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F—T—K ICP RS, <R, A

1. [ZL®IZ

PES, BB ERRSY DT, BB 7L — KF W :, Wk Y B s, Rk (LLF, T4
FIEL D 1oL ) ORI DE T IEDSIEE S HTEY B OEEHERBIED I WS TE L TR, S0
AL S OB 722 EBLR N DFE R 7T X~ F 653 i 2 & (ICP-OES) % JAVW e — & o AL D BA % K&
OZEHOMEENEENTET. BB O M E ZRIET 57 TS Tl 2 &, A%y, 7AhY
STEDRHESNTRY, ZOIBLHE NI ITRMAKPER &Ry TRIVEMR Sy, MR K OUKTEME RSy
TREN TNV, BVAEME TR M OWIEME R IEZ OERIEN RS R THRESNTWDZEND, T
ITEUE NEMOKPEE T 2 2B #— (LR, TFAMIC) &), ) TIEABREHR (B, H0R) K& O
J7IERNZ ICP-OES Z& W RIRF AT IEDNRR R4 52L& LT, BEIZ, ICP-OES {EIZRLDAR TR R DK
VA ROy K O s BLIR A 2 E DWW CH ISR L — SRR E O R Y R A RS> LT
1Y, IEEHERBRIE I ST 5.

Alalk, <EMEFERRD (LU, <MY ARRIXIC-P0s ), <IEMHEMEIZIC-K0), <EMEEEIXIC-MgO ],
M~ ATAXIC-MnO |, <EPEFIFEITTC-B20s) V). ) ZIERIELRFRICS A VBRI CHIHIL, £ D
HHHRIZ DWW T (ICP-OES) 2 W e —F B E Mt LIc D TE ORE RawmE ¥ 5.

2. MERUVAE

1) SrARM

(1) yicim e

AL CODEEIEEHZDOWT, <EEMERLST O & Db 0 13 A FH40 5 O L0 A BRAEEL, LA,
FRER 2= A IR, SESVNT W EREIEEL, IR G HERE A IEEL, IBEVAMBILE:, BIGEA ICEL, Bla ik,
RIPEA A EE, BIPED ARRIEEL, AHALAAEEL, KR ABE K OME E B A AEL 2 Ve, BUBHZ DWW T,
HBAZ 500 pm DOAZY— % @i 32 FTHIFEL 7 (FESUNTOERE IR OYE R AEIZ DWW TR, IRENR
JVTEHRELTZ#, 212 pm D550 A @R LTZ) b OZ BRI .

(2) FRELEE)

TANENN R OB OB & 7= > Tld Table 1 IR LIZREL R EL THWE. Bk oa B T 55
BEEL T, C-Py0s XV BE/KTE MU A, C-K0 (3 LYY L, C-MgO 1 IKEEE~ 7 32w LUK,
MnO (ZFEEEE~ B (1) AR, B2Os 1ZIUNESEE TN D ARz iR A LTz, SHICE R MMEE DR
2725901, M7 o E=U LR OAI/a— 2B E T HZE TR ZIT 7o, ZNBREIDOS S, Fifg~ 27 %

UARSTATEOE N BMOKEEN B e ettty 24—t Ao 2 — () IREEN 2
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2 KUK F B OB~ > 7 (D) PUK R JIS MK I E S COBIRIE NN 2D, SEHIE
99.0 % LA ECRUEEF PR L — R OBUSZRAET Db 0% FVy, ZTOMOJFUEHT JIS B ICHES T
D H Rk A A LT, 2R ODJFEHIREN VI TH#EL, HBIE 500 pm D55\ a2l 7cb0x A, 1
BOREIZRDIIRIZF L ARSI AN TIKRA L. £, ARLZREHZ SO TUIR) =F L RN
U, Wi 2E T v — 2N THRELE.

2B, FEMEORAEIS KO C-P20s, C-Ky0, C-MgO, C-MnO K U} C-B203 D4 %45 OB &4y =K1 % Table
2 ISR A KF D LBV TH L.

Table 1 Properties of material (% (mass fraction))

C-P205” C-K20” C-MgO” C-MnO” C-B.05”

QMmO aw »

Disodium hydrogen phosphate (Na2HPO4) 49.99

Potassium chloride (KCI) 63.18

Magnesium acetate tetrahydrate ((CH;COQO)2Mg+4H:0) 18.81

Manganese(11) acetate tetrahydrate ((CH;COO)2Mn+4H.0) 28.94

Sodium tetraborate decahydrate (Na2B4O7-10H20) 36.51
Ammonium sulfate - - - - -
Sucrose - - - - -

a) Theoretical value

Table 2 The preparation of analytical samples (% (mass fraction))
No. of The mixing ratio of the materials” Citrate soluble componentc)

