mol/L - 0.2 mol/L sodium hydroxide solution
(Until the solution becomes light red)

Titration

Scheme 2 Flow sheet for water-soluble silicic acid in fertilizers

4) HEHBRARHOHEMHER

IUPAC/ISO/AOAC D#EREFBR 7 mhaL !t WO BB MRERIZIE, 1)ICIVBEA SN AFE 50 3 kHZ D
W, BEFEOZIEONEEICR W T, KlEHI o 2 SO TT, AlTEMETWER IS T D AR R s Br 1k
X0 & T o7,

5) HFEHER

ARERIZZNULTZ 11 RERE I T LB THD. BRI A oS FfoctE 12 A 18 HETIZ, ZhEhd
AERE(IZIBWT )ICIVBESTLT=EFE 20 38R (RITETEITWERD A OFRER =121 10 308 %, &FleHTxii
9% 3) DIRER FIEIHE->THHT L=,
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© MSTATBOE NRMOKEH B 2 it 2 —AE IDBHEE R

s BRETV—HRARHE THTY

(50 EIE)

3. WBRRUER

1) #EHBRAEMOHE R

T FHEDOZANNHERED D HESNZ 10 3B 2 SO T TONT LI BB MR ER O sl O f TFHME (%)
F O DRARIZ DN T — Tl E 3 B AT S GS st B O TR U O TEEYE(R 22 (s,) , aRHRIAE
R 22 (spp) & Table 2 (R L72. SHIT, IERMERBRIEI RSV CW D E B FHEUEE O B % (CRSDR) J %
NHMHRH (U 1) U7 HE 7 E M A BUEHER 72 (6 g) % Table 2 (7R LT-.

B PE DM E 1%, TUPAC/ISO/AOAC DERERBR Y 1h=L O FIEA 5 & (BRI A 0 /) VA R 32
728, FRBRRATIZ- DU T Cochran DA EZ FERLIZ. ZDRER, T X TORITITIB W TIMUVEITRRD Hi/ais
ST=DT, ZIHDFAEIZ DN C—JllE BT a2 EhEL, TR 2 (sp) K OFRBHET R 22 (spp) &
Koo, (K 2 ICEVPIHMTIEYER 7 (s,.) ZFHML7Z. %12, TUPAC/ISO/AOAC DHFRERER 7 b= L D431
BoOHENX G 3) ZHCTHEMOHEELIT 7. TORER, LISV ABRIEEZ RS, 2 COREHCH]
(I 3) &L Tz, 22T, LISV AFRIEEHZ DWW T, M TERER 2 (s.) 23+ 1/h &
(sp < 0.56) Z&MD, HIER (X 3) AR 7 HE R (R 4) 2 O T B ORI E LTS TR, HER R
4) Z Iz LTz, ZOZEND, R TOLFERBHREHIWE ThOZ L2 MR L. ok, Z&F D, ([
SRS THM TG A & To iR AR MR 72 (spa ) BRI LTZE A, W o il oy HEE 2= 8] A BLAS HE R 722
(6R) L THAIT/NSVMETH ST

6r = CRSDg x X/100 e (3R 1)
sy < 0.50p = 0.56 e (7122)
Spp < 0.30, = 0.36g e (30 3)
sbb 2 = F1(0.3 0,)% + F2s,2 e (3t 4)
Sbﬂ:m e (®05)

G g HEE = W] A BUSE HE(R 22
CRSD g : fEBMEFBRE I RS TOD E M BLRS E (S R AR BUR SR HE IR 72 (%)) O B %
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X REIE

op ZHMEMERR AT A RIS A LT AR R 2= sy PHTIRME IR 22

Spb : PR (R 22 Spar  DHTHE R 25 T ik A A 22
F1 BJEMHEDIZO DT A—=42 GREHL 10, 2 RHMTOY%E, F1=1.88)

F2 EMHED T A—=5 GREHK 10, 2 SOMTO%E, F2=1.01)

