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SIMTHRREIE LT, WPNLIRIEL TODIRIRE A IEE (13 45), FERERE S HES IR R (12 47)
T ORI B R EAIEE (5 5 2.

2) AEFOFH

(1) AT 2EUERR (Ca 1 mg/mL) 1 H/L 7 AMEHER (Ca: 1000 pg/mL) (FooEHli T3 JCSS)

(2) SFFEYERK (Fe 1 mg/mL) : $REEUERR (Fe: 1000 pg/mL) (FnYEHMi%E T3 JCSS)

(3) =/ VLMEAER (Co | mg/mL) : =/ )L MEHERE (Co: 1000 pg/mL) (FNYEAl3ET-2£;JCSS)

(4) HEEYERR (Cu 1 mg/mL) : HIEAERL (Cu: 1000 pg/mL) (FnYEHi%E T3 ;JCSS)

(5) HEENEEMENR (Zn 1 mg/mL) : HHEMEAENR (Zn: 1000 pg/mL) (Fot#i%E T3 ;JCSS)

(6) EVT T AEAEW (Mo 1 mg/mL) : EVT 7 U AEHERE (Mo: 1000 png/mL) (FIYEAiZE T-36;JCSS)

(7) IRAIEAER : (1)~ (6) DIEYERZIEHE TR E L, FAZMEFIRZ IR - AR CTA T RIEEEA 200
pg/mL OIREIEHEZ L7z, F7z, ZORGIEMRERZ AR, HERIREE D (1423) £725 IO Bz (1+5)
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(1) ICP FENt43 e Hrd<iE (ICP-OES) : BHEAERT ICPS-8100 (BT LI G, v —r v sy
)

(2) ik ELERE : Millipore Elix UVS

(3) v AZut’~Xvhk: Eppendorf

(4) 2ET7IA2

(5) 2EE~vh

(6) Ak 3 i

4) A

B g% 1 mg DHTETIINDED, 2T T A2 100 mL (Z A, KK 50 mL 201z CTIRVIBE =% /KT8
KL, A3 FETAHBLIZ. AIRO—EREZHOEETTA2 100 mL (2E0, HiFE (1+5) 25 mL 2Nz TKTE
KUT=, Table 1 OWFESAET ICP-OES AW CERL. /37— —hZ Scheme 1 DL,

| 1 g analytical sample | Weigh to the order of 1 mg to a 100-mL volumetric flask

<—About 50 mL water

| Shaking to mix |

<Water ( up to the marked line )

| Filtration | Type 3 filter paper

Aliquot
(predetermined volume)

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

100-mL volumetric flask

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

Scheme 1 Method flow sheet of Ca, Fe, Co, Cu, Zn and Mo in liquid fertilizer

Table 1 Analysis wavelength

Element Wavelength (nm)
Ca 393.366
Fe 259.940
Co 228.616
Cu 327.396
Zn 213.856
Mo 202.030
3 HWRRUER

1) ST HOHE
Ca, Fe, Co, Cu, Zn 2T Mo |[Z2OWTC, ZNHOERIBITH 0 Tibaid Lz, 7, IEEoO EE Sy
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ELTEEND P, K, Mg, Mn KO BIZED0 T IOV THRERR LY.

TCHRIRFEN 100 pg/mL DOF 2 OFEHERR % Table 1 (/R U7z K% F\VCICP-OES THo#T LR, 56t
WIEE BRI (77 78K (n=10) © 100) Kiii TV, ZhEIEBURHEM O E B ZHBL2NZERbh o7,
L72h3o7C, KILHED ICP-OES (28T 5530 Kl Table 1| DEIsHELT-.

