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1. [ZL®IZ

AE PR ER 1LY K OEEH I TEP I E D BV TS E s Aal iR IR R L D H 5 R RE A
DIMEIITHWGI T2 e, BIZEIR E NSRBI R EERVIE SIS THHZ LD, ITE,
BT ND IS DHEE & IRV T EORESLIZ O W TEER TSN TWS. 2SO H L EERE 1K
METERLSY, VAV, FIRMETOER B OUKIETE D RS BURER I W B TEY, BRI 7o rkes
AW T EE R 28 L.

AlENE, FETEIEEFR DOIKEENED A (W-P20s) , KEEHEINE (W-K20)  OVKEME~ 77 (W-MnO) Z %4
LU CHREABEIREOMAE AW A RFILI=O T, 2O EARE T 5.

2. #HRUAE

1) SHEEHE
IONTHFEIE LT, WINLItiEL CTWDIREVAERIEEL, (LAAE, Bl A AE, fifg~o o met, RE
RN DS ER A I, HBIZ 500 pm O 52502 2B T HETHIELIZH D% AUz,

2) HE

(1) ZK: JISK 0557 IZHIETD A3 OKZEE L.

(2) HEf: JIS K 8180 |ZHLE T D3k,

(3) fililZ: JIS K 8541 |ZHIET D3,

(4) 7TrE=T7K: JISK 8085 (ZHLE T Hitdk.

(5) 7= /)—NTELAEERR: NS K 8799 ITHETHT = /) —NTH LA 1 g% JISK 8102 IZHLETH
% ) —/1(95) 100 mL (Z¥ED LT,

(6) DABEEENER (P2Os 10 mg/mL) : JIS K 9007 (ZHLE DV AME —KFEHUT L% 105 °CE2 °C TR 2
RERIINEAL , 7 o — 2 — TR LT, 19.17 g 20X &MU EoTz, D EDIKTHENL, RETT
A2 1000 mL (2B LA, fi5fE 2~3 mL /0%, FE#ECREMZ 7.

(7) DABBRAEAERR (P,0s 0.5 mg/mL) :  WABBIEHERR (P,Os 10 mg/mL) 50 mL #4258~ 7 A= 1000 mL (Z&0),
fil§l% 2 mL~3 mL Z 1%, £ERRECREMZ 72

(8) HVY LEAERK (K20 Img/mL) : H VY AMEAERK (K: 1000 mg/L) (BAHAL:;ICSS) A L 7.

(9) ~ T AFHERR MnO 1 mg/mL) : ~ > T AEHERR (Mn: 100 mg/L) (BT ;JCSS) i L 7-.

(10) FEEFIKENL: JIS K 8747 ITHET 2TV (V)BET =0 A 112 g Z/KITEEDL, g 250
mL 201271, JISK 8905 (ZHETHLEVT T VBN T o E= LUKFIY) 27 g ZKITIENLTNZ, B
(ZKZNZC 1000 mL &L7=.
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(11)  TEmHANAR ONERER) : JIS K 8617 [IZHE T D/mEE N7 12.5 g &t —H—2000 mL |2
3L, bEOKEMNZ, HElE 105 mL 2Rk % 12N, DREINELL, fktntk, KEMZ T 1000 mL &L=,
O T HINHIFNAR I R O3 HT I VW=,

(12) THIHIFNAR (= AER) © JIS K 8132 IHE T2 b AN F 7 L5 K il 152.1 g &#E
—77—2000 mL (ZIIH0 &, D EDOKREINZ 214, HEEE 420 mL &4 2 \ZINZ T, BIZAKZIZ T 1000
mL L7z, ZOTFHMHIEEIRIE~ o T O vz,

3) BERUEE

(1) B|BFRKOQPA: sartorius CPA423S

(2) ETrEsEXEIREASRDIEEH: == 8EF RS-12

(3) BEAEEIREOM: ¥A47v7 SR2wW(TTAAMTH T2 —2HWRET7 722 250 mL % [EELT. )
(4) Fybh7L—b: LLHEFE NP-6

(5) sptBERr: RE/ERT UVmini-1240

(6) JRFWSC/HTEERE: BN ~AT7 /Yy —X 7-2310

4) HWAE

AEF2.5 g% 1 mg OHTETIINDED, £2ET7 T A2 250 mL I AL, KK 200 mL Z00%, TEEEEREEOM
THI 30 I EIRVIEE 7= K CERL, A 3 FlECAHIELUEHANRE LTz (Scheme 1). F7=, SFiEMERIZED
FLE ORI A L7k D b T s R SR IR % 7 i FIEY & Scheme 2 (278 L7z,

