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1 ICP-OES %IZkAIBHE PO ABER R EUABHE T O RIEEZDRRSRE

AR R !
F—0—F AEtEa K, alEEss 1, ICP-OES, ARk

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 —




2 AR ZE RS Vol. 13 (2020)

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.

6000
5000
4000
3000
2000

1000

Intensity ratio (Ca/IS) (396.847 nm

0

1000

800

600

400

200

Intensity ratio (Mg/IS) (279.553 nm)

0 10

y =107.64x + 61.638
r>=1.000

IS element : In
(325.609 nm)

50

20 30 40
Concentration of Ca (ug/mL)

y = 43.784x + 15.094
72 =0.999

IS element: Co
(238.892nm)

0 5 10 15 20

Concentration of Mg (ug/mL)

Figure 1

Intensity ratio (Mg/IS) (280.270 nm)

1200

1000

800

600

400

200

y=154.86x +106.61
r>=0.999

IS element: In
(303.936nm)

50

0 10 20 30 40
Concentration of Ca (ug/mL)

y=22.939x +7.025
r?=1.000

IS element: Co
(238.892 nm)

0 10 40 50

20
Concentration of Mg (ug/mL)

30

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\
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) ~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
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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



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

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.
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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

1) JEMOKPER [ SR BE R TERT IR 38T (1992 4ERR) , B ARNERERE 2, B (1992)

2) IRNIATBUE N MK FE B 22 ' 42— (FAMIC) : JEEMEFERTE (2019)

<http://www.famic.go.jp/ffis/fert/obj/shikenho_2019.pdf>

3) NEEHIGRRERA T B8R 25 4F 6 H 20 B, BUmH 198 5, AU Rk 28 4 3 A 24 H, BUmH 73
5 (2016)

4) EIRKFEL S BN RRERAT A5 — 40 ZOBEIC S X MK IE KOS T 54 2h A K%
ZARET O, WA 594 3 H 16 B, RMKELERE 695 5, BofESUEER 114 5 H 13 B, 2K
PEL 7R ER 704 5 (1999)

5) BEEZ, I R, BRE, AR GRIER ORIV L, 1, =iy, Jak, ik OO
FRFRIE —ICP &t o fr i ol 1 —, IREHIFsTHS, 4, 30~35(2011)

6) T ILFESTICP FIE53 04 (ICP-OES) IEIZ KD NEAL 1 D /K s £ sy DE, IEEHIFZEERE, 8
1~8(2015)

7) TS (ICP K453 53 4T (ICP-OES) A Z K DI AR D %h Fo g BURMEAT O E, IEHIFZE S,
9, 1~9(2016)

8) HILFEAICP FA D NTIEIC LT 2o OWE, IEEHFZEHRE, 10, 290~40(2017)
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9) AAJRAE T ICP F&53 53 Mt (ICP-OES) VEIZ K2 T ALE 1 O <EEME E Ry ORIE, BEEHFIEHRE, 11,

14~28(2018)

10) KL ICP F& Y50 K531 (ICP-OES) £ X2 [ AR BE O K VAT Bl 4 DI E, AEEHIF ST 35,
12, 28~51(2019)

11) SRR, ZIIA3E, /INRIER, G — B &S P O BT R IE DD DR L, B AR
BT 45E, 37(7), 547~553 (1990)
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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)
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2 EBRPORKROREZEDEHRE

IEEFEE L, ILEIER !, AHBIE!
F——F AR, 7V — LR W61k, ICP-OES, < A

1. [FL®IC

SRR 30 AE SRR 31 4 SN T TR MK FE S C R S 7 IR IR il B2 1 AR A B A AR Vicks
WC, TR OBIT A, DN LAAIK) KO~ T 327 5 (1) FEORENT U ADEALIZEDEM D
KR ZIEDRE SNz, BAEOEWREIO A EBE T, TEITFENEELTZLT T ) 5y (A
EMEAIK +1.3914x AIEEME S 1) BHLE SV TS, BB ICE oA K EIZETA8E T, Fie,
VGBS oo A PR A B, JESU T O ERE AR o D TS M A PR B O R T B A LTINS 7z
T BOFRERIE T AR R BR 1 S S T DAY, (LR AR i o0 5 PRI BE 92 5l B 15 1Tl &
VAN GQAVAS AN

ZOZEND, BEHH O K ORNE FIEIZDONWT, A IRERIUEE iRt 5 O L OB IR O 58 )7 1k
EBEIZ, T — LR RIEHE (AAS 1) TORETEIT 7. £, ITFEE KL TWD ICP #653 e iris
(ICP-OES {£) &2 T, H—ilBR = TO R Y MR 1T 72D T, ZOWMELZRET5.

2. HHRUAFZE

1) SARMORR

(1) e Amet

FRIEL TODIEEHZOWT, HBEIE 1 mm OS5V EWIE T2 F THRL 72 BESWITWOERE IEEL, 1RAY
ABENEEL, FERCD AR, FERTUOERD AR OME AT WO BRI AEEHZ DWW CiE, BBIE 212 pm OS50
i T A E CTIREIL THAELTZ) bOZ T HEEHE L, (5 RFE TRV IR e B £ L CRiAR

LT

(2) FRELAmE

AR ERER B OR EFE L C, Table 1 ISR L2 (7T, JIS BB ICHE S QOB 3R k)
% BBIE 500 um DS NERIE T2 ETIREILVTMIELT. RIFRIOR TR A RGHIIVE MBI ZRA
L, & BR G OIEMERA K (C-Ca0) B JE AL E OB E ISR L.

VO SEAT BUE N R AROK PETH B 2 B e 2 — R R R A
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Table 1 The preparation of analytical samples

Design
The mixing ratio of the materials (%) component
(%)"
Sample for
A -
recovery test Calcium Ammonium mm onin Potassium
carbonate sulfate dihydrogen Chlorid Sucrose b)
(CaCO,)  ((NH,),S0,) Phosphate (K(zrjll)e (C12H201) a0
’ Y (NH4H,POY)
1 53.54 12.00 12.00 12.00 - 30.0
2 26.77 20.00 20.00 20.00 27.55 15.0
3 1.78 27.05 27.05 27.05 27.55 1.0
4 - 27.55 27.55 27.55 17.35 0.0

a) Mass fraction
b) Citric acid soluble CaO

2) EERURE

(1) POt A& B ERT AA-6800

(2) 1EIE E TR R R

(3) ICP-OES: S S/FERT ICP E-9820 (LI 5 2 il 7 /) Je OE 7 1), 43 g : =2 = /L))

3) A

3. NOMEMRELT(6) LTN(T), 3. 3)~6) DR EAMEL T(8) ~ (11) ZH e,

(1) 7k: flikBbELEE (MILLIPORE Elix Advantage 5) % FVW-CRBLL7=, JIS K 0557 (ZHLET 2 A3 D
KEAEH LT, 7085, ICP-OES O LMk f&4E & (MILLIPORE Direct-Q 5 UV) Z W TR L 72
A4 DIKRZfERLTZ.

(2) B AFE2ENER (8 L7102 M%)

(3) <AAMEEUWE: JIS K 8283 kit <X AME— KW (8 L7 AV LREHEK) 20 g 2/KIZE D
LT 1000 mL &L7z.

(4) TUHIHIAEH . J1S K 8132 HlERrfkakIE kAN F o2k (B Rk F) 152.1 g&
B —7—2000 mLIZ{I0ED, D EDKEZIMZ -1, HlE420 mLAIR % (M2 THEDL, HITKZMZ T
1000 mL&L7-.

(5) ANy MEHERL JCSS A MMEAERR (Ca: 1000 mg/L) (& £ 7 A /L LFGHEE) |

(6) HEMA DN T IEUER (Ca0 5 ng/mL~50 pg/mL) : /L7 MEHER (Ca 1000 mg/L) & & 31
ST TRTARRUIZ%, —E &% 100 mL 2E7 722280, FHMHANRR 10 mL 20, E#{ET
IKEMZT=.

(7) BB 22 BRI T AR 10 mL % 100 mL 287723280, R ETKREMZ .

(8) AAS JERMERHA DL LT LEEHRERT (Ca0 0.7 pg/mL~7 pg/mL) : /L7 AEHERT (Ca 1000
mg/L) Z B ZS U TKTHIR LU, —E®m%E 100 mL &7 7 A3ZED, <X AR 6 mL & OV
PO FIEE 10 mL 200 %, HERRETKEMZT-.

(9) AAS 5 B Bt 22 3B : < 2 VRV 6 mL K ONT- Nl AR 10 mL % 100 mL 4 &~
FAATED, BERETKEMZ T
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(10) ICP-OES £ BB V0 2EHER (Ca0 0.14 pg/mL~7 pg/mL) : B4 MEHER (CaO
1000 mg/L) Z L EIZIL U TR THRLIZ %, —E&EEZEETT7A2 100 mL 12&0, HEEE (1+5)25 mL 200
Z, B ETKEMZI.

(11) ICP-OES 5 M ft fofp FH 22 5Bk - 2 (1+5) 25 mL % 100 mL 2287 7 A2|28), R ETKRE
Mz 7.

(12) E& FRAIENL A B LD 2EEHER (Ca 1 mg/mL) :JIS K 8617 ([ZHE T DRI /L7 L
110 °C£2 °C THy 2 BefIINENL, 73— — TS LT-1%, 2.498 ¢ Z O LD & IMLICIENWESTZ. V&
DK TEETT A2 1000 mL [T LA, HEE (1+3)20 mL 202 TEML, M ETKREMNZ T2

4) SAE

3. DIZOWT, EEHERBRE 2 IS C0D Al ENESE £ (S-Mg0) , <IEMEH £ (C-Mg0) K& UK A
P 1 (W-MgO) D iEx2 W T 3 B OMBHR K Z TR, AASIETENZENDO AR Z ]I E LT (Table
2 } Y Scheme 1~4).

3. 3)~6) IO\ T, EFED C-MgO O HIEIC K0 EHE AR L 72 (Scheme 2) . AAS IEIZ DWW T,
AEHEIR O —E &% 100 mL &7 7A22E0, < X VBREIRD 6 mL Y &IZ7e D Lo IR Emn o<
2 ATBVIR S OV AIA G 10 mL 2 ESON %, IR £ TKREMZ 7= b O % JE FREHR
e L. R Hras @2 TR E 422.7 nm OFRIEAFEAEY, FU<FEERZREL TELTE
i &AW Ca sk R O C-CaO R A KD 7= (Scheme 5) . ICP-OES JEIZ DWW T, SEHARD—
ERA 100 mL &R 77 A3ZED, WS (1+45)25 mL ZI1Z, Ef#E TKRZM 2726 O % 1@ HaE A
TRE Uiz, ICP RN EEIC TR 393.366 nm DI /REZ wt A B, [A U< #Eg A2 H) E LT
DI EMRE O THOHTRE O C-Ca0 JRIEA KD 7= (Scheme 6). 7233, ICP-OES 1ED 43 #1514
I Table 3 1278 L7=.

Table 2 Test method used to study the extraction method

Component The extraction method” Measuring method”
b) _

SC)— CaO z Il\\/l/lgg 1.66.32.a Zl.ll)1 S. Ca0

¢ -0 - MeO 4.6.3.a (4.1.1) 4524 (4.2)

w9- CaO W- MgO 4.6.4.a (4.1.1)

a) Testing methods for Fertilizers
b) HCI (1+23)soluble

¢) Citric acid soluble

d) Water soluble
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| 2 g analytical sample | Weight to the order of 1 mg to a 500-mL tall beaker
«—Add 200 mL of hydrochloric acid (1+23)

| Boiling | Cover with watch glass, 5 minutes
[
| Cooling |
[
| Transfer | 250-mL - 500-mL volumetric flask,water

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
|
| Sample solution |

Scheme 1 Flow sheet of test for S-MgO in fertilizer(Extraction)

1 g analytical sample Weight to the order of 1 mg to a 250-mL volumetric flask

«—About 150mL citrate solution ( About 30 °C)

Constant temperature rotary shaker

(30 - 40 revolutions/min), 30 °C+£1 °C, 1 hour

Shaking to mix

|
| Cooling |

«—Water (up to marked line)

| Filtration | Type 3 filter paper
I
| Sample solution |

Scheme 2  Flow sheet of test for C-MgO and C-CaO in fertilizer (Extraction)

| 1 g analytical sample | Weight to the order of 1 mg to a 500-mL tall beaker
<—Add 400 mL of water

| Boiling | Cover with watch glass, 30 minutes
|

| Cooling |
|

| Transfer | 500-mL volumetric flask,water

«—Water (up to the marked line)

| Filtration | Type 3 filter paper
|
| Sample solution |

Scheme 3 Flow sheet of test for W-MgO in fertilizer (Extraction)
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Sample solution

Aliquot
(predetermined volume)

Measurement

100-mL volumetric flask

< About 10 mL of interference suppressor solution

<—Water (up to the marked line)

| AAS(422.7 nm)

Scheme 4  Flow sheet of test for S-CaO in fertilizer(Measurement)

Sample solution

Aliquot
(predetermined volume)

Measurement

100-mL volumetric flask

< Citric acid solution, until the equivalent of 6 mL
< About 10 mL of interference suppressor solution
<—Water (up to the marked line)

| AAS(422.7 nm)

Scheme 5 Flow sheet of test for C-CaO in fertilizer (Measurement (AAS))

Sample solution

Aliquot
(predetermined volume)

Measurement

100-mL volumetric flask

«—Add 25 mL of hydrochloric acid (1+5)
—Water (up to the marked line)

| ICP-OES (393.366 nm)

Scheme 6 Flow sheet of test for C-CaO in fertilizer (Measurement (ICP-OES))

Table 3 Measuring condition of ICP

Wavelength® (nm) I 393.366
High frequency output (kW) 1.2
Plasma gas (L/min) 14.0
Auxiliary gas (L/min) 1.2
Carrier gas (L/min) 0.7
Metering direction Radial
Metering height High position

a) 1 :Ton beam
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3. RERUER

1) AHBRORRAEZOR

Table 4 (Z/R L7 FiRad AEAENE 35 U2\ C, 3 FEHO A K2 JE LT-fE RO E M 72H D% Table 5 (R
7. S-Ca0 KLY C-CaO T EIL7= 2R3 238D, W-CaO 134 BT 21T o7 A BEE H ko R
B, RER AV SRR, MR TR AR TR R N WERE IR RS IC B W TR A L i S e oz, 2
NHORERITINZ, HRERLH K THHZABRISIRD pH 3L, HEWICHI SN T VRS ThHES
BN TWDIEMER 7 DO B, C-CaO OREENZAIVE TRFT SN TR o722 8D, C-CaO D43k
AT AZEELT.

Table 4 Ordinary fertilizers and others

1) Ordinary fertilizer

Ammonium nitrate limestone  Calcium nitrate Calcium cyanamide Triple superphosphate
Fused magnesium phosphate  Fused silicate phosphate Processed phosphate fertilizer Phosphate fertilizer mixture
Superphosphate Fused potasium silicates Lime mixture Byproduct liming material
Calcium carbonate Silicate slag fertilizer Ground aerated light-weight concrete ~ Borax

Steamed Bone Meal Ground crustacean fertilizer Processed poultry manure Flesh-bone meal

Fish meal Soybean meal Nitrogenous guano Compound fertilizer

Composted sludge fertilizer
2) Special fertilizer

Compost Bone black Ashes of burned poultry waste Guano
Bone ashes

3) Materials

Talc Clay Plaster Zeolite
Bentonite

Table 5 Analysis value for each extraction method

Materials Analysis value for each extraction method”
S-Ca0O C-CaO W-CaO
Fish meal 25.7 25.2 0.2
Calcium carbonate 46.4 43.9 1.2
Fused potasium silicates 21.0 20.9 0.7
Silicate slag fertilizer 41.7 41.6 1.7
Superphosphate 28.4 25.7 23.1
Compound fertilizer 10.7 9.6 7.4
Composted sludge fertilizer 5.9 5.8 0.4

a) Mass fraction

2) AIERBHROFAF EORE

C-CaO D EIZDWTHRETE IR D T2 A, AAS EDTRMIEIGRER (Z B W CRUBHR IR I E& 23 2 )
EEREN R LR DE M A D o772, REHAIRIZE DA O R ICE ~D BT OV THER AT
STz BAREIIZIE, Hvs 7 2EYER (CaO ELTC 21 pg/mL A4 ) % 100 mL £ 877 A=3(2L), #EHR
WEREUER 0 mL~50 mL (ZAH S 97589, KR AREIK A ZNZ 4 0 mL~30 mL Nz 72 GREHAE IR 1 o0<
ZAPBIRE L LT 0 mg/L~5.49 mg/L) . BTG FIFEIK 10 mL 22, £ ECKREMZ 723 E H
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FBHAT VN T 422.7 nm 1235 AU 2 L7z (Figure 1) . Z 0 B, SUBHAER IR 23 %< 72
B, DEN AR N E AR DIEE WO ML T3 22ENBOLNI. ZDOZEND, KAABICEDHEE
BT D0, B BB O E RO AR 2 — T 2L LT, KAABICEDE BT
317, BBHATR IR T 10 mL (<2 ABRVANE 6 mL A8 ) FTLL, BEITER FIRS2 2R,
BRI RS B BR LTI S TV A A R DR IE L IR B R O A2 2 %, LM% Ca0 LT 7
ng/mlL ETEFHILELS

0.12 .. g

..
..,

0.10 F

0.08 F

ce
.
...
.o
...

ABS

0.06

0.04

0.02

0.00 1 1 1 1 1 J
0.00 1.00 2.00 3.00 4.00 5.00 6.00

Concentration of citric acid in measurement
solution (mg/L)

Figure 1  Effect of citric acid monohydrate on absorbance

3) BREROERE
B AR v AERER (CaO LT 0.7 pg/mL~7 pg/mL) O EMNSRERAZMER L.
Figure 2 |2 AAS O EMREZ R, IRERE () 1E 0.999 DL ET, IEEHERBRIE ORI TODHELE I
YeAiii7-L7=. 7235, ICP-OES {ED M BRI HOWTIE, FICLAHE O CHEMIENTREN TN,
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020 r

y=0.034x+ 0.0035
¥ =1.000

0.16

0.12

ABS

0.08

0.04

0.00

Concentration of CaO (pug/mL)

Figure 2 Example of calibration curve for C-CaO at AAS

4) REORHR
(1) 7L g

Table 6 |ZRTFEMBAEEIE 20 SIZHOWT, RED AAS 1 OV ICP-OES 15T C-CaO ZHIEL, HIEED
FABEE TNT 95 % T X [ % (Al I B AR o J& DI &, Figure 3 T/RUTZ. TSR, IEEHERBRIEZE OHESE L
HE (X (b) D 95 %[EHEXENZ 1, YIF (@) D 95 %EHEXEIZ 0 235 i, FHBIREL (r) 23 0.99 DL E) &7

LTHRY, 2 FIERORFEMES MBS,

Table 6 Ordinary fertilizers and others used for comparison of method

1) Ordinary fertilizer

Calcium cyanamide Triple superphosphate Fused magnesium
phosphate
Lime mixture Byproduct liming material Silicate slag fertilizer
Fish meal Mixed compost compound ~ Processed phosphate
fertilizer fertilizer

Composted sludge fertilizer

Superphosphate

Ground aerated light-weight
concrete

Compound fertilizer
(4 samples)

2) Special fertilizer, materials and reagent

Compost Ashes of burned poultry Plaster
waste

Calcium carbonate (reagent)
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70.0
»y=1.000x - 0.190
600 | r=1.000
500 r
e
<
- 400 r
Sa}
Q
=9 L
) 30.0
=
200 95 % confidence interval
Inclination(b): 0.992~1.007
100 Intercept(a):-0.432~0.052
00 1 1 1 1 1 1 ]
0.0 100 20.0 30.0 400 500 0600 700
AAS (%)
Figure 3  The comparison of analytical value by AAS and ICP-OES

(2) #N AN SR

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

Thin Line: y=x

RIEOEFE AR T H-9, Table 1 OB, 1~3 1225\ T, C-CaO D43 H % 3 S0HTTITVY, 20k

F.% Table 7 |2/ -xL7=.

HAEROFE R, C-Ca0 1 %~30 % (E &4 3R) OFEHTBWT, AAS IETIHENTE 98.1 %~101.2 %, {f
AR YER 7213 0.3 %~1.7 %, ICP-OES 7 TIZ[AIL R 98.1 %~103.0 %, U TAHRHEER 21X 2.2 %
~2.8 % THY, BTOREL ~LZBW TIREHERBRIEN R T BN ED B 4= LT-.

Table 7 Result of recovery test

Design Recovery Criteria of the
Measuring Sample for 2 b) RSD d)
component rate trueness
method recovery test
(%) © (%) (%) (%)

1 30 99.0 1.7 98~102

AAS 2 15 98.1 0.9 97~103

3 1 101.2 0.3 96~ 104

1 30 98.1 2.8 98~102

ICP-OES 2 15 100.5 2.4 97~103
3 1 103.0 2.2 96~ 104

a) Concentration of C-CaO in samples

b) Mean value (n=3)

¢) Repeatability relative standard deviation

d) Criteria of the truness shown in Testing Method of Fertilizers
¢) Mass fraction
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5) GHTHEER VT E Ol

RIEOPHATIEEE K O S A HeRR 3572, FEERLA IR 1| R OREE I L2 b GRIEFERR) 1 D
# 2 RAEHWT, C-Ca0 OFRERE 2 AT THAEZE XTS5 [BISFEML THEOLNT- /5 H % Table 8 IT/RLTZ. F7-
ZORERND— TR E D BT EAT > TRLIVT O TS B K& OV RS FE % Table 9 12RLT-.

Table 9 1Y, AAS VEIZBWTIREE I VLT LD 55.77 % (A &E5338) , DM THXHMEER 21X 0.8 %,
R FR R HE (R 720 0.8 %, i EEC A HERIO 1T 4.76 % (B 83 32) , P THIXHE R 2213 1.9 %, HIH
FHATEEHER 21T 2.4 % CTdh o7, ICP-OES JEIZB WL, REEH LT ADOF-HIfEIL 56.60 % (E &5r=), Of
FTFARTEEVENR 7203 0.8 %, HEIFHAMEHEMR 213 1.5 %, f5ER A RO FAMEIE 4.82 % (B &5r3), P THE
KHEVEMR 21T 2.7 %, IR 2215 3.3 % CTho7e.

ZNHOREIZBT DN TN O HERER 22 LB R E RSV TOD BT (B TR R 22)
Je OV RETRES B2 (R R AR ME (R 72) D H 2D 2 [FLAN T o722 eDh, RIEIFE 07 EZ AL Qb IEN
ez,

Table 8 Individual result of repetition test of changing the date
for the precision confirmation (%(mass fraction))

. Test day
Measuring method Sample
1 2 3 4 5

Calcium carbonate 55.96 55.94 55.78 55.33 55.49

S (reagent) 55.65 56.36 54.94 55.74 56.52

Designated blended 4.81 4.80 4.74 4.68 4.68

fertilizer 4.82 4.96 4.55 4.82 4.70

Calcium carbonate 57.30 57.63 56.66 56.42 55.71
eagent

ICP-OES .(rag nt) 56.09 58.01 56.27 56.48 55.42

Designated blended 4.88 4.66 4.88 4.77 4.94

fertilizer 5.13 4.65 4.88 4.82 4.62
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Table 9 Statistical analysis result of repeatability test

. Repeatability precision Intermediate precision
Measuring a o d) ¢) f) ) h)
method Sample Mean S RSD.” CRSD, sy RSDyn® CRSDyr
%) (%) (%) (%) (%) (%) (%)
lci t
Caleium carbonate oo ., 45 0.8 1 0.47 0.8 2
(reagent)
AAS Desi d blended
t
esignated biended 476 0.09 1.9 2 0.11 2.4 4
fertilizer
lci bonat
Calelum carbonate 0 0 43 0.8 1 0.86 1.5 2
(reagent)
ICP-OES e dblended
t
esignated blended 40 013 2.7 2 0.16 33 4
fertilizer

a) Total average(test-days(5)xparallel analysis(2))

b) Mass fraction

¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of Repeatability precision(Repeatability relative standard deviation)
) Intermediate standerd deviation

g) Intermediate relative standerd deviation

h) Criteria of Intermediate precision(Intermediate relative standerd deviation)

6) EETREDHTELMHR

KIEDOE R FREHEE T 5728, Table 1 (R L7cakliRdh 3 GREME C-CaO 1 % (H &%) ZHWT C-
CaO ORERA 8 APHT THEMUI-AEF% Table 10 1Z/RLTZ.

ZORER, AAS VEDFEIT 0.991 % (B &E5=), IEERZET 0.021 % (E &%), ICP-OES {ED 1)
1% 0.998 % (H &5 R) , FEHERZZE 0.031 % (B &E0=) Thovo. ek, E&E NRITAFEERAX10, BT
PRIIAE AR 25X 2 x¢ (n-1,0.05) Z AW TR LIZEZ A, AAS IEOER FIRIZ 0.2 % (B 3R) B, M TR
1% 0.08 % (&7 3) FLEE, ICP-OES {EDE & FRRIE 0.3 % (B &453) F2EE, M FIRIE 0.1 % (B =70%)
FRELHESNT.

FTo, HEESNTE & TR ORI T HEIEZ R 57280, Table 1 IR L7234 |2 C-CaO
13 0.2 %FH Y B2 D X5 E & T RIAINEIH AV 20 MEAER ZRINL , AVEIZHEST 3 R T THRANENR
AEREITV, 5% Table 11 (2R LT-.

TORER, AAS IEDEILHIL 95.8 %, ICP-OES (D EILERIE 103.6 % T, EAHERBIEIIRESN TODI
DR EE 31 DR (IR o B 2240l 7= L Tz,
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Table 10 Estimation of LOQ and LOD values

Design _ Mean” Standard LOQ® LOD?
a) Measuring _r
Sample component deviation
method o
(%) (%)° (%) (%) (%)’
; L0 AAS 0.991 0.021 0.2 0.08
' ICP-OES 0.998 0.031 0.3 0.1

a) Citric acid soluble CaO in samples

b) Mean value (n=7)

c) Estimated lower limit of quantification(Standard deviationx10)

d) Estimated lower limit of detection(Standard deviationx2x¢(n -1, 0.05))
e) Mass fraction

Table 11 Recovery test at the lower limit of quantification

Spiked Recovery ) Criteria of the

M i RSD f
Sample level” casurng rate® SD: trueness®
method
(%) ® (%) (%) (%)
AAS 95.8 4.3
4 0.2 94-106

ICP-OES 103.6 5.3

a) Citric acid soluble CaO

b) Mean value (n=3)

¢) Repeatability relative standard deviation

d) Criteria of the truness shown in Testing Method of Fertilizers
¢) Mass fraction

4. F&O

JEELH DA K (CaO) DRIETEZHOUWT, BRI OB IEZFTL, AAS 75K OV ICP-OES 1£% vz
H—RBR =BT D2 Y MRl 2 B L7225, IROFE AT

(1) FEHER ORI IEOREFE LT, B 35 5% S-MgO, C-MgO K& U W-MgO Dfifit 714 Thli
L7z 3 A OREHAIR O A K AR E LTz, TOFER, C-CaO D3 HFIEDZ Y VEMEREITOZ L& LTz,

Q) MIEEHTRL T HEORFEITV, AAS TEIZOWTIE ZABRIC AW B ~D B A+ 570,
AR OB EEIR O X ABRIRE 2 — EICRi 2 G IEE Uc. MEROIRERFIL, E& R4
ZEL, CaO LT 7ug/mL FTEL.

(3) AAS {EOREHITREFREL () 0.999 DL EC, EAHERBRIEITREN TODHERE LA 7-L T
7-.

(4) EJEMROTD, JFIERLEREL T, RIEO AAS 35K OV ICP-OES 15 Tt a4 20 &84T, Hl
EMEOEIF I EAT -T2, TOFER, IEEHERBRIEI RS CODHESE L HER T 7- L TR0, 2 LM D[R %
PEDSHERR STz, FUSINEINGREREL T, C-Ca0 % 1 %~30 % (E &0 3R) 5 A T D2 8L, wnE
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IWERBRAAT o7, EORER, BREFHEICXT T AT AAS 5T 98.1 %~101.2 %, ICP-OES #£7T 98.1 %~
103.0 % Th o7z, ZOREFRIT, EEFERBUEIRSILTODIEIED HEEZ 7L Tz,

(5) RS EE B OV TRS EE A R RR 5720, 2 FEOEE AV, 2 SOMTCTHAZE 2 TS5 HikBRE T 72
FESR, AAS 1EK Y ICP-OES VED i % THERBFE BRIE IR SV CO DO TRE L X OV RS B 0 B 2 DFF A
NTh-oTz.

(6) C-CaO ZARIRIEE AT OIEAZ AV 8 MOHMTRBICIVE & FIRAHEEL, BRI LOHEE
E & T IRRE ORMEMGRERZIT o755 58, AAS EOE R FIRIT 0.2 % (E &5 %) FRE, Ml FIRIX
0.08 % (& B4y =R) FLfE, ICP-OES LD E & FIRIE 0.3 % (& E5r=) B, M FIRIZ 0.1 % (& E53) &
FETHoT-. JREL L OUHINEILERIEL AAS 75T 95.8 %, ICP-OES 15T 103.6 % THY, AEEFEER
EOBEED B R AL T,

X |

1) EMOKEER  SEEHEUR ] BE ICMR DB Al Gk R B R D21k
<https://www.maff.go.jp/j/syouan/nouan/kome/k hiryo/attach/pdf/kokankai-9.pdf>
2) MSIATBUE N MK EN B 42 itk o 2 — (FAMIC) : JERHEBR % (2019)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2019.pdf>
3) HILAEITICP FE 4750 (ICP-OES) I LD WK NE Rt o> 2h R BUR ERF DI E, EEHIT I
%, 9, 1-9, (2016)
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Determination of Citric Acid-Soluble CaO in Fertilizer by AAS and ICP-OES

KATO Madoka!, YAMANISHI Masayuki' and SHIRAI Yuji'

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

As for the method of measuring CaO in fertilizer, the preparation method of the sample solution was
examined, and the validity test was performed in a single laboratory using AAS and ICP-OES, and the
following results were obtained. In order to examine the preparation method of the sample solution, the CaO
of three kinds of sample solutions extracted by hydrochloric acid(1+23)-soluble MgO (S-MgO), citric acid-
soluble MgO (C-MgO) and water-soluble MgO (W-MgO) extraction method was measured using 35 fertilizers.
The validity of the method for measuring citric acid-soluble CaO (C-CaO) was determined based on a
comparison of the results obtained. By AAS, the effect of citric acid on the absorbance was confirmed.
Therefore, the concentration of citric acid in the standard solution for the calibration curve and the
measurement solution was set to the same concentration. The concentration range of the calibration curve was
CaO 0.7 pg/mL to 7 pg/mL, taking into account the lower limit of quantification. The calibration curve of
AAS had a coefficient of determination (#*) of 0.999 or more. In order to confirm the accuracy, 20 samples
were analyzed by AAS and ICP-OES, and the measured values were compared. As a result, the equivalence
between the two methods was confirmed. As a recovery test, samples containing 1 % to 30 % (mass fraction)
of C-CaO were measured. As a result, the recovery rate was 98.1 % to 101.2 % by AAS and 98.1 % to 103.0 %
by ICP-OES. To confirm the intermediate accuracy and repeatability, C-CaO in two concentrations of the
sample was measured by AAS and ICP-OES five times on two different days and on different days. As a result,
Repeatability relative standard deviations (RSD;) were 0.8 % - 1.9 % by AAS and 0.8 % - 2.7 % by ICP-OES,
intermediate relative standard deviations (RSDyt)) were 0.8 % - 2.4 % by AAS and 1.5 % - 3.3 % by ICP-OES.
The limit of quantitative value (LOQ) was 0.2 % (mass fraction) by AAS and 0.3 % (mass fraction) by ICP-

OES. Those results indicated that the developed method was valid for the determination of C-CaO in fertilizer.

Key words  C-CaO, AAS, ICP-OES, Citric acid

(Research Report of Fertilizer, 13, 36-49, 2020)
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3 AAHARNTFTT4—IZKDHRBAA > DRIEEDRFE

WM R, NGRS 2, AR
XF—D—F A4 ru~hrI740—ACHE), g4y, ¥ 71 y¥—ik

1. IXCHIC

WL AT AL RATF A =V IR E G T BRI E ENE L _IEDORIER S ThHIE), TR
ISR E ENDRE, ATV ITLR THY, Y TIEEB A4 O ETRINEShDY . KILETHS
H A, KL BN 2 <2 HD TRBURE D E & ICE N TWDHIE, KFRICB W I ELLIET £
=T R EMBEE A B TR RS AL TN 2 END, ME R Z LIZKWEB 2 b, TLARLKFEL KL
LIZWb A TS 73, BIERSH Tz, UL, KRG IR —RIER O REIE I L 58 F1E=e, i n&
A HAOEL T, N—AMEEIRZME DD IR o7/ R, Mg A & T ERt o H &2 L TRb,
%@#%lW%%f*ﬁ@%%ki@%@ﬁﬁiém&b (2720722 — 5T, KT 72 & Tl
RIREL THBOR BN L2 TR H 1 B ES N TRY ¥, FiEOXZ, MEOTho RGBT EASH
6HE*4EP@@IL@5JE%§{@'3‘5 CITEETHD.

B O REER L ORI 7 I DWW T, IERFERBRIEIC B W TR AU AES BRI T dY . Ll
HEVETHORIEICREF )5 b, BEICRE T 5. ba5SFEx, B2 JIETEEL TALE
LT AFrra~ 7 T7 44— (1C 1E) Z W TR A il A 4 LU CHlE T2 7 B2 L, HIEE
DH—RER T LD 2 Y PR ZAT o 7o D T2 S 5.

2. MHRUAFZE

1) RAHORAR

(1) wiampm el

TIEL CTOD BB IZ DN T, B fesh 20 FEEE 38 #1L, FEERIEL 6 FXE 7 A8, BB 4 FJE 5 A, 3 50 A
%%Wt.ﬁﬁ%ﬂﬁelkﬁbt{&%%ﬂi%@ii“ﬁ%ﬁ$%b{&ﬁ%ﬂu%_owfi@ﬁ%@
REER & OHEAEIZDUNTD A2 40 °C T 60~70 REfEIFZERL, £ D% < THBHE 500 pm D55\ A @il T 5 F
THRELIZb D& 38T EEE LT,

(2) FHTLAEE
wONEI G SR BB O JFUBHEL A E1E K OV 4% B4 Table 2 (TR L7z, ZAUHDFEEHT JIS B I ES
NTWDEROREAM L, BBIE 500 pm D55 \E@EIETHETHRELIZb DA LY.

VORSTATBUE N EMOKE B 22 i o 7 — NEETE 22 AR A T
2 WSTATEUE NBMOKETE B 2 2 it 2 — Bkl e S (B w2 —
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Table 1 Commercial fertilizers and others

1) Ordinary fertilizer
Ammonium sulfate
Superphosphate

Mixed phosphate fertilizer
Potassium humate fertilizer
Crustacean meal

Soybean cake (meal)

Mixed fertilizer

Magnesium humate fertilizer
Raw sewage sludge fertilizer
Sulfur and sulfur compound

2) Special fertilizer

Bone black

Manure

Calcium sulfate dehydrate

Annomium humate fertilizer
Triple superphosphate

Potassium sulfate

Fish meal

Flesh-bone meal

Nitrogenous guano

Liquid compound fertilizer
Manganese sulfate fertilizer
Industrial sewage sludge fertilizer
Designated mixed fertilizer

Bone ashes
Manure(fermented poultry waste)

Guanyl urea sulfate
Phosphate fumate fertilizer
Potassium magnesium sulfate
Dried fish meal

Steamed Bone Meal
Complex fertilizer
Magnesium sulfate fertilizer
Boric acid fertilizer
Composted sludge fertilizer

Ashes of burned poultry waste
Guano

3) Materials
Bentonite Clay Zeolite
Talc
Table 2 The preparation of analytical samples
The mixing ratio of the materials (%)" Design component (%)”
Sample for Ammonium Potassium Ammonium
recovery test  Dihydrogenphosphate  Chloride Sulfate N P,0s K,0 S0~
(NH,H,PO,) (KCD  ((NH,4),SO,)
1 - - 100 21.2 - - 72.7
2 22.5 22.5 55.0 144 139 142  40.0
3 36.2 36.2 27.5 102 224 229 200
4 18.1 68.1 13.8 5.1 1.2 43.0 10.0
5 46.6 46.6 6.9 7.1 28.7 294 5.0
6 1.8 96.8 1.4 0.5 1.1 61.2 1.0

a) Mass fraction

2) HEZORRE

(1) BREEAAAEAER (SO 1 mg/mL) : JCSS BRleA A U (SO4> 1000 mg/L) (B H{L27)
(2) R ERAERA A AR (0.2 mg/L ~ 5Smg/L) : WilRA A HEMER O —E EA2 /K CHARL TREL

7=

(3) IRERFEENRIE pH=10 (ABER) : JIS K 8625 \ZHIE T DR D REE TN 7 A (BIHIEE) 0.191 g &
MIS K 8622 [THUE T 2RHR D RERKFE T NID L (B 7 AL LFDEHIZE) 0.143 g 2 /KIZEHL T 1000 mL

L7,
(4) HHpg:

B L7 ALV DREHERE A e R E

(5) HFe (1435) : HRROKRFE | L/AKOERFE 35 LAIRALTIZHO.
(6) Wilig: BLT7AVLFNHEE AL E R EH
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(7) W7 E= 2 JIS K 8960 (ZHLE T 25K (BAHAL % Kiik)

(8) VAR “/KFETE=7 L JIS K 9006 (ZHLE T DR (B AL ; #5#k)

(9) HAbAVT A NS K 8121 IZHE T 533 (F L7 A /L LR ; k)

(10) HRERHIVL DL —IKFM: & E7 AV LFEHIER ; Fndt—ifk GRLE 98 %L1 )

(11) 7/K: ik SEEE E (MILLIPORE Direct-Q 5 UV) THRLL7- JIS K 0557 IZHE T 5 A4 D/KE W
7.

3) JMERUVEE

(1) #EEO5F%: TAITEC SR-2DW

(2) ELHERE: KUBOTA 7 —7 /L by 75 D 4000

(3) A4 ru~hrZ7(IC): Abm—2 850 Professional IC 7 IV L oth— )55

(4) #172: Shodex IC SI-90 4E (N 4.0 mm, £& 250 mm, Kk 9 um, Fed Al AL =L 7 La—/ L3
M 4 T B =0 DIEAALTFRE G LT R A A o ZHUA)

(5) ATV 744 —: ADVANTEC %! DISMIC-13HP (FL£% 0.45 um)

(6) N7l 8Nt nsgs: Y—x/LY AT A DigiTUBEs 50 mL

(7) pH A—%—: HORIBA pH A—#— F-54

4) HEBRERE

(1) AEHAIR DT

SYHTRREL 1.00 g A6 =75 A3 200 mL IZIEAWEY, ik (1435) 100 mL ZA0%, #REDKEE T
300 1E18 4y (JRHE 40 mm) T 10 23 MiEEH#, AU 7 meL 8l 044 50 mL ICAEEEZFEL, 1700 X g
T 10 HiEhEOL, EEAEEHHKE L. N7 ae L 8l A% 50 mL 200, fH iR REER ©
100 2L RIZATBRL, AT 17 02— (fLEE 0.45 pm) THML, sEHARE L7 (Scheme 1) . 735, fHIEK
DR (1435) DRFNZHOWTITH IR 5.

Analytical sample 1.00 g| 200-mL ground-in stopper Erlenmeyer flask

< HCI (1+35) 100 mL
Shaking to mix 10 minutes
Centrifecation 50 mL P.P. Volumetric flask
g 1700 xg 10 min
Supernartant
Dilution 50 mL P.P. Volumetric flask
(100 times more) Eluent
Filtration Hydrophilic PTFE membrane filter (0.45 pm)
Measurement Ion Chromatograph

Scheme 1 Flow sheet for sulfate ion
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(2) FUBHEIE OWIE

AR HERG 20 uL % IC ITVEAL, BbN-E — V7 EfE E e — 7 @ S bR B A ek L7, 3k
VS 20 UL 7 IC IZHEAL, B —Z IS £/ 13— 7 E S0 BRI KO ENA F ORER A 4 1R 2K,
SATREH R ORI AT I LT,

7235, 1C DORESAM% Table 3 [ZRLT-.

Table 3 Analytical condition

Detection Conductivity detecter

Suppressor Chemical suppressor (Column type), CO, suppressor

Column Shodex IC SI-90 4E (4.0 mm 1.d.,250 mm L,9 pum particle size)
Eluent 1.8 mmol/L Sodium carbonate + 1.7 mmol/L Sodium bicarbonate
Flow rate 1.0 mL/min

Injection volume 20 pL
Column temp. 25°C

3. WMRRUER

1) HBRUTRGORE

UV ERKTE T = AR ORI T B =0 2% AW CKIEMED VB 30.6 %, fiEEAA4 31.3 %IAHRL
7ok B K T R OB IR L CRENAIRZERK L, Shodex DT LDT 7 =KL iR—R0 %53 2l E 4
R ELNE LT-7a~h/ T 5% Figure 1 (O L2, YT L TIEMB AL O —7 ORI A4
DE—IRAETDN, W —27 D5 B 2.842 720, Wil A B — 7RG BAF T, 1 3EHZ S X 20 43
PR THIE T/,

|

2.0 4
1.8 4

16

1.2 1

1.0 4
—

LN}

I L] L] T T T
00 40 @8 20 5 208
Figure 1 Chromatogram

(Arrow: sulfate ion peak)

F72, 0.05 mg/L~10 mg/L 824 & &M AR R Z T, 2. 4) QDS THEL TELNZHfEE H
WTREMRZERLIZEZA, BIENELRDIEVISBED ERA-DRELA DL/ -7- (Figure 2) . 7
Lo — L CIREER IR 2 L2856, A BIOIICEREN GO R WGEERHLZENBNTNDT.
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ZDT=8, KEOHRERRT kX EH DL,

R OFEPHIC S TX IR E DR EL 2T, (KR CTILEBRORE L B CRIE LR E TRl 2
BADBHST-OT, REROBREFRPHIZ OV TR L. EAERORERALZZ 2 TREREIMERL, FE
(TR FE DREYER 2 E L, AR R LI E % HhiE L7 (Table 4) . ZOF5E, 0.2 mg/L~5 mg/L THRERE
VERRLT=35 6, BEHERR IR L2k 3 D HEM OEIA 235 100 %I ZATH o ToZEM D, B ER O R HE T i
% 0.2 mg/L~5mg/L &L7-.

0.2 mg/L~5 mg/L OFiFH TR L 7o S OB EREL () 13T — 7 HFE K O — 7 @SV LR BRI
BT 0.999 LLEA RLUT= (Figure 3) .

fuSkm)zmin |
1.10
100
0480
.80
.70
050 4
050
0.0
0,30
o.20 o
0,10

0,00

T T T T T T T T T T
2] 20 30 440 S0 L b ] (2] 30 100 pom

Figure 2 Calibration curve(concentration range 0.05 mg/L.~10 mg/L)

Table 4 Relationship between the calibration curve concentration range and the measured value

Measuring standard solution (mg/L)

brati 0.05 0.1 0.2 0.5 1
Ca ratloln curve Measured . Measured . Measured b Measured . Measured b
concentration range » Ratio » Ratio ) » Ratio ) » Ratio ) » Ratio )
(mg/L) value value value value value
(mgll) (%) mgl) (%) (mgll) (%) (mgll) (%) (mgll) (%)
0.05 ~ 10 0.077  (153) 0.119  (119) 0.212  (106) 0.494 (99) 0.96 (96)
0.1 ~ 10 - 0.129  (129) 0.221 (111 0.502  (100) 0.96 (96)
02 ~ 10 - - 0.232  (116) 0.511 (102) 0.97 97)
0.5 ~ 10 - - - 0.532  (106) 0.99 (99)
01 ~ 5 - 0.106  (106) 0.204  (102) 0.502  (100) 0.99 (99)
02 ~ 5 - - 0.206  (103) 0.503  (101) 0.99 (99)
a) n=4

b) Ratio of measured standard solution
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(S fere) 1 min

0.50 o »=0.00364 x>+ 0.08154 x + 0.00002 120 o »=0.01155 x? + 0.18064 x + 0.00001

2 =10.99998 o 4 2 =10.99999

(A) (B)

T T T T T T T T T T T T T T T T T T T T T
o0 05 10 15 2.0 25 3.0 35 4.0 4.5 50 pom 0.0 05 10 15 20 25 30 35 40 45 S0 ppm

Figure 3 Calibration curve (concentration range 0.2 mg/L~5 mg/L)

(A): Calculated from peak area (B): Calculated from peak height

2) WMHAEORE

WA A NIZL DB IR L L E I 2 O<D. KEITIFKEMIZN, TAH) LHEeEE, $hiE, RIE72
CIREHA THLZENMBITNDY. IBEHFICE ENAMMEE DO, FiligT o E=7 Ofile # LRk e &Iz
EENDRBEEIIAKENETHHA, WA A IR, TR A A IROA 2T ENDHER S L 2T AdK
(\CHER CRRIZIR S5, 22T, Bl V> A K FidE o, it 5 iEoeEz1-7-. ikl <, -
B ORGIERM T ZME T2 EEZSEIC %19 0.01 mol/L Vg —KFEA/N T L, EEHEERERVED 7R
RO O SV TO SRR (1423) & OVKE W C TR RFEIT o7, BREE IV A K 1 g :%
% 100 mL /1%, 10 53fAY—7 —CHitL7=L 24, KK T 0.01 mol/L Vg —IKFEH N> T 2% V-8

ZITET IR FRO O, e (1423) Z W LA T N CORELE. SRIfERLIEAZ AT iﬁﬁﬁa%ﬁ/
@E‘—7@ﬁﬁu \COABBAF L DE—IHY, Ve KBV T LD EEEDDHEE— 7 RNER DN
bol-Zlinh, AR Tl AT o2 8L,

fER A1 L7 I KRt QNS ARk O AR A K, BBV AFRAIK K VAT | g ITEIEEE
BEREAIICE 2 T A4 100 mL Nz 10 4 F'ﬂ%&}:ob 7kf@ﬁ?ﬁ$ﬁbﬁ%@%4’ﬂ‘/7ﬂ7]\7774’ S
MIELT=. Table 5 (T3 280, Mg (1435) FTIRRERICE BEZ R LAY, KO E CIEE BEOIK
TARDHLNIZZEND, iﬁﬁ&(lﬂs)ﬁﬁam%ﬁa:&u‘:. 7%, s (1+35) 1349 0.3 mol/L Jaéna“é.
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Table 5 Relationship between hydrochloric acid concentration and measured value

Calcium sulfate ) Calcium sulfate
| dihydrate” Superphosphate Triple superphosphate dehydrate
Extraction - - - -
solution Analytical Ratio Analytical Ratio Analytical Ratio Analytical Ratio
value o value o value o0 value o0
(%)b) (%) (%)b) (%) (%)b) (%) (%)b) (%)
HCI(1+11) 55.4 (100) 41.1 (100) 4.7 (100) 49.7 (100)
HCI(1+23) 55.6 (100) 41.3 (101) 4.6 (98) 49.5 99
HCI(1+35) 54.7 (99) 41.3 (101) 4.7 (99) 48.7 (98)
HCI(1+47) 50.7 (92) 40.4 (98) 4.7 (99) 473 %95)

HCI(1+71) 39.8 (72) — — —
HCI(1+95) 33.5 (60) — — —
Water 12.4 (22) - - -

a) Theoretical concentration of sulfate ions in calcium sulfate dihydrate:55.8 %
b) Mass fraction
¢) Ratio of analytical value extracted with HCI(1+11)

3) HRAEDORE

FHHNZBE A 325 (1435) @ pH 1349 0.5 THH—T7, S RERL WA 7200 H pH X 3~12 ThHD
ZEDD, IERZE Y pH ICHHR T 20BN HS. KEFEHLTHIRLIZSE, pH % 3 BLEICRE TSI
TEERRANIZIE 300 ERREANTOXERHL. HBfERBELRDEER FIRMNELLRDT20, FRfEEE L
ERSIRF T DB DD, I—N) P NTLEMH T 55 ELDL0, IANCFEEDRD0D. 2T, Ml
TEDIEBER DS pH 10 DFEEEIK ChoHZ 2123 B L, WHERE AW CTHRIRLRAIE 52 L2 MatLiz.

WiEE T VD LKz L, K EITIREERZ W TR IRLIZ5E O pH % Table 6 (ZRLTE.
ZOFER, K THIRLIZES, 250 (57 CTld pH 28 3 RiE725703, IEBER CIE 100 (277K T pH 1% 3 L
EThot. 22T, KT 625 fHICAHRUTCRUBHA R SVEBER T 100 51 RU 73 UBHA IR O Y FE DS R L
(272D EOTHRER A1V 2D DK s nL , JRL 75 URHA IR 2 E L7 (Figure 4) . T OSSR, PRFFRH
F OV —IIRIC K& 72721372, MIEMICH 2RO b2 odc. HEIlVABEAIK, (LAIEEL, g
AEBE, FEE B A REE & O ZHZ T LT L 25, BB TRy L CHILE TR BT, Table 7 IR LTzE
BUERMEIZEDFRO DIV TZE0b, ARIETITEBRRZ VT 100 5L ETHRTHZ LU,

Table 6 Relationship between diluent and pH (pH)
Diluent Dilution ratio Eluent
50 100 250 625
Water - 2.448 2.860 3.288

Eluent 2.805 6.875 9.438 10.018

10.176
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uShern | uShern |
1,50 150
- Measured value - Measured value
0 : 1992 mg/L o 3
~74 Mg 1.999 mg/L
1.30 4 1.30 A
1.20 1.20
1.10 1.10
1.00 1.00
030 - * * 0 - = =
080 080
124 128 132 136 140 144 148 152 156 160 164 min 124 128 132 136 140 144 148 152 156 160 164 min
Figure 4-1 Chromatogram Figure 4-2 Chromatogram
(Diluent: water, Dilution ratio:625) (Diluent: eluent, Dilution ratio:100)
Peak top number : retention time Peak top number : retention time

Table 7 Analytical value for each diluent
Analytical value (%)”

Sample
Water Eluent
Triple superphosphate 3.45 3.63
Complex fertilizer 9.11 9.13
Magnesium sulfate fertilizer 56.6 57.8
Designated mixed fertilizer 27.7 27.1
Calcium sulfate dehydrate 48.7 47.4

a) Mass fraction

4) YNV RAF UL BRHEEDTER
IC ZWTT NI 2 A NEBIZEENLHARZNET H5E, WEICHBEEBIETHARHL. £
CTARIEICRB T O BOR ELMHEBLI.

(1) PRFFRERIC 3D 28

VNI I AL IS =B EFIET DL, BT LN TREBAZT L DRI~ N I AL IS GA T %
WHSE D720, (RS EE L0 B E03H5 V. OB MR T 572012, g7 E=U A
KON KRBT EB=U LS L, Bilg /rz“/ﬁﬁlth?f&aZa)/ﬁwaf“% , WRERA A DPREF
R & fER8 L7= (Table 8). ZDORER, VB —KFET E=U LG HTREIETHD 1 g *Hé%f LBAL725 A
DVFEAF PREIZBN TS, RFFR IR E RSN o7z,
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Table 8 Effect of phosphate ions on the retention time of sulfate ions

Amount of ammonium Concentration of o .
. Retention time  Analytical value
dihydrogen phosphate sulfate ion )
2 (min) (%)?
(8) (%)
0 5.0 14.16 4.81
0.3 5.0 14.20 4.76
0.5 5.0 14.19 4.78
0.8 5.0 14.21 4.74
1 5.0 14.23 4.75

a) Mass fraction

(2)rrr IV NEHRTER

VNI AAF PR L PR T D&, MIERIRAF L O — 7 DIUFMEIME T LE — 7 DIEA A5
oYy NEIER | E O ReR2 oy Bl S a 1 7 AN TCIED I 28 b Cng 1. 207z, (1) T
WELTY M KRBT =T LOWINEN IR D0~ 7T 2 bk L7z (Figure 5) . ZORER, W7o
VAT PRIV THIREE A A OB — 7 IRIZ TR O bV T,

ammonium
dihydrogen

phosphate
Sl e

03g
05¢g

l Amount of

Fr*—r*‘—r’

08¢g
10g

T T T T T T T T T
L] 20 40 6.0 8.0 100 120 14.0 16.0 180 min

Figure 5 Effect of phosphate ions on peak shape of sulfate ions

(Arrow: sulfate ions)

) YT LuP—inE

7L —IZLO~ N I A DRGA A ANTIKBATANZEEZED DT, KFAT PR FEEDRD T OER
BT CRAT PRSI D. ZORREEA A DINIKFAT U R E T HWEEFF O FOLE, bt
A4 DBEREEENE LUK FTTHHANHLENMONTND V. ZOGA, HL?HﬂHj«ﬁzT%onﬁ
FUG RDMERONGFUBHA IR I3 IRAE S0 8 O BRI I b~ MRS ézhé ZFDT, RIEIZRBITHEEBOH

MOV THERRL7-.

Table 8 [ZBWTHAME “KHET L E=0 0% 1 g B LIZ3UEHT W T, fllH 100 %K% T8 500 5128
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L CENEIVAIE LT (Table 9) . ZDFE R, EREICKE R ZEITRDO LN -T.