Table 2 Harmogeneity test results of soluble silicic acid

A d R R 2 Critical i
No.of %@ CRSD® % sr® 0565 Sw” 0.38g Spp P b Soar’
Component Sample value
sample b (o b) b) b) b) b) b)
(%) ) (%) (%) )" (B () (%)
Slag silicate 10 3444 25 08 035 043 ¢ 026 o) 025 0.46
fertilizer
Mixed phosphate 051 5 30 065 020 032 017 019 003 011 0.38
fertilizer
Soluble Processed slug

silicic acid  phosphate fertilizer 28.60 2.5 0.72  0.29 036 031 0.21 0.10 0.17 0.60

(S-8i02)  Mixed potassium

. 10 16.41 3.0 0.49 0.19 0.25 o’ 0.15 o 0.08 0.22
fertilizer
Ground aerated
light-weight 10 2483 3.0 0.75 0.24 0.37 0.14 022 0.02 0.15 0.39

concrete fertilizer

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

b) Mass fraction

c¢) The aim of Rerative standard deviaton of reproducibility in Testing Methods for Fertilizers 2019
d) The estimated standard deviaton of reproducibility calculated based on CRSD

e) Standard deviaton of repeatability

f) Standard deviation of sample-to-sample

g) Parameters for the determination of homogeneity (determination of Sbp)

h) The value for the test : F1(0.36R)2 + F2s,?
F1=1.88, F2=1.01 (The number of samples (10), The number of repetition (2))
i) Standard deviation of sample-to-sample including repeatability Sp4r=v Spp> + Sp2

. . . o 2 .
j) When the variance between groups <the variance within a group, sy,”~ was considered as 0

2) HEFEBRABERVNNIERTE

F RO WS SN AR RE S Table 3-1 &N Table 3-2 (TR L7c. &R IO HTELORE R
TUPAC D 3LRIFRER 7 vahau 13 W2t CTREFHLELL 72, SBRARIE O FMVIEZ R H 357212 Cochran DR
7E M OY Grubbs DRUEZ FhiiL7-. PIERTETOERIZOW T 11 #BRE TR 2 i L7- /5 5, 1 FEORE
IZBWT 1 BB TOREMEIIVEEL THIESZ, KIBMETOERICOWTE 9 B = TRBra FEhiL
ToAER, SMVEEL CHES ISl 720 o7,
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Table3-1 Individual result of soluble silicic acid (%)"

Processed slug

b) o o . .
Lab ID Slag silicate fertilizer Mixed phosphate fertilizer phosphate fertilizer
A 34.50 34.09 21.51 21.39 28.51 28.51
B 35.65 35.48 22.03 22.20 30.04 30.04
C 34.36 34.46 21.20 21.22 28.42 28.88
D 35.15 35.76 21.93 22.06 29.79 30.07
E 35.19 35.30 21.59 21.27 29.31 29.42
F 34.36 34.69 21.07 21.15 28.75 28.87
G 34.18 34.21 21.13 21.20 28.30 28.72
H 34.29 34.07 20.51 21.17 28.35 28.50
I 34.29 34.34 21.25 20.82 28.29 28.10
J 34.70 34.54 21.65 21.25 28.94 28.62
K 34.35 34.55 21.02 21.01 28 64° 29.79%
. . . Ground aerated light-weight
b)
Lab ID Mixed potassium fertilizer concrete fertilizer
A 16.32 16.41 24.98 25.10
B 16.85 16.88 25.59 26.12
C 15.95 15.74 24.89 24.56
D 16.65 16.69 25.61 25.65
E 16.59 16.47 25.44 25.13
F 16.00 16.18 25.11 25.14
G 15.79 15.94 24.51 24.36
H 15.31 15.46 24.62 24.84
I 16.22 15.75 24.42 24.55
J 15.84 15.99 24.96 24.87
K 16.00 16.22 24.94 24.71