INHDOFEHANRIZ DN T, KEEMED AR (W-P20s) 133 REYT T U T B =0 LG EE T (Scheme
3), AKREEMINEL (W-Ko0) & OUKEEM -~ 72 (W-MnO) 1Z7 L — L5115 (Scheme 4 & O Scheme 5) D
FIEY CENENRIE L.

| 2.5 g analytical sample Weight to the order of 1 mg into a 250-mL volumetric flask
«—Water,about 200 mL

Vertical reciprocating shaker (300 revolutions/min,40mm) for
30 minutes

<—Water (up to marked line)

Shaking to mix

| Filtration | Type 3 filter paper
I

| Sample solution |

Scheme 1 The flow sheet of extraction procedure using vertical reciprocating shaker
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| 5 g analytical sample | Weight to the order of 1 mg into a 500-mL volumetric flask
—Water, about 400 mL

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

<—Water (up to marked line)

| Filtration | Type 3 filter paper
I

| Sample solution |

Scheme 2 The flow sheet of extraction procedure using rotary shaker that can

a 500-mL volumetric flask upside down

| Sample solution |

|
Aliquot
(predetermined volume)

100-mL tall beaker

< 4 mL of nitric acid (1+1)

| Healting | Boiling

| Standing cool |

| Transfer | 100-mL volumetric flask, water

< 1-2 drop(s) of phenolphthalein solution (1 g/100 mL)
< Ammonia solution (1+1) [neutralization]

< Nitric acid (1+10) [slightly acidic]

< 20 mL of coloring reagent solution

< Water (up to the marked line)

| Leaving at rest | For about 30 minutes

| Measurement | Spectrophotomete (420 nm)

Scheme 3 The flow sheet for water-soluble phosphoric acid (W-P20s)

| Sample solution |

I
Aliquot
(predetermined volume)

100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer

Scheme 4 The flow sheet for water-soluble potassium (W-KzO)
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| Sample solution |

I
Aliquot
(predetermined volume)

100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer

Scheme 5 The flow sheet for water-soluble manganese (W-MnO)

3. # =R

1) AEMEEICLZEEOF M

IKEEHED Al (W-P20s) , KESHEINE (W-K20) & OUKEEME~ > 77 (W-MnO) IZDW T, 3812 82 VT,
MR RS IR IR A O 7o A AR IE L O JIEEOFH BN CNIARIED 95 % T [X [ 2 [
FRO JE PHIZHEE Fig. 1 ITRLTZ.

IRVEED AUEE (W-P20s) (y=-0.041+0.999x%, r=1.000) DEZD 95 %[FHHX[#IL 0.988~1.010, B1J7 P 95 %
(EHE X E13-0.227~0.144, KIEMINE (W-K20) (y=0.022+1.001x, r=1.000) DFHZD 95 %{EHEX [HiX 0.989
~1.013, B1F D 95 %fEH X MIIX-0.137~0.180, /K~ 77 (W-MnO) (y=-0.009+1.011%, r=1.000) OfEH
ZD 95 %IFFEXHIL 0.996~1.026, BIJT D 95 %(EHEX[H15-0.040~0.022 THY, I ih JLBHERERIEY
RSN TWDEE Tl OHESE RPN Th o7z,
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y=1.011x- 0.009
r=1.000

w b IS
o n o
T

reciprocating shaker (%)

Extraction method using a vertical
"

0.0 1.5 3.0 4.5 6.0 7.5

Extraction method using an upside down
rotary shaker (%)

e
=

3) W-MnO

Fig. 1 Comparison of extraction method using an upside down rotary shaker and using a vertical
reciprocating shaker
Heavy line: Regression line
Dotted lines: Upper and Lower limit of 95 % prediction interval