Table 9 Effect of dilution ratio on analytical values

Amount of ammonium

Dilution  Analytical values

dihydrogen phosphate .
ratio

(2 (%)"

1 100 4.75

1 500 4.70

a) Mass fraction

5 BRIRMRUERMYE

PEIEALELE 50 RUTOWT 2. 4) OFMETHIEL, B —2 O K O FEE —27 O A fEid Lz, RED
72~ 87T M Figure 6-1~6-6 (TR . FAICIVAREEA A DY — 27 DRHIZ A 7T O — 703588 B
723, 49 BIZHOWTHIFEEY — 23580 bR o7, 72720, B BAEE A JE LT /a~ T AT
Figure 6-2 }2O® Figure 6-3 O LORMRIEAF L DY —VTIRDHoT2D T, =V @mI TERT DM ENROHH
nrz.

pSfem | WSiem | HEfem
116
0910
227 112
0300
0 1% 0,890 o
L8 4 l 103 1 0.000
14 109 1 0,870 -
0.3
Lo 0.860 l
032 0.850
1.2 1
0.3 - i 0.640
L0+ 024 |'i 0,630
0.8 020 0.820
D0 40 BA 120 18 200 D0 40 BA 120 18 200 130 10 150 160 70 180 190
Figure 6-1 Chromatogram Figure 6-2 Chromatogram Figure 6-3 Chromatogram
(Sample:ammonium sulfate ) (Sample:potassium humate (magnify)
(Arrow:sulfate ion) fertilizer ) (Sample:potassium humate
(Arrow:sulfate ion) fertilizer )

(Arrow:sulfate ion)
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Figure 6-4 Chromatogram

200

(Sample: nitrogenous guano)

(Arrow:sulfate ion)

il] 4.0

an 12.0

160 200

Figure 6-5 Chromatogram

(Sample: complex fertilizer)

(Arrow:sulfate ion)

il] 4.0 an 12.0 160 200

Figure 6-6 Chromatogram
(Sample: Calcium sulfate
dehydrate)

(Arrow:sulfate ion)

6) EEEDFE

JEZ T 95728, Table 2 OUHIEINGRER HFEL 1~6 ZHWT, 3 A0 T CHINEIGRERZ FhE L 72
(Table 10) . ZDOFEH, WI b IEEHERBRIEI RSN COD E AN RO BIEGFH LN ThH 7228000,
TR A L TN DI R E LT

hi

Table 10 Result of recovery test

Sample for ~ Spiked level Mean” Recovery RSD Criteria of ;he
recovery test (% )a) (%)a) rate %) trueness
(%) (%)
1 72.7 71.8 98.7 0.4 90 ~ 108
2 40.0 39.3 98.2 0.4 90 ~ 108
3 20.0 19.5 97.5 1.7 90 ~ 108
4 10.0 10.1 100.5 2.0 90 ~ 108
5 5.00 4.74 94.9 1.5 8 ~ 110
6 1.00 1.04 103.5 2.1 8 ~ 110

a) Mass fraction
b) Mean value (n =3)

c¢) Repeatability relative standard deviation
d) Criteria of the truness shown in Testing Method of Fertilizers

7)  BHTRER U RREE O

AIEOPHTHEE L O RIRE AR 957200, HEMOARRA IR, (LRAEEr, fifes ARk, & el o Aneh
KOAEIOE N, £ 2 SOMTTHEZEZ TS BIOoHaiTo7. BIERRA Table 11 (Z/RLTZ. £ Dk
RERN, — BB BT 21T > TR TS L O RS EE 4 Table 12 1ZRL72. W AL AHRHE
e 22 IEBHERBRIE RS T D O TG EE (DR TFE RHZE HE (R 722) S OV RS B2 (Hp AR A YR 22) O
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Table 11 Individual result of repetition test of changing the date for the precision confirmation (%)

Test da Triple Complex Designated Calcium sulfate Magnesium
est day superphosphate fertilizer mixed fertilizer dehydrate sulfate fertilizer
1 3.63  3.66 9.13  9.06 27.1  27.0 474  47.0 57.8 573
2 3.62  3.63 9.13  9.10 26.7  27.0 46.2  47.0 563 563
3 373 373 9.23  9.27 279  28.0 473  46.6 574 573
4 354 3.50 898 9.03 27.5 277 46.8  47.0 56.5 574
5 359 3.62 9.00 8.99 27.0 275 48.6  48.6 56.6  55.5

Table 12 Statistical analysis result of repeatability test
Repeatability precision Intermediate precision
Sample Mean” s’ RSD.” CRSD/ sin’ RSDyn® CRSD "
%)”  (%)” (%) (%) (%)” (%) (%)
Triple 362 0.02 0.5 4.0 0.08 2.1 6.5
superphosphate
Complex 9.09  0.03 0.3 4.0 0.10 1.2 6.5
fertilizer
Designated
mixed fertilizer 27.3 0.2 0.8 4.0 0.5 1.7 6.5
Caletum sulfate ., 0.4 0.8 4.0 0.8 1.8 6.5
dehydrate
Magnesium
56.8 0.5 0.8 4.0 0.7 1.3 6.5

sulfate fertilizer

a) Total average(test-days(5)*parallel analysis(2))

b) Mass fraction

¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Criteria of Repeatability precision(Repeatability relative standard deviation)
f) Intermediate standerd deviation

g) Intermediate relative standerd deviation

h) Criteria of Intermediate precision(Intermediate relative standerd deviation)

8) EETRZEDHE

i TIRK OB T IROHEEZATITZOIZ, ALY AITHREEA T 0.2 %tH 2 L0 D IO I RE (1435) T
RSB TRIE T =0 MR ZTRINL, RIS T 7 S0HMTRBRZ R L2, 0.2 %I, HbIEARAGR
Th5 100 {5 CARUBEHAKZER LIS 6, RO EOREHRAEUER Th5 0.2 mg/L HH4127250
ETHDH. FFONI AR 2% 10 5L CERE FIRAHEEL, Fio, MEHERZEL 2x¢(n-1, 0.05) 5L
T T IRZHEE L7 5 5% Table 13 1R L7c. ZOFEH, E& FIRIZ 0.07 %, i FERIZ 0.02 % THh-7-.
Ll 0.07 %Ok 2 100 757 R L7 EHATR T 0.07 mg/L A2 720, M EfREipH Ao+ B g%
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BoHNR. ZO70, IINEGRERZ L CHERLIZEZA, [BIINERIT 97.4 % THY, BB RBRIEIORE
IWTCWBEFERl O BAZZ 7L Tz, ZndD, B8 TIRIZ 0.2 %EL7-. F7=, Bl FIRIZ 0.02 %EHEE
-,

Table 13 Calculated LOQ and LOD values
Estimated LOQ and LOD values Recovery test
Relative Criteria of

) Standard b Spiked
Mean® o LOQ® LOD® Recovery standard the
Sample deviation level o
(%)? %) ©%)? (%) %) rate deviation tryeness®
(%) (%) (%)
kel 0.195 0.007 0.07 0.02 0.2 97.4 2.7 85 ~ 110
(NH4)ZSO4 ’ : : . . . .

a) Mean value (n=7)

b) Standard deviationx10

¢) Standard deviationx2x¢(n -1, 0.05)

d) Mass fraction

e) Criteria of the truness shown in Testing Method of Fertilizers

4, F&OH

AF 7w 757 4— (IC {E) IZELDHEEA A OFRBRIEICHOWTH R EIC LD 2 Y MR L
T2L2h, ROFERa13T-.

(1) ATLA=T—DT I =INVR— BB ITMERMTERELT-EDA, K20 53 FEE TRIEN FTEET
HoTo. MEMREMRTILIZEZA, 0.2 mg/L~5 mg/L OFPFATIERTHZEEL, MEMRIT KA TEH T
LLLT-. ZOREGHCEY— g, ©—7mIEbITRERE () X 0.999 DL EEIRLTZ.

(2) HhHH T EEBRETLRE R, e (1435) THlt 22L&, M EREERZ T 100 £520 B TR
ozl

(3) <N IALA N LD B MR LIZEZ A, AL TIREEITRO DT,

(4) PBAEEIE 50 SERELZEDA, 49 JUZOWTUTERZ Y E T 20 — 713580 b -7z
23, FERERE N AEEH I — IR DML Ao 72720, B — S TER TS EMENRD LN,

(5) BEEFEO-OFEMENGRER B 6 M2 HWT 3 ST 21T o726 5, FEHENEIERE
94.9 %~103.5 % THY, ERFEFREREI RSV TWDEED HAEA 2L Tz,

(6) MEEF 5 FEEEZ T, DM TREEE R ORI FE O RERB A T o 7RG, DM TAESHEYER 2513 0.3 %~
0.8 %, FHIMEERZET 1.2 %~2.1 % THY, EEERBIEI RSN TO R EOFFAG AN 7-L T
7-.

(7) EETIREOHEREAT IR R, RIEICHBITDERE TIRIT 0.2 %EL, i FRRIZ 0.02 % L HEE
Sz,

PLEDZEND, ARIEITAEN R OREEA A ZE 572012, +07e B a2 AL QWA LRSI,
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Determination of Sulfate ion by Ion Chromatography
SAKAIDA Satoko !, KOZUKA Kenji > and SHIRAI Yuji !

! Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
2 FAMIC, Fertilizer and Feed Inspection Department (Now) Kobe Regional Center

We examined the measurement method of sulfate ion in fertilizer by ion chromatography. After setting the
measurement conditions, it was possible to measure in about 20 minutes. As a result of examining the calibration
curve, the calibration curve was calculated by the quadratic equation in the range of 0.2 mg/L to 5 mg/L. The
coefficient of determination (%) was 0.999 or higher in this concentration range. We decided to extract with
hydrochloric acid (1+35) and dilute more than 100 times with eluent after extraction. As a result of confirming the
influence of matrix ions, the influence was not detected in this method. As a result of measuring 50 points such as
distribution fertilizers, 49 samples did not show interference peak, but the peak shape of the potassium humate
fertilizer was different from the other. Therefore, we thought that there was a necessity to quantify at the peak
height. As the estimation method of trueness, for 6 test samples of different concentration, conducted respective
repeatability tests using 3 analytical samples and evaluate by obtaining the recovery using the mean of the observed
values. As a result, the mean recoveries ranged from 94.9 % - 103.5 %,they were within the criteria of trueness of
the Testing Methods for Fertilizers. Intermediate precision and repeatability were estimated by duplicate test per 5
tests on different days using two analytical samples of different concentration. As a result, Repeatability relative
standard deviations were 0.3 % - 0.8 %, intermediate relative standard deviations were 1.2 % - 2.1 %.They were
within the criteria of repeatability and intermediate precision of the Testing Methods for Fertilizers. The limit of
quantitative value (LOQ) was 0.2 % (mass fraction). Those results indicated that the developed method was valid

for the determination of sulfate ion in fertilizer.

Key words ion chromatography (IC method), sulfate ion, suppressor method

(Research Report of Fertilizer, 13, 50-64, 2020)
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4 TRENTVERRUKBIET VO BRORITE E O REET i
— SR W) e [FIFABR Bl —

PEATRIER!, JEARKER 2, J\ARFFR 2
F—O—F  FEMETOBE, KTV, 5ok hVy L%, HFERER

1. [FC®HIC

EFRAO 72 A PEF o B 23 Ted, Fe S EICB VT ISO/IEC 17025 (JIS Q 17025) VO EE R FHIHA S
(ZUToaRBR AR D5 MR IR OB X 7 3 RSN TS, ISO/IEC 17025 Ti, EES - B S L
YPERTERSNT- HFIEZRET HIEETRL TS, FAMIC Tl IEEHEGRES TED LIVZIREIO F F
R NARDE R CEOE M ITIETOIC N T, ZOMEEZTHEL >, BAMEICEEL 2B HLRFIL,
AERHEGRBRE D NG L T, BB SV TR R T IEE HLEL QOB MK PER SR EIC Ry, SF0 2
£ 4 A 1 BFHTT, FAMIC 23ED D IEEFERERE | DA r, B ERSFOoIriELL TS ZED
AThD.

AE R BR 1L T N DI ER S AT FIEATE O BRIZ DWW TR T8, KB OB OFRBRIEIZ DWW TN 123,
H—RBRE 2RI 5% 4 M (SLV : Single Laboratory Validation) Z#E2% ¥ L CW\5. ZDH 5 A[IRMEITFWERD
AR VE O 2 ) FEBURS EE OVERERR A1, BETR OO SRS B2 48 B 45 Ol R K E E BRI L T as,
KEEMEF DI ORBRIEIZ OWTE, B BB EOMERRELIT> TV RhoTz. A, EERAICEES
S BHE M FIFRER IS LD % Y M #EFR (HCV : Harmonized Collaborative Validation) 5{EIC LDl Z1TH 7=
D, WRBRIEDOILFRRBRE FIELI=D T, TOMELHRETH.

72k, ARILFEIFERIC IV IR L 7 e [F RN 0B O BB MR 1T, SRR EER O T4 Fnoo a4 B ARk
DERK S DLV ENEMRTIE LT EE (ERF O OEE K NEI TR DT | (LU TR T RFEEE L)) 1
TEMSIT.

2. MERUAE

1) MEMHBAREERVARFRBRAANORR

AAMETOEROFUEH T, IEEHE L THEEL TOBIESWT W ERE IR, 1RA YV ABRILE, I THLS0 AR
REAE, JRA DN AR R QMR a7 — Mg R IEEE B BHE 212 pm OS2\ A i35 E THk- 1R
HLlz. Eo, KEEMETOEEOREHE, AT ORI B ALE (5 fiE) Z W e, Zooh, IO R H
AREHIAM 1.9 g, AREBEMETOEERBHFREHIAR 9.8 g 22N ZNACRRY AR OFEET & 44 {#
Fe L TR LT,

[ U R BRIE Al 32308 220 18 (44 {8 X 5 FE) ICELBER A MW TT U Z DIFRFEIL, 3B 2%
BIL7z. AIETETWERIZ DWW T, 2D OB L7 S FEOR B B ELE R 2 AW TIEIEAIZ 10 18528k
EHo72 50 18 (10 i X 5 FE) 28 MERER A RE L, KB OBRIZOW I E R A AR L. &

VOSIATBOE N MO EH B L Bt 2 — 4 i B 2 — (BL) RMOKES S BUR THE - L
2 MSIATBOE NBMOKE B 2 et 2 =4 B 24—
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(2, RUBRIE H 28I 5 OB BEEER (2 22 i 2 E° oL, 1 3B ERIZEA D IR IR
BReL, HLEFBRZ R B S 22l 2 e L7z
YA MR RN I R R F R DO RE TR B s AT LT, B EMERBR I,

B DB EPED HERB S LT
, S EEBR RO 2 L RRBR S I BR = kA L7z,

\’

2) ¥EERURBR
HRBRRICRBL CODERY L —h, B~ —fle—f—, R~ —8AE5% fE5iE F R R E iR
RN O Tl R IR0 IR A L 7.

3) RABRAE

FIPAPE O EE M OIS T OEE O FBR 1A M ONRIE 51513, Table 1 12 RS BR 1E D £ 508k 5 L%
. 708, B2EO-D, £ FiED 72— —k(Scheme 1 & 8 Scheme 2) Z7RL7-.

Table 1 Component and Measurement

Testing Methods for Fertilizers (2019)

Component
Measurement
Soluble silicic acid (S-SiO,) 44.1.a Potassn.lm fluoride meth'od
(4.1.1) Extraction procedure using constant-temperature rotary shaker

4.4.2.a Potassium fluoride method
Water-soluble silicic acid (W-SiO,) um

(4.1.1) Extraction procedure using rotary shaker
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1 g analytical sample | Weight to the order of 1 mg into a 250-mL volumetric flask

| —About 150 mL hydrochloric acid (1+23) [30 °C]

Shaking to mix

Constant-temperature rotary shaker
(30 - 40 revolutions/min), 30 °C = 1 °C, for 1 hour

Cooling |
|HWater (up to the marked line)
Filtration | Type 3 filter paper

Sample solution |

(predetermined amount)

Aliquot
duo 200-mL beaker made of polymer

« About 10 mL hydrochloric acid
< About 15 mL potassium fluoride solution
< About 2 g of potassium chloride

Cooling For 30 minutes in a refrigerator

Filtration under
reduced pressure

Filter made of polymer, Type 6 filter paper

Washing | Wash 6 - 7 times with potassium chloride solution
Transfer | 300-mL tall beaker, water

|<— Water (until the liquid volume reaches about 200 mL)
Heating | 70 °C - 80 °C

|H A few drops of phenolphthalein solution (1 g/100 mL)

0.1 mol/L - 0.2 mol/L sodium hydroxide solution

Titration . . .
(Until the solution becomes light red)

Scheme 1

Flow sheet for soluble silicic acid in fertilizers
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| 5 g analytical sample | Weight to the order of 1 mg into a 500-mL volumetric flask
|HWater,ab0ut 400 mL

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

| Cooling |
|HWater (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Aliquot
(predetermined amount)

200-mL beaker made of polymer

« About 10 mL hydrochloric acid
< About 15 mL potassium fluoride solution
«— About 2 g of potassium chloride

Cooling For 30 minutes or more in a refrigerator

Filtration under
reduced pressure

Filter made of polymer, Type 6 filter paper

| Washing | Wash 6 - 7 times with potassium chloride solution
| Transfer | 300-mL tall beaker, water

|<— Water (until the liquid volume reaches about 200 mL)
| Heating | 70°C-80°C

|H A few drops of phenolphthalein solution (1 g/100 mL)
0.1 mol/L - 0.2 mol/L sodium hydroxide solution
(Until the solution becomes light red)

Titration

Scheme 2 Flow sheet for water-soluble silicic acid in fertilizers

4) HEHBRARHOHEMHER

IUPAC/ISO/AOAC D#EREFBR 7 mhaL !t WO BB MRERIZIE, 1)ICIVBEA SN AFE 50 3 kHZ D
W, BEFEOZIEONEEICR W T, KlEHI o 2 SO TT, AlTEMETWER IS T D AR R s Br 1k
X0 & T o7,

5) HFEHER

ARERIZZNULTZ 11 RERE I T LB THD. BRI A oS FfoctE 12 A 18 HETIZ, ZhEhd
AERE(IZIBWT )ICIVBESTLT=EFE 20 38R (RITETEITWERD A OFRER =121 10 308 %, &FleHTxii
9% 3) DIRER FIEIHE->THHT L=,
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- NEF e TR AL R TS

© REMHTEN B ARIEREBRE S AE

-+ PESEIRBUBRAS AL SR RGE A I B AR T35 (AR W RO 7)
© MSATBUE NEMOKEEH R Z et 2 —ME e 2 — JUEHR AR
© MNTATBOE NRMOKPEM Y Z e iifi e 2 — Lk 27— JEETER AR
© MNTATBOE NRMOKEM R Z et 2 — a2 — JEETER AR
© MSTATBUE NRMOKEH B Z it 2 =4 B 2 — SRR
© MSTATBUE NRMOKEH R Z it 2 =4 B 2 — JEERAER
© MSTATBUE NRMOKEN R 2 it 2 —t@ii v 27—  JEEHR AR

© MSTATBOE NRMOKEH B 2 it 2 —AE IDBHEE R

s BRETV—HRARHE THTY

(50 EIE)

3. WBRRUER

1) #EHBRAEMOHE R

T FHEDOZANNHERED D HESNZ 10 3B 2 SO T TONT LI BB MR ER O sl O f TFHME (%)
F O DRARIZ DN T — Tl E 3 B AT S GS st B O TR U O TEEYE(R 22 (s,) , aRHRIAE
R 22 (spp) & Table 2 (R L72. SHIT, IERMERBRIEI RSV CW D E B FHEUEE O B % (CRSDR) J %
NHMHRH (U 1) U7 HE 7 E M A BUEHER 72 (6 g) % Table 2 (7R LT-.

B PE DM E 1%, TUPAC/ISO/AOAC DERERBR Y 1h=L O FIEA 5 & (BRI A 0 /) VA R 32
728, FRBRRATIZ- DU T Cochran DA EZ FERLIZ. ZDRER, T X TORITITIB W TIMUVEITRRD Hi/ais
ST=DT, ZIHDFAEIZ DN C—JllE BT a2 EhEL, TR 2 (sp) K OFRBHET R 22 (spp) &
Koo, (K 2 ICEVPIHMTIEYER 7 (s,.) ZFHML7Z. %12, TUPAC/ISO/AOAC DHFRERER 7 b= L D431
BoOHENX G 3) ZHCTHEMOHEELIT 7. TORER, LISV ABRIEEZ RS, 2 COREHCH]
(I 3) &L Tz, 22T, LISV AFRIEEHZ DWW T, M TERER 2 (s.) 23+ 1/h &
(sp < 0.56) Z&MD, HIER (X 3) AR 7 HE R (R 4) 2 O T B ORI E LTS TR, HER R
4) Z Iz LTz, ZOZEND, R TOLFERBHREHIWE ThOZ L2 MR L. ok, Z&F D, ([
SRS THM TG A & To iR AR MR 72 (spa ) BRI LTZE A, W o il oy HEE 2= 8] A BLAS HE R 722
(6R) L THAIT/NSVMETH ST

6r = CRSDg x X/100 e (3R 1)
sy < 0.50p = 0.56 e (7122)
Spp < 0.30, = 0.36g e (30 3)
sbb 2 = F1(0.3 0,)% + F2s,2 e (3t 4)
Sbﬂ:m e (®05)

G g HEE = W] A BUSE HE(R 22
CRSD g : fEBMEFBRE I RS TOD E M BLRS E (S R AR BUR SR HE IR 72 (%)) O B %
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X REIE

op ZHMEMERR AT A RIS A LT AR R 2= sy PHTIRME IR 22

Spb : PR (R 22 Spar  DHTHE R 25 T ik A A 22
F1 BJEMHEDIZO DT A—=42 GREHL 10, 2 RHMTOY%E, F1=1.88)

F2 EMHED T A—=5 GREHK 10, 2 SOMTO%E, F2=1.01)

Table 2 Harmogeneity test results of soluble silicic acid

A d R R 2 Critical i
No.of %@ CRSD® % sr® 0565 Sw” 0.38g Spp P b Soar’
Component Sample value
sample b (o b) b) b) b) b) b)
(%) ) (%) (%) )" (B () (%)
Slag silicate 10 3444 25 08 035 043 ¢ 026 o) 025 0.46
fertilizer
Mixed phosphate 051 5 30 065 020 032 017 019 003 011 0.38
fertilizer
Soluble Processed slug

silicic acid  phosphate fertilizer 28.60 2.5 0.72  0.29 036 031 0.21 0.10 0.17 0.60

(S-8i02)  Mixed potassium

. 10 16.41 3.0 0.49 0.19 0.25 o’ 0.15 o 0.08 0.22
fertilizer
Ground aerated
light-weight 10 2483 3.0 0.75 0.24 0.37 0.14 022 0.02 0.15 0.39

concrete fertilizer

a) Grand mean value ( » = 10xnumber of repetition(2) )

b) Mass fraction

c¢) The aim of Rerative standard deviaton of reproducibility in Testing Methods for Fertilizers 2019
d) The estimated standard deviaton of reproducibility calculated based on CRSD

e) Standard deviaton of repeatability

f) Standard deviation of sample-to-sample

g) Parameters for the determination of homogeneity (determination of Sbp)

h) The value for the test : F1(0.36R)2 + F2s,?
F1=1.88, F2=1.01 (The number of samples (10), The number of repetition (2))
i) Standard deviation of sample-to-sample including repeatability Sp4r=v Spp> + Sp2

. . . o 2 .
j) When the variance between groups <the variance within a group, sy,”~ was considered as 0

2) HEFEBRABERVNNIERTE

F RO WS SN AR RE S Table 3-1 &N Table 3-2 (TR L7c. &R IO HTELORE R
TUPAC D 3LRIFRER 7 vahau 13 W2t CTREFHLELL 72, SBRARIE O FMVIEZ R H 357212 Cochran DR
7E M OY Grubbs DRUEZ FhiiL7-. PIERTETOERIZOW T 11 #BRE TR 2 i L7- /5 5, 1 FEORE
IZBWT 1 BB TOREMEIIVEEL THIESZ, KIBMETOERICOWTE 9 B = TRBra FEhiL
ToAER, SMVEEL CHES ISl 720 o7,
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Table3-1 Individual result of soluble silicic acid (%)"

Processed slug

b) o o . .
Lab ID Slag silicate fertilizer Mixed phosphate fertilizer phosphate fertilizer
A 34.50 34.09 21.51 21.39 28.51 28.51
B 35.65 35.48 22.03 22.20 30.04 30.04
C 34.36 34.46 21.20 21.22 28.42 28.88
D 35.15 35.76 21.93 22.06 29.79 30.07
E 35.19 35.30 21.59 21.27 29.31 29.42
F 34.36 34.69 21.07 21.15 28.75 28.87
G 34.18 34.21 21.13 21.20 28.30 28.72
H 34.29 34.07 20.51 21.17 28.35 28.50
I 34.29 34.34 21.25 20.82 28.29 28.10
J 34.70 34.54 21.65 21.25 28.94 28.62
K 34.35 34.55 21.02 21.01 28 64° 29.79%
. . . Ground aerated light-weight
b)
Lab ID Mixed potassium fertilizer concrete fertilizer
A 16.32 16.41 24.98 25.10
B 16.85 16.88 25.59 26.12
C 15.95 15.74 24.89 24.56
D 16.65 16.69 25.61 25.65
E 16.59 16.47 25.44 25.13
F 16.00 16.18 25.11 25.14
G 15.79 15.94 24.51 24.36
H 15.31 15.46 24.62 24.84
I 16.22 15.75 24.42 24.55
J 15.84 15.99 24.96 24.87
K 16.00 16.22 24.94 24.71

a) Mass fraction
b) Laboratory identification

¢) Outlier of Cochran test
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Table 3-2  Individual result of water-soluble silicic acid (%)"
b) Liquid potassium Liquid potassium Liquid potassium
Lab ID silicate fertilizer A silicate fertilizer B silicate fertilizer C
A 16.11 16.02 22.01 22.07 20.43 20.37
B 16.78 16.53 22.64 22.63 20.96 20.81
C 15.90 15.95 21.94 21.88 20.26 20.38
D 16.22 16.27 22.37 22.36 20.79 20.80
E 16.53 16.51 22.56 22.49 20.99 20.90
F 16.10 16.56 22.43 22.40 20.35 20.74
G 15.86 15.94 21.80 21.67 20.37 20.33
H 15.94 15.65 21.31 21.51 20.20 20.03
I 15.79 15.94 21.93 22.03 20.24 20.36
5) Liquid potassium Liquid potassium
Lab ID silicate fertilizer D silicate fertilizer E
A 15.43 15.28 29.17 29.35
B 15.91 15.83 30.19 30.30
C 15.38 15.28 29.39 29.34
D 15.92 15.72 30.11 29.92
E 15.84 15.72 30.16 30.13
F 15.43 15.80 29.95 29.55
G 15.26 15.26 29.08 29.34
H 15.24 15.13 28.96 29.43
I 15.32 15.33 29.44 29.41

a) Mass fraction

b) Laboratory identification

3) BHTRERVEMBRREE

MU Z BRI RBR AR I C RO B U7 SR, DR TR E(R 72 (s0) & OV TAR SR (R 722 (RSDy) , IO
(2 =R W BT E R 22 (sr) M OV=R W] FF B RHE HE R 722 (RSDR) % Table 4 (TR LTZ.

AAEPETWER O EIIEIL 1615 % (E B4y 3) ~34.66 % (E By ) THY, OO THE HER 2 (501X
0.14 % (E &5 3) ~0.21 % (H &N F), HHATHEER 2 (RSDy) 13 0.6 %~1.0 %, == MAFHIEERZ (sp)
130.44 % (E &7 3) ~0.65 % (H &), =M EIUEEERZ (RSDr) 13 1.5 %~2.7 % Th-o7z.

IKEEMET VIR O S EIE 15.50 % (B &4y 5R) ~29.62 % (E B4 R) THY, DO OHTHEUER 2 (s) 1T
0.07 % (E &5 3) ~0.17 % (A& H), FHTAHRER 2 (RSD,) 13 0.3 %~0.9 %, ==FAFHIEER 2 (sp)
130.28 % (H&573R) ~0.44 % (H&E5=R), =M IR ER 2 (RSDr) 13 1.5 %~2.0 % Th-o7z.

ZOREFRIL, IEEHERERE O Z Y MR O PRI RSN TWS IR EL VBT DR E O B ZOFFE
AN THHZ LD, ZIHDOFRBRIE DR IR S RBE O MR EITHE A L TV DT LA R L.
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Table 4  Statistical analysis of Collaborative study results for Soluble silicic acid and Water-soluble silicic acid

Labs Mean®” s RSD® CRSD. sz& RSDR™ CRSDz

Component Sample
p@” ()7 () k) (R (W7 (k) (%)
Slag silicate fertilizer 11 34.66 0.19 0.6 1 0.53 1.5 2.5
Soluble Mixed phosphate fertilizer 11 21.35 0.21 1.0 1.5 0.45 2.1 3
silicic acid Processed slug phosphate fertilizer ~ 10(1)  28.92  0.18 0.6 1 0.65 2.3 2.5
(S-Si0,) Mixed potassium fertilizer 11 16.15 0.14 0.9 1.5 0.44 2.7 3

Ground aerated light-weight

o 11 2500 0.17 07 1 046 19 25
concrete fertilizer
Liquid potassium
AN 9 1614 015 09 15 033 20 3
Liquid potassium
lone o 9 2211 007 03 15 041 18 3
Water-soluble Liquid potassi
silicic acid ill?“‘t pfozshszmmc 9 2052 012 06 15 030 15 3
(W-SIOZ) suicate 1er cr
Liquid potassium
AR 9 1550 0.12 07 15 028 1.8 3
Liquid potassium 9 2962 0.17 06 1 044 15 25

silicate fertilizer E

a) Number of laboratories, where p=number of laboratories retained after outlier removed and (g )J=number
of outliers or test failures

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier and test failure removed (n=The number of laboratories(p) x The number of repetition(2))

¢) Mass fraction

d) Repeatability standard deviation

e) Repeatability relative standard deviation

f) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizer 2019

2) Reproducibility relative standard deviation

h) Reproducibility relative standard deviation

i) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2019

4. FEH

AE sk S B 1 T LI S 7 FTEA TR O R (S bV D AiE) Je OUKTATET O R (S b AdE) DR
BRIEIZOWT, AIVEMETOERIZ DWW T 11 3RBR =T 5 F8E (10 20 Ok, KEMHEITOERIZ W T 9 3
BrasC 5 FEE (10 2) OFREE W IE[RIGRER A SERL, DR TS BE K OV BR 25 F i BURS B A A L 7.

TORER, SoALAIY MEIZLD AT EEOFIIME 16.15 % (B 3) ~34.66 % (B 7)) O#ilH
BN, R M AR REUER 22 (RSDR) 1E 1.5 %~2.7 %, S b U7 DEIC LD AKIENET O ER D S
15.50 % (B 253 3) ~29.62. % (E & 573) OFPHIZIVT, = M FHBUHEHE HE(R 22 (RSDr) 1 1.5 %~2.0 %
ThH-oT-.

ZOREFIE, IERFERBRIE O Y MR O PRSI TS KR EL ~ VBT DIEE D B ZOHiFH
N THDHIED D, RIEOREE I IAEFERBRVE O MERERLYE (Type B) ICEH AL TWAI LA AL,
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#

LRIRBRICTWH HDTHSEL /N B b TR A iR L5, ARMETEAN B AR E S
ARER, PEFRBUR S S EEERGER 4 RIS TSRO R — RSt THEITEO%
AL, FBOIRICZ i DTHE EUT AR TR AR A, BRSO BALITHELZ R LET.

X m

1) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
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2) NERHEGRRERATAY, BEFD 25 45 6 A 20 H, Brar® 198 &, SRR 28 45 3 1 24 H, BUwH; 73
5 (2016)

3) JEMOKPES SR BHBGRRERIAT 55— 4D O BE IS S E MK IE R OFR & 958 2h A K%
ZHRE DM, B 59 43 H 16 B, BEMOKEE SRS 695 5, BofStE -k 11 45 A 13 H, BZHA0K
PEE 7R HE 704 5 (1999)

4) JEMOKPEER SR EEHEGIE S B — I = 5 OB I DX, IEBHBGHTE S US55 — TR =
TGS DB DIRFEEEICZ DB A BaRldll T o L E RN 2 ED O, SER 12481 A 27 A, &
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12) Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency Testing
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Performance Evaluation of Determination Methods for
Soluble silicic acid and Water-soluble silicic acid in Fertilizer:
Harmonized Collaborative Validation

SAKUMA Kenta ' , MOTOKI Tarou ? and YAGI Toshiharu 2

"Food and Agricultural Materials Inspection Center (FAMIC) , Nagoya Regional Center
(Now) Ministry of Agriculture, Forestry and Fisheries, Tokai Regional Agricultural Administration Office, Plant
Products Safety Division

2FAMIC, Nagoya Regional Center

It has been verified performance that determination of soluble silicic acid and water-soluble silicic acid by
potassium fluoride method in Testing Methods for Fertilizers. We conducted a collaborative study by means of
international harmonized protocol to evaluate for determination of soluble silicic acid and water-soluble silicic acid
in fertilizer by potassium fluoride method. Five samples passed the test for homogeneity, respectively, were sent to
11 collaborators. These samples were analyzed as blind duplicated. After identification of outliers with
Cochran test and Grubbs test, the mean values and the reproducibility relative standard deviation (RSDr)
of determination of soluble silicic acid were reported 16.15 % - 34.66 % as a mass fraction and 1.5 % - 2.7 %,
respectively. Those of determination of water-soluble silicic acid were reported 15.50 % - 29.62 % as a mass
fraction and 1.5 % - 2.0 %, respectively. These results indicated that each method has acceptable precision
for determination of soluble silicic acid or water-soluble silicic acid in these concentration ranges. In
conclusion, those results demonstrated these methods were validated for the determination of soluble silicic

acid and water-soluble silicic acid.

Key words  soluble silicic acid, water-soluble silicic acid, potassium fluoride method

harmonized collaborative validation

(Research Report of Fertilizer, 13, 65-75, 2020)
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5 AREEBRUABERKOAEZODERETH
— =R R —

CEROY/N RIS/
F—0—F AKEE, AEMEAIK, TR, T —NETFROEE, HEREREER

1. [FC®HIC

E R 72 G PR OB E 03T e, FASENZFV T ISO/IEC 17025 (JIS Q 17025) VO E R FIHA S5
U2 D E FEE MR OB 2 N EER SN TV D, ISO/MEC 17025 T, [EES - EF B S T %
UPEDHERRS N FIEEZRETHIEEZ TR TA. FAMIC T, IEEHGRHE S CTED LI IO FE
R VIR DE B L OCBOBE I TETICHONT, ZOMEZFHEL -, BAMICEE LA S
L, MEEHESRERIE D ICINER L T D, JEREO S XIS R T IEE BLEL QOB MK ER SR EIC LY, 4
244 H 1 BRI T, FAMIC WESH D EEHERRER L NG Iy, B ERY SO HTEEL TS
1LZATHD.

AE R SRBRYE D NN AR S T2 KRB TE L Z DWW, IS XA TETE (R ROEEETER) 25D - 5 IER o
Lok (R BRI L DR BRIE D 24 e (SLV : Single Laboratory Validation) 32 fi® L, F-+/&ESIZZ D
BN ORI HEBEOMRAE (EEERBR=EICL2RBEOZ Y M/ (MLV : Multi Laboratory
Validation) ) Z i LT 5. 205 H =M FHHUEE OMEREFR AL, BERO SRS A AR S OFF RICKY
W ERNCRHIE L TNy, ARl [E BRI ME L X2 58 ] L [ BB 12 L5 2 Y MEAERR (HCV : Harmonized
Collaborative Validation) F1EIZLDRHMIZITH728, EE/RAKTDOAK (Ca0) EL THESN TWDAIK 25
Je OV IR O 3L [RRER 2 FE L7 DT, £ DO EZHE T 5.

72k, ARILRFBRIZ IV TR L 7 e [F R BUR O B B M RBR 1T, JRAOKPER O T3 Fnoo A B AEE
DER 7 OEVEVERRRHEZFEFZE (B OAIK, LR O~ Ty Do3Hr) | (LLT, TERFEFRZE L
W) IO CERENT.

2. MRBIVAEE

1) HEMEBRARMNRUEREBRAKHORR

AR LRt L CODTE TR AR, (LAAEEr, T3E75IRAEEL, LW ITWERE AR, WA K, HEAE, B
AIEEH QRO AR (BE 9 TED &, T5UEIEIENEE), (LR, T 275 URNEer, HEAE & UL & IEEL (6 fit
D) IZOWTIL HBAIE 500 pm OS2V EIETHET, JLSWITWERERCEL, 1A K K OME R AR (3
M) IZOWTILHBAE 212 um OfESDNEEIETHETHFE-IRE L. 2, A IKIZOWT,
DNFENEL 7oA PREREBRIEOPERER A D, Tl L TODIEEIOEL G EI A 22752 Table 1 O LBVIRIEAFLE -
RAL, HBEAZ 500 pm OS5V A mm S, iR AR (1 8 2L 7. Zhboosh, BBRHE 2212
5 FEEONERABRNL, AIKERITAK 9.5 g, AIEMEAIKIZAK 3.8 ¢ xR AR ELRITIED
FEEHT L 54 R Fe L TR Ef LT,

VIRSTATBUE NRMOKPET B 2 it o 2 — AL 2 —
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A CRBR e B A A3 2506E 270 {8 (54 X 5) IZELBERZ W TT o Z AICE SR L, 3B 7RI L7z,
DO LIS OB DEE R 2 O THEAEZ 2 10 HF Sk, WEMRER RS LT.
WIZ, REREEH 22T 5 FEOEENOEIEA IZZ2Eh 2 E9 oL, 1 3RBRE ISR 32 I RS
AEHEL, ZIRRBRE AT B2k 2 Y L7z

PPEMERRER R AN T, Rt O FEITRRBIC A U e, BB RIS K OEEL O S E A R STz
%, LEEER AR 2 AR S IR = ISk LTz

Table 1 The preparation of simulated fertilizer

The mixing ratio of

Material(Reagent) Grade the materials
(%)
Calcium carbonate JIS K8617 1.7
Maganese( Il ) sulfate penthydrate JIS K8997 3.0
Magnesium sulfate heptahydrate JIS K8995 3.0
Magnesium Phosphate Octahydrate >95 % 10.0
Sodium sulfate JIS K8987 40.0
Boric acid JIS K8863 3.0
D(+)-Glucose JIS K8824 39.3

2) ¥EERURBR
B RBRBIZHREL CWOARY N L —h CUIENR) ,, <=7 v B OVR A iT st 2 AL 7-.

3) HEBRAE
IR A OVRTEAME A TR O}z ONAIGE 1L, Table 2 D L33V fEBM S BR E D K- 3BR 1542 V. 7083,

BEZEDT-W, KRR TED 7o ——k(Scheme 1 & T Scheme 2) 7~ L7-.

Table 2 Component and Measurement

Test item Testing Methods for Fertilizers (2019)
Component
number Measurement
1 Total lime (T-CaO) 4.5.1.a Flame atomic absorption spectrometry

(4.1.2) Incineration-aqua regia digestion

2 Soluble lime (S-CaO) 4.5.2.a Flame atomic absorption spectrometry
(4.1)  Heat on a hot plate to boil with hydrochloric acid (1+23)
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5 g analytical sample Weigh to the order of 1 mg into a 200-mL - 300-mL tall beaker.
I

Charring Heat gently
Incineration Ignite at 450 °C £ 5 °C for 8 - 16 hours
I
Standing to cool Room temperature

< A small amount of water
< About 10 mL of nitric acid
< About 30 mL of hydrochloric acid

| Heating | Cover with a watch glass to digest
I

| Heating | Slightly move the watch glass and remove acid
I

| Standing to cool | Room temperature

< 25 mL - 50 mL of hydrochloric acid (1+5)

| Heating | Cover with a watch glass to dissolve
I
| Standing to cool | Room temperature
I
| Transfer | 100-mL - 200-mL volumetric flask, water

< Water (up to the marked line)

| Filtration | Type 3 filter paper
I
| Sample solution |
I
Aliquot
(predetermined 100-mL volumetric flask
volume)

< About 10 mL interference suppressor solution

< Water (up to the marked line)

Measurement | Atomic absorption spectrometer

Scheme 1 Flow sheet for total lime in fertilizers
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| 2 g analytical sample | Weigh to the order of 1 mg into a 500-mL tall beaker
< About 200 mL of hydrochloric acid (1+23)

| Heating | Cover with a watch dish, boil for 5 minutes
[

| Cooling | Immediately
[

| Transfer | Water, 500-mL volumetric flask

< Water (up to the marked line)

| Filtration | Type 3 filter paper
|
| Sample solution |
|
Aliquot
(predetermined 100-mL volumetric flask
volume)

< About 10 mL of interference suppressor solution

< Water (up to the marked line)

Measurement | Atomic absorption spectrometer

Scheme 2 Flow sheet for soluble lime in fertilizers

4) HEFBRARHOHEMRER
TUPAC/ISO/AOAC DHEAERER 7 haL 1t 2 OHEHERBRIZHE, 1) ICkihi S =45 100 3UEHC
DN, FFEFEDZFCNTHEEIC W T, HBalEHT D& 2 5T T, £3BRE B3 2 I akiR s
RS AT.

5) HFEHER

RERIZSINUTE 11 BBREE OSRBEETHEA LR YT EEII L T LB THA. BRI H
MOSICE 12 H 18 B XTI, FREFNORBREICE VT 1) ICKVEMfT S48 20 38 CAIK 28 XX
AYAMEA IR DA BANORBRERITIE 10 30D %, £K3UBHT T2 3) DRER FIEITHE>THOM LI,

- T rak sttt W LS (BERIERT AA-6300)
o« MSTATECE N EAOKPEY B2 il # —4h P £ % — (Thermo  Fisher iCE3000)
o JSTATEOE NEMOKENEZ 22—k % — (Thermo Fisher iCE3000)
- MSZATEOE N BMOKEN L 2Bt 2 —iliE ' #—(HSL Z-2310)
- MSZATEOE N BMOKENE L 2Bt 2 — 4 EEr#— (HSL Z-2310)
« JRSEATBUE NEMOKPEH B Z i #— @M % — (Thermo Fisher SOLAAR M5)
© MRNTATEOE NRMOKPETH B 2 2 E o 2 — A8 (B ERT AA-6800)
BRIV ARRME RS A IS T8 (BEHERUERT AA-7000)
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© RV EEMR RS 22 T8 (B EERUERT AA-7000)
« RZVUEEMR S SIS T8 (BEERUERT AA-7000)
- dbfEAREE RS A = T (B EERUERT AA-7000)
(50 &IE)

3. BMRRUEER

1) #EFEBRAFEHOHE R

Tt FEOZ NN DA SN2 10 30 2 SO T TONT L7 B B MR BR O s OF EH1E (%)
J O DRAEIZ DN T — B & 7 B AT DG S T st B2 W TR U DM TEEYE(R 72 (s,) , alURHHIAZE
MR 7 (spp) & Table 3 (R LT2. EHIT, JEEFERBIEI RSNV CWD R M B E O B % (CRSDR) K UV
AUHIBEL Y (3 1) U7 = ) B BUE HE(R 22 (6 ) % Table 3 IR LTZ.

BYEMEOHIE X, TUPAC/ISO/AOAC DOFEfEiER 7 b O FlA%E 25 |25 BRGE O /5 e 2 i 975
728, BRI DU T Cochran DR EZEEMELTZ. EORER, T X TORTIZIHB W THMUEIZRERD B
ST2DT, ZHDFARIZ DWW T— Bl B BT a FER L, A TIEEMER 2 (sp) K OFUBHEAR MR 722 (spp) &
Ko, HIENXGL 2D ICE P TEERER 22 (s,.) R L T2, Z OSSR, AliRMEa K O B ARk 2 FRE, §XC
OREFCHIER (K 2) 7L Tz, &kIZ, TUPAC/ISO/AOAC DO FHERER 7 1 h=L (1993) 1Y o) = (X
3) 2 W T EME DR EEAT TR, T X TOHHTHEEHZ B W THIER (GR 3) 2l /2L T2 b,
ST HEREHISE CHAHZEEMER L. 728, BEDD, X 4 [TLo TOHTHE 28 Toad B R Y R 25
(spr) EHEHLIZEDA, WTNORLSHHEE W R BUEER 2 (6 p) LHBRL TH3 /N SWE TH - 7.

&r = CRSDg X X/100 <o (D)
ss <050, =056g -+ (:2)
spp < 030, = 0.36y -+ (3 03)
Sher = V/Sr? + Spp? --- (X 4)

O g HEE = ] R B TR 22

CRSD g : JEBFERABRIAI RSN TO D E H U AL (S8 F A B AR R 22 (%)) D B %2
X i fE Spp © PRI TR 22

op UM AATO B BICE & LI R & sy PHTIR HE(R 22

Sper | PFTRERE 25 ToRlU} TR A YE (R 22
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Table 3 Harmogeneity test results of total line and soluble lime

Z ~ T ~h -
No.of %3 (RSDR® 6g%  s5.© 0.56%" spp®  0.30r D Spar?

sample op)” (%) ()" (0" (" ()" ()" (%)

Component Sample

Industrial sludge

i)
ot 10 3611 25 090 028 045 ¢ 021 028
Compost 10 13.78 3 041 006 021 0121 0124  0.13
Total lime Compound
(T-C:0) P 10 10.69 3 032 006 016 003 011 007
Composted sludge 10 1.98 4 0.08 0.0l 004 001 0.3 0.02
fertilizer 1
Composted sludge 5| 5o 4 0.06 002 003 o 002  0.02
fertilizer 2
Slaked lime 10 6139 25 153 039 077 029 028 049

Fusedmagnesium 1o 2747 55 069 016 034 013 018 021

phosphate
Soluble lime o i
Slag silicate fertilizer 10 29.61 2.5 0.74 0.13 0.37 0.091 0.092 0.16
(S-Ca0)
Mixed fertilizer 10 7.79 4 0.31 0.09 0.16 0’ 0.06 0.09
Simulated fertilizer 10 0.91 6 0.05 0.04 0.03 0" 0.02 0.04

a) Grand mean value ( n = 10xnumber of repetition(2) )

b) Mass fraction

¢) The aim of Rerative standard deviaton of reproducibility in Testing Methods for Fertilizers 2019
d) The estimated standard deviaton of reproducibility calculated based on CRSD

¢) Repeatability standard deviaton

f) Parameters for the determination of repeatbility standerd deviation (S;)

g) Standard deviation of sample-to-sample

h) The value for the test : s, < 030, =0.36

i) Standard deviation of sample-to-sample including repeatability Sp +r=m

j) When the variance between groups <the variance within a group, sy,” was considered as 0

2) HEFEBRABERVNNIERTE

F BB ST L FRBREGE A Table 4-1 KON 4-2 [TR LTz, & RIID S HTEEIORE % ITUPAC
DILFEFRBR 7 B a3 MG TREHMLEL L7z, SRBREGE DA U Z R 27212 Cochran OFEE K Y
Grubbs DI EAFMEL7-. 7085, BEBRICSMULT 11 RERE DD, A K4 B XX AITEMEA K O AR IS
LIZRBRENZNEN | RREDH 7720, KHRREH OHrRBR =R 10 RBRECTHD. Fi2, AIKEE
1%, BB ERBUC KO B TRBR AR AL & 72072 1 RBRE DO | B EBREREEL R LTZ. TOREE, 10 3R
BREE DORBRAGEC, ARARRIZOWTL S R OREI OIS | FEORET 2 MBREOREEI I UEEL
TSIz, Fo, AEMEATRICOW T S BB OREIOY S, 1 A ORET 2 BBRE K OV 1 FEHORE
T 1 BREOWEEIIIUELL THIES L.
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Table 4-1 Individual result of total ime (%)a)

Lab IDb) Indufs m?.l shudge Compost Compgund Cosnllulzi?ct:ed CO:]:ﬁli)gsf‘:[ed

ertilizer fertilizer fertilizer 1 fertilizer 2
B 37.74  37.25 13.94 14.00 10.76  10.78 201 202 1.51  1.50
C 36.23  36.30 13.85 13.66 10.56 10.39 2.03 201 1.57 1.58
D 36.63  36.20 13.88 13.77 10.62 10.40 202 202 1.58  1.53
E 36.89 38.34 13799 .9 10.74  10.63 202 2.04 163  1.58
F 3573 35.99 13.88 13.72 1062 10.64 1.95  2.00 153  1.54
G 3639 37.25 1431 13.56 1091 11.03 212 215 1.70  1.63
H 3594  36.33 13.47 13.73 1026 10.37 1.70Y  1.70% 1.59  1.49
I 36.06 36.03 13.48 13.59 1034  10.32 1.96 1.96 1.56 1.54
J 3445 35.53 12.83  13.29 10.09 10.15 1.98  1.96 1.44  1.43
K 36.16  35.64 13.81 13.70 10.56  10.39 1.999 1.88° 1.55 148

a) Mass fraction
b) Laboratory identification
¢) Outlier of Cochran test
d) Outlier of Grubbs test
€) Outlier of test failure
Table 4-2  Individual result of soluble lime (%)3)
Fused - .
LabID”  Slaked lime magnesium Sl?g tsilll.lzme:te Mixed fertilizer Sfﬂrﬂl;t;d
phosphate

A 6433  64.78 28.51 29.50 28.92 27.66 771 7.58 1209 1279

B 65.10  65.29 3029 31.17 28.74 28.99 777 7.84 0.572Y 0.593"

C 6821 68.63 3091 31.33 3091  30.69 790 782 0.837 0.856

D 65.17 65.31 30.09 29.89 29.04  29.02 730 732 0.840  0.893

E 68.40 69.11 30.98  30.03 30.07  29.94 787 798 0.701 0.821

G 6851 67.26 31.11  31.39 29.99  30.98 8.16  8.06 0.794 0.834

H 6595 66.04 2933 29.96 2921 29.24 727 7.82° 0.779  0.779

I 67.02  67.69 30.68  30.43 29.78  29.82 8.17  8.07 0.854 0.835

J 6295 60.86 30.51  30.90 29.71  30.09 754 172 0.889  0.896

K 63.41 64.97 29.99 2923 28.56 28.51 748  7.58 0.753  0.808

a) ~¢) Refer to the footnote of Table 4-1

3) BHTRERUVEMBEREE

SR Z RN T RRBR AR (S ZO B U7 M, DT ER 22 (s0) K OV AR R 22 (RSDy) , IO
(2 EE T PR B VE(R 72 (sr) M OVEE TR A BLAR SHE ME(R 22 (RSDR) % Table 5 (2R L7z,

K2 EOFEEIL 1.55 %~36.35 % (H &%) THY, ZOPHTEEER 2 (s:) 1% 0.02 %~0.50 % (EH &=
), DM TARXHZEHESR 22 (RSD) 13X 0.8 %~2.3 %, M FBUZEHER 2 (s) 1F 0.05 %~0.86 % (E &5 3%),
SE[H P B S R 22 (RSDR) 1% 2.3 %~4.3 % CTh-oTo. AIEEMEA IR OFEIMEIL 0.823 % ~65.95 % (H &
) THY, TOPHTIEHERZ (s0) 13 0.04 %~0.70 % (E &%), PHTHXHERER 7= (RSD) 1 1.0 %~
4.6 %, =M BEHAEERZE (sr) 13 0.05 %~2.22 % (EH &7 R), ERHIHS IR ZE (RSDr) 13 2.6 %~
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6.6 % ThHo7-.
WD DR TR RHZE AE (R 22 (RSD,) Ko OVEE 8] BT BLAH o B YE IR 72 (RSDR) & IERHE SR A 0D 2 4 MERERE D
TN RSN TWDEREL ~JUICB T ARG E D B ZOFFRFIHN THHZ D, AIEOIE B X [FIFER L
OMREREEIZHE AL CWAZ LR LT

Table 5 Statistical analysis of Collaborative study results for total lime and soluble lime
Labs Mean” 5, RSD” 2*CRSD,” s RSDy" 2*CRSDy’

Component Sample
p@)” (W7 ()7 (%) %) (%) (%) (%)
Industrial sludge 10 3635 0.50 1.4 2 086 2.4 5
fertilizer
Compost 9(1) 13.69 0.23 1.7 3 0.32 2.3 6
Total lime Compound
(T-C30) cortiliver 10 10.53 0.09 0.8 3 0.25 2.4 6
Composted sludge
eortiler 1 8(2) 2.02 0.02 0.9 4 0.05 2.6 8
Composted sludge 10 155 004 23 4 007 43 8
fertilizer 2
Slaked lime 10 6595 0.70 1.1 2 2.22 3.4 5
Fused magnesium 10 3031 0.46 15 2 079 2.6 5
phosphate
Soluble lime ¢ <ilicate fertiliz 10 2949 038 13 2 088 3.0 5
(S—CaO) ag siicate 1er cr . . . . .
Mixed fertilizer 9(1) 7.77  0.08 1.0 4 0.27 3.5 8
Simulated fertilizer ~ 8 (2) 0.823  0.04 4.6 6 0.05 6.6 12

a) Number of laboratories, where p=number of laboratories retained after outlier removed and (¢ )J=number
of outliers or test failures

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier and test failure removed (n=The number of laboratories(p) X The number of repetition(2))

¢) Mass fraction

d) Standard deviation of repeatability

e) Repeatability relative standard deviation

f) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizer 2019

g) Reproducibility relative standard deviation

h) Reproducibility relative standard deviation

i) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2019
( As for precision, the permissible level may exceed them by a factor of 2.0)

4. FEO

MR RRER 1 (DG S T A K 4 B e VAT R P A RERBRVE I DWW T, 11 FRIBR=E T4 5 FlH (10 /20 o
Bt S [RIEERZ F2f L, SBR[ O P HRg 2 A L7z,
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ZDRER, AIK RO 1.55 %~36.35 % (E #577R) OFPHIZIVT, = W HBUE R R 72 (RSDr)
1% 2.3 %~4.3 %, FIEMEAIKONEIE 0.823 %~65.95 Y% (E &573) OFIPHIZISUNT, = M FFEUHE X2 HE
72 (RSDR) 13 2.6 %~6.6 % Tdo7z. ZIHOD = W B HE YR 72 (RSDr) 13, AEBFEFRERTE D 2 L M fERE
DFIMEITRSN TODFRIEL ~) BT B E O B 2O AN Th-oT-.