2) REROERNK
22 ZHESTHABLL 7= Ca, Fe, Co, Cu, Zn & Y Mo DIR-A&EHER % ICP-OES THIEL, #k i &iiikick
DR EAR AR L72 &2, 0.1 ng/mL~20 pg/mL OFLFHTEBRM: (2= 0.999 DL E) 2R LT,

3) FINEUREHERIC &S EE O ST

WOIRAEEHZE 8533 0.01 %K%Y 0.1 %FH4 8O Ca, Fe, Co, Cu, Zn & T Mo #EH#ER A RN 7= 5k H
W, REEICLTED - T3 BT CEHRINEIGRER 21T 7. #5513 Table 2 @Y, Ca, Fe, Co, Cu, Zn LN
Mo D[EILERIE 106 %, 94 %~96 %, 95 %~98 %, 93 %~95 %, 92 %~96 %K’ 95 %~98 % ThH->7=. \»
T IEEHERBRIEV RSN COA BRI 2 E L ([BIXER) O BAZLINTHY, fiif e 7afb B35S
.

Table 2 Spiking and recovery tests

3) )

Spike level Recoveryb) RSD Criteria of the trueness’

Element Sample 2
(%) (%) (%) (%)
Ca Fertilizer-1 0.1 106 1.9 94~106
Fertilizer-2 0.01 106 4.4 92~108
Fe Fertilizer-1 0.1 94 1.0 94~106
Fertilizer-2 0.01 96 2.0 92~108
Co Fertilizer-1 0.1 98 2.0 94~106
Fertilizer-2 0.01 95 1.3 92~108
Cu Fertilizer-1 0.1 95 0.2 94~106
Fertilizer-2 0.01 93 1.7 92~108
7n Fertilizer-1 0.1 96 3.0 94~106
Fertilizer-2 0.01 92 1.0 92~108
Mo Fertilizer-1 0.1 98 1.1 94~106
Fertilizer-2 0.01 95 0.4 92~108

a) Mass fraction

b) Mean Value (n=3)

¢) Relative standard deviation

d) Criteria of trueness (recovery) show in Testing methods of Fertilizers

4) FEMLEIZXDEED M
B 12 R RIRE G IR, FRER == AE A IEE X ORI & B R EAIEE) 2 VT, ISR L L
KRIED STz i U=, BB BRT%IT, Ca, Fe, Co, Cu KO} Zn (ZOWTIIEF IO, Mo 13F4L 7
BTN ARSI IR Z0 T L.
Ca, Fe, Co, Cu, Zn } U'Mo D JEEFEEGER 1k K& OAYE D /3 HTEIZ 31T B Bl EAR M OV 95 % Tl X il % Fig
LIRUTzZ. FT2, 95 %GR M OEE (b)), IR (o) X OEYFESROFRBEFREL () % Table 3 1Z/RULT-. JENE
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ABRIETIE, HZ () D 95 %EFX I 1 A& EiL, IR (a) D 95 %AEHEX IR AR (0) 235 Fiv, HHBIFRE
(r) 73 0.99 LA EZHELEL TN, Table 3 IR LT HICHBUWT, Fe, Co KUY Cu DEEX (b) D 95 %IEHE X M)
1 25 A TWRODD, ZRLSIMEOWTIHESREOFEPHN THY, Fig | OILEFEREREEARIED SHTEE 2 HE
L CTHRI%E Th 7.
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Fig1 Comparison between ICP-OES and Testing Methods for Fertilizers (TMF)

mass fraction (%)

Table 3 The 95 % confidence interval and correlation coefficient of the regression line

in between ICP-OES and TMF

Element 95 % confidence interval correlation

inclination (&) intercept (a) coefficient (7)
Ca 0.943 ~ 1.013 -0.192 ~ 0.204 0.999
Fe 0.943 ~ 0.993 -0.004 ~ 0.006 0.999
Co 0.888 ~ 0.966 0.000 ~ 0.001 0.998
Cu 0.946 ~ 0.986 -0.002 ~ 0.000 0.999
Zn 0.944 ~ 1.025 -0.003 ~ 0.002 0.998
Mo 0.946 ~ 1.020 -0.003 ~ 0.004 0.999