Samplesa) A B C D E F G C-P205 C-K2O C-MgO C-MnO C-B:03

1 100.00 49.99

2 100.00 63.18

3 100.0 18.81

4 100.0 28.94

5 100.00 36.51

6 29.03 22.58 48.39 14.51 14.27 9.10

7 15.28 11.88 25.47 23.68 23.68 7.64 751 479

8 342 2.66 5.69 44.12 44.12 .71  1.68 1.07

9 55.56 44.44 16.08 16.23

10 18.52 14.81 33.33 33.33 536 541

11 6.17 494 4444 4444 1.79  1.80

12 206 1.65 48.15 48.15 0.595 0.601

13 0.521 49.74 49.74 0.260

14 0.521 49.74 49.74 0.329

15 1.23 49.38 49.38 0.232

a) Number of analytical samples

b)
c)

These are materials which are shown in table 1
Citrate soluble component (P20s, K20, MgO, MnO, B:03)
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2) EEFOHAR

(1) VAAEHERR (P 10 mg/mL) : Y AAZER (P: 10 mg/mL) (SIGMA-ALDRICH ; TraceCERT)

(2) VD LEEHERR (K 1 mg/mL) @ VD LEAERK (K: 1000 pg/mL) (FIOEAIHK T3 ;JCSS)

(3) w7 AU LEAER (Mg 1 mg/mL) : <7 R AMEHERR (Mg: 1000 pg/mL) (FiYEAfi T3 JCSS)

(4) ~U A AFYER (Mn 1 mg/mL) © ~ > AEHERR (Mn: 1000 pg/mL) (FIOGAi3E T3 ,;JCSS)

(5) 1ZHFMEMENR (B 1 mg/mL) : 1FHFAEAERK (B:1000 pg/mL) (FEffidE L3 ;JCSS)

(6) IRGHEAENL: (1)~ (5) DIEMERZAEHEFRE L, KIEMEFRZ IR A - AR L TRAIEHER (P 200
pg/mL, K 200 pg/mL, Mg 20 pg/mL, Mn 10 pg/mL % U8B 10 pg/mL) Z3f#L 7=, F72, ZORAGEERER 2 A7
TRU, RS (1423) 725 K00 B RS (145) Z N2 TR R IR A e 2 i L L 7=

(7) JK: ERKRELE (MILLIPORE % Milli-Q Element A-10) % H\WCHRLL 72K (LLERBUHE 18
MQcm L b)) ZfEH L.

(8) HaFE: JIS K 8180 (ZHLE T 23k 3E (Ft Al 13 K& /ot ) &l JH L 7=

(9) <ZABBERWE: JIS K 8283 (ZHIE T DA A —/KFiM 20 g Z/KIZEE/ LT 1000 mL LL7=.

(10) VAMEAKFE ZF v JISK 9020 (ZHUE T Dl (Fotplisk T35y SRR 2 A L7z

(11) LAY L JISK 8121 (ZHLE T 2R3 (Fnyalik T 365 U RRI) 26 L 7=

(12) Mg~ 7 XD LMUKFM: FOCHISE T3, SEMEE 99.0 %Ll EORFEE L.

(13) FEfg~> A (1) UK . Foeslisk T2em, SRERMIE 99.0 % ld LR SRA i A L=

(14) TNIOEEFT NI A+-7KFnd . JIS K 8866 (ZHLE T 253K (Fnoeflisk T3 SRR 2 fE L7,

(15) W7 =0 L JISK 8960 |ZHIE 3 HaR3E (Rt T35 S RpR) 2 H L 7=

(16) AZ7m—: JIS K 8383 |ZHLE 3 2IA5F 0 it B DR (Frole i T2 ; B #k) 24 L7z,

3) EERURE

(1) ICP F&Jesy M/ irdsiE (ICP-OES) : B RERT ICPS-8100 (BE 7 M@l =X, v —rr vy sy
)

(2) fEiE E A R IR R

(3) K BRLELEE . Milli-Q Element A-10 Elix UV5

(4) 2ET7IAa

(5) 2EE~uh

(6) AHK3HE

4) aWAE

SHTEREE 1 g % 1 mg OHTETITWED, 27T 22 250 mL I AL, #30 °C IZHHE L7- < 2 ABRIATR
150 mL /1%, 30~40 [Fl#5,7 45 (30 °Cx1 °C) T 1 RFEHRVIEE 7o, M0onIcm AL, ERETKEMZ, 5
MIFECTABLT. ARO—EEEROL2ETT A2 100 mL 128D, HFE (145) 25 mL 212 TK CTERLZL
DEREHATRE LTz, EHAT % ICP-OES (23 AL, Table 3 OHIEHE> O CRMELRIE L. £/=, 1B
AR A FARICE L TN B LY, 3B O<EME Ty O & A &aFH H L. 723, ICP-OES
D3N 7 a—3—hk% Scheme 1 K T Scheme 2 I1Z/”L7=.