A BIRET L7 BR T B OMERRIE, BEICH BRI L ARBRIE DO Y MEE O (MLV, SLV) 38Tk
0, EEHERBRIEDOVERERUED Type C(MLV K& O SLV) X% Type D (SLV) EL CREBSAL TR, LLED
FERLD, EERAIERELS NS L RIRBRIC I 2 Y MR (HCV) S 718 LT, B BRIE OPEREM
HeD Type B(SLV K ONHCV) EL T3 52 L3 Al EL 2o 7.

&

He[m FBR O FE Nt 12 T I THE EU T AR E IR AT ek &= M O 3R R ~ 2N el s Ly o7
rufk it W) T, A7V ERHR AL #IR T, A7V IR JIE T8, RoL ek 22
AL N AL E B A S ORI E AR L ET

X m

1) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2018, FAERAT K O IEMEBI DRE /1B 2 — 2R #11 ))

2) NERHIGREEREAT Y, A1 25 45 6 H 20 H, Brm s 198 5, i UIE Tk 28 45 3 A 24 A, BUwH 73
77 (2016)

3)  BRMOKPEL o IBHRGREERAT S 58— 42D Z OBUEIC S E MK ME R O E T 58 2h A K%
ZHRET DM, BRI 59 4F 3 H 16 B, RMOKPEEER H/REE 695 75, SfC U PRl 11 4F 5 7 13 H, Aok
PEE 7R 55 704 5 (1999)

4) JEMOKPEA SR B BHIE S+ ERE — I = 5 OB EICEOX, ILBHBGHTE S USRS —HE =
TGS DB ILE O REEEEICE O F A Ba il T o BER 2 O, SR 12 4 1 A 27 R, &
MOKPER 15 7R 5 96 7, IAMCIESFN 2422 A 28 A, BEMOKPER 5758 402 45 (2020)

5) JRMOKPERS 57 RRERIE RO S B 2R A, 2Rk 12 45 8 1 31 HEMOKES &5 1163 5, R
IEAF2 452 7 28 B, BEMOKEES 7R 5 397 5 (2020)

6) JEMIKPERG ER IEBHIRRHEIC DS SR BIEEI O A E RS Z ED DO/, 1 61 4£2 A 22 H, &
MOKPER 5 7REE 284 7o, RORUUE ST 2 4R 5 A 11 H, BMOKER &R E 939 5 (2020)

7) EMOKEHE L EEN 2 — (FAMIC) - JEBFERBRYE (2019)

<http://www.famic.go.jp/ffis/fert/obj/shikenho 2019.pdf>

8) MEAN, FANTEZ, B AGIENEEL, ToWIE R OV BB IR oD 32 870 il 53 55 D R BR L D SR e
b, NEEHIFFEER S, 3, 107~116

9) TR, ARKTEENG A K OV DERBRIEOPEREA — 7L — AR OEE —, IEEHIFZE
2, 6, 183~192

10) JEMOKEER A FonsE B R O E Ry OB EMEMRER AL FE 26 (B oAk, W E R O~ W
> RRGT D HT) (2019)
11) Thompson, Wood, R.: The International Harmonized Protocol for the Proficiency Testing of (Chemical)
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Analytical Laboratories, Pure & Appl. Chem., 65(9),2123~2144(1993)

12) Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency Testing
of Analytical Chemistry Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)

13) Horwitz, W., : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure &
Appl. Chem., 67(2),331~343 (1995)

14) AOAC OFFICIAL METHODS OF ANALY SIS Appendix D : Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005) )
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Performance Evaluation of Determination Method forTotal Lime and Soluble Lime in
Fertilizer: Harmonized Collaborative Validation

ARAYA Hisanori! and KATO Kimie !

"Food and Agricultural Materials Inspection Center, Sapporo Regional Center

It has been verified performance that determination of total lime (T-CaO) and soluble lime (S-CaO) by atomic
absorption spectrometry described in Testing Methods for Fertilizers. We conducted a collaborative study by means
of international harmonized protocol to evaluate for determination of total lime and soluble lime in fertilizer by
atomic absorption spectrometry. Five samples passed the test for homogeneity, respectively, were sent to 10
collaborators every method. These samples were analyzed as blind duplicated. After identification of outliers
with Cochran test and Grubbs test, the mean values and the reproducibility relative standard deviation
(RSDR) of determination of total lime were reported 1.55 % - 36.35 % as a mass fraction and 2.3 % - 4.3 %,
respectively. Those of determination of soluble lime were reported 0.823 % - 65.95 % as a mass fraction and
2.6 % - 6.6 %, respectively. These results indicated that each method has acceptable precision for
determination of total lime or soluble lime in these concentration ranges. In conclusion, those results

demonstrated these methods were validated for the determination of total soluble lime.

Key words  total lime, soluble lime, Testing Methods for Fertilizers,

harmonized collaborative validation

(Research Report of Fertilizer, 13, 76-86, 2020)
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HLI2E WEMEEL (FEELRUKEMNEE L OREZD LRSI
S ECEee

JURTE L /NJEFR Y, ISR 2, FHAT9EE,
F—0—F Ehaes, et R, KNS L, TV — ARFROETE

1. [FC®HIC

[E B 705 A PERE M OB & 25 Te /b, FeSEIZFV T ISO/IEC 17025 (JIS Q 1702) VOB RFIHA S
(U7 iR BR AR O BEERE R OB 2 7 WE B SN TS, ISO/IEC 17025 TIE, [EFS - [EF S L%
UMENHERS NI HIEZEETHI LA ERL TV, FAMIC T, JEEHRFFES TED SN o 15
R NARDE RN CBOE I FIEZHOWT, TOMEEZFIEL S, BAMICEE LR8O e
L, MEEHESREBRIE D ICINER L T D, JEREO S XU R T IEE BLEL QOB MoK ER SR EEIC LY, 4
12 4FE 4 H 1 BAEHFT, FAMIC BEHD ERMERERIE WA, B ERDFEOSIIELEL TRAZN
72EZATHD.

AEBFE R BRE DGR S 7238 E AR, AIEETEE 1, SRR T R OUKEEMETE LoRBRIEIZ O\, it
JRD L2 DB Je OVEE [ FEBLURS BE OPEREFA A 2 SE6ES O LD, 205 B SR HLE FE OMERER A, BE
DI B i BRRBRAE O AT KO B ERICEI L T =28, Al ERRAICEREL S5 58 [ R BRI
53 MR (HCV : Harmonized Collaborative Validation) HiEIC LDl #7729, & R EW NI FH
PRER Sy D+ (MgO) L THUE? S CnD AITATET £, AT - K& ORI Lo 4L [FEBRE EhE L=
DT, TOMEEZRETD.

7B, ARILFFRERIZ BV TR 7 4 R 3SR BUR O B MR, JRARKIER O T4 Fn oo e B e
DERLGy OYVEMEMERAE LT F X (B O La sy 053 H1) J (LA, TRFEFE L)) O CHEiSN
7-.

2. MRBIVAEE

1) ¥HRHEBANRUHFESEBRARMNORS

JEEFEL THUAL TWDEHE M OHEA S, ToWIE, GIETEBEILEL, S—ZHEIE, AKX, REET LD 2
Ak, IREVABRIEEL, SESWTWEREILEL, KB L AR, R s AR, milg s CIEe, IREHE
ZESENERE, N5 AR K OB BRI (4 F8050) 2 H BAE 500 pm O S0\ aidilEs 3 5 E Thik-IRE L.
0o, AR F 2825 FEONERZEIRL, o B oL FERE RIS L THK 9.5 g, AlvaMEE i
#i80 3.9 g, IHEE HIFAHK 1.9 g, KBTS HIFHK 1.9 g 22 A UARVAGIZIEBOREHT LI
44 B FEIHL TR E LT

() C BRI B S92k 220 {8 (44 f# X 5 TR ISELEGER 2 W TTUZ DSR2 ML, 3Rk
BILTz. ZBDRRI LTS TR ORI BRI O FE B G A T2 1 10 897 S5k &Y, BBRERE 2L

VIRSTATBUE NRMOKPETH B 2 i o 2 — 1@ 27 —
2 MSTATBOE NBMOKEEE B L et 2 —f@ii o2 —  (B) IR A
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50 {18 (10 18 X 5 FE¥E) 2B MRBR AR E L2, WIS, AkBRIE H 28I 5 FEO IR L — T D RS T
znEh 2 f\F o L7cb 0% —REBREICEA T 5 LRI AR L, SRS e sl A v
fif L7z

PR N EH I LR e 2 O RE TR B A A U7, BRI LY, SB O A R STz
%, LI R R A 26 R S IR B I Tk P LT

2) ¥ERURBA
R EITRE L QWAL RRE, Ry b7 L —RE, BEXIF M ORI EEm 2 L.

3) RABRAE

s AT BT K OUKEEMET o RERE & ONHIE JFIEIL, Table 1 DL B0 IERMER
BRiLEOR B GFIEE AW, 72, 2B, Kl kD7 ——k(Scheme 1~Scheme 4) 2/~ L7=.

Table 1 Component and Measurement

Test item Testing Methods for Fertilizers (2019)
Component
number Measurement
. Flame atomic absorption spectrometry
1 Total magnesium (T-MgO) 4.6.1.a

(4.1.2) Incineration-aqua regia digestion
(4.2)  Measurement

2 Soluble magnesium (S-MgO) 4.6.2.a Flame atomic absorption spectrometry

(4.2) Measurement

3 Citric acid-soluble magnesium (C-MgO) 4.6.3.a  Flame atomic absorption spectrometry

(4.2) Measurement

4 Water-soluble magnesium (W-MgO) 4.6.4.a Flame atomic absorption spectrometry

(4.2) Measurement
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5 g analytical sample | Weight to the order of 1 mg into a 200-mL tall beaker
I
Charring Heat gently
Incineration Heat at 450 °C£5 °C, 12 hours
[
Standing to cool Room temperature

< Small amount of water
< About 10 mL of nitric acid
< About 30 mL of hydrochloric acid

Heating | Cover with a watch glass to digest
I
Heating | Slightly move the watch glass and remove acid
I
Standing to cool | Room temperature

< 25 mL of hydrochloric acid (1+5)

Heating | Cover with a watch glass to dissolve
I
Standing to cool | Room temperature
I
Transfer | 100-mL volumetric flask, water

< Water (up to the marked line)

Filtration | Type 3 filter paper

Sample Solutiion |

Scheme 1-1 The flow sheet for total magnesium in fertilizers

(Preparation of sample solution by incineration-aqua regia digestion)

Sample Solutiion |

Aliquot

. 100-mL volumetric flask
(predetermined amount)

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

Measurement | Atomic absorption spectorometer

Scheme 1-2 The flow sheet for total magnesium in fertilizers
(Measurement)
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| 2 g analytical sample | Weigh to the order of 1 mg into a 500-mL tall beaker
< About 200 mL of hydrochloric acid (1+23)

| Heating | Cover with a watch dish, boil for 5 minutes
[

| Cooling | Immediately
[

| Transfer | Water, 500-mL volumetric flask

< Water (up to the marked line)

| Filtration | Type 3 filter paper
I
| Sample solution |

Scheme 2-1 The flow sheet for soluble magnesium in fertilizers
(Extraction)

Sample Solution

Aliquot .
100-mL volumetric flask
(predetermined amount)

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

| Measurement | Atomic absorption spectrometer

Scheme 2-2 The flow sheet for soluble magnesium in fertilizers
(Measurement)
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1 g analytical sample | Weigh to the order of Img to a 250-mL volumetric flask

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

Constant-temperature rotary shaker (30-40 revolutions/min)

Shaking to mi
axig 1o 30 °C £1 °C, for 1 hour

Cooling | Immediately

<—Water (up to the marked line)

Filtration | Type 3 filter paper

Sample solution |

Scheme 3-1 The flow sheet for citric acid-soluble magnesium in fertilizers

(Extraction)

1 g analytical sample Weigh to the order of Img to a 250-mL volumetric flask

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

Reciprocating water bath shaker (reciprocation horizontally at
Shaking to mix 160 times /min, with amplitude of 25 mm~40mm), at 30 °C +

1 °C, for 1 hour.

Cooling | Immediately

<—Water (up to the marked line)

Filtration | Type 3 filter paper

Sample solution |

Scheme 3-2 The flow sheet for citric acid-soluble magnesium in fertilizers

(Extraction)

Sample solution |

(predetermined volume)

Aliquot
quo 100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer

Scheme 3-2 The flow sheet for citric acid-soluble magnesium in fertilizers

(Measurement)
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| 1 g analytical sample | Weigh to the order of 1mg to a 500-mL volumetric flask

<—About 400 mL of water

| Heating | Cover with a watch dish, boil for 15 minutes
I

| Cooling | Immediately
I

| Transfer | Water, 500-mL volumetric flask

< Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Scheme 4-1 The flow sheet for water-soluble magnesium in fertilizers
(Extraction)

| Sample solution |

Aliquot
(predetermined volume)

100-mL volumetric flask

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

| Measurement | Atomic absorption spectrometer

Scheme 4-2  Analytical procedure for water-soluble magnesium in fertilizers
(Measurement)

4) HREFBARHOYEMHER
[IUPAC/ISO/AOAC D#HERER 7 mhaL 'Y OB MR eV, DICKVEMT S T=EEF 200 FEHZ OV
T, BiFFEODZASIEEICBWT, £REBHI X 2 SOMTT, KRBRIE B 1ok 9 DIk kR ik

(&L,

5) # R

RERIZSMLTZ 11 R = L OB = T U721 O AT EE IS LA T oL B0 THD. 2o
BRI DICKVFHREIN A3 40 BB (O HEE 20 10 308 K ORER FE i EEA R T L, & ikBrEsic
BT 20194F 10 A 18 H~2019 4 12 A 18 H A REHIxH G T2 3) DRRER FIEITHE->THHT L=,

I

3

W

- TAV— T r—Ta St T LS (EEEERT AA-7000)

- Ny AL TEERRUS A /NP T35 (H 2 ZA3300)

- A= TS BT (HSL ZA3300)

« VxARLT IR S BB T (HSE ZA3300)

« VaARLT 7 IRAS . KR T (analytic jena  contrAA300)

© MNIATEUE NEMOKEEI B L et 2 — At 22— (HIL Z2-2310)
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© MNIATEOE NRMOKEIH B L 2o 27—t 22— (AL Z2-2310)

© MNIATEOE NEMOKEEIH B L et 2 — et 22— (AL Z2-2310)

© IRSEATBUE NBEMOKFEEE B L2t 27— EEr2— (S Z2-2310)
- MSZATEGE N RMOKPETE B 2 Bt o 2 — A8 (R RERT AA-6800)
- ZEHERMRA S AT (BEERAERT AA-7000)

(50 FME)

3. BRRUER

1) #EFEBRAFEHOHEERER

FALFEOZTIEDTHEBINSMAE SN 10 BB 2 0T TN LI B MERBR O R ORI (%)
RO DRI DN T —TeBL B AT DAL EH B2 O TR H U O TR RS (s,) , BBk
U5 (spp) , DHITHE L2 oRB RS YE(R 7 (Sp4p) & Table 2 (TR LT, E5IT, MEBHEREREITRSLTD
%R PRSI O B 22 (CRSDR) RO BBH H (G 1) LI HEE == M F B HE(R 75 (65) % Table 2 (TRL
7-.

PVEPEOYEIE, TUPAC/ISO/AOAC DHEFERBR 7 mhaL VO FIEEZSZICEM L. 5, RBRAHED
S MR TR BT, BRAEIZ OV T Cochran DRREEEMILT. ZOFEE, TR TORSITEBNT
SMUEIZRRD IR DS T2D T, ZNDHD AAEIC DWW T — il B 0 o2 FhE L, O THE MR 22 (s.) K OY
PR R 72 (spp) 23K, (R 2 ISP TEEHER 72 (s,.) Z AL 7=. I, TUPAC/ISO/AOAC DHAERR
B aha L O+ OHER (K 3) & VT EMEDORIE LT o1, ZTORER, N—IHEAE K ONE AR
R, RTORBCHIER (R 3) 2L Tz, 22T, A—2ZHEIER O A R IC OV TS, TR
7 (5,) BN/ IE (5, < 0.56g) ZEM, K3 BRI HITER (K 4) 2O CTHEMEDUEE T 7. ©
DR, ZBOIEEHTHE E G 4) &=L QU e, Z0Zinh, 2o LR HHEHINE Thoo L
ERRLI. 7238, BEOTD, K 51Tk THHTREEE BT B 24 (sp.,) EFHILIZL25, L
PRGBS L TH N NSV T T

6r = CRSDg X /100 --- (K1)
s <0.50, = 0565 ---(2)
spp < 0.30, = 0.36y -+ (33)
Sbb > = F1(0.3 0,)% + F2 5,2 -+ (04)
Sb+r=W/Sr2+Sbb2 "'(ﬁs)

G g <A SE ] P R M 72
CRSD g : ERFEARBIED IR SN T D = I AU 2 (S B HE IR 22 (%)) O A %2

£ R 5o+ DETAE eGR4
0 U MERERAATS Il A LT
spp : BUBHIE e 3% Soer - DEITRIEE % 2 de b I e 2

Fl ¥EMHIEDTD DT A—4  GREHK 10, 2 SO TOHE, F1=1.88)
F2 - ¥EMEHEDOTD DT A—4 (GEHL 10, 2 SO0HMTOHE, F2=1.01)
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Table 2  Homogeneity test results of phosphorus

Critical

No.of = a) o A d) e) ~ D g) ~ h) 28) i )
Component Sample saaple X % CRSDr™ O Sr 0-50R Svb 0-30R ~ Sbb value ” Sber
%" ) (" (" (%) ()Y (%) (%)"
Compound 10 353 4 014 002 007 002 004 0000 0004  0.03
fertilizer A

Cattleandpoultry 1 H 56 4 010 001 005 00l 003 0000 0002 002

droppings
Total C ¢
magnesium Comg(’s 10 157 4 0.06 0.04 0.03 0.018 0019 0.000 0002 004
(T-MgO) (Cow dung)
Composted sludge
o 10 0638 6 0.04 001 002 0.00 0.01 0.0000 0.0003 0.0l
fertilizer
Bark compost 10 0288 6 0.02  0.005 0.009 0.006 0.005 0.0000 0.0001  0.01
slaked lime 10 2946 25 074 023 037 024 022 0.06 0.14 0.33
Calcium carbonate ) X
. 10 2196 3 0.66 027 033 0 020 (Y 0.15 0.27
ertilizer
Soluble Phosphat
magnesium chosphate 10 11.75 3 035 0.3 0.8 0.07 0.11 0.00 0.04 0.15
fertilizer mixture A
(S-MgO)

Mineralsilicicacid 516 4 029 006 014 003 009 000 002 007

fertilizer A

Mineral silicic acid
fertilizer B

10 4.44 4 0.18 0.07 0.09 ov 0.05 oo 0.01 0.07

Magnesium

hydroxide fertilizer 10 39.04 25 0.98 0.31 049 025 029 0.06 0.26 0.40

Compound 10 2070 3 062 027 031 0.09 019 0.0l 0.14 029
L. . fertilizer B
Citric acid-
Jubl '
solble — Magnesiumhumate 01040 3 031 0160 0156 0 009 (O 0.04  0.16
magnesium fertilizer A
(C-MgO) Compound
k) k)
PO 10 468 4 019 004 009 o9 006 o0 0.01 0.04
Compound 10 226 4 0.09 0.07 005 002 003 0.00 0.01 0.08
fertilizer D

a) Total mean(Number of samples after excluding outliers xn=2)
b) Mass fraction
¢) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2019
d) Estimated standard deviation of reproducibility calculated from rough standard of relative standard deviation of reproducibility
¢) Repeatability standard deviation
f) Parameters for the determination of repeatability standard deviation (Sr)
g) Standard deviation sample-to-sample
h) Parameters for the determination of homogeneity (determination of Spb)
i) The value for the test: F1(0.36g)? + F2s,.2
F1=1.88, F2=1.01 (The number of samples (10), The number of repetition (2) )
j) Standard deviation of sample-to-sample include repeatability — Sp4r = +/Spp2 + Sr2
k) When the variance between groups <the variance within a group, sp,- was considered as 0
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Table 2 Continue

Critical
. - o A d ~ ~ i
Noof £ @) CRSDR® bR D 5.9 O.SURf) Spp® 0.30Rh) Sbbzg) value Spar)

%) () (%" (%)Y (W) (%) (%) (%)”

Component Sample cample

Magnesium

. 10 26.07 2.5 0.65 0.13 0.33  0.13 0.20 0.02 0.09 0.19
sulfate fertilizer

M ixed micro
element fertilizers

10 1548 3 0.46 0.09 023 0.08 0.14 0.01 0.05 0.12

Water-
Jubl
soube Phosphate 10 547 4 022 008 011 00l 007 000 00l 008
magnesium  fertilizer mixtureB
(W-MgO)

Processed

. i 10 3.50 4 0.14 0.02  0.07 0.036 0.042 0.001 0.004 0.04
magnesium fertilizer

Magnesium humate

k) k)
fortilizer A 10 235 4 0.09 0.04 0.05 0 0.03 0 0.003 0.04

2) HEFEBREBERVNNIERTE

K ikBR RS SN FRBR R Z Table 3-1, 3-2, 3-3 KO 3-4 (/RLTZ. & RANO a8 E RS R
% TUPAC O 3L[FFER 7 b /U TRREEHLERL 7=, SABR ARG DSV E #9572 12 Cochran ORRE
J% QY Grubbs ORREZEFERELTZ. TOFER, FRBREBIZOWT 10~11 REBEORBEAEDOHD, & 25
ZDWTE S FEEHOREL OIS, 3 FHOFEC 5 B EOREMHIMVEL L CHES . AlEtEE I
DN S FEOREL DY D, 3 FHORE T 4 MBEOMEMAIUEEL CHlESN-. BT I2o
WU 5 FREEO B CHEEOSMVIEIT 2 o T2, F, KIEMEE B2V T 5 FEO R0 B, 3 FlikE
DT 5 RREOREEIVMVEE L CHES -

Table 3-1  Individual result of total magnesium(T-MgO) (%)”
Lab 1D ?;r:lﬂ?z(;ini Cattifr(?;l;ihf gosultry Compost (Cow dung) Comlf);st‘;?;leiludge Bark compost
A 3.63 3.58 2.66 2.65 1.66 1.65 0.671 0.670 0.329 0.325
B 3.51 3.49 2.54 2.53 1.55 1.50 0.639 0.638 0.304 0.289
C 3.51 3.50 2.57 2.54 1.57 1.53 0.643 0.637 0.302 0.300
D 3.55 3.52 2.55 2.55 1.55 1.53 0.645 0.639 0.307 0.301
E 3.58 3.56 2.59 2.59 1.58 1.56 0.660 0.647 0.306 0.302
F 3.859 3.70° 2.87 2.74 1.84 1.83 0.732Y  0.710Y 0.354 0.323
G 3.69 3.67 2.73 2.63 1.74 1.69 0.645 0.632 0.320 0.314
H 3.69 3.64 2.70 2.65 1.67 1.65 0.663 0.655 0.327 0.314
I 3.56 3.54 2.62 2.61 l.64 1.61 0.653 0.649 0.305 0.300
J 3.96Y 393 295 2.95 1.89°  1.739 07147 07147 0346  0.343
K _9° — — — — — _9 — — —

a) Mass fraction

b) Laboratory identification (random order)
¢) Outlier of Cochran test

d) Outlier of Grubbs test

e) Not tested
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Table 3-2  Individual result of soluble magnesium (S-MgO) (%)?
Lab ID” slaked lime Calcium .c.arbonate ‘I.)hospl.late Mineral.silicic acid Mineral.s.i]icic acid
fertilizer fertilizer mixtureA fertilizer A fertilizer B
A 29.39 29.35 21.12 21.10 12.36 12.34 7.36 7.33 4.64 4.61
B 29.44 29.35 20.81 20.66 11.38 11.17 7.17 7.13 4.22 4.22
C 29.32 29.20 22.97 22.36 11.98 11.94 7.26 7.25 4.54 4.46
D 28.99 28.96 20.52 20.27 11.83 11.80 7.06 7.00 4.26 4.24
E 30.17 29.62 23.22 23.17 12.09 11.90 7.33 7.25 4.51 4.50
F 28.78 28.77 22.95 22.29 12.91 12.72 7.859 7.46° 4.83 4.83
G 27.98 27.45 21.28 20.96 12.329  11.399 7.18 7.04 4.70 4.60
H 30.46 30.22 23.21 22.75 12.56 12.50 7.59 7.55 4.78 4.77
I 29.27 29.06 22.71 22.45 12.12 12.03 7.31 7.22 4.56 4.49
J 32.17 31.93 24.35 23.67 13.94 13.72 7.65 7.64 4.92 4.90
K 28.87 28.52 21.38 21.26 11.70 11.67 9.779 7.16° 4.57° 3.53%
a) ~d) Refer to the footnote of Table 3-1
Table 3-3  Individual result of citric acid-soluble magnesium (C-MgO) (%)
b) Magnesium Compound Magnesium humate Compound Compound
Lab ID hydroxide fertilizer fertilizer B fertilizer A fertilizer C fertilizer D
A 40.25 39.79 21.30 21.22 11.09 10.93 5.05 4.82 2.45 241
B 37.94 37.92 20.25 20.11 10.62 10.62 4.74 4.73 2.36 2.28
C 37.70 37.19 19.94 19.83 10.47 10.45 4.70 4.67 2.43 2.28
D 37.96 37.50 20.04 19.92 10.79 10.66 4.60 4.58 2.26 2.18
E 38.03 37.51 20.06 19.95 10.75 10.74 4.61 4.61 242 2.38
F 39.09 37.58 21.45 20.84 10.82 10.69 5.08 4.74 2.75 2.53
G 35.28 35.06 20.17 20.07 10.19 9.89 4.73 4.67 2.45 2.38
H 39.79 39.08 21.34 21.00 11.10 11.01 5.04 4.89 2.61 2.50
I 38.80 38.74 20.60 20.59 10.76 10.75 4.86 4.76 2.36 2.31
J 41.83 41.83 22.11 22.06 11.74 11.57 5.00 4.99 2.54 2.50
K 36.19 36.15 20.10 19.77 10.50 10.20 4.90 4.69 2.46 2.31

a) ~d) Refer to the footnote of Table 3-1
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Table 3-4  Individual result of water-soluble magnesium (W-MgO) (%)
b) Magnesium Mixed micro Phosphate Processed Magnesium humate
Lab ID sulfate fertilizer element fertilizers  fertilizer mixtureB  magnesium fertilize fertilizer A
A 26.10 26.05 15.34 15.29 5.80 5.70 3.63 3.55 2.42 2.41
B 26.07 26.06 15.04 14.96 5.52 5.48 3.44 3.42 2.38 2.35
C 25.63 25.59 15.09 14.98 5.45 5.37 3.47 3.39 242 2.37
D 26.41 26.37 15.53 15.49 5.75 5.69 3.57 3.54 2.529 2.519
E 25.27 25.25 15.34 15.34 5.43 5.40 3.35 3.35 2.36 2.34
F 26.49° 24679 1524 1468 5989 5229  3.63 3.51 2339 2.10°
G 25.33 25.28 15.18 14.94 5.77 5.65 3.32 3.28 2.36 2.30
H 25509 25259  15.67 15.08 5.37 5.34 3.42 341 2.41 2.33
I 25.68 25.67 15.36 15.26 5.57 5.56 3.53 3.50 2.42 2.39
J _9 — — — — _ 9 — —
K 25.21 25.21 15.27 14.19 5.62 5.55 3.52 3.36 2.39 2.35

a) ~¢) Refer to the footnote of Table 3-1

3) BHTRERVEMBERRE

A Z BRI TR BRI KD B2 12 LTS, D TR YR 22 (s0) L ODH THR SHE HE(R 22 (RSDy)
A ON =5 [ PR B ER 22 (sp) K OV [ A BUAE e AR HE (R 72 (RSDR) % Table 4 |Z/R LTz,

H L RBEOYEIL 0316 %~3.58 % (H &5 H) THY, ZOHTEEERZE (s0) 1% 0.01 %~0.04 % (H &
), DHTRHE R 22 (RSDy) 1 0.6 %~2.7 %, =M HBIEHERZ (sp) 13 0.01 %~0.13 % (H &%),
[ FFHLAR S A V(R 22 (RSDR) 13 1.9 %~6.2 % CThH 7.

AITAVES L OB 4.58 %~29.42 % (B &5 3) THY, OO TEEER 2 (s0) 1% 0.03 %~0.28 % (&
2R, D THXHERENR 22 (RSD)) 1X 0.7 %~1.3 %, =M A SRR 22 (sp) 13 0.21 %~1.19 % (H &7 ) ,
S P B X (R 722 (RSDR) 13 2.8 %~5.8 % Thho7e.

SENETE TOYELEIT 2.42 %~38.24 % (H &5 H) THY, OO TR 2 (s0) 1% 0.08 %~0.42 % (H &
G35, BHTRIHR HER 7E (RSDo) 13 0.9 %~3.2 %, =X FHARER A (sp) 13 0.13 %~1.83 % (H &S ),
SETH] P AR G S MR 22 (RSDR) 13 3.4 %~5.4 % CTH -7,

IREEMETE £ OFEIEIE 2.38 % ~25.70 % (BH &7 3R) THY, TOHATIEEAERZ (s0) 13 0.02 %~0.31 % (&
BoyaR), O TR RHEYERZE (RSD.) 1 0.1 %~2.0 %, == M HEHEIR 2 (sp) 13 0.04 %~0.44 % (E £y R),
SEE FFHAR S EE MR 22 (RSDR) 13 1.5 %~3.0 % CTH 7.

W LD DT AE e AT MR 22 (RSDy) S OVEE ] - BLFH A YA 25 (RSD) ® TR 5RBR 1% C 2 Y M ffE R
FIEIREN TODHRREL BT D ED H ZOFREHN THHZ LD, ZNHORBRIEDREE I
B R BR L OVERE L UE I CE B L QWD LA R LTZ.
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Table 4  Statistical analysis of Collaborative study results for total magnesium, soluble magnesium,
citric acid-soluble magnesium and water-soluble magnesium
Labs  Mean” 5,9 RSD.Y 2*CRSD?°  si’ RSDR® 2*CRSDg"
Component Sample ) ) )
p@)” (W (%)) (%) (%) %)) (%) (%)
Compound 8(2) 358 0.02 0.6 4 0.07 2.0 8
fertilizer A
C"“za“d?"“l“y 10 266  0.04 1.5 4 0.13 5.0 8
oppings
Total C ¢
magnesium © OmSOISl ) 9(1) .63 0.02 1.4 4 0.10 6.2 8
(T-Mgo) OW du g
Composted shdge ¢ (o) a9 (.01 0.9 6 0.01 1.9 12
fertilizer
Bark compost 10 0.316 0.01 2.7 6 0.02 5.7 12
slaked lime 11 29.42 0.20 0.7 2 .11 3.8 5
Caleium carbonate 11 2207 028 13 3 1.19 5.4 6
fertilizer
Soluble Phosphat
. osphate
magnesium LooE 10(1) 12.23 0.09 0.8 3 0.71 5.8 6
( S-Mg 0) fertilizer mixture A
Mineral silicic acid
certiliver A 9(2) 7.30 0.05 0.7 4 0.21 2.8 8
Mineral silicic acid
rertilizer B 10(1) 458 0.03 0.7 4 0.23 5.0 8
Magnesium 1 3824 0.42 1.1 2 1.83 4.8 5
hydroxide fertilizer ' ' ' ' '
Compound
o 11 20.58 0.18 0.9 3 0.74 3.6 6
Citric acid- fertilizer B
lubl '
soluble  Magnesiumhumate 1 1074 0.11 1.0 3 0.43 4.0 6
magnesium fertilizer A
(C-MgO)
Compound 11 4.79 0.11 2.2 4 0.16 3.4 8
fertilizer C
Compound
fertilizer D 11 2.42 0.08 3.2 4 0.13 5.4 8

a) Number of laboratories, where p=number of laboratories retained after outlier removed and (¢ )=number
of outliers or test failures

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained

after outlier and test failure removed (n=The number of laboratories(p) x The number of repetition(2))
c¢) Repeatability standard deviation

d) Repeatability relative standard deviation
e) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizer 2019
f) Reproducibility relative standard deviation

g) Reproducibility relative standard deviation

h) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2019
( As for precision, the permissible level may exceed them by a factor of 2.0)

i) Mass fraction
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Table 4 Continue
Labs  Mean" 5.0 RSD,Y 2*CRSD°  si’ RSDz® 2*CRSDR"

Component Sample ' ) i i
p@)” (W (%)) (%) (%) %) (%) (%)
Magnesium
sulfate fortlizer 8 (2) 25.70 0.02 0.1 2 0.44 1.7 5
Mixed micro 10 15.16 0.31 2.0 3 0.33 2.1 6
element fertilizers
Water-soluble Phosohat
magnesum tih,ZOSp ,ate s 9O 5.56 0.05 0.9 4 0.15 2.7 8
(W-MgO) er Cr mixture.
Processed 10 3.46 0.05 15 4 0.10 3.0 8
magnesium fertilizer
M ium h
agnesumhumate o)) 2.38 0.03 1.3 4 0.04 1.5 8
fertilizer A
4, F&OH

B R BRA IR S L7 LA, AIvAMEE £, VAN LR OVKEEMET - (Z L — ARk o
RBEIZ DN, RBRET L2 10~11 FRBRE TF 5 HE (10 7)) OFREHE VTR RIRBRZ FHL, 0M TR
JE K OB == [ O PR BUAE B A A L 7.

ZORER, T — DR WICEIZIDE 'O FEIE 0.316 %~3.58 % (H&/7=) OFRPHIZRBWNT, =
[ P BAH R HZE Y 75 (RSDR) 13 1.9 %~6.2 %, FITEMET O -RIME 4.58 %~29.42 % (B 553 3) OHiPHIC
T, R HE MR 22 (RSDR) 1E 2.8 %~5.8 %, <IAPEE O 2.42 %~38.24 %(’%f%%?ﬁ)@
FPAIZB W T, EF I HE AR 2 (RSDR) 1T 3.4 %~5.4 %, KIEMEE EOFEHE 2.38 %~25.70 % (&
By 3) O#PHIZRW T, ER B SHEER 2 (RSDr) 1L 1.5 %~3.0 % Th-o7=. 7z, ZhHO=E M F 8l
FRXHE AR 72 (RSDr) 1 XAEEFE R BRIE O 2 U MEHGE O RN RSN TOD B RIEL ~ VTR T DIEE D B %

DFFEFFANTHY, %?Eﬁa“éﬁfﬁ%ﬁf%ot

A B LCRBREL, T CICHE—R BRI L0 E O 2 Y 4778 (SLV : Single Laboratory validation)
MENTED, EHIT4 lﬁlmﬁﬁf‘lﬁ%% THEHE L SN L FFRBRIC L D% M MEERR (HCV) A3 aE Sz
ZEMD, ZNHORERIEOMEREITALEFERBR BRI DIEREMIHED Type B(SLV &KUY HCV 12X 55FH) (2
AL TWDAZEEHERBLT-.

EFERBRICTH W EEL e LAy — T =T g a sk A a N L TERASE, Fa=—
TTITIRAEE, VAN LT VISR OZEREER A SO BITH EE R LET.

X B

1) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2018, TERERFT M OML MR DRE N+ 5 — X Bk IH )

2) NEEHBHIERAT, B0 25 45 6 7 20 A, Brms 198 75, HRAUOETK 28 423 J1 24 H, BUwHH 73
77 (2016)
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3)  EMOKEEL &R JEBHRRHERTT S 58— 4D OB E I IESE B E K O &5 H 20 K%
ZARE oM, WA 59 43 16 B, BEHOKPER SR 695 77, S dUE Pk 11455 7 13 A, Ak
PEAE 7R H5 704 5 (1999)

4) JEMOKPER SR IERHREE S B RE —HE = 5 ORUEICIE DS, NUBHBURR 55 DY 405 — T =
ST D EBICBO RIS E DS A BA LT D BN 2 ED DI, TRk 12 45 1 A 27 A, &
MOKPER 5 7REE 96 &, FASSIERFI 2 422 J1 28 H, FRMOKPER /R4 402 7 (2020)

5) RMOKER SR RRIEEO B RN IR, R 12 4 8 H 31 HRAMOKER HREE 1163 75, Fiiil
B2 452 A 28 H, BEMOKPER 7R 5 397 5 (2020)

6) JRMOKPEER SR JERHERHE SIS XS @ LB O N ERMK 2 EOLFEDOME, B 61 422 H 22 A, &
MOKPER E7RE 284 75, B UUEST 2455 11 A, BEMOKER S7RH 939 75 (2020)

7) EMOKPEHE L 2Bt #— (FAMIC) - JEEFEFBRE (2019)

<http://www.famic.go.jp/ffis/fert/obj/shikenho _2019.pdf >

8) HAJEAR—, AFTHERT 3 LRRBRIEOMERERE — 7L — AR RO IE —, IEEMF SRR, 6, 193-202
(2013)

9) “F-HIRBEEE, ISHSHE, SAPE3E, JURE ZHEE X VG IRIERIEIZE N E L aREONE -7 —
DRFROEIE —, IEEHFZE®R T, 11, 29-38(2018)

10) SEARKPER & FoC Rt oD T2k oy DS E MERERR I A Ze vt B2 (BB 038 L0 43 47) (2019)

11) Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency Testing
of Analytical Chemistry Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)

12) Horwitz, W., : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure &
Appl. Chem., 67(2),331~343 (1995)

13) AOAC OFFICIAL METHODS OF ANALY SIS Appendix D : Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005)
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Performance Evaluation of Determination Method for Magnesium in fertilizer:
Harmonized Collaborative Validation

YAGI Keiji', KOBORI Takuya', SOETA Hideo? and YOSHIMURA Hidemi'

"Food and Agricultural Materials Inspection Center (FAMIC), Fukuoka Regional Center
2FAMIC, Fukuoka Regional Center (Now) FAMIC, Fertilizer and Feed Inspection Department

The performance has been confirmed for the measurement of total magnesium (T-MgO), soluble magnesium
(S-MgO), citric acid-soluble magnesium (C-MgO) and water-soluble magnesium (W-MgO) by flame atomic
absorption spectrometry described in Testing Methods for Fertilizers. However, these methods only were verified
by single laboratory validation or multi laboratory validation, were not evaluated by harmonized collaborative
validation. Therefore, we conducted a collaborative study by means of international harmonized protocol to evaluate
for determination of T-MgO, S-MgO, C-MgO and W-MgO by flame atomic absorption spectrometry in fertilizer.
Five samples passed the test for homogeneity, respectively, were sent to 11 collaborators. These samples were
analyzed as blind duplicated. After identification of outliers with Cochran test and Grubbs test, the mean
values and the reproducibility relative standard deviation (RSDr) of determination of T-MgO were reported
0.316 % - 3.58 % as a mass fraction and 1.9 % - 6.2 %, respectively. Those of determination of S-MgO were
reported 4.58 % - 29.42 % as a mass fraction and 2.8 % - 5.8 %, respectively. Those of determination of C-
MgO were reported 2.42 % - 38.24 % as a mass fraction and 3.4 % - 5.4 %, respectively. Those of
determination of W-MgO were reported 2.38 % - 25.70 % as a mass fraction and 1.5 % - 3.0 %, respectively.
In conclusion, these results indicated that each method has acceptable precision for determination of T-

MgO, S-MgO, C-MgO and W-MgO in these concentration ranges.

Keywords  total magnesium, soluble magnesium , citric acid-soluble magnesium, ater-soluble magnesium, flame

atomic absorption spectrometry, harmonized collaborative validation

(Research Report of Fertilizer, 13, 87-101, 2020)
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1 BUSRUHVERUKBESH YO RITEEO M RETE
— RS R B —

PeR!, BEIER, /IREEH
F—T0—F <M~y KWy, 7L —DEFROGTE, R

1. [FC®HIC

[E B 705 A PERE M OB & 25 Te 7, FeSEIZFW T ISO/IEC 17025 (JIS Q 17025) VOB R FIHA S
(U7 iR BR AR O BEERE R OB 2 7 WE B SN TS, ISO/IEC 17025 TIE, [EFS - [EF S L%
NGRS NI HIEZEETHI LA ERL TS, FAMIC T, JEEHRFEES TED LN AE o 15
BRI VARDE R R OBOE I HIETOITHONWT, ZOMERETIEL S, BAMITEE LR8O
U, MEEHESRBRIE D ICINE L TS, JERED VB SUXFR FIEE BLEL QOB REMOKES SR EIC LY, 4
F12 4E 4 H 1 BAHTT, FAMIC 2NEDD NERMERRERE | WAy, B ERDEOSIELL TSN
72EZATHD.

AR IR S VT2 7 b — AR R OEIEIC KA <EEME~ o T o B OUKEE M~ o 77 o 3Bk 7 1% (LA
T, T~ O ERIE 1 0D IO TE, \RBDNHE—RBR = (2315 % % 2 1 (SLV : Single Laboratory
Validation) 28 L, M FEUE L, BEROIE L E RS OFE RICIVEERIZEHMEL T e,

A el [EBEAITEEE LX oaBRvE O = [ L [R BUBR 12 K D 2 4 M e 72 (HCV : Harmonized Collaborative
Validation) H{EIZLDRHMAATOT2, w2 OFRBRIED ILFERRAZ I L 72D T, ZOMELHET 5.

B, WIEME~ T ATOWTE, BITERANEEHE RO (R g~ 2 77 BAFIREETHY, tralkteie s nr
tatE~ 2 o B RFEL T @ IR S AT CTERNZEND, PERERHM DX G ak /3 DRI U 7=. AL FIFER I
FBUNCTHHRIL 7 S[R3 F SR O BV M 3B, SRARAKPERS O T45 oo AR BE IR oD 32 5l 5y D B E MR
HEZFEEE(EEPOAIK, &L RO TG O5T) ) (LLT, [EFEFE 1 40)) Y CHEMS .

2. MBRUFE

1) HEHEABRARNRUVHRERBRARHORAR

JEBFEL THIBL TWDIRE D ABEIEE, ~o G e b sIERE (3 FEEE) , files LK, Bilg~ 7
B}, SR AR, SRR R SR A R, IBA M EERIEE & N~ A E Lo fe B A IR,
HBAZ 500 pm GEAVABRIEEN S OWTIE 212 um) OfESDVE IR T E TH-IRELIZ. Z0Hb,
ARBRIE H 2212 5 MO MBI ZE=INL, <M~ B A3K# 1.9 g, KIEH~ B A3K# 9.5 g2 heh
RURRV B IEBOFRET & 44 R CTHEE L.

FRBRTE HC6E 25060 220 1 (44 X 5) IZELE R E AW TTF MIESEASL, BB RRILT-. 2
SO L= A RO BN LELEEE AV TTUZ LI 10 5 E IR, BEMEREBR AR Lz, &I,
RERH H 2212 5 OB DT AT 2 JT oML, —RBRE ISR D IR R R
L, BINRBR R BB 2 Y L 7=

VIRSTATBUOE NRMOKPEH B 2 it 2 — ik 2 —
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T

%)E

H[7]

PR AURH I R REF R DO ZRE TR B S AT Lz, BB MERRICIY,
AR R 2 L R 2 IR == I Sk A L7z,

BB E D RS LTz

\’
’

2) EERURE
HRBEITHRBEL VDRI — N
OO AT g A L 7.

&, MEIE T ERE AR IRV IR R, TR E e R0 R &

3) HEBRAE
SIEVE~ L B e ORI~ o O & OYRIE LY, Table 1 D LBV AERMERERIED KB T 152 v
7. B, BEOY, {3 HEO7a——k(Scheme 1 & TN Scheme 2) #7RL7=.

Table 1 Component and Measurement
Testing Methods for Fertilizers (2019)

Measurement

Component

. . 4.7.2.a
Citric acid-soluble manganese (C-MnO)

Flame atomic absorption spectrometry

(4.1.1) Citric acid solution — Rotational shaking (30 °C)
4.7.3.a Flame atomic absorption spectrometr

Water-soluble manganese (W-MnO) ' P . P Y
(4.1.1.1)  Water —Rotational shaking

1 g analytical sample Weigh to the order of Img to a 250-mL volumetric flask

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

Constant-temperature rotary shaker (30-40 revolutions/min)

Shaking to mi
axmg to mx 30 °C +1°C, for 1 hour

Cooling

| Promptly

<—Water (up to the marked line)

Filtration

Sample solution
Aliquot
(predetermined volume)

| Type 3 filter paper

100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer (279.5 nm)

Scheme 1  Analytical procedure for citric acid-soluble manganese in fertilizers (C-MnO)
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| 5 g analytical sample | Weigh to the order of Img to a 500-mL volumetric flask

<—About 400 mL of water

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

—Water (up to the marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Aliquot
(predetermined volume)

100-mL volumetric flask

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

Measurement | Atomic absorption spectrometer (279.5 nm)

Scheme 2 Analytical procedure for water-soluble manganese in fertilizers (W-MnO)

4) HEIRBRAKHOHEMEER
IUPAC/ISO/AOAC DFREFRER 7 b /LI ZhE W, IVCEHHH LA 5 100 B B F EDOZ O
MEEIIZRBWT, ikl X 2 ST T, *Hsd AR BRE IC L0 oS-,

5) HEFR

AERIZZINLT 12 RBRE R O RBRECHEA LR RO EIILL TOLBY ThDH. TNEND
BRI IS FIREEF 20 3B (O E B 220 10 30BE , T FIEREE B ATIE R 284 1 45
Je OABR I BEAHABAT L, &UBREEIZIHVT 2019 42 10 A 10 H~2019 4F 12 A 20 H&FEHIXIST 5
3) DIBRFE e > T LTz,

« TAV— Ty —TalFEAS . Wb T (BEEET AA-7000)

- FAEa—77 7 Ukt BKE T35 (Thermo Fisher iCE3300)

- WA= T 7URASH B il T35 (Thermo Fisher iCE3300)

» VAW LT IS IR T (REEERT AA-7000)

« TUhT YIRS (BHEYERT AA-7000F)

c WiE~TIT Ty ey — RSt FSERRSE RS (7L k-T2 —  AA240FS)
© PRSTATECIE N R ETY B 22 42 % —# 5 &% — (Thermo Fisher iCE3000 Series /iCE3300)
« MSTATEOE N EMOKPER B4 2t # —FLiR % — (Thermo Fisher iCE3000)

- MSAATEUE NEMKEEH B 22t 2 — a2 — (B Z-2310)

« MNTATECE N EMAKEN B2 e it 2 —4 R 2 — (AL Z2-2310)

o« BRSTATEOE N BMOKPEE B 22 8 i 2 —#@ ]2 4 — (Thermo Fisher SOLAAR M5)
- MSZATEGE N RMOKPETE B 2 i o2 — A0 (R RERT AA-6800)

(50 & IE)
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3. HRRUSBE

1) #EFHBRAEMOHE R

T FHEDOZANNHEBED DB ESNZ 10 3B 2 SO T TONT LI B MERRER O sl O fe M (%)
B RZ DRI DN T TR E S BT s SO N st B2 AW TR L M THE R 22 (s,) , s BHHIAE
(R 22 (spp) , DHTAEE 25 Lol RIS ME IR 22 (Spyp) & Table 2 IR LTZ. SBIT, JERMERBRIEIRSILTH
LB FHBUIEE O B % (CRSDR) K OFNHBHE ] (X 1) U7 HE & S ) i BUSR HE(R 22 (6 ) & Table 2 1Z7RL
7-.

PVEMEDHI 1T, TUPAC/ISO/AOAC DIFRERBR 7 B/ D FNEE B EICERLT-. T, KRBk 0%
S EMEZHER T D700, ARBREAE OV T Cochran DMEEEMELT-. ZDFEE, <At~ oo 1 3k
ST ERIMVE S HE SR U=, SR AU BRIME D EGEIZ DWW T, — Il @ BT a £l , DHTAEvE
{7 (sp) K OVERBE M AZ HE R 72 (spp) ok ®, (X 2) IC KD OFITAE ME (R 2 () ZREAli L 72, Wi,
IUPAC/ISO/AOAC DHREFRER 7 1 hm/L D+ 43 1B E OHEAX G 3) T EME D EZAT T2, £ D
FEA, B~ AT OIRE Y AN BRSEEHCHIER U 3) 2wz vz, 22T, HiE G 3) A
2L TR W B O O TR HE(R 72 (s,.) D301/ S (s, < 0.56 ) ZE0D, (K 3) ZAEF LI HIER (X 4)
W CTEEIEOHEEAT o7z, ZORER, IREVABEIEEHI I W TCHIER (FN 4) 27zl Tz, ZoZeEh
5, 2TOOHHREHNIE CHLZLEMR L. 7ok, 2B 00, (K S ICE-> TIMTREZ & il
PR 22 (Spyp) I LTZEZA, WD A S HEE = M B BUAE R 22 (6 ) S L THA3 I/ SV MET
Holz.

&r = CRSDg X X/100 -+ (D)
sy <0.50, = 0.56R e (5 2)
spp < 030, = 0.36y -+ (503)
sy’ = F1(0.3 0,)% + F2 s5,° <o (R9)
Shir =/ Sr? + Spp? <o+ (X5)

O g HEE = ] R B TR 22
CRSD g :NERHERABRIEI RS T D = FEUE L (SR SRR ER 22 (%)) O B %

X REEE sy D TREYER 722
op B U MEMERR AT B BT & LTAR R 2=
Spp © Pk I V(R 2= Spar : D TREEE 25 Lo BRI MR 22

F1 ¥EMEHEDT-H DT A—H

GREHEK 10, 2 SOMTOYA, F1=1.88 3EHK 9, 2 SOMTOYNA, F1=1.94)
F2 BJEMHEDRTA—Z

GREHE 10, 2 SOMTOSA, F2=1.01 3k 9, 2 m0HMTOHA, F2=1.11)
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Table 2 Homogeneity test results of phosphorus

No.of z b) 4 € f) 5.9 h) ~ 1) 2D Critical Spar®
Ingredient Sample ) x ?) CRSDyr” ORr Sy 0.50R™" Spp 0.36) Sbb | b+r
sample o o o o o 0 o value o
(%) ) (%) (%) (%) (%) (%) (%)
Processed 10 3304 25 083 014 041 023 025 0053  0.14 0.27
ferromanganese slag
Molten microclement 10 2250 3 068 014 034 011 020 0013  0.10 0.18
Citric acid- mixed fertilizers
Jubl
soluble ~ Phosphate 9(1) 1.8 4 007 00l 004 00225 00222 0.0005 0.001 0.03
manganese fertilizer mixture
(C-MnO)
Compound 10 087 6 0050 00l 002 o 0.0l o 0.0005 0.0l
fertilizer 1
Compound 10 0272 6 0.016 0005 0008 o 0.005 o) 0.0001 0.005
fertilizer 2
M
anganese 10 1161 3 035 0.14 017 003 010 0001  0.042 0.15
sulfate fertilizer
Mixed micro 10 5.17 4 021 004 010 002 006 0001  0.009 0.05

element fertilizers
Water-soluble

manganese ?;iﬁ;asdeiertﬂjzer 10 0461 6 0028 0.004 001 0.003 0008 0.0000 0.0001 0.005
(W-MnO)
E‘;E]if;‘e’?‘;d 10 0422 6 0025 0.004 001 0.005 0008 0.0000 0.0001  0.006
Magnesium

.. 10 0.099 8 0.008 0.002 0.004 0.002 0.002  0.00000 0.00001 0.003
sulpdate fertilizer

a) The number of samples after exclusion ; ( ): The number of outliers from Cochran test
b) Total mean (Number of samples after excluding outliersxn =2)
¢) Mass fraction
d) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2019
¢) Estimated standard deviation of reproducibility calculated from rough standard of relative standard deviation of reproducibility
f) Repeatability standard deviation
g) Parameters for the determination of repeatability standard deviation (sr)
h) Standard deviation of sample-to-sample
i) Parameters for the determination of homogeneity (determination of ~ Sbb)
j) The value for the test : F1(0.36g)2 + F2s,.2
F1=1.88, F2=1.01 (The number of samples (10), The number of repetition (2) )
F1=1.94, F2=1.11 (The number of samples (9), The number of repetition (2) )

k) Standard deviation of sample-to-sample include repeatability Spar = v/ Spp2 + Sp2

. . - 2 .
1) When the variance between groups <the variance within a group, s,,” was considered as 0

2) HEFEBRABERVNNIERTE

Z i BRE DS S L [FRRERAAEZ Table 3-1 O8N Table 3-2 [ Z/RL7z. R8O ATl Bz
IUPAC D3RR 7 bt 2t CTREFHLELL 72, SRBRAEE DM VIEZ R H 357212 Cochran DR
TE K& OF Grubbs DR E % FE i L 7=

IR DOREBRAR DI D, SEEME~ T TlE, 5 35BS 2 3BT 2 3BRE, 2 3BT 1| MBR=Eols
AR IUEEL THIES. KIEME~ BT, 5 BREOID 2 BT 1 BBR=EOMEEAFEEL T
HESNT.
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Table 3-1 Individual result of citric acid-soluble manganese (C-MnO) (%)
b Processed Molten microelement Phosphate Compound Compound
Lab ID ferromanganese slag mixed fertilizers fertilizer mixture fertilizer 1 fertilizer 2
A 32.59 32.31 22.27 22.23 1.77 1.77 0.829 0.832 0.290 0.288
B 31.56 31.66 21.98 22.10 1.86 1.91 0.891° 09379 03729  0.347°
C 36.00° 3644”2153 2178 246" 2429 07449 08107 0246 0.251
D 34.73Y  33.96Y 23.54 23.00 1.86 1.86 0.856 0.856 0.282 0.274
E 32.89 32.22 23.49 23.35 1.81 1.82 0.863 0.844 0.317 0.322
F 31.64 32.41 22.10 21.73 1.87 1.89 0.794 0.798 0.295 0.291
G 30.44 30.51 20.86 20.54 1.69 1.75 0.763 0.753 0.250 0.255
H 32.50 32.53 22.23 22.46 1.83 1.83 0.835 0.837 0.278 0.288
I 32.03 32.08 21.57 21.81 1.84 1.83 0.798 0.805 0.265 0.262
J 31.90 31.95 22.20 22.03 1.89 1.89 0.837 0.840 0.288 0.288
K 32.18 32.19 22.12 22.28 1.86 1.87 0.843 0.845 0.293 0.298
L 31.89 33.11 22.57 22.19 1.79 1.74 0.770 0.768 0.275 0.270
a) Mass fraction
b) Laboratory identification (random order)
¢) Outlier of Cochran test
d) Outlier of Grubbs test
Table 3-2 Individual result of water-soluble manganese (W-MnO) (%)
b) Manganese Mixed micro Designated Compound Magnesium
Lab ID sulfate fertilizer element fertilizers ~ combined fertilizer fertilizer 3 sulpdate fertilizer
A 11.49 11.08 5.10 5.10 0.463 0.457 0.428 0.430 0.105 0.106
B 11.11 11.01 5.00 5.00 0.471 0.480 0.435 0.436 0.115° 0.127°
C 10.33 10.77 5.10 4.93 0.454 0.456 0.421 0.429 0.099 0.102
D 12.02 12.08 5.36 5.36 0.483 0.481 0.455 0.449 0.106 0.107
E 11.24 11.17 5.23 5.22 0.477 0.474 0.443 0.436 0.112 0.109
F 10.64 10.59 5.01 4.99 0.450 0.464 0.419° 0.439% 0.107 0.107
G 10.74 11.16 5.09 5.10 0.451 0.452 0.420 0.418 0.115 0.111
H 11.14 11.16 5.23 5.15 0.473 0.474 0.438 0.437 0.108 0.108
I 10.99 10.93 4.94 4.92 0.466 0.470 0.429 0.434 0.101 0.104
J 10.93 10.83 5.25 5.15 0.464 0.473 0.433 0.432 0.108 0.109
K 10.55 10.76 5.14 5.03 0.458 0.457 0.421 0.430 0.107 0.107
L 11.65 11.38 5.15 5.09 0.477 0.468 0.428 0.430 0.110 0.108

a) ~c) Refer to the footnote of Table 3-1
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3) HHTHRERVEMBREE

MU Z BRI TR AR I C RO B U7 S, DR TARE(R 72 (s0) K OV TAR SR (R 22 (RSDy) , IO
(22 [ PR BUE MR 22 (sp) M OVES [ AR B RHE HE R 22 (RSDR) % Table 4 (7R LTZ.

