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ERIE LD, ) DR DWNE TIED, EEFIATIEY R ONBEHERBRED ICH WL TERZ, JTFE, 8T
DOFEEAL e OSRE b7 & OBLR N HFFE T T X< F N3 /W& (ICP-OES) & AV e — & /L DB %8
B OB DOMER N B ENTE-. RO S E 2 RFET D TR TS Y Oy &8, A8k k07 v
AV EPFESNTEY, ZOIHH N ITRARKFER S RY TRIEMER Y, WMy B OVK R M
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ICP-OES % F - RED WA DT, 2011 AR ZVBTRAEEF O F E AR O/ HTik> |, 2015 412
WCR AR DKV R ST D43 TR, 2016 AR ZHCIRAIEARR R O 2 RIS BURMEM D43 HTED, 2017 2T
Y DLHTEY KON 2018 4RI E AR O VEVE TRy D4 HTIEY 2, 2 FAMIC 2B G S, IRk
LHERBIE IS TS,

ZZCATENE, BEFEIERR OKEEME TRy (LT, KEMED ABRIE W-P2Os, /KIEMNN R IZ W-K20, KIEME
HIE W-MQO, KM~ 713 W-MNO & OVKEEHEIED /1T W-B20s &), ) %54 LT ICP-OES i~
D AERFI LD T, ZOREREWE T 5.

2. MERUAEE

1) SiTAEM

(1) e

Bl TODBETEZALEHZ DWT, AKEEMER D OF FNLDL 0 17 AR 39 /il ((LREL, BLEIEE, S5
25 A A AR, INE0 A BRRERY, BB, SRR, EREINE™, I EADER, 1RSI0 EAE,
A TR, IRE~ T VIEE, Wik~ 0 JEE, (EORRMEIEL, RS HENEE S IR, WosEEIEE, 1R
BREER I L O ER A IR 2 e, (LT, X2 Lcboz £l TIHIT LM V). )

FEHZOWTE, A BIE 500 um D 55\ e il 9% £ Tl i DA IS TR LIb oz L7z,

(2) TR

EANENN GRS FH K OVE & FRRHEE HEL T, W-P,0s, W-K20, W-MgO, W-MnO K& T W-B20s D4l 57 7%
EEOREIZRD IO Tablel IR L7EBSEMGIRRIL 7=, Zeds | i H L7 RRSEO B %13 2) (20) ~ (27) 127
L7z, ZNBOMEHTIEC G OBRIC, JREI/LVIZTH BAE 500 um O 55\ &2l T 5 THIfEL, R =T L 48
AN TIRA LRV ERTEBEL, ot 2ETT oo — 2N TRELTZ.
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Tablel  Properties of material

W-P,0s” W-K20? W-Mg0? W-MnO® W-B.0s”

A Potassium dihydrogen phosphate (KHz2POs4) 52.15 34.61

B Magnesiumacetate tetrahydrate ((CHzCOO)2M g+ 4H20) 18.79

C Manganese sulfate monohydrate (MnSOa-Hz0) 41.97

D Boric acid (HsBOz3) 56.30
E Ammonium sulfate 0.00 0.00 0.00 0.00 0.00
F Sucrose 0.00 0.00 0.00 0.00 0.00
G Potassium chloride (KCI) 63.18

H Potassium sulfate (K2S04) 54.05

a) Water soluble components (P20s, K20, MgO, MnO, B20z3), theoretical value, mass fraction (%)

Table2  The preparation of analytical samples

No. of The mixing ratio of the materias Componentc)

samplea) A” B” c” D” E) ) G H” W-P,05 W-K20 W-MgO W-MnO W-B,0,
1 100.00 52.15 34.61
2 100.00 18.79
3 100.00 41.97
4 100.00 56.30
5 35.00 50.00 750 7.50 18.25 12.11 9.40
6 10.50 15.00 37.25 37.25 548 363 282
7 3.15 450 46.18 46.18 164 1.09 0.846
8 20.00 15.00 32.50 32.50 8.39 845
9 4.00 3.00 46.50 46.50 1.68 1.69
10 0.800 0.600 49.30 49.30 0.336 0.338
11 0.216 0.162 49.81 49.81 0.0907 0.0912
12 1750 25.00 200 150 27.00 27.00 9.13 6.06 470 0.839 0.845
13 100.00 63.18
14 100.00 54.05
15  0.500 49.75 49.75 0.261 0.173
16 1.10 49.45 49.45 0.207

a) Number of prepared sample
b) These are materials which are shown in table 1
c) Designed vaue, mass fraction (%)

2) HEZFOHAR

(1) YA FE#ERL (P 10 mg/mL) (ICP-OES A) : TraceCERT® ICP Y A FE K (P: 10 mg/mL)
(SIGMA-ALDRICH)

(2) BV LEHERR (K 1 mg/mL) (ICP-OES 7£/]) : JCSS HUw AMEHAERK (K:1000 pg/mL) (& 7 A /LA
FEHi%E)

(3) w7 Ry LMEHERR (Mg 1 mg/mL) (ICP-OES #£/) : JCSS <7 x> v AMEAERR (Mg: 1000 pg/mL)
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(B L7 AN DFEHIEK)

(4) ~ A ABRERR (Mn 1 mg/mL) (ICP-OES #:H]) : JCSS ~ > 4 U AZ#ER (Mn: 1000 ug/mL) (& 171
IV BFNEATEE)

(5) 1FH>FEIEAERL (B 1 mg/mL) (ICP-OES %) @ JCSS 139 F A #Ei (B:1000 pg/mL) (& 7 A /v LF