e, FIEMHEICEDEEOFMIZIE, Fl—D A (Scheme 1) 76— E &AL, £4Z 41 Scheme 3.1
~ Scheme 3.4 | RLTEERIEIZRY T &7 7.
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1 g analytical sample | Weight to the order of 1 mg into a 250-mL volumetric flask

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

Constant-temperature rotary shaker

Shaking to mix . .
(30 - 40 revolutions/min), 30 °C + 1 °C, for 1 hour

I
| Cooling |

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
I

| Sample solution |

Scheme 1 The flow sheet of extraction procedure using constant-temperature rotary shaker

| Sample solution |

Ali(lluot
(predetermined volume)
<—Add 25 mL of hydrochloric acid (1+5)
<—Water (up to the markde line)
| ICP-OES |
Scheme 2 Flow sheet of measurement procedure using ICP-OES for C-P,0s, C-K,0, C-MgO,

C-MnO and C-B,Os in solid fertilizer

100-mL volumetric flask

Table 3  Analysis wavelength

Element Wavelength (nm)
P 178.287
K 766.491
Mg 279.553
Mn 257.610

B 249.773
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| Sample solution

Aliquot
(predetermined volume)

100-mL volumetric flask

< Citric acid solution, until it reaches the equivalents of 17 mL
< 4 mL of nitric acid (1+1)

| Heating

| Boiling

Cooling

< A proper amount of water
< 20 mL of coloring reagent solution
< Water (up to the marked line)

| Leaving at rest

| For about 30 minutes

| Measurement

| Spectrophotometer (420 nm)

Scheme 3-1 The flow sheet of measurement procedure using spectrophotometer for C-P,Os

| Sample solution

Aliquot
(predetermined volume)

100-mL tall beaker

< 3 mL of hydrochloric acid

< 1 mL of nitric acid

| Mixing

Heating

Cover with a watch glass, heat on a hot plate at 200 °C-250 °C,
condense until the solution volume reaches about 2 mL

Cooling

Transfer

100-mL volumetric flask, water (solution volume is up to
about 50 mL)

< Citric acid solution, until the equivalent of 17 mL
< 2 mL of nitric acid (1+1)

< 20 mL of coloring reagent solution

< Water (up to the marked line)

| Leaving at rest

| For about 30 minutes

| Measurement

| Spectrophotometer (420 nm)

Scheme 3-2 The flow sheet of measurement procedure using spectrophotometer for C-P,Os

in fertilizer containing phosphite
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| Sample solution |

I
Aliquot
(predetermined volume)

100-mL volumetric flask

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

| Measurement | Atomic absorption spectrometer

Scheme 3-3 The flow sheet of measurement procedure using atomic absorption spectrometer
for C-K,0,C-MgO and C-MnO

| Sample solution |

|
Aliquot
(predetermined volume)

100-mL volumetric flask

< Citric acid solution, until it reaches the equivalents of 15 mL
< 25 mL of ethylenediamine tetraacetate solution

< 10 mL of ammonium asetate solution

< 10 mL of azomethine-H solution

< Water (up to the marked line)

| Leaving at rest | For about 2 hours

| Measurement | Spectrophotometer (415 nm)

Scheme 3-4 The flow sheet of measurement procedure using spectrophotometer for C-B,0;

3. BWRRUER

1) FAEMLBIZXSEEDFE

(1) PERIEEARTED L

WERAEEARIED SIHTED AT T2, PERIEDIHTIEEL T, C-P20s 1IN REVT T URET o E=D L
W ESERE T 33 48, C-KaO 17 L —AJFR W OGIET 17 4, C-MgO 137 L — AR - 675 T 26 A%, C-MnO
X7 — LA WOIET 16 45, C-B03 (X7 AF > HIET 14 SO EIT-72.

AR 53 DUERIE e OARIED 3 EIZ 31T D EUR EHR % 1N95 % T X OFHBIIX % Fig. 1 ITRLTz. Fiz,
95 %IEHEXMOMEE (b), U154 (a) X ONElfE RO FHBIFRE (r) & Table 4 |ZRU7z. ERHERBRIE D 224 4
TERRIT D FYETIX, BHE (b) D 95 %IEHEXENIC 1 283G T, Ylh (@) X FEXMICE £ (0) 285 Fi, 224
REMRH(r) 130.99 DL EZAHELEL TR, C-P,0s, C-K20, C-MgO } (XC-MnO 1%, 6T _RTORUEA /=L
Tz, —J5, C-Ba0s 1T E (b) Jo OFHBIFREL () 1T ZEHEA7- L Cu=ns, B R (@) IZJF AL (0) N EEh TR
O HELE L E A - XA R Lo T
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35 r
50 | C-PIOS 30 C'KZO
y=1.001x-0.003 y = 1.003x - 0.006
40 r=1.000 =25 r=1.000
S S
% 30 /-4 T
3 2 s
o L
S 20 =
10 |
10 s |
0 L L 1 L L 0 -". I 1 I I I I J
0 10 20 30 40 50 0 5 10 15 20 25 30 35
Absorptiometry (%) Atomic absorption spectrometry (%)
2.0
20 C-MgO
A C-MnO
y=1.0124x + 0.0271 _#
- r=0.9993 15 | y= 0:9_95?:01;J 8.002
S S T
> >
= =
Q 8 3 10
3 ®
4 0.5
0 4 8 12 16 0.0 0.5 1.0 1.5 2.0
Atomic absorption spectrometry (%) Atomic absorption spectrometry (%)
0.6
C-B,04
05 y=1.046x- 0.041 Fig.1 Comparison between ICP-OES and
r=0.993 conventional method
$£04
303 (%): mass fraction
:\Q Heavy line: Regression line
0.2 Dotted lines: Upper and Lower limit of 95 %
01 prediction interval
‘ Thin line: y=X
0.0