M~ AT OYLEJEIE 0.280 % ~32.03 % (B &7H) THY, TOHATIEHER A () 13 0.004 %~
0.36 % (EE/7R), P THAIERERZE (RSD,) 13 0.6 %~1.4 %, ] FFHFEHER 2 (sp) 13 0.021 %~0.73 %
CEESy3R), BRI AR R 22 (RSDR) 1T 2.1 %~7.4 % Th-o7-. Kt~ B OFEEIEIL 0.107 %
~11.07 % (E &) THY, ZOOTIEAER 2 (s0) 1T 0.002 %~0.17 % CE &), JHTHRHEAER 2=
(RSD) 1% 0.8 %~1.5 %, EHHFIIEUERZE (sp) 1L 0.004 %~0.44 % (EE/73R), =M B o Y R 22
(RSDR) 1 2.1 %~3.9 % T 7=

WO P TAE S YR 22 (RSDy) Jo OVER 8] FF BUAH AR HE R 722 (RSDR) ®, REBHEBRBRIE D 2 VEMERR D
FIEIRENTODFIREL ~UI BT DR E DO HZOFREFHHAN THLZ LD, ZNHLDORBRIED KT
B RRBRIE OMERE L HE I A L QAT L& R LTz,

Table 4 Statistical analysis of Collaborative study results
Labs  Mean” 5, RSD,” 2*CRSD, si® RSDR” 2*CRSDy’

Ingredient Sample
p(@" (% (%)Y (%) %) (W (%) (%)
Processed 102) 3203 036 1.1 2 0.68 2.1 5
ferromanganese slag
Molten microclement 12 2217 020 0.9 30 073 3.3 6
Citric acid-  mixed fertilizers
lubl
soluble * — Phosphate 11(1) 1.8 002 1.1 4 0.06 32 8
manganese  fertilizer mixture
(C-MnO)
Compound fertilizer 1 10(2) 0.818 0.005 0.6 6 0.035 4.3 12
Compound fertilizer 2 11(1) 0.280 0.004 1.4 6 0.021 7.4 12
Manganese
- 12 11.07 0.17 1.5 3.0 0.44 3.9 6
sulfate fertilizer
Mixed micro 12 511 005 1.0 4 012 24 8
element fertilizers
Water-soluble Desienated
manganese esf?lag — 12 0466 0005 1.0 6 0.010 22 12
(W-MI‘IO) combpine er cr
Compound fertilizer 3 11(1) 0.432 0.004 0.8 6 0.009 2.1 12
Magnesium
11(1) 0.107 0.002 1.4 3 0.004 3.4 6

sulpdate fertilizer

a) Number of laboratories, where p=number of laboratories retained after outlier removed and (¢ )=number of outlier
b) Average value after excluding outliers(n=The number of laboratories(p )xThe number of samples(2))
¢) Mass fraction
d) Repeatability standard deviation
e) Repeatability relative standard deviation
f) Criteria of precision for Repeatability relative standard deviation in Testing Methods for Fertilizers 2019
2) Reproducibility standard deviation
h) Reproducibility relative standard deviation
i) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2019
( As for precision, the permissible level may exceed them by a factor of 2.0)
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4. FEDH

AR BRI A S N2 7 L — AR TG IRIC K AEEME~ o B R OVKIEYE~ o 1 DFRER TR
WT, 12 FRBREE T 10 8 (5 8 X2 ) okl W FRRBR A £ L, BRSO B ELZFHAL
7-.

ZORER, IRME~ B AT 0.280 % ~32.03 % (& &5y 3) O&FH T D 5[] 1 B e He R 22
(RSDR) 1 2.1 %~7.4 %, KIEME~ 2 AT 0.107 % ~11.07 % (& &5y =R) O#PH T2 0 = B H 5
KIPEHEAR 25 (RSDR) 1 2.1 %~3.9 % Toho7=. IL[RIFER#E RO O TA XTI AR 22 (RSD) S OV [ F A it
FEVEMR 22 (RSDR) 1, BV RRBRIE D 2 Y PEERE O FIRIT RSV TOD KR EL ~UZ BT HREE D B & D
FFAELPHLANTHY, i e T DB Th T,

A lERat U7 s BRIE L, BEIC B — BRI L ORBRIE D 2 Y AR (SLV) A& TEY, BIZZOMFHIT
BWTEBENAERE L SN A BB EIC LD 2 Y MR (HCV) ICXRVFHli SN2 L5, Zhb O BRE
OMERRIFAEBFERBVE DO MEREBIUED Type B(SLV LN HLV IZX55HM) 1T G L CWAI AR LT,

HFERBRICTH NP WAy — T —T a ket A Aa—7T7 7R e, A LT
TS, ToaT YIS R O E#E~T I TV T Jal — RSO BN E AR L ET.

X m

1) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2018, TEABRIT Mo UM IEREBE D RE SB35 — iR 2R IH ) )

2) NERHRGEERATAY, B0 25 45 6 H 20 H, Brm 198 75, i el Tk 28 4R 3 A 24 H, BUwH 73
5 (2016)

3) EMOKEER SR BB ERREI T T A — 5D —OBEIZ IS B E KB DR E T D0 904 K%
ZIRET DM, W59 4E3 A 16 H, BMKER SRE 695 5, RASAEFL 1145 A 13 H, BHK
PEE 7R HE 704 5 (1999)

4) JEMOKPEA &  ERHBAHE S+ ERE —HE = 5 OBUEITEDE, IERHIURE S U 45 —HF =
TGS DB DIRFEEEICZ DB A Ba Rl T o R E R 2 ED O, SER 12481 A 27 A, &
MOKPEBEREE 96 7, IACIEDFI 2 4E 2 H 28 H, BEMOKFEE E7RE 402 7 (2020)

5) JEMOKPEG SR RERIER O SV E FORELUE, SERL 12 4E 8 H 31 HEMOKPER &HRE 1163 77, fioféiX
IEFN 2 452 7 28 H, FEMOKPES SR 5 397 5 (2020)

6) EMKPERG SR B EC DR E LR O AN ERE A E D LFEOM:, BF1 61 422 H 22 H, &
MOKPER &7REE 284 5, BORUUE ST 2 485 11 A, RMOKPER HRH5 939 5 (2020)

7)) RMOKPEWHE et Z— (FAMIC) : k&R ERTE (2019)

<http://www.famic.go.jp/ffis/fert/obj/shikenho_2019.pdf>

8) A, B AL, gaRKEh, WSHEHE: <~ RBRIEOVEREI A — 7L — AR E —, JER
WFFEE, 6, 203~212

9) JEMOKEER : AT AR O TRk sy OB E MR AL RE K (ILEH R o AR, Rk O~
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YR Do) (2019)

10) Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency Testing
of Analytical Chemistry Laboratories, Pure & Appl. Chem., 78 (1), 145-196 (2006)

11) Horwitz, W., : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure &
Appl. Chem., 67(2),331-343 (1995)

12) AOAC OFFICIAL METHODS OF ANALYSIS Appendix D: Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005) )
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Performance Evaluation of Determination Method for Manganese in Fertilizer:
Harmonized Collaborative Validation

HIRABARA Toshio !, ECHI Masahiro !, KOBAYASHI Ryouto !

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

A collaborative study was conducted to evaluate absorption spectrometry for determination of citric acid-soluble
manganese and water-soluble manganese in fertilizer. These components in fertilizer was extracted and analyzed
by Testing Methods for Fertilizers 2019 test procedures”, respectively. We sent 5 materials to 12 collaborators as
blind duplicates. After identification outliers with Cochran test and Grubbs test, the mean values of determination
of citric acid-soluble manganese and water-soluble manganese were reported 0.280 % - 32.03 % and 0.107 % -
11.07 % as a mass fraction, respectively. In addition, the reproducibility relative standard deviation (RSDr) of
determination of citric acid-soluble manganese and water-soluble manganese were reported 2.1 % - 7.4 % and 2.1 %
- 3.9 %, respectively. Those results indicated that each method has acceptable precision for the analysis of the

components in these concentration ranges.

Key words  citric acid-soluble manganese, water-soluble manganese, flame atomic absorption spectrometry,

harmonized collaborative validation

(Research Report of Fertilizer, 13, 102-111, 2020)
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8 <SBEIFSHRRUKBMEIFSRDAE LD EREST M
— R FER A —

L
F—TJ—F IOF, TYAF U HIE, ERILFERER

1. [FC®HIC

[E B 705 A PERE M OB & 25 Te 7, FeSEIZFW T ISO/IEC 17025 (JIS Q 17025) VOB R FIHA S
(U7 iR BR AR O BEERE R OB 2 7 WE B SN TS, ISO/IEC 17025 TIE, [EFS - [EF S L%
YIEPHERSNT HFIEERETHIEATRL TS, FAMIC T, IEEHFHES CED DI IEE D F 3
PR N ARDE B L OCBO R T IEEZ BT TIE (LT, TAEEILV). )4“@ 2o\, ZDOMERE

EFAEL DD, ANFEELOBEGVEEE L B3 DIEEFERBRIET ITIEL, R— A= VIZB#L T D, B
BEFO B TR R T ELHEL CODEMOKER HREEICEY, 5244 A 1 BT T, FAMIC 28 E9D
D TR BRIE S A 2y, A ERRDEOHELL TRASNIZLZATHD.

NERFERRBRIE GRS NI T Y AT H ABICROEETEIZD 3 R OUKENEZS F OB 15 (LU, NEH3HE
OFRBRIE) V) IZOWTE, 1EKL N —FBR=12351F 5% 4P (SLV : Single Laboratory Validation) % fifé
AYL, ERFBUEE Y, BEHRO IR S BB ORfE RV E ERIZEHEL Tz,

A 1Al [E BRI RE U b X o ek R s o0 S8 [ 2[R R BRI L5 % 24 PERE R (HCV : Harmonized Collaborative
Validation) /7512855 M A4T57-%, IUPAC/ISO/AOAC D#EERER 7 1 ha L L3> TUEHI FE DO RERTE
DOILFEFERE EMLT-D T, ZOWEZRET5.

78, ARILFFRERIZIBW TR 7 L R3S BUR O S B MBI 1T, MK PES O T4 Fn oA B i
B o E R OB MBI A R T E 2 (IEEHR O WER K NEIFE R D08 | (LU, TEFEHE L
N OCEfESNT.

2. MBRUFE

1) #HRFEBRAFEBOFAN

LRGBS LT, SEMRIZORITHOWTL, (BAEE 2 51, IRGHEAEE A IEEE 1 A3, ISR 3
AR R ONRA TR EZERIEEE 1 S0 5 moslka Az, Eiz, KBEHIZIFEIZOWTIE, {bEiesh
2 R, IRGHEEE AR 1 AR OB A IR TR IR 2 JROEE 5 SO IR IV z. W Lo IEER, it fh
Tz,

B H B E 500 pm ORESDVE B T2 E THIE-IRAL, SEMEIZOHEE I T 05EHI 1.9 g, K&
PEIZOHE AT T D5EHIN 42 ¢ ZRUARVERICTREL TES L. ZEZNLENOIEEHIOWT 44
EVERLL 72

FRRATITDOUNT, 220 1 (5 FiSE X 44 {8) OF T, SLERZ AW TI UL AT 1~220 OF 55w
U CRBFERRAIL, LR ast e L.

PNTATBOE N RMOKETH B 2 & 2 — MR 2 —
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(R FRER B O E M2 A 572012, SREBIOFIEREIC 44 BORGENOEEELHWTIUZ LT
10 fEZHRHIL, i@'%irﬁﬁmﬂﬁﬁnfwr&t FRO DR LRI OFEIE I 2 3 oL, —RBREHT-
D 10 A (5 FikE X 2 i) OB E ST H2LE LTz,

2) ¥EERURR
BB R IZERE L QO RFE, Ry b7 L —bh CUI ), TEIE N R0 IR & OVt
R A L.

3) HBAE
SERVEIFHFE K OUKIRMEIEY FE O H K OVHIEIE, Table 1 D LIRS RER LD R T 1EZ V-,
B, BEDO-W, FR B IFED7a— —k(Scheme 1 & T Scheme 2) Z7RL7=.

Table 1 Component and Measurement

Testing Methods for Fertilizers (2019)

C t
omponen Measurement
Citrate soluble boron 4.8.1.a Azomethine-H method
(C-B,05) (4.1.1) Critric acid solution— Rotational shaking(30 C)

Water-soluble boron 4.8.2.a Azomethine-H method
(W-B,05) (4.1.1) Boiling water
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1 g analytical sample |Weight to the order of 1 mginto a 250-mL volumetric flask

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

Shaking to mix

Constant-temp erature rotary shaker
(30 - 40 revolutions/min), 30 °C = 1 °C, for 1 hour

| Cooling

|HWater (up to the marked line)

| Filtration

|Type 3 filter paper

| Sample solution

Aliquot
(predetermined volume)

100-mL volumetric flask

< Sample solution for the revision >

«— Citric acid solution, until it reaches the equivalents of 15 mL
< 25 mL of ethylenediamine tetraacetate solution
< 10 mL of ammonium asetate solution

<Sample solution >

< 10 mL of azomethine-H solution

< Water (up to the marked line)

Leaving at rest

|For about 2 hours

Sample solution for
measurement

Spectrophotometer (415 nm)

Scheme 1  Flow sheet for citrate soluble boron in fertilizer (C-B203)
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| 2.5 ganalytical sample | Weight to the order of 1 mginto a 300-mL tall beaker
|H Water ,about 200 mL

| Heating | Cover with a watch glass and boil for 15 minutes

| Cooling |

| Transfer | 250-mL volumetric flask, water

< Water (up to the marked line)

| Filtration | Type3 filter paper

| Sample solution |

Aliquot
(predetermined volume)

100-mL volumetric flask

< 25 mL of ethylenediamine tetraacetate solution
< 10 mL of ammonium asetate solution
<Sample solution for the revision >

< Sample solution >

< 10 mL of azomethine-H solution

< Water (up to the marked line)

Leaving at rest | For about 2 hours

Sample solution for

Spectrophotor

measurement

Scheme 2 Flow sheet for water soluble boron in fertilizer (W-B,03)

4) HRRABARHOHEMERRAE
DKL O U7 Y B e Rl A F R B O T 2 BFE 2 0 (S CEMLZ. 228, O, &8
FHOE 2 SPHMTCHEMLT-.

5) HEIHER
AERIZSIILTE 10 BEBREIZLL FOLBVTHS. BEEIE B oS focH 12 A 18 HETIS, e id
REBRBIZBWTINCIVEAR LA 5 20 iEH2, KBHIRH ST 2 3) DFRBR T IEII/E>THMTLT=.

S REa—=T T IS R TS (AR V-630)
RSt e 2 — (EEHEERT UV-1800)

YT ket KBEY (H N2 U-5100)

JE AR CEEMR S A FnilkiL L5 (A 2 U-2900)

STATEOE N EMOKEN B 22 il #—ph P v & — (EEEWERT UV-1800)
RSTATBOE N MK PE W B 2e 3T B o Z—FLi o 2 — (B SUERT  UV-1800)
RSIATEOE N EMKEN B 22 i 2 — B ' 2 — (GERWERFT UV-1800)

NIATEOE N MK EEE & 2 et 2 — 4 B2 — (BEE/EFT UVmini-1240)
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SRSEATEOE N EMOKEN & L2t 2 —@i 2 — (BERERT UVmini-1240)
MNTAT B N AR K PE Y B 22 il o 2 — AR (B EBUERT UV-1800)
(50 = &)

3. BRRUEER

1) HRAEBARMOYEEHZRE

Tt FEOZ RN DA SN 10 30EE 2 SO T TONT L7 B MR BR O B DR )
il (%) B O DRARIC DN T Jo Bl & 5 WA DA Do i it B O CRLI L2 DM TAR MR 22 (s,) , 3R
BFHEEAENR 22 (spp) , DHTREEEZ 5 TR AR YER 22 (spyr) & Table 2 IR L72. SHIT, IERHERBRIEIIR
ENTODHEMBFHREE D H % (CRSDR) L OVENSLMLHEH (2X 1) U HEE R M B SUE HE(R 2 (6r) & Table
2\ RLTE.

BB MEOHIE X, TUPAC/ISO/AOAC DOFE iR~ b O FlEA%E 25 |25 BR G O /3 B2 it 975
78, FIBRAARIZ-DVNT Cochran DI EA FEML72. EDFER, T X TORITIZIBWTHMUEITERD Hi7an:
ST2DT, TNHD AR DN T— el B BT a L, TR 2 (sp) K OFUBHER MR 722 (spp) &
Ko, G 2) KOG THEE (R 2= (s,.) 27 L 7=, RIZ, TUPAC/ISO/AOAC DHEFERBR 7 Bh=L D +4312H)
BOHEX G 3) Z T EMEOHEEIT 1. ZOREE, <BMFHIFRARBIORAMEERIER A &
OMEARIEE B 0 2 3UEHE RO CHIER (K 3) 2372 L Tz, 2 SEHS W T, O TR HER 22 (s.) 23145
IS (s, < 0.56) ZE00, HIER (X 3) ML HER (X 4) 2O T RO EEI T T/ R,
FIER (R 4) AL TV e, ZoZinn, 2 TOFERBAEHINE ThHLI LA MRLE. 1tks, BED
728, 5 ICL o T TR 2 & il B I YER 22 (spy) ZRHLTZEZA, WTFHORELG R EHERL T
N SUVMETH T2

6r = CRSDg X X/100 -+ (U1
s <050, = 056 --+(X2)
spp < 0.30, = 0.36y -+ (3 3)
Spp 2 = F1(0.3 0p)? + F2s,2 -ee(KX4)
Shtr =/ Sr% + Spp? <o (K5)

op U VERERRATTO A BN A LT AR R 22 sy s PFTRE V(R 22

Spp : PR R 22

F1 BJEMHEDTZO DT A2—42 GREHL 10, 2 mOMTOY%G, F1=1.88)
F2 EMHED T A—=2 GREHK 10, 2 mOMTO%E, F2=1.01)
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Table 2 Harmogeneity test results of C-B,O3; and W-B,03

A d R R 2 Critical i
Noof %9 CRSD® Or” st 058y Sw” 036 Spp P b Soar’
Component Sample value
Sample b) 0, b) b) b) b) b) b)
(%) ) (%) (%) (%) (%) (%) (%)
Fritted trace 1081 3.0 032 013 0.16 0.0970 0.0973  0.01 0.03  0.158

elements fertilizer

Mixed microclement oy e9 40 008 003 004 005 002 00020 00021 0.056

Citrate soluble fertilizer A. )

boron Compounifertﬂlzer 10 0519 60 0.031 0010 0.016 0.0090 0.0093 0.0001  0.0003 0.013
(C-B,0;) Mixed

fixed compost 1505310 6.0 0.019 0.0090 0.0093 0.005 0.006 0.00003 0.0001  0.010

mixed fertilizer A
Compou“]‘; fertiizer 10 0117 60 0007 0003 0004 0004 0002 0.000016 0.000017 0.005
Mixed microclement 0y} 6o 30 035 012 018 009 011 001 0.04 0.15

fertilizer B
Mixed microclement oy 69 40 008 002 004 002 0023 0000 0001  0.03

fertilizer C

Water soluble .
boron Compou“g fertiizer 10 0543 60 0033 0008 0016 0006 0010 00000 0.0002  0.010

(W-B,0) C d fertil
Omp"“‘;) PN 0 03200 6.0 0.019 0.005 0.010 0.005 0.006 0.0000 0.0001  0.007

Mixed compost

. . 10 0.104 6.0 0.006 0.0030 0.0031 0.001 0.002 0.00000 0.00002 0.003
mixed fertilizer B

a) Grand mean value ( » = 10xnumber of repetition(2) )

b) Mass fraction

c¢) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizers 2019
d) The estimated standard deviation of reproducibility calculated based on CRSD

e) Repeatability standard deviation

f) Standard deviation of sample-to-sample

g) Parameters for the determination of homogeneity (determination of sy,”)

h) The value for the test : F1(0.36g)% + F2s,2
F1=1.88, F2=1.01 (The number of samples (10), The number of repetition (2))
i) Standard deviation of sample-to-sample including repeatability Sy =+/Spp2 + Sr?

2) HRRBRBERREUVNNERE

10 SBR=RIC XD I FRERZ FhE U755 R, KRB ENOHRE SN EMHEIFEOFE L OKIBEMEIEHFE O3 HT
fiti% Table 3-1 L OF Table 3-2 (R L7z, 3D/ HTEIZ DWW TOMUI AR 3572812 Cochran'”: ' DR
7E M OY Grubbs!'? O E & FE i L7=.

SEMEIFHFRIZHOWTUE, W EERE S IEENCT 1 R ONEAHEIEE S IEEE A T 2 HEOFM AR H
ST KEBEMHIZOFRICOWTE, IRAMEERIDE B T2 14, IRAMEZERIEEL C T 1K T ERIER C
T 1 EOS ED RSz,
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Table 3-1 Individual result of C-B>0s (%:Mass fraction)
Fritted trace . Mixed Compound Mixed compost Compound
LabIDY  jorents fortilizer  TicTOSloment fertilizer A mixed fertilizer A fertilizer B
fertilizer A

A 10.72 10.99 1.97 2.00 0.535 0.524 0.327 0.318 0.129 0.112
B 11.31 11.61 1.80 1.82 0.554 0.548 0.330 0.330 0.117 0.116
C 11.44 11.79 1.83 1.85 0.549 0.554 0.321 0.326 0.107 0.116
D 11.05>  12.89" 1.91 2.06 0.503 0.491 0.250° 0.293% 0.096 0.112
E 10.81 10.78 1.85 1.88 0.506 0.508 0.160” 0297 0.109 0.114
F 11.25 10.93 1.89 1.89 0.539 0.548 0.328 0.336 0.118 0.124
G 11.46 11.57 1.84 1.86 0.547 0.556 0.338 0.310 0.125 0.120
H 10.96 10.52 1.74 1.87 0.539 0.551 0.332 0.318 0.122 0.123
1 11.10 11.36 1.89 1.87 0.549 0.554 0.295 0.288 0.115 0.114
J 12.06 12.06 1.78 1.87 0.610 0.594 0.328 0.329 0.108 0.121

a) Laboratory identification
b) Outlier of Cochran test
c¢) Outlier of Grubbs test

Table 3-2 Individual result of W-B,O3 (% :Mass fraction)
. Mixed . Mixed Compound Compound Mixed compost
Lab D microelement microelement fertilizer C fertilizer D mixed fertilizer B
fertilize B fertilize C
A 11.02 11.12 1.84 1.85 0.500 0.503 0.306 0.305 0.104 0.111
B 11.29 11.73 1.85 1.80 0.501 0.507 0.306 0.307 0.113 0.111
C 12.68 12.80 1.75 1.99 0.522 0.517 0.359 0.339 0.111 0.110
D 1230 9.74” 160  1.042 0561 0570 0340 0353 0.113  0.113
E 11.41 11.47 1.74 1.82 0.529 0.519 0.317 0314 0.113 0.113
F 11.35 11.47 1.72 1.71 0.507 0.501 0.300 0.299 0.103 0.108
G 11.87 11.54 1.82 1.82 0.499 0.509 0.311 0317 0.111 0.111
H 11.97 11.91 1.63 1.84 0.517 0.541 0.318 0.307 0.128 0.116
I 11.74 11.73 1.84 1.81 0.523 0.530 0319 0.326 0.101 0.107
J 13.62°9 13.43% 2.03 1.98 0597°  0.615° 0.383 0.362 0.130 0.131

a) Laboratory identification
b) Outlier of Cochran test
¢) Outlier of Grubbs test

3) BHTRERUVEMBRME
AIUEZERIN TR DT EZ I T, S, OMTARERRZE (o), PH TR HE(R 22 (RSD,) , ==[A 8
PR 72 (sp) Mo OV 8] - BUAH SO AR YR 72 (RSDR) 2 5 H L 72 5% 5% Table 4 (R LT-.
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SEEMEIFHFE DO TFIMEIL 0.120 % (E R H) ~11.26 % (HEDHR) THY, TOOH TAERERZE (s 1% 0.01 %
(E&E5#) ~0.19 % (E &%), UM T SHEAER 22 (RSD) 1E 1.3 %~5.7 %, =5[] i B HEIR 22 (sp) 1
0.01 % (CE &5 5) ~0.46 % (E &), =M BB R 1R 72 (RSDr) 1 4.0 %~6.5 % T o7z,

REEVEIZH T OFHIMEIL 0.113 % (E R0 %) ~11.69 % (EEDFE) THY, T OO TIERER 2= (s) 1X
0.004 % (E &57 ) ~0.15 % (H &5 =R) , BHMTAHARMER 2 (RSD:) 13 1.3 %~4.4 %, == [FHHUTER 2 (sr)
13.0.008 %~0.51 %, =E[HIFAFHAE AR AR 7E (RSDR) 13 4.0 %~7.5 % T -7z,

SEPEIZOFEIT, R TOREHI DWW THMTHRME AR 22 (RSD;) M OVSE R PR B X AR HE R 72 (RSDr) 23 IEAL

LHERBRIED Z IR O FIRIN TODHIRE L~ DG E OFFR N Th o7z,

KEPEITZOFT, IRAMEZERILE C O THEXHERERZ (RSD,) 7 4.4 THY, MEOFFEFMHTHD 4
Z B, FFR#HEEBZ-OIZZ0 1| SO THoT-. R H S YER 2 (RSDR) IZOWTIE4T
DFREHZ DWW TR O FFRHEPIAN ThH 7=

IREMEERICE C IZHOWTIE, BUBHAKREZ 20 5N, MEfRORRERITHIELIZRR, 2HrED
NIIRPRELIpoToeB 2 DN,

Table 4 Statistical analysis of collaborative study results for C-B>O3 and W-B,0O3

Labs Mean” s, RSD.® 2*CRSD. si¥ RSDR™ 2*CRSDy’

Component Sample ] ) . .
p(@)" ()7 (%) (%) (%) (%) (%) (%)

Fritted trace elements

fortilizer 9(1) 1126 0.19 1.7 3.0 0.46 4.1 6
Mpedmerosenent  190)  1.87 0,05 2.7 4 0.07 4.0 8
. ertilizer A
Citrate soluble
boron Compound fertilizer A 10 (0)  0.540 0.010 1.3 6 0.030 5.3 12
(50 Mixed compost mixed o' ) 350 9010 2.7 6 0010 44 12
fertilizer A @) : : ' ' !
Compound fertilizer B 10 (0)  0.120 0.010 5.7 6 0.010 6.5 12
M ixed microelement
otiliver B 8(2) 11.69 0.15 1.3 3.0 0.51 43 6
M ixed microelement
» 9(1) 1.82 0.08 4.4 4 0.10 5.6 8
Water-soluble fertilizer C
boron Compound fertilizer C 9(1) 0520 0.007 1.4 6 0.021 4.0 12
(W-B,03)
Compound fertilizer D 10 (0) 0.324 0.008 2.4 6 0.024 7.5 12
Mixed compost mixed 1 ) 113 0004 32 6 0.008 7.4 12

fertilizer B

a) Number of laboratories, where p = number of laboratories retained after outlier removed and (¢ ) = number of outliers

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier removed (n = The number of laboratories (q) X The number of repetition (2)

¢) Mass fraction

d) Repeatability standard deviation

e) Repeatability relative standard deviation

f) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizer 2019

g) Reproducibility relative standard deviation

h) Reproducibility relative standard deviation

i) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2019
( As for precision, the permissible level may exceed them by a factor of 2.0)
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4. FEDH

AERFE R BIE IO SN T Y AF > H BICEDE T B K OKEMEIZI FORBRILIZONT,
IUPAC/ISO/AOAC D RERER 7 mha Wz UT= 23> CHERIFRER 2 FEhE L 72 ZIIBRERIT 10 SBRE THY, <
EMEIFHIF L OVKIBMEIZOFEDOZNEIUTDONT 1 REREH 720 10 5 (5 FFEOFEL X 2 /) OFEHE /04T L
7-.

ZORER, <EBPEIZOFEOFEIHEIX 0.12 % (HESH) ~11.26 % (H &) THY, OO TAEERZE (s0)
1% 0.01 % (B &E57R) ~0.19 % (E&E5y ), O TR YER 22 (RSD:) 1 1.3 %~5.7 %, S -SSR 2
(sr) 13 0.01 % (&5 ) ~0.46 % (H &), ERFBEXHERERZ (RSDr) 13 4.0 %~6.5 % TH-o7-.

RIEVEIZHFE O 0.113 % (H EDHE) ~11.69 % (H E/HF) THY, TOPHTEUER 2 (s) 1X
0.004 % (E &7 5) ~0.15 % (&7 R), fHTHEMER 2 (RSD) 13 1.3 %~4.4 %, =M HBUEER 2 (sr)
1%.0.008 %~0.51 %, =E[FFFBAERMERERZE (RSDR) 13 4.0 %~7.5 % TH -7z,

SEPEIZOFIL, B2 TORBHI DUV THA TR U R 72 (RSDy) Mo OV=S [ #5 BUE R HE R 72 (RSDr) 231K}
SERBRVE O 2B O FIACED DI L OFF R FFAN Th -7

REPEIZO X, DT SHE AR 72 (RSD,) ASKEFE OFFRFFAZ LRl >7-01% 1 siCHY, =M H B
e 72 (RSDR) IZ DWW TR TORE CHEOFFA RN Th o7, 7eds, HHTHRMEAER 2 (RSDy) 374

A =D izﬁ)ﬂﬁeﬁmb\%«&ﬁﬁ RGO LT=ZENER EE 2 DT,

At Uil L, BRI BRI 0B E O 2 G MR (SLV) AL TWD B DTEN, E61Z,
ARRFHZ I CE BRI J@ﬁkénéitﬂaﬁ%ﬁ ZRDZ M MEMERR (HCV) I VRS =2 8inh, 7Y ATF
H B D<EEMHEIED F K OUKIEHEIED R OBBIEOMEREIL, IEHERBRIEOMEREHYETHD Type B(SLV
J OV HCV (2K D5 ) IS & D 2 & &b LTz,

#

LRI WS EL Ao —T7 T 7 UK a, et elinti e 72—, o7 7mik
KA ONERIEE TR AR DO F LT H B R L ET.

X m

1) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2018, FAERFT K OB IEMEBI DRE /11 BT 2 — A ZR #551 ))

2) NERHIGREEREAT Y, A1 25 45 6 H 20 H, Brm s 198 72, i OIE Tk 28 45 3 A 24 A, BUwH 73
5 (2016)

3) JERMOKFER SR IEEHEGEE AT S5 — 4D ZOBLE IS SERMKERE OfRE 358 2h A K%
ZARET D, BRI 59 4E 3 7 16 B, BAMOKEER /-5 695 5, BofSUUEFRL 11485 13 H, MoK
PEA 7R 55 704 5 (1999)

4) rﬂWk}ié HoRERBRE S+ LT —EHE = BOREICHEOX, IEEHIR LSS USRS — T

(ZHT D BIEBORIERICE O A BE LT D LB 2 EO LM, PRk 1241 A 27 A
%7}&% EIRE 96 B, BOUUESI 2 452 A 28 A, BMIKFES SR 402 5 (2020)
5) EMOKPER SR R ERIEE O B FORALE, SRR 12 45 8 A 31 HEMOKES SR 1163 75, Rk

[222)
y IR



SEEPEIED 38 K OVKIEMEIED 38 DO RITETEOVERERFATh 121

EAFN 2 4F 2 7 28 H, FEMOKPER 7R 5 397 5 (2020)
6) JEMIKPERG 5 IEBHIREHEIC DS SR BIEE O A E RIS Z ED DO/, 1 61 4£2 A 22 H, &
MOKEER SR 5 284 5, BfSOES 245 A 11 B, BAMOKER 57RE 939 %5 (2020)
7)) JRMOKPEHE 2B 2 — (FAMIC) : IEEHERERTE (2019)
<http://www.famic.go.jp/ffis/fert/obj/shikenho 2019.pdf>
8) TH/KME 1T FHARBRIEDMERERA — 7 AF HIE—, IEEHFSE A, 6, 174~182
9) Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency Testing
of Analytical Chemistry Laboratories, Pure & Appl. Chem., 78(1), 145~196 (2006)
10)  RAOKERS Ao LR 0 Tk 5y OBV ENEMERR I A R 32 (IREH P O WOER K ONES R Ay
D53H) (2019)
11) Horwitz, W., : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure &
Appl. Chem., 67(2), 331~343 (1995)
12) AOAC OFFICIAL METHODS OF ANALYSIS Appendix D: Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005) )
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Performance Evaluation of Determination Method for Boron in fertilizer:
Harmonized Collaborative Validation

AOYAMA Keisuke!

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

I performed Harmonized collaborative validation? performed in 10 laboratories to validate the determination
methods for citrate soluble boron (C-B»03) and water-soluble boron (W-B»03) in fertilizers. These components in
fertilizer was extracted and analyzed by Testing Methods for Fertilizers”, respectively. The five samples mean
ranged 0.120 % - 11.26 % for C-B,03 and 0.113 % -11.69 % for W-B,03 as a mass fraction. The relative standard
deviations for repeatability (RSD;) and reproducibility (RSDr) of C-B,O3; were in the ranges 1.3 % - 5.7 % and
4.0 % - 6.5%, respectively. For W-B,O3, the RSD; and RSDr were 1.3 % - 4.4 % and 4.0 % - 7.5 %, respectively.
Those results indicated that each method has acceptable precision for the analysis of the components in these

concentration ranges.

Keywords  citric acid-soluble boron, water-soluble boron, azomethine H method, harmonized collaborative study

(Research Report of Fertilizer, 13, 112-122, 2020)
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9 ICP-OES j&ICKSRIRIEE hDF A5 ORI TE %DM RESEM
— R ERBRAE—

INVEIESE L, LS Y, A s !
F——F fEEL, &k, ICP-OES, (a5

1. [FC®IC

I I7AT VT T T —FOEANILERIEEORBRE DR EL AT 5720, Ak 26 4F
JEICFHEE G T 7 X~ 5okt dEE (ICP-OES) % AW 7z ik IRk o K ¥E M F2 15y (W-P,0s,
W-K,0, W-MgO, W-MnO KT W-B,03;) DHIE ﬁuob\fﬁgﬁiﬁﬁﬁé BT D 2 %M (SLV : Single
Laboratory Validation) Zf#2 L7= 1) . F£7=, Rk 27 £ 121E, ICP-OES 112 X 2 iR AEE o> 2h F
EBUEHER (Fe, Cu, Zn, Ca, Mo KO Co, LT, 7K¥E iEEﬂZ/\kﬁfﬂi“( [(G2hksr &vo) @
BEIZ DWW TH—RBREITI1T 224 (SLV) R L7 2

% 2T, SMILEEL ICP-OES #AIC ié(ﬁzﬁ(ﬂEﬂEP@ﬁxﬂE}Z FOREIZDWT, PHTHE R U=
MBS EOMA BN E LU, EERAICERE SR b2 RiE o S ML ERERIC L 2 2 Y MR

(HCV : Harmonized Collaborative Validation) {52 X 0 [ERERZ FEh L7 D C, ZOMEZRE
T5.

2. #HRUAZE

1) #EEBRASEHEORR
IR E ~ @R E O BB %25 A T 50 E e 4 BN E T 528N TERh oo ow, LFEFER A
ABZFR R S5 Le Uz, R AR O EHI T @R O JFA B L TEA S TO Db O&E L
72 (Table 1). M EDHI L, ERIZOWTIZHBE 500 um O SDHNEEDLETENL IV T
7z. Table 2 IR TR G RANCEVEM B ARG 6L, K 30B O 7 IR EE% Table 3 (TR 3 REEEZR
LEOFHEL, WEOLEXKDHT-DK 2 A F’Eﬁ W CTHRER, £REEH 1.5 g 22T ALORIE
R 30 fHFEL, BELL.

A Ul I B 32506 150 B B0 XS IZELEEEZHWTT U X AE ST, 3UBHZRRIL
7o BRI H Z L2 S FEDIERI L —T N IE A IZEN TN 2 T oL, —iRBREIcE 354
[ R Bk & L7

)

U OMSEATBOTE N RAMROK EE T B e Bt 2 — IR SRR £ e i A AT
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Table 3 Design Component

No. of Component” ”

sample ~ W-P,0s W-K,O W-MnO W-B,0O; W-Fe W-Cu W-Zn W-Co W-MgO W-Ca W-Mo
1 10.02  2.07 0.51 0.51
2 2.06 10.06 1.04 1.02
3 5.05 5.02 2.02 2.04

4 1.04 1.02  0.051 0.053 0.017 0.002 0.002 0.056  0.000 0.005
5 0.51 0.50 0.011 0.011 0.004 0.000 0.000 0.012  0.000 0.001
6 2.02 2.02 1.02 0.50

7 0.51 0.50 2.02 1.02

1.03 1.03 0.50 2.03

9 2.75 1.38  0.002 0.010 0.11 0.11 0.10 0.10  0.022

10 2.75 1.38  0.002 0.010 0.051 0.051 0.051 0.050 0.022

11 1.30 1.92  0.010 0.025 5.02 0.25 1.03
12 3.75 2.35 0.004 0.010 2.04 2.02 0.50
13 3.29 1.66  0.002 0.012 1.02 1.03 2.03
14 1.12 1.64  0.009 0.022 0.50  0.053 0.051
15 0.070  0.070  0.047 0.000 0.016 0.002 0.002 0.000 0.051 0.052 0.054

a) Mass fraction(%)
b) Designed value

2) ¥ERURBE

ICP-OES 134 SR O B AR O fe 78 & OV & 1 CO B B el B CI & e R ERT &L ICPE-9820 (&1l
52T [ R O T A, 3y eds = e VIE) AL, L EEER CIEA B = ISR E L T\D ICP-
OES ZfE HL7-.

3) M

(1) DAAZEHERR (P 10 mg/mL) : TraceCERT® ICP Y AFZ R (P: 10 mg/mL) (SIGMA-ALDRICH)

(2) AV LFEHERE (K 10 mg/mL) : TraceCERT® ICP H AV A4E #E i (K : 10 mg/mL) (SIGMA-
ALDRICH)

(3) =7 AU LEAERKR (Mg 1 mg/mL) : JCSS ~7 317 LMEAERE (Mg: 1000 pg/mL) (& + 71/ LF0

(4) ’f/ﬁ‘/*ﬂjiﬁﬁ(Mn 1 mg/mL) : JCSS ~ U ARHERE (Mn: 1000 pg/mL) (& 7 A /L LFGEHEHK)

(5) IFOFFEYENL (B 1 mg/mL) : JCSS 1EHFARUEWK (B: 1000 pg/mL) (B +7 A /L LF1EHLEE)

(6) f%;%ﬁ«ﬁz (Fe 1 mg/mL) : JCSS &£ #E4 (Fe:1000 pg/mL) (& 17 A /L AF %)

(7) #FEYERR (Cu 1 mg/mL) @ JCSS #HiE#E#E (Cu:1000 pg/mL) (& L7 AL LR AEK)

(8) HHENIEUENL (Zn 1 mg/mL)) : JCSS MR RE UEHK (Zn: 1000 pg/mL) (& L7 A /L AFOGAHIHK)

(9) BV T AZEHER (Mo 1 mg/mL)) : JCSS EVT T U AZEHEK (Mo: 1000 pg/mL) (& L7 AL AF1
Hli %)

(10) =)L MEHER (Co 1 mg/mL) : JCSS =73V ME#ENRL (Co: 1000 pg/mL) (& £ 7 A /L AFEHIER)
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(11) BT LFEHRER (Ca 1 mg/mL) : JCSS /L7 AEHE (Ca:1000 pg/mL) (F 7 A /L L5
fli %)

(12) REREEER: (1)~ (11) OFEEEAFEERKEL, FRERIKZ K TRE - ARL TR SR
W (P 500 pg/mL, K 500 pg/mL, Mg 100 pg/mL, Mn 50 pg/mL, B 25 ug/mL , Fe 50 pg/mL, Cu 50 pg/mL,
Zn 50 pg/mL, Mo 50 pg/mL, Co 50 ug/mL % T8 Ca 50 pg/mL) Zif#L7=. F7=, ZOREFEER Z A R
U, HEERTE B 28 (1423) L7 B X0\ B IR R (145) 2 N2 TR B IR A S R A s s L7,

(13) MEMRAREGEER: (12) DIRAEEREZ AR, B (1+23) L7225 151250 |
(1+5) Z Nz CTHREMRARAE %R (P 2 VK 1 pg/mL~100 pg/mL, Mg 0.2 pg/mL~20 pg/mL, Mn 0.1
pug/mL~10 pg/mL, B 0.05pg/mL ~5 pg/mL , Fe, Cu, Zn, Mo, Co, Ca 0.1 ug/mL~10 pg/mL) ZFHHL7=.

(14) B 22 sk BRIE - TR (1+5) ZHE BRI B 28 (1423) L7200 A IR L, MR A 2o slBrin b L7-.

(15) 7/k: @tk i@ (MILLIPORE # Milli-Q Element A10) Z VTR R L 7288k (L HEHT
il 18 MQcem LA E) 2 L7-.

(16) Hilk: JIS K 8180 F5%: /o #r HIFHK ('8 L7 A /L ARG E)

(17) DABZ: JISK 9005 Frilkald (& L7 AL ARG HEEK)

(18) WAME —I/KFEAVT L JISK 9007 Frfkik 3K (& L7 A /L AF0 Y6 M%)

(19) YAFEKFE AU L TISK 9017 FEfkakd (B 7 AV L eHisk)

(20) HiEEEHUT 2 JIS K 8962 Fifkak 3K (& L7 A /L ARG HIZE)

(21) LAV JIS K 8121 Fefkak 3K (& L7 AL ARE M%)

(22) Hilg~> A () FRFIH: JIS K 8997 Hifkak 3k (& L7 A /L AFn i)

(23) 1ZOB2: JISK 8863 Fiflk il (B L7 A /L AFGAHIHK)

(24) WRERT > E=0 L8k (1) SAKFH: JIS K 8979 Hifkik K (B L7 AL AF e Htigk)

(25) WRERER (1) fL/kFnM: JIS K 8983 ARk (B +-7 A /L AFneHidR)

(26) HiERHESHL/KFIY) : JIS K 8953 H5fkak 3k (& 17 A /L AR HiZE)

(27) = VLK) R (B RAE )

(28) Mt~ RN AKFAM: JIS K 8159 Fiflkak 3k (& L7 A /L AF0 O HidK)

(29) AL T L2 KFH: JIS K 8122 KEfkilER (F 7 A /v AT e HiER)

(30) LRV TFUBmT = LMK : JIS K 8905 HEfkitER (8 17 A /v AT EHiER)

(31) =F L UTIUUEERE —KFE R A KR JISK 8107 HEfkak 3 (& L7 A /v 2 F e
%)

(32) <ZABE—KF¥: JIS K 8283 kil 3k (B L7 A/ LFnjeilisk)

3) BEBRAE

ICP-OES {EIZ DR NEEL T DF 20k 53 OFRER I 1E T DU T, GBI M ORI TE ¥ 1K D 7 S 13 A 2
ABRIE YD 4.2.4.d 12X T o7, BIEIX ICP-OES ([ZX0WITV, F o 231 D03 i £ 1% Table 4 D&
BoLL.

ICP-OES [T#§ a2k~ TR — I THo THIEE DS HTRRIE E 2B 3 M E N KE< AR, 2. 3)
(B IR LT & AR OREFRAICE W TR ERZER TETRE RN TORBRENEHAECLHT
LIZRY, EEEAIHEELRO HND LA O BN B Th D 8 PL Lo B =R A R T&lnze
INEZ BN, P, Co LA DITFITHOWTIEEOHINE B £ (L FRRBR 2 FEh L7z



128 JEEHFZEE#R S Vol. 13 (2020)

728, P, Co 12O\ T, 2. 3) (13) IR Lk Bl AR ERR O IR EE#PHIZ BN C, Table 4 (R L7z
E LM DB ENELNAR ENRDO LN 728, H—kECHhEIRBREER T,
HEDOFD, REE SO 72— —k (Scheme 1) 25 L7=.

Table 4 Analysis wavelength

Component wavelength (nm)

Status

P,0s T o) 178.287

K,0 I ) 766.491

o 769.896

MeO o 279.553

oo 280.270

MiO R 257.610

e 260.569

B,O, [ 249.773

o 249.678

Fo R 259.940

oo 238.204

I ) 327.396

Cu me 224.700

oo 324.754

- [ 213.856

oo 206.200

Co R 228.616

R 393.366

ca oo 317.933

oo 202.030

Mo me 277.540

a) Wavelengths listed in Testing methods for Fertilizers
b) Neutral atomic beam
c¢) Ion beam
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| 1 g analytical sample | Weight to the order of 1 mg to 100-mL volumetric flask

<—About 50 mL water

| Shakingtomix |

«<—Water (up to marked line)

| Filtration | Type 3 filter paper

| Sample solution |

Aliquot
(predetermined volume)

100-mL volumetric flask

«—Add 25 mL of hydrochloric acid (1+5)
«<Water (up to marked line)

Measurement |ICP-OES

Schemel  Flow sheet of measurement procedure using ICP-OES for effective ingredients in liquid fertilizer

5) IFEIEER
AR IS, BT K OB 12 BB =E CEH L7z ICP-OES IZLA T D& B THY, ZILEND
ABRRICB W T DICIOFARS N 00T B 22D 30 BEHZ DWW T, 8) ORBR T IEICHE> CRERZTT -T2,
(1) He[m) i 5 fte 1
SRITHE 9 A 27 BB FonAE 11 A 18 A
(2) EATY
2 MCEVFRBL - L AR HRUE 30 s (R =F LUK S 1.5 g AD)
+2.3)(12)I2 K FAR U 72 IR A HEHERR 1 A (PFA RIR ML 9 100 mL AD)
(3) ZMaERE & OME i L7= ICP-OES
- AR NI BN SRl AR iR A 2 #— (Agilent 5100 ICP-OES)
o — R EIE NIRRT 2% — (Thermo Fisher iCAP6200DuO)
- RS CETS IR BR BE A AR TR JLFJE T (Thermo Fisher iCAP7400Duo)
- MRS S E R (R E AT ICPE-9820)
- MRS B B BT % — (Agilent 720-ES ICP-OES)
- RS ARRRR B R EHF AT (N —F b w—  Avio500)
- ANEMENEN B AR SFEAE S (SHER/ERT ICPE-9820)
- NERFEE N B AR R E 2 (Agilent 5110 ICP-OES)
s P—FT gy =Y AT 4T v 7Rt (Thermo Fisher iCAP7400RP)
-« MRSTATBOE N EMOKEN L2 et 2 —m v 2 — (BEU/ERT 1ICPS-8100)
- RER BT PR U 41 (Agilent 5100 ICP-OES)
- PR BRI R A S BR B R 2% — (SPECTRO SPECTROBLUE TI)
(50 = IE)
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3. RERUER

1) REROEHREOHE

Table 4 H1 0 2 O 3 IR LTI RAZIBW T, it 324 Bl 4y OFEHEIR D3 LR EE O A fER L
72 ZA, FERIT Figure 1 ©EBYTHY, WTIUICB W THEMBRMEEZRL, TOREHRE ()15 0.999 UL E
THEEHE R BRIE ORI QO D HELE I HEA TR - LT,

3000 - 120000
K 769.896 Mg 280.270
2500 L 100000 |
2000 |- 80000
2 2
g | § 60000
g 1500 g
1000 | 40000 |
00 y=28.597x+ 84.522 20000 y=>5610.8x+499.21
#2=1.00 #?=1.00
0 ) 0 1 Il 1
0 20 40 60 80 100 0 5 10 15 20
Concentration (mg/L) Concentration (mg/L)
4500 -
20000  Mn260.569 4000 | B 249.678
3500
15000 | 3000 -
Z £ 2500 ©
B 5 20m |
g 10000 | E
1500
1000
5000 =
y=20783x + 18.263 <0 Y= s 93
r?=1.00 o
0 : : : : 0 :
0 2 4 6 8 10 0 ! 2 3 4 5
Concentration (mg/L) Concentration (mg/L)
3000
Fe 238.204 3000 | Cu224.700
2500
2500
2000
& 2000 ©
2 1500 | 2
g g 1500 T
1000 - 1000 |
500 ¥=275.1x+7.9418 500 y=313.35x+7.5402
r?=1.00 #?=1.00
0 L 1 1 1 0
0 2 4 6 8 10 0 2 4 6 8 10
Concentration (mg/L) Concentration (mg/L)

Figure 1 Calibration curves



ICP-OES{EIZ L DWAR AR D A 5 Bk 43 O I E V5 DM REFEAM 131

8000 -
12000 FCu324.754 2000 | Zn 206.200
10000 - 6000 |
5000
z 8000 z
z g 4000 |
S 6000 - =
= = 3000 |
4000 - 2000 |
y=1199.6x+ 60.557 y="778.82x+ 14.266
2000+ © =100 1000 1 72=1.00
O 1 Il 1 Il
’ 0 2 4 6 8 10 0 2 4 6 8 10
Concentration (mg/L) Concentration (mg/L)
so00 |Ca317.933 4000 Mo 277.540
3500 |
4000 3000 |
22500 |
2 3000 | F
5 8 2000 |
S =
2000 | 1500 |
L 1000 |
1000 - J‘_499;;7_3"1f+0028'“7 ¥ =408.23x- 5.0067
T 500 1 #2=1.00
O O L L
0 2 4 6 8 10 0 2 4 6 8 10
Concentration {mg/L} Concentration {mg/L}

Figure |  Calibration curves(continued)

2) BRLGSAREFMCOEEOLE

W-P,0s, W-Co ZFR< 9 722V T, AEEFERIBRIE IR R IZHB A EEOEE LR TS
72912, W-K,0, W-MgO, W-MnO } T8 W-B,03 (2 OW T, R4y 12 4880 E (W-Ko0 1% 15 5 (ki
AR 10 5, FEERE=HEAIEE 1A, B GREE 4 5) W-MgO 1% 14 5 (RIRE G IR 9 A,
FIER B AR 1 A4, AFZRAREE 4 £), W-MnO 1% 13 £ (EIRE SRR 9 &1, A F Rk 4

S0, W-B20s 13 15 58 GRS IR 10 45 %Filxﬂﬂ%’ﬁ/\ﬂeﬂ 14, H %nﬂﬁ%ufﬁﬂ 4 1)) Dk
FHD\TEEHI%E&E&?EW%NEZE@YE' I E Al %ttixu”: ﬁEF%lﬁl‘mm@&U 95 % T I X fi] % Figure 2
\RLTz. E 7z, 95 lE X OB (b), G A (a), K OEVFEHR O BEAEREL (1) Z Table 5 IZ/RLTz.