Thin line: y=X

2) GHIRERUGHEBEDFH

DHTREEE e O\ RIS B A s 9~ 5720, (LR, IRA TR BRI K O E il & IR VLT, 23R 1E
DIREVED /U (W-P20s) , ZKIEMENNEL (W-K20) & OVKENE~ 77 (W-MnO) % 2 "M T CHAZ 2T 7 5]
B A L TES NS % Table 1 lRLT-. $72, ZOfE B b —oBLBE S ST 21T > TES - BT
FEE K OV RIS % Table 2 (2R U7z, ALERAEEID ZKIENED AU (W-P20s) D E-EIEILE #4575 1.19 % T, ff
ITFAIRI S HENR 2203 0.5 %, T RIASHEHEIRZE120.5 % Th-o7-. £z, FEERAIEEIO KEENED AUBE (W-P20s)
ONFEEMEITE R F13.77 % T, DA THAEHER 213 0.2 %, FRAHEHER 213 0.5 % Tdh o7, [LRRAEE
DIKIEMEN L (W-K20) O EEEITE B33 19.67 % T, D TAXEMER 21E 0.5 %, T RIFE cHE HE(R 221
0.7 % Th-o7o. £z, FRERAIEEIO KIENEN B (W-K20) O FHMEITE B33 6.50 % T, G THIXEHE(R
7213 1.1 %, PRAEMEERZEL 1.1 % Tholz. ALRNEEOKENME~ 2 7T (W-MnO) OB EITE &5 R
0.226 %, FHTHAMERERZZIT 1.0 %, TRFHEERZET 1.7 % Thorl. Fio, IRGMEERILEOK
Wi~ 77 (W-MnO) OV-MEITE 8533 3.57 % T, PHTHXMERERZEIL 0.7 %, H A cHE MR 7221
1.5 % ThHo7-.

ZOREEIZB T DT IO RHE YR 25 SEEHERBRE D IORSIV T D O TREEE (DR THE I HE (R 72)
e OV TS B (P AR R (R 22) O B Z AN Tho7e, ZOZEMND, KD AVEE (W-P20s) , KIEMEIH
(W-K20) }e QUK IR~ > 77 (W-MnO) DI HHZ SV T, b T Ral SR B a2 W TR E R E
REBBICI O TOH O E A AL TV D ZED RS L.
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Table 1 Individual result of repetition test of changing the date for the precision confirmation
(% (Mass fraction))

W-P20;s W-K.0
Test - - - -
day Compound fertilizer Spef?e lrt;}llhzel: 1rxed Compound fertilizer Spe;;fzﬁr;l;xed
1 1.18 1.19 13.73 13.64 19.52 19.62 6.49 6.56
2 1.19 1.19 13.74 13.76 19.42 19.49 6.48 6.60
3 1.19 1.20 13.73 13.75 19.88 19.61 6.63 6.42
4 1.19 1.21 13.73 13.75 19.72 19.83 6.48 6.54
5 1.20 1.18 13.78 13.83 19.67 19.75 6.46 6.46
6 1.20 1.19 13.77 13.81 19.83 19.80 6.53 6.51
7 1.20 1.20 13.89 13.84 19.65 19.53 6.43 6.44
Table 1 Continue
W-MnO
Test

Mixed trace element

da .
y Compound fertilizer fertilizer

1 0.220 0.228 3.53 3.50
2 0.224 0.223 3.58 3.51
3 0.222 0.223 3.50 3.50
4 0.225 0.225 3.60 3.59
5 0.232 0.232 3.65 3.61
6 0.228 0.227 3.58 3.61
7 0.231 0.227 3.59 3.61
Table 2  Statistical analysis of repetition test result for evaluating precision
Repeatability Intermediate precision
Sample Mean” 57 RO CRD: sip)) RDir) CRDiq)"
)" (%) (%) (%) %)” (%) (%)
W-P20s Compound fertilizer 1.19 0.01 0.5 2.0 0.01 0.5 3.5
Specified mixed fertilizer 13.77 0.03 0.2 1.5 0.06 0.5 2.5
W-Ko0 Compound fertilizer 19.67 0.09 0.5 1.5 0.15 0.7 2.5
Specified mixed fertilizer 6.50 0.07 1.1 2.0 0.07 1.1 3.5
W-MnO Compound fertilizer 0.226  0.002 1.0 3.0 0.004 1.7 4.5
Mixed micronutrients fertilizer — 3.57 0.03 0.7 2.0 0.05 1.5 3.5

a) Mean value (n = Sample number of parallel test (2) x Number of Test days (7))
b) Mass fraction
¢) Repeatability standard deviation
d) Repeatability relative standard deviation
e) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers
f) Intermediate standard deviation
g) Intermediate relative standard deviation
h) Criteria of intermediate precision (intermediate relative standard deviation)
shown in Testing Methods for Fertilizers
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4. F&&H

T2 AR D K EEPED AUBR, AR RN B R OVKIEME~ o AT DN T, TEAEREOHEE Wi 5
FEZOWTHRLIZED A, IROEFYE—BRE O S PR O 720 O i 3258 BAELN -,

(1) FKEEMED AR (W-P20s) , IKEEHEINE (W-K20) & OKEENE~ > 77 (W-MnO) (22U To BT FEEE 12
R RWT, b TEREKERIRVIE S Z Wi E L RIEOREMEA L L7224, KEMEY AR
(W-P,0s) D [al) 2 K OHBEIFRET y=-0.041+0.999x K T} r=1.000, /KIEHNNE (W-K20) 13 y=0.022+1.001x
T ¥ 1=1.000, K¥EME~2 772 (W-MnO) IF y=-0.009+1.011x, r=1.000 THY, Wb IEEHERER L IORE
NTWLEEFHOHESEFEPIN THho7-.