a) Mass fraction
b) Laboratory identification

¢) Outlier of Cochran test
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Table 3-2  Individual result of water-soluble silicic acid (%)"
b) Liquid potassium Liquid potassium Liquid potassium
Lab ID silicate fertilizer A silicate fertilizer B silicate fertilizer C
A 16.11 16.02 22.01 22.07 20.43 20.37
B 16.78 16.53 22.64 22.63 20.96 20.81
C 15.90 15.95 21.94 21.88 20.26 20.38
D 16.22 16.27 22.37 22.36 20.79 20.80
E 16.53 16.51 22.56 22.49 20.99 20.90
F 16.10 16.56 22.43 22.40 20.35 20.74
G 15.86 15.94 21.80 21.67 20.37 20.33
H 15.94 15.65 21.31 21.51 20.20 20.03
I 15.79 15.94 21.93 22.03 20.24 20.36
5) Liquid potassium Liquid potassium
Lab ID silicate fertilizer D silicate fertilizer E
A 15.43 15.28 29.17 29.35
B 15.91 15.83 30.19 30.30
C 15.38 15.28 29.39 29.34
D 15.92 15.72 30.11 29.92
E 15.84 15.72 30.16 30.13
F 15.43 15.80 29.95 29.55
G 15.26 15.26 29.08 29.34
H 15.24 15.13 28.96 29.43
I 15.32 15.33 29.44 29.41

a) Mass fraction

b) Laboratory identification

3) BHTRERVEMBRREE

MU Z BRI RBR AR I C RO B U7 SR, DR TR E(R 72 (s0) & OV TAR SR (R 722 (RSDy) , IO
(2 =R W BT E R 22 (sr) M OV=R W] FF B RHE HE R 722 (RSDR) % Table 4 (TR LTZ.

AAEPETWER O EIIEIL 1615 % (E B4y 3) ~34.66 % (E By ) THY, OO THE HER 2 (501X
0.14 % (E &5 3) ~0.21 % (H &N F), HHATHEER 2 (RSDy) 13 0.6 %~1.0 %, == MAFHIEERZ (sp)
130.44 % (E &7 3) ~0.65 % (H &), =M EIUEEERZ (RSDr) 13 1.5 %~2.7 % Th-o7z.

IKEEMET VIR O S EIE 15.50 % (B &4y 5R) ~29.62 % (E B4 R) THY, DO OHTHEUER 2 (s) 1T
0.07 % (E &5 3) ~0.17 % (A& H), FHTAHRER 2 (RSD,) 13 0.3 %~0.9 %, ==FAFHIEER 2 (sp)
130.28 % (H&573R) ~0.44 % (H&E5=R), =M IR ER 2 (RSDr) 13 1.5 %~2.0 % Th-o7z.

ZOREFRIL, IEEHERERE O Z Y MR O PRI RSN TWS IR EL VBT DR E O B ZOFFE
AN THHZ LD, ZIHDOFRBRIE DR IR S RBE O MR EITHE A L TV DT LA R L.
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Table 4  Statistical analysis of Collaborative study results for Soluble silicic acid and Water-soluble silicic acid

Labs Mean®” s RSD® CRSD. sz& RSDR™ CRSDz

Component Sample
p@” ()7 () k) (R (W7 (k) (%)
Slag silicate fertilizer 11 34.66 0.19 0.6 1 0.53 1.5 2.5
Soluble Mixed phosphate fertilizer 11 21.35 0.21 1.0 1.5 0.45 2.1 3
silicic acid Processed slug phosphate fertilizer ~ 10(1)  28.92  0.18 0.6 1 0.65 2.3 2.5
(S-Si0,) Mixed potassium fertilizer 11 16.15 0.14 0.9 1.5 0.44 2.7 3