5) A EE R UM THE B D ETEA
OFTREEE K OV P TS B A e RE 32720, IR B IEE X O 2 = A IEEHZ ST, Ca, Fe, Co,
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Cu, Zn } T Mo % 2 mffTTHZZEZ T 7 [mEABRZ I L TREOAL72AE e Table 4 (TRULTz. Fiz, 2O
RO —JLELE S BT EAT > TR O TREE S OV RS % Table 5 IR U7z, RIRE A IERID Ca,
Fe, Co, Cu, Zn J2 *Mo O EIIMEILE 5572 2.14 %, 0.145 %, 0.0554 %, 0.0643 %, 0.0677 %% 100.124 %,
O TR HENR 2212 0.7 %, 0.6 %, 1.7 %, 0.9 %, 0.6 %X TN 0.5 %, F A EERZET 2.1 %, 1.1 %,
4.4 %, 1.7%, 0.7 %M N 1.2 % Th-ol-. £, FEERZ=HBEAIEED Ca, Fe, Co, Cu, Zn & T Mo D F-EfE
I RS 0.103 %, 0.0485 %, 0.0105 %, 0.00976 %, 0.0107 %% O} 0.00359 %, FfTHExHEER 21X 0.9 %,
0.5 %, 3.3 %, 0.6 %, 2.3 %KX T 0.3 %, T EAHRMEHER 1L 1.0 %, 0.9 %, 4.8 %, 3.4 %, 4.2 %X V4.0 % T
otz

ZOWRFEETBITHNT IO RHE R 2= IRHERBRIE LRSIV TOD O TREFE (DR TR eHE Y ff 72) K
OV RS FE (R AR SR R 22) O B Z AN Th -7z,

Table 4 Repeatability test results on different days (mass fraction (%))

Test day
Sample  Element
2 3 4 5 6 7
. 2.18 2.14 2.16 2.11 2.12 2.19 2.07
Fertilizer-3 Ca
2.19 2.14 2.15 2.11 2.10 2.23 2.11
F 0.146 0.143 0.143 0.143 0.143 0.145 0.148
e
0.147 0.143 0.145 0.144 0.143 0.146 0.145
C 0.0573 0.0548 0.0546 0.0596 0.0527 0.0547 0.0583
o
0.0562 0.0549 0.0543 0.0571 0.0510 0.0533 0.0574
C 0.0637 0.0642 0.0642 0.0649 0.0635 0.0667 0.0643
u
0.0636 0.0645 0.0647 0.0635 0.0625 0.0658 0.0634
7 0.0673 0.0676 0.0682 0.0680 0.0679 0.0681 0.0681
n
0.0666 0.0670 0.0680 0.0674 0.0681 0.0672 0.0677
M 0.121 0.125 0.125 0.124 0.123 0.126 0.125
0

0.123 0.125 0.126 0.123 0.123 0.125 0.125
0.104 0.0988 0.105 0.104 0.104 0.103 0.103
0.104 0.0978 0.103 0.104 0.1041 0.102 0.102
0.0483 0.0481 0.0483 0.0484 0.0482 0.0491 0.0495

Fertilizer-4 Ca

Fe 0.0487 0.0480 0.0487 0.0488 0.0486 0.0491 0.0490
Co 0.0108 0.0106 0.0109 0.0108 0.0100 0.0101 0.0106
0.0109 0.0100 0.0109 0.0112 0.0102 0.00982  0.00962
Cu 0.0101 0.00982  0.00914  0.0100 0.00953  0.0101 0.00975
0.0100 0.00973  0.00914  0.00987  0.00962  0.0101 0.00972
7n 0.0112 0.0107 0.0103 0.0103 0.0104 0.0116 0.0106
0.0114 0.0107 0.0104 0.0103 0.0103 0.0107 0.0107
Mo 0.00386  0.00370  0.00364  0.00345  0.00354  0.00346  0.00352