(6) RGN (ICP-OES 1EH) 1 (1) ~ (5) DIEERAFEEIRIKE L, FAEERIRAIRA - A RL CRE
FE#ERL (P 200 pg/mL, K 200 pug/mL, Mg 20 pg/mL, Mn 10 pg/mL % OY B 10 pg/mL) 28U 7=, 7=, ZDiR
AR A AR, SERRIR A3 (1+23) L7 D S5 B RE (145) A2 N2 O ot - G AR HEIR 2 s B L 7=

(7) 7K: HEHKREEE (MILLIPORE & Milli-Q Element A10) % W\ TR SIL - MK (FLHSHLE 18
MQcm LLE) &L=

(8) Halk: JSK 8180 ¥ /it ek (& L7 AL LFDEHIER)

(9) FHl%: JSK 8541 ¥E#E /#T HakdE (8 L7 AL LFDEHIEE)

(10) 7=/—NTHLALVEIR: ISK 870 IHET D7 =/ — VT XA 1g% JISK 8102 IZHE T H—
27— (95 %) 100 mL (2 LT=b D& L=,

(11) 7E=77K: JSK 8085 FrikakH (E &&= 28 %) (& L7 A /L LFDEHIHK)

(12) Y AFRIEHER (P:0s 10 mg/mL) (W JEYEEEVED) © IS K 9007 (ZHET DV AME —KFEHIY L%
105 °C*2 °C T 2 REIINEAL, 77 —Z R THm LIZ1%, 19.17 g 2 & ILITITAN0ED, D BEOKTEE)
L, 2877221000 mL (2B LA, BEEE 2mL~3mL Zh1%, fERRECREMZ 7-.

(13) FEaIEAIK (@ildE) : IS K 8747 [ZHLET oV (V)BT =0 4 1.12 g Z/KITED L, B
ik 250 mL &Nz 72#, IS K 8905 [ZHETH LY 7 F oA T v E=0 AMKFW) 27 g 2 /KICHED L TN
%, BIZAKENZ T 1000 mL EL7-.

(14) T4 FIER OB E M) :ASK 8617 IZHE T 5K EE /L7 12,5 gt —1—2000 mL 121

(15) THIHANAR GE L~ A EH) © ISK 8132 (ZHE T Db AN F T AR KF# 152.1 ¢
ZE—77—2000 mL (2320 e, D EOKENIZ T2, HilE 420 mL 24 2 [ZINZ Tl IZKRZMNZ T
1000 mL :L7-.

(16) =F Lo U7 NEHREEK: ISK 8107 IZHETH2=F Lo U7 I UERE ) v A K
37.29 Z/KIZEEALT 1000 mL L7

(17) HEE7 E=U AIAHR: JSK 8359 ([ZHLETHHEET E=7 2509 Z/KIZHENALTE500mL &L,
iz (1+4) C pH % 52+0.1 |[ZFHHEL7-.

(18) 7Y ATV HIRIE: TV ATV H(E L7 AV LFEMEK) 0.6 g & N ISK 9502 [ZHETDH L (+) —7
AVE MR 29 IZKEINZ, 35 °C~40 °CIZHMRL TN L, mAI%KEM AT 100 mL LL7-.

(19) 1FHFHEHER (B20Os 2.5 mg/mL) (WFEHEEVEM) © IS K 8863 ITHET DIIHEET v — X HHITH)
24 W E L CHz L7214, 4.441 g AR R ILICEY, D EOKTENL, 27727 1000 mL (B LA,
IR ECAREINZ T

(20) YARE —KFEHVT L ASK 9007 Kk (F L7 AL AFnEHiSk)

(21) Eife~7 2D LIUKF: 33K (MU 99 % (B &5 %)) (B L7 A /L AF i)

(22) Hilg~ Ty () —KFf4: SRR 97 % (B &5 %)) (B L7 AL AFkiisk)

(23) 13H5Me: JSK 8863 Hpfhkakde (& L7 A /L LFDEAMIE)

(24) HilE7 =L JSK 8960 Frfkitdk (& 7 A /L AFEHISE)
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(25) AZm—A: JSK 8383 Kpfkitdk (& L7 A /L AFEHiHE)
(26) HEALANHL: JSK 8121 HFpflkirdk (& L7 A /L AT EHiEk)

(27)

WREEINE . JISK 8962 ikt (R k)

3) HERURE

(D
Jed)
2
(3
(4)
(5)
(6)
)
(8)
9)

ICP 3 e Hrik i (ICP-OES) : St BERT ICPS-8100 (K& 7 0181 5 5, > —2ro v By

SRR YRR BB ERT UV-1800

R —~ RO R HITACHI Z-2310

AR KELELEE . MILLIPORE Milli-Q Element A10

By h 7L —h: SIBATA NP-6 & OV Ve L #L/ERT AHS-500
LR . Retsch ZM-200

REL: JIIFE T T-100

pET7T7Aa: JSR3B05 LETTAT JTAA

EEE~Syh: ISR3505 £EE vk 772 A XX B(17.5mL D7)

(10) Ak 3 &

4) WA E
HIERFICHOWTE, IEEMFZEERE S 8 5 (2015) TH A S TUD ICP-OES 2 LAWK AEEH D 7k I
PEERSOREEZSELLY, Table3DEFBVELT-.

