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1. [XEHIC

ek, IEBD TSy DA IR, B BNC T L — A W6 TR, W VR BIES DO RS
BIE T IED, IEEF AT D K OMERFERBRED LU CTHOWOTE . T4, oW O L & O k7
EDBLENOFHEEL T TR~ 3N (ICP-OES) & F\ 72— FF 1L D Bl % M O Z 4 P O TR
WEENTETz. OO B A RFET 5 E R ITESY T B R, A0 K OT VA5 5N BLES
WTEY, ZOIHLH NI ITIEMAKIER S RY TRIEER S, <MY R ORI TRENTH
5.

ICP-OES {£% W2 B /3 HHEIZ DUV T, 2011 ARSI TR ABE T O A HHEAR O/ HEY, 2015 4RI
R REAF R D AV TR ST DA HTIEY , 2016 AETHRIRAER R O 2 I BURHES D3 HTED, 2017 FZTFH
Y DOLHTEY, 2018 AR ALK O VEME RS DIIHTIEY KON 2019 AR AERFH O KA RSy
DIIHEIO N, 24 FAMIC 253 S, IREHERBIE IS T g.

ZZTAENE, IR D 0.5 mol/L FE FIiAME Ry OO B FIEEMEA K (BL T TS-CaO & ). ) K OV AT
H 1 (BUFTS-MgOJ &), ) Zxt5e L L C ICP-OES 1E~Dii 2 MFHLT=D T, TR REws 5.

2. MHERUEE

1) 2MTAER

(1) Jimpes:

FEL OB ETEILEHEIC W, AR AR I3 al iRt 25 A 95 19 AR 38 A (IHERT >
BT ARAEEE 1AL, AIKEFR 2 A, WOABRAIK 1, EIRVABEAIK 1 A, IRV AIE 1 88, IREABR
AEAE 3 80, PO EAEEN 1 AL, FESEE AN R 1 A5, fLEAEL 10 58, IREHEARE SR 1 A8, KR
ZANEEE 1 A, RERA AT LEEE 1 R, SESWITWERE LR 6 &, BaEKia= 7V —MoRIEE 1 &, K
FAAEE T AERE 1, N AR 1A, ARle CARE | A, RIS LAEEE 3 SR OB ER A IR | 1) %
Wz, SEHZ W TR, BBHE 500 pm O 5200 & 181845 E T AR AN K OFESWITWERE IEEHZ DWW
T 212 um) L 7=b D& H LT,

(2) FRELAEE

FATEAN AN ERER F K OVE & FRRHEE LT, Table 1 IR U725 (F7_C, JIS BUSITHES LTS
RHREFRR) 225, S-Ca0 K& TN S-MgO D45 %4373 Table 2 (IR UTARE DRI/ IS, 30BHE 5
212200V, FIEMEEICHEH L. 260 EHIALE OFRIZ, HBAE 500 pm O 5250 &#iE§5ET
ML, RV =F L AR AN TEIBA LIZOB RV EERITE S L, ohricfit T o2ETTr v r—#—NTHRE
L7-.

VOBRSEATEOE NEMOKEEH B LBt 2 —m e 2 —
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Table 1  Properties of material

a)
Materials Component
S-CaO S-MgO
Calcium Carbonate (CaCOs;) 56.03
Magnesium Oxide (MgO) 100.00

Potassium dihydrogen phosphate
Ammonium sulfate

mgOw >

Sucrose

a) Hydrochloric acid-soluble components (CaO and MgO), theoretical value,
mass fraction (%)

Table 2  The preparation of analytical samples

No. of The mixing ratio of the materials” Component”

samp]ea) A B C D E S-CaO S-MgO
1 100.00 56.03
2 100.00 100.00
3 66.67 33.33 37.35 33.33
4 3333 16.67 3333 833 833 18.68 16.67
5 11.67 6.67 31.67 25.00 25.00 6.54 6.67
6 333 1.67 31.67 31.67 31.67 1.87 1.67
7 038 0.25 33.13 33.13 33.13 0.210 0.250

a) Number of prepared sample
b) Materials shown in Table 1
¢) Designed value, mass fraction (%)

2) BEFORAH

(1) By DEEYERG : T3V 7 IEAERR (Ca: 1000 pg/mL) (& +7 AL LFGHIEE  ICSS) F1d Lo
LHEHERG (Ca: 10000 pg/mL) (Sigma Aldrich)

(2) =7 RV LFEREWL . ~ 7 2T DEAERR (Mg: 1000 ng/mL) (& L7 AV AFEHMIEE ; JCSS) F7-ik~
7 F 7 MEAER (Mg : 10000 ug/mL) (Sigma Aldrich)

(3) /U MEAERE . L MEAERR (Co: 1000 pg/mL) (& 17 A /L A F0 6 HiEE ; ICSS)

(4) ALV LEHRER . AP LEHER (In: 1000 pg/mL) (& 7 A /L LFDEHIEE ; JCSS)

(5) IRAIEYERR (ICP-OES ¥EM) @ (1) ~ (2) DIEAER ZAE TR E L, SRR ZIRAGL, K THRLT

HIEERR (Ca 500 pg/mL MY Mg 500 pg/mL) ZFH8 L7, £7o, ZORGEEERE AL, SR )

(1+23) (1435) 7213 (1447) L7205 BIERE (1+5) Z N2 72 3 DA RL, fREfr IR A AR A R R L7

(6) IRAWEBEUERK (ICP-OESTEM]) : (3) ~ (4) DIEUER 2 NHIEHEIR IR E L, & WNEMIEERIK ARG L
K CHRLU TRAWNEBIEYETR (Co 200 ug/mL K& T In 200 pg/mL) ZFH8L 7=, ZORAWHEERERI, 7B
RIS 100 mL 720 0.5 mL i3 228, sENRIR T ORENZNZH 1 ng/mL E725.

(7) 7K: ERIKRERE (MILLIPORE % Milli-Q Element A10) % VN CRRLL 7@ Rk (CLIKPLE 18
MQcm 2L |).

(8) HaMk: JIS K 8180 [ZHLE 25l (& L7 AV AROEHIEE K5 0 A )

(9)  T-HEMHIFITATE (K « 8 HI0E ) JIS K 8132 \CHLE T B i b Ay F 7 WAKFIM) 152.1 g 28—
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77—2000 mL [ZIIH0ED, D EOKREMZ -4, HE 420 mL 2R %2 IZINZ TEPL, BITKEMZT 1000
mL &L7-.

(10) REEHNLT T L IS K 8617 I[ZHIET DMK (o 2 b7 Hikk)

(11) EBfb~Z7 UL JIS K 8432 (CHUE T 03K (8 L7 A /v AT MK ; Fpfk)

(12) VAR —KFEAV T 2 JIS K 9007 [ZHLE 233K (& L7 AL AFOEMISE ; FEk)

(13) BT E=U L JISK 8960 (THLE T 25K (& L7 A /L ARG ; Frk)

(14) AZ7m—2R: JIS K 8383 [THIE T 25K (& L7 A /L ARG ; Kptk)

3) EERURR

(1) ICP 53 YesyHrd&iE (ICP-OES) : EHERT ICPS-8100 (B 7 MBI =, v —r vy TE sy
pjiv))

(2) JRAIEEEEFE . Thermo Ficher Scientific iCE 3300

(3) Mtk B . MILLIPORE Milli-Q Element A10

(4) Fyh7L—h: SIBATANP-6 & U7 Ve L BAERT AHS-500

(5) #BiE LR : Retsch ZM-200

(6) BETTAIITAA

(7) BEEYNZ7T7AA
(8) A#k 3 Fll

=
==X
=R
==X

4) oWAE

INTRREF 1 g ~2g% 1 mg DHTETIIAVEY, 500 mL b—/LE—h—(Z A L, Hfg(1+23)200mL Z01%,
/\F’ﬁ%“@%u‘: A%, KT 250 mL RET AN LIA, EMRETKEMZ, A1 3 FETAHEBLEZ. Ak
—ERZEET7TA3100mL 128D, NEIEHELL T Co WM nZ24% 100 pg MY EIRINL, S5ICHRE (1+5)
BT TATNOERERRE DN (1423) E72 5D A TOKTER LI OZRENAKEL, ICP-OES % H T
ERL. 5Hr7 e ——NX Scheme 1 O THDH. £z, Ko ORIE LT R K O ES4-%, Table 3
KN4\ RT.