(2) ABRAEEE, 1R A o 23R B K OV E Bl A NEEHZ DU TRE D AR (W-P20s) , K EEMEIN B
(W-K20) K ORI~ 7 (W-MnO) % 2 ST CTHEZE T 7 BB E FREL =LA, {LRIEEO KR
PED AR (W-P20s) D FEIEITE 575 1.19 % T, FHTHMERER 21T 0.5 %, PRAHMREER 2L 0.5 % T
otz o, TR A IREIO KIEMED AR (W-P0s) O SEEMEITE B0 13.77 % T, O THIRHMEAER 21
0.2 %, TRIFARHEERZET 0.5 % Tho7o. (LRALEO/KEPENNE (W-K20) OSFEIEITE #5723 19.67 %
T, PMTHXHEERZEL 0.5 %, TRIFESHEERZIL 0.7 % Tholz. £z, FEERLE RO KM B
(W-K20) OSFEEEITE 8575 6.50 % C, PHTHRHMEERZET 1.1 %, THEEHEERZIL 1.1 % Th-o7z.
{ERNEEF DK EENE~ 2 7T (W-MnO) DO F-EIEITE 53R 0.226 % T, PHTHRERZE 1.0 %, THHE
EHENR L 1.7 % Tholz. Fio, BAMEERIEEIOKEME~ AT (W-MnO) O F-EIEITE &5 %
3.57 %C, PHTHRHENEMR 1T 0.7 %, FRFXHEMER 21E 1.5 % THY, WIFNbIERFSERBRIEV RS
TWVHRE BT O HELEHEFH N T o7z

X B
1) FSEATBOE N EMOKPEE B 22 2z 2 — (FAMIC) : RS ERE (2016)

<http://www.famic.go.jp/ffis/fert/obj/shikenho_2016.pdf>
2) JEMOKPER RZEBRBLBANIIFERT : I AT (1992 Ji) , ARKRRRE Hh 2, O (1992)
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Extraction method for the water-soluble principal ingredientsin the solid fertilizer
using a gener al-pur pose equipment

Shinji KAWAGUCHI!

"Food and Agricultural Materials Inspection Center, Nagoya Regional Center

(Now) Kobe Regional Center

The Japanese Official Methods of Analysis of Fertilizer provides several extraction methods using the upside
down rotary shaker for the determination of water-soluble and citrate soluble components in fertilizers. However,
these extraction methods are only used in the analytical methods for fertilizer. In addition, the upside down rotary
shaker is a custom order apparatus. Therefore it is needed not to use it in the extraction methods for those
components in fertilizer. This study describes development and validation of extraction method for the
water-soluble principal ingredients in the solid fertilizer using the vertical reciprocating shaker. The values of
W-P,0s5, W-KbO and W-MnO measured in 12 analytical samples by extraction method using a vertical
reciprocating shaker were compared with ones using an upside down rotary shaker. The former values were
achieved and correlated highly with the latter values (Line of regression and correlation coefficient; W-P,Os
(y=-0.041+0.999x, r=1.000), W-K,0 (y=0.022+1.001x%, r=1.000), W-MnO (y=0.009+1.011x, r=1.000)). W-P,Os,
W-K,0 and W-MnO were conducted a duplicate test per 7 test days using two analytical samples of solid
fertilizers respectively. As the result, total mean values (mass fraction) of W-P,Os were 1.19 % and 13.77 %, the
repeatability relative standard deviation (RSD;) were 0.5 % and 0.2 %, and intermediate relative standard
deviation (RDy) 0.5 % and 0.5 %, respectively. Total mean values (mass fraction) of W-K>O were 19.67 % and
6.50 %, RSD; were 0.5 % and 1.1 %, RSDy were 0.7 % and 1.1 %, respectively. Total mean values (mass fraction)
of W-MnO were 0.226 % and 3.57 %, RSD; 1.0 % and 0.7 %, RSy 1.7 % and 1.5 %, respectively. These results
were satisfied for the criteria shown in the Testing Methods for Fertilizers. This extraction method is valid for the

determination of the water-soluble principal ingredients in the solid fertilizer.

Key words  vertical reciprocating shaker, water-soluble principal ingredients, solid fertilizer, single-laboratory

method validation

(Research Report of Fertilizer, 10, 1~8, 2017)