00 01 02 03 04 05 06
Absorptiometry (%)
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Table 4 The 95 % confidence interval and correlation coefficient of the regression line

in between ICP-OES and conventional method

95 % confidence interval correlation
inclination (b) ntercept (&) coefficient (1)
C-P20s 0992 ~ 1.01 -0.155  ~  0.150 1.000
C-K0 0.990 ~ 1.02 -0.192 ~  0.181 0.999
C-MgO 0.997 ~ 1.03 -0.064 ~ 0.119 0.999
C-MnO 0.990 ~ 1.01 -0.005 ~ 0.008 0.999
C-B:0Os 0.967 ~ 1.12 -0.064 ~ -0.016 0.992

(2) C-B20s D HTED HHZIZ-DUNT

RTTEIZRULTZEBY, T AT HIEEAREO I CIE, ERFERRBRIEOHEREL QDR BE 0 LA 7= X7
WE R EZe o7z, LinL, BUE, IERHERRBRIE NGRSV TUD C-Bo0s DT Y AT HiEX, Al O AR
HHERE AL TOTZA, C-P0s D/ T REVT T UBRT =0 AWROE N EEIED IOIE M R IC LD L
TR ORI E A IET 5 ISR HAESITES T, C-B0s OOHHENEEERLIELE 2 HID
(ZF LU LAEE 3 oA Fig2 IZRLT-. ).

ZZC, Table SIZTRLTZ HiEEAToTo. T72bh, HEROT Y AF U HIETHROLNIZWRIEE %, DT
VAF 2 H EMZIRONTHIE LB O EE THIEL, £ 2B 0N T EARED I HHE D il a1 T-
7= (FHE LT =T AF > HIEOWNE — (7 AF > H ZIRINLZ2 T2 5 OWOEE — (mF Loy
T UEEE K OFEER T B =T DOIRGIRDOWICEE) ) . £ Dk F, % (b) 0.956~1.04, 81/ (a)-0.019~
0.005, [FUFELAROAHBIFREL () 1X 0.997 £720, RERMEZERIE D 2 4 VERER OHESE e A 7= T R Lo o7,
7%, [AURERRE 95% Tl X X DFH BAX % Fig.3 12, 95 %fEHE X MBI 5 X (b), Yl (a) L ONAFE
RO BIFREL (r) % Table 6 (2R L7=.

ARl HEORRZHGR T 5780, FEOMFHIA W iBIEEL 5 14 [ W TE DR AR L= &
25, AN EENTWDE, Atk O X ALK E AL TODHEm A RN, £z, BiEEAEHD
FERMND, WEROTY AF L HIEE, SZABIMBRDBEGL TOTESE, (B0 5L THONMEDOREEZTT
M, TYAF Y HIEOFTLELIZ DWW THIT 2 EE BRI T BN HH LR ST,
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Fig.2 Citrate solution extract of chemical fertilizer

Table 5 Correction of absorptiometry (conventional method) for C-B,O;?

Method for finding absorbance

Conventional

Element b) Correction value” Reagent mixture’’ Standard solution”
method
Sample solution O O - -
Standard solution of O
B:0O; i ) )
Citrate solution
(Equivalent to 15 mL) O O O O
EDTA O O O O
Ammoniurr} acetate o o o o
Solution
Azomethin H O - - O
Distilled water
(filled up) O O O O

a) Correction absorbance of conventional method =b - (c - d). Obtain the result from the corrected absorbance.
b) Azomethin-H method

¢) Measurement value without addition of azomethine H

d) Measurement value without addition of sample solution and azomethine H

e) Including B.Os equivalent to 0-1 mg. Zero point correction is Including B:Os equivalent to 0 mg.
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0.6

C-B,0;

05 F  1=0.998¢-0.007
r=0.998

ICP-OES (%)
o N
(9 ~

S
o

S
—

00 01 02 03 04 05 06

Absorptiometry with correction (%)