PE*
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lg-2gXx
analytical sample
<Add 200 mL of hydrochloric acid (1+23)

Weight to the order of 1 mg to a 500-mL tall beaker

| Boiling | On hot plate, 5 minutes
[

| Cooling |
<—Water (up to marked line)

| Filtration | Type 3 filter paper

|
| Sample solution |

[
Aliquot

(predetermined volume)

100-mL volumetric flask

<Add appropriate amount of hydrochloric acid (1+5)

(To be (1423) for concentration of hydrochloric acid in sample solution)
«—Add Co and In 100 pg each
«—Water (up to the marked line)

| ICP-OES |

#By-product mould fertilizer, the pH of boiling solution =5 if 2 g sampling
(The amount of S-MgO in fertilizer=70 %): 1 g

Scheme 1  Flow sheet of measurement procedure using ICP-OES for S-CaO and S-MgO in fertilizer

Table 3  Measurement wavelength of each element in ICP-OES

Element Wavelength®
(nm)

Ca 11 396.847

1I 279.553

Me I 280.270
1I 228.616

Co 11 238.892

11 237.862

In I 325.609

| 303.936

a) I :Atomic beam
II :Ion beam

Table4  Measuring condition of ICP-OES

Type Sequential
High frequency output 1.2 kW
Torch observation height 11.0 mm
Coolant gas 14.0 L/min
Plasma gas 1.20 L/min
Carrier gas 0.70 L/min

Metering direction Lateral direction
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3. # B

1) REROEREDOHEE

AERHERRBR 1LY ClE, MERROTEREL () A 0.99 LLETHIUIMEH ATRELL CTOD03, FEE R HTIciE
0.999 UL ETHAHZEAHELEL TN,

Ca OWEHFE: 396.847 nm (2O TIE 0.1 pg/mL~50 pg/mL (Ca ELC, LLRREER) O#FFHICHBWT, Mg
OBE R 279.553 nm (2O TIE 0.1 pg/mL~20 pg/mL (Mg ELC, LLFREER) OFFRAICHBWT, KO Mg
OMIE R 280.270 nm 12OV TiZ 0.1 pg/mL~50 pg/mL OFIPHIZIBUNNT, TR ERRIE B A/ M
ZoRLTz. EMO—F% Figure 1 (-7, L O, ARG CTHWARIER R, B E &K O ED
#A 2 G (Table 5) IZDOWTIE, M EMRD EANEZ R IREHPAZ MR L7 ETRFHTAWE.
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Example of calibration curve for S-CaO and S-MgO at ICP-OES
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Table 5  All measurement wavelength and elements using for ICP-OES at this study

Measurement Manufacturer Linearity of Linearity of
recommended o o
Element wavelength” qualitative calibration curve”” calibration curve””
(nm) ranking (5 pg/mL - 50 pug/mL) (1 pg/mL - 5 ug/mL)
I 393.366" 1 A O
Ca I 396.847 2 O
I 317.933 O O
I 422.673 3 O O
I 279.553" 1 A O
I 280.270 2 O O
I 285.213 O O
I 279.806 O O
I 202.079 O X
Mg
mo 279.079 o o
I 383.826 O O
I 383.231 3 O O
| 277.983 O O
11 293.654 O O
I 228.616 1 - -
Co I 238.892 2 - -
I 237.862 3 - -
I 230.606 1 - -
In I 325.609 2 - -
I 303.936 3 - -

a) 1 :Atomic beam, II :Ion beam

b) Reported measurement wavelngth using ICP-OES

¢) Not using IS, and using IS (Co or In)

d) O:0.999=,* (Coefficient of determination) , N 0.995= r2<0.999, X :0.990 =><0.995

2) BHOSMEHERAVREEORE

AEA R TE Tl 3 TIZHCIRIER T D KA ME =R o2 R BURER &% 5 & L 72 ICP-OES 1£73 g #li S
NTCNB290  Z2C, PITAEE 17 S UERAEEE 5 5, SESWITWEREAEEL 6 £, FEEROABE 1 &, IRAY
ABR 3 N, FIREEFH 1 S MO EEAIEE 1 52 12OV, i - S LR — 0z AV CZnbomBRis
(BER) 000 8 AR o B 1k B ONANE S 22 B 1Tl E L 72 ICP-OES £&, Table 6 (Z3 37 L — AR
HECLFIMEkE 1809, ) LR CE B i L=,

ICP-OES 1 O Il & TR i i 54 75 V£ o OAIE SR8 DTk, NE (B 2 308 i o M e 0 52 1
(1423), MREAREPHIL Ca, Mg EHIT 0.1 pg/mL~1 pg/mL F721F 1 pg/mL~10 pg/mL, HEH KX Ca 28
393.366 nm, Mg 73279.553 nm &L, F7o, WEEHEEITERH L e o7z,

> Z E1T ICP-OES VEIZ LA ENENORIER L, MERIEORIER R LA ik L, 22 B (B

f%)%ﬁfﬁ}zut i o OFEBA M ONENR ELHR D 95 % T-HIX[E % Figure 2 12, £y DEE (), B A (a)
D 95 Y%fFHE X [H K ONEli ELHROAHBAFREL () & Table 7 12, ZHE LR .

HERHE BRI 1 D G VERERR T IE O FEHETIE, HE (b)) D 95 %IEHEXEIC 1| & Eh, 17 (a) 1%
XRNTIES (0) 25E 4, 2o BIFREL (1) 1% 0.99 LA EEZHESRL CD. ZOfER, S-Ca0 1349 1 %(*%‘Eéy\



ICP-OES {£IZ XD R o Al s A7 K K OV + ORI E =D BAF 7

) ~70 % (5 HR) OFPHIZIHNT, S-MgO 1357 0.1 % (B E55R) ~15 % (EE5FR) OFPHIZBW T,
ZTNEIEZ (b) D 95 %%EFEEF'% Z1IREENT, IEEHERBIEICED %EH%E%{%Etémbmt

Table 6  The measuring condition of Testing methods for Fertilizers (2020)

Component Testing methods for Fertilizers Wavelength (nm) Measuring instrument
S-Ca0 4.5.2.2.1 Flame atomic 1027 Atomic absorption
absorption spectrometry spectrophotometer (AAS)
S-MgO 4.6.2.3'1 Flame atomic 7852 Atomic absorption
absorption spectrometry spectrophotometer (AAS)
80 15 -
go\ y=0.901x-0.974 go\ y=0.942x-0.015
— 70 - r=10.990 — r=0.994
o IS: No use a IS: No use
=2 v 10 | 7/
“@ 50 g N 2/
o 4 N %
(@) // o~
L 40 | \D y
o 30 - KA @ ’
el V7. 44 a5
@ 2 S-CaO O ) S-MgO
10 -, - i
0 < /'\/ I I I I L I J 0 (:’/’ ! I J
0O 10 20 30 40 50 60 70 80 0 5 10 15
AAS (%) AAS (%)
(Measurement wavelength: 393.366 nm) (Measurement wavelength: 279.553 nm)

Figure 2 The comparison of value about S-CaO and S-MgO using ICP-OES as reported measurement
conditions and Absorptiometry
Number of samples : 17, Hydrochloric acid concentration at measurement : (1+23),
Quantification with 0.1 pg/mL to 1 pg/mL calibration curves or 1 pg/mL to 10 pg/mL one
Heavy line :Regression line
Dotted lines : Upper and lower of limit 95 % prediction interval

Thin Line: y=x
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Table 7 The 95 % confidence interval and correlation coefficient of the regression line in between ICP-OES

and AAS (Measuring condition of ICP-OES as reported measurement conditions)

Measurement Confidence interval )
Component  wavelength (95 % confidence level) Cor're'latlo(n)
(nm) Inclination () Intercept (a) coefficient(r
S-CaO 393.366 0.831 - -3.646 - 1.698 0.990
S-MgO 279.553  0.886 - :0 20357 - 0.328 0.994

Shaded: Not cleared criteria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.

3) AMBRPOEREEDRE

ICP-OES JAIZ 2T, BE O E VAR S5 15 e ONE St TIIAE B L D RIZEME D R RB C& el o7z
ZEDD, FBHAIR H ORI IOV TG 5288 L.

S-CaO K TN S-MgO HIEDHERIETIL, BUBHANR H ORI EED (1423) (K9 1.8 wiw%) IZ72 D X IZE%E
ENTWD. —JF, BT O Ca LT Mg DEEIZBW T, 1 ww%DHERE TE S (i AR THHEDH
BB | F7- ICP-OES 15 E7- 13 W15 TIIH e £7- 1 LAY IR5E O BRI FE AMEL MEE, Ca O Mg D
T IAEREL IR D ENIHAE D 3D Z L), ICP-OES I EIATE H O FRIEE A (1423), (1435) Y
(1+47) D 3 @OREL, T H2LE LTz, 7035, ik (1447) 1%, EE/S—E MR TITHN 0.9 ww% TH
0, BB DHE CTOMHEIR K OMIEREHER F ORELIZFFRIC ThHL.