FEASH 5 B BR 1 0D 26 X PR R RR T IE D JEHETIE, & (b) D 95 % BN 1 35 Fh, G/ (a) D 95 %
EHE XN 0 23 Fa, FHBELREL (r) 23 0.99 UL ETHLHZEAHEREL THY, RIEIXZOREAEEH LT
7.

F7-, W-Fe, W-Cu, W-Zn, W-Mo K T8 W-Ca 22\ TIE, BB D 7einoT=7=8, FREEEL 3 Alco
WG, BEIRER D B ERINE I R I2 kD 4 S0 TR BR O W Bl 4 i LT-.

ZOfERIT Table 6 DEBVTHY, 2 FEOMIRDOF /B2 MERRL, BRI ¢ BEZ TR R,
WA EKYE 5 % CHEREITRD BV -T.

ZDRERDD, Table 4 (IR LI R THRONCHEMITKEHR CREOHEEZFLTNDLEZ LI
7-.
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1000 . 6.00
W-Kzo 4 W-MgO
s | ¥=1.001x-0.0044 = Y =O‘29=9’1‘ 68‘0048
S =100 ) :
fg ’E 400 |
> 6.00 g
%3 o 300
D &
= 4.00 ‘;’
[p! 2.00 F
m e
5 g
@ 200 S 10 |
000 £ s . : . ' 0.00 : s - . - ;
0.00 2.00 4.00 6.00 8.00 10.00 0.00 1.00 2.00 3.00 4.00 5.00 6.00
ICP-OES (766.491nm) (%) ICP-OES (279.553 nm) (%)
2.50 250 -
W-MnO W-B,0;
y=0.986x-0.012 = y=0.997x - 0.0006
g 200 = 0.999 § 200 | r=1.00
g 150 - E 1.50
2 <+
& 100 | 100
T~ %)
- S
g N
[a W)
2 0.50 8 0.50 |
0.00 . . L L g 0.00 . n L . ,
0.00 0.50 1.00 1.50 2.00 2.50 0.00 0.50 1.00 1.50 2.00 2.50
ICP-OES (257.610nm) (%) ICP-OES (249.773 nm) (%)

Figure 2 Comparison between different analysis wavelength of each component

Table 5 The 95 % confidence interval and correlation coefficient of the regression line in
between different wavelength

Wavelength 95 % confidence interval correlation

Component compared coefficient
(nm) Inclination (b ) Intercept (a ) )
W-K,0O 766.491, 769.896 0.988 ~ 1.014 -0.074 ~ 0.065 1.000
W-MgO 279.553, 280.270  0.995 ~ 1.004 -0.014 ~ 0.004 1.000
W-MnO 257.610, 260.569 0.963 ~ 1.010 -0.037 ~ 0.013 0.999

W-B,05 249.773, 249.678 0.987 ~ 1.008 -0.008 ~ 0.007 1.000




ICP-OESYEIZ LA AL D& Zh ik sy DR EIEO PEREREAML 133

Table 6 Test result using samples of 3 different concentration for evaluating trueness

Analysis Mean® F test t test
No. of 59 _ —
Component wavelength Variance Critical Critical
sample (nm) (%) (%) . P t-value .
nm ratio value” value®
259.940 2.581 0.01
6 4.58 9.28 1.46 2.45
238.204 2.572 0.005
259.940 1.308 0.005
W-Fe 3 8.09 9.28 1.27 2.45
238.204 1.299 0.01
259.940 0.06534 0.0001
5 2.76 9.28 0.10 2.45
238.204 0.06535 0.00009
327.396 2.108 0.02
1 1.05 9.28 0.82 2.45
224.700 2.122 0.02
327.396 1.068 0.008
3 4.37 9.28 1.36 2.45
224.700 1.062 0.004
327.396 0.05270 0.0004
5 1.96 9.28 1.80 2.45
224.700 0.05209 0.0005
W-Cu
327.396 2.108 0.02
1 4.31 9.28 0.42 2.45
324.754 2.114 0.01
327.396 1.068 0.008
3 2.04 9.28 0.87 2.45
324.754 1.074 0.01
327.396 0.05270 0.0004
5 1.39 9.28 0.46 2.45
324.754 0.05258 0.0003
213.856 2.068 0.05
2 3.42 9.28 0.47 2.45
206.200 2.080 0.02
213.856 1.054 0.03
W-Zn 1 1.41 9.28 0.58 2.45
206.200 1.065 0.02
213.856 0.05186 0.0009
5 2.68 9.28 2.41 2.45
206.200 0.05056 0.0006
202.030 0.5023 0.004
2 3.57 9.28 0.10 2.45
277.540 0.5021 0.002
W-Mo 3 202.030 1.921 0.006 1.61 9.28 1.09 2.45
277.540 1.925 0.005
202.030 0.05259 0.0002
5 4.83 9.28 1.53 2.45
277.540 0.05274 0.00008
2 393.366 1777 0.03 1.17 9.28 0.19 2.45
317.933 1.781 0.03
W-Ca 3 393.366 1.079 0.02 1.05 9.28 0.08 2.45
317.933 1.080 0.02
5 393.366 0.05194 0.0009 505 9.28 0.36 2 45
317.933 0.05173 0.0007

a) Mean value(n=4)
b) Mass fraction(%)
¢) Standard deviation
d) F(3,3;0.05)

e) 1(6;0.05)
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3) HRAFBABERUININERE

FRBBEDOLRE SINTK R IO E O Fe% TUPAC O IFFRER 7 mhan Y2 > TRt L
L7-. BRBRBGE O IVEZ R H 9 572812 Cochran D8 & K O Grubbs DR E & FE i L, Z DfE K% Table
7RI,

BB, AVTUBRER O Ty 7 AR E COFEABIISINGAFR=E D 2/9 £TLLE.

A Al BRATICE S TTHRE R AT OREBRE N H 7273, ICP-0OES 1LV ELNDEE DO EICBIT A3
BROBRIE DNF g an CRESEZRY, 2. 8) (13) IRLI- B EMRAE R OREHE CORBREIER TE
RIS T=ZEDN RN ThH -7,
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Table 7 Individual result Massfraction(%)
Component Tab TDV 1 2 3 4 5
W-P,0; A 9.40 9.83 2.08 2.08 5.16 5.22 1.07 1.06 0.53 0.53
(178287 nm) B 9.36 9.32 1.97 1.97 5.03 4.97 1.03 1.02 0.51 0.51
C 9.94 9.90 2.24 2.20 5.52 5.60 1.08 1.08 0.54 0.54
D 11229 11.53Y 258 2519 617”572”1200 137 0.66°  0.67°
E 9.32 9.36 2.01 2.01 5.03 5.01 1.01 0.99 0.50 0.50
F 9.79 9.80 1.98 2.00 5.02 5.20 1.08 1.08 0.53 0.53
G 9.16 9.31 2.02 2.04 5.10 5.10 1.04 1.04 0.51 0.51
0 _ _ _ _ _ _ _ _ _ _
I 9.29 9.32 1.97 1.98 4.99 4.99 1.03 1.03 0.51 0.51
J 9.35 9.18 2.01 2.07 5.07 5.18 1.05” 099"  0.53 0.52
K 9.54 9.59 2.05 2.05 5.17 5.17 1.07 1.08 0.52 0.53
L 8.85 9.38 2.04 1.96 4.91 4.98 0.99 0.97 0.51 0.51
W-K,O A 2.24 228 10.14  10.12  5.00 4.94 1.03 1.02 0.51 0.51
(766.491 nm) B 2.23 224 1021 1013 5.01 4.96 1.03 1.01 0.51 0.51
C — J— — _ —_ — — J— — _
D 2.10 210 1047 9.86” 491 443”090 1.03” 047 0.47
E 2.79 252 1053 1070 5.47 5.39 1.06 1.04 0.55 0.54
F 2.26 2.25 1039 1039  5.09 5.05 1.04 1.04 0.52 0.51
G 2.18 2.17 9.96 1020  4.94 4.95 1.02 1.02 0.50 0.50
H 2.61 2.82 1077 1085  5.58 5.47 1.12 1.14 0.58 0.56
I 2.26 226  10.11  10.12  5.07 5.12 1.03 1.03 0.52 0.52
J 2.22 2.17 9.87  10.17  4.78 5.04 1.03 0.99 0.51 0.50
K 2.26 2.23 9.81 9.93 5.14 5.18 1.01 1.01 0.50 0.49
L 1.98 2.08 8.76°  8.787 4.19 427 0.86 0.89 0.41 0.41
W-K,0 A 2.23 230 1018 10.19 4.9 5.02 1.03 1.03 0.52 0.52
(769.896 nm) B 2.22 223 1017 10.12 495 4.95 1.02 1.00 0.51 0.51
C 2.39 239 1099 1099  5.58 5.53 1.16 1.15 0.57 0.56
D 2.06 2.07 9.98 9.37 459 415”086 099" 044 0.44
E 288" 2.5 1043 10.63  5.50 5.38 1.06 1.04 0.55 0.54
F 2.25 224 1007 10.11  4.98 4.92 1.01 1.01 0.50 0.50
G 2.16 220 1001 1030  4.89 5.02 1.03 1.03 0.50 0.50
H 234”218 1147  11.65 568 5.65 1.20 1.22 0.60 0.59
I 1.99 1.94 1080  10.80  4.83 4.92 1.10 1.09 0.47 0.48
J 2.12 2.09 9.82  10.12  4.68 4.84 1.03 0.98 0.49 0.48
K _ _ _ _ _ _ _ _ _ _
L _ _ _ _ _ _ _ _ _
W-MnO A 05150 0.5279 1.065  1.065  2.128  2.109 0.05212 0.05214 0.01137 0.01134
(257.610nm) B 0.5242 0.5213  1.080  1.082  2.145  2.103 0.05136 0.05077 0.01068 0.01095
C 05041 0.5042 1.007 1.013  1.960  1.959 0.05016 0.04995 0.01111 0.01098
D 0.5247 0.5261 1101 1.035” 2.144”  1.946" 0.04530” 0.05190" 0.01050 0.01060
E 05292 05296 1.08  1.084  2.160  2.169 0.05060 0.04940 0.01050 0.01040
F 05243 05286 1.080 1.087  2.149  2.160 0.05215 0.05222 0.01079 0.01071
G 05011 04960 1.044  1.054  2.123  2.077 0.05100 0.05050 0.01080 0.01110
H  05493” 0.6103” 1.142° 1.170° 2252  2.237 0.05950 0.05860 0.01420" 0.01280"
I 05266 05319 1.079 1.069 2.156  2.162 0.05171 0.05208 0.01082 0.01086
J 05267 05201 1.045  1.072 — — 0.05186 0.04982 0.01082 0.01083
K  05064” 0.5502” 1.051 1.065  2.071 2.098  0.05052” 0.05452% 0.01087 0.01085

L 0.4958 0.4999  1.034 1.046 1.994 2.041 0.05061 0.04973 0.01092 0.01071

a) Laboratory identification
b) Outlier of Cochran test
¢) Outlier of Grubbs test
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Table 7 Individual result Massfraction(%)
Component T ab ID? 1 2 3 4 5
W-MnO A 05127 0.5276 1.068  1.067  2.109  2.102 0.05213 0.05200 0.01129 0.01140
(260.569nm) B 0.5209 0.5147 1.070  1.084  2.142  2.116 0.05129 0.05109 0.01082 0.01085
C 05056 0.4998 1.019 1.019 2.012  1.989 0.05014 0.04980 0.01101 0.01098
D 05183 05204 1.092” 1.026” 2.141° 1.942% 0.04500* 0.05120® 0.01070 0.01070
E 05280 05281 1.085 1.084  2.159  2.172  0.05050 0.04930 0.01070 0.01060
F 05192 05225 1.085 1.092 2.190 2.186 0.05158 0.05186 0.01082 0.01069
G 04995 04978 1.042  1.064 2.107  2.102 0.05170 0.05110 0.01100 0.01120
H  0.5545” 0.6090” 1.141Y 1.176° 2.306 2243 0.05980° 0.05860% 0.01450" 0.01280"
I 0.5243 05274 1.081 1.079  2.146  2.158 0.05132 0.05152 0.01082 0.01086
J 05319 05252  1.066 1.092  2.172 2205 0.05236 0.05007 0.01038 0.01037
K 05439 0.5437 1.051  1.069  2.079  2.119 0.05407 0.05360 0.01108 0.01092
L 04912 04953 1.031  1.038  1.968  2.044 0.04925 0.04936 0.01073 0.01054
W-B,0; A 05021 0.5174 1.026  1.024  2.040  2.030 0.05225 0.05178 0.01204 0.01186
(249.773nm) B 0.5143 0.5146  1.039  1.035  2.087  2.067 0.05297 0.05137 0.01185 0.01174
C 05150 0.5127 1.025  1.038  2.060  2.043 0.05269 0.05232 0.01254 0.01233
D 0.5295 0.5221  1.036  0.980  1.982” 1.829" 0.04450” 0.05130> 0.01280 0.01280
E 0518 0.5192 1.047 1.055 2070 2.079 0.05190 0.05020 0.01190 0.01170
F 05248 0.5277 1.061  1.065 2.053  2.048 0.05272 0.05297 0.01240 0.01134
G 05075 05056 1.014  1.029  2.057  2.048 0.05110 0.05080 0.01170 0.01170
H 0.5213” 0.5862” 1.050 1.100  2.163  2.109 0.05830° 0.05730% 0.01420 0.01270
I 05128 05156 1.033  1.029 2.062  2.066 0.05105 0.05110 0.01119 0.01150
J 05067 05004 1.002  1.038  2.041  2.093 0.05217 0.04963 0.01214 0.01174
K 0518 0.5143 1.025  1.031  2.063  2.099 0.05139 0.05081 0.01287 0.01236
L 05145 0.5114 1.030  1.020 2.017  2.027 0.05023 0.05001 0.01068 0.01124
W-B,0, A 05023 05193  1.032  1.029  2.053  2.033 0.05227 0.05139 0.01210 0.01176
(249.678nm) B 0.5133 0.5039 1.019  1.056  2.110  1.983 0.05326 0.05114 0.01170 0.01183
C 05155 05153  1.020 1.037  2.075  2.069 0.05308 0.05250 0.01269 0.01245
D 0.5283 05198 1.045 0983  2.015  1.845 0.04430" 0.05130> 0.01270 0.01230
E 05175 0.5182 1.044  1.052  2.098  2.107 0.05150 0.04990 0.01170 0.01150
F 05028 0.5078 1.030  1.037  2.118  2.121  0.05023 0.05060 0.01110 0.01014
G 05064 05099 1.017  1.044  2.049  2.077 0.05250 0.05170 0.01190 0.01180
H  0.5409” 0.6046” 1.075° 1.1149 2.197  2.136  0.05910” 0.05810% 0.01480° 0.01310
I 05143 05161 1.020 1.014 2.054 2.062 0.05098 0.05087 0.01138 0.01141
J 05175 05182 1.044  1.052  2.098  2.107 0.05148 0.04992 0.01169 0.01153
K 05203 05195 1.040 1.041 2.078  2.105 0.05167 0.05129 0.01237 0.01200
L 05211 05176 1.040 1.018 2.016 2.034 0.04965 0.05023 0.01242 0.01156
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Table 7 Individual result Massfraction(%)
Component T ab 1DV 6 7 8 9 10
W-Fe A 2034 2053 04971 0.5078 1.073  1.052 0.1097 0.1075 0.05112 0.05253
(259.940nm) B 2.085  2.085 0.5047 0.5072 1.045  1.050 0.1126 0.1103 0.05300 0.05213
C 2.092  2.099 0.5046 0.5051 1.043  1.045 0.1091 0.1086 0.05250 0.05265
D 2.053 2140  0.5187 0.5089  1.058  1.064 0.1084 0.1095 0.05300 0.05360
E 2.119  2.118  0.5218 0.5249  1.060  1.068 0.1109 0.1106 0.05296 0.05277
F 2.107  2.081 0.5202 0.5218 1.061  1.046 0.1105 0.1103 0.05230 0.05338
G 2.059  2.046 0.5104 0.5088 1.041  1.042 0.1113 0.1105 0.05360 0.05330
H 22359 21959 0.5691° 0.5903° 1.048" 1.093" 0.1243° 0.1239° 0.06270" 0.05970"
I 2.105  2.097 0.5168 0.5184 1.060  1.064 0.1102 0.1103 0.05326 0.05326
J 2.059 2108 0.5108 0.5024 1.065  1.071 0.1123 0.1136 0.05392 0.05421
K 2113 2133 05125 0.5030 1.076  1.061 0.1165 0.1158 0.05501 0.05398
L 2.019  2.073 0.5084 0.5116 1.024  1.034 0.1070 0.1078 0.05219 0.05236
W-Fe A 2031 2.050 0.4863 0.4991 1.041  1.028 0.1082 0.1067 0.05049 0.05216
(238.204nm) B 2.060  2.068 0.5035 0.5070  1.044  1.048 0.1122 0.1103 0.05300 0.05207
C 2.069 2.078 0.5105 0.5114 1.055  1.055 0.1087 0.1083 0.05225 0.05247
D 2050 2.138 05177 05079 1.052  1.061  0.1084 0.1096 0.05300 0.05350
E 2,110 2,109 0.5173 05199  1.053  1.057 0.1099 0.1097 0.05272 0.05238
F 2,122 2101 0.5245 0.5258  1.067  1.051 0.1116" 0.1173% 0.05271 0.05361
G 2.081  2.091 0.5154 0.5153 1.050  1.055 0.1127 0.1125 0.05410 0.05380
H 22439 21729 056209 0.5777° 1.029” 1.093” 0.1241° 0.1236” 0.06200° 0.05900”
I 2.108  2.105 0.5138 0.5147 1.065 1.069 0.1104 0.1107 0.05354 0.05349
J 2.051  2.100 0.5184 0.5063 1.061  1.067 0.1125 0.1138 0.05412 0.05421
K 2035 2055 04913 04817 1.016 0995 0.1098 0.1089 0.05248 0.05110
L 2.037  2.069 0.5062 0.5098 1.020  1.024  0.1077 0.1081 0.05267 0.05214
W-Cu A 2088 2106 0.5230 0.5314 1.097 1.086 0.1099 0.1092 0.05101 0.05289
(327. 396nm) B 2.091 2104 0.5188 0.5250 1.082  1.070 0.1125 0.1115 0.05292 0.05224
C 2.079  2.083 0.5290 0.5258 1.067  1.072  0.1059 0.1060 0.05117 0.05117
D 2.065  2.157 0.5278 0.5175 1.073  1.080 0.1061° 0.1095" 0.05260 0.05320
E 2.170 2170 0.5372  0.5377 1.101  1.108 0.1129 0.1136 0.05381 0.05428
F 2.150  2.145  0.5406 0.5397  1.092  1.092  0.1113 0.1122 0.05266 0.05273
G 2098 2092 05334 05318 1071 1.073 0.1124 0.1116 0.05360 0.05340
H 2259 2193 058149 0.60219 1.068” 1.135” 0.1242  0.1238 0.06200° 0.05980
I 2.130  2.126  0.5355  0.5360  1.090  1.095 0.1107 0.1108 0.05324 0.05325
J 2.055  2.104 0.5373 0.5182 1.077  1.087 0.1129 0.1142 0.05373 0.05401
K 2234 2232 05557 0.5460 1.139  1.117 0.1169 0.1167 0.05496 0.05401
L 2.176  2.159  0.5411 0.5370  1.097  1.097 0.1102 0.1104 0.05222 0.05289
W-Cu A 2101 2115 0.5298 0.5346  1.093  1.089 0.1098 0.1101 0.05149 0.05341
(224.700nm) B 2.095 2135 0.5330 0.5267 1.087  1.081 0.1127 0.1116 0.05264 0.05187
C 2.130 2131 0.5379  0.5371  1.098  1.097  0.1093 0.1095 0.05267 0.05269
D 2.103”  2.194” 0.5381 0.5287  1.092 1.095  0.1060” 0.1093> 0.05270 0.05300
E 2.161 2165 0.5327 0.5360  1.095  1.099 0.1111 0.1116 0.05290 0.05311
F 2.104 2083  0.5517 0.5518 1.158” 1.155° 0.1095 0.1093 0.05600° 0.05691°
G 208 209 05303 05312 1.066 1.067 0.1119 0.1117 0.05330 0.05300
H 22519 22069 057479 0.5890° 1.059” 1.095" 0.12119 0.1215° 0.06210" 0.05810"
I 2.145 2141  0.5354 0.5411 1.098  1.101  0.1116 0.1116 0.05348 0.05353
J 2.109  2.149  0.5373 0.5182  1.092  1.103  0.1127 0.1138 0.05353 0.05343
K 2.135 2.147  0.5688° 0.56259 1.094 1.075 0.1102  0.1095 0.05217 0.05091
L 2132 2124 0.5336  0.5346 1.072  1.088 0.1075 0.1086 0.05161 0.05193
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Table 7 Individual result Massfraction(%)
Component [ab IDY 6 7 8 9 10
W-Cu A 2097 2121 0.5220 0.5322 1.106 1.084 0.1111 0.1088 0.05165 0.05289
(324.754nm) B 2.097  2.099 0.5204 0.5261 1.071  1.062 0.1113 0.1118 0.05303 0.05219
C 2.080 2108 0.5276 0.5245 1.079  1.080 0.1081 0.1083 0.05178 0.05181
D 2.073  2.156 0.5288 0.5189  1.076  1.083  0.1063 0.1095 0.05280 0.05330
E 2.161 2157  0.5425 0.5444  1.097  1.105 0.1120 0.1119 0.05335 0.05360
F 2.159 2157 0.5344 0.5328  1.102  1.105 0.1117 0.1127 0.05340 0.05332
G 2095 2098 05341 0.5333 1.069  1.074 0.1125 0.1121 0.05370 0.05350
H 2.240 2,177 0.5805 0.5983° 1.057” 1.123% 0.1234° 0.1229° 0.06160 0.05900"
I 2.127 2125 0.5354 0.5353  1.089  1.094 0.1108 0.1108 0.05329 0.05331
J 2.063 2122 0.5335 0.5222  1.084  1.095 0.1133 0.1144 0.05392 0.05421
K 2246 2243 05516 0.5442  1.137  1.121  0.1127 0.1102 0.05560 0.05461
L 2.161  2.155  0.5526 0.5566 1.106  1.098  0.1098 0.1101 0.05243 0.05293
W-Zn A 1.054  1.064  2.093 2.118 05270 0.5283 0.1047 0.1055 0.05088 0.05268
(213.856 nm) B 1.073  1.073 2151  2.167 0.5284 0.5249 0.1079 0.1070 0.05166 0.05186
C 1.029  1.034  2.042  2.025 05096 0.5111 0.1000 0.1001 0.04983 0.04998
D 1069  1.122  2.159  2.123  0.5383  0.5394 0.1035” 0.1066" 0.05340 0.05350
E 1.078  1.075 2153  2.155 0.5263 0.5282 0.1058 0.1060 0.05220 0.05247
F 1.094  1.086 2210 2203 0.5306 0.5248 0.1094 0.1092 0.05265 0.05352
G 1.059  1.065 2.128 2123  0.5199 0.5208 0.1071 0.1067 0.05260 0.05230
H 1.150 1114 2218 2243 0.5144” 0.5439" 0.1206” 0.11887 0.06711 0.05910"
I 1.054  1.054  2.097 2.098 05164 0.5196 0.1046 0.1047 0.05192 0.05203
J 1.080  1.097 2229  2.172  0.5305 0.5355 0.1083 0.1100 0.05412 0.05421
K 1.032  1.042 2.063 2.044 0.5087 0.5070 0.1057 0.1052 0.05178 0.05082
L 1.088  1.093  2.199 2200 0.5416 0.5396 0.1062 0.1062 0.05165 0.05239
W-Zn A 1.058  1.073 2115  2.140 0.5306 0.5346 0.1059 0.1062 0.05094 0.05288
(206.200nm) B 1.077  1.074 2155  2.145 0.5244 0.5202 0.1071 0.1065 0.05158 0.05108
C 1.044  1.045 2032 2016 0.5195 0.5218 0.0979 0.0980 0.04960 0.04975
D 1.065 1.114  2.170  2.130  0.5327 0.5350 0.1040" 0.1067” 0.05310 0.05320
E 1.096  1.097  2.168  2.177 0.5290 0.5290 0.1054 0.1054 0.05277 0.05275
F 1.021  1.009  2.089  2.087 0.5595 0.5563 0.1041 0.1039 0.04935 0.05015
G 1.062  1.071  2.142  2.140 05206 0.5211 0.1077 0.1073 0.05260 0.05240
H 1185  1.134 2304 2254  0.5157° 0.5615% 0.1219° 0.1214° 0.06896" 0.06137"
I 1.076  1.075  2.146  2.147 0.5251 0.5267 0.1069 0.1069 0.05304 0.05287
J 1.060  1.082  2.195  2.140 0.5227 0.5275 0.1074 0.1085 0.05353 0.05323
K 1.018  1.036  2.055  2.040 04912° 04930 0.1046 0.1037 0.05088 0.04984
L 1.072  1.075  2.158  2.156  0.5306 0.5251 0.1045 0.1046 0.05071 0.05149
W-Co A 05177 05235 1.054 1.067 2.161  2.153 0.1074 0.1075 0.05024 0.05212
(228.616nm) B 0.5223 0.5148 1.063  1.069  2.144  2.146 0.1097 0.1092 0.05185 0.05124
C 05266 05281 1.074 1.068  2.134  2.142  0.1055 0.1057 0.05098 0.05092
D 05192 05416 1.082  1.063  2.137  2.146  0.1040” 0.1071” 0.05230 0.05250
E 0528 05298 1.099 1.104 2.171  2.174 0.1079 0.1077 0.05235 0.05238
F 05326 05332 1.117 1.114  2.165° 2.137° 0.1087 0.1086 0.05358 0.05433
G 0518 05205 1.067 1.067 2.114  2.115 0.1097 0.1094 0.05220 0.05190
H  0.6010° 057409 1.213% 1.161° 2177 2.298" 0.1229° 0.1234° 0.06350" 0.05925"
I 05303 05290 1.086 1.083  2.170  2.177 0.1086 0.1088 0.05212 0.05202
J 05128 05242 1.097 1.080 2.180  2.190 0.1104 0.1116 0.05530 0.05430
K 05037 0.5091 1.050 1.037  2.109  2.107 0.1071 0.1065 0.05053 0.04963
L 05308 05223 1.080 1.081 2.117 2.123 0.1074 0.1076 0.05182 0.05227
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Table 7 Individual result Massfraction(%)
Component T ab IDY 11 12 13 14 15
W-MgO A 5343 5291 2179  2.158  1.050 1.019  0.516  0.513  0.052  0.052
(279.553nm) B 5227 5283 2130 2.116  1.001  1.004  0.528  0.525  0.054  0.053
C — — 1.880  1.864  0.975  0.972 — — 0.047  0.048
D 5068 5209 2139 2138  1.022  1.039  0.512  0.503  0.052  0.052
E — — — — 1.011  1.002 — — 0.049  0.049
F 5421 5416 2239 2223  1.025 1.041 0529  0.526  0.051  0.051
G 5285 5381  2219” 2.158” 1.050 1.072  0.507 0518  0.052  0.053
H 5598 5403 2476 2467  1.156  1.155  0.559° 0.573°  0.069° 0.071°
I 5.168 5208  2.148  2.155 1.074  1.075  0.505  0.511  0.054  0.054
] _ _ _ _ _ _ _ _ _ _
K 5422 5301 2.093  2.086 1.022 0991  0.512  0.502  0.049  0.048
L 4.712° 47132 1956 1950  0.936  0.945  0.518  0.542  0.047  0.048
W-MgO A 5420 5392 2194 2.178  1.050  1.023  0.530  0.524  0.052  0.051
(280.270nm) B 5205 5109 2.086 2.078 0996  1.012  0.524  0.526  0.054  0.053
C — — 1.988  1.974  0.995  0.993 — — 0.047  0.049
D 5399 5545 2243 2230  1.039  1.059 0509  0.491  0.053  0.053
E — — 2.093  2.082  1.018  1.008 — — 0.049  0.049
F 5610  5.600 2.172  2.158 0986  1.003  0.520  0.518  0.049  0.049
G 5178 5240  2.147  2.101  1.017 1.036  0.507  0.514  0.051  0.051
H 5.579  5.431 2460 2446  1.142° 1.156° 0.559  0.577  0.069° 0.069°
I 5074  5.024 2.069 2.071 1.008 1.011 0488  0.492  0.051  0.050
] _ _ _ _ _ _ _ _ _ _
K 5525 5389 2127  2.110 098  0.955  0.509  0.499  0.047  0.046
L 4711 4.694  1.942  1.921  0.942  0.927  0.483  0.498  0.046  0.046
W-Ca A 0.2547 0.2535  1.792  1.759  1.054  1.030 0.05546 0.05516 0.05194 0.05137
(393.366nm) B 0.2725 02658 1.781  1.811  1.065  1.063 0.06827° 0.06720° 0.06504% 0.06141"
C  0.2401 02413 1.748 1.744  1.030  1.030 0.05126 0.05130 0.04952 0.04993
D  0.2483 02584 1.742 1.736  1.023  1.040 0.05470 0.05350 0.05120 0.05220
E 02475 0.2491 — — — — — — — —
F 0.2297 0.2260 1.717  1.708  0.989  0.996 0.05060 0.05026 0.04864 0.04797
G 0.2451 0.2484 1.768  1.699  1.015  1.030 0.05300 0.05380 0.05020 0.04950
H  03115° 03018Y 2.034° 2.086° 1.180° 1.192° 0.078757 0.07536” 0.07368° 0.07079°
I 0.2333  0.2377 1.700  1.704  1.007  1.021 0.05385 0.05406 0.05242 0.05208
J — — — J— — — — J— — —
K 0218 02398 1.764 1.743  1.091” 1.015” 0.05243 0.05142 0.05126 0.05029
L 0.2531 0.2529 1.703  1.703  1.003  0.990 0.06240 0.06031 0.05252 0.05166
W-Ca A 0.2466 0.2438  1.769  1.754  1.024  1.001 0.05373 0.05312 0.05037 0.04988
(317.933nm) B 02734 02664 1.764 1.778  1.046  1.048 0.06662 0.06580 0.06353 0.06026
C  0.2450 0.2464 — — — — — — — —
D 02376 02464 1.772 1.765 1.026  1.045 0.05510 0.05390 0.05140 0.05240
E  0.2446 0.2454 1.818 1.812  1.064  1.064 0.05306 0.05286 0.05120 0.05117
F 0.2363 0.2334  1.760  1.744  1.027  1.035 0.05272 0.05207 0.04983 0.04938
G 02445 02488 1.784  1.744  1.028  1.045 0.05290 0.05350 0.05020 0.05100
H 031109 029817 2.033” 2.0829 1.1819 1.1929 0.07867" 0.07531% 0.07387 0.07093
I 0.2309 0.2343  1.702  1.706  1.001  1.017 0.05348 0.05359 0.05224 0.05181
J 0.2567 0.2619 1.765  1.748  1.055  1.037 0.06714° 0.06647° 0.06489 0.06412
K 0.2158” 02416” 1771  1.762  1.056  1.002 0.05225 0.05064 0.05106 0.04975
L 02439 02413 1.695 1.681  0.981  0.977 0.05972 0.05953 0.05129 0.05187
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Table 7 Individual result Massfraction(%)
Component 1 ab IDY 11 12 13 14 15

W-Mo A 1.035  1.041 0.4965 0.4962 1933  1.896 0.04802 0.04740 0.05470 0.05376
(202.030nm) B 1.028  1.020 0.4919 04959 1972  1.975 0.04752 0.04765 0.05437 0.05470
C 1.034  1.037 0.5027 0.5041 1.964  1.958 0.04753 0.04737 0.05486 0.05506
D 0.992  1.025 0.4860 0.4930 1914  1.943 0.04700 0.04500 0.05200 0.05400"
E 1.023  1.016 0.4941 04932 1948  1.950 0.04602 0.04574 0.05370 0.05348
F 1.068  1.065 0.5041 0.5010 2.065  2.050 0.04903 0.04909 0.05540 0.05524
G 1.032  1.041 05084 0.4949  1.971  2.002 0.04690 0.04750 0.05520 0.05480
H 1040 1.097  0.6113” 0.5933° 2.110” 2.219” 0.05604° 0.05348% 0.06285° 0.06190°
I 1.036  1.042 05062 0.5129  1.980  1.995 0.04771 0.04775 0.05508 0.05503
J0.9859 0.9902 04777 04736 1.903  1.891 0.04781 0.04714 0.05500 0.05459
K 1.047  1.015 0.5151 0.5173  1.987  1.942  0.04545 0.04419 0.05256 0.05276
L 1.061  1.067 0.5161 04972 2.008  1.968 0.04691 0.04771 0.05351 0.05383
W-Mo A 1.038  1.026 0.4997 04960 1.943  1.878 0.04783 0.04724 0.05410 0.05387
(277.540nm) B 1.041  1.026  0.5004 0.4989 1.969  1.975 0.04792 0.04736 0.05382 0.05510
C 1.039  1.043  0.5046 0.5051 1.974  1.977 0.04744 0.04741 0.05450 0.05506
D 0.9830 1.019 0.4830 0.4890  1.900 1.922  0.04700” 0.04500” 0.05200 0.05300
E 1.048  1.043 0.5041 0.5027 1.996  1.999 0.04718 0.04705 0.05459 0.05460

F 1.031  1.034 04970 0.5032 1.963  1.953  0.04758 0.04740 0.05353 0.05341
G 1.050  1.064 0.5226 0.5086 1.948  1.976 0.04760 0.04810 0.05200 0.05350
H 1.051  1.097  0.6006° 0.5809° 2.104” 2.206” 0.05621° 0.05415% 0.06242° 0.06209°
I 1.036  1.046 0.5062 0.5120 1.977  1.988 0.04790 0.04783 0.05506 0.05484
J 1.005  1.006 0.4817 04776 1873  1.860 0.05016 0.04931 0.05500 0.05459

K _ _ _ _ _ _ _ _ _ _
L 1.070  1.069  0.5203 0.5154 1.989  1.958 0.04755 0.04784 0.05340 0.05326
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Table 8 Staistical analysis of Collaborative results

No. of Labs Mean” 59 RSD°  CRSD) sg? RSDR"”  CRSDy"
Component
sample  p(¢)" (%)? (%)” (%) (%) (%)” (%) (%)
1 10(1) 9.45 0.16 1.7 2 0.29 3.0 4
2 10(1) 2.02 0.02 1.2 2 0.04 2.0 4
3 1001 ) ) ) 2 ) : 4
W-P,0. (n 5.07 0.06 1.1 0.09 1.9
4 9(2) 1.04 0.01 0.8 2 0.04 3.5 4
5 10(1) 0.519 0.003 0.6 3 0.013 2.5 6
1 11 2.20 0.03 1.3 2 0.08 3.8 4
S Y SR S NS
(766.491 nm) ' ' ' ' '
4 10(1) 1.04 0.01 1.2 2 0.04 3.7 4
5 11 0.505 0.006 1.2 3 0.041 8.1 6
1 8(2) 2.18 0.03 1.2 2 0.13 6.1 4
WO Db 0 w12 2 om es 4
(769.896 nm) > ' ' ’ 2
4 9(1) 1.07 0.01 1.4 2 0.07 6.9 4
5 10 0.514 0.005 1.0 3 0.045 8.8 6
1 10(2) 0.518 0.004 0.8 3 0.013 2.5 6
W-MnO g 18% 1.06 0.01 0.8 ; 0.02 2.3 j
(257.610 nm) 2.11 0.02 0.9 0.08 3.8
4 10(2) 0.0518 0.0006 1.2 4 0.0027 5.2 8
5 11(1) 0.0108 0.0001 1.0 4 0.0002 2.3 8
1 11(1) 0.518 0.004 0.8 3 0.015 2.9 6
W-MnO i 1(1)8; 1.06 0.01 0.9 ; 0.02 22 :
(260.569 nm) 2.13 0.03 1.2 0.08 3.8
4 10(2) 0.0512 0.0006 1.2 4 0.0014 2.6 8
5 11(1) 0.0108 0.0001 0.7 4 0.0003 2.5 8
1 11(1) 0.515 0.004 0.8 3 0.008 1.5 6
W-B,0, 2 12 1.03 0.02 1.7 2 0.02 2.2 4
3 11(1) 2.06 0.02 0.9 2 0.03 1.6 4
(249.773 nm)
4 10(2) 0.0515 0.0008 1.6 4 0.0010 2.0 8
5 12 0.0121 0.0004 3.5 4 0.0007 6.1 8
1 11(1) 0.515 0.005 0.9 3 0.007 1.3 6
W-B,0, i 111(21) ;83 8.82 ;; i 8.81 ;421 j
(249.678 nm) 07 05 ' 07 ’
4 10(2) 0.0513 0.0008 1.5 4 0.0011 2.1 8
5 11(1) 0.0118 0.0003 2.7 4 0.0006 4.9 8

a) Number of laboratories, where p =number of laboratories retained after outlier removed
and (g )=number of outliers

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier removed (n=The number of laboratories(p) X The number of repetition(2))

¢) Mass fracton

d) Repeatability standard deviation

e) Repeatability relative standard deviation

f) Criteria of precision for Repeatability relative standard deviation in Testing Methods for Fertilizers 2019
g) Reproducibility standard deviation

h) Reproducibility relative standard deviation

i) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2019
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Table 8 Staistical analysis of Collaborative results
No. of Labs Mean” 5.9 RSD®  CRSD sz RSDR®  CRSDR"
Component . , ;
sample 5 (¢)” (%)" (%)" (%) (%) (%)" (%) (%)

6 11(1) 2.09 0.03 1.2 2 0.03 1.6 4

7 11(1) 0.511 0.004 0.8 3 0.008 1.5 6

W-Fe 8 11(1) 2 4
(259.940 nm) 1.05 0.01 0.7 0.01 1.3

9 11(1) 0.111 0.001 0.8 3 0.002 2.2 6

10 11(1) 0.0530 0.0005 1.0 4 0.0009 1.6 8

6 11(1) 2.08 0.02 1.2 2 0.03 1.5 4

W-Fe 118; 0.509 0.005 1.0 ; 0.012 23 j
(238.204 nm) 1.05 0.01 0.7 0.02 1.9

10(2) 0.110 0.001 0.7 3 0.002 1.7 6

10 11(1) 0.0528 0.0006 1.1 4 0.0010 1.8 8

6 12 2.14 0.03 1.2 2 0.06 2.6 4

W-Cu 7 1123 0.533 0.006 1.1 ; 0.010 1.8 i
(327,396 nm) 1.09 0.01 0.6 0.02 1.6

11(1) 0.113 0.0005 0.4 3 0.0046 4.1 6

10 11(1) 0.0530 0.0005 1.0 4 0.0010 1.9 8

6 10(2) 2.12 0.01 0.7 2 0.03 1.2 4

7 10(2) 0.535 0.005 1.0 3 0.008 1.4 6

W-Cu 10(2) 2 4
(224.700 nm) 1.09 0.01 0.6 0.01 1.0

10(2) 0.111 0.0005 0.4 3 0.0016 1.5 6

10 10(2) 0.0527 0.0006 1.1 4 0.0008 1.5 8

6 12 2.14 0.03 1.2 2 0.05 2.4 4

W-Cu 7 H 83 0.534 0.005 0.8 z 0.011 2.0 2
(324.754 nm) 1.09 0.01 0.7 0.02 1.7

11(1) 0.111 0.001 1.0 3 0.002 1.8 6

10 11(1) 0.0532 0.0004 0.8 4 0.0009 1.8 8

6 12 1.07 0.01 1.3 2 0.03 2.8 4

WoZn 7 111(21) 2.14 0.02 0.8 i 0.06 2.9 2
(213.856 nm) 0.525 0.002 0.4 0.011 2.0

10(2) 0.106 0.0005 0.5 3 0.0027 2.5 6

10 11(1) 0.0522 0.0005 1.0 4 0.0012 2.3 8

6 12 1.07 0.02 1.5 2 0.04 3.6 4

W-Zn ; 101(22) 2.14 0.02 0.9 § 0.07 3.1 2
(206.200 nm) 0.530 0.002 0.4 0.011 2.1

10(2) 0.105 0.0004 0.3 3 0.0029 2.8 6

10 11(1) 0.0517 0.0005 1.1 4 0.0014 2.7 8

6 11(1) 0.524 0.006 1.2 3 0.009 1.7 6

W-Co 7 1(1)8; 1.08 0.01 0.7 i 0.02 1.9 :
(228.616 nm) 2.15 0.005 0.2 0.025 1.2

10(2) 0.108 0.0003 0.3 3 0.0016 1.4 6

10 11(1) 0.0521 0.0005 1.1 4 0.0014 2.6 8
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Table 8 Staistical analysis of Collaborative results

No. of Labs Mean” 5.2 RSD.”  CRSD/, sy RSD®  CRSDR"
Component ) _ .
sample  p(g)” (%)” (%)” (%) (%) (%)” (%) (%)
11 8(1) 5.31 0.07 1.4 2 0.13 2.4 4
W-MgO 12 9(1) 2.13 0.01 0.4 2 0.17 7.9 4
(279.553 nm) 13 11 1.03 0.01 1.2 2 0.06 5.5 4
14 8(1) 0.517 0.008 1.5 3 0.011 2.2 6
15 10(1) 0.0508 0.0005 1.0 4 0.0025 4.9 8
11 9 5.28 0.07 1.2 2 0.29 5.5 4
W-MgO 12 11 2.13 0.01 0.6 2 0.14 6.5 4
(280.270 nm) 13 10(1) 1.00 0.01 1.3 2 0.03 3.4 4
14 9 0.515 0.008 1.5 3 0.025 4.8 6
15 10(1) 0.0498 0.0006 1.3 4 0.0026 5.2 8
11 9(2) 0.248 0.003 1.3 3 0.012 4.9 6
W-Ca 12 9(1) 1.74 0.02 1.2 2 0.04 2.0 4
(393.366 nm) 13 8(2) 1.02 0.01 0.9 2 0.02 2.4 4
14 8(2) 0.0540 0.0007 1.3 4 0.0034 6.4 8
15 8(2) 0.0508 0.0005 1.0 4 0.0014 2.8 8
11 10(2) 0.246 0.003 1.3 3 0.011 45 6
W-Ca 12 10(1) 1.75 0.01 0.7 2 0.04 2.1 4
(317.933 nm) 13 10(1) 1.03 0.02 1.5 2 0.03 2.5 4
14 9(2) 0.0553 0.0006 1.0 4 0.0047 8.6 8
15 11 0.0551 0.0010 1.9 4 0.0076 13.9 8
11 12 1.03 0.02 1.5 2 0.03 2.5 4
W-Mo 12 11(1) 0.499 0.006 1.1 3 0.01 2.3 6
(202.030 nm) 13 11(1) 1.96 0.02 0.9 2 0.05 2.3 4
14 11(1) 0.0471 0.0006 1.2 4 0.001 2.6 8
15 10(2) 0.0544 0.0003 0.5 4 0.0009 1.6 8
11 11 1.04 0.01 1.3 2 0.02 2.4 4
W-Mo 12 10(1) 0.501 0.004 0.8 3 0.012 2.4 6
(277.540 nm) 13 10(1) 1.95 0.02 1.0 2 0.04 2.2 4
14 9(2) 0.0478 0.0003 0.7 4 0.0008 1.6 8
15 10(1) 0.0540 0.0005 1.0 4 0.0010 1.8 8
4. FL0

ICP-OES 2 LAHR AL DA S0 A A IEE IS HOUWNT, 12 3BT 15 fiME (30 /&) o EHA VT
L[EFBRA LML, O TR R OB EM OB BN EAM AL, £72, P, Co D ILEIZOWTITHE
B RICEV LRI A R 2720 | i mARO BRI K O R M COEE O gk Z21T o 7.

FORER, MEMOBEMIEILIRIFTHY, FHEECHLNHEMEIXEER CRIEOEEAZHL TN
LB Z BT, Fn, BB HE MR 25 (RSDR) 1ZARAELE SR BRIE O 2 4 R O FIEIC RSN T D
HENTHST-ZEND, IEEVERBRIEICH T MR UED Type B(SLV LN HCV [ZXA5HM) (25 & L
TWHZEa R LTz,

B

LFEFRBRICT W 7o re S EUTe— AR R NI B R AR AR A B 2 —, — ik ME AR IR
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RELONT B2 —, — b s NS R BR Ba i 2R P R e T, BRAE t B U ERT, PR AR ZH BR
Bifiti v —, IR HLALRRR B R 2T TE AT, N M AN B AR RS ER S, AEMEEANB AR
ERERE S, VY —F 740y — AT T a7 0y 7R, PR SR B8 BRSOV R B AR
KABRER F A —OFAICHEEZRLET.

X

1) FILEIT (ICP ot ot/ #r (ICP-OES) i LD WK ME ALt D K VA ME Tk 4y DI GE, NEEHIFZE
&, 8, 1~8, (2015)

2) IS ICP FE 53 653 T (ICP-OES) £ LD WK AL} i o> 2 SR 38 BURHER DR E, MLEHIF I8 7R
2,9, 1~8, (2016)

3) JRSEATBOE N RMOKPETE B L it 2 — (FAMIC) : BB 5% (2019)

<http://www.famic.go.jp/ffis/fert/obj/shikenho_2019.pdf>

4) Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency
Testing of Analytical Chemistry Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)

5) Horwitz, W., : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure
& Appl. Chem., 67(2), 331~343(1995)

6) AOAC OFFICIAL METHODS OF ANALYSIS Appendix D: Guidelines for Collaborative Study
Procedures To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005)
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Performance Evaluation of Determination Method for effective ingredients by ICP-OES
in liquid fertilizer:

Harmonized Collaborative Validation

YAMANISHI Masayuki !, KATOU Madoka' and SHIRAI Yuji!
'Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department

It had been verified performance of single laboratory that determination of effective ingredients by ICP-
OES in liquid fertilizer described in Testing Methods for Fertilizers. However, these methods were not
evaluated by harmonized collaborative validation. Therefore, we conducted a collaborative analysis by means
of international harmonized protocol to evaluate for determination of effective ingredients by ICP-OES in
liquid fertilizers. Fifteen samples were sent to 12 collaborators. These samples were analyzed as blind
duplicated. After identification of outliers with Cochran test and Grubbs test, the mean values and the
reproducibility relative standard deviation (RSDr) of determination of W-P>,0s5, W-K,O, W-MgO, W-MnO,
W-B,03, W-Fe, W-Cu, W-Zn, W-Co, W-Ca, W-Mo were reported 0.52 % - 9.45 %, 0.50 % - 10.41 %,
0.050 % - 5.314 %, 0.01084 % - 2.128 %, 0.01182 % - 2.068 %, 0.05282 % - 2.085 %, 0.05267 % -
2.139 %, 0.05172 % - 2.142 %, 0.05213 % - 2.146 %, 0.05079 % - 1.755 % and 0.04711 % - 1.964 %, as a
mass fraction and 1.9 % - 3.5 %, 3.0 % - 8.8 %, 2.2 % - 7.9 %,2.2 % - 5.2 %, 1.3 % - 6.1 %, 1.3 % - 2.3 %,
1.0 % - 4.1 %,2.0% -3.6%,1.2 % -2.6%,2.0% -13.9 %, 1.6 % - 2.6 %, respectively. These results
indicated that each method has acceptable precision for determination of effective ingredients by ICP-OES
in liquid fertilizer at these concentration ranges. In conclusion, those results demonstrated these methods
were validated for the determination of effective ingredients in liquid fertilizer by harmonized collaborative

validation.

Key words  fertilizer, liquid, ICP-OES, harmonized collaborative validation

(Research Report of Fertilizer, 13, 123-145, 2020)
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10 SEEHOERICESIDFEIVLFDOLIEAD

E1R, EO~DORUGER (#&E)
—2018 FEAAE-2019 FEH{E—

RS, WRIER 2, ATILANSE 2, F LS 3, NGRS, Bl s
F—I—F  GUEAEL, EARER, DRIV L

1. [XC®IC

AEEFD A E RS Y CIIIBIRIEH P OB B EFFSNDIRIV LD K E (LT, [EHTFRME] ). )
1% 0.0005 %&EDHHIVTIY, GIEIBHIZOFEPHNIZI T, I Tnd. —75, THIRIEEOfE ]
I HEICAm SN B RAEML, ISR T 5L THEORF 282 CTRIEM ~BITL, A&

B ER BB EFESNDZENIRESN TS, 2009 4 3 A ICERMOKEE DI ESNTEIRIEEI O
HlOdHY I T MRS EI2ITBNT, 155 2 B 3 fRRER TN N E R R LT,
AR NERFFREORVE I A2 BT 570, DEARBCHW- LHET, @ISR A0 LR
DHEATWDIGEITIE, 2O HEATE A LARIY A2 RN LT W EIEMZ 5L, FE) ~OWRIOF I, 2
EAFAD. | LRSIz, ZOZEDD, IERIOF K OV RO MR L BRI B T 2 &gt L
T, 1GIRIEROE HRBRZ T, TRI7 LD HHEA~OZEFE K OVEM IR ORI B 729 5.

2009 FEAENG 2018 FEAEITHNT, GIRAEFE e L7 K OVt FHL TR X oD 2 BRBRIX A 7T, 4
M, BELAMED —RAEE AL GERARBREZI T C&72. BIEMIZOWTE, RBREBM L 24 H (2010
) DEIZRTL LYY, [FEELIZT 734, 3 4EH (2011 45) OBIZH 7 2ERTLIZLISNE, BIEIc=
v, BRI R AR LU TS E T CE-. $, ZRETOR R, IREFZEH S H 4 59 ~12
FVNRHES N TODERY, BIEETHERORIRIY AREIT EFEMZRL TN, (EMIROARIY
APRFE I B Z R TORWEREL TS, ZoZED, HIRIEEFF O A RIT A3 EIZ 0.1 mol/L HifE
AYEDOTGHE (UL T, THFEADRIYA]) TEELTWAR, ISR % IR banszeicdy, 15
PRI NIV R BE TIEEL CODEDARGRDINL TH Tz, ZivaEs T, IEEMIFZEHA 2 12 5 Cik, IR
U LADAREALORRI (LLF, TERR R Z AT 5720 ORBEITV, ZORENRESIL TN,

2018 FEAAER TN 2019 FEBARIZHOWTH 5 EHe & [l TOHIEALBOE B ATV, £/, FEER=1
VTR S OREEATT2DT, TOMEEZRETD.

2. MHRUAE

1) HBREBEUHELER
AR, MSATBUE NRMOKEH B Z eI 2 —a WY G E RSV Eh) IcTERLT.
VOMNTATEOE NEMOK EETE B 22 2 i 2 — IRk 22 A f i () @l 2 & —
? PRSEATBOE NEMOKEE B 22 R 2 7 — NEETE 2 SR A
S OMNIATBOE N ERMOKEW B 2 2B 2 — IR RN SR (BL) P o2 —
P OMNTATBOE NRMOKPE & Z et 2 — IRE RN L SR () 4 &R 2 —
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P TR OFFITEAR Y -, THITRLKETHD. Fo, el 8%, 15IRIEE O H B3 55 115
(BUEREEH FH X) &, fii B RED e 18 (BEVEX) L UT-. fak 18805 Bl B E 3 85 11813 2004 4 &
O 2006 FIZIHTRIER (URIGIENEE X OV FKIBIENEER Z i L CHY, ZORFDTHIRIEE RO I RIT A
AT, BRI (4 m?) Y7205 100 mg Th-o7-.

2) HERROERK

FRBRIX ORERIE, Figure 1 OEIBVART 49 m? (]t 7 m X K8 7 m) 2R EL, T OWNMNZIHTRAEEE i F 3
DG VEREAEHE FH X (AP) &, Al EAERFf - DA HE X (SP) A B iE L7z, AR XS OmfEIL 4 m* (fit 2
mXH2 m) L, 2 BRIX 2 IKEDR 4 MBRXELT-. F72, KRB OE 1 m O3 —R7I7v el
T, RBR X O K OVERCHHEE DI TRIEEIOIR AR IED B B CRLE L.