(1)

IKENE 3 B oriE (BERIE TR STV D57 : W-P20s, W-K20 (BREFEIN B 125 £72 Rk KDY

W-MnO)

TRl 5 g(F721X 25 9) & 1 mg OHTETITNVED, A8 ~7 722 500 mL (F721% 250 mL) (2 A4, 7K 400
mL (F721% 200 mL) Zh0%, HiE FIZT 30~40 [al#i5, 43 C 30 /3 RIS 72, IR ETKEMZ, A 3
FECAHBLT-. AIRO—EBEZHDOEETT 22100 mL 1280, g (1+5)25 mL #Mx CTKTERLIZHD
ZRBHRIREL, ICP-OESZ W TERLZ. o 7r— —NZ Scheme 1 DLV THS. (LIF, ot
B2 W3 5kl &), )
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5g9(or259) Weight to the order of 1 mg to a 500-mL (or 250-mL)
analytical sample volumetric flask

<—About 400 mL (or 200 mL) water
Constant temperature rotary shaker

Shaking to mix
J (30 - 40 revolutions/min), 30 minutes
[
| Cooling |
<—Water (up to marked line)
| Filtration | Type 3filter paper
I
| Sample solution |
I
Aliquot :
(predetermined 100-mL volumetric flask

<Add 25 mL of hydrochloric acid (1+5)

<—Water (up to the marked line)
| ICP-OES |

Scheme 1 Flow sheet of measurement procedure using ICP-OES for W-P,Os, W-K>0 and W-MnO in solid
fertilizer (W-3 component method)

(2) KEEMEH 115 (BERIETHRAIN TV DALY : W-MgO)

SHTEEF 1 g% 1 mgOHTETIEAD Y, 47522500 mL IZ A, k400 mL &A%, 3045 L7~
sk, B ETKENZ, AH3FETABLEZ. AEO—ER&AHIOLETT 2= 100 mL (220, Hilg (1+5)
25 mL ZHIZ TKTERLZLOZRENAIREL, ICP-OES # W CERLT-. /oHr7r——~E Scheme 2
DEBVTHD. (LAF, ZOMEFEZIWMg L&), ) 7ol HERTRINFHIRE S RO EHAIRIC S
Wi, 1700X g C 10 43z Doy BEL 7= b O 2l E L2 L 7=

| 1 g analytical sample | Weight to the order of 1 mg to a 500-mL volumetric flask
<—About 400 mL water

| Bailing | Onhot plate, 30 minutes
[
| Coding |
<—Water (up to marked line)
| Filtration | Type 3filter paper
[
| Sample solution |
[
Aliquot .
(predetermined 100-mL volumetric flask

<Add 25 mL of hydrochloric acid (1+5)
<—Water (up to the marked line)
| ICP-OES |

Scheme 2 Flow sheet of measurement procedure using |CP-OES for W-MgO in solid fertilizer (W-Mg method)
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(3) AKIEMEIFHHRIE BERIETEA SN TOBRLSY : W-B203 2 Y W-K,0 (VU7 L))

IINTERE 1 g~25g(HUD AT 259) % 1 mg DT ETIINVEY, 277 A2 250 mL 12 A, 7K 200 mL
Nz, 15 mfEEWR L. fintk, B ETKENZ, A 3FETABL. AIRO—EEBERIDEET T A2
100 mL (Z&D, R (1+45)25 mL ZI1x CTK TERLIZLOZRENAREL, ICP-OES W CTERLZ. 4
Hrom——N3 Scheme 3DEBVTHS. (LT, ZORIH AIEZTWB 1E] &), ) 72k, HEIEIINR R
RSN FEHRIR IOV T, 1700X g T 10 4y O BEL 7= O 21 S 12k L 7=

| 1~2.5 g analytical | Weight to the order of 1 mg to a 250-mL volumetric flask
<—About 200 mL water

| Boiling | Onhot plate, 15 minutes
I
| Cooling |
<—Water (up to marked line)
| Filtration | Type 3filter paper
[
| Sample solution |
I
Aliquot

100-mL volumetric flask

(predetermined
<Add 25 mL of hydrochloric acid (1+5)
<~Water (up to the marked line)

| |CP-OES |

Scheme3 Flow sheet of measurement procedure using | CP-OES for W-B,03 in solid fertilizer (W-B method)

Table3 Anaysiswavelength

Element Wavelength (nm)
P 178.287
K 766.491
Mg 279.553
Mn 257.610
B 249.773
3. ¥ B

1) AEMLEEICLSEEOFE

A RIORFNIIITD 5 DO B AE, IREHERBRIEY 2B W CEAREFCOHH 7543 32 0h i
TW5. ZZC, ICP-OESIZXDMEEDKRFHIDOWTIE, 5 O—F TS A REDZ MRS T 272912, 5k
T ORERE (Table 4) THRAIILTWD 3BT X COMP FIEERFTT o2 LEL, ENEnomt &M
(CEDHERE L, RERIEORERERE e+ 52 LU, BRI, k2 &ic, OICP-OES i (hiHi 7
W3 K 51E) -6k ik, @ICP-OES ¥ (i J7 1k : WM 7%) -3k, @ICP-OES 7% (FhiH )51 : WB ¥5) -1t
KIED 3 DOMAEDHITONT, ZE VB (ERERR) ZER LT, AH BRI LD el 7 AR
D REIE, W-P,0s% 26 1, W-Ko0 % 25 5 (WVD LG K ORER N B35 125 T iRkt 2 FiR<) , W-MgO % 28



34 AEBLF 724 Vol. 12 (2019)

A, W-MNO % 14 5 DY W-B203 % 21 T D, 7233, W-MNnO K O W-Bo03 12 DWW T, il Bkt o K%
HOLE R 1 Y%ARHObDITRELT.