Ca [FFLSWNT VIR AR O K E R A 1 RT D, Mg ITFLSWTWEREAEE & O R E Bl & ik %
1 DN DONT O, YRR E RO E &A% Table 8-1~2 (27§ . sEHAWR T O FLIEFE % (1423) 15
(1+35) K V(14T IZEZ 1228 T, EEEICREREBI RO oT72D, ZOH%ORET T, FUBHATK
ORI IR (1423) TITHZEE LT,

Table 8-1  The effect of changes in concentration of hydrochloric acid in sample solution

on S-CaO quantitative value

Mineral acid fertilizer Lime nitrogen
Measurement ) 3
waveleneth of S-CaO Concentration of Concentration of
f(gnm) hydrochloric acid hydrochloric acid
(1423) (1+35) (1+47) (1+23) (1435) (1+47)
393.366 39.7 38.9 38.8 62.3 63.7 62.6

(Quantification with 1 ug/mL to 10 ug/mL calibration curves, quantitative value : mass fraction (%) )

Table 8-2  The effect of changes in concentration of hydrochloric acid in sample solution

on S-MgO quantitative value

Mineral acid fertilizer Designated compound fertilizer
Measurement . )
waveleneth of S-MeO Concentration of Concentration of
g(nm) & hydrochloric acid hydrochloric acid
(1423) (1+35) (1+47) (1+23) (1+35) (1+47)
279.553 6.74 6.93 6.84 8.27 8.19 8.33

(Quantification with 0.1 pg/mL to 1 ug/mL calibration curves, quantitative value : mass fraction (%))
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4) EREEDOENCLIZEORE

I, 2) EFUIEEF 17 5z VT, BERR O OWTRE L.

ICP-OES #:DEEH (RIEI 1T Ca:393.366 nm, Mg:279.553 nm) (23T, V=R R o0 %6 PR L & i Al
yEHiZ 0.1 pg/mL~1 pg/mL F721% 1 pg/mL~20 pg/mL ELTWHY7, —J57, IEEHERERIED AAS TR
SN T DR EMHEIPIL, Cald 5 ng/mL~50 pg/mL GIE R K13 422.7 nm) , Mg 3 1 pg/mL~5 pg/mL 2
FE GRIE P R IE 285.2 nm) THY?, FrEARFLIH A PEHR EFHFAICER ET DL, EHIL->TE AAS IEEMAR
GBI RDIENDD . ZOFPRG D LD ELRET 5L, ICP-OES {EIZ31T D15 EAR O HiH %
AAS IELIZIZ B DL EAME LT, #E %% Figure 3-1~2 IZ7R 7.

Ca (2 2OW T, HIENE 393.366 nm % V) 5 pg/mL~50 pg/mL D E BAEAS, MEFRICEF 9 5L 1 ng/mL
~10 pg/mL DLEXVRENRIEEDORBIPEN BN T2 8D, fERIEE RO R BRREE CHIETH L.
LapL7e/ih, JIERR 393.366 nm Z T 5 pg/mL~50 pg/mL OBEFRE(ERT DL r? = 0.997 L7220, H
FRAEDAK T 2375417 (Table 5) .

Mg (22T, 1 ug/mL~5 pg/mL TOEEED, 1 ug/mL~10 pg/mL O ELXIDHENRIEEDOFHBANEDS F )
STZEDD, TERIEL RO &R E CRIE T 52T,

80 - g0 -
R y=1.027x-0.207 3 y=0.901x-0.974
~ 70 - r=0.999 ~ 70 r=0.990
g 60 - g 60 L
NS IS: No use NS IS: No use
D50 - @ 50 F
(ag) on
(@) N
2 40 40 -
%) 0 ,,
S 30 S 30
g g £
= 20 £ 2 - ‘
10 10 .7
0 | | | | 0 « /’\’ L L L L L L J
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
AAS (%) AAS (%)
(Quantification with 5 pg/mL to 50 pg/mL (Quantification with 1 pg/mL to 10 pg/mL
calibration curves) calibration curves)

#Same as Figure 2-Left
Figure 3-1  The comparison of correlation diagrams on quantitative values about S-CaO due to changes
in the calibration curve range
Number of samples : 17, Hydrochloric acid concentration at measurement : (1+23)
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval

Thin Line: y=x
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15 - 15 -
;{3 y =1.010x-0.044 ;5 y=0.942x-0.015
g r=0.999 ~ r=10.994
2 g Y
e IS: No use n IS: No use §
lfl,g’ 10 - o 100 - 4
o o .
=~ o~ ~
\D >
n n
S S
Al 5 o 5 L
9 B ’
0 | ] O (; 7 1 1 J
0 5 10 15 0 5 10 15
AAS (%) AAS (%)
(Quantification with 1 pg/mL to 5 pg/mL (Quantification with 1 pg/mL to 10 pg/mL
calibration curves) calibration curves)

¢ Same as Figure 2-Right
Figure 3-2  The comparison of correlation diagrams on quantitative values about S-MgO due to changes
in the calibration curve range
Number of samples : 17, Hydrochloric acid concentration at measurement : (1+23)
Heavy line :Regression line
Dotted lines : Upper and lower of limit 95 % prediction interval

Thin Line: y=x

5) AEMHERICESHRERRERUVAREEZDORE M UIZERE O F i

ICP-OES HIFEIZH1T 5, ~ M w7 AZRDB W AARNS T 27 1EE L CHE R ORISR EE RS
THONDZEND, ZNHIZOWTHFTEITHOZE LT,

HIE R RIE, Ca (2O TIE 393.366 nm DOHLIT, AT L7z ICP-OES CHIE " HEZ2fhod 3 ik,
Mg (22Tl 279.553 nm O, [FERIZHIE ATREZ2thd 9 # B DHH 8 1K (1 ng/mL~5 pg/mL #EfR
DSEARPEA RS20 202,582 nm ZFRL) 252 E LT,

WNAZHEIRIZ DWW TIE A BB, BRI DO~ R 7 2 &Rt R ELT @G W E S B ITRFTT o2 8Ll
Co M O In DIRAVENRE, THVETVRERRIE HC 100 ug FERMLTZ. Z2TiE, Co XN In I[Z DWW T A—
T —DHELET 2 EMENENL O BT 3 % (Table 5) ZIE T HZEE LT,

Bt OFEEEA 20 fE, REHE 39 A (S-Ca0 [ZOWTIE, Bt~ R ik R (Bk) 2 < 19 fi%E 38
) ZFHWTHIEMEEAZTT o7, #53R% Figure 4-1~2 (—151) & O Table 9~Table 10 (Z7~7". S-CaO (22T
1%, Table 9 OHEMIZON ASTND 4 DOHRE G (7272 UK Sk O BRI DS BAFCRRWRNE R
393.366 nm (Z8DE EAEIEER 12BN T, IEEFERBRIE IS E D DIV HERE 23 Tl 7o it SR Lo 7.
S-MgO (2T, Table 10 DHIEHIZOMNASTND 24 DHITESMTIBNT, [EERICHELE LA~ T
=R R L7z
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ICP-OES(396.847 nm) (%)

80

]
S

y =0.990x+0.105
70 - r=0.999

60

y=0.963x+0.210
r r=0.999

~
(=)

D
[e=)

IS: In(325.609 nm)
50 +

40

ICP-OES (422.673 nm) (%)
N (9]
o o

30 30
20 20
10 10
O Il Il Il J 0 1 Il Il J
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
AAS (%) AAS (%)

(Example of meeting the recommended criteria) (Example of not meeting the recommended criteria)

Figure 4-1  Example of comparison of quantitative value about S-CaO due to changes in measurement
wavelength and calibration curve range
Number of samples : 38, Hydrochloric acid concentration at measurement : (1+23),
Quantification with 5 pg/mL to 50 pg/mL calibration curves
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval

Thin Line : y=x



12 B ZE RS Vol. 13 (2020)

ICP-OES(280.270 nm) (%)

110 110 -
100 - y=0.994x-0.015 ;\?100 - y=0.970x+0.010
r=1.000 - r=1.000
90 | 90 -
|
80 F 80 -
IS: Co (238.892 nm) 2 IS: Co(238.892nm)
70 - =~ 70 -
o~
60 260
&
50 S 50
40 C 40
30 30
20 20
10 10
0 0 1 J
0 10 20 30 40 50 60 70 80 90 100110 0 10 20 30 40 50 60 70 80 90 100110
AAS (%) AAS (%)
(Example of meeting the recommended criteria) (Example of not meeting the recommended criteria)

Figure 4-2  Example of comparison of quantitative value about S-MgO due to changes in measurement
wavelength and calibration curve range
Number of samples : 39, Hydrochloric acid concentration at measurement : (1+23),
Quantification with 1 pg/mL to 5 pg/mL calibration curves
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval

Thin Line: y=x
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Table 9  The inclination, intercept and correlation coeffient of correlation diagrams on comparison of
quantitative values about S-CaO (Number of samples : 38, Hydrochloric acid concentration

at measurement : (1+23), Quantification with 5 pg/mL to 50 ug/mL calibration curves)