Ground aerated light-weight

o 11 2500 0.17 07 1 046 19 25
concrete fertilizer
Liquid potassium
AN 9 1614 015 09 15 033 20 3
Liquid potassium
lone o 9 2211 007 03 15 041 18 3
Water-soluble Liquid potassi
silicic acid ill?“‘t pfozshszmmc 9 2052 012 06 15 030 15 3
(W-SIOZ) suicate 1er cr
Liquid potassium
AR 9 1550 0.12 07 15 028 1.8 3
Liquid potassium 9 2962 0.17 06 1 044 15 25

silicate fertilizer E

a) Number of laboratories, where p=number of laboratories retained after outlier removed and (g )J=number
of outliers or test failures

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier and test failure removed (n=The number of laboratories(p) x The number of repetition(2))

¢) Mass fraction

d) Repeatability standard deviation

e) Repeatability relative standard deviation

f) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizer 2019

2) Reproducibility relative standard deviation

h) Reproducibility relative standard deviation

i) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2019

4. FEH

AE sk S B 1 T LI S 7 FTEA TR O R (S bV D AiE) Je OUKTATET O R (S b AdE) DR
BRIEIZOWT, AIVEMETOERIZ DWW T 11 3RBR =T 5 F8E (10 20 Ok, KEMHEITOERIZ W T 9 3
BrasC 5 FEE (10 2) OFREE W IE[RIGRER A SERL, DR TS BE K OV BR 25 F i BURS B A A L 7.

TORER, SoALAIY MEIZLD AT EEOFIIME 16.15 % (B 3) ~34.66 % (B 7)) O#ilH
BN, R M AR REUER 22 (RSDR) 1E 1.5 %~2.7 %, S b U7 DEIC LD AKIENET O ER D S
15.50 % (B 253 3) ~29.62. % (E & 573) OFPHIZIVT, = M FHBUHEHE HE(R 22 (RSDr) 1 1.5 %~2.0 %
ThH-oT-.

ZOREFIE, IERFERBRIE O Y MR O PRSI TS KR EL ~ VBT DIEE D B ZOHiFH
N THDHIED D, RIEOREE I IAEFERBRVE O MERERLYE (Type B) ICEH AL TWAI LA AL,
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Performance Evaluation of Determination Methods for
Soluble silicic acid and Water-soluble silicic acid in Fertilizer:
Harmonized Collaborative Validation

SAKUMA Kenta ' , MOTOKI Tarou ? and YAGI Toshiharu 2

"Food and Agricultural Materials Inspection Center (FAMIC) , Nagoya Regional Center
(Now) Ministry of Agriculture, Forestry and Fisheries, Tokai Regional Agricultural Administration Office, Plant
Products Safety Division

2FAMIC, Nagoya Regional Center

It has been verified performance that determination of soluble silicic acid and water-soluble silicic acid by
potassium fluoride method in Testing Methods for Fertilizers. We conducted a collaborative study by means of
international harmonized protocol to evaluate for determination of soluble silicic acid and water-soluble silicic acid
in fertilizer by potassium fluoride method. Five samples passed the test for homogeneity, respectively, were sent to
11 collaborators. These samples were analyzed as blind duplicated. After identification of outliers with
Cochran test and Grubbs test, the mean values and the reproducibility relative standard deviation (RSDr)
of determination of soluble silicic acid were reported 16.15 % - 34.66 % as a mass fraction and 1.5 % - 2.7 %,
respectively. Those of determination of water-soluble silicic acid were reported 15.50 % - 29.62 % as a mass
fraction and 1.5 % - 2.0 %, respectively. These results indicated that each method has acceptable precision
for determination of soluble silicic acid or water-soluble silicic acid in these concentration ranges. In
conclusion, those results demonstrated these methods were validated for the determination of soluble silicic

acid and water-soluble silicic acid.

Key words  soluble silicic acid, water-soluble silicic acid, potassium fluoride method

harmonized collaborative validation

(Research Report of Fertilizer, 13, 65-75, 2020)