I m
SP-1 SP-2 2m
im
AP-1 AP-2 2m
im
I m 2m I m 2m I m

Figure 1 Plot plant of the test field
(AP: Sludge-fertilizer-application plot, SP:Standard plot)

3) #EEHE

AR AW IGIRIEENE, T ICHEL CODTIRIEECTHY, — R FENOHEHEN D LURIGTR KDY
FALETBIRZ KL, B2y TREER] (WAL %) ZINZ RSB, FiEK 3 mm OURIGIRIEETH
%. Fio, MIEIEEHTIL, JIS HICBUESIV T DRIERFROIRFE, VAR _KFET =T LR O LD
U LA U, URTGTRAEE & O IEAEEI D2 55y O o Hrid RS R BRIEY I Ko T2, 72720, LIRIGTRIE
Bl DR R A R I AT AEEHE BRI E D D220, L7238 1 g 2 0.1 mol/L /% 50 mL T 60
SyRRES L, 2Dk DO—E &% 105 °C THEAL, mt, M E AR GERE 1423) LIbOZ R -5y
Hrd&{E (Z-2310: HITACHI, # & 228.8 nm) (CXVMELY. E7z, Aila] (2012 FEEAEAD 2018 FHE) £T
il L T URIBIRIEEI O IEE 23 e Te o7 2 e D, BT UIRIBIRIEENE ATFL, ARl O3B D L
7o 728, L ATFUIZURIGTEREEFD R 53 53 Bt 5% Table 112, #liEAREIO By % Table 2 12777
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Table 1 Properties of sludge fertilizer

Components Unit Content Components Unit  Content
Total nitrogen 0, 5.8 Total copper mg/kg 329
Total phosphrus (P,0O5s) % 4.7 Total Zinc mg/kg 1038
Total potassium (K,0) % 0.4 Carbon to nitrogen ratio - 6.3
Total calcium(CaO) % 1.4 Total cadmium mg/kg 2.7Y
Organic carbon % 360 Acid-solubility-cadmium®’ mg/kg 1.8
Moisture % 11.2

a) Mass fraction
b) 2.84 mg /kgin the dry matter

¢) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid

Table 2 Properties of reagent

Components Unit  Urea Ammoniumu dihy Potas s.ium
drogen phosphate chloride
Total nitrogen 0, 46.1 12.0 —
Total phosphrusb> % - 61.0 -
Total potassium®’ % — — 63.1

a) Mass fraction
b) Content as P,O5
¢) Content as K,0

4) FEABEEET B USHERE B FE

URIB IR AR K Ol E AR O i F B0, 35 EIR O R EREDEERED 22ELL T, | RBRSHI0IC
WEELIRDETR, VAR, INBEOK LRy &2 R M52 TRREILZ. 72720, URIGIRIEEIOHE H &Iz
WU, BMKPEEE OERLT-T 7 —MNREIZEDE 1 1EHTZD 500 kg/10 a FREE Db — LD EIETH
ST2ZEY . F e, WOnO BIRIRIZED L, THIRILEF O B4R S A~ZFE T 202 Ml 3572012, 15
JeAEEt O i R E D _EFRIE 500 kg/10 a~1000 kg/10 a FREN HZEL TORENTNWAIEY W 512, &1
A2 F U775 R IRE A L2354, D pH MET 228N MbNTWAIE P S BA 5 E
L, 13X (4m?) H7-0OUIRIGIRALEIO AL 1T, 500kg/10a (1000 m?) ? 250 43D 1 Hb7/2% 2kg ELT-.

1B VRNEAEH i X 0D 28 35 O Jifi i B2 i 5145725, Table 1 OURIBIRIEEHZ W TR LB A FE L,
ERNFE KD bbb, BARZ (1 50 g F12) LUIRIGIRAEEF (£ 25 mg #H24) ZIRAL, 30 °C
DAYV Fa_X—H—"T, 7, 14, 21, 28, 35, 42, 70 Je O} 98 H [E5#, RAEICCTRBEIEERZITL, M
fbREE MU, ZORER, BRI 42 A DBEOOIZIE—E LD, BRI 33 %l/pol-. milElETOL
PRIGUENEEH T EEREAL =23 30 %D LA, EHRNREAAE 20 %, BAF 50 %l THilEi&H21T->TERD, 4
DURTBIRIEEHZ SOV TH L R NUE R TH 72205, BRRLFLEL BELY, TOBROEHZD
RISy ZAREAREFCHfio 72, — 07, TBIRAREHE A X D0 AR O it i B2 DWW Tk, LIRIBTRIEEH DY A
B CIEM DOREG LB T8 R i IE L HE A5 7= LTz, RiTE (2018 4EE1ERR) OB H34 54T LT
LA, TBIRAREN X O ZIEED ABEAS 14.5 mg/100 g #o+Tdhh, AL ATRE Y ICHB T D H R
AT E HEEAE (10 mg/100 g #21) Zili7- L Q=2 a0, MEIREHI LAV ABRDBIEIX TR0 ~T-. £
7o, MBOKAHEIZOWTIE, EEEBEYHIEEESIRL T, URTGIBIEEIOINE EOR B2 EIRET
o7z,

FHERAZ DV TR, MEAED B2 W COIETRALEHE X E RIS DR, VAR, IR &EERDIOFREL
7o Fo, BEHERXOFTVERR L 158 (2018 4 E1E%) DA ZNREV ALFEIZ 17.0 mg/100 g #21ChHY, Hi ) HHEIA
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fa#tOtE BAEARM LTI eh D, THIEIEEHE A X OV ABR LRI & ETELC, IBMOHIEIZITH72h3-
7-.

7235, 2018 FEAANERTL YT D filEk F1% Table 3-1, 2019 FEEE= 0 OfEflE%Ft% Table 3-2 12, =
AVETORBRIZB T DL EEZ Table 4 ITRLTC.

Table 3-1 The fertilization amount (spinach in winter 2018)

Amounts  Components (g/4 m°) Amounts  Components (kg/10 a)
(g4am®> N P,0; K,0 Cd (kg/10 a) N P,0s KO Cd

Types of fertilizer

<Sludge-fertilizer-application plot (AP)>

Sludge fertilizer 2000 115 95 9 57 500 28.8 237 22 14
Urea 123 57 — - - 31 143 - - -
Potassium chloride 100 — — 63 — 25 00 0.0 158 —
Total 172 95 72 5.7 43.0 237 18.0 14
<Standard plot (SP)>

Urea 133 61 - - - 33 153 — - -
Ammonium dihydrogen phosphate 155 19 95 - - 39 47 237 — =
Potassium chloride 114 — — 72— 29 - — 180 —
Total 80 95 72— 20.0 23.7 18.0 —

Table 3-2 The fertilization amount (carrot in summer 2019)

Amounts  Components (g/4 m’) Amounts  Components (kg/10 a)
(g4am®> N P,0; K,0 Cd (kg/10 a) N P,0s KO Cd

Types of fertilizer

<Sludge-fertilizer-application plot (AP)>

Sludge fertilizer 2000 115 95 9 57 500 28.8 237 22 14
Urea 40 18 — - - 10 4.6 — - -

Potassium chloride 88 55 - 22 - — 138 —

Total 134 95 64 5.7 334 237 160 14
<Standard plot (SP)>

Urea 124 57 — — — 31 143 — — —

Ammonium dihydrogen phosphate 155 19 95 - - 39 47 237 — =

Potassium chloride 101 — — 64 — 25 - — 160 —

Total 76 95 64 — 190 237 160 —
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Table 4 The fertilizer application log of the test plots

Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts Components (kg/10a) ~ Amounts Components (kg/10 a)
Crop (kg/lo a) N P205 Kzo Cd (kglo a) N P205 K2O Cd
2009  Sludge fertilizer 332 117 1 1.2 — — — - -
Summer Ammonium sulfate 52 11 — - — 104 22 — - -
Carrot  Potassium dihydrogen phosphate 3 — 2 1 — 36 19 12 -
Potassium chloride 28 — — 18 — 12 8 —
Total 22 19 20 12 22 19 20 —
2009  Sludge fertilizer 302 10 16 1 1.1 - - - - =
Winter Ammonium sulfate 47 10 - - — 95 20 — - -
Spinach Potassium dihydrogen phosphate — — — — — 30 — 16 0 -
Potassium chloride 27 — — 17 — 12 — — 8 —
Total 20 16 18 1.1 20 16 18—
2010 Sludge fertilizer 227 8 12 1 0.8 — - - - -
Summer Ammonium sulfate 36 8 - - - 71 15 — - -
Spinach Potassium dihydrogen phosphate — — — — — 23 - 12 8 -
Potassium chloride 15 — — 9 — 3 — — 2 —
Total 15 12 10 038 15 12 10 —
2010  Sludge fertilizer 181 6 9 1 0.7 — — — - -
Winter Ammonium sulfate 28 6 - - - 57 12 — - =
Qing Potassium dihydrogen phosphate 5 — 3 2 - 23 - 12 8 —
Potassium chloride 15 — — 0 — 0 — — 4 —
Total 1 12 2 07 12 12 12 —
2011  Sludge fertilizer 227 8 12 1 0.8 — — — - =
Summer Ammonium sulfate 33 7 - - - 57 12 — - =
Turnip Potassium dihydrogen phosphate 6 1 3 - - 24 3 15 - -
Potassium chloride 22 — — 14 — 24 — — 15 -
Magnesia lime (pH adjustment) — — — — — 35 — — - —
Total 15 15 15 038 15 15 15 —
2011  Sludge fertilizer 483 16 25 2 1.8 — — — - -
Winter Urea 22 10 - - — 43 20 — - =
Spinach Potassium dihydrogen phosphate 1 - 1 1 — 50 — 26 17 -
Potassium chloride 25 - - 16 — 1 - - 1 -
Slaked lime (pH adjustment) 176 — — — — 216 — — - —
Total 26 26 18 1.8 20 26 18—
2012 Sludge fertilizer 500 17 26 2 1.8 — - - - -
Summer Ammonium sulfate 65 14 - - - 80 17 - - =
Carrot  Ammonium dihydrogenphosphate - - - - - 42 5 26 - -
Potassium chloride 29 - - 18 - 32 - = 20 -
Fused magnesium phosphate 50 — 10 — — 50 — 10 - —
Total 30 36 20 1.8 22 36 20 —
2012 Sludge fertilizer 500 17 26 2 1.8 — - = - -
Winter Ammonium sulfate 71 15 - - - 71 15 - - =
Spinach Ammonium dihydrogenphosphate - - - - - 42 5 26 - -
Potassium chloride 26 - - 16 - 29 - - 18—
Fused magnesium phosphate 50 — 10 — — 50 — 10 - —
Total 32 36 18 1.8 20 36 18—
2013 Sludge fertilizer 500 17 26 2 1.8 - - - - -
Summer Ammonium sulfate 81 17 - - - 80 17 - - -
Carrot  Ammonium dihydrogenphosphate - - - - - 42 5 26 - -
Potassium chloride 29 - - 18 - 32 - - 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 - —
Total 34 36 20 1.8 22 36 20 —
2013 Sludge fertilizer 500 17 26 2 1.8 — - - - -
Winter Ammonium sulfate 87 18 - - - 71 15 - - =
Spinach Ammonium dihydrogenphosphate - - - - - 42 5 26 - -
Potassium chloride 26 - - 16 - 29 - - 18 -
Fused magnesium phosphate 250 - 25 - - 250 - 25 - -
Slaked lime (pH adjustment) 196 - — - = 718? - — - -

Total 35 51 18 1.8 20 51 18—
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Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>

Season Types of fertilizer Amounts Components (kg10a)  Amounts Components (kg/10 a)
Crop (kgl0a) N P0; K0 €d (kgl0a) N P0; K0 Cd

2014  Sludge fertilizer 500 17 26 2 1.8 — - - - -

Summer Urea 23 11 - - - 30 14 - - -
Carrot Ammonium dihydrogenphosphate — — — — — 42 5 26 - -
Potassium chloride 23 - - 14 - 25 - - 16 -

Fused magnesium phosphate 291 - 58 - - 33 - 7 - -

Slaked lime (pH adjustment) — — — — — 196 — — - —

Total 27 84 16 1.8 19 33 16 —

2014 Sludge fertilizer 500 17 26 2 1.8 - - - - -

Winter Urea 25 11 - - - 34 16 - - =
Spinach Ammonium dihydrogenphosphate 71 9 43 - — 36 4 22 - =
Potassium chloride 26 — — 16 — 29 — — 18 —

Total 37 170 18 1.8 20 22 18—

2015  Sludge fertilizer 500 17 26 2 1.8 — — - - =

Summer Urea 23 11 - - - 30 14 - - =
Carrot Ammonium dihydrogenphosphate - - - - - 42 5 26 - -
Potassium chloride 23 - - 14 - 25 - - 16 —

Slaked lime (pH adjustment) 196 — — — — — — — - —

Total 27 26 16 1.8 19 26 16 —

2015  Sludge fertilizer 500 17 26 2 1.8 - - - - -

Winter Urea 21 10 - - - 15 7 - - -
Spinach Ammonium dihydrogenphosphate 72 9 44 - - 109 13 67 - =
Potassium chloride 26 — — 16 — 29 — — 18 —

Total 35 70 18 1.8 20 67 18—

2016  Sludge fertilizer 500 17 26 2 1.8 — - - - =

Summer Urea - - - - - 30 14 - - =
Carrot Ammonium dihydrogenphosphate 89 11 54 - - 42 5 26 - -
Potassium chloride 23 — — 14 — 25 — — 16 —

Total 27 80 16 1.8 19 26 6 —

2016  Sludge fertilizer 500 17 26 2 1.8 - - - - -

Winter Urea 36 17 - - - 32 15 - - -
Spinach Ammonium dihydrogenphosphate — — — — — 43 5 26 - -
Potassium chloride 26 — — 16 — 29 — — 18 —

Total 33 26 18 1.8 20 26 18—

2017  Sludge fertilizer 500 17 26 2 1.8 - - - - -

Summer Urea 23 11 - - - 30 14 - - =
Carrot Ammonium dihydrogenphosphate - - - - - 43 5 26 - -
Potassium chloride 23 — — 14 — 25 — — 16 —

Total 27 26 16 1.8 19 26 16 —

2017  Sludge fertilizer 500 17 26 2 1.8 — — — - -

Winter Urea 36 17 - - - 32 15 - - -
Spinach Ammonium dihydrogenphosphate - — — — — 43 5 26 - =
Potassium chloride 26 — — 16 — 29 — — 18 —

Total 34 26 18 1.8 20 26 18—

2018  Sludge fertilizer 500 17 26 2 1.8 - - - - -

Summer Urea 23 11 - - - 30 14 - - =
Carrot Ammonium dihydrogenphosphate - - - - - 43 5 26 - =
Potassium chloride 23 — — 14 — 25 — — 16 —

Total 28 26 16 1.8 19 26 16 —

2018  Sludge fertilizer 500 29 24 2 1.4 - - — - -

Winter Urea 31 14 - - - 33 15 - - -
Spinach Ammonium dihydrogenphosphate - - - - - 39 5 24 - -
Potassium chloride 25 — — 16 — 29 — — 18—

Total 43 24 18 14 20 24 18—

2019  Sludge fertilizer 500 29 24 2 1.4 — - - - -

Summer Urea 10 5 - - - 31 14 - - =
Carrot Ammonium dihydrogenphosphate — — — — — 39 5 24 - -
Potassium chloride 22 — — 14 — 25 — — 16 —

Total 34 24 16 1.4 19 24 16 —

a) The average value of the two district for changing the amount used by each of the experimental plot
(SP-1:240 kg, SP-2:196 kg)
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5) HIRRUHEESE

FRE R OS5 THEIZ DN T, AERTL Y R OE =P b1, IRE R EEEAT o 7.

MEARI A 3B X (4 m?) DFJE 14 12 kg 2482 A4, Table 3-1 & O Table 3-2 OMifEFEFHILIZA3>TH
FEERE N2 TIRAL, JTLORBRIXKIGIZE)EITR DI A LIz, 20k, Bz FHVCESK 15em E£TH
2L, 18 MRRE OMIMA 223 -, FREENCIZI Ny L 50 ERBGRO BINEL TE ATV /o kil didmL,
TESK 15 em £CTHHEL, #BEZL —F TELITARLLIZHE, RBRIXANZ 9 45 (5[ 20 cm) G T —4 —7
— 7R A AW CTERREL-. (EMITFEEE%, 2 B2 TRIBIEZITUVERRE] 5 em~8 em EL7c. Fiz, Fkbs ]
[, BRI O —R 7T NI RN BETE L 1= 5 6o A B ETHHE RARBA LIS AT TEDRY
HRNITHERRL, BERLRWARIT ADOF I ZRIS I8 07z, 72720, BAEEIIRIEFEICI P EELE T
ZEnHoT.

RV OEFRIE 2012 FEAAEIZIA—T A, 2013 FEANEIC TR 1A —F 4, 2014 FELIRRIF =2 —T
T RAJZHEEL TS, =0 P D aFEIE 2014 FELARE TR 2 A 123G L T D, ok, S RIOBRDOFRTL
IR R= D DT, B I OZE 4 Table 5 1ZRLT.

Table 5 Cultivation summary

Spinach Carrot
Species New Anna R4 Koigokoro
Fertilization 2018.11.13 2019.6.6
Pesticide application 11.16 6.18
Seeding 11.16 6.18
Thinning (first) 12.7 8.9
Thinning (scond) 12.19 8.16
Harvest 2019.3.18 10.10
Cultivation period 122 days 144 days

6) WERERCIEMAEORTLE

IENE, & aBRX (4 m?) D DIESNTAEWZ & LT, ARV L0 HORENL, KR BREOZHIZAM
H e oy (1 m? =5 5857) M OINHESNIZb DIZ DWW THITLER AT o7z,

(1) &{EFRuLyy

RO T OUE T HIER 2~ ITHIRTL T EEAINHEL 7. ARD L YD DI EIS, SBRIX T LI
%, BOIEMEROSRERLAFIELZ. Fo, oW HOREHE, KK, A4 REKDNETHEL, T A
EECHH ) B ARELR L7 1%, SOITEEFLEES (45 °O) T THo RS W7, Wi, HBHE 500 pm O
SDVE IR T 5 E THHE (ZM200: Retsch 71— —[Rl#5%7 6000 rpm) THIL7=H D& 3 rakkt e L7,

VEMIR AR AOWEN, ~ A2 153 25 (Multiwave 3000: Perkin Elmar) T/ f#'® Lzt 0%, ICP
& &5 AT E (UltiMate 3000 : Thermo Fisher Scientific) (Z&017->7-.

2) Bff=rvv

=V DOINHEIFAR IR AAG DT NIV L, L Z O RRAINHEL -, =P DI &EIL, R
XTI FERR, KIEK CRRE A VER L B E EL IR L. SOIT, 2T HOREHE, BTy 70 T THEHR
CAREBIZOIMTL, SO EEARIE L. D%, BEEBIIAA L MK THFL, U7 A= THH [H B Az
Bet%, BBHE 500 pm OMSLVEIEIR T 5 THFE THfL T2 OZ 0 HralBl e Lz, AREBIC OV THAA
UARHOKTTHREL, ZO%ETIv /0 T CEIEIVAT, 1lRRE RS (65 °C) I TS, A 500



{GINEROE N LD RIT LHEO L HEA~OE, 1M~ (k) 153

um OfESDE B T2 F T CIELT=b O &2 Tl e LTz, IR ADORIE TR L OEER LS
WZAANERT L YT LRI iEE LT,

7) B tEOSH

SYHTFH O BR M 3813, IHERS (2 A R ER 15D IS Z0ER B L 7. & 3R BR X o0 8845 (1 m2) o DU R K T
R OEE 5 ETEY, BR 8% (N 50 mm X EX 250 mm) 2 AV TEEDH 15 cm £THREL, IRELE.
U7z 8 3om Rz 2 (35 °C) T 12 Wiz %, BBIE 2mm OF e S50 ZBlsE72bo (BLTF,
TEEL 1) &L, K57, pH, BRUZEHE (LLT, [ECY), BAA v s & (LLF, TCEC)), AREV AL, &
BRI (AR, 1, N F QMR PRSI RIT LD SHHCHE L 7-. MR+ 2SS TSRS LIZL D
g (LU TN ROk E (LURITCH Hostrakeie Uz, £7z, Bz t2 S50kt ThitkL 76
DELEIIRIVLH ORI LT,

B, FMEITEIUL FOLERBYTHD.

(1) K45y

KL, kSR (HG: AN — - RLUR) 2 FWCHEL7Z.

(2)pH & TNEC

pH &Y EC 1%, Bz - 1 (ZxfL Tk S(EEE) ZMZ 60 HiiREO LI, pH 1377 AEM (F-23:
HORIBA), EC (3B XU&E HF (F-54: HORIBA) & W CHIEL 7=

(3) CEC J ORI (K, 5+, InER)

CEC K OZSHAMEME R (K, ¥4, INE) i, B EZ AV a—L L — B9 i %
1Tolz. SbratBhE, IN BEiE T E=U ARIK QN 7o =7 K+2N Filig=1+1, pH 7) THIHL, ZD1%
10 %X LT R NEIR CHIH LTz, SR O S, IN BEEET 2B =7 AR IR Ot /0 i 2 (AA-6800:
SHIMADZU) (Z X0 2 e L CAK, w54, INE) Z2E &L, 10 %LV AEIRITAR/V LT VT ERIED
FViEEL, CEC 2 E &L=,

(4) B g /i

A ENHED VBRI, Truog 5'” &% O Murphy and Riley {1 ED @ &L, /3 H1akE 1.00 g % 0.002N Ffifig T
I, AL, 3 AR (SN Bl 500 mL, 4.8 %EV 7T U7 =0 MAHK 125 mL K OVEAET
F =BT LR EAER T FE=/L YT L 0.1454 g 27K 50 mL (ZIAf#) 50 mL Z7EAL/K T 1000 mL

WCERLUIRIR 200 mL &, L(+)-7A2LE VR 1.06 g ZIRE LIZIEIK) 200 Z, 06 EEE (UV-1800:
SHIMADZU, £ :880nm) (2 X0l ELT-.
(5)TN LY TC

TN KON TC 1, PRBE: A28 ) 25 B (NC-220F : SUMIGRAPH) (2 X AR BEED CHIEL7-.

(6) WA FTVA I R L

R FIIE I RIT A, 1258 10 g (2% 0.1 mol/L & 50 mL Z A%, £ 30 °C IZfR-72RAET 60 43 [HiE
EOIH LT3 B A AL, INERMET, | %iHEE CERL, ICP B RN ERIZIVELZ.

(7) BRIV L

TP ORDRIT AL, (EMIRAIRIT LERIC T iEE L. ke 0.5 g (2, ifE 10 mL, @ERLKFE K
3mL, R O7AbKERE SmL 2R, ~ A7 R R0 ML, INERART, | %R CERL, ICP
HEOHTEEIZIOAE L.
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8) ABPIEMRICEDIHFIVLEBTHRLOBERADHE
PR 5 COTBIRIEEI OB Z BAAL THD 11 ENRGRL, HOFRET —F2E L T&Ilizdy,
EHRITV LIHIME 2R T8, ER AIVA IRV AT —E CHER T2 0 M AE/B/LICE ST, £z, 15
AEEHR A DA RIT AT PO EIEFE A LA T 2NN TEY?, FAMIC TORERY DB,
VBIRAEE T O RE AR AR I AT HIEICB W TERB L TWDZENRE 2 bz,
TBIRAEENE i L TR W RO HEE P OEER RIEIRIY 2 BaliEL, LU FOFEERICI K 1 h
DRI RID LRI A RO T, SROTEfEE, BIGRBRD OO TOLRBREE RO RIT L5
HRR RIS RIT B F2 L5 W TR ARVE D RID DO WG KD HRO 7T ELEAARAL, B S ETOFEK
EUTHERE LT, o0rid 3 SO T T, BIE 2. 7) (6) DIEEE AIEI RIY ALF U HIETHIE L. 2L Tt
R IEOEBAEARIY LMafEE, B XN C OSHTEOTND A OO EEZ ZLSOKZETRDTZ.
A FEICRERS N2 o TG BR AIVA I RID A (RN & — L ERR SRR RIE I RIT L)
ERLERY 7 ae’ L B4 iR 2 — 7 (DigiTUBESs : GL.Sciences) (27 R AE #E R (Cd: 100 pg/mL) (&
TV BRERSERR S 4, JCSS) 25 g FIY4 A NZ 105 °C CTRAE ST, £ ~J5IRAER A L T
WX N OB 12358 10 ¢ L TUYK 50 mL 2012 60 73 K EREO LT, EDtk, Ml (JIS sA3EAr
#%) ZPEEE 0.1 mol/L 127250 %, 512 60 43 MACHRESL, AiH 2. 7) (6) DYEEE AR I RID AL [H
UHETHIEL, BBICRFEFSIND T IRV AZEEE AT IR AL LT,

B: i 1T T 7 (LIS E FNDEME F IS IRIT L)
HIRIT MEARER AN, T OV T A LRIBEOERIEE LT-.

C: RNIME YRR O SRR vI v 7 X A (e hih i)

A LRERICH R MEHERE 25 ng MY 23R T 2 — 7N f2E L, B3Nz 3 A LRBEOEEEZL
7-.

9) BEICKDIHFIVLERFBIEOBRFRADHETE

EEYEX ) DER L, JAFZL, HBHE 2 mm O50\0 A @i L7z 1288 50 g &, AEZ% 0.5 mm A7V — % @i d
LFETHIELTZ 2. 3) DURIGIENEEIZIR AL, RUVEEIC AN, I KEKED 60 Y%tH 2 ED/KEMA T
Fa_X—H—T50 °C, 77 HEEE L. URIGIBIEEIOIRAEIGIXBEFEMIZ 1 g 205 50 g(1 g 1% 3 /497
DOREAEEIZARY) L LT, BRI, 2, 3 B BXITRVERNO HELIEEIOR S ZIRFIL, £72, KON
W LT G il B KA IR TR AR D 60 Yot YA MERFL -, K5 T4, AL, AR 2 mm D5
DUNEIEIE LT E AR RR AIVA DRIV AD T, SDWEILEETTV O SUIZREEZ 2RIV LD HTIC
U7z, Zeds, MR RNIE A RID ARELIE, A RIT ARG ARy AR EZ LG SR,

3. WMRRUEER

1) EMEORE, ARSIV LRBRERUVAFED LRINE

(1) ZAEFRvL vy

2018 FFEDEAERTL YT DL E, IRIT LR K OSBRIV AORIL &% Table 6 (Z/RL7z. Fiz, AR
BAAEDDELTE £ T (2009 035 2018 4F) ETOXNEDIL &% Figure 2 12, ARIT AR (B9)) Kk OWIL D
HERE % Figure 3 IR L7-.

2018 FEAAFART LYy DIFFENDINHE L TORFEHIITK 4 7 H THY, I IR ERE I TBRES
N otz UL O TEREH X & OEHE X O 1%, AR EEEETEIEI 14.73 kg & 15.53



TBIENEEIOE I LD RIT DO LIEA~OERE, 1TEM~OWIGEER (i) 155

kg THY, FEHEXOILEE 100 EL7=HAOIEREIE 95 Th-otz. £z, B EIRO L EEEY iR YEC
REE S CUVD BRI E (6.4 kg/AUBRIX ) A0l 72L T, 1EMOREBIEF CTh-7-.

FRIT LR (B2) (2O, (G TRAEEHGE X1 0.69 mg/kg, FEHEX L 0.33 mg/kg ThHo7-. —ITohlE
RO HTIZ LD B 7 (p<0.05) AR LT=L 24, T5IRIEEHEH X223 B2 @O R Th 72 (p=0.0052) . Bl
IR EELZ OV, TG TRIERHEH XX 0.068 mg/kg, FEHEXIE 0.031 mgkg THY, MiatHRIXEHIZ Codex
HERE'Y (M 0.2 mg/kg) Rl ChoTo. RUL LYY O EITHRIV LRSE ) 2 Fe U TR LIRS
7 AR B, VHTRAEEE A X 2% 1.00 mg, FEAEX N 0.51 mg THY, IGIRIEEHX A E &) 72 (p=0.028) .
B, RUL TR OHRIT LR (BL) K OB RIT AR 3 4F H (2011 42) AR, 15 TEAREHEAR X 23
FEAEX L0 i\ ME ) D3e L Y TS,

Table 6 Cadmium uptake and yield of spinach in the test

Unit  Test plot-1  Test plot-2  Average Yield index”

<Sludge-fertilizer-application plot (AP)>

Fresh weight kg 14.90 14.55 14.73 95
Dry weight ke 1.48 1.41 1.45 923
Cadmium concentration (fresh matter) mgkg 0.72 0.66 0.69

Cadmium concentration (dry matter) mgkg 0.071 0.064 0.068

Quantity of cadmium uptake”’ mg/plot 1.06 0.94 1.00

<Standard plot (SP)>

Fresh weight kg 14.90 16.15 15.53 100
Dry weight kg 1.73 1.38 1.55 100
Cadmium concentration (dry matter) mgkg 0.33 0.33 0.33

Cadmium concentration (fresh matter) mgkg 0.031 0.031 0.031

Quantity of cadmium uptake” mg/plot 0.56 0.45 0.51

a) Quantity of cadmium uptake = Yield (dry weight) x Cadmium concentration (dry matter)
b) Yield of Standard plot was indexed as 100

30 140 0.2 2
’s i EmAP ISP -O-Yield index o @ B Quantity of cd uptake(AP) Tén
) o015 [==1Quantity of cd uptake(SP) e
~ 20 100 3 Che —¢—Cd concentration (AP) T2
2 / i g —1Cd concentration (SP) g

~ -
) 15 - 80 S ] 0.1 - -1 .g
o K = o
=0 o £ F 5
9 0.05 L 05 =
x
5 40 8 E
0 20 -8 0 -0 g
1 2 3 4 5 6 7 8 9 10
Year
Figure 2 The yield of the spinach in winter Figure 3 Cd concentration and quantity of cd uptake
(Note:2nd year (Qinggengcai)) (Note:2nd year (Qinggengcai))

(2) Bfp=rvv

2019 D EAE=2 2 DL &, IRIT LR K I RIT LAOWIN &% Table 7 1 I RULTZ. £z, ARRBERBA 45
DHBEE T (2009 H70°5 2019 4F) ETOEAEDOIEA Figure 4 (2, WRIV AR (BiW)) K ORI EOHER
% Figure 5 [Z/RL7Tz.
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2019 FEHEAF=0 P O DINFE E TORIE LK 4 # H THY, MM IR E 7R E T8RSN
7RItz = OTGTEREEHE A X & OFEHE X DU &1, AR E LA CaRE R 12.15kg & 11.48kg T
HY, EHEXOILEE 100 LLT-5HAOIEFRUL 106 Th-otz, UL, By KR 5 EEY e L5
HEh T B E (14 kg/BRIX AR 25i7-L TBL T, A= 0AFI, EREWKD, by

(Z AT BRI DD R DA Tdoo 7. 18H, =2 P OFEEFTRDOIE KA AR EET D70 LI A 218
PEAEEEE L THEAEL, N2 GEIRAEITIZ LR TNDD, AR CIXBIEMTI W ER—REE BN,

AIRIT LR FE (RE) (DWW T, THTRAEEHE A X OFRES 0.28 mg/kg, HEE1 0.27 mg/kg, 12 HEX OIRES 0.17
mg/kg, HEHB 0.21 mg/kg Th-o7z. —ILBLE D HUIMTIC L DA B (p<0.05) Z R L 72 & 25, 1G]
X OREITA BN :‘ﬁ“<(p=0 032), HEHRIL M RER X O MICH B2 ILRO LR h o7 (p=0.10) . HBEHO
Codex FEHEME'Y (FR3HH 0.1 mg/kg) 1%, B L TRIEHORIIZ DWW CTED HIVTEY, 15 TR X
DR 0.031 mg/kg, *;%EE@*E&K 0.022 mg/kg &, W IUvh BAEERTE T o7z, FABRX L 720 DI RIV LD
WY B, {5 VBRI H X 2% 0.40 mg (AR 0.16 mg, HE56 0.24 mg) , FEHEX DS 0.28 mg (RS 0.14 mg, HE5
0.14 mg) Tho7z. WINEIZDOWT, IRENIIA B EDROHLIRD -T2 (p=0.088) 23, T K INEFHIDWT

IIA B ZDRO LIV G5 p=0.036, & it p=0.043). 72385, = DU O HRIT LR (BiW)) K OIRIT A
WY B 4 4 B (2012 4F) BARE, 15 TR EAHIE AL X AR HE X LV @\ ME TR 235 T D,

Table 7 Cadmium uptake and yield of carrot in the test

Part Unit Test plot-1 ~ Test plot-2  Average Yield index”

<Sludge-fertilizer-application plot (AP)>

Root kg 4.90 5.55 5.23 83
Fresh weight Leaf kg 6.20 7.65 6.93 133
Total kg 11.10 13.20 12.15 106
Root kg 0.53 0.63 0.58 70
Dry weight Leaf kg 0.84 0.94 0.89 127
Total kg 1.36 1.57 1.46 96
Cadmium concentration (dry matter) Root meke 0-29 026 0.28
Leaf mgkg 0.27 0.27 0.27
Cadmium concentration (fresh matter) Root meke 0.032 0.029 0.031
Leaf mg/kg 0.036 0.033 0.035
Root  mg/plot 0.16 0.16 0.16
Quantity of cadmium uptakeal> Leaf  mg/plot 0.22 0.25 0.24
Total mgplot 0.38 0.42 0.40
<Standard plot (SP)>
Root kg 5.40 7.15 6.28 100
Fresh weight Leaf kg 4.15 6.25 5.20 100
Total kg 9.55 13.40 11.48 100
Root kg 0.73 0.92 0.83 100
Dry weight Leaf kg 0.58 0.82 0.70 100
Total kg 1.32 1.74 1.53 100
Cadmium concentration (dry matter) Root mgke 0.18 0.16 0.17
Leaf mgkg 0.23 0.19 0.21
Cadmium concentration (fresh matter) Root meke 0.024 0.020 0.022
Leaf mgkg 0.032 0.021 0.026
Root  mg/plot 0.13 0.14 0.14
Quantity of cadmium uptakeal> Leaf  mgplot 0.13 0.15 0.14
Total mgplot 0.26 0.29 0.28

a) Quantity of cadmium uptake = Yield (dry weight) x Cadmium concentration (dry matter)
b) Yield of Standard plot was indexed as 100
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30 160 0.2 1
sy I~ I Quantity of cd uptake (AP) ~
—O— on
- AP £3asp Yield index 140 = [JQuantity of cd uptake (SP) g’
g . —o—Cd concentration:Leaf (AP) -~
~ 20 | T - 120 % 5 ) —0—Cd concentration:Leaf (SP) 2
‘;D % c —+—Cd concentration:Root (AP il
Z c o —m—Cd concentration:Root (SP) a
- 15 1 ~ 100 ;E ‘f; 0.1 05 3
@ ° s 5
> 10 + - 80 T 5 Fy
g 0.05 - a q =
5 1 - 60 S I l ] &
3 rid ‘nin 8
0 - 40 o o i Y
1 2 3 4 5 6 7 8 9 10 11 1 2 3 4 5 6 7 8 9 10 11
Year Year
Figure 4 The yield of the carrot (Total) in summer Figure 5 Cd concentration and quantity of Cd uptake
(Note:2nd year (spinach) ,3rd year (turnip) ) in carrot (Note:2nd year (spinach) ,3rd year (turnip) )

2) HhithEIEDEIEPEM

BB AR EBLIE (2019 R EAER) O HEEOBYL 71 (pH, EC, CEC, TN, TC, fA#hig0 AmE, ZHalEn
JR, AZHEE ) AZHENNE) % Table 8 (TR LT-. F7o, ZNETO LEOBY LM OHERS % Figure 6 [ZRL
7.

THED pH 1%, Cd EFEREICH 2 DHEEN KIS, A THEE pHo~pHT 127259012, FERBALAG 3
£H (2011 42), 54 H (2013 4F), 6 -H (2014 ) KO 7 4 H (2015 ) 1T ER T A K B ONHA K Z
THBEEAT > TS, THEHOAVELIEEIZ pH 6.4 F2E TLREL TVDTo, D% 0 pHFHHEITAT > TR0,
Fre, ZNETORBRMIL T, pH 2MEWHEE O EFETH (RL Y pH 6.0~pH 7.5, =2V K U7 pH
5.5~pH 7.0, T %A pH 5.5~pH 7.2) il T2 FH L7270 ~7=. £z, ZOM], {GIEAEEH H X A
X OB X M CHR 30 pH I ZIZ RIFLE THEB L& 722805, IRIT AOBNREDMLEE [ 72512 pH DR
IHEERNEE R T

PRERBALA S W) TN LN TC EHIZERER X 213720 o 7203, 2011 AEAEBR I LARE, 75 T AEEHit H X AR
X IOEWMEIZHY, ZOETHR L ICKEIe> TS, £, (GTRIEENE F RKIZBE M 28523, fE i
KIZ MBI ZHHZEND, TGIRIEEICE TN A HROLDOEE 2 His.

EC (%, RBRBALALIRE 6 45 H OXAEET, 0.1 mS/em~0.2 mS/cm OFiPH T EFMHZ/RL T2 END,
6 FEHDOEIELIE, EHRIEEEL THEAL QWOEBE T =Y AR RFICEHLE25, EFMEmNLERD
T 0.1 fii CRELIHERBZRL TN,

HNRED /LRI H AR ST, AR B oo BAEEAN 21 100 g 24720 10 mg LL_L 100 mg
PUIFEEDLIN TS, — B XIL, sBRBHAARED 10 mg LU T THERE L QU728 2012 4B {E)5 2014
EEARIZNT TR AU A T L C& 72, IR TIE, ARVRED Al BAREA B 40T, MiBIIERIEL TY AR
TKRFET RS AZIOFREEEIToTEY, 8 4 H (2016 4F) OAVELIKEIL 10 mg L ETHEE L T 5.

NI DY D, 2N PR ITFBRBA AR G4, BBR XM O IR RSN o723, 2014 FEEAEIC
FEHEX D AN A PR A it F L 7= 2 & CHUMDS RS LT, 20T 2015 R AE T TRAREHE F K12 D A8
FIRERE AT HZETREEL T0D. Eiz, BB TIXE @D THERB L TW0a. M 11X, ~7 3w
LINERD A BIZ G EALTRY, ARIHEV ABEREINO B B CRIE M 2 H L T IS HE L Tna. FFIC
2014 4 EAVERHCIBVRIRENE FH X T2 AL 72285, sBRIX RIS ZEN AL TVNA, 2014 FELAELIREE
RO AIED T HZIT-> TR LT, RS LoD DBHERINLD, FBRIX O ZITEI TR, 72
B, SHRMEMEIL, 1FE—E THRBL TS, ROV L 3 i DM NT 2% E 845 Lt
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HIRDE DT, fh 2 fRASITRD DI, 5% EEDONLENHDHEEZD.

Table 8 Characteristics of soil

Unit Year AP-1 AP-2 SP-1 SP-2
e)
a 2009 6.1 6.1 6.2 6.2
pH (H,0) ) "
2019 6.3 62 6.3 6.3
N 2009 0.10 0.10 0.14 0.12
EC mS/cm
2019 0.10 0.10 0.08 0.07
CEC® meq/100 g dry soil 2019 35.4 35.5 34.3 34.4
Total nitrogenc) %d) 2019 0.48 0.46 0.39 0.40
Total carbon® o, 2019 6.0 5.9 5.2 53
2009 58 6.1 77 6.9
i 2 100 gd il
Available phosphate”  mg/100 gdry soil =) o5 ¢ 12,5 16.6 13.6
Exchuneable Ca0® mgl00gdrysoil 200 5973 631.5 5822 606.6
xehangeable L& gay 2019 630.8 633.7 602.0 659.2
2009 329 33.8 308 314
¢ mg100 gdry soil
Exchangeable M O g/100 g dry 2019 34.8 347 208 23.0
2000 228 276 247 293
Exch le K20° mg/100 g dry soil
xchangeable K“O g/100 g dry 2019 26.0 276 372 25.6
Kind of soil Andosol
Soil texture Light clay

a) pH 1:5 (soil : water), n=2

b) Soil electrical conductivity determined on 1:5 (soil:water)

¢) Content in the dry matter, average (n=2)

d) Mass fraction

e) At the start of research (Per-summer 2009)
f) Latest results (After-summer 2019)

7.0
6.6 * i
i A TAVTT .
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Figure 6 Transition of the characteristics of the soil

3) HithTMOHRIYLBRE

(1) B3O ARIT NREOHER

BRI R DR N IT AR EE M O R /TS R0 LR OHERS % Table 9 (/RLTz. R, HEENEARNIY
LELT=DIX, BHRIY ADENOHEEE VR IRID LE 2 LG W fEE LT,

2018 FANEDHIH - HEA /T U7/ 3R, HEER vV RID AOREE X, VHIEIREHEH X723 0.27 mg/kg, 15
HEXY 0.16 mg/kg LlpoTc—JUBlE 3 B HTIZ R DA 22 (p<0.05) g L7 L 24, 15 IEAEEHiEH X 25
HEXIDABIZEWRE R ER T2 (p=0.0012) .

2019 FHZAEOBHL A AT UIZRE R, ORIV LD, HIEIREHEMH X273 0.58 mg/kg, FEAEX D
0.42 mg/kg £720, VHIEAREHIE FH X 2MEHEX LA B &) -7 (p=0.0084) . 7=, 2019 B AEOHRH D
R f AR AOPE L, 15VEIEEHH X8 0.25 mg/kg, FEHEX S 0.15 mg/kg THY, 15 IENEEHH X3
BEEX LA B @D o7 (p=0.0006) .
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AFERABAAELTZ 2009 B AEDD, (HIRAEENFH X D4 R A FE T ME A (p=0.0006) Z7~RLTU
BN, HE AR I ME— I CHER 3 A1) (p=0.103) 2 R L TR, HEEH TIIEMTIADRIT L0
TIIFELIZKNWIER B 2T, Fie, RO RIT LG EMET (p=0.0009) THY, HEHEEFIEHIRIT
AT —EIZHERE T D (p=0.062) {H A 7R LT

Table 9 Changes in cadmium concentration® of soil after harvest (mg/kg)
Sludge-fertilizer-application plot (AP) Standard plot (SP)
Vear Season Test crops Tol C” Hydrochloric a)lcid Hydrochloric j?id Total i Hydrochloric ?cid Hydrochloric ad?id
soluble Cd" insoluble Cd soluble Cd° insoluble Cd

2009 Srt S 0.19 ©.007) ... e T 020 0021)
2009 Summer Carrot 051 (0.002° 021 (0.012° 029 048 (0.039) 021 (0.015) 027
___________________ Winter Spimach 0200000 1 OB QO)
2010 Summer Spinach 0.52 (0.009) 0.19 (0.004) 0.33 0.49 (0.038) 0.17 (0.019) 0.32
................... Winter  Qinggengeai - 008 0008 2 OI8O
2011 Summer Turnip 0.51 (0.018) 0.19 (0.004) 0.33 0.48 (0.022) 0.18 (0.013) 0.31
................... Winer Spimach 020 0008 e 2 N QOLY)
2012 Summer Carrot 0.52 (0.019)  0.19 (0.005) 0.34 0.46 (0.037)  0.15 (0.007) 0.31
................... Winter Spinach 2L 0008 2 2N OON0)
2013 Summer Carrot 0.53 (0.003) 020 (0.003) 0.33 0.46 (0.029)  0.16 (0.012) 0.30
................... Winter Spinach 022 0000 0 O1E 0008
2014 Summer Carrot 0.57 (0.038) 020 (0.007) 0.37 0.47 (0.031) 0.5 (0.006) 0.32
___________________ Winter Spimach 0200 1 O30
2015 Summer Carrot 0.57 (0.015) 0.15 (0.009) 0.41 0.46 (0.014) 0.11 (0.002) 0.35
___________________ Winter Spimach 016 Q00T Sl IO
2016 Summer Carrot 0.54 (0.004) 0.19 (0.018) 0.35 0.45 (0.018) 0.12 (0.005) 0.33
................... Winter Spimach AT 008 2 O Q000)
2017 Summer Carrot 0.61 (0.007) 0.21 (0.002) 0.40 0.46 (0.014) 0.14 (0.005) 0.32
................... Winer Spimach 2020008 i 2N QOO
2018 Summer Carrot 0.58 (0.016) 027 (0.008) 0.31 0.41 (0.005  0.17 (0.003) 0.25
................... Winter Spinach 0210008 2 016 0000)
2019 Summer Carrot 0.58 (0.018) 0.5 (0.003) 0.33 042 (0.011)  0.15 (0.001) 0.27

a) Content in the drying soil

b) Cadmium total concentration

¢) Concent of cadmium dissolved with 0.1 mol/L by hydrochloric acid in the drying soil
d) (Total Cd) - (Hydrochlorid acid soluble cd)

¢) Standard deviation (n = 4(2x2) (repetiton x number of samples) )

(2) ARV LOA MR, FHL &R OEREE

F R COVGIRIEE KD I RIT AOAN &, (EMEFEE LI IC iR L E, THEAOERMER )
TR DEREIRE OHER % Table 10 (RL7z. FH, WRIVAO AR &IL, GIEIREIFHOARIY AEH &I
FRERX (4 m?) ~OfiE fH BEFUCHRHL. /EICEDIRIT AORFH LB, LT AEY DI R 200U
BOZET, (EWDIE (W) \TEM P OARIY MR (W) U CRIL. HIEAOIRIVLAERHE
X, VGIRIREHZ LD IR AOA M EBEAEMICEDIRIV AOFRFHHL &OZEICIVE L. LEA~OBRIY
LOETEEEL, IV LAOEREICHRBRIX Y7200 38 (fEH0ES 15 em, THEORELE 1.0 LU, &
BRX M7= % 600 kg EL7-. ) TBRLTHEHLEZ. 72720, fELOWS K OMBLENFIC—ET, 1D
TGIRIERH DRI LN N TELICERE LIS RE L.
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Table 10 Changes of 2009-2019 years of the quantity of cadmium load by fertilizer, quantity of peculating due

to the crops body, and quantity of cadmium accumulation to the soil

Sludge-fertilizer-app lication plot (AP) Standard plot (SP)
Quantity of cadmium’” Concentration of Quantity of cadmium” Concentration of
Year Season  Test Crops ) g Accumu cadmium N o Accumu cadmium
Load™ Removal lation” accumulation” Load™ Removal Jlation” accumulation”

(mgfplot) (mgplot)  (mgplot) (mgkg) (mgplot) (mgplot)  (mgplot) (mgkg)

2009 Summer  Carrot 4.84 0.54 430 0.007 0 0.50 -0.50 -0.001
2009 Winter  Spinach 440 118 3N 0.005 0 1.34 -1.34 -0.002
2010 Summer  Spinach 330 0.72 258 0.004 0 0.96 -0.96 -0.002
2010 Winter Quinggengcai  2.64 021 243 0.004 0 021 -0.21 -0.0003
2011 Summer  Turnip 330 0.15 3.15 0.005 0 0.16 -0.16 -0.0003
2011 Winter  Spinach 7.04 0.68 6.35 0.011 0 0.58 -0.58 -0.001
2012 Summer  Carrot 728 0.73 6.55 0.011 0 0.68 -0.68 -0.001
2012 Winter ~ Spinach 7.28 0.75 6.53 0.011 0 0.75 -0.75 -0.001
2013 Summer  Carrot 7.28 0.46 6.82 0.011 0 0.34 -0.34 -0.001
2013 Winter ~ Spinach 728 0.73 6.55 0.011 0 0.53 -0.53 -0.001
2014 Summer  Carrot 728 0.38 6.90 0.011 0 0.29 -0.29 -0.0005
2014  Winter  Spinach 7.28 0.65 6.63 0.011 0 0.42 -0.42 -0.001
2015 Summer  Carrot 7.28 0.36 6.92 0.012 0 0.26 -0.26 -0.0004
2015 Winter  Spinach 728 071 6.57 0.011 0 0.59 -0.59 -0.001
2016 Summer  Carrot 728 0.23 7.05 0.012 0 0.19 -0.19 -0.0003
2016  Winter ~ Spinach 728 0.60 6.68 0.011 0 0.57 -0.57 -0.0009
2017 Summer  Carrot 7.28 0.28 7.00 0.012 0 0.24 -0.24 -0.0004
2017 Winter ~ Spinach 7.28 051 6.77 0.011 0 0.38 0.38 -0.0006
2018 Summer  Carrot 7.28 0.33 6.95 0.012 0 0.20 -0.20 -0.0003
2018  Winter ~ Spinach 538 1.00 4.68 0.008 0 0.51 -0.51 -0.0008
2019 Summer  Carrot 538 0.40 528 0.009 0 0.28 -0.28 -0.0005
Total 131.52 11.60 119.92 0.200 0.00 9.99 -9.99 -0.0166

a) It show every test plot 4 '’

b) Quantity of cadmium load by fertilizer = Total cadmium concentration of the fertirizer x Amount of the fertirizer application
¢) Quantity of peculating due to the crops body = Yield (dry weight) xCadmium concentration (dry matter)

d) Quantity of cadmium accumularion to the soil = b) — c)

e) Concentration of cadmium accumulation to the soil = d) / Amount of test plot soil (600 kg)

Table 9 DFEFITLDHE 2009 B AEEZ DIEAEX ORI RIT AT 0.48 mg/kg Tholz. ZOEIC 1 3 BR XS
T OHER HHEEO 600 kg 2T DL, FBRBIAAFRT 1 FRABRIX 4720 288 mg 1ZEDEARIT ARIFLEL TV
T ESID. RBRBALAIF DA RIT A 288 mg &, Table 10 DS RGR D BTG IR IEEHE HIX DB R
IV LERE 119.92mg 2Nz 5L, BEIE 1 3 BRXH720 407.92 mg OEARIT ARHEGHAICEFEL TWLDHE
END. Ko THAEE, 1HIEIREGE X OB 35812132 IR I A8 LT 0.68 mg/kg NELERAVICE A ST
BHZETIe D, — 5, BARIT AOEBEO TR ST Table 9 12858, 2019 R E#IT 0.58 mg/kg THY, F
IR SN B IVRVME Th o7z, FIFRICEEERIIBER AU 0.46 mg/kg DEASIVTNDLEZA, T
fl1% 0.42 mg/kg TH-o7=. IEEHFIEHEL 8, 10 5202V 02 DMOBE#R*?2 12k 58, (ELHF ORIV AT
ME T HA~OBENIFROLNT, KEHM~OBEIROONLEORENRHDH. EARIT LD HHE?ER
RHICE SN BEIVER OO, BERDIRSN CEMEMTREOHHEIC L2 BEOKEBEIOIE), RN
IR DRI G AN~ DU, EIGIIRRICHEE LR M OE M OR AT BT E DU o725, Zi
OREARINCERSTZbDEE 2 T,
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4) GELIERRICEDHFEVLERTREOBERADIHTE

ZHETO 11 F M OFRER S T OEIEIRERE HRBRIZIBW T, BRIy ATHIMEM 273238, HEEE A
AR LT —E THER T DM A VRS, Fi, HIRIERHHFSRO A RIV AT HET OFEM LR S LT
REALTHZENHENTNDP ZEnD, BB ICBONTH —ERBEE TR EL, Zh Ul ERE T
&7 BT L CHEE FITR AR ID LA AN I (B D3R DD TRV nEE 2 BTy,

TR ORARITV L, WEEFIEIRID LR ORI RIY L OIERE PV RID L& 22 LW RIS R
IV AZONWT, ZNETOREE % Figure 7 (RLTZ. F72, ZORMBIGIRALEHE H X IZ BT D8 ATAE IR
¥ LD LE AR (B )7 E R :3=0.0039x+0.3208, y=HREE RIEARIV LR (mg/kg) , x=4F) 23R 7.

2. 8) DIRERCTROT-ANIV L &%, Ek LB ORI AE NIV LfafEEL T Table 11 (RL7z. M2
REEARIV LTI ET 0.47 mg/kg ERHEIZDT, Figure 7 TROOLNTZRUTMRALTZEZ A, HE1HEIZ
B DRIy WA LORE R E T 38.3 &M EIN .

R [ 55 D IS NI KRR S Ty, FEERE TORERITHEMITLLE TERVD, ZORE RE D
EODHREEZT-.
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Figure 7 Cadmium concentration of cultivated soil

(up: Sludge-fertilizer-application plot, down : Standard plot)
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Table 11  Saturation of cadmium in the soil

0.1mol/L HCI
soluble Cd
(mgkg)
Cadmium saturated soil” 1.93 (0.044)°
Sample of soil” 0.11 (0.003)
.. Cadmium standard solution” 229 ©0078) ..
Amount of cadmium saturation 047 i

(0.1mol/L HCL insoluble Cd)®
a) Soil saturated with cadmium
b) No cadmium added to the soil
¢) As aresult of seeping out a known concentration of cadmium with 0.1mol/L HC1
d)b)+c¢)-a)

e) Standard deviation (n=3)

5) EEICKDIMRIVLEBFBLOBRRADHEE

AEERAAF TR @S 12 54 ClE 30 °C, 77 HMORE TRBREITo Qo TOREE, K& L= 150 pH
1%, FEBORBRE SO pH LKL 4.9~5.8 OHIPATH 722800, THIRIEEIF O BRI MIARE LA E
W EDHERH ST, FREROEBLTIL, HEOIBEN 30 °C D& A, HHLIRFILIGIRER O/ fi#
MIVHEITLROT L, FAELTHEREBER DAL AERORITEE ), SHIZ pH DR FAETLLTWNE
HEERE N QU Tz,

ZITAENT, BERORELZLDOINWZETTOFEIRIR (4.8 °C) #4HEL, 5.0 °C T 77 HMDOREEEZIT
ST, ZOFESR, pH X 6.4~8.6 DHEIFAL72Y, LIRIGIENEEIOEFIE M EL/2DIZE pH b E <D [H Th-
7o Fio, WEE PRI R AR ARTAE A RIT AL, URIGTRAEERS 25 g (BS CoORER 75 4£ B 2487E) £ T
BAEIGNEIRDIZEBIL TS, ZALLARRERS FIA T R M — BB L, IR REIRIY
LIEHITHIMER Z R U, ZAUE, JiiE 3. 4) O BRSO R bITBEI N &7r o7, BT K OARIHD
i A OHEERBRI T EBREL ~L OSSN BREE CIToCRY, BIGOEHIAES OB B L I bk
THILIFTERVD, RREORBR TN AEZHETHILIRETHHEE X, LoT, SBLEYTO
ARER AL, TEAOIRIY LAOFERE, CHUTEMER ~DORIN &2 EHNIT TIRAL TV ERHLHE
Bz, ek, A EIOKIRE R OR R % Figure 8 12, IEEFRAM RS 12 5O @RS 2E DR F% Figure 9
LTz,

2.50

X X 8.7
X X
2.00 % X - 82
L 7.7
- « //
< 150 X )
Y X x
£ Ne / L67 &
— 1.00 £
S A/ﬂ”</e\<> | &2
0.50 ¢ r 57
5.2
0.00 47
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o 4
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Figure 8 Culture of cadmium-containing soil (5 °C, 77 days)
% :pH, O:Total cadmium, <>:0.1mo/L HCI soluble Cd, A\ :0.1mol/L HCI insoluble Cd
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Figure 9 Culture of cadmium-containing soil (30 °C, 77 days)
% :pH, O:Total cadmium, <>:0.1mo/L HCI soluble Cd, A\ :0.1mol/L HCI insoluble Cd

4. F&H

2018 FANERTL YU DARIDV LA HT UTCRE B, Se i TR IR E I 1X 0.69 mg/kg, FEHEX 0.33
mg/kg Th-o7-. HIRALEHEH XA EIZE W (p=0.0052) B2 R~ U7, BIEEE X, G IRAREHEFH X 0.068
mg/kg, FEHEX 0.031 mg/kg £720 Codex FEYEME' (0.2 mg/kg) Fi Tho7=.