Component .
and its IS and its Confidence interval .
measurement o . Correlation
measurement (95 % confidence level) - Judgment
wavelength coefficient ()
wavelength (nm)
(nm) nm Inclination () Intercept (a )
No use 0.998 - 1.056 -1.284 - 0.870 0.999 O
Co 228.616 0971 - 1.016 -0.627 - 1.055 0.999 O
S-Ca0 Co238.892 0977 - 1.015 -0.751 - 0.684 0.999 O
393.366 Co237.862 0.980 - 1.026 -0.889 - 0.821 0.999 O
(Reference) 14 230.606 0.986 - 1.053  -1.625 - 0.884 0.998 O
In 325.609 0.983 -0.901 - 0.857 0.999 O
In 303.936 0.984 -0.946 - 0.771 0.999 O
No use 0.992 -0.324 - 0.359 0.999 O
Co 228.616  0.970 -0.174 - 0.474 0.999 A
Co 238.892  0.967 -0.201 - 0.463 0.999 A
5-Ca0 Co 237.862 0.974 0.236 0.396 0.999 JAN
396.847 02 : e :
In 230.606 0.980 -0.362 - 0.566 0.999 O
In 325.609 0.978 -0.238 - 0.449 0.999 O
In 303.936 0.976 -0.240 - 0.534 0.999 O
No use 0.970 -0.272 - 0.392 0.999 A
Co 228.616  0.948 -0.160 - 0.535 0.999 X
S.Ca0 Co 238.892  0.946 -0.175 - 0.516 0.999 X
31_7 333 Co 237.862  0.952 -0.213 - 0.454 0.999 X
In 230.606 0.959 -0.314 - 0.592 0.999 YAN
In 325.609 0.956 -0.208 - 0.495 0.999 X
In 303.936 0.954 -0.194 - 0.561 0.999 X

Shaded: Not cleared criteria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.
According to the coefficient of determination of calibration curve <0.999, the quantitative values
of 393.366 nm wavelength are regarded as refference.
O Cleared criteria to validate all characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.
A Applicable to one of the following
Intercept : 0.990 =upper limit<1.000 or 1.000=lower limit=1.010
Inclination : -0.010 =upper limit=0 or 0=Ilower limit=0.010
X Applicable to one of the following
Intercept : upper limit<0.990 or 1.010<lower limit
Inclination : upper limit<-0.010 or 0.010<lower limit
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Table 9  Continue
Component .
and its IS and its Confidence interval )
measurement 0 ' Correlation
measurement (95 % confidence level) "~ Judgment
wavelength coefficient ()
wavelength (nm)
(nm) nm Inclination () Intercept (a )
No use 0.964 -0.224 - 0.477 0.999 X
Co 228.616  0.942 -0.124 - 0.630 0.999 X
S.Ca0 Co 238.892  0.940 -0.143 - 0.616 0.999 X
-Ca
422 673 Co 237.862  0.947 -0.151 - 0.523 0.999 X
In 230.606  0.954 -0.248 - 0.662 0.999 X
In 325.609  0.950 -0.170 - 0.589 0.999 X
In 303.936  0.948 -0.154 - 0.654 0.999 X
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Table 10 The inclination, intercept and correlation coeffient of correlation diagrams on comparison of
quantitative values of S-MgO (Number of samples : 39, Hydrochloric acid concentration

at measurement : (1+23), Quantification with 1 pg/mL to 5 pg/mL calibration curves)

Component .
and its IS and its Confidence interval .
measurement o . Correlation
measurement (95 % confidence ICVGD . Judgment
wavelength coefficient ()
wavelength (nm)
(nm) nm Inclination (b ) Intercept (a)
No use 0.979 - :0:993:: -0.210 - 0.227 1.000 A
Co 228.616  0.994 - -0.207 - 0.103 1.000 O
Co 238.892 0.992 - -0.248 - 0.204 1.000 O
5-MgO Co 237.862  0.997 0.149 0.061 1.000 O
279.553 0L 22l I A i
In 230.606  0.998 - -0.202 - 0.111 1.000 O
In 325.609  0.997 - -0.288 - 0.105 1.000 O
In 303.936  0.991 - -0.365 - 0.198 1.000 O
No use 0.972 - b -0.233 - 0.264 1.000 X
C0228.616 0.988 - :i -0.217 - 0.129 1.000 AN
S-MeO Co238.892 0.986 - -0.276 - 0.247 1.000 O
-Mg 2 0: - -
280.270 Co237.862 0.991 - :0: 0.151 0.079 1.000 JAN
In 230.606  0.992 - -0.209 - 0.133 1.000 O
In 325.609  0.990 - -0.309 - 0.142 1.000 O
In 303.936  0.984 - -0.390 - 0.237 1.000 O
No use 0.963 - -0.180 - 0.196 1.000 X
Co 228.616 0.979 - ):988::  -0.185 - 0.081 1.000 X
C0238.892  0.976 - :0i991: -0.258 - 0.214 1.000 JAN
S-MgO At A A
285213 Co 237.862  0.982 - :D:988: -0.134 - 0.044 1.000 X
In 230.606  0.981 - -0.224 - 0.129 1.000 A
In 325.609  0.982 - -0.252 - 0.066 1.000 AN
In303.936  0.976 - : -0.335 - 0.164 1.000 A
No use 0.970 - 3098 -0.144 - 0.273 1.000 X
Co228.616  0.986 - 309 -0.199 - 0.195 1.000 A
Co238.892 0.982 - -0.301 - 0.369 0.999 X
5-MgO Co0237.862  0.987 - :0:¢ 0.178 0.192 1.000 JAN
279.806 02 AL N :
In 230.606  0.987 - -0.289 - 0.293 1.000 O
In 325.609  0.991 - -0.208 - 0.117 1.000 O
In 303.936  0.984 - 1.002 -0.303 - 0.229 1.000 O

Shaded: Not cleared criteria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.
OA X Refer to the footnote of Table 9
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Table 10  Continue

Component .
and its IS and its Confidence interval .
measurement o . Correlation
measurement (95 % confidence level) . Judgment
wavelength coefficient ()
wavelength (nm)
(nm) nm Inclination () Intercept (a )
No use -0.177 - 0.439 0.999 X
Co 228.616 -0.148 - 0.267 1.000 X
Co 238.892 -0.189 - 0.388 1.000 X
S-MgO Co 237.862 0.073 0.209 1.000 X
279.079 0=k e . '
In 230.606 -0.105 - 0.236 1.000 X
In 325.609 -0.264 - 0.291 1.000 X
In 303.936 -0.340 - 0.385 0.999 X
No use -0.314 - 0.300 1.000 X
Co 228.616 -0.321 - 0.147 1.000 VAN
Co 238.892 -0.405 - 0.322 0.999 O
5-MgO Co 237.862 0.226 0.076 1.000 A
383.826 ok e :
In 230.606 -0.331 - 0.162 1.000 O
In 325.609 -0.419 - 0.136 1.000 O
In 303.936 -0.531 - 0.270 0.999 O
No use -0.253 - 0.264 1.000 X
Co 228.616 -0.356 - 0.177 1.000 AN
Co 238.892 -0.437 - 0.373 0.999 O
5-MgO Co 237.862 0.281 0.128 1.000 AN
383.231 0l dieba :
In 230.606 -0.433 - 0.250 0.999 O
In 325.609 -0.376 - 0.068 1.000 O
In 303.936 -0.517 - 0.237 0.999 O
No use -0.185 - 0.266 1.000 A
Co 228.616 -0.266 - 0.192 1.000 O
Co 238.892 -0.282 - 0.293 1.000 O
S-MgO Co 237.862 0.294 0.244 1.000 O
277.983 o=k . :
In 230.606 -0.361 - 0.287 1.000 VAN
In 325.609 -0.270 - 0.090 1.000 AN
In 303.936 -0.292 - 0.134 1.000 AN
No use -0.243 - 0.298 1.000 X
Co 228.616 -0.289 - 0.168 1.000 AN
Co 238.892 -0.394 - 0.379 0.999 A
S-MgO Co 237.862 0.205 0.108 1.000 AN
293.654 0L Bt '
In 230.606 -0.348 - 0.226 1.000 AN
In 325.609 -0.351 - 0.107 1.000 A
In 303.936 -0.482 - 0.265 0.999 AN
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6) FMEURGAERIC &S EE O FHi

5) |23V CHEEHE R BR IE I E D DI T FEUEA i 7= L7245 o412 DU\ C, ICP-OES JED B EZ MR T 5720,
Table 2 IR L7ZFHBIER A 24 3 ST THMTLIZ. #55% Table 11 X UF Table 12-1~6 (2777

S-Ca0 T2\ T, JIERF% 396.847 nm &L, - OWNERIEHEL L T In GAIE I K 1T 230.606 nm, 325.609
nm & OV 303.936 nm) 2 3% 3 DORESAICIBNT, FARANEL 6 SO FHEIEIT 96.3 %~106 % T
HY, IEEFERBIEICB T OB REL ~VORINGEO TR HA L= L. ORIFTIE, —HoREL <
BN TR OFFA R Al = S22 o T,