By D 95 % Pl IX EIC L DFAREX % Fig. 1-1~5 12, &Ry 95 W(EiEX IC BT A (b), 1A (a)
e A EAROFBIFREL (r) % Table 5-1~5 12, 2R T . IRRMERBRIEIC BT 52 S MR 7 L D
YT, fHE (b) D 95 WIEFXMIC 1 235 E4, U4 (@) 1R XEITFEA (0) 238 Fiv, 22 >HHBIRE () 1%
0.99 LI EAHELEL T D, W-P,0s & TV W-MnO % W3 A 531522V T, W-M@O 1X WM IEIZ DWW, EE
N RTCTOIEMEZ =L TRY, M FIENMERIELFR U A O AHERIEEDRIEE R R CEZ. 20k
M, ICP-OES & THZNEIVERIELFIUHIE 723228 L LT, F72, W-K20 13 W3 i3 iE RO
WB JEIZDOWT, T _RTO IR L T3, W-Ko0 (DWW TS TEEA 72 fh IR A< 5 T W3
RO (RESRIEL RICH 5 3E) %, ICP-OES #:0 W-K20 454 ChER 4528 LT,

—J7, W-B203 X ICP-OES {EIZE O ik WG/ IZ OV T, JEEHERBR LD HHEE 9Tz
THOIX o720, ZOFRELT, MMHEROECIZEB L. BT aWEIREMEE & TRl oW T
JSALNDD, AEIFEM BN & E 0 IEEHZ OWTH ABNDZ 0B 5. 22T W-B0s DRRFHZ V=
21 ROEEE, B HE AR 5 T JUE A B RAR 2 B £ ERE, Fo i IR S A b
JEBEE A 8 RS0 TR, 1IN E LT, ICP-OES i (i 51 : WB 1) 21k ik (T AF
H i£) LHE UM B Z Fig. 2-1~212, 95 %iE X FIZI T 2 E (b), UIA (a) K ONElRIE RO BEFREL
(r) % Table6-1~2 (2, TNEIURT .

HHEFMELOF T CIEEZ 2723580, EBLO7r—ATH IEEHERBR 1L O A 7= S/ 0 ik R &
PRl RO OO B THTI=5E, BFaDRPSTEEHZ W CIREHE A 58 D720 oD
FHEIFR LAY 1.000 £720, SFED AREMEAVRIBS L2, £ CIREL 21 Si0Hh, AR ICE GO RS- IR
BE16 SUZ DN T, SERIEICEB W TR ORI IEY 1Y %21 T o7 EC, fERIEDR; F& ICP-OES ¥ (i 5%
WB ) O8R4 bl U= (Fig. 3 & (X Table 7) . D5 R, IEHERBRIED YL T Tl L7-.

LLEDZEND, ZOBOKRETTIE, Famc o, IEHERERTE O FEHER 3~ i 72 L7z )7 1% (W-P2Os,
W-K0 (V7 LIS OREEL) , W-MNO (225 Tik W3 %431, W-MgO (2o Tidk WMg %, O W-B,03
[ZOWTIE WB IE) IT> TITHZ &L, b o — A I HTEDRFNZ DWW TR T 52L& LTz,

£, mIEE EESE 1 %LLE) O W-MnO £721% W-B,0s & & Te~ o A B EEH K ONEH FE RN
WTIEREHE DS D220 DO T, BED 2D 3 EEHI W T 4 SO TRERZI TV, TERIEDRE FL 1CP-OES
TEDFERLDMIT FREIZLDE S HMEDOMERE K Ot MBI LD EIMED LA 1T o 72, 2 DOF5R, 2 LM
THEZAIRON R -T2, o, ERED W-K0 &8 Te )T MEIZ DWW T RO k21T o 7= (i 5
TEIRDERE, ICP-OESTEELIC WB iEELTD) 825, 2 HIEM TAE AT RN eh-7= (Table 8) .



|CP-OESHEZ LA B T ARELH 0D A A 32 5% 45 O 7E 1 D B %% 35

Table4 Measuring condition of Testing Methods For Fertilizers (2018)

Component Testing methods for Fertilizers Waveength (nm) Measuring instrument
Ammonium vanadomolybdate
W-P20s absorptiometric analysis 420 Spectrophotometer
W-Kz0 Flame atomic absorption 769.9 Polar.|zed Zeeman atomic
spectrometry absorption spectrophotometer
Flame atomic absorption Polarized Zeeman atomic
W-MgO spectrometry 2025 absorption spectrophotometer
W-MnO Flame atomic absorption 9795 Polarllzed Zeeman atomic
spectrometry absorption spectrophotometer

W-B20s Azomethine-H method 415 Spectrophotometer
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Fig. 1-1 Comparison of value of W-P,Os extraction method using | CP-OES and Absorptiometry

Heavy line :Regression line

Dotted lines: Upper and lower of limit 95 % prediction interval

Thin Line: y=x
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Fig. 1-2 Comparison of value of W-K>0 extraction method using | CP-OES and Atomic absorption

spectrometry
Heavy line :Regression line

Dotted lines: Upper and lower of limit 95 % prediction interval

Thin Line: y=x
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| CP-OES(W-3 components method) (%)
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Fig. 1-3 Comparison of value of W-MgO extraction method using |CP-OES and Atomic absorption
spectrometry
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval
Thin Line: y=x
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Fig. 1-4 Comparison of value of W-MnO extraction method using |CP-OES and Atomic absorption
spectrometry
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval
Thin Line: y=x
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Fig. 1-5 Comparison of value of W-B,Os extraction method using | CP-OES and Absorptiometry

Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval

Thin Line: y=x
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Table5-1 The 95 % confidence interval and correlation coefficient of the regression line in between
| CP-OES and Absorptiometry (W-P,Os)

95 % confidence interval i
Component Extractive method — ° Cor_re_lanon
Inclination (b) Intercept (a) coefficient (r)
W-3 components method  0.954 ~ 1.0003 -0.345 ~ 0.114 0.998

W-P205 W-Mg method 0.896 ~ 1.037 4
W-B method 0.926 ~ -0.385 ~ 0.358 0.996

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

Table5-2 The 95 % confidence interval and correlation coefficient of the regression line in between
| CP-OES and Atomic absorption spectrometry (W-K20)

Component Extractive method - _95 % confidence interva Cor're.lation
Inclination (b) Intercept (a) coefficient (r)
W-3 components method 0.981 ~ 1.055 -0.732 ~ 0.266 0.997
W-K20 W-Mgmethod ~ 1062 -0565 ~ 0.228 0.998
W-B method 0945 ~ 1.008 -0.246 ~ 0.604 0.997

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

Table5-3 The 95 % confidenceinterval and correlation coefficient of the regression line in between
ICP-OES and Atomic absorption spectrometry (W-MgO)

95 % confidence interval i
Component Extractive method — > Cor.re.latlon
Inclination (b) Intercept (a) coefficient (r)
W-3 components method  0.929 ~ 1.067  -0.922 ~ :
W-MgO W-Mg method 0995 ~ 1.012 -0.069 ~ 0.016 1.000

W-B method 0.937 ~ 1.065 -0.848 ~

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

Table5-4 The 95 % confidenceinterval and correlation coefficient of the regression line in between
ICP-OES and Atomic absorption spectrometry (W-MnO)

Component Extractive method - _95 % confidence interva Cor.re?lation
Inclination (b) Intercept (a) coefficient (r)
W-3 components method 0.922 ~ 1.022 -0.010 ~ 0.003 0.997
W-MnO W-Mg method 0998 ~ 129 -0.033 ~ 0.003
W-B method 0480 ~ 1175 -0.051 ~ 0.034

Shaded: Not cleared critiriato validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.
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Table5-5 The 95 % confidence interval and correlation coefficient of the regression linein between
|CP-OES and Absorptiometry (W-B;03)

Component Extractive method - ,95 % confidence interva Cor_re_lation
Inclination (b) Intercept (a) coefficient (r)
W-3 components method 0.767 ~ 1.107 -0.097 ~ 0.005
W-B20s W-Mg method 0813 ~ 1100 -0.047 ~ 0.039
W-B method 0.830 ~ 1.100 -0.062 ~ 0.019

Shaded: Not cleared critiria to validate characteristics of testing methods which will be listed
in Testing Methods for Fertilizers.
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(W-B20s: Fertilizersincluded organic material) (W-B20s: No fertilizersincluded organic material)
Fig. 2-1 Comparison of value of W-B>O3 extraction method using test method and | CP-OES
(Included organic material and not included one)
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval
Thin Line: y=x
Table6-1 The 95 % confidence interval and correlation coefficient of the regression linein between
ICP-OES and Absorptiometry (Included organic material and not included one)
Extractive 95 % confidence interva Corrdation
Component Remarks

method Inclination (b)  Intercept (a)  Coefficient (r)
W-B:0s  W-Bmethod 0.822 ~ 1.169 -0.088 ~ 0.023
W-B:0s  W-Bmethod 0.531 ~ 1.174 -0.075 ~ 0.094

Shaded: Not cleared critiria to validate characteristics of testing methods which will be listed in Testing

Methods for Fertilizers.

Included organic materia
Not included organic materia
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Fig. 2-2 Comparison of value of W-B,Os extraction method using test method and |CP-OES
(Colored solution and not colored one)
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval
Thin Line: y=x

Table6-2 The 95 % confidence interval and correlation coefficient of the regression linein between
ICP-OES and Absorptiometry (Colored solution and not colored one)

Extractive 95 % confidence interva Corrdation
Component — . Remarks
method Inclination (b)  Intercept (a)  coefficient (r)
W-B203  W-Bmethod 0.791 ~ 1.097 -0.067 ~ 0.024 Colored solution

Not colored solution

1.000

W-B:0s  W-Bmethod 0.949 ~ 1.060 -0.029 ~ 0.007

Shaded: Not cleared critiria to validate characteristics of testing methods which will be listed in Testing
Methods for Fertilizers.
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o
3

y =0.9929x + 0.0002
r =0.998

(%)

o
3

o
5

ICP-OES( W-B method)
o o .
b )

0.10

0.00

000 010 020 030 040 050 0.60
Absorptiometry with correction (%)

Fig. 3 Comparison of value of W-B,0s extraction method using |CP-OES and Absorptiometry
(After correction for absorbance of colored solution)
Heavy line :Regression line
Dotted lines: Upper and lower of limit 95 % prediction interval
Thin Line: y=x

Table7 The 95 % confidence interval and correlation coefficient of the regression linein between
|CP-OES and Absorptiometry with correction (W-B2Os3)

Extractive 95 % confidence interva Corrdation

. Remarks
method  Inclination (b)  Intercept (a)  coefficient (r)

Component

W-B.Os W-Bmethod 0.961 ~ 1.025 -0.009 ~ 0.009 0.998 After correction
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Table8 Test result using samples of 3 different concentration for evaluating trueness