0.00384  0.00371  0.00360  0.00346  0.00355  0.00345  0.00353
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Table 5 Repeatability and intermediate precision

Total Repeatability Intermediate precision
Sample Element mean” st RSD rd) CRSD:’ s I(T)t) RSD I(T)g) CRSD I(T)h)
" " (%) (%) (%) (%) (%)
Fertilizer-3 Ca 2.14 0.02 0.7 2 0.05 2.1 3.5
Fe 0.145 0.001 0.6 3 0.002 1.1 4.5
Co 0.0554 0.0010 1.7 4 0.0024 4.4 6.5
Cu 0.0643 0.0006 0.9 4 0.0011 1.7 6.5
Zn 0.0677 0.0004 0.6 4 0.0005 0.7 6.5
Mo 0.124 0.001 0.5 3 0.001 1.2 4.5
Fertilizer-4 Ca 0.103 0.001 0.9 3 0.001 1.0 4.5
Fe 0.0485 0.0003 0.5 4 0.0005 0.9 6.5
Co 0.0105 0.0003 33 4 0.0005 4.8 6.5
Cu 0.00976  0.00006 0.6 4 0.00033 3.4 6.5
Zn 0.0107 0.0003 2.3 4 0.0004 4.2 6.5
Mo 0.00359  0.00001 0.3 6 0.00014 4.0 9

a) n=14(2 repetitionx7 days)

b) Mass fraction

¢) 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

6) EETRFDHEE

7 Z 7Bk ICP-OES T 10 [EISHTL, fbn iz pHrEOEHER 2% 10 5L CE & FRAHEEL, £z,
TEAE R 2% 2xt (n-1, 0.05) 5 L TR FEREZHEELEZ A, WCIRIEEHF O Ca, Fe, Co, Cu, Zn 2 (X Mo TH
F/75 0.0005 %% O 0.0002 %EHEE ST,

W, HEESNZE & T IR T OREIZB T DRI AR T 5728, WRIEEHT Ca, Fe, Co, Cu, Zn &
U Mo LU TIREDVE 8575 0.0005 %fH 2 D4 e FAEMER A RN U 723 0BH A IV T, AREEITHES T 3 1OF
T CHIMEIGRER 21T o7, 7088, RUBHRIUEIL 10 g, AIERO /3 EUEIEL 50 mL &L7-. #5513 Table 6 D&Y,
Ca, Fe, Co, Cu, Zn & U Mo D [RIYLZIE 102 %, 88 %, 95 %, 86 %, 89 %L N95 % THY, I Nk st it
BHERBUEI RS TS B LN THYl s R GHi7-.
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Table 6  Spiking and recovery test (minimum limit of quantification)

Spike level Recovery”  RSD®  Criteria of the trueness®

Element Sample Y . . .
(%) (%0) (%0) (%0)
Ca Fertilizer-5  0.0005 102 11.8 85~115
Fe Fertilizer-5  0.0005 88 4.3 85~115
Co Fertilizer-5  0.0005 95 1.6 85~115
Cu Fertilizer-5  0.0005 86 0.4 85~115
Zn Fertilizer-5  0.0005 89 3.0 85~115
Mo Fertilizer-5  0.0005 95 0.6 85~115

a) Mass fraction
b) Mean Value (n=3)
¢) Relative standard deviation

d) Criteria of trueness (recovery) show in Testing method of Fertilizers

4. F&oH

ICP-OES (Z X DWRIRNEE 1 D 2h RIS HURMEM D Wi at L T2 & 2A, IRDFEREFFT-.

1) ICP-OES D43t T IIh RIS BURMEM D E BB LN e bh o7z,

2) Ca, Fe, Co, Cu, Zn O Mo DOIRAHEHE % ICP-OES THHTL, Haxhp EfiEIC L B A1ER L
72&ZA, 0.1 pg~20 pg/mL OFPHTEMRME (2=0.999 DL |) Z/RLT-.