—J5, S-MgO {22\ T, HIER E% 279.553 nm LU, > ONEEAELL T Co GHIE R K13 228.616 nm,
238.892 nm M O 237.862 nm) ZfE 1L 72 3 D DMIE S, HIE R K2 280.270 nm 2> > NEREAHELL T Co (HI
ERFIT 238.892 nm) K OY In (IER BI1E 230.606 nm) 24 L7= 2 SORPESME, I ONCHER EE
277.983 nm 7> O NFEAEHEL LT Co (HIE I Bl 237.862 nm) 2 L7- 1 DDOMIESME, 71 6 SDOHIESA:
2BV, FRRAEEL 6 SO FEHI AL EHRIL 96.1 %~105 % THY, IEEHERBRIEIZBITAFEEL ~L DAY
ROFFREAZR LT, MOSRMETIE, —HOREL ~UZB W TRIEO TR A M-S 720 o7, F
7o, PR 7 OFEEERERFE RS, 025 %R DR L~ T, 279.553 nm, 280.270 nm M (O} 277.983
nm LA ORIE B £ CTIEEIR O FFRHPH 2 7= S0 o7, ZOZEND, MYl NERFE A L= LT
b, WEiE T HIEOREL VAL, FfEeERmN TEXO IO IR ER RIX, 2nb 3 HEZTT
BHHTENRIBINTZ.

2B, BEETIZ, Ca 2T AIHEAR 4 & (393.366 nm b5 ) TOEFERERAE T, KO Mg ZI7E /I HE7R
9 P £ (202.079 nm % FR<) TOHEJERERFE RIZHONWT, OO % Table 13-1~2 (27857,
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Table 11 Result of recovery test (S-CaO, Measurement wavelength:396.847 nm)

IS and its L
Criteria of
No. of Content® measurement Mean®? Recovery rate the ¢ 9
sample” (%) wavelength (%) (%) N r(‘;/er)less
(nm) ’
No use 55.45 99.0
In 230.606 54.98 98.1
1 56.03 98 - 102
In 325.609 56.09 100.1
In 303.936 55.90 99.8
No use 37.08 99.2
In 230.606 36.80 98.5
3 37.35 98 - 102
In 325.609 37.61 100.7
In 303.936 37.27 99.8
No use 18.91 101.2
In 230.606 18.48 99.0
4 18.68 97 - 103
In 325.609 19.02 101.8
In 303.936 18.86 101.0
No use 6.65
In 230.606 6.60
5 6.54 96 - 104
In 325.609 6.69
In 303.936 6.74
No use 1.79
In 230.606 1.80
6 1.87 96 - 104
In 325.609 1.82
In 303.936 1.83
No use 0.206 98.0
In 230.606 0.208 98.9
7 0.210 94 - 106
In 325.609 0.219 104.3
In 303.936 0.219 104.3

Shaded: Not cleared criteria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.

a) Number of prepared sample

b) Designed value (%)

c) Mass fraction (%)

d) Mean value of the parallel test (n =3)

e) Criteria of trueness (recovery rate) shown in Testing Methods for Fertilizers
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Table 12-1  Result of recovery test (S-MgO, Measurement wavelength:279.553 nm)

IS and its Criteri
riteria of
No. of Content” measurement Mean”? Recovery rate e t 9
sample” (%) wavelength (%) (%) © r(‘ifr)less
(nm) ’
Co 228.616 100.68 100.7
Co 238.892 99.35 99.4
Co 237.862 100.38 100.4
2 100.00 98 - 102
In 230.606 101.32 101.3
In 325.609 100.32 100.3
In 303.936 100.16 100.2
Co 228.616 33.16
Co 238.892 32.76
Co 237.862 33.23
3 33.33 98 - 102
In 230.606 33.94
In 325.609 33.24
In 303.936 33.06
Co 228.616 17.04
Co 238.892 16.93
Co 237.862 17.05
4 16.67 97 - 103
In 230.606 16.84
In 325.609 17.06
In 303.936 16.99
Co 228.616 6.47
Co 238.892 6.43
Co 237.862 6.47
5 6.67 96 - 104
In 230.606 6.62
In 325.609 6.56
In 303.936 6.55
Co 228.616 1.73
Co 238.892 1.73
Co 237.862 1.71
6 1.67 96 - 104
In 230.606 1.76
In 325.609 1.73
In 303.936 1.71
Co 228.616 0.257
Co 238.892 0.259
Co 237.862 0.262 .
7 0.250 94 ~ 106
In 230.606 0.264
In 325.609 0.267
In 303.936 0.268

Shaded: Not cleared criteria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.
a)~ e) Refer to the footnote of Table 11
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Table 12-2  Result of recovery test (S-MgO, Measurement wavelength:280.270 nm)

IS and its o
Criteria of
No. of Content™® measurement Mean®? Recovery rate the t o
sample” (%) wavelength (%) (%) ¢ r(li/er)less
(nm) °
Co 238.892 99.71 99.7
In 230.606 101.70 101.7
2 100.00 98 - 102
In 325.609 100.69 100.7
In 303.936 100.53 100.5
Co 238.892 32.73 98.2
In 230.606 33.92 101.8
3 33.33 98 - 102
In 325.609 33.21 99.6
In 303.936 33.03 99.1
Co 238.892 16.80 100.8
In 230.606 16.72 100.3
4 16.67 97 - 103
In 325.609 16.93 101.6
In 303.936 16.86 101.2
Co 238.892 6.42 96.1
In 230.606 6.60 98.9
5 6.67 96 - 104
In 325.609 6.54 97.9
In 303.936 6.53 97.8
Co 238.892 1.72 102.2
In 230.606 1.74 103.8
6 1.67 96 - 104
In 325.609 1.71 102.0
In 303.936 1.70 100.9
Co 238.892 0.259 103.4
In 230.606 0.264 105.5
7 0.250 : sz 94 - 106
In 325.609 0.266
In 303.936 0.267

Shaded: Not cleared criteria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.
a)~ e) Refer to the footnote of Table 11
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Table 12-3  Result of recovery test (S-MgO, Measurement wavelength:279.806 nm)

IS and its L
Criteria of
No. of Content® measurement Mean®? Recovery rate e t 9
sample” (%) wavelength (%) (%) ¢ r(li/er)less
(nm) 0
Co 238.892 99.74 99.7
In 230.606 101.97 102.0
2 100.00 98 - 102
In 325.609 100.79 100.8
In 303.936 100.40 100.4
Co 238.892 32.91
In 230.606 34.33
3 33.33 98 - 102
In 325.609 33.45
In 303.936 33.54 100.6
Co 238.892 16.85
In 230.606 16.76
4 16.67 97 - 103
In 325.609 17.01
In 303.936 16.93
Co 238.892 6.39
In 230.606 6.59
5 6.67 96 - 104
In 325.609 6.52
In 303.936 6.51
Co 238.892 1.72
In 230.606 1.75
6 1.67 96 - 104
In 325.609 1.71
In 303.936 1.69
Co 238.892 0.261
In 230.606 0.268
7 0.250 94 - 106
In 325.609 0.271
In 303.936 0.272

Shaded: Not cleared criteria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.
a)~ e) Refer to the footnote of Table 11
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Table 12-4  Result of recovery test (S-MgO, Measurement wavelength:383.826 nm)

IS and its o
Criteria of
No. of Content™ measurement Mean®? Recovery rate 9
a) o the trueness
sample (%) wavelength (%) (%) %)
(nm) ?
Co 238.892 98.69 98.7
In 230.606 101.20 101.2
2 100.00 98 - 102
In 325.609 99.80 99.8
In 303.936 99.54
Co 238.892 32.36
In 230.606 34.08
3 33.33 98 - 102
In 325.609 32.96
In 303.936 32.72
Co 238.892 16.71
In 230.606 16.60
4 16.67 97 - 103
In 325.609 16.90
In 303.936 16.79
Co 238.892 6.37
In 230.606 6.59
5 6.67 96 - 104
In 325.609 6.52
In 303.936 6.51
Co 238.892 1.71
In 230.606 1.74
6 1.67 96 - 104
In 325.609 1.70
In 303.936 1.68
Co 238.892 0.260
In 230.606 0.269
7 0.250 94 - 106
In 325.609 0.271
In 303.936 0.273

Shaded: Not cleared criteria to validate characteristics of testing methods which will be listed

in Testing Methods for Fertilizers.
a)~ e) Refer to the footnote of Table 11
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Table 12-5  Result of recovery test (S-MgO, Measurement wavelength:383.231 nm)