Improved Conventional
method method® F -test t-test
Component Sample Mea® <9 Mean” ¥ Variance Criticd t-value Critica
@) @) (%)? (%) ratio  vaue?  t-vaue value
W-K20 By-product - ) 26 020 4122 071 504 928 138 245
potassium fertilizer
Potassium sulfate 51.54 0.68 51.05 0.77 1.31 9.28 0.96 2.45
Potassium chloride 60.88 0.66  60.46  0.46 207 928 106 245
Manganese mixture , o 403 262 003 155 928 091 245
fertilizer
W-Mpo  Mieronutrient o0 o0 018 2045 017 1.08 928 049 245
mixture 1
Manganesesulfate  \y oy 149 4050  0.60 615 928 037 245
fertilizer
Micronutrient o7 5o 197 001 165 928 042 245
mixture 1
W-B,0;  Mcronutrient . os 509 1252 003 899 928 022 245
mixture 2
Borate fertilizer  56.77 042 5645  0.54 165 928 093 245

a) W-K20 and W-MnO: Flame atomic absorption spectrometry, W-B>Oz: Azomethine-H method
b) Mean value (n = 4)

c) Mass fraction

d) Standard deviation

e) F(3,3;0.05)

f) t(6;0.05)

g) Extraction procedure for potassium salt fertilizer

3) FMENRERERIC &S EE O FE

|ICP-OES {EDE LA T D720, K4y 5~7 B DIREEIZ/2 D JOFR L 72508 14 £UZ-2DWT 3 sifif
AT oM LTz, SEREINERIT 97.7 %~103 %, (HTHIHEHE(R 72 (RSDr) 13 0.29 %~3.20 % THY, I~ TILE
SEBRIED [T B A EIREL ~L ORI R O FF A #IH 272 L 7= (Table 9) .
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Table9 Result of recovery test

o No. of b) b)) d) Criteria of
mponent 3 Content Mean Recovery RSD )
sample the trueness

1 52.15 52.07 100 1.56 98~102

5 18.25 18.79 103 1.97 97~103

W-P.0Os 6 5.48 5.50 100 2.17 96~104

7 1.64 1.67 103 2.06 96~104

12 9.13 9.25 101 0.81 96~104

1 34.61 34.62 100 0.37 98~102

17 34.61 35.04 101 0.70 98~102

5 12.11 12.05 99.5 1.43 97~103

W-KoO 6 3.63 3.64 100 1.77 96~104

7 1.09 1.10 102 2.94 96~104

12 6.06 6.17 102 0.29 96~104

13” 63.18 63.82 101 0.46 98~102

14° 54.05 53.18 98.4 0.62 98~102

2 18.79 18.75 00.8 0.29 97~103

5 9.40 9.18 97.7 1.33 96~104

W-MgO 6 2.82 2.89 102 0.74 96~104

7 0.846 0.852 101 0.59 94~106

12 4,70 4.84 103 1.28 96~104

3 41.97 42.38 101 1.18 98~102

8.39 8.13 98.9 0.37 96~104

W-MnO 9 1.68 1.65 98.0 1.02 96~104

10 0.336 0.326 96.9 142 94~106

11 0.0907 0.0914 101 2.63 92~108

12 0.839 0.826 98.5 0.59 94~106

4 56.30 56.63 101 2.04 98~102

8 1.69 8.23 97.4 0.90 96~104

W-B2Os 9 0.338 1.68 99.1 3.12 96~104

10 0.0912 0.340 100 2.63 94~106

11 0.845 0.0901 98.8 231 92~108

12 0.839 0.859 101 3.20 94~106

@ Number of prepared samples

b) Mass fraction (%)

¢) Mean value of the parald test (n =3)

d) Repeatahility relative standard deviton

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

4) BHTHERE R U R A OO &4
ATEDBHATREEE S OV WIS FE 2 ERB 30720012, ALARKIEEE, BA A IEK, FREmR = ME S IEE, REME
PEFRNEL, BREAN BN OV RN BLIC DWW TR RS 2 IRE 2 AT T 5 HMORERBREIT TR R
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Table 10 (2, 5% HI— Tl & 4y BT 21T > TEO IR HENT RS B4 Table 1112, M F LT,
VT AL O FE S YR 75 6 DB SR BR A IR SN CWOA M TR BE (PR THE RS YE AR 72) K& OV RS BE (PR
FARMEHRE(R 72) D HZ2D 2.0 fELANTH 722800, RIEIT H 0 EEZA L QA LN HERS .

Table 10 Individual result of repetition test of changing the date for the precision confirmation

Test da
Component Sample y
1 2 3 4 5
Mixed fertilizer 1 162 160 152 164 148
1.59 1.50 1.63 1.69 1.53
W-P20s -
Home garden-use mixed 28.9 294 288 28.6 28.6
fertilizer 27.9 28.5 29.1 29.4 294
Mixed fertilizer 1 7.00 7.23 7.09 6.96 7.28
7.26 7.37 6.73 7.28 7.34
Home garden-use mixed 20.9 20.8 20.2 20.1 20.7
fertilizer
WoKO 19.9 20.3 20.6 20.8 20.8
Potassium bicarboniate® 447 44 4 46.1 44.6 450
assumbicarbonale™ 5 44.6 46.3 451 45.0
Potass fate? 493 50.3 53.2 49.4 50.1
assium suftate 49.9 50.9 527 50.2 498
W-Mgo 8.15 811 7,99 8.08 8.23
Micronutrient mixture ' ) ' ) '
7.81 8.16 7.65 8.03 7.72
Mixed fertilizer 1 0.0689 0.0625 0.0659 0.0625 0.0693
WMRO 0.0687 0.0567 0.0660 0.0608 0.0676
Home garden-use mixed  0.239 0.218 0.234 0.243 0.245
fertilizer 0.246 0.235 0.239 0.249 0.233
Mixed fertilizer 3 0.0424 0.0491 0.0417 0.0461 0.0445
W-B20s 0.0461 0.0475 0.0434 0.0498 0.0459