Fig.3 Comparison between ICP-OES and Correction methods
of conventional method with correction

%: mass fraction

Table 6 The 95 % confidence interval and correlation coefficient of the regression linein between

ICP-OES and conventional method or correction method of conventional method

The 95 % confidence interval Correlation
C-B:0s Inclination () Intercept (a) coefficient (7)
Conventional method 0.967 ~ 1.12 -0.064 ~ -0.016 0.992
Correction method of - o504 o0 019 0.005 0.997

conventional method

2) FRHAMICLIEEDE

ARIEOEE 2GR 572, Table 2 ORERM 1~F B 15 1220 T 3 BT CHMT&iTo72. C-P0s 1
0.260 %~49.99 %D FHTEIULEIL 96.3 %~101 %, C-K20 1% 0.329 %~63.18 % D%t T 98.0 %
~100 %, C-MgO % 0.232 %~18.81 % D% & ClEIUL T 94.9 %~103 %, C-MnO [ 0.595 %~28.94 % D%
FHCIEI SR 98.5 %~106 %, C-B203 1% 0.601 %~36.51 %Dt TEIULEE 97.0 %~102 % Th-o7z. fERLL

ECOMSY, BTORFHREIZBWT, JERERBREDN RL TODEEE (BUE) O B AR Z72L Tz,

7%, Aoy DREHE, IEDO-LIE, BIER K& OE AR MR 721E Table 7 127R LTz,

1) ) CUWOLEAMHELTZT Y AF v H IEEARED B CITFABE O BB RS-, £/, REOFHRE
Bha - N ENNGRER O R Clk, SR, B & OFAHE AR 22 A 2 o T2 280D, ARVEI
C-B0; DT N A RE CTHAH LWL 7=,
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Table 7 Result of recovery test

No. of  Citrate soluble Criteria of

Element 2) be  Mean Valueb)d) Mean recovery RSD rc) f
sample” component the truness
1 49.99 50.40 101 1.35 98~102
6 14.51 14.36 98.9 0.97 97~103
C-P20:s 7 7.64 7.42 97.2 1.49 96~104
8 1.71 1.69 98.7 1.13 96~104
13 0.260 0.251 96.3 0.51 94~106
2 63.18 63.02 99.8 1.22 98~102
6 14.27 14.09 98.7 1.49 97~103
C-K20 7 7.51 7.42 98.8 0.94 96~104
8 1.68 1.65 98.0 0.90 96~104
14 0.329 0.330 100 2.81 94~106
3 18.81 18.80 99.9 2.50 97~103
6 9.10 8.93 98.2 1.02 97~103
C-MgO 7 4.79 4.60 96.1 1.03 96~104
8 1.07 1.10 103 5.14 96~104
15 0.232 0.220 94.9 1.17 94~106
4 28.94 28.49 98.5 0.28 98~102
9 16.08 16.26 101 2.22 97~103
C-MnO 10 5.36 5.57 104 0.23 96~104
11 1.79 1.78 99.5 2.15 96~104
12 0.595 0.628 106 2.27 94~106
5 36.51 37.52 102 0.85 98~102
9 16.23 16.27 100 1.34 97~103
C-B:0s 10 5.41 5.50 102 3.35 96~104
11 1.80 1.81 101 3.02 96~104
12 0.601 0.583 97.0 2.82 94~106

a) Number of analytical samples

b) Mass fraction

c¢) Citrate soluble component

d) Mean Value (n=3)

e) Repeatability relative standard deviton

f) Criteria of trueness (recovery) shown in Testing Methods of Fertilizers

3) GHTHREERUSMEFEEDFH

DHTREEE e OV P TS BE 2 e 9~ 720, ALAIEEL K O A IEEHZ DWW, £y 2 APMTCRICHEZE
ZC 7 AMAEC LR B E LT, G578 B Table 8 (TRLTZ. EBIT, ZOREENDL—TThALE /K
SIMTEAT > TRV O TR EE K OV RS B2 A Table 9 (2R LTz,