IS and its oo
Criteria of
No. of Content® measurement Mean®? Recovery rate e t 9
sample” (%) wavelength (%) (%) ¢ r(l;/er)less
(nm) °
Co 238.892 98.64 98.6
In 230.606 101.57 101.6
2 100.00 98 - 102
In 325.609 99.87 99.9
In 303.936 99.53
Co 238.892 32.28
In 230.606 34.41
3 33.33 98 - 102
In 325.609 32.97
In 303.936 32.68
Co 238.892 16.88
In 230.606 16.75
4 16.67 97 - 103
In 325.609 17.11
In 303.936 16.97
Co 238.892 6.37
In 230.606 6.63
5 6.67 96 - 104
In 325.609 6.55
In 303.936 6.53
Co 238.892 1.74
In 230.606 1.78
6 1.67 96 - 104
In 325.609 1.73
In 303.936 1.70
Co 238.892 0.260
In 230.606 0.270
7 0.250 94 - 106
In 325.609 0.273
In 303.936 0.275

Shaded: Not cleared criteria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.
a)~ e) Refer to the footnote of Table 11
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Table 12-6  Result of recovery test (S-MgO, Measurement wavelength:277.983 nm)

IS and its Criteria of
No. of Content™® measurement Mean®? Recovery rate o
sample” (%) wavelength (%) (%) the tr(lj/et)less
(nm) °
Co 228.616 98.16
2 100.00 Co 238.892 97.09 98 - 102
Co 237.862 98.22
Co 228.616 33.04
3 33.33 Co 238.892 32.50 98 - 102-
Co 237.862 33.08
Co 228.616 17.16
4 16.67 Co 238.892 17.01 97 - 103
Co 237.862 17.16
Co 228.616 6.43
5 6.67 Co 238.892 6.39 96 - 104
Co 237.862 6.43
Co 228.616 1.76
6 1.67 Co 238.892 1.76 96 - 104
Co 237.862 1.73
Co 228.616 0.252
7 0.250 Co 238.892 0.255 94 - 106
Co 237.862 0.260 104.1

Shaded: Not cleared criteria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.



ICP-OES {EIZ XD R 0 rT YR MEAT IR K QSR i1 =0 E 1O B 3 25

Table 13-1  The list of result of recovery test (S-CaO, All measurement wavelength : Reference)

The measurement wavelength of Ca(nm)

393.366 (Referrence) 396.847
IS and its The range of average The range of average
measurement at recovery test using Judgment at recovery test using Judgment
wavelength 5 samples (%) 5 samples (%)
(nm)

No use 88.8 - 105 X 95.7 - 102 JAN
Co 228.616 97.1 - 104 A 95.3 - 107 A
Co 238.892 94.3 - 104 X 94.3 - 103 X
Co 237.862 94.7 - 104 X 95.4 - 103 X
In 230.606 90.0 - 104 X 96.3 - 101 Ox
In 325.609 95.7 - 105 O% 97.3 - 104 O
In 303.936 95.7 - 106 O 97.7 - 104 O

Addition concentration : 0.210 %~56.03 %
According to the coefficient of determination of curve <0.999, the quantitative value of
393.366 nm wavelength are regarded as refference.
O Cleared criteria to validate the accuracy for all samples of testing methods which will be
listed in Testing Methods for Fertilizers.
X Criteria to validate the comparison of quantitative values, too
A There were samples what had the gap account for less than 1 % of the upper limit
or lower limit of accuracy.
X There were samples what had the gap over account for 1 % of the upper limit
or lower limit o.f accuracy
Table 13-1  Continue
The measurement wavelength of Ca(nm)
317.933 422.673
IS and its The range of average The range of average
measurement at recovery test using Judgment at recovery test using Judgment
wavelength 5 samples (%) 5 samples (%)
(nm)

No use 93.2 - 105 X 93.7 - 105 X
Co 228.616 92.9 - 114 X 93.4 - 114 X
Co 238.892 91.9 - 110 X 92.4 - 110 X
Co 237.862 92.9 - 110 X 93.5 - 111 X
In 230.606 93.8 - 106 X 94.3 - 106 X
In 325.609 94.7 - 111 X 95.2 - 112 X
In 303.936 95.1 - 111 X 95.6 - 112 X
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Table 13-2  The list of result of recovery test (S-MgO, All measurement wavelength : Reference)

The measurement wavelength of Mg (nm)

279.553 280.270 285.213
IS and its The range of average The range of average The range of average
measurement . . .
lenath at recovery test using Judgment at recovery test using Judgment at recovery test using Judgment
wa\(/e er)lg 6 samples (%) 6 samples (%) 6 samples (%)
nm
No use 97.5 - 102 O 97.3 - 101 O 97.6 - 101 O
Co 228.616 96.9 - 103 Ox 96.7 - 102 O 96.9 - 103 O
Co 238.892 96.3 - 104 O 96.1 - 103 O 96.3 - 104 O
Co 237.862 96.8 - 105 O 96.6 - 105 O 96.9 - 105 O
In 230.606 99.1 - 106 A 98.9 - 106 Ox 99.2 - 106 O
In 325.609 98.2 - 107 A 97.9 - 107 A 98.2 - 107 A
In 303.936 98.0 - 107 A 97.8 - 107 A 98.1 - 107 A
Addition concentration : 0.250 %~100.00 %
OAX Refer to the footnote of Table 13
Table 13-2  Continue
The measurement wavelength of Mg (nm)
279.806 279.079 383.826
IS and its The range of average The range of average The range of average
measurement . . .
lenath at recovery test using Judgment at recovery test using Judgment at recovery test using Judgment
wa\(/e er)lg 6 samples (%) 6 samples (%) 6 samples (%)
nm
No use 96.9 - 102 O 97.9 - 102 O 96.8 - 101 O
Co 228.616 96.3 - 103 O 97.2 - 103 @) 96.1 - 103 O
Co 238.892 95.6 - 105 A 96.5 - 105 @) 95.3 - 104 A
Co 237.862 96.2 - 106 O 97.1 - 106 O 96.0 - 106 O
In 230.606 98.6 - 107 A 99.7 - 108 X 98.7 - 107 A
In 325.609 97.6 - 108 X 98.6 - 109 X 97.6 - 109 X
In 303.936 97.5 - 109 X 98.5 - 109 X 97.4 - 109 X
Table 13-2  Continue
The measurement wavelength of Mg (nm)
383.231 277.983 293.654
IS and its The range of average The range of average The range of average
measurement R . A
lenoth at recovery test using Judgment at recovery test using Judgment at recovery test using Judgment
wa\(/e er)lg 6 samples (%) 6 samples (%) 6 samples (%)
nm
No use 97.1 - 102 O 97.0 - 103 A 96.6 - 101 VAN
Co 228.616 96.3 - 104 O 96.3 - 105 A 95.8 - 103 O
Co 238.892 95.4 - 104 X 95.6 - 105 A 95.0 - 103 X
Co 237.862 96.3 - 106 O 96.3 - 104 O% 95.8 - 106 O
In 230.606 99.2 - 108 X 98.9 - 107 X 98.6 - 107 A
In 325.609 98.0 - 109 X 97.8 - 107 A 97.4 - 108 X
In 303.936 97.8 - 110 X 97.6 - 107 A 97.3 - 109 X

7) PHTHRERUSRMEEEOFH

5) &Y 6)IZH W TIEEHE B BRIE IS E D BV FEEA - LT S HE SR DWW T, RIEOPHTREE KON
HFE R L 2 feiR 272018, S-Ca0 K TN S-MgO % EHICE TlRA D ABEIEE K OUKER L T iREk 1[I
DU, KRS 2 B 2 ST T 7 AR OKIERBR AT ST/ % Table 14-1~4 |2, ZNHAFEIC— ol &
BT AT > TIRRDAVIERE G HEMTHRS % Table 15-1~4 |2, TN ZEIRT .
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S-CaO TIFRIE R K% 396.847 nm &L, 2> >NHBEEAEL LT In (AIE R 1E 325.609 nm & T 303.936 nm)
LT 2 SORELRIFTOVT, S-MgO TIEMIER £4 279.553 nm /7> MIHHEHELL T Co (MIE R &
13 228.616 nm, 238.892 nm K U} 237.862 nm) Z Al L 72 3 SOMIGE S, M ONTHIE R K4 280.270 nm 7>
DOPEEHELL T Co (MIEW RIF 238.892 nm) ZfEHLIZ 1 DR, §F 4 SORERIFIZHONT, W
DOFIRAFE R Z2 B IEEHERBRIE RSN TOD O TR R (B TR MR 22) Mo OY PG BE (PRI AE e AR e
IR7) D HLED 2.0 fEEANTh-TeZbhb, THEOMIEZME FCAEE 2R EH L TSI LA R
-,

728, BEETIZ, Ca ZWEFTREZ 4 R (393.366 nm b5 T0) TOPATREEE K O TRS B2 DO ERBAE R,
AT Mg ZI7E ATREZR 9 R (202.079 nm ZBR<) TOOHMTHFEE K ORI E ORERAE RIZOWT, Zh
SO E A Table 16-1~2 (Z-7.