2019 FEAE=2 D0 DARIY LEGHT LTRSS, B E CrHIRILEHE A X OMRE 0.28 mg/kg, HE5 0.27
mg/kg, FEHEX DORER 0.17 mg/kg, HHB 0.21 mg/kg Th-o7-. IHIRILEHEH K ORI A EIZEL (p=0.032),
BETRI L AR XA B TR D BN D o7 (p=0.10) . BLR VL, 15 TEAREHE X OARES 0.031 mg/kg,
FEAEX DOARHES 0.022 mg/kg £720 Codex FLUEME'Y (FRIZHH 0.1 mg/kg) KRl Th-7-.

ROV YU O L O RE IR RID LB AT LT AR, B TRIRENE X 0.27 mg/kg, FEAEX 0.16
mg/kg Th-o7=. {GIIEEHIEH XA H EIZE W (p=0.0012) fEE 7R LT,

=2V OB DR R P I RIT L& A LToRE R, 15 TR EHE X 0.25 mg/kg, FEHEIX 0.15 mg/kg
ThoTo. HIRIEEHEH XA EIZEW (p=0.0084) EZ R LTZ. £7o, RARIVAIOWTIE, HIEEEX
0.58 mg/kg, tRHEX 0.42 mg/kg Th-o7z. BHRIVLHIHIENEHE H K23 A ZIZE (p=0.0006) 27~ L7z

2009 FEAEND 2019 FEAEETO LEHRDOARID LEMENT LT LA, IGTRAEEHEH X DRI RIY AX
MR (p=0.0006) 27~ L, TIBIZHRIVARERL TWDIENfMERS. LinL, IR FIEIRIT LI
DWW —EITHERE T A1) (p=0.103) Z/RL CODZEND, (HIRIEEHFH DR AR DRI AT T BV

TIEHARBEL TWDLIENRB X LD, Fo, EHERIZOWNTH AT RIY AR E X E [ (p=0.0009) TéHD
23, A FIVE IR X — 8 THERE 321 (p=0.062) Z /R L7-.

PR ORI RIT AOHHED, RBRXIZEEINT- IRV AOHGRMELVIRV DX, BFEORERT
THEOKFEBE N D75, BREIHMHICEAbOEE X T

11 M O R CHONTC BRI RIT LR OERE IS R DO SHTHRE R D, WA IRIT L%
HL, BAKOEIFEMRRERD . 2 FERECHRA OB AR IRIV Aaf&a K7, R RE
FRIY Afafn s R EARARUICRAL, R EEBIC ORIV ARHE CE b T TCOFEEER I LIZEZA

K 38 FELHEES L, ZoE FEEBRA RIS CRERE L1285 A, 1 27 AR DIRRE AIYA I R A0 AN
LERFLONTZ, —J7, AFa—2—0ORERR (5.0 °C, 77 AH) TlX, BHRIVLOHFREIZEL2-T
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YRR AR R A IME A 2 7R UT22s, TR al s R0 AT I L U RTG TR IEE 2 R ER A G R
B 75 B AEME) LTS —BICHER T DM 2R LTz, UL EORER)D, EEREL ~L COEMBARE
HRIT LOGEH SO EIIREETHY, 5% LEG TORBRPMLETHLIEE X 1=,

X ®|
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absorption of the Crop
and Accumulation of Cadmium in the Soil (Continued Report)
-Winter 2018 and Summer 2019-

MATSUO Shingo', ASAO Naoki’, MURAYAMA Kazuaki 2, AOYAMA Keisuke®,
KOZUKA Kenji* and ABE Fumihiro *

"Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
(Now) Fukuoka Regional Center

2FAMIC, Fertilizer and Feed Inspection Department

3 FAMIC, Fertilizer and Feed Inspection Department (Now) Kobe Regional Center

*FAMIC, Fertilizer and Feed Inspection Department (Now)Nagoya Regional Center

We have been researching Cd absorption of the crop and accumulation in the soil used sludge fertilizer since 2009.
The soil is composed of the Andosol. We cultivated spinach in winter 2018 and carrot in summer 2019. Those crops
were cultivated in the standard plot (SP) and the sludge-fertilizer-application plot (AP). In the SP, we used only
chemical reagents for the crops. In the AP, we used 500 kg/10 a (fresh weight) of the sludge fertilizer and chemical
reagents for the crops. The amount of nitrogen, phosphorus and potassium applied to each plot was designed on the
basis of the fertilization standard shown on the Saitama prefecture’s web site. The concentration of total cadmium
in the crop, 0.1 mol/L HCl soluble-Cd in the soil after each of the harvests were measured by the inductivity coupled
plasma mass spectrometry (ICP-MS). As a result, the soil in the AP after the harvests has indicated a high
concentration of the total-Cd compared with the soil in the SP since winter 2011. The concentration of total-Cd in
the soil (from summer 2009 to summer 2019) showed significant increasing trend in the AP. However the
concentration of 0.1mol/L HCI soluble-Cd in the soil (from summer 2009 to summer 2019) did not increase. We
thought that it was because cadmium was changed into the 0.1 mol/L HCI insoluble-Cd in the soil. Therefore, the
critical point of 0.1 mol/L HCI insoluble Cd in soil was tested in the laboratory, but no estimation was possible. The
change in cadmium concentration in the soil should be tested in the field, we thought.The concentrations of cadmium

in spinach (winter in 2018) and carrot (summer in 2019) were less than that of the CODEX standard.

Key words  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 13, 146-167, 2020)
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1. [XLHIC

[E B0 725 A MR o Bh& 23 de , FeASEIZIWVTH ISO/IEC 17025 (JIS Q 17025) VO RFHIEA S H
LT3R AARR O MR IZ DN TOB X N EMRINTND. ZOERFIIIIE, MBI &R AR
DFEAMETERE S OFMAT B LD BR AR O 15 BEME O RELR S L H Lo > TRV, ARBRATIZ I malEHC L5
B aE M O I [RIRRBRIC S I CHOMINS e B A F2 ki35 %%, SRR O(EEIEMIRICES D TS,

AEEHE RGO A BREE, IERHR BB OB TE 2V T, BBREGE OIS EMEHERF X OV BT 8
o1 7= I BB USRI EREAR W B 2 |2 LD N RS FE A BRY H B 1720 D0 5. MNIAT
BB N SEFROK PE B 22 2B L % — (FAMIC) (238U Th S AR A TN ZE L7 BB R4 B OV 4y
DOFHESIHTIIAR AR THY, ZORBUEIITEHEMEOMAEI RO DS,

HMEIE A B E L C o EEREHT LA IER O I [FEER T, 2005 A ETARE 6 2 ATOIREHHE R 2k
2HME 2 A FRBHR L O 21T > Tz, 72, 2006 4 L0 AEEHLE RS0 BRFTE .ol s
] el D2 W SR R R 2 S LT D, BB MR S OV [RIRRBR YA L 2DV T ISO/IEC 17043
(JIS Q 17043) Y &ZE (RN L, 2019 4B IALERARE K OE ST W ERE IEEHZ DU C A E i sk 2 7
L, LR E LD TEDOREREHRE T 5.

2. #PRUFHE

1) #REBAFEMAR

{ERCAEEHE, ¥l CHBHE 500 pm O 500\ ERIESYE, SWEOREXK D20 4 7+ A M & IR CRE
L7z, 20t%, BB LIRAL, OUBRIRIZILT CEMPIRIC 9 FHL, 1~9 DX GFEFZAHL TESRITBL
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P PSIATBUE NRMOK PEIN R 2 il e 2 — Lt e & —
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L7z, ZO®EE 7 [BIIRLT1%, 1~9 OFXpORENOL—ERT SERIL, KRG LIZHE, | 8470
#1200 g AVOFEEL 250 A FRELL, AU =T LU RS CHEE L TR IFE CRIBRE LT,

FLSUVNTWERE BN T, B3kl CH B 212 um OfESLWEEESE 2. S50 aE Lk, JKIRAL
7et%, OUBRIRIZIRT THEMBRIZ 9 5L, 1~9 DRSELZET L THERITE L. ZOHRNLE 1 OEAHE:
TEROMATIIHEN 4 KO5ETHHL, KRB LEDOL 4 55 L TIRORRTR LUz, ZOE/EE 7 [FIHR0RL
714, 1~9 ODFR ORI —ERET ORI, IIRALEE, 14847205 180 g AVDFEL 160 1827
B, RV =F L RS CTHEE L TR RFE TRIBRE L.

=
TRA %L 1 2 3 4 5 6 7
39 7 5 7 3 8
6 1 1 8 6 8 2
BT
& 2 5 8 3 9 4 5
4 7 2 4 1 6 6

2) HEMRERHR

TUPAC/ISO/AOAC D5 fERER 7 mhaL® DY M8 alBRICHE Y, 2.1) TR 7= L [FEER 3Rk D
10 ABFF O E BB L MR R Uiz, ALERIEEHT DWW TIEKIETED AUBE (W-P20s) B UK IR LN B
(W-K20) , SESWTWERE AREHZ DWW TIEKIAMET £ (C-MgO) 25 W MRS R EHZ & 2 SfH T TR
BRL CHI B MR R BR O RUE S LT

3) @t
B B AT U725k, 2 B AE K OV AT il s E 2 SN BR = (226 L72. 2019 4FEICB W T,
(LR IEEBHT 136 3REBR =, SESWITUWVERE IEEBHE 76 SREBR=EDSSBINLT-.

3. #FRBRFEMOARE B RURRAE

1) RERIER

{EEAEEHZ DV T, K43 (Mois), 2R AR (T-N), TUE=T %% (A-N), VAREE R (T-P,0s), AR
PV A BE (S-P,0s) , KIEMED AU (W-P20s) , IR A& (T-K,0) , KEMEME (W-K0), KEMIED FE (W-
B203), UK (As) KOVIRITA(CAD) O 11 HEZRBRIEHE &L, o, SLSWITWEBEIREHZ W T, A
BNET O (S-Si0,) , 7 /4145 (AL) B O ¥ 1 (C-MgO) D 3 TH H Z3BRIE H L L7-.

2) REBEE

Bk BRVE (2019) P 2R D EBVFIR LI, 728, TOMORER T EAERH LB =I21X, 2D iED
BEEDOMWEZRDT-.

(1) ZKG31E, RERFEUBRTE 3.1.a (RAREs (S KD WA L) D B) 1KV E &L, i 4. OFEEY O EE
179.

(2) #BReEE, EEERRE 41 1a(TZ—95) O (4.1) IZX0EERAR AL, [R5 (4.2) (4.3)12
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FJUER. T, 4.1.1bREEER) ICXVEE.

(3) TrE=TPEZEDR (AN) T, IEEFERERIE 4.1.2.aFRE) O @) 10BN ZFARIL, [FITE (4.2)
(43)IZXE&.
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(6) AKFRMED /UBR (W-P20s) 1%, JEEMERERTE 4240 (ONFREVT T UBT =0 2SR O (4.1)
RN ZFRBL, [FTH (4.2) (4.3) ICLVE &,

(7) INEAE (T-Ko0) 1L, IEBHERBRTE 4.3.1.a(FL— A FWOTE T 7L — 26 ) @ (4.1) 12 L0Et
BHAR AL, [FE (4.2) IZX0E=.
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AN A FARIL, [FIH (4.2) ICEV E &,
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@2 ITEVER. UL, 520 =F NI F A HARIU BRI EEE) O (4.1) I X0 EHATR Z TR, [
T (4.2) (43)I2LVER.

(11) ARIVL(CA) X, IEEHEERERE 5.3.a(F0—LEFIOGHE) O (4.1) IZK0RUEHE R A TR L, [FIH
@) IzrhER.

(12)  AIERPEOER (S-Si02) X, AEEHERERE 4.4.1.a (5oL HVT A3E) O (4. D) I EFERR IR Z TR,
[F)TE (4.2) 12 X0 E &

(13) 7 hU5y (AL VL, IERHERBRTE 4.54.a(F Lo U7 NEREE S (LR TEDTA 35 1800)) O
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4.5.4.b (FIEAMEA IR L OVATEPETE B X0 B H) o (2) 12X R H.
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2) HEBREEWEMY SHEE
RSy DS ST B R 5720, IROMEHEZRDTZ.
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(9) RERFERERE CHERRBRORE O B 2L L OURSIVTND =& [ T B S HE HE(RF 722 (CRSDR) .
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5. BRRUER

1) #EHBRAFEMOHEEREE

2.2) 128\ T 10 3B 2 s T T L7 BB RBR O BAE DR -2 (2) & NV DRFEIZ DV T—IT
BLE Sy WO BRIkt it EA AW TR L2 M TR R 22 (s, ), SRR IR 22 (spyp ), DHTHSEE A
E TR R YR 52 (s ) B3 2 WRLTZ. I, IEESRBIEIOREN TV AEMBFBSED B %
(CRSDR) B VLB (3N 1) U7 HEE = M B BUE R 22 (6 ) 23K 2 ITRLT.

BYEMEDH)E 1T, IUPAC/ISO/AOAC DIRERBR 7 ubha /L D FIEA B E I E L= T, KRB0 %
AR T B0, BRERAEIZ DV T Cochran OMEZEMLT=. ZOHEE, T X TORSIZBWTH
TUEITRRD BN -T=D T, ZNHD FAFIZ DUV T—JoBLE 5 B2 F2 i L 7-. RIZ, TUPAC/ISO/AOAC
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Gr = CRSDg X X/100 -+ (U1
spp < 0.30, = 0.36y ---(2)
Sher = V512 + Spp? -+ (303)

G g HEE = W BT R 22
CRSD g : IEEFERRERIE (2017) ITRSAV TN D 2 ] FR B (28 [ B B SR E (R 22 (%) ) D B &

X ARERIE s DM THE Y R 2=
op 1 Z U VERERRAATO B BN & LT AR R 22
Spp : REHHI A e 22 Sper : DHTHE B 25 To iR A VB 72

#2  BEMHERRBR O R
o wE XY sr 9 spe®s,.® CRSDR 6x° 0.36g"

Wk R o
PG e ) ) ) ) (w)” (%)
W-P,0 10 596 0.05 0.02 0.06 4 0.24 0.07
{Emakt e

W-K,0 10 11.46 0.07 0.07 0.10 3 0.34 0.10
PEESWTWVERE EEE C-MgO 10 673 0.01  0.03 0.03 4 027  0.08
a) F TR E B GRUBHEO 2 LB T 3 4T)

b) &5

c) DHTHE IR &

d) Rk HIRE e R A=

e) DHTHREE 25 Tl A Y w22

f) IERFERRER L TRSN TOD = H IR (WA HA SRR ) O B %2

g) =[BRS O B LD H U7 HE 78 = W BUR R 72

h) BEPEDHE (s 4 DFEA) D7D D/ ST A—42
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2) RERREORITER

4.2) (1) ~ (2) OFBREH M O z 22T TS & R EH K 2 OEIG2E 3 1R, & isr ok
BR S C i /2 ) L DR 252 1 7o BR=E OFIE1E, (LR E 0K Sy GER MM IELZ FEHEL TRV S R %
Ete) 3 98 Y%bict i<, LEAERI R OV AR R 77 %l bIRWEIGE R LT, £, TR | ERFliE 52

F7-RBRE OEIGIE, (LEIEEIOVAVEE R EN 15 %Eib mVEER Tho7-. FEFEL, Tie (2|=2) | &7F
ST ABRE OEIS IXVEFRFED 78 %~98 %, [/ (|21 =3) | LRl S AL/ BR=E O EIS I XVEF DY 2 %
~10 % CThH-oT=.

4. 2) (3)~(9) TROMMEFELE 4 1TRLTZ. LD TEAED Mean 1X Median S1TIE —E L7223, 4+
TEOF AL ST, —HOFRERIA H T Mean & Median D 22037880 541, EIROEERE(R 2 s 1%, NIOR Lk
LTUEEAE D REZREZIRUTZ. RSDrob LA FRERE 7y DI EEL ~UIZ 517D CRSDr i Y CRSDr @ 2 {5 D
EDOBIRE 1 ITRLTz. IRITAIZDOUWTDFH CRSDr B T2703, IEEFEERERIE CREEE L L TRRASILTD
LEIPHAN TH -T2, T OMOFRERAL /71T T I, RSDrob 1% CRSDr DEIFAN ThH 7=,

Fiz, REFE § B WS OB 7255k 171550 Median, NIQR, RSDyo, }2 08 CRSDR %5:% 3% 5 1Z/RL
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BN z|=2? 2<|z|<3 3=|z]?
REBEE PR e wmn G ST Wi EA
B =% (%) (%) EH (%)

Clapaa¥=Y
Mois 81 78 96 1 1 2 2
Mois? 120 117 98 1 1 2 2
T-N 130 109 84 12 9 9 7
A-N 117 97 83 16 14 4 3
T-P,0s 124 96 77 10 8 18 15
S-P,0s 95 85 89 7 7 3 3
W-P,0s5 121 107 88 9 7 5 4
T-K,0 114 98 86 8 7 8 7
W-K,0 123 106 86 7 6 10 8
W-B,0; 95 82 86 8 8 5
As 40 33 83 4 10 3 8
cd 49 40 82 4 8 5 10
(BEES W WOERE R
S-Si0, 56 48 86 2 4 6 11
AL 73 65 89 0 0 8 11
S-CaO 63 56 89 3 5 4 6
S-MgO 63 59 94 3 5 1 2
C-MgO 72 56 78 6 8 10 14

a) zAATIZEDaHIlN 2 (2] =2) Lp o TR =B H KL O DEIE (%)

b) zAITICEDEHER DL 2 < |2 <3) Llp o= BB E N N FDEIS (%)
¢) zAATZELRHEN AR 2 B=z)) Eleo Tk BR B E KL N DEIE (%)

d) HERWHIEZFERL OV RE & T
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50
45 | _
540 |
D 30t o
R s L 1 p
3 Y
5200 i
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10 + i
CEERERTLLILFPTEL:
lg HHHHEB A6 Eb
o e e o w T o
figogiistigRazs
£ hoE B O AT
1 #FRBEAEDCRSDRERSD, D BER
O2xCRSD-R OCRSD-R  ORSD-rob
#a  ILFERBREEOM G
=p a) 0aD) c) d) e) 1) 2) 2X
SKEATF gﬁ Mean Median Ugse, s NIQR RSD.,,,c CRSDy CRSD "
(%, mgke)” (%, mgke) (%, mgke) (%, mgke)’ (%, mgke’ (%) (%) ()
(bR AERE
Mois 81 2.74 2.66 0.08 0.38 0.35 13.1 -9 -9
Mois” 120 2.92 2.88 0.09 0.47 0.49 17.1 -9 -0
T-N 130 10.86 10.87 0.02 0.24 0.12 1.1 3 6
AN 117 8.69 8.71 0.02 0.18 0.13 1.4 4 8
T-P,0s 124 7.70 7.73 0.02 0.29 0.11 1.5 4 8
S-P,05 95 7.23 7.24 0.04 0.21 0.17 2.4 4 8
W-P,0s5 121 5.98 5.99 0.03 0.43 0.17 2.8 4 8
T-K,0 114 11.95 11.89 0.05 0.47 0.24 2.0 3 6
W-K,0 123 11.68 11.73 0.04 0.71 0.20 1.7 3 6
W-B,0; 95 0.530 0.524 0.005 0.050 0.026 4.9 6 12
As 40 3.81 3.93 0.09 0.46 0.28 7.2 16 32
cd 49 0.32 0.29 0.02 0.12 0.07 25.9 22 44
BESWNTVERE IEEL
S-SiO, 56  35.15 35.20 0.16 1.11 0.58 1.6 2.5 5
AL 73 5192 51.66 0.23 2.40 0.96 1.9 2.5 5
S-CaO 63  41.17 41.13 0.25 1.31 0.98 2.4 2.5 5
S-MgO 63 7.55 7.43 0.05 1.02 0.20 2.6 4 8
C-MgO 72 7.32 7.37 0.03 0.31 0.15 2.0 4 8
a) EIROFEIE g) JERMERBRIE TR O B 2L U THESEX L WD = ] - B XA Y R 22
b) 2RO JE h) JEEFESERIE TR & U CEFA S CWA = M IR B S e (R 22
c) BEOHRAEDO RIS i) As, Cdidmg/kg, T DDA IT% (B &5y 3K)
d) BIROEERZE i) ERUEHIEEZERL WL oEETe
e) M/ NAMEAE(RZE k) CRSD pIZAKGHRIE DI 72 B Sy A 130l F T e

£) TSR R 2
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#5 AR RO FRBR RO KR
HRE A B 7 i R Median”  NIOR®  RSD.” CRSDy”  2xCRSDy?

BRE o ok o6 meke? (%) (%) (%)
(bR AL
Mois HE MR A Z L DR A 81 2.66 0.35 13.1 - Y
Mois®  FEIRARIT I D R s 119 2.86 0.49 17.2 - -
T-N VA — A 115 10.87  0.12 1.1 3 6
PRIETE 13 10.83 0.10 0.9 3 6
A-N R 114 8.71 0.12 1.4 4 8
T-P,0s  NFREVTFTURT =T LE 123 7.73 0.11 1.5 4 8
S-P,0s  NFREVTTUBRT E=DLE 95 7.24 0.17 2.4 4 8
W-P,0s  NFREVTFTUBRT =T L 120 5.99 0.17 2.8 4 8
T-K,0 T L— ANE R 85 11.89  0.24 2.0 3 6
TL— I EE 25 11.90 0.23 1.9 3 6
W-K,0  7L— AR FEeE 91 11.73 0.21 1.8 3 6
TL— DN 27 11.77 0.15 1.3 3 6
W-B,0; 7Y AFUHEE 87 0.53 0.03 53 6 12
ICP-OES{%: 8 0.51 0.01 1.7 6 12
As IR F A I WO 18 3.93 0.22 5.6 16 32
T EF N T A TN S FEERYE 16 3.88 0.29 7.6 16 32
Cd PASEN S SRS 44 0.288  0.091 31.5 22 44
(BEESUNTOERE AEE)
S-Si0, LAt Lk 37 35.21 0.52 1.5 2.5 5
W FR L 18 35.14 0.79 2.2 2.5 5
AL TF L UT IV IR 11 51.70 0.51 1.0 2.5 5
T — LR POETE 58 51.58 1.01 2.0 2.5 5
S-CaO T — LY 58 41.12 0.95 2.3 2.5 5
S-MgO Tl — A FIROIE 58 7.44 0.18 2.4 4 8
C-MgO T — LY 65 7.37 0.14 1.9 4 8
a) BfROHRAH e) AEBMERRBRIE TR L U CRFA SV TUND 5 ] P LR T U 72
b) mNAMEHER A f) As, Cditmg/kg, ZDMDFESIIIE% (B ESy=R)
) AN G Y (R g) HRMMIEEZFERL VRN OEET

o B h) CRSD giF/KS3HITE DS 2R B ) 3 M ik IS0 H T&E 2w
0 IR R CHEED F 2L L OISR Cg R e =

= [ PP B e AR e O 22

3) BRAEDIER

[l — DOFRERE LBV TRE SN2 DR BAE DS G, [Al—308k - [AER O fh H 7 15 T #7e H 55 (L AR
B W-P,0s & W-Ko0 %), [R]— 3L [FFRER HEUEHZ D W T Ze D0 H 5 1E TR — D RSy (AR
T-P,0s & W-P,05 %5) D z 27 ORAfRE K 2-1~X] 2-4 (/-7

B2, z ZaT7 BRICHEE /D SR a EEINZ 2. OB AT IO 7wy NI 75 SO ZE 5
BOTRHERFEOER DS HEEZDND. X 2-3 128V T, T-K0 & W-Ko0 [ZB W TR R0 345

ROB, HEBWTRIDEC TODRBRENH 7.
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4) F53 R OB R #E O AT

(1) fEERAEEH DK 5y (Mois)

AlEH L2 EHT Y ABRT VE= U ARG ENTNDHT0, FHEEPMEEZLEL Lz, 120 REBR=E
PBIN LTy, A2 i U723 B 1L 81 B 12 o 72, 1 BB’ — V7 ¢ v vy —K5 5
IZX D EME L, T IR X AMREIEIC L 0 Eii L. R EORECHEENRD D
NI=D T, MEEMIC X 5 WEEO I TORNT 24T - T-5E R ORBR AR O A2 X 3-1 [RT. o0
%AE D Median (% 2.66 % (E &%), NIOR X 035 % (EE/SFR) , FHHEIL2.74 % (EEHHR) Th-o
oo zAaTiZ k) 18R BREN ) ThY, 23 BR=EDN [Re) iR Thol. ok, %Y
HHIEZ L TV R W ERBREGE &2 8 O 72356 D Median 13 2.86 % (B 843 3R), NIOR 1% 0.49 % (B &4y3R),
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PHEIE 2,92 % (HESHR) Thole. 35 L TITERSMEK 3-2 1R

JEEHERBRIE BTV T, HEEWHIIE SO W TOREMAR A NS LTV, LR A S T Rk
EETHEMAL(BLIAR), 7 F — ) VIETRREOREIO T-N 2 81555123, 28 o TN Liz
BB TN OB E=T ~OHBEREZRL, TTOMIERTKSNDALGIKCEIZID K IHBFEET
&5, UL, BBEEFICED T EATO5 810, R OO —E O 2 0 52805, HflicE
LA ERODTED UK. RGBS —H DR 2 Lo THIE LTS ORI ARE R~ (X 4).

Moist (JEFEHLE L 7= DK oy B (8 F %) )
= Moist’— (N1 — N2 X (100 — Moist’) / 100) X 1.216 ««++(4)
Moist’: PR T DRTO K B (B BT %)
N1 Bl O 2R 2R (B EY%)
N2: izt Bl D B R B (E &5 FE%)

7B T RS 1.216

AKGTNE OB, FRaNOIRE AL — & Tlde, ML IZL o UL EBRORE R ERE LR n b
WNHDHI=0, HEEIEER AR AT 22N EE L. £, BNORRICIVRE SR T D LN
D I, —EIOPEREHENRZWE, T U7 —2—NTHRHT DB H3ICEIRET FA>TORNnZE
WHHDT, M RFRIIEE NS ETHD.

30 30
25 25
20 SO R [ ]
% 15 W % 5 L

10 10

5 5

o L= —Lr'-"i
(o] =]

SNT VRS ATOR AT
[t B o Ot N o A o IO o T T B o T = - o
[N T ST ST SR T SN ST S SR Y SR VAN
(%)
B13-1 bR Rl DAy D 5y 3 iR E3-2  ALEAERHO RS DT AR
(ERMLEZERDH) (FTDF— &)
e mERL LYV BEE BFiE mEEL LY OfE

(2) fbRRIEE D% 3R 45 (T-N)

130 RERESBINL, 115 RBREN 72—k, 13 REBREAREES, | SBRENS BB O EE L O 1R
BREDRER-A R T = )= WEThHo T, BRI D ER Mz X 3-3 (RS T — Wik R ORBEE D
SN RARE D EIIE D FEN XD E (R E) ZAT o128 2A, HEKYE 5 % THERZEIRDOLNR-T-. 4y
P& D Median 13 10.87 % (E&4y3R), NIOR 1% 0.12 % (EE4yR), EHHEIX 10.86 % (E &5 =R) Tho
7.z Za7I2kD 109 REREN S | THY, 9 RBREN ARG E | ek R CTholz. [Ri e | DIB I /LA —
JVED 8 BB, BABEIED | BRE CTh o7,

e DRRRR IR KA LT R WK A RN D8R, 7B =7 HRER ORI N RV, KERLT R



178 REEHIFZE RS Vol. 13 (2020)

U L RISINZ IR 7 T A% o RORBIEE A T 528, BIEOFE £ - BT 8wl H a2 &
BRI DL, Tz, WERD 7 774 —HHIZOWT, EMMITHERRD R E720.

(3) AbEERth DT E=T 1% (A-N)

117 RBRENSIL, 114 RBRENREE, 1 BRENTFVLTVTERE, | R BRENS B8 E, 13K
BRENALRT =) — W EE Wz, BIBAE DR A2 [ 3-4 (1R, S0 HT RGO Median 13 8.71 % (&
FP3) C, NIQR 13 0.13 % (E &%) T, I 8.69 % (EHE/yEH) Thot-. z Za7 |2k 97 ilBR=E N
(i) THY, 4 RERED R E 7255 R CThotz. TR | 72k Rl o To BRI & CARIE COENET
o7,

RBEECBO UL, ZBEBIETMZDT A HIAIEL TOKBBIE T NIY D& 58, IRESCH YD) iR
LCHEIEERDGERSHHDT, B~ KT LEHIONEELL.

80 60
70 50
60
40
50
] ]
2 40 = 30

iy \ :
= ehen =

=Rl N B T =T B - o L= A=) o v
[ = A - A - A = I e e S = o®n T 8 - o O
A A v TTTTYTYTR
[ T S S R B Y B\
(%) (%)
3-3 {L IR OEHEL B O NTHIE H3-4 (bECEFO TR THESR
. Do TR
e B o S -
— LSk oF#L  EEbLL  B%E

(4) AbRZAEREF O AUEE 4 B (T-P2Os)

124 FHERENSML, 123 RBREIIANATREVT T VBT =0 A%, 1 BBREDY ICP-OES Ex HU .
BB D B AT 2 3-5 LR T, SHTRAE O Median 137.73 % (L RR4Y35) , NIQR 13:0.11 % (BT 4358,
LA 7.70 % (E &) Thotz. z 27128 96 SRERE MR ) THY, 18 FRERE 2SN 2 ) 7ok 1
Th-oTe. TR ) RFBREITRIRD 15 %L WFER Th o723, ZHUT NIOR 2331/ SN ez kbt
Ex oz,

(5) AbRAEEL O FTEEMED AR (S-P20s)

95 WMBRENBNL, 2 CNFTREVT TUBRT V=0 AiEE WO, BRBREGE O X iz X 3-6 12
RT. MR Median 1% 7.24 % (B &453R), NIOR 1% 0.17 % (E&5=R), EHMEIE 7.23 % (E&EHR)
ThoTc. z Z2aT7I2k 85 FBR=E i & | THY, 3 SBRE N TG | s R Tho7e.

AIVAMED AR CIXAIEZEICRERI 300 TR0 T <A bled, HPNICABTEDLIIICE
FEIR =F D Y g REEDVERR) & T8I TV, AlkE 2T HEET7 7 AUIHLN U ML D B AN TRER
.
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80 —— 40
60 30
%40 %20
20 10
0 _ E;E;E — _ 0 i _.:
28258828888 EL8584%82888%¢8
OO s - [~ - 0 0 o0 00 00 - =T = L L i e L S S
KCZLN ST SN S SR R S S R SAAY v A
(%) (%)
B3-5 ABRIERRD Y AR ED B3-6 (LAIEHTORIEEY ARD
AR R ST
BFEE mEbLL BEA BFEE  mELLY oA

(6) ALREAEEL R OIKESMED A (W-P20s)

121 FERENSML, 120 RBREIIANATREVT T UET =0 A5, 1 3 BREDY ICP-OES L% Az,
R DS A A K 3-7 (R, OHTEGAED Median 1% 5.99 % (& £4y3), NIOR 1% 0.17 % (& &4y
), I 5.98 % (E&DHR) Tholz. z 23712k 107 FHEREN L 1 THY, 5 B HTA E 172
ERThoT.

(7) ALEAEEL R O 4 (T-K,0)

114 FBRENSIL, 85 MBREN 7L — LT ROGIE, 25 BMBRENR 7L —2OEE, | MBRENT 7=
ZIVARUEE T NID D EYE, 3 BBREDY ICP-OES 1E% W o, ZORBR LRI GIIMFEELIFIZRT
ThhoT-. R DRSS A% K 3-8 12T, 71— AW OV L— BYEEEHRIZ DU T, SHT Rk
DO SFEIEDFENZLDIRE (HRE) AT oT22Ah, AEAKEE 5 % THERETROOLIRD -T2, /3T EGED
Median (% 11.89 % (E &4533), NIOR 1% 0.24 % (H &), FHHEIL 11.95 % (B &5 3R) Thol. z Za7
128D 98 BRI 2 | THY, 8 BRI A2 | 70k R Thorz. TR R | 72568 Rl o7 ilBr=lT, 7
RERENT L — A FEET, | RBREIITL— L HEETH- T,

T — DHEE K O L— DR S CHE 2 BR IR AR O B E ISR L, R 7oA IR I D
Th, B OB EEHICIREZENELDZERHLO TEMMICHRLE T ZENE L. £, EEICIT
RBHRIR OVE BN RN BT 5720, MIE R LHURHE B ORE IR O IR, Bt pk & O 4 A — &
HIENEETHS.
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60 — 70
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50
40 —
=) 5
m 30 3
20
10 R
P ix: IR _i
R R - I =TS T
o+ o+ W v v v v\ O O O WO
L4 N S S S S SR S S S S A
(%)
X3-7 ({ERHERIRORBEE Y LD 3-8 {hmﬁﬂ*ﬂrﬂ”fﬂﬂ%%%@
S B SRR
O R DL
O~ 2 BEEH L o 2 =t —— 7 L A EFERE

—— 7 L - LEE

(8) AbANEE DKM R (W-K20)

123 BRELSNL, 90 HBRENT L — LWL, 27 RBRENR 7L — 20, 2 BRENT N7 =
=VARUEE T NID LR &L, 3 S BRED ICP-0ES 12 W e, SMBRAGE D B iz 3-9 [2Rd. 71—
DR RNE K DT L — DIEEEEIZOWT, BT EE O FEED EIZLDE (RE) 217728 2A, HE
KHE 5 % THERATFEOOIRD T, E SN HTAAED Median 13 11.73 % (E&473), NIOR 1%
0.20 % (B R), MM 11.68 % (B B4y 3R) Thotz. z Aa7 2k 106 FHERE 2 & 1 THY, 10 iR
ENTRE | 78RR ClooTo. [RIB R ORRET, 9 RBRENATL —AEFREIET, | RBREIT 7L — 5
HFEETH-TZ. 728, 71— AR FWREETINRE 2R L LG ISKIENMEI B AR 72 R L7~ 7o B R )
ol EORREIZB W TURVITRAR (R 1) Tldden o7z, £z, 70— LR EIEIZB W TR R &
7o FRBR S IO B A2 B IR & CldioTe.

7L — LEFROEETHIE T 2OBRE, INBERRLFRRICEETOUNENDD. Fiz, 4], B EEKE
PENEORARIZB N T, Nl BRENEEL TORNZEND, R L DRI ERLIAT O, FEHHHR,
AR, THIHEIFIOBMN, Iz TF —2OMR%, SENREEO RBELRLELE 2 b,

(9) fEERAERLH O AKENEITS F (W-B203)

95 BRENSZIIL, 87 BRI N TV AT H ik, 8 BREDY ICP-OES 1£%& e, RIBRAUE D ¥y i
2[4 3-10 1R T, 2 FIEICHOWTEIED EIZEDMIE (-1 1E) 21T o728 2Ah, AEAKYE 5 % THERAEN
FLBHT. AT AR O Median 1% 0.524 % (B #4533), NIOR 1% 0.026 % (E &4533%) , “FXIEIX 0.530 % (B &
55) TlooTz. z AT 728V 82 SEREMN L | ThY, (Rl E 11T 5 RBRE TR TT Y AT HIEThH-Tx.
ORI ) 7B RAEFEHIL 7214, 2 FTIEICOW COEHEDEICLDHRE (WE) 21772825, HE
IKHE 5 % THEZITFRD L) oT.

FTo, TYAF L HIETRBRUIZRBRE D) BRI 43 SBREDSRO M EOIE¥EEZ IR 7273, W
JEREDH DWW COEEDO 2L DME (E) BT 72825, AEAKNE 5 % THERZITEO b
Motz A EIOFEHI DWW CIE NIRRT 7280, MOER THIIEOF WO ZEDFHESN TLEST2E
BEZHND.
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SR B T S R S S S emILEFLgaeRecd
{;ﬂ"fj“{&ﬁ::ﬁﬁﬂ S S S o o o o o o o o
SR S SR S S AN L7/ S R S S S S T R S AN
(%) (%)
®3-9 {bRERRORKEENED X3-10 {ERAEE RO AEHIT S FD
SR EHE SRR

TR L s B L
R —— | — LEFIRRE =7 —— 7 FHE

—— T L L WEE —e— [CP-0ES == {HIEHE ¥

(10) ALRAmEHF DV (As)

40 ARERENSINL, 18 RER=ZEDVK T I AT FRORIE, 16 BRI T )L OF AT )L/ S gk
JHFEE, 6 FERE D ICP-OES V£ W o, SBRAGE O B A X 3-11 12T, KB LR AR
ER O ZF N TF A TN SIUFBERR I LD 2 FIEIZ DWW TEBSED 2 DE (R E) 2177
LZA, BEKYES % THEZEITRDLNRD o7, /3BT E D Median 1 3.93 mg/kg, NIQR 1% 0.28 mg/kg,
FHIEIE 3.81 mg/kg ThoTz. z 227X 33 REREN N E ) THY, 3 BB AL 1 72fE R choT-.
[T 2 ) OFRER =L 2 BRSO FA LI AL UOETE, 1| BRE NS =T N TF A NI ERERIETEH
o7z,

CZFNTF A IS ERERIEO R R 2 SO — IR BNDEN, ZIUTREBRE B DI
W, Fio, EAN T ADOPERRIEIZL5E D THY, Median+NIQR DFIPHIZ 2 SDOE —71TE TN TNDT-0,
RBIEICIV AL TRV LT B 2 beh ol

(11) ABRRIERIF DI RIT A (C)

49 FRENSINL, 44 HRENTL —LFFIOEIE, 4 BN ICP-OES 14, 1 REN 7L — AL A5
TR . BRI D RS A A X 3-12 1R, ST AR Median 13 0.29 mg/kg, NIOR 1% 0.07
mg/kg, FHIEIL 0.32 mg/kg Tho7o. z A7 (1250 40 RERE N L | THY, 5 R BRE N TR E | 2255 1T
HoT-.

JF AR T3 DB AN LR THD. BAH BV, FrIT I ERR O R L #PH O 2R O
LEMED B AT o7
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(12)  FESWFWERE LR D AfEPET O ER (S-Si0,)

56 RERENSINL, 37 ERED Sob VT AL, 18 slBRE DG Z RS, 1 EBR=" ICP-OES 1£% H
W BREBEE OB EIX 4-1 1 ORT. S b Uy A QN R RRIE IS LD 0 G 2DV
D ZEZLDIRE (HRTE) BAToT2L 25, ZTNENDFIIEICH BKAES % THBERAETROD L) oT-.
IIMTREAE D Median 1% 35.20 % (B &452R), NIOR 1% 0.58 % (E&/5=R), VHAIMEIT 35.15 % (E B4 R) Th
ofc. z ZAaTIZE 48 FEREIL 2 1 THY, 6 REREN A | Tho7z.

A, So bV T DETIA R | LR Te A IS THY, ZDFRKEL TH I A ENLOR I, £72
X ERFOE N E 2Dz, TOXREL T, i EDOFE b SO HEEZ — oL, &
BOREEZHRL ONBHGRREB OMEEITOZENLEEL .

F7o, So b BT METIREE 2T =T, fEfE AT HFRORmOTHITIERL, AT
AT 2505 %L, +octi- LI b D A TR A TEE 5820, 2L GRIESRRIE TR -
7o RBR T2 LIAA RO U R E | ZEBE NS ETH .

(13) SESWFWEREREEF O T LAY 55 (AL)

73 RERENSML, 11 RER=ED EDTA 5, 58 SBREN 7L —AJR 161k, 4 :BR=72% ICP-OES %% H
Wz, BB DU A X 4-2 12”7 EDTA 1E K 7 L — AR ETEIZ LD 0T BB I Z DU TR
EDOZEZLDRE (IR TE) ZAToTe LA, TN ENDEEIZH BEKAES % THERZEITRD LR T,
YHTERAE D Median 13 51.66 % (B &5y 3), NIOR 1% 0.96 % (EE5y3K), FHMHEIX 51.92 % (E & H) Th
Sl z ZAaTICED 65 REBREN L | THY, 8 RERE R 2 725G R Th-oTz.

TIN5 DI RAR DA ITEEL T, RIVEMEA IR K OV AR 2 JE L QD BRBR D DILE A5 O
IIFTRRAR IS DWW TR E A3 T T, Al IR R OV TR 113 63 SRR NDHE 1D, 58 BR=N 7L
— DR WEE, 4 RBRED ICP-OES {E& W o, AIVAMEARIZ W TR SRR AR O S 5o i %
4-3 |7, 3 HTRARR D Median 1 41.13 % (E&503), NIOR 1% 0.98 % (H&/75=), FEIEIL 41.17 %
(B&EDH) Thole. z Aa7 |2 56 REREN N THY, 4 REREN A ) 2GR ThoT. Al
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IOV THESN B AR O E B A %X 4-4 (R T. OFTAGED Median 1% 7.43 % (H &Y HR),
NIOR 1% 0.20 % (B &573), FIMEIX 7.55 % (B &53) Tholz. z 2Aa7 12 59 HERE X Z ) THY,
1 ARBRE DN AR R ) 72k R CdooTe. 7AYoy OB R EL TIAN R ) 72 ool = 13 7 SR = 03 7 L —
LRAWVET, 1 3UBRE D ICP-OES £ Th o7z,

TIN5 DIHTE, FBHA TR R IR I LD A1 TOBR, /el s e — 2 — o IR I [
T AL A+ E220, RIEOER ERDT-OEETHMER DD, LNLAE], MRl & e s o8 05 A
bz, ZD X7 B E CITEEHR O, FUIHIA O, 7 —2 OfEREIZOWT, /FERKRO RE
LB THS.
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(14)  FESWTWERE LB O<EMHETE 1 (C-MgO) 35
72 BRENSIL, 65 RENTL — LR TRGIE, 4 R 30 ]
Y ICP-OES ¥4, 3 RBR=E Y EDTA k& -, RBREkAE O 25
HorfiZ X 4-5 (. W GRO Median % 7.37 % (B &y 2
), NIOR 13 0.15 % (E&50=), ‘FEIEIE 7.32 % (H&533) T %u
otz z ZaTIZEY 56 AMEREIT L ] THY, 10 ARER=EHNRTR (-
W 7RG ote. (R OFHEDS S, 8 BRESTL—
DECTUORTE, 1 BRE7S ICP-OES 15, 1 BRE7% EDTA 15T T =
b7z ° m AT S B B TR -:cj\.:: o
ST AIDEEICERELST 0, ORI 2 UARER A LA
POBBTRI A AR R0 B IRV IEE, 2 A MR L Tb LA D s i A £
EREATDIRNE, Ha ST, (KL D THEED EL DM IR
VETHD. 70— LRAWOEECHIE T 2O EE R b oFiEE mEEL LY o
JEEFDIG A LRI Th .

5) FRABERICRIAE

A D AN R BREABR IS BN L 7= 153 SRBRER 12 I8 1) D EEAER Ol FRIR I C W TR 21T - 1=

AT 2REOREN > o BRE L LY T 2RO E R =ES L L, N ICSS 3t &2 AT 2
ARRE R OB AR A AT 2R mEL LA £ 6 IR LT

SIRBREIZBW T, K9 FORBRENER « VA - IBIZOWTOaTEERLTEBY, KRNT
139 FNCHOWVWTH TEIORBREN, ~ > T« AIRIZOWTH 6 BIORBREN O 2 FHE L T\WD 2 &
MWD Z . RS - BEEHEE LTI FlRS IR T, AERSICONTOMEFHR
EHFEVEBSIN TN ERGhoTz.

AR A I L TV D RBRE I W T, JRFROEIER ICP-0OES E5IC K &)@ e 2 HIE 7 2 sl
ICBWTIE, £ 8 FAS JCSS didh 2 LTz, —77, 0 ABRRIE D BFEOWEEETRBR SN
LEBIZOWTE, Frfl3i a2 i L CEAR T 2R BREN S oo, £, WMERICOWTIE, &
R REBRE LT, BIETH JCSS dffindhZ i L CW a3 e ol 72, EEMELD
72 JCSS st ML TR L TV o= b o 7.
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F6 A AR OFRBI K OSSR T

g PRI
AEAERR 7y GREREE) JCSSHF I bt ™ ERiE
28 HE5Y%(%) =8 BHEY(%) 25 EEY(%)

5% (R ER) 119 77.8 17 11.1 102 66.7
4 3 (RBERR) 29 19.0 3 2.0 26 17.0
P 2 5 55 35.9 7 4.6 48 31.4
R 45 29.4 4 2.6 41 26.8

0 A 130 85.0 23 15.0 107 69.9

EES 106 69.3 41 26.8 65 425

piES 131 85.6 71 46.4 60 39.2

iR 95 62.1 74 48.4 21 13.7

w1 120 78.4 90 58.8 30 19.6

~ A 104 68.0 76 49.7 28 183

AR 1 73 47.7 61 39.9 12 7.8

it 73 47.7 60 39.2 13 8.5

(0= 47 30.7 40 26.1 7 4.6

BRI YL 57 37.3 47 30.7 10 6.5

a) W ARBRELCTHY, BEERZ R LW TIEEEIRL TOLS 5 A I 25720

b) MRIX G AR CICSSHS S dn S, [EERAYIC L — 3 7 VIR ik Al FH L TR =L

c) FrfkalFEFEAML AL, BEICTMRL WAL TWDRERE (bRl TEMT o256 a5 1)
d) IR =153) IZ5T5F1G

6. F&H

2019 FRESMENG EEE BR DT D D IL[FFBRIL, (LABEEE 11 55T 136 BRBRE, SRSV WEREIEEL 3 AR
(2 76 RERENBINLTZ. BB THERBAAEZ 2 AANEIZED 2 237 Z WL 7225,
F{?EE(|4<2)J2:;.Mﬁé%t;t%ﬁg@¥l 1% 78 %~98 %, [ /&t (|2|1=3) ) EeHliS N 7ZilBREDOFIA 13X 2 %
~16 % Tholz. FEHORBRIEIZLHME T 8 HRELL LA LI FIERIZ OWTOEIED 24 ELT-
25, KIEPEIFHIFEITBITH TV AF > H & ICP-OES D FEMTHEZE (A EKYE 5 %) 85obhi-

0, NS R T M AR I DL, 20 2 FIEMICH BZITRD N7z,

BREUTHER T A B IR T 2B N2\ ), Z2BFECOLENT RO T, ICP-OES Zff H 3 255k
FEHHEIMIL TV, BERR T AT OBR IR EAROEARIEI IR L, B Z 5T DR RN TRIE 52
EMEFELL, Fe, AEPOOTHEER OB BITER 2O LEN DD, TOM, HEEICL DB IE T
TEMR O JREFGRNEE L), EEETIIRBOEHEANKYILRL0T, FRlBREICB T, H#aR-R
O HFRERDCITVEREEZ L.

F7o, BRI ORS, N EE P *ﬁ%ﬁ&@)\ﬂé LT, MBRAELRER RICH(E 2R >ZenTs, R
BRE OEHIEZ R ODHIEITDRND. RIS, HHFRVE ORI RIAZ /S IEL TEHIEND, HHTHEE
D) R, FERE DK RE LN LELRD.
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NEBFHIATIR, G341 OB A SNDRBREL, R, IERIOMAIZ & DO TR o trika iR
L, ZOEEFNAICHED ZENRUITH L. HlBR=IZBWT, REVEICIVIEEE OGS BELLDY, AL
—RI25 | EHEE (OIT) N TERRARMAH 2 A TRLZEB S ROMELE 6N,

B

ZOILRRBRZ EM T DICHTD, BO M- PR, WHEMERRE L K IHhzBEL, AAa—7
T IR E R T35 R O 7Y 7 RS T 70 L L5 O BRE S IREH B 9.