{ERARELD C-P,0s, C-K20, C-MgO, C-MnO & OF C-B,03 D MBI E #5535 20.90 %, 16.17 %, 1.66 %,
0.54 %K% 11 0.38 %, B TAIGHEHEMR 2215 0.6 %, 0.8 %, 1.6 %, 2.3 %KL TN 1.9 %, M RME R 2T 0.9 %,
1.0 %, 1.8 %, 3.1 %X 3.1 % ThoTz. £, BEAEED C-P,0s, C-K,0, C-MgO, C-MnO & O* C-B,03 D
BT E S5 6.44 %, 4.42 %, 8.41 %, 0.09 %I T 0.08 %, P TAIHEMERZ21% 0.9 %, 1.0 %, 1.1 %,
1.9 %N 4.2 %, FEMAMHEHERZET 1.0 %, 1.6 %, 1.1 %, 2.4 %KL 7.5% CThotz. WTHORE RS EE
BB ORI TO DI TR K O RIRE FE 0 B & XL O P LN T o7z,
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Table 8 Repeatability test results on different (%o(mass fraction))
Test d
Sample Element oy
1 2 3 4 5 6 7
C.P,0 20.76 20.80 21.08 20.95 20.84 20.81 21.18
-P20s
20.88 20.79 21.18 20.52 20.88 20.93 21.04
C-K:0 16.13 16.27 16.28 16.03 16.09 16.08 16.21
16.38 16.04 16.32 15.83 16.35 16.08 16.25
Chemical 1.66 1.67 1.65 1.69 1.66 1.69 1.68
o C-MgO
fertilizer 1.68 1.64 1.68 1.67 1.57 1.66 1.68
C-MnO 0.550 0.523 0.576 0.556 0.536 0.561 0.535
0.535 0.538 0.555 0.556 0.513 0.535 0.539
C-B.0O 0.373 0.382 0.370 0.384 0.377 0.384 0.358
-B203
0.374 0.402 0.380 0.383 0.363 0.378 0.361
6.51 6.51 6.41 6.39 6.37 6.41 6.44
C-P20s
6.36 6.54 6.44 6.51 6.35 6.46 6.47
C-K:0 4.37 4.49 4.34 4.41 4.37 4.37 4.47
4.32 4.50 4.44 4.43 4.45 4.42 4.49
Compound 8.48 8.65 8.36 8.52 8.42 8.37 8.32
. C-MgO
fertilizer 8.35 8.36 8.34 8.51 8.34 8.31 8.39
C-MnO 0.0883 0.0884  0.0907  0.0932  0.0895 0.0883 0.0884
0.0849  0.0916  0.0921 0.0897  0.0881 0.0883 0.0878
C-B.O 0.0808  0.0800  0.0665 0.0737  0.0734  0.0745 0.0802
-B203
0.0719  0.0827  0.0696  0.0733 0.0712  0.0757  0.0863
Table 9 Repeatability and intermediate precision
Total Repeatability Intermediate precision
a) c e
Sample Element ~ mean s  RD CR®D, sy R CRD )"
%) (%) (%) (%) %) (%) (%)
C-P20s 20.90 0.13 0.6 1.5 0.18 0.9 2.5
. C-K20 16.17 0.13 0.8 1.5 0.15 1.0 2.5
Chemical
fertilizer C-MgO 1.66 0.03 1.6 2 0.03 1.8 3.5
C-MnO 0.54 0.01 2.3 3 0.02 3.1 4.5
C-B:0s 0.38 0.007 1.9 3 0.01 3.1 4.5
C-P20s 6.44 0.06 0.9 2 0.06 1.0 3.5
C-K:0 4.42 0.04 1.0 2 0.04 1.6 3.5
Compound
" C-MgO 8.41 0.09 1.1 2 0.10 1.1 3.5
fertilizer
C-MnO 0.09 0.002 1.9 4 0.002 2.4 6.5
C-B:03 0.08 0.003 4.2 4 0.006 7.5 6.5

a) N=14 (2 repetitionx7 days)

b) Mass fraction

c¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of repeatability relative standard deviation
f) Intermediate standard deviation

g) Intermediate relative standard deviation

h) Criteria of intermediate relative standard deviation



26 JEBHMFZE R Vol 11 (2018)

4) EETRFOHETE

JEEFD A EBSZIBNT, BLA B OE A T _XEEM D O/ MR, EMEVARER, <EMINE RO
TPETE 0T 1.0 %, <M~ T R OKEEEIZHFE T 0.005 %EEHHIVTS. £z, IREHERBRIEICB T,
R PRI EEE R OEFR/NED 1/5 LR THIZEMERSN TV, ZNOEBEZIZTER T
FROHEEEAT 72

Table 2 (Z/RU7ZFHBLEREL DS D, C-P,0s I35 BR AL 13 GREHE E &7 0.260 %), C-KoO L3R4 14 (GX
FHE 573 0.329 %), C-MgO [FalBR M 15 GREHME B &590.232 %) Z T 7 S0 T Tkl a FE L
E ' NROHEEEIT>T-. —J7, C-MnO KR C-B20s (X HARET2E & FIRAS 0.001 %&E720, HFEEL S TR
B a5 22 LSRR LG, FIEM BB OBEHI AW O S, b o EOR > 72kl &
M2 T 7 SO0 TRBRICE D E &’ T RO EEIT-T-.