Table 14-1  Individual result of repetition test of changing the date for the precision confirmation (S-CaO)
:Mixed phosphate fertilizer (% (mass fraction) )

IS and its
Measurement
measurement Test day
wavelength
wavelength
(nm) (nm) 1 2 3 4 5 6 7

In 230.606 2.07 1.95 2.16 2.01 1.93 2.08 2.09
2.01 1.90 2.01 1.95 1.96 2.00 1.99
396,847 In 325.609 2.02 2.03 2.00 2.02 2.00 2.06 1.98
2.02 2.02 2.01 1.99 2.00 2.02 2.00
In 303.936 1.98 2.00 1.98 1.99 1.97 2.01 1.95

1.96 2.00 1.98 1.98 1.96 1.98 1.98

Table 14-2  Individual result of repetition test of changing the date for the precision confirmation (S-CaO)

:Hydroxidized magnesia fertilizer (% (mass fraction) )

IS and its
Measurement
measurement Test day
wavelength
wavelength
(nm) (nm) 1 2 3 4 5 6 7

In 230.606 54.3 51.2 52.2 52.5 52.2 53.8 51.4
52.1 52.2 53.4 52.6 56.1 52.7 52.3
306,847 In 325.609 51.6 52.3 52.7 52.5 51.7 52.6 52.0
51.7 52.8 52.8 53.2 53.4 52.8 51.8
In 303.936 51.4 52.4 52.5 52.2 51.1 52.3 52.8

51.1 52.7 52.7 53.2 53.7 52.8 51.0
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Table 14-3  Individual result of repetition test of changing the date for the precision confirmation (S-MgO)

: Hydroxidized magnesia fertilizer (% (mass fraction) )

IS and its
Measurement
measurement Test day
wavelength
wavelength

(nm) (nm) 1 2 3 4 5 6 7
Co 228,616 62.3 63.5 62.4 62.6 63.1 63.1 63.5
63.2 62.7 61.8 65.1 62.4 62.4 63.0
279 553 Co 238,892 63.6 63.9 64.5 63.7 63.1 63.5 61.0
64.0 62.2 62.7 63.1 61.9 61.0 62.1
Co 237.862 61.9 63.4 63.1 65.3 62.7 64.3 62.9
63.5 61.6 62.7 64.4 62.2 63.8 62.1
OB G @y @a @3 @S ool
280270 62. 1 63‘0 61.0 62.4 62‘9 62.6 62.2

In 230.606 ' ' ’ ' ' ’ '
61.3 64.4 63.2 63.2 66.8 61.1 65.5
277,983 Co 237.862 59.3 61.9 64.5 63.8 63.5 62.5 61.0

61.8 61.6 63.9 64.6 61.4 61.5 62.2

Table 14-4  Individual result of repetition test of changing the date for the precision confirmation (S-MgO)
:Mixed phosphate fertilizer (% (mass fraction) )

IS and its
Measurement
measurement Test day
wavelength
wavelength
(nm) (nm) 1 2 3 4 5 6 7
Co 228,616 3.08 3.21 3.05 3.19 3.03 3.06 3.00
3.19 3.03 3.07 3.16 3.11 3.05 3.17
179.553 Co 238.892 3.19 3.24 3.24 3.23 3.06 3.07 2.94
3.23 3.09 3.13 3.14 3.14 3.14 3.17
Co 237.862 3.08 3.18 3.15 3.21 3.03 3.09 2.94
3.19 2.98 3.08 3.14 3.07 3.12 3.10
el S O YR O I ¢ St Y
280.270 3-22 3.18 2'93 3-14 2.98 3.11 2-93
In 230.606 ) ’ ) ) ) ) )
3.15 3.07 2.97 3.10 3.17 3.04 3.13
277.983 Co 237.862 3.09 3.31 341 3.39 3.00 3.05 2.80

3.28 2.98 3.14 3.34 3.02 3.15 3.02
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Table 15-1  Statistical analysis of repetition test result for evaluating precision (S-CaO)

:Mixed phosphate fertilizer

Measurement IS and its Repeatability Intermediate precision
aveleneth measurement Mean®
wav gt Wavelength S rc) RSD rd) CRSD re) S I(T)f) RSD ](T)g) CRSD I(T)h)
(nm) (nm) (%)” (%)” (%) (%) (%)” (%) (%)
In 230.606 52.8 1.3 1 1.3 2.5 2
396.847 In 325.609 52.4 0.5 1.0 1 0.6 1.1 2
In 303.936 52.3 0.9 1.7 1 0.9 1.7 2

Shaded: Not cleared criteria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.
a) Mean value (n= sample number of parallel test (2) x number of test days (5))
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
i) Extraction procedure for potassium salt fertilizer

Table 15-2  Statistical analysis of repetition test result for evaluating precision (S-CaO)

: Hydroxidized magnesia fertilizer

Measurement IS and its Repeatability Intermediate precision
lenoth measurement Mean®
a n, c €
wavelengt wavelength 5 RSD.”  CRSD? sin’  RSDyr®  CRSD )"
(nm) (nm) (%)" (%)" (%) (%) (%) (%) (%)
In 230.606 2.01 0.06 2.9 2 0.07 3.6 3.5
396.847 In 325.609 2.01 0.01 0.7 2 0.02 1.0 3.5
In 303.936 1.98 0.01 0.6 2 0.02 0.9 3.5

a)~ h) Refer to the footnote of Table 15-1
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Table 15-3  Statistical analysis of repetition test result for evaluating precision (S-MgO)

: Hydroxidized magnesia fertilizer

Measurement IS and its Repeatability Intermediate precision
aveleneth measurement Mean®
wavt c e
gt Wavelength St ) RSD rd) CRSD r ) S[(T)t) RSD I(T)g) CRSD I(T)h)
(nm) (nm) (%)” (%)” (%) (%) (%)" (%) (%)

Co 228.616 62.9 0.8 1.3 1 0.8 1.3 2

279.553 Co 238.892 62.9 1.1 1.7 1 1.1 1.8 2
Co 237.862 63.1 0.8 1.2 1 1.1 1.7 2
Co 238.892 62.6 0.9 1.4 1 1.1 1.7 2

280.270
In 230.606 63.0 1.6 1 1.6 2.6 2

277.983 Co 237.862 62.4 1.0 1.6 1 1.5 2.5 2

Shaded: Not cleared critiria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.
a)~ h) Refer to the footnote of Table 15-1

Table 15-4  Statistical analysis of repetition test result for evaluating precision (S-MgO)
:Mixed phosphate fertilizer

Measurement IS and its Repeatability Intermediate precision
lenoth measurement Mean®
wavelengt wavelength 5, RSD.”  CRSD? sin RSD\n?  CRSD "

(nm) (nm) %) (%) (%) (%) (%)" (%) (%)
No use 3.08 0.06 1.8 2 0.06 1.8 3.5
Co 228.616 3.10 0.08 2.4 2 0.08 2.4 3.5

279.553
Co 238.892 3.14 0.09 2.8 2 0.09 2.8 3.5
Co 237.862 3.10 0.08 2.6 2 0.08 2.6 3.5
Co 238.892 3.13 0.08 2.6 2 0.10 33 3.5

280.270
In 230.606 3.08 0.08 2.7 2 0.10 3.1 3.5
277.983 Co 237.862 3.14 0.14 2 0.18 5.9 3.5

Shaded: Not cleared critiria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.
a)~ h) Refer to the footnote of Table 15-1
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Table 16  Result of recovery test (S-CaO and S-MgO, all measurement wavelength : Reference)

IS and its Measurement wavelength of Ca(nm)
measurement 393.366
wavelength 396.847 317.933 422.673
(nm) (Reference)

No use O O O O
Co 228.616 O O O O
Co 238.892 O O O O
Co 237.862 O O O O
In 230.606 X X X X
In 325.609 O O% O O
In 303.936 O O O O

According to the coefficient determination curve <0.999,
the quantitative value of 393.366 nmavelength are regarded

as reference.