3) 2D W CIRINENGRER % S hti L 7L =5, Ca, Fe, Co, Cu, Zn & T Mo D[EIL=ZRE 106 Y%,
94 %~96 %, 95 %~98 %, 93 %~95 %, 92 %~96 %K% N 95 %~98 % Th-7=. \ T I EEHERERIEIT R
STV DIIMREEIZ I 1T HEEE ([EUX=R) D BIEELIN Th 7=

4) FREF 12 SRITOWT, IEEHERBRIE M OARIEICID T 21T o722 5, AiELIEEMERBRIED M E
IR CTH-T-.

5) REOPHTIEE K O FIEEZ MR LA, IEEFERBRIEI ORI CO DO TR EE (DFHTHH X HE
el 72) K OV [RGB (R AR R YR 22) O B Z2 AN CTh o 7.

6) AIEIZIBIT DN RIFEBUREM O E & T IRITE 572 0.0005 Y%lHEESiz. B &5 0.0005 %FHY
AU E O CISINEIGRER 21T >72& 24, Ca, Fe, Co, Cu, Zn & Mo DEIUEEIL 102 %,
88 %, 95 %, 86 %, 89 %M TN95 % THY, W3 b LB EFFBRIEI RSV TODINIINR EE 2351 HE EE ([R1UY
) D REELUNTH T,

LIk, ICP-OES ({2 L DWIR AR O 2h B BUEHER D 3T IE DS HEST T T2, B RS FM 0.0005 %K & A
FEOREHIOWTHEENFRE TH Tz,

X ®|
1) RMOKER RIEBRBTEANIIZERT AEBITIE (1992 4R, AAILRERE e, B (1992)

2) MSIATBOE N EMOKEEWE 222 8di 22— (FAMIC) : JEEHEBR L (2015)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2015.pdf>
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3) H I ICP #8655 Y6538 (ICP-OES) I L DWRAR AR D K &M £ R OB E, IEEHFE R, 8,
1-9 (2015)
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Simultaneous Determination Method for Effect-Development Promoting Agent (Ca, Fe,
Co, Cu, Zn and Mo) in Liquid Compound Fertilizer using Inductively Coupled
Plasma-Optical Emission Spectrometer (ICP-OES)

Keisuke AOYAMA!

Food and Agricultural Materials inspection Center, Kobe Regional Center

An ICP-OES method for simultaneous determination of effect-development promoting agents (Ca, Fe, Co, Cu,
Zn and Mo) in liquid compound fertilizer was developed and validated as a single-laboratory validation. Samples
were extracted by shaking and diluted with water. After filtration, sample solution was added hydrochloric acid,
and analyzed by ICP-OES. As a result of 3 replicate analysis of 2 fertilizer samples spiked with Ca, Fe, Co, Cu,
Zn and Mo at 0.01 % (mass fraction)~0.1 % each, the mean recoveries were 106 %, 94 %~96 %, 95 %~98 %,
93 %~95 %, 92 %~96 % and 95 %~98 %, respectively. Repeatability standard deviation of Ca, Fe, Co, Cu, Zn and
Mo were 0.7 %~0.9 %, 0.5 %~0.6 %, 1.7 %~3.3 %, 0.6 %~0.9 %, 0.6 %~2.3 % and 0.3 %~0.5 % respectively.
Intermediate relatives standard deviation of there were 1.0 %~2.1 %, 0.9 %~1.1 %, 4.4 %~4.8 %, 1.7 %~3.4 %,
0.7 %~4.2 % and 1.2 %~4.0 %, respectively. The limits of quantification of there were estimated 0.0005 %, each.
Those results indicated that the developed method was valid for the determination of these effect-development

promoting agents in a liquid compound fertilizer.

Key words ~ ICP-OES, liquid compound fertilizer, effect-development promoting agent, single-laboratory

validation

(Research Report of Fertilizer, 9, 1-9, 2016)