Ty, HTRBRICEV RO SITAEHER 2200, E & FRRIT EAER 22) x 10, F72, Bt FHRIE (1
ff72) x2xt(n-1,0.05) Z W TR L7, ZOFER, C-P,0s D7E & FFRIZ 0.01 %FEEE, it FERIX 0.005 %2
FE, C-Ko0 D7E R TRRIE 0.09 %FEfE, #iH FIRIZ 0.04 %FEfE, C-MgO D7 & FRRIE 0.03 %, #it IR
1% 0.01 %FEEE, C-MnO DJE & FRIE 0.01 %, #H TR 0.004 %, C-B20s DE R FIRIZ 0.01 %F2RE, fih
BRI 0.005 %R LHEE ST,

BAET AL CODELE BB e/ MRGERL 5y L, 4 [EIHEE ST & T IR M O TR bl s
7ol A, C-P,0s, C-KoO M TN C-MgO (2D TIdd/ MRARER 3 B D 1/5 LA THY, AJEO H13 5
ARECHLIENER TE T2, —J7, C-MnO KT C-Bo03 12 DWW Tl /MR /0 B & B CTEDIFEDE R
TIRITMER TEAe o7y, B &5y B CTOMRGER 7 &)Y, C-MnO KON C-B203 EHIZ 0.01 %LL ETHIVEA
EICEDERNTTRET, 1, /IMEIEAS D 0.005 % ThH-o72 AL, RIEICIVMHEATTRETHHE
HIWTLT-. 7238, FEBRITOUW T Table 10 1R LT-.

Table 10  Estimation of the lower limit of quantitation (LOQ)

Content  Mean" s’ LoQ” Lop?

Elemnt Sample %) %) %) %) %)
C-P2Os  Analytical sample No.13 0.260 0.251 0.001 0.01 0.005
C-K2O  Analytical sample No.14 0.329 0.330 0.009 0.09 0.04
C-MgO  Analytical sample No.15 0.232 0.220 0.003 0.03 0.01
C-MnO Compound fertilizer - 0.0868 0.001 0.01 0.004
C-B:0s Compound fertilizer - 0.0802 0.001 0.01 0.005

a) Mean value of the parallel test (n=7)

b) Repeatabillity standared deviation

c¢) Lower limit of quantitation (LOQ = s;x 10)

d) Lower limit of detection(LOQ = s;x 2 x t(n-1,0.05))

4. FEH

ICP-OES (Z &5 BETENEE T O <EEPERL ST Do HTEELRFIL T2 25, IROFKE Rz FFHT.

(1) HFICHIEL TWDEEAEI DS, C-P0s ZRAET ZALEHT 33 &, [FERIC C-K0 1 17 &, C-MgO
1326 /5, C-MnO 1% 16 A%, C-B20s (% 14 S0 EE AV, fERIEEARIED L EFT -T2, DI E D H
JEE MR T D72, 95 % EHEHIXEOM X (b), G17 (a) & ONElFEAR O BAFREL (r) 23k 7-&25, C-P20s,
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C-K>0, C-MgO KT C-MnO 1%, AEEHERRERIEIZE D HDHEGEILUEAG - L, fERIEEARIEDRIZIR AR
RHbITZ. — 7, C-B203 13 95 % EHEXHNITIF A (0) 238 Fh T HELE L AR 7o SRR R & 7R o 72,

(2) C-B203 DAFHTITHNWT, JEEHERBR LTI DT AF - H IETEON T EE, SR DT %
F U HAEMZ IRV TRE LTZBEOWSLE CHITEL, £ OHMEMEN O R CHRLN T EEARED 3 HTEE O
W E T o7 ZORER, X (b)0.956~1.04, Y157 (a)-0.019~0.005, [A1FEAROFHBILEEL (1) 130.997 L7200,
RERFEFRBR D TE 0 5 2 Y VEMERR D HELE R 2 7= 3 R T o T

(3) IMEIGRERIZ LD EE MR DT, 5 FFADEEMERN G OWT NN E ENLEE G 7T 15 55
T EAT-T2E 25, TNENDRSy DIEILERIT C-P,0s 73 96.3 %~101 %, C-K20 73 98.0 %~100 %,
C-MgO 7% 94.9 %~103 %, C-MnO 73 98.5 %~106 %, C-B203 7% 97.0 %~102 %&72V, & TORSY K OG%E
TR CRE R BRIE O LA - 3 R L e o7