0.386 0.346 0.376 0.350 0.369
0.389 0.358 0.354 0.357 0.370
a) Extraction procedure for potassium salt fertilizer

Compound fertilizer 1
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Tablell Statistical analysis of repetition test result for evaluating precision

Repeatability I ntermediate precision
Component Sample Mean” s RD.” CRD.’ S|(nf) RD |(ng) CR3D |(nh)
@) (%) (%) (%) %)” (%) (%)
Mixed fertilizer 1 1.58 0.05 3.3 2 0.07 4.5 35
W-P20s .
Home garden-usemixed 0 5y 5 1.9 1 0.5 1.9 2
fertilizer
Mixed fertilizer 1 7.15 0.18 2.5 2 0.21 2.9 35
Home g?erdﬁ'ﬂ'zgse mxed 205 04 2.1 15 0.4 21 25
W-K20
Potassium bicarbonate’ ~ 45.0 0.2 0.4 1 0.7 1.5 2
Potassium sulfate’ 50.6 0.4 0.8 1 1.4 2.8 2
Mixed fertilizer 2 0.986 0.026 2.6 3 0.026 2.6 4.5
W-MgO
Micronutrient mixture 7.99 0.22 2.8 2 0.22 2.8 35
Mixed fertilizer 1 0.0649 0.0020 3.0 4 0.0043 6.7 6.5
W-MnO Home garden-use mixed
9 o 0.238 0.007 3.1 3 0.009 3.8 4.5
fertilizer
Mixed fertilizer 3 0.0456 0.0019 4.1 4 0.0028 6.1 6.5
W-B203
Compound fertilizer 1 0.365  0.008 2.3 3 0.016 4.3 4.5

a) Mean vaue (n= sample number of paralld test (2) x number of test days (5))
b) Mass fraction (%)
c) Repeatability standard deviation
d) Repeatability relative standard deviation
€) Criteriaof repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers
f) Intermediate standard deviation
0) 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

5) EETRFOHESE

AEEFDATERUAS VBN, LA IR O G A 3 _REER S O/ N EIE, W-P20s, W-K20 & T W-MgO
1% 1.0 %, W-MnO & O W-B20313 0.005 %& EHHILTH. £, IEEHERBREY 2BV, & FIRIZFhEE
B O GaR/INED US LT THAHZENHERESNTWD. ThbEBNER 7292 TER FIROHEEZIT-7-.

Table 2 |Z/RUL7Z B EZFABAEEL DS H, W-P,0s & TN W-Ko0 1355k i 13(W—P205 DR FHIE E By R
0.261 %, W-K,0 D% B 8452 0.208 %) , W-MgO 115 Br 5 14 GREHE B &4y =R 0.207 %) # W 7
ROMTCRBRA FEMLE & FTROHEEEZIT>72. —F, W-MnO KT W-B2Os I HARE T 27E & FERA
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0.001 %720, HZEELA CHEEZRITHZENREERZ L5, JFiEM B OBRFHI AW Ek o5 5,
BT RO ST Bl A IEEE FHWT 7 SO TRERICE D E & T IROHEEETT- 7.

Fhor b, PHTRBRICED RO SNTARHER 200, E & FIRIT MR £) x10, F7, M FRRIE (e
A7) x2xt(n-1,0.05) Z AW CE H L2, FE RIS oW TiE Table 12 127R L7=. W-P,0s D JE & T BRI 0.04 %L/,
FRH T IRIE 0.2 %FEEE, W-Ko0 O 7E f FBRIZ 0.08 %FEAE, Kt FBRIZ 0.03 %FfEE, W-MgO O & FIRIT
0.06 %FEEE, frH FRRIZ 0.02 %FEEE, W-MnO D 7E & FERIZ 0.005 %, i RI% 0.002 %, W-B20s D IE &
BRI 0.005 %FR AL, 46 H T BRIE 0.002 Yofe & L4t & STz,

BAETHBICHEL QOB ELA IR O F/ MEGER Y Bk, A al, HEE SN2 E & FIR L O FIRZ bl L
72&ZA, W-P,0s, W-K20 & TN W-MgO IZ DWW T/ MRRERL 77 5D U5 LR THY, AIEOHE 3 FIEE TH
HZEEMER LT, — 77, W-MNO K& T W-B,03 {2 oW Tl IMERERR 2 AL E O E & N REfEfR T,

Table12 Estimation of the lower limit of quantitation (LOQ)

Content Mean” Recover 0 LOQ  LOD Criteria of
Component Sample ean Y s o truences

(0 N 0 N L0 B 0 N 1) M 1) (%)°

W-P20s  Preparation sample No.15 0.261  0.253 97 0.004 0.04 0.02 94 ~ 106
W-K20  Preparation sample No.15 0.173  0.179 103 0.008 0.08 0.03 94 ~ 106
W-MgO Preparation sample No.16 0.207  0.201 97 0.006 0.06 0.02 94 ~ 106
W-MnO Mixed fertilizer 4 - 0.0268 - 0.0005 0.005 0.002 -
W-B203 Mixed fertilizer 5 - 0.0199 - 0.0005 0.005 0.002 -

a) Mass fraction (%)

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

¢) Repeatability standard deviation

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

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

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

a a)

4. FEH

|CP-OES |Z LA [ETE AL DK EE M F B 5y DBNEIZ DWW TIRFT L2 E A, IROFERZFGT-.