X ®

1) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2017, TFRERFT & OB IEREBIDRE /I B2 — ik BR F05 ))
2) BEMOKPEIEE L a2 2 — (FAMIC) : JERIEEREAT HEY B OB AT H 58 Tt
<http://www.famic.go.jp/ffis/fert/sub6.html >
3) ISO/IEC 17043 (2010): “Conformity assessment— General requirements for proficiency testing” (JIS Q
17043 : 2011, DESPERHMN — HRERBRIC 45— ZHR 9] )
4) Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency Testing
of Analytical Chemical Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)
5) MSZATEGE NRMOKPEE B 2 2Bl 2 — (FAMIC) : IEBFEaER % (2019)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2019.pdf>
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Result of Proficiency Testing for Determination of Major Components and Harmful Elements
in Ground Fertilizers Conducted in Fiscal Year 2019

AKIMOTO Satono!, SHIRASAWA Yuko?, ECHI Masahiro®, SHIRAI Sae*,
INOUE Tadashi’, KOBORI Takuya®, KATO Madoka' and HIKICHI Norio’

' Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
2 FAMIC, Sapporo Regional Center

3 FAMIC, Sendai Regional Center

* FAMIC, Nagoya Regional Center

> FAMIC, Kobe Regional Center

® FAMIC, Fukuoka Regional Center

7 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2019, using reference materials of
ground compound fertilizer and silicate slag fertilizer based on ISO/IEC 17043, “Conformity assessment— General
requirements for proficiency testing”. Moisture (Mois), total nitrogen (T-N), ammonium nitrogen (A-N), total
phosphorus (T-P20s), soluble phosphorus (S-P»0s), water-soluble phosphorus (W-P,0s), total potassium (T-K»0),
water-soluble potassium (W-K>0), water-soluble boron (W-B»03), arsenic (As), cadmium (Cd), were analyzed
using a compound fertilizer sample. Acid-soluble silicon (S-SiO»), alkalinity (AL) and citric acid-soluble
magnesium (C-MgO) were analyzed using a silicate slag fertilizer sample. Two homogenized samples were sent to
the participants. From the 136 participants which received a ground compound fertilizer sample, 40-130 results
were returned for each element. From the 76 participants which received a silicate slag fertilizer sample, 56-73
results were returned for each element. Data analysis was conducted according to the harmonized protocol for
proficiency testing, revised cooperatively by the international standardizing organizations IUPAC, ISO, and AOAC
International (2006). The ratios of the number of z scores between -2 and +2 to that of all scores were 78 %-98 %

and the results from the satisfactory participants were almost normally distributed.
Keywords  proficiency testing, compound fertilizer, silicate slug fertilizer, ISO/IEC 17043, z score
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FAA FEEYEA1TOLENEE =2 7 R BRRGE (E &% %)
. EHREE TUE=T SERMED AR YEPEINEL
it (T-N) =% (A-N) (C-P,0s) (C-K,0)
0 13.92  14.03 11.62 11.64 13.20 13.32 13.76  13.91
9 13.99 14.03 11.70 11.74 13.39 13.44 13.38 14.32

15 14.01 14.02 11.94 12.11 13.24 13.36 13.95 13.99
21 13.98 14.00 11.59 11.61 13.19 13.22 13.63 13.70
27 13.99 14.00 11.72 11.82 13.32 13.47 13.55 13.57

F4A (i) (EH D2 %)
o <TEtEHE 1 -l e N EIESES KEEMEIED & IRFEMEZEFR
I (C-MgO) (C-MnO) (C-B,03) (W-B,05) (U-N)

o

3.44 347 0.298 0.318 0.568 0.583 0.444 0.462 2.14 224
342 3.44 0.289 0.303 0.561 0.567 0.452 0.464 2.28 231
3.52  3.54 0.309 0.318 0.561 0.578 0.445 0.453 229 233
3.41 349 0.294 0.311 0.527 0.572 0.460 0.470 2.12 235
3.52 3.54 0.311 0.319 0.555 0.563 0.446 0.452 235 2.36

FAB FEEYEB 14O ERE =421 VB E (EEDHE %)
] TUE=T ALYEED AT KUY AR RN B
" %% (A-N) (S-P,0s) (W-P,0s) (W-K,0)
0 7.94  8.09 9.13 9.14 6.66 6.74 8.18 823
4 7.98  7.98 9.18 9.23 6.77  6.79 8.15 8.16
10 7.96  8.01 9.12  9.13 6.65 6.67 8.28  8.29

16 8.01 8.05 9.19 9.26 6.65 6.66 823 827
22 8.02 8.06 9.25 9.33 6.72  6.77 8.17 847

28 7.98  8.00 9.10 9.13 6.69 6.71 8.17 8.28
34 7.93  8.03 9.10 9.11 6.69 6.73 8.27  8.54
40 7.89  8.02 9.21 9.23 6.66 6.67 8.07 8.30
46 7.93  7.95 9.27 9.28 6.74  6.76 8.17 8.18
52 7.93 8.0l 9.17 9.26 6.77  6.78 8.35 8.44
58 7.96  8.01 9.25 9.26 6.82 6.82 8.07 8.19
#4AB (FE) (mg/kg)
. OF# HRIT L =v7v
it 1 (As) (Cd) (Ni)
0 3.01  3.23 3.92  4.11 36.7  38.3
4 296  3.07 426 4.27 377 37.7
10 2.93  2.96 4.15  4.19 36.9 37.8
16 2.88 297 417 4.19 36.9 37.1
22 291 2.98 3.95  3.99 38.1  39.0
28 3.01  3.08 3.70  3.78 36.3  36.6
34 3.06 3.10 4.43  4.44 383 39.1
40 2.94  2.99 429 438 37.2 372
46 2.94 298 4.04 4.14 37.4  38.1
52 2.85  2.90 434 437 37.2 387

58 2.82  2.96 435 4.48 36.0  36.5
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F4CD IEHEWME C-12-20 2 EMET =2V o 7 3R B Rk A (E&DFE %)
- ERA 0 AR B AR 4 R IR AL GL TS
] (T-N) (T-P,05) (T-K>0) (T-Ca0) (0-0)
0 477 479 8.64  8.64 0.607 0.619 599  6.03 204 20.6
8 457 475 8.46  8.49 0.553  0.561 576 5.82 20.0 20.1
14 471 478 8.52  8.53 0.560 0.564 6.03  6.08 20.1  20.9
20 4.67 472 8.59  8.59 0.538 0.541 584 6.17 20.7  20.8
26 4.67  4.69 8.56  8.61 0.572  0.573 6.20  6.30 202 203
32 479  4.80 8.62  8.63 0.583 0.588 5.62  5.66 20.1 203
38 4.80 4.81 8.72  8.76 0.610 0.614 590 5.95 202 20.4
44 4.62  4.69 8.53  8.57 0.524 0.532 542 5.44 204 209
50 4.63  4.66 8.73  8.76 0.611 0.623 578 5.78 190 19.2
56 458  4.61 8.48 8.54 0.605 0.608 579 5.87 199  20.2
62 458  4.61 8.59  8.60 0.570 0.579 577  5.82 193 19.5
68 4.63  4.69 8.60 8.64 0.560 0.579 5.85  5.90 19.8  20.0
74 4.66  4.69 870 8.72 0.608 0.611 6.12 6.14 204 20.5
82 4.83 4.85 8.72 8.76 0.604 0.604 597 598 208 215

#4CO (i) (mg/kg)
i ] KiEce-:4 Hidh 4 i O# FIRIT A
(T-Cu) (T-Zn) (As) (Cd)

0 583 587 963 991 22.1 225 1.81 1.84

8 575 591 991 992 192 203 1.83  1.85

14 567 586 1015 1015 20.7  21.1 1.79  1.82

20 582 582 982 988 218 22.1 1.78  1.78

26 545 547 991 996 229 231 1.84  1.90

32 561 575 1000 1004 224 229 1.82  1.82

38 570 571 985 996 227 229 1.77  1.79

44 567 569 981 992 21,7 219 1.83 1.83

50 571 579 1001 1003 19.8  20.0 1.82  1.88

56 587 589 996 1002 214 237 1.85 1.91

62 554 561 997 1006 21.1 216 1.77  1.82

68 575 577 998 1007 204 20.5 1.72  1.81

74 572 574 983 999 221 229 1.83 1.85

82 559 566 992 995 213 224 1.72  1.80
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R

#4CO (frx) (mg/kg)
o JKER =L Z4=9N &
i A (He) (Ni) (cr) (Pb)
0 0.464 0.470 733 743 78.6  81.2 36.4  36.5
8 0.448 0.478 742 74.6 80.5  80.5 35.1  35.1
14 0.443  0.473 783 78.7 754 79.4 36.1  36.9
20 0.511 0.514 727 743 81.8 829 353 353
26 0.501 0.503 733 73.4 86.6  88.5 354 359
32 0.462 0.479 773 714 80.4 81.2 36.0  36.0
38 0.506 0.514 747 749 79.1  79.4 353  35.8
44 0.488 0.509 71.6  72.6 79.5  80.2 353 35.7
50 0.483 0.520 75.9  76.3 83.1 84.0 355 36.0
56 0.466 0.476 76.1  76.3 80.5 82.1 36.8  37.3
62 0.466 0.476 743 744 772 79.3 346  35.1
68 0.489 0.501 732 75.5 80.8  83.5 348 358
74 0.512 0.522 74.0 746 78.8  81.0 36.1  36.9
82 0.470 0.523 72.7  72.8 78.5  78.7 357 36.2
F24CQ FEYEMEC- 18D R EMT =XV 73 BRI (&7 %)
it A EHRLE 0 AR A SN A IR 4R HRERFE
(T-N) (T-P,05) (T-K,0) (T-Ca0O) (0-0)
0 470 4.71 4.61 4.67 0.107 0.118 1.62  1.68 36.6  36.7
5 478 479 4.60 4.60 0.117 0.120 1.61 1.65 37.6  37.8
11 481 4.85 4.60 4.65 0.117 0.118 1.68  1.68 37.8  38.0
#4CQ (HiZ) (mg/kg)
o Bl 4 kAR oa -y (053 IR L
(T-Cu) (T-Zn) (As) (Cd)
0 919 922 1547 1553 120 137 1.80  1.93
5 911 913 1533 1537 140 143 1.86 1.93
11 951 954 1547 1547 133 13.9 1.81 1.83
#4CQ () (mg/kg)
i 7K ER =L Z4=FN &n
' (Hg) (Ni) (Cr) (Pb)
0 0.905 1.012 242 262 42.4  46.5 23.0 24.8
5 0.862 1.049 248  25.6 493 513 24.8  25.3
11 0.878 1.005 249 254 44.0 442 243 248
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#5-1 EEWEOREMRDE=2) VR DRHlifE
£ 5O (5] oy AT s HIE
RIS by bo® D S P gmwd )
(mon.) (%) " ( % )1) %) (%)? ( % )J) ( % )D
mon. mon. mon.

(EEYEME A-17)

EHREE (T-N) 144 1400 0.0004  13.99  0.017 0.001 0.003 O
TroE=THEHE (AN) 144 1175  0.0030 11.706  0.191 0.009 0.029 O
MV ARE (C-P,0s) 144 13.31  0.0012  13.298  0.103 0.005 0.016 O
<EMENE (C-K,0) 144 13.78 -0.0104 13.926  0.139 0.007 0.021 O
<EMHEE 1 (C-MgO) 144 3.479  0.0025  3.443  0.045 0.002 0.007 O
<M~ A (C-MnO) 144 0307 0.0003  0.303 0.009  0.0004 0.001 O
<AEMEIFHFE (C-B,0;) 144 0563  -0.0007 0.574  0.007 0.0003 0.001 O
KEMEIEHFE (W-B,0;) 144 0.455 0.000002  0.455 0.008 0.0004 0.001 O
JRFEMEZEFE (UN) 144 2285 0.0026  2.247 0.050 0.002 0.008 O
(EEHEY)E B-14)

TroE=THEHE (AN) 282 7.99  -0.0008  8.01 0.03 0.0004  0.0010 O
AYRMED AU (S-P,0s)  28.2  9.20  0.0014 9.16 0.06 0.001 0.002 O
KIEMED AR (W-P,0s) 282  6.72  0.0012 6.69 0.05 0.001 0.002 O
RPN (W-K,0) 282 825  0.0003 8.24 0.10 0.002 0.004 O

a)

b)
c)

d)
e)
f)
g)
h)
i)

i)

FEHE R A- 1713 8% O BR K i A DAL Q7+ AR TE=4Y S
FEAEY)E B- 14135 5% OFRBR SEhE H O ER LTS8 AR EFTE=XU S
FEHEM) T C-12-20 3 8% O BR i A M DIEBE L C82r AR TE=HY S
FEYEM)E C-181X AR O BR IZhE B 2 DAL Tl Atk ETE=XY LT
FRELEE B OFRER S B 5 E =2V 7 i B £ TORGEIR R O (H)
FEHEME A-17 DRRBR AR DR ME (57— 2% = 3B L[5 (5) X O Tt (2))
5 AEN) T B- 1407 BR A OF M (77— 2% = ARBR SR 4R (11) x R T3R8 % (2))
FEHEW) BT C-12-2D 7R BR AR DR TIOME (77— 2 % = S BR LN [nl 5k (14) X O T7#RBRER (2))
FEHEM)E C-18DFRBR AR DR T IME (57— 2% = FABRE N[ % (3) X P T#tBR% (2))
[ )i [EL AR O X
B B AR OY)
TR O =
(A1) ELRR O Z OFEHERR 7
Sp, X Loos5T-2
ORKAUITHEA L THEHEIIAELITRDON T, ZELFHh LT85
|b1] < Sp, X toosT-2
FHO%ITE & F
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#5-1 (i)
#5-1 [EHEYE DR EMDE=ZY L 7Ok O -l 5
T B )i Sy AT s HE
SRS byD  by®  sD ST gmwd o
(mon.) (%) ( % )U %) (%) < % >]) ( % >1)
mon. mon. mon.
(EEYER)E C-12-2)
EHEEE (T-N) 41.0 471  -0.0004 4.72 0.08 0.001 0.002 O
0 kAR (T-P,05) 41.0 862 0.0016 8.5 0.08 0.001 0.002 O
M4 # (T-K,0) 41.0 0.58  0.0003  0.57 0.03 0.0003 0.001 O
K4 E (T-Ca0) 41.0 5.89 -0.0007  5.92 0.22 0.002 0.01 O
AR (0-C) 41.0 2024 -0.0018  20.31 0.55 0.006 0.013 O
(EEYEM)E C-18)
=X 2w (T-N) 5.3 477  0.0114  4.71 0.02 0.003 0.03 O
0 kAR (T-P,05) 5.3 4.62  -0.0016  4.63 0.03 0.004 0.05 O
INE4E (T-K,0) 5.3 0.12  0.0004  0.11 0.003 0.0004 0.01 O
K4 (T-Ca0) 5.3 1.65  0.0028 1.64 0.03 0.003 0.04 O
ARG (0-C) 53  37.44 01114 36.84 0.35 0.05 0.58 O
#5-2 BHENEOLEMDE=L) L 7Y SR O i R
) £ 5O (5] i AT s e HE |
ISy bd  by®  sH  S;? e )
mg/kg mg/kg\ (mg/kg
(mon.) (mg/kg) ( mon. ) (mg/kg) (mg/kg) ( mon. ) < mon.
(BEYEY)EB-14)
U (As) 282 298  -0.0022  3.04 0.07 0.001 0.003 O
JIRIV A (Cd) 282  4.18  0.0045 4.05 0.21 0.003 0.01 O
=471 (Ni) 282 375  -0.0056  37.7 0.80 0.01 0.03 O
(FEYER)'E C-12-2)
#i4& (T-Cu) 41.0 572 -0.1263 577 11.5 0.12 0.27 O
fign 4 & (T-Zn) 41.0 995 0.0881 991 9.5 0.10 0.22 O
U6 (As) 41.0 21.7  0.0015 21.6 1.11 0.01 0.03 O
HRI7 A (C) 41.0 1.82  -0.0001 1.84 0.04 0.0005 0.001 O
KER (Hg) 41.0 0.49 0.00036  0.47 0.02 0.0002  0.00043 O
=L (Ni) 41.0 747  -0.0143 753 1.81 0.02 0.04 O
2712 (Cr) 41.0 80.8 -0.0114  81.3 2.65 0.03 0.06 O
£ (Pb) 41.0 35.8  0.0004 35.8 0.66 0.01 0.02 O

JEITRS- 125
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#5-2 (Fi)
#£5-2 FEHEYE DL EVEDOT =4 L 7V AE O (iR 5

T E
= o b D by®  sH 55 Y HAED o
mg/kg mg/kg) (mg/kg
(mon.) (mg/kg) ( mon. ) (mg/kg) (mg/kg) < mon. ) ( mon. )
(FEYEYE C-18)

#il =/ (T-Cu) 5.3 928  3.0418 912 19.06 2.45 31.09 O
Hfi§n 4> & (T-Zn) 53 1544 -0.2036 1545 10.94 1.40 17.84 O
U (As) 53  13.5  0.0664 13.2 0.82 0.11 1.33 O

JIRI7 A (Cd) 53 1.86 -0.0043  1.88 0.04 0.01 0.07 O

7Kk#R (Hg) 53 095 -0.0016 0.96 0.004  0.0005 0.01 O

=L (Ni) 53 252  -0.0064 252 0.04 0.005 0.06 O

2112 (Cr) 53 463  -0.0637  46.6 4.92 0.63 8.03 O

#n (Pb) 53 245  0.0509 242 0.72 0.09 1.18 O

3) MR EMHEDOAHR

B ZEMNT=2) TR AT TR R, BLBR CIEEYE A-17 1IRRGHERR EDD 1 4 7 7 A [, 14
YVE B-14 ITR8FHERREND 4 £ 7 » A, AR HEME C-12-2 ITFERHER END 6 £F 8 » H [, fRHEMHE C-
18 [TFRFHERR EN D 8 # H D2 EVEN e STz,

4. FE&&

FAMIC I3, JEBFERHEEYE L CTIEEDE A (G ELRIEE FAMIC-A-17), fRY¥EME B (Ed b aide
*Jr FAMIC-B-14) } OFEUEM)E C (V5 IRFE AR FAMIC-C-12-2 & TN FAMIC-C-18) D& =4V 7|2 L5 &
TEMRBRZ LMLz, ZORE R, HEUEY'E A-17, B-14, C-12-2 XY C-18 DA ER H /30O RBREkAE D 1)
Fa“i WO S N E B BROE R R A B 2 D52 L3 en o7z, F7-, 3HBRAGEZ 1SO Guide 35 (JIS
Q 0035) =SB ITHFHEITL, ZEMEZFTMLIZEZA, FEHEWM'E A-17, B-14, C-12-2 KT C-18 |22V THR
AR E %, %/\7145'57’7‘)% [, 447 7 AT, 6 28 » ATH, 8 » A IO R TORIERN 7 DL EVED RS
7.

ISO/IEC 17025 (JIS Q 17025) Tl&, HIEDZ Y HEOMEZIZISNT, FEHEE A FIVTEEE K& O EE O F T
DRDODHNTWD. Fiz, HEORBRAEROGEMEMRICEWT, RELTELNDGT —XIT, ?%ﬁ_fﬁ%ii
B, Hat e FIEE RO TR ROLE 2—%2 T 5 EMRRDLINTND. ZOIEND, FRRE D O HZ
PEZFERRL OB AR EFRAAE He 'E O F) S HE DS IEEN > T D15 FEVEREIR I B R D L2 AT R EL, %lﬁﬁ%‘
OFHEMER) RIZF 5T 5b0EE 2 HN5.

X B

[

1) MSEATEOE NEMOKEN T 22 i 2 — (FAMIC) - BB AT AR HERE O BCAT B &6 Fhe X
<http://www.famic.go.jp/ffis/fert/sub6.html>
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2) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025 :2018, [ZRBRFT Je O IEREBI DRE S1IZ BT 25— Bk =1H )

3) BOTETY, BRI, JORFEFE, SEAAM, fHEEN, REEZF, SORULF, BEHERF, BHEE,
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(2013)

4) MR —, JUKRFR, BRI, BOTHT), REFE 7, BEEAT, MARE, BHFH, BHRIE,
APRIT:2013 AR IRRREARMEM E OB JE — i EEAL AR FAMIC-A-13 —, JIERHIFZEHR S, 7, 95~
104 (2014)

5) BrEsatE, RKOCHLY, SO H BT, \ORFRR, G, BHARER, INEE —, BRI, $oARRh,

ACRIER, fBAEL S, FOFRTR 12014 R IERIREREARMEY B oD B %E — il (LR FAMIC-B-14 Ol
—, IEEHIFZEHRE, 8, 140~152 (2015)

6) BouHJy, BELE, )RR, RANIER, AR, AIHRIG:2015 £ LEREREEEY E D5
J& — 15 IRFEFENLEL FAMIC-C-12 O FHRERE—, EEHIFZEH T, 9, 145~169 (2016)

7) BOTHh, NEEE, BOFmEA-, RS, TAMEC, BARSE, BRIG:2017 FEE JEEEEREEE
Y E OB — @ EALAEE FAMIC-A-17 OFifd —, JEEHFFEH#RS, 11, 159~172

8) VE/KHE, BOFMHEF, MEEEE), RKEES, TAE1, BOcEh, AHMIR:2018 £ JEEERELE
HEMVE DOBHFE — 15 TR RBEAERE FAMIC-C-18 OFFHL —, JEEHFJE A, 12, 160~174

9) ISO 17034 (2016): “General requirements for the competence of reference material producers” (JIS Q
17034:2018, HEIEDE AES ORETNCBET 5 —fx ZRFIAH])

10) ISO Guide 35 (2006): “Reference materials— General and statistical principles for certification” (JIS Q
0035 : 2008, [FEHEME —FRREDT=8 D HI K O 7R72 5 Al )

11) ISO Guide 31 (2015): “Reference materials— Contents of certificates and labels” (JIS Q 0031 : 2018, [FE
EYE —RAEER T~V ONE )

12) JRSZATEOE NEMOKETN B 2 i 2 — (FAMIC) : JEEHERER A (2018)

<http://www.famic.go.jp/ffis/fert/obj/shikenho_2018.pdf>



20194F % EBBREAREME OBYE — Rz el — 209

Long-term Stability Evaluation of Fertilizer Certified Reference Materials for Determination
of Major Components and Harmful Elements:
High-Analysis Compound Fertilizer (FAMIC-A-17) , Ordinary Compound Fertilizer
(FAMIC-B-14) and Composted Sludge Fertilizer (FAMIC-C-12-2 and FAMIC-C-18)

INABA Shigeyuki', KAWAGUCHI Shinji', AOYAMA Keisuke',
FUNAKI Norio!, INOUE Tadashi' and SHIRAI Yuji?

"' Food and Agricultural Materials Inspection Center (FAMIC), Kobe Regional Center
2 FAMIC, Fertilizer and Feed Inspection Department

FAMIC has performed long-term stability examinations to confirm shelf life of fertilizer certified reference
materials (CRMs), high-analysis compound fertilizer ( FAMIC-A-17) , ordinary compound fertilizer (FAMIC-B-
14) and composted sludge fertilizer (FAMIC-C-12-2 and FAMIC-C-18) for analysis of major components and
harmful elements. FAMIC-A-17 is certified for the concentrations of total nitrogen (T-N), ammonium nitrogen (A-
N), citric acid-soluble phosphorus (C-P»0Os), citric acid-soluble potassium (C-K>0), citric acid-soluble magnesium
(C-MgO), citric acid-soluble manganese (C-MnO), citric acid-soluble boron (C-B,03), water-soluble boron (W-
B>03) and urea nitrogen (U-N). FAMIC-B-14 is certified for the concentrations of ammonium nitrogen (A-N),
citrate-soluble phosphoric acid (S-P»0s), water-soluble phosphoric acid (W-P,0s), water-soluble potassium (W-
K»0), arsenic (As), cadmium (Cd), and nickel (Ni). FAMIC-C-12-2 and FAMIC-C-18 are certified for the
concentrations of total nitrogen (T-N), total phosphoric acid (T-P,0Os), total potassium (T-K»O), total calcium (T-
Ca0), total copper (T-Cu), total zinc (T-Zn), organic carbon (O-C), arsenic (As), cadmium (Cd), mercury (Hg),
nickel (Ni), chromium (Cr), and lead (Pb). We evaluated the monitoring long-term stability by a statistical analysis
of the results of monitoring stability examination on the chemical analysis of the stock CRMs. The data was
performed a statistical analysis in reference to ISO Guide 35: 2006. It shows evidence that there were no need to
update the certified value and its uncertainty. From these results of the statistical analysis, the all certified values
of the CRMs (FAMIC-A-17: 1 year 7 months after preparation, FAMIC-B-14: 4 years 7 months after preparation,
FAMIC-C-12-2: 6 years 8 months after preparation, FAMIC-C-18: 8 months after preparation) were stable. The
CRMs were expected to be useful for the quality assurance and the quality control in the analysis of major

components and harmful elements in compound fertilizers.

Key words certified reference material (CRM), fertilizer, major component, harmful elements, ISO Guide 35,
long-term stability
(Research Report of Fertilizer, 13, 188-209, 2020)
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13 BRIBHEHBOETE
— BAISSEBIZE K OV FT-IR (XA E —

VHARBEEE 1, N 2, ERSESE 2, KRR 2, B RR
F—0—F EBHEE, FEARBMEL, HIEIEE, 7 — ) BRI O EERT (FT-IR)

1. IXCHIC

JEMOKBETN Fe 22 2N 2 — (FAMIC) TIE, IEBHH OJFEATEFEDHIRHINE 357280 Fpk 23 DS
A 26 HEFEZNT TR GRY) OB &, Fi X T VA VALER L 7- B % O FH 2 B EE CRISR LI 5 B4
EROFELD THEET —H_X—2%ERK L, FAMIC WiE RIS L CB gk RA M ORE L IIE AL T,

Wik 30 AEEFAEMIEVICE T, FARIGIRIEE R LSRG TRAEE O BB 21T DM E L T, ik
HER OB RLAAD DNWTIR A E TR T HIENTE, ZNHIGIRIBEIOE &I BT D EEL /20 Tl
WINEHERR LT

AWFFETIL, 2O FARIGIRIEE & OURTGIE RO Rl U TS LTSk O iR K DD DWW EiR A
Wz RE T 57012, MBI E 712 O T T VAVILER, HHWTEIBIL K I I DN E L7127
—UE BRI RNV EFH (BL T, FTIR &35, ) 2 HWEEST o7, £, FEEEICS &R, #ET
—H R TR WHE B ORI 72 0 AR IR T 5720, B XIXT VA VILER AT o 7ot I FE AR
BEPEE TR L G HA IR LIZD T, O RE ML 5.

2. HHEHRUAFE

1) *REEH

FKIGVERERE S U IRIG IR IR OIR AW 2 R85 572012, FARVGIEIERE(2 5) K OUIRIG IR AE:
(7 JIZHDWT, TRED 4) B GIEDOK 1~3 TRIWE, 7V A T b K F L ZATV FT-IR CTHIE
L7c. F e, Wil COLHER L O'EW O PSP A IUE L, BRIMEBIIC L ABIE A I L 7. HEEE DN
A S AHERR (5 ), IRSAHEIE (4 5), FBSAHERR (5 45) K OEOHEE o8 (3 £) THD.

2) ZFERUVHR

(1) AihZEE  EEG GRER )

(2) RAKPAMEE : r = AR — LR FERBSSE LZ-LED-T (r=Ak e, Bl80% 23 v F0E=HF—
([CHERL TIT 72, ods, X 42 N 43 13 SZX 7 (OLYMPUS +H8Y), B2 15 4> F DE=2—THHt
LT Tz,

(3) BAMEET AN AAT N AF HT—CMOS ' H—A A7 (Sony)

(4) 7=V WG AR r HICERE (FT-IR) < IRPrestige-21 (RHEEEUERT)

ATR ===} SenslIR Technologies i DuraSamlIR II Zff FHL7=.

U OMSTATEOE N RMROK EETE B 2 R o 2 — AR AR B 22 A A

2 OPNEATBUE N EMOKEW B Z 2t o 2 — ki 2 —
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3) HEDRH

(1) 7K:flikBLEEE (HAIVART  Elix Advantage 5) 2 WO CORERLL7- JIS K 0557 IZHET 5 A3 DK
(2) Wilg: JISK 8951 A FH & &M HFAHE (B L)

(3) KEE LT RIT L JISK 8576 kel (8 L7 ¢V AFNEAIHE)

(4) EER bk JISK 8230 Fefkaddk (& L7 1L AFEHIRE)

4) HBRFE

AEKRFD§E TE 7 R S A TV DA IR IZ L - T, 7B VALEREAT, TOREMEBE L. 25
DD, B IEO7T—— K 1 KO 2) 2R

F7, FAIGIRIEE R OCURIBIEIEEHZ BV TE, DO DWZIB AW Z FT-IR CRIET 2572912, 1Y
ZBRETDHTONE S g [CBERb/KSE 30 mL 2%, SOSSINEDET 1 B UL L@ 3084 T
7. ZOWMBALAKBIZRLDME FiEDT7n— — e X 3 TR

SFralEl 2 g F—At—H— 300 mLiZiZA0E5
Rl (1+34) 150 mL
#ih | westmcrm, 155 R

K (E—H—EHETMAD)

HE

B SR 5 | il K OOKg % BR<

OKEHERI/ 2D ETHRIRY)

()

| B | e g cB L
I BRI RBRTLEE S ik




212 AEEMFZEHR S Vol.13 (2020)

SHTEER 2 g h—/LE—4— 300 mLIZ{X 0%
—xH)—)L L&

—IKER{bT )7 Lk (50 g/L) 150 mL

b RERTIL TR, 3043 & W

—K (B—h— EEETNZS)

i
AR S35 | T K UK 2 i<

OKJEDSFEIZ 72 2 F TREDIRS)

(W)

Bl FRE W BT TRLER
2 TAAVICZRDATALEE T ik

SIHTRER 5 g h—/LE—71— 300 mL~500 mLI{ZIZ2 0 ED
< bk 30 mL
. REEHIL TR,
HHE RO AL ES E TR L
(TR
Blzz TR % BRI TSR

X3 EE{bKE DRI T
3. HERUEE

1) FAKEERMEVLREERRICRoN-HEOHZMRFICONT

(1) BEEKFRZRAV-RTOESEORE

BERVIZED, FARIGTRAEEL K ONUIRIBIEAEEHZ 3 W THHEIR O (K 2 OMEAD D WTIR AR b AT
EMHRESNTND. DD IO FUEHS AL PE TR D, fRMER OMIRIT AL b — S —H R ORMGHIAHE,
BEDOOWIRAMNIFIEMEDKFE RO~ A7 0T T ATy 7 TIIIRNDPEHELES LT,

~ AT TAF I DIHITIELL T FT-IR IZEDHIENZ NS TODA, JIEIZH o> T
Bt RET DT IAF v 7 T 20BN S5, BEMCRUZIRLEE (K 1) KTV AUREL (K 2) T
(TIRAWEIBIRDMI A LY, #EHER O IR GIRAIZIIA ENTRIE TH -T2 LTZT2D, IR AM D A
ZHHTHZLIIWNEETH Tz, £2T, HIREHER T DA M 0 LERE T D708, ABFZETITHTZIZ
W ERAL KSR DA 57k (1K 3) s LTz,
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R K R TR LT R A A BB CBIEE LTS R, X 4~8 TR STl LK SBIZ L OTB IR DN 53 fif
SNTZZET, BRI T NV AVAEE L B L TERO D WIR A DS IARICHER LT < eolz. BELELT, T
KIGUEAEEFDFR LR K O VA VALER D BRI B B A X 4-1 KON 4-2 177 ¥ 9 OXHITmEE{bKFED
2330 mL TGN R+F72 ol b ok — oz, Z<ORBHIIB W UIGIROE AN
IR DZ L TIR A R LT < o7z,

TKIBURAEE K ONURTBIRAEEHIOWTE 1~3 DOFEFEZITV, ZNFNOFE R WA SR BEMEE T8l
BRURNOEFEE 2 D5 B THOMHER OMIE K MDD SV A ZE 2y TR L T L2, =
NOHDR BN OV THAREE THIER TEE L Oy F TR ¢ 2 TEEHR I3 | 0L BY
Thoi-.

oY -..‘_““’_" =i

6 UIRIGURHEEF (1), %9 55 %, wfg{b k& ALE] 7 URIGIRIEE(2), £ 55 £, itk 3208
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1 mm
i

X 8 L, {ﬁ/JE'HE*Jr(S), n’*’] 55 {E, it b 7K SR AL ER 9 LIRIGUENEE(4), K 55 fiF, ikl Kk 8 ALEt

K1 BUBEITETOBE K O PTREZRUEHL

BAIMEE CRlE TET ey THY Hjﬁ‘)f:
= a) = gl b
BEIOMEE KK EE P © 1 mm) U
WEMER D BA T WHERD  RAMSUT
ik ) LS £
TARGIEEE 2 ERALER 2 2 —o) 2
TV AT AL 2 2 — -
B v Y U 1 2 1 2
L IR% T st 7 ERLER 6 6 — 5
TIVAIY AL 6 6 — —
AR LK AL 6 7 — 2

a) BAMMERBLE TR O IR H DV NTIR AW A 1D ERER T30k

b) WEHEROMIEHHVNTIR AW A 1L, EE By N THIH T /- 3B
c) fHATA]

(2) FT-IRIZ&SEHKDOMEDREE

F1ZBWT, By CROHEK 10 L O 12 TRIFEHER ORI OV TFT-IR THRIEL, X 11
KO 13 DFRARINART MLV EAGTZ. FT-IR ORERMIER 2 OLBVTHS. X 11 KO 13 DARTK
JAZOWT, FARIGIRIERE RIS LK FICE DR AT 5 T2 hA Ly b= R — DRI AT B L
(1% 15) LEbEE 35 L 1000 em (AT IR 72— 2R b7z, LosL, FARTGIEIREO#EMETIZ 1600 cm™
WCRERE— IR EONTZ— T, MLy —X—T{Zb T — 7L Ronno7z2 8, 72 3500
em™'~2900 cm™ OV —7DILRMP IR DN D, FARIGIEIEEN DI HUIHER O R E b AL > b —
IR=DANRT IR —ET DLW CER DT,

ZOBRHE =27 DEWBAECTZRKELT, FARGIEEEID A E TR W TR TRENH LI END,
A FERFOIRFE A KD B 2 T CHE—E DAL LT aTREME R B D LHERIL 2. 725, X 14 L VK] 15 TRd
FNZ, FRAMBIL AT WA BT LK R LB K T BT E AL bz oz,
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2 FT-IR OHIE S

HH & A
HE 715 2 RCSTHIE 1 (ATRE)
HEE—R Absorbance
TR A XBAEL Happ-Genzel
A i P 4000 cm™' ~650 cm™ (RS EER)
GCAGIE 10 [A]
53 RRE 40cm’ ~2.0cm’
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(3) FT-IRIZEZEDDOW=EAMDRE

# 1 IZBITLHE By NTERIRTETZAD DWIB AW SUTEMIZOWT, £ 2 OFRMIZED FT-IR THIE
L7z, ZOfE R, ¥ 16, X120, KT 25 DEH7e—EOBAMIZIHBNT, R T mEL o RRI=F L D5Rst
WA MV EFRI LTS el e otz X 17 TRUTZRREADIB A D AT LTI, 3000 cm™'~2700 cm'™
fHETE =73 &, RV 7 e’ (% 19) RO ATV Th-7-2Em5, K 16 DIRAIIRY 7 1
VLSRR D~ A0 T TAT I ThHIENHE RSN, BIiE, URTGTEIE (1) Z BB L 7-15E% FT-
IR THIEL, B 17 DASXTIDLZEELG W RA K 18 1Rz, I LTZIX 18 DARIMLEK 19 Z Lt
i:4%5&, 1500 cm'~1000 cm™ FHTOE —ZHFLIL TODZENHER T T,

L2, M 27 SUEK 29 DISIZT TATF v 7 E IR D FRNRINAS T MV DIR A B iR TE 228>
5, FTARIBIRIEEHCURIGIEIEE CBIESR CETB AN E T A /0T TAT v VK THLHEMETHZ LT
TERD-T-. ZOFRKELT, EBOMBELTZWENRITF LU DIIRBIRD T TAF o 7125722805,
BRAMDEI T TAT 7 DIR-EG S ThoTo 6 DORIENREETZ ST/ TRyt E 2 bz, £, 15
TEEIASE 2y NCHI TETIR A VD72, HEPIR A D ARINBAL AT SVAZBE T 550 Z A3 73
ST ZEPLHIWTET B O DR SHLERTZ LB 2 bz, [FIEICS 720, SHRERD T TATF v 70k % 275D
B LIZARI ML T — S5 SHICEREL, ZNHOHE AT 2 NS B OB TH 5.

0.2

[+']

Q

c

]

201 |

o

&
0.0 7 ; T ; T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

16 URIBIRAEEL(1) TRONIZHEADIRAY), 17 URIBIRAEE(1) OIRAY (K 16) (1281 H5R
R55 6%, MRALE AL AT R



GIEIEEIEHEE O E  — TSR L OFT-IRICE A FRIE — 217

0.2
0.15
C-H i C-H £
0.10 l
8 ]
s « E |
.E o |
S 005 | 5 01
72} n
2 ] | 4
0.00 —~_ l‘_j\,h"iy\
-0.05 - T . T T . . 00 T T 1 T T
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm-1) Wavenumber (cm-1)

X 18 UJRIBIBAEEL(1) DIB AL USRIGTRIEE X 19 TSN TWDRY 7 ae’L B IR
(1) ZZEL B\ FE AT L AN

0.3

o
N

Absorbance

o
.

_—

00 r T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

20 URTBIENEEL(2) TRONIKEBEDIR A, 21 URIGUREEL () 1R AR (K 20) DARAILA

#4955 1%, mER Lok FEL B S ZAVI%
0.3 0.6
0.5
0.2
@ o 04
[X] Q
s ]
-g 0.1 g 0.3
[72] 7]
: S |
0.0 =Y T | ' 1
) i N
01 : : . . . ' 0.0 s j : . . . :

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1) Wavenumber (cm-1)

X 22 URIGIEAEEL(2) DIR AL UIRIGIEIEEE X 23 TSIV TWDRY =F L o RO IR LA
(2) ZFEL B\ AT L A%




218 JEBMF 72 Vol.13 (2020)

=
w

|

) |
W Y,

4000 3500 3000 2500 2000 1500 1000 500

o
N

Absorbance

Wavenumber (cm-1)

24 TFKIGIRALEL (2) TRONIIKEDIEAY, 25 TFAKIGUIRALEL (2) DIR AW (X 24) (28T DR

#9 55 fiF, FRALPE AR AT L
03
02 A

Absorbance

N

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

B 26 LIRIGIRIEEN(2) TRONTZARAEADIRAY), 27 UIRIGUENER (2) DIRAY (4 26) (IZH51T DR

#9355 {5, MRALEL AR AAT L
03
02

Absorbance

e

0.0 T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

X 28 LJIRIGVEAEEL(3) THR.ONZHADIRAY, 29 URIBIBAEEL(3) DIR A (K 28) IZ281F DR
930 %, EER LK B AL AL AT [

2) HIBFEDEMFEICKIIBERER
ESAHENE, RSAHENE, 3.5 AMENE K O#3OPEESHIZHOWT, B UL T VDV A T 7= 141252
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HERE, [ 44~47 BEWM) OYEE W) (2 THLEHR 5 A) DBEMEE T E CThb.

HERR R ORHHEL T, RADEN R ONTz. £, HEREZEE T DERICREIEM L L THEHS T DY)
BEEMERTDIENTE. W EO—FIELT, X 31 TRT IO R OffHECK 39 TR X772l
Y HREB DN TR LR TE. Fiz, SO DY CHHEBE RIS, et oHkEEbh
DO ERERTHIENTEIZ. Lo, HEE R 8P OHEE S>Ici 0T, BERY TRULTZ TG
Bl LR UL 7R DR B DM D HUNZ IR A A TER T HZ LT TER D -T2,

FUZ, HEIRIEFE S A% FIREE L CRIEH (W EFE SO TEWERE) 2R 6 L, HERREEE DL 21T -
TIELNTWD. 207, FREMEHEKE FTALBEL 7751 % B e 372 T/KIGIRAREFE L Rk L C, By
IR T2 DT TATF v TFEMPRAT DA REMEMENWE B bis. 20720, 5 RIOBEMEBILICBW T, HE
NETIXTTAF v I DIIREADDONTIR AN FLHER SN SToDIELZZBND. Eo, BiodEE o9
HHEALLFIERICFK & S AT REE L T D720 B ROIR A E DR A LIZNZED D, 4RO B2
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X130 45SAHERE (1), #9 55 1%

R
= -

b2



220 JEEHIFZEE#R S Vol.13 (2020)

l34 %/Sa/ui’ﬁﬂlﬂ(l), #) 30 fi5, ERALER I35 %‘/&/\/%HE(I), )30 £, 7V VALER

36 %«&/ﬁ%ﬂlﬂ(z), ﬂ’*’] ssf Eﬁmf@ X 37 %&M&HEQ) 55 ﬁ, T/WUUE
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X 43 FHSAHEE(3), 9 214 %, 7V VALE

-

46 EMOPEOW (2), £ 55 1%, ERALEE 47 EOPEE W (2), K55 £, TV VALE

3) TKFEREHREULEKEREHNENREL-BEREHEEIO—Fv—rOER

BEHY CoR L7 BIERBIZR 7 0 —F v — MO Z, ABFEORSRE2 B E 2 T FAKIGIRIEE & O LIRTE
TRAER 2 %15 & LB 7 o —F ¥ — F 248 D L BV ERk L7z, BESY TR LR 08
RICBHT 2RI 2T, AR TR LIZIRAMNR~A 7 07T AT v 7IT5% 4T 5 AEEMEIC DN T
7u—F vy —MIRLT.
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4. FEDH

BB IC LD R B T — 2 R —ADYLFH K D201, LT OMREEITV, IROFEREG 2.

(1) FARIBVRAEE R O\USR TG TR AEE CHRFAIC RSN REHEIR O IR K D DWIRAMIZEB N T,
JFOREC A PE TR KO FREHEPE K S 2 & SN O~ A /0T TAF v 7 Thh D ATREM DSEE#R Y I LD RIS
W, ZNERRGET 272012, BT A, iR {b/KFED 3 @O A FERL, LPR% DOFEE WD
BHCEIMHER OB A K DD DWTIR AW A7 — U IS HIE AR Iy Y EEERE (FT-IR) TRIEL 72

ZOFER, RV T 'L R T F L o LRER D IR AT ML BB ST D DWTIR A 8-
7o LIDLERD, ZRDOSRNRILART MV EFERITIE— B L WRE Db H 7. — 5T, HeRomike
F Ly b= = BARE D IR RN AR IV E LB U TR R, SERITIE— B UL o7z, Zaud, BRI 7-4%
HEROWR DG IEREHZ I1T 24 PE TR O RZIGAL IR C LD BA 2 T T Z LIS BRTEEZ 2 BTz,

F7o, EEA LK FAERE TR 72 T ATGIEIEE X ONURIG TR IR O 7% 51 Wy % SER BRI SE CRIZE LIRS,
DO DNIR A HBRICHER LT <R DI NS OB CHER T

(2) HEIE 14 R L OB OPEE W) 3 RUSHOWTER UL T VA VR ZAT o7 1%, FERBAMETZ Tl
RLUGHEERE L. TORE, HEIE K O@3OHEE SN T, FARIGIBIEE R OURR TG TR IEER O H5
ELTHRLNTZ I 72 R OMIK, D OWIR AW EER T HZEILTE o7,

(3) BEHVICEDME FICARFIEOMEHEREZMZ, TATGIEAERE B ONUIRIG TR AR &t G2 & U7 B S 481
7o —F v —hEfEk LT,

X ®|

1) FHAGHEA, IRHRE, S5, RE REHE E 7 — 2 X —AOJEF — BB L —, IRk
e, 12, 195-206

2) IRNAATEOE NEMOKETE & 2 il 52— (FAMIC) : fil 43 41 FEvE

3) WIHTR:IE VR 48 FRIVRIE, SRt I (2018)
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Identification for sludge fertilizers and composts;
Observation by Stereomicroscopy and Fourier Transform Infrared Spectroscopy

HIRATA Erika!, KOBORI Takuya’, YOSHIMURA Hidemi?,
YAGI Keiji? and SHIRAI Yuji',

' Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
? FAMIC, Fukuoka Regional Center

We observed 9 sludge fertilizers with a stereomicroscope by acid treatment using sulfuric acid (1+34),
alkali treatment using 5 % sodium hydroxide solution or treatment using hydrogen peroxide. In addition,
we analyzed picked fibers and impurities from the sludge fertilizers by Fourier Transform Infrared
Spectroscopy (FT-IR). As a result, IR spectrum that a part of impurities was similar to one that each plastic,
like polyethylene or polypropylene. We guessed that these impurities were micro-plastic came from sludge
derived from domestic effluent. However, we could not guess all fibers and impurities by IR spectrums. In
order to guess those materials, it is future issue that we accumulate IR spectrums which impurities from
sludge fertilizer and contrasting plastic. We observed 14 composts and 3 excrements of livestock by acid
treatment using sulfuric acid (1+34) or alkali treatment using 5 % sodium hydroxide solution peroxide with
a stereomicroscope. As result of observation for them by both treatments, we could not observe that
composts and excrements of livestock contained fibers and impurities like sewage sludge fertilizers and
human waste sludge fertilizers. We added these results to the previously reported flow chart, and the
observation flow chart for sewage sludge fertilizer and human waste sludge fertilizer by microscopy was

completed.

Key words  Observation of fertilizer, stereoscope, sludge fertilizer,

Fourier Transform Infrared Spectroscopy (FT-IR)

(Research Report of Fertilizer, 13, 210-224, 2020)
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1. IXCHIC

AR, IEEHR L CTHEEIEEFICE ENHE LM EH SN TETCHDHHLOO, & 48 (T-MgO) HlE
FECHOWTE, IEEMERBRIEICINE S TR o7z, Z227C, R 29 AW SR ISR S 3R BR L
(2017) VIR SN TWD A IR BT D T L — LR AW SEIEDHERE, 15 TEARE S O 5 ABRBEIK 25t L LTz
T BEORERIEEL Tl H /TRENE I ERER T 572012, H—lBR=EICB T 22 Y R E FE L
722 ZORER, AREEOT L — KA WIEDSHENE, 1GTRARE R O 5 AVRBEIR & st Gl L= L2k
(T-MgO) OFRERIEEL L Cili i CEDHTEAMRRLI-ZE0D, # E2RORERELL TR (2019) Vi
STz, SEULEERE, &K OFEEA SRR AR OIIRAE BREL T, —RBRED%
YL A FEHELT- D CTE DM A RS T 5.

2. HHEHRUAZE

1) RAEXNREH

AEEFE L THUAL TODABRIEE 2 /1, FE R DR EASAZIEL TofTIci L7z, i Ok e < B B
& 500 pm D5V E@IE T DI TFEL AT HRUEL S LTz, ik ORI A RAREHT, RUVRIC AN TEE
L, oW ECTHEIE THRAFLIZ.

2) FERUHRE

(1) JREFRtoHr SR HITACHL  Z-2310
(2) HEXUJF: KOYO KBF828NI

(3) HyhFL—hk: LB NP-6

3) HEOHN

(1) AK: AKEREERE (HAIVUART Elix Advantage 5) 2 W CRFRIL 7= JIS K 0557 1ZHLET 5 A3 DK

(2) FHEE: JIS K 8541 (ZHLE T HRI%D B OFRIE (B s b A E4 B REH)

(3) Hifg: JIS K 8180 (ZHLUE T DR D ME ORI (B s b A E 4B HEA)

(4) THIHIFR: TIS K 8132 \ZHLE AL AN F 7 A5 KFI) 60.9 g 28— —2000 mL (21
DED, D EOIKENNZ %, HilE 420 mL 248 %[22 THE2L, BIZKZIZ T 1000 mL L7z,

(5) ~7FVULFERER (Mg 1 mg/mL) : <7 337 LEAERR (Mg 1000 mg/L) (& -7 AV AF0YEHMiSE;
JCSS)

(6) ~Z %7 LFEYERK (Mg 0.1 mg/mL) : <7 37 LMEEER (Mg 1 mg/mL) 10 mL 242875 2= 100
mL (280, BERRETKRE A 7=
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(7) WBEHRA~Z 27 LEAER (Mg 1 pg/mL~10 pg/mL) : ~ 2 %37 AEHER (Mg 0.1 mg/mL) D 2.5
mL~25 mL 22577 A2 250 mL (2B FERIICED, FEHMHIFIRIR 25 mL #2012, fEfETREMA 7.
(8) MM zea Bk . TV MHRIANSIER 25 mL 2287 T 22 250 mL 1280, B ETAREZINZ -

4) HERAE

25 (T-MgO) OfhiHH & OVHIE L, IEBFEGRER AT ST D E a7k (Table 1) 2
7=. Z2EZD7=0IZ, RERiEDO 7 — —b(Scheme 1~Scheme 3) Z/~L7=.

Table 1 Method of total magnesium

Testing Methods for Fertilizers Preparation of sample solution
4.6.1.a Flame atomic absorption spectrometry (4.1.1) Incineration-hydrochloric acid boiling
4.6.1.a Flame atomic absorption spectrometry (4.1.2) Incineration-aqua regia digestion

5 g analytical sample Weight to the order of 1 mg into a 200-mL tall beaker
[
Charring Heat gently
Incineration Heat at 550 °C £5 °C, 12 hours
[
Standing to cool | Room temperature

< Small amount of water, moisten the residue
<= About 10 mL of hydrochloric acid
< Water (up to about 20 mL)

| Heating |
[

| Standing to cool |
[

| Transfer | 250-mL volumetric flask, water

Cover with a watch glass, 5 minutes

Room temperature

< Water (up to the marked line)

| Filtration | Type 3 filter paper
I
| Sample Solution |

Scheme 1 The flow sheet for total magnesium in fertilizers
(Preparation of sample solution by incineration-hydrochloric acid boiling)
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5 g analytical sample Weight to the order of 1 mg into a 200-mL tall beaker
I
Charring Heat gently
Incineration Heat at 450 °C£5 °C, 12 hours
I
Standing to cool Room temperature

< Small amount of water
< About 10 mL of nitric acid
< About 30 mL of hydrochloric acid

Heating | Cover with a watch glass to digest
I
Heating | Slightly move the watch glass and remove acid
I
Standing to cool | Room temperature

< 25 mL of hydrochloric acid (1+5)

Heating | Cover with a watch glass to dissolve
I
Standing to cool | Room temperature
I
Transfer | 100-mL volumetric flask, water

< Water (up to the marked line)

Filtration | Type 3 filter paper

Sample Solution |

Scheme 2 The flow sheet for total magnesium in fertilizers

(Preparation of sample solution by incineration-aqua regia digestion)

Sample Solution |

Aliquot

(predetermined amount)

100-mL volumetric flask

< About 10 mL interference suppressor solution

< Water (up to the marked line)

Measurement | Atomic absorption spectrometer

Scheme 3 The flow sheet for total magnesium in fertilizers
(Measurement)



228 fEEHFZE RS Vol. 13 (2020)

3. BERUEE

1) AERLBIZLPEEDFME

JEBHERBRIE NS N TS L RREO 7L — A FIOCEIZE, sUEHATR ORI ED 2 B0H5.
ke 550 °C TIRAL L7284 1283l 10 mL &K 10 mL 2 N2 5K L — X e B E (LU T, [HERmE L 1L
T 5. )&, wEHE 450 °C TIRALL7=# 2 10 mL SHElE 30 mL 22 5K b — FAR R #E (LLT, [ F
KGEEIET D, ) ThD.

TR OB EMEZ S 272012, BARDIREDALANEE 2 REFKZ KR OHEEASADE 3 Ja N
T, HFRBAUEE FOKFEIZED 4 SOMTTRERE FEML, 2 BEORSAEOE S HBIER Ot EE E L7,

EPHUME M O ¢ BOE DGR % Table 2 IR LT, WO HEEHZ B W TH A EREITFRDLN T, 2
FIEROREMEICA BRI o7 2enh, EHLOFM G EZRIRL THIZIZREO R EEEFLZEN
TELEZ 2B, L EDORERDNG, RO 2) OFUEHEIE OFHEITEL, EARMEEZ W THRELZ.

Table2 Test result using samples of 3 different concentration for evaluating trueness

Mean® Homoscedasticity t test
Sample Method .,  Variance  Critical  ratio Critical
(%) ratio value i value
Compound Incineration-hydrochloric acid boiling 5.13 186 99 0.63 545
fertilizer A Incineration-aqua regia digestion 5.12 . . - .
C d Incineration-hydrochloric acid boilin 1.36
orpoul oy ¢ acidborne 6.19 9.28 085 2.5
fertilizer B Incineration-aqua regia digestion 1.36
Cattle and Incineration-hydrochloric acid boiling 2.58
i 2.13 9.28 0.90 2.45
poultry droppings Incineration-aqua regia digestion 2.59

a) Mean value (n =4)
b) Mass fraction

2) PHTIEERUH[EFEE O

DTS B OV RS JE AR89 572, Table 2 T/RUIALERIEEL B, Fia M OFE A SAE FAWT, 1K
SIREC LD 2 E (T-MgO) ORIES 2 MM TTHAEZZ TS5 [BIFEMLALARE % Table 3 ITRLT-.
F72, ZORERDD— TR E S BT A AT > TROAVZ O TREEE B OV P BTRS £ % Table 4 (2R LT-.

Table 4 £V, {LAIEEF B DR FERAMEIE 2.59 % (EH 853 2) T, FHTHMEERZEX 0.25 %, T HEH R 1
R7213 1.55 % Tholz. FHia M OFEESAOKTEEIEIT 1.30 % (B &5 R), HMTHESRERZED 0.44 %
T A RMERER 221X 1.39 % Th o7,

ZNOOREICHITDNT O EMER D, IEBFERBRIEI ORI TO DO TR EE (DR TH e A Y
#2) K OV REPRE FE (AR R HER 22) O B LN TH -T2 05, ARIEILRIEE R 0% & Kk OFE E A5
ADFE T EBERIEELL THOREEZ AL TODI LN RSN,



T — AR FOEIC A A EORIE  — P L— 229

Table3 Repeatability test on different days (Mass fraction(%))
Test da
Sample est day Total
1 2 3 4 5 mean
2.58 2.54 2.66 2.59 2.59
Compound fertilizer B 2.59
2.60 2.53 2.64 2.59 2.59
1 I 1.30 1.28 1.33 1.30 1.31
Cattle anq poultry 131
droppings 1.31 1.28 1.33 1.31 1.30
Table 4 Repeatability and intermediate precision
Repeatability Intermediate precision
Mean®
Sarnple S rb) RSD rc) CRSD rd) S I(_De) RSD [(]’)ﬂ CRSD I(T)g)
)" (%)Y (%) (%) (%)" (%) (%)
Compound fertilizer B 2.59 0.01 0.2 2 0.04 1.6 3.5
Cattle and poultry droppings 1.30 0.01 0.4 2 0.02 1.4 35

a) n =10 (2repetition x 5 days)

b) Repeatability standard deviation

c) Repeatability relative standard deviation

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

f) Intermediate relative standard deviation

g) Criteria of intermediate relative standard deviation
h) Mass fraction

4. F&O

& s (T-MgO) DiERiEL L TOT L — AR FROEIEDE M EHTLR D701, ALRIEEE, & &k U
TS ANTONT, B—RBREICRBIT D2 Y MR A EHEL, IROFE AT

(1) BEEMRORD, Bl EOSH AFE 3 % AW CRAL — SRR T IR EL IR AL — T K5y e

e TENEI 4 SOHMT CRBRE B L 7oL 25, S0 HEN MRS, IREHO t EL KL 7-LZAM
A B AKAE 5 % T 2 FIEMICHBRETRO LN ->T-.

(2) DR THEFE B OV P DR EE 2 iR 3 720D, ALERIERE, HER OFEASAEAW, 2 mIMTTHEZZE
TS [ERBRAAT ST R, FEIMEDS 2.59 % (H&5r3) KTV 1.30 % (B &#538) THATHMEER 21X 0.25 %
J Y 0.44 %, HFERHEAERR 221 1.55 %X N 1.39 % Th-o7lz. ZOFREFRIT, BRI RS TND %
BEL VBT DO TR EE K OV S BE o H 220l 7= LTz,

(1) ~ Q) DEAEICEY, B BREICBW TR RBRIEICNE SN QDS 2RO 7L — ARG
HEORGRELTERRIEE, FE R OFEASAZHTCHE A TEHZ LN RSN,
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Determination of Total Magnesium by Atomic Absorption Spectrometry
: Expansion of Application Range

KOBORI Takuya ', YOSHIMURA Hidemi' and YAGI Keiji'

! Food and Agricultural Materials Inspection Center (FAMIC), Fukuoka Regional Center

A single-laboratory validation study was conducted for the determination for total magnesium (T-MgO) in
compound fertilizer, cattle and poultry droppings by flame atomic absorption spectrometry. The values of T-MgO
measured a quadruple test using 3 different concentrative analytical samples by incineration-hydrochloric acid
boiling procedure were compared with incineration-aqua regia digestion procedure. As the result, significant
difference was not confirmed in homoscedasticity of the results of 2 groups and #-test for each concentration under
the two-sided significant level of 5 %. In the train of duplicate test per 5 tests on different days using compound
fertilizer, cattle and poultry droppings, total mean values (mass fraction) were 2.59 % and 1.30 %, repeatability
relative standard deviation (RSD;) were 0.25 % and 0.44 %, and intermediate relative standard deviation (RSDr)
1.55 % and 1.39 %. As a result, they were within the criteria of repeatability and intermediate precision of the
Testing Methods for Fertilizers. Those results demonstrated that this method by atomic absorption
spectrometry in a single-laboratory was applicable to the determination of T-MgO in compost, sludge

fertilizer and incineration ash of chicken droppings as well as compound fertilizer, cattle and poultry droppings.

Key words  total magnesium, compound fertilizer, cattle and poultry droppings,

atomic absorption spectrometry, Testing Methods for Fertilizers

(Research Report of Fertilizer, 13, 225-231, 2020)
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