4) QFEOVQG)DFEFIZLY, AIEITED C-B0s DI3HT D EFE MRS T,

(5) PHTHEEE K OV HIRE EE AR 272, (LEIERE R O A AEEHZDOWT 2 ST CHAZ X T 7 |
WBRE EhiL7-L25, C-P,0s D F-EIMEITE &35 20.90 %% N 6.44 % T, P TAHRHEHER 21T 0.6 %M Y
0.9 %, FHIFAXHEER 7213 0.9 %% TN 1.0 %, C-Ko0 OFEEIEITE F53 5 16.17 %M N 4.42 %, DHTHIRHE
MR 0.8 %X TN 1.0 %, FREFHXERERZEIL 1.0 %X TN 1.6 %, C-MgO O F-EIHITE &35 1.66 %L Y
8.41 %, PHTAHEIERZIE 1.6 %M Y 1.1 %, RAEHEMER AL 1.8 %M T8 1.1 %, C-MnO O FEJfEIT
B ER0.54 %K% T00.09 %, D THAMERER 213 2.3 %% 009 %, R AME R T 3.1 %L 002.4 %,
C-B203 D FEITE 8573 0.38 %X T 0.08 %, DHATHXHERER AL 1.9 %K O 4.2 %, TR HEER 2
1331 %L UNT7.5 %E7e0, Wb IREFEGRBRIE RSV TOD DM TR EE (DM TAESHE HE(R 72) K OV R R
(h R eHE AR 72) O B ZLAN Tdh o7z

(6) ARIEIZBITDER FIRE O FRRIE, C-P20s i 0.01 %K% 0.005 %FEEE, C-Ko0 1X 0.09 % & Y
0.04 %FEEE, C-MgO 1% 0.03 %K% T* 0.01 %F2E, C-MnO 1% 0.01 %% T8 0.004 %, C-B20; 1% 0.01 %KX
0.005 % LHE E STz,

X m|

1) JEMOKPER B EBR BT EANAFTEET AR HTE (1992 4ERRD), B ARIEREMRER 2, L (1992)

2) MSTATBUE N EMOKEEE 2272 — (FAMIC) : R k3B E (2017)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2017.pdf>

3) AEBHEGRHERATS B0 25 4F 6 A 20 H, BB 198 =, AofEtEFAL 28 4F 3 A 24 H, BUmH 73
7 (2016)

4) JEAOKPER SR BRI T 5 55— 40 " ORE IS EMKIE RO E T 5600 K %%
FRET 20, W 5943 A 16 H, RMOKEAR &R 695 5, IAUOENR 1145 A 13 H, JEARKEE
B ERE 704 & (2009)

5) FHIIAEIICP FEH 5534 (ICP-OES) EIZ K DWRIR AL DK EME TR /3 DR E, IEEHF IR, 8,
1~8(2015)

6)  ILFES ICP F653 Y53 HT (ICP-OES) I XA AEEH D Zh R R BURHEM O &, AREHIF TR,
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Simultaneous Deter mination of Citrate-soluble Principal Ingredients (C-P.0s, C-K 20,
C-MgO, C-MnO and C-B203) in Fertilizer using Inductively Coupled Plasma-Optical
Emission Spectrometry (ICP-OES)

Shingo MATSUO!

"Food and Agricultural Materials Inspection Center, Kobe Regional Center

(Now) Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

A single-laboratory validation study was conducted for the simultaneous determination of citrate-soluble
principal ingredients (C-P,0s, C-K,0, C-MgO, C-MnO and C-B,03) in fertilizer products by inductively coupled
plasma-optical emission spectrometry (ICP-OES). The fertilizer was extracted with citrate solution. Hydrochloric
acid was added to the extract, diluted with water, and analyzed with ICP - OES. As a result of 3 replicate analysis
in 5 fertilizer samples prepared to contain with C-P,Os, C-K,O, C-MgO, C-MnO and C-B»Oj3 at 0.232 % ~
63.18 % (mass fraction), 0.260 % ~ 49.99 %, 0.329 % ~ 63.18 %, 0.232 % ~ 18.81 %, 0.595 % ~ 28.94 % and
0.601 % ~ 36.51 %, the mean recoveries were 96.3 % ~ 101 %, 98.0 % ~ 100 %, 94.9 % ~ 103 %, 98.5 % ~
106 % and 97.0 % ~ 102 %, respectively. Repeatability relative standard deviation of C-P,0s, C-K,O, C-MgO,
C-MnO and C-B,03 (RSDy) were 0.6 % ~ 0.9 %, 0.8 % ~ 1.0 %, 1.1 % ~ 1.6 %, 1.9 % ~ 2.3 % and 1.9 % ~ 4.2 %,
respectively. Intermediate relative standard deviation of C-P,0s, C-K>O, C-MgO, C-MnO and C-B,03 (RDyr))
were 0.9 % ~ 1.0 %, 1.0 % ~ 1.6 %, 1.1 % ~ 1.8 %, 2.4 % ~ 3.1 % and 3.1 % ~ 7.5 %, respectively. The limit of
quantitative value (LOQ) of were C-P,0s, C-K,0, C-MgO, C-MnO and C-B,03; were 0.01 %, 0.09 %, 0.03 %,
0.01 % and 0.01 %, respectively. Those results indicated that the developed method was valid for the analysis of

citrate-soluble principal ingredients in a fertilizer.
Keywords ICP-OES, citrate-soluble principal ingredients, fertilizer

(Research Report of Fertilizer, 11, 14~28, 2018)