(1) PEEAEENC W-P0s Z{RiET DKL 26 &, LL T FEIERIZ W-K20 % 25 5, W-MgO % 28 &, W-MnO %
14 5 (REE 1 %R OB D) KT W-B203 % 21 i (JREE 1 %ARdiOH D), i€ ivmHrL, ICP-OES VL 3 1@V
&R BRI S TV D IE R IEE O E BB A FH B X T H#z L 72, W-P,0s, W-K20, W-MgO & O}
W-MnO (&, SR ERIEEFRIL THDH ICP-OES {EIZDOWT, [RVEICE D HHESE R ELTH-L Tz, =
AUCERY, 5L 4 54 (W-MnO (2D TR EEREIRIZBR D) 122UV T, ICP-OES 1L &9t Kik: & D[R &M D3 e
TET.

(2) W-B20s L& DRI SRAFIZ DU T AR BICR B HE ST L HE A 7= SRS R 7R o 7oy, IR I
D BN AEHI DN T, HERIE (7Y AF 2 H i) ORIEICB W TE QHEOWEEEZMIE 5281250,
HESEFEMEATG 7o L T2 28030, W-B20s (IR B FEIRIZ PR D) (2D T, ICP-OES 1L 1ER1E L D RIS MED 7R
T&T.
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(3) ERFED W-MnO £721% W-B203 & & L IEEHZ DT, IREED F72% 3 JEEID 4 SO TRERZTTV,
BEFIEDORE F L 1CP-OES JlIlE Ol L ORI T F MUEIC LD B OfERB K Ot BUE IS LD B O bl A
1Tol=blh, HEATIALNT, Eil2s oW TR I T ICP-OESTE L AE I IE L D RIS A3 e R
T&7=. F72, BREDO W-K0 258 Te VD AT OWTh, [RIEROEIZID 2 HiEORIZEM N MR T 7.

(4) & BHTEE ORI EEHZ D UINEIERER ORS F, AR 2R DV CEI R 97 %
~103 % THY, IEEHERBEI RSN TODEED B Z4 L T e, RIFRIS, FRMEERZZ IOV T,
T RTCOHZEM LT,

(5) HEATIZHONWTENZE I 2 T (W-K20 13V N LIS DO REEE 7V D D CENE L 2 FiE) O
Bl HEL, 292 2 80T, BZ2Z 2 TS5 ICP-OES IS TOMT 4T\ MEFSA 72 E M5 0> Hh R AR 6 e
72 B O TR MR 221, T X CIERFERBRIE IO RSN TV D H R ATl L Tz,

(6) ICP-OES {£IZ3 1T % BEAEEH DOIKEEME A5y DRNEIZB T H0E & FROHEE 21T > T2/ R,
W-P,0s 13 0.04 %F2 %, W-K20 I3 0.08 %FLE, W-MgO i3 0.06 %F2 %, W-MnO 1% 0.005 %F: % % O W-B,0s3
1% 0.005 %fREE Tho7e.
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Simultaneous Deter mination of Water-soluble Principal Ingredientsin Fertilizer using
Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-OES)

Norio FUNAKI?
1 Food and Agricultural Materials Inspection Center (FAMIC), Kobe Regional Center

A single-laboratory validation study was conducted for the simultaneous determination of water-soluble
principal ingredients (W-P.Os, W-K20, W-MgO, W-MnO and W-B,Os) in fertilizer products by inductively
coupled plasma-optical emission spectrometry (ICP-OES). The fertilizer was extracted with water. Hydrochloric
acid was added to the extract, diluted with water, and analyzed with ICP - OES. As aresult of 3 replicate analysis
in 5~7 fertilizer samples prepared to contain with W-P,Os, W-K 20, W-MgO, W-MnO and W-B,03 at 0.0907 % ~
63.18 % (mass fraction), 1.64 % ~ 52.15 %, 1.09 % ~ 63.18 %, 0.846 % ~ 18.79 %, 0.0907 % ~ 41.97 % and
0.0912 % ~ 56.30 %, the mean recoveries were 100 % ~ 103 %, 98.4 % ~ 102 %, 97.7 % ~ 103 %, 96.9 % ~
101 % and 97.4 % ~ 101 %, respectively. Repeatability relative standard deviation of W-P.Os, W-K20, W-MgO,
W-MnO and W-B>0 3 (RSD,) were 1.9 % ~ 3.3 %, 0.4 % ~ 2.5 %, 2.6 % ~ 2.8 %, 3.0 % ~ 3.1 % and 2.3 % ~
4.1 %, respectively. Intermediate relative standard deviation of W-P,Os, W-K20, W-MgO, W-MnO and W-B,0 3
(RSDy(m)) were 1.9 % ~ 4.5 %, 1.5 % ~ 2.9 %, 2.6 % ~ 2.8 %, 3.8 % ~ 6.8 % and 4.3 % ~ 6.1 %, respectively. The
limit of quantitative value (LOQ) of W-P,0Os, W-K20, W-MgO, W-MnO and W-B20Os were 0.04 %, 0.08 %,
0.06 %, 0.005 % and 0.005 %, respectively. Those results indicated that the developed method was valid for the
analysis of water-soluble principal ingredientsin afertilizer.

Keywords  Water-soluble phosphoric acid, Water-soluble potassium, Water-soluble magnesia,
Water-soluble manganese, Water-soluble boron, ICP-OES, Solid fertilizer

(Research Report of Fertilizer, 12, 28~51, 2019)