O  Cleared criteria to validate repeatability and intermediate precision
for all concentration levels of testing methods which will be
listed in Testing Methods for Fertilizers
#¢Cleared criteria to validate the comparison of quantitative
values and accuracies, too
/N Repeatability or intermediate precision are over 2.0 times
of indication, but under 2.1 times of it

X Repeatability or intermediate precision are more than 2.1 times

of indication
Table 16  Continue
IS and its Measurement wavelength of Mg (nm)
measurement
wavelength 279.553 280.270 285.213 279.806 279.079 383.826 383.231 277.983 293.654
(nm)

No use O O O O X O O X O
Co 228.616 Ox O O O X O O X O
Co 238.892 OX Ox O O X X X X X
Co 237.862 OX O O O X O AN X O
In 230.606 O O O O X X X X X
In 325.609 O O O O X O O X O
In 303.936 O O O O X O O X O

8) EETREFNHER
AEELO A ERFE DB N T, IBEHHICE A TREER S OR/NENEDHNTEY, S-Mg0 D/l
DOWTIREIFES HAREFE, 3 5 FEOEETZENENIT 4.5 %~40.0 %D HEFHDE N E D HILTVDA, S-
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Ca0 (ZOWNWTUFEDJEEFCHED DIV TR, — 5T, KIEMEE L EIXEEERE L2 oW TS, fh&d
LT 1.0 %L EOEHEENHFESITRY, F/o, PEERBRIEICB W T, E & T RIS EAEEH o5 f &/
D 1/5 LR THOLZERHERIS N TS, ZNDEEEX 729X TERE FIROHEEZITHIZEEL, S-MgO KDY
S-Ca0 IZOWTEAR/IMEE 1.0 %&REL, Table 2 |RLTZFABANEI DS E, S-CaO KT S-MgO 1Z7AER i
7 ZHWT, 4)~6) DEMRFHIB W TIERMERERIEICE D BV A= LI S HE R FICEY, 7 mff
1T CRBRAE L, FONTIEERAZNOE & N IREOHEEZIT 72, # % Table 17-1~2 1Z/R 7.

UL EO#ERD D, S-CaO (HIEHE K 396.847 nm, WHMEAELL T In 2 M) OE & FIRIT 0.08 %~0.10 %
T, S-MgO DOE R TIRIZ 0.07 %~0.08 % FfE L ftE Sz,

Table 17-1  Estimation of the lower limit of quantitation (LOQ) : S-CaO

IS and its

Measurement v  Recovery d Criteria of
Content measurement  Mean 5.9 LoQ®  LOD® "
wavelength rate the trueness
wavelength
(%)" (nm) (nm) WY %) oY WY ()" (%)
In 325.609 0.222 105.9 0.008 0.08 0.03
0.210 396.847 94 - 106
In 303.936 0.222 105.9 0.010 0.10 0.04

a) Mass fraction (%)

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

¢) Repeatability standard deviation

d) Estimated lower limit of quantification (LOQ = s, x 10)

e) Estimated lower limit of detection (LOD =s,x 2 x t (n-1, 0.05))

) Criteria of the trueness (recovery) shown in Testing Methods for Fertilizers

Table 17-2  Estimation of the lower limit of quantitation (LOQ): S-MgO
IS and its

Measurement ) ) Criteria of
Content measurement  Mean”  Recovery 5.9 Loo®  LoD® 9
wavelength the trueness
wavelength
(%)" (nm) (nm) WY %) Y WY ()" (%)
Co 228.616 0.256 102.6 0.007 0.07 0.03
0.250 279.553 Co 238.892 0.257 102.8 0.008 0.08 0.03 94 - 106
Co 237.862 0.262 104.6 0.008 0.08 0.03
0.250 280.270 Co 238.892 0.256 102.6 0.007 0.07 0.03 94 - 106

a)~ f) Refer to the footnote of Table 17-1

4. FEDH

ICP-OES (Z LA Bk o> Ty 5y (S-Ca0 KUY S-MgO) DR E I OWTHRETLIZEZ A, RO RE15
7-.

(1) WRFEBUREM TR T D3 HTEICHOWTORERE R CHIE SH12 85 ICP-OES 5L, IEEHEBRIA
NSV TR IR ETE (TERIE) 128D, WREAEEHS 17 S0 S-CaO K S-MgO ZZiLENLaHTL,
BONIZRIEEDS 2 FFER OB ZERLE L. ZORER, M0 b ICREICED HHELR IL U1
VAR 5 A eyl
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() BEMOSAME0 0, SUEHAR T OHEEEIE O RIEL, ARG ROEWVICLDHEDORRE (R EROBEE
HPH ARk FRRL :?é’&)ﬂﬁaﬁ& =iwf£5< 38~39 FUZHOWTHIE R R M ONEEREEE IV TIER
BEEOMBEZHER L. ZORER, MR EHICIEFERBRIE T E D HHELE SLUE A 7= T /5 RSO LA HIE
SAEDVEIFIL, ICP-OES /zkﬁé;léfizésmladér DR CETz.

(3) HAH DMEE ORI D IO FHB L 7= IEBHZ XD IRINEIGERER OS5 F, S-Ca0 122\ T (2) THED
NIZBREREDIS 3 DORERMHFIZIBNT, BIREEICOWTEINERIT 96.3 %~106 % THY, IEEER
BRIEICB T DB IR IEL ~OL OB JE A7 Tz, S-MgO (2 OW T RIS, 6 DDORIESIFIZHE T,
BIRFEIZ OV TORIEIT 96.1 %~106 % THY, EEHEREBRIEICIITLEE HIEZN-L Tz,

(4) FRITIZONTENE I 2 FEEO T ALK 2 R, 55 Hs & ONRIN a3 5Bk C AR 2 5k ik
RSV TN DHESE LB 235 7= U= S T E SR C Lo C, 2 R 2 S5 0H(T, HAZ 2T 7 8l ICP-OES {£(12C
INTEAT T, ZDOFER, S-CaO TIXHIE N K% 396.847 nm, WEMEHELL C In (I EWK £ 1% 325.609 nm %
14303.936 nm) 2 L72 2 DORIESRMFICEB T, ERENELIZRIEM O H A HE R 22 & O T
FESRHE IR 7213 T N CIERM BRI RSV COOFFR AT 7L e, [AERIZ, S-MgO TIXIE K &%
279.553 nm, PEHEHELL T Co (HIE I £ 1% 228.616 nm, 238.892 nm & X 237.862 nm) Zf L 7= 3 DD
TESRME, WONCHIE P £% 280.270 nm, WEMEHELL T Co (IEH K 1% 238.892 nm) i L7z 1 SOWE
Gtk B 4 SOWEFMIZINT, TIENGSILTIIE O H A R 72 & O\ TH R YR 220X
FTARTHERME R ORS N QO DA HPHN Th-o 7.

(5) MREMROERME, J7IER s, WINELGRER, OF TG K OV R R @E”émft%fﬂwr FRBRIEIC
RSV TV D HELE R UE S 2§~ Rl 7= LTe B E SR IFIC Lo T, By OWE ISR T HE & FROHEE LT
STt B S-Ca0 13 0.08 %~0.10 %FELE, S-MgO 1% 0.07 %~0.08 %&E{ﬂ@ok.

(6) AEIOKFTOREF, ICP-OES 1EIC XD ARk O I IEMEA K & OVAIVENE S £ ORI EEICOWT, il
PRRE SR ERRIL, BRI LD YRR LT,

X B
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Simultaneous Determination of Hydrochloric acid-soluble Ingredients (S-CaO and S-MgO) in
Fertilizer using Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES)

FUNAKI Norio'

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

A single-laboratory validation study was conducted for the simultaneous determination of hydrochloric acid-
soluble principal ingredients (S-CaO and S-MgO) in fertilizer products by inductively coupled plasma-optical
emission spectrometry (ICP-OES). The fertilizer was extracted with hydrochloric acid. Hydrochloric acid and
internal standard(IS, using In and Co) was added to the extract, diluted with water, and analyzed with ICP-OES. As
a result of 3 replicate analysis in 6 fertilizer samples prepared to contain with S-CaO and S-MgO at 0.210 % -
100.00 % (mass fraction), 0.210 % - 56.03 % (mass fraction)(S-CaQO) and 0.250 % - 100.00 % (mass fraction)(S-
MgO), the mean recoveries were 96.3 % - 104.3 % (S-CaO, under 3 measurement conditions using In for IS) and
96.1 % - 104.9 % (S-MgO, under 6 measurement condition using Co for IS), respectively. Repeatability relative
standard deviation of S-CaO and S-MgO (RSDr) were 0.6 % - 1.7 % (mass fraction)(S-CaO, under 2 measurement
conditions using In for IS) and 1.2 % - 2.8 % (mass fraction)(S-MgO, under 4 measurement condition using Co for
IS), respectively. Intermediate relative standard deviation of S-CaO and S-MgO (RSDyr)) were 0.9 % - 1.7 % (S-
CaO, under the above 2 measurement conditions) and 1.3 % - 3.3 % (S-MgO, under the above 4 measurement
condition), respectively. The limit of quantitative value (LOQ) of S-CaO and S-MgO, under measurement conditions
cleared criteria to validate all characteristics of testing methods which will be listed in Testing Methods for
Fertilizers, were 0.08 % - 0.10 % (mass fraction) and 0.07 % - 0.08 % (mass fraction), respectively. Those results
indicated that the developed method was valid for the analysis of hydrochloric acid-soluble principal ingredients in

a fertilizer.

Key words  Acid-soluble CaO, Hydrochloric acid-soluble MgO, ICP-OES, Fertilizer

(Research Report of Fertilizer, 13, 1-35, 2020)



