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1 RRANGHSBZERVZIEBM OB E RS O 7TE

AL o
F—0—F IREEEIKKE, <EPETRSY, MEEE, BB 0 2 Y PEERR

1. [XL®HIC

ek BR A K OMEEMIHHE? ICE DB TWS b T s AR IR KA 7 B IEE Ao+
DEHETIIHOLTINWRNZ L, BIZER E T AR IRVEEE IR THhHIEnD, T,
H DD ZAIS DB & W T EORESLIZ DWW TEERFE LTS, 2SO B 1Tk
BVETR Sy, EPETRLSY, FTEPETWER, KEPEZ) B BUREM Z WS TIY, IR ies
W T EERET 528 &L, BEICKIENE TR IZ DWW TR S i 55 R OV E A IR S5 %
AW B S LTz

AL, AEEFF O IEYEY AR (C-P20s) , <IEMEME (C-K.0), <IEMEE 1 (C-MgO) , <iEtE~rHr
(C-MnO) e OEEMEIZHFE (C-B203) Xt G & U TR ED THIR /KA 22 I =il T IE 2 T L 72D C, 2 o2
ERETD.

2. HHRUAEE

1) SR

SHTHEEIEL T, Wb ItEL TWODINE AVBRIEE, BIFED ABRIEE, 1RE Y ABRIEEL, {bEAEE:, Bl
BIEEE, BIPER G IR, (ZOBREENNE), FERIED FRIEEL, 1RSI E R IE X O ERL A IERHZ, HBAZ 500
um D5HNEEIETHETHELI-L D% W, Fiz, R AL, SLEWTOERE IR}, AKER{b
TR R OESW~ HiEE 2, BBIE 212 um D550 AT AL TH#ELT-L O V-,

2) HE

(1) 7K: JISK 0557 IZHLETSD A3 OKREFEMAL.

(2) HEl%: JIS K 8180 (ZHLE T DK,

(3) FiFE: JIS K 8541 [ZHE T 5k,

(4) <ZABRVRWE: JIS K 8283 |ZHE T X AME—/KFIM 20 g 2 /KIZEAEAL T 1000 mL &L7-.

(5) =FL VT I EREEES R : JIS K 8107 IZHETH=F Lo U7 I MUEE —KHE T N YA
KF 37.2 g ZKIZEENL T 1000 mL &L7-.

(6) HERET o E=U LI JIS K 8359 (ZHLE T HHERT E=U 4250 g Z/KIZHALT 500 mL &L,
fiiels (1+4) T pH % 5.220.1 ([ZFHEEL7-.

(7) TYAFLHIER: T AF L HO0.6 g VIS K 9502 (ZHET D L(+) -7 A/LE VR 2 g (Z/KAN
Z, 35 °C~40 °C [ZTHMBEL TAEML, ®EI%AKEMNZ T 100 mL L7,

(8) VABAFEHENR (P,Os 10 mg/mL) @ JIS K 9007 ([ZHLUET DV AME —IKFEAVD L% 105 °CE2 °C THI 2

VRSEATEOE NEMOKEH R R aBIi e A —A B 2 —
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REEINEAL, 7 — 2 — R THm LIz%, 19.17 g # 0O &MIZIENVES. D EDKTENL, 2ET TR
1000 mL (2L AL, g 2 mL~3 mL Z/0%, HEMETKEMNZ 7.

(9) VABEEEYERR (P20s 0.5 mg/mL) : W ABEEEYERR (P2Os 10 mg/mL) 50 mL %45~ 7 A= 1000 mL (Z&V),
il 2 mL~3 mL 201 %, EE#RETREMZT-.

(10) HVY LFEHERE (K20 1 mg/mL) @ BV LFEAERE (K 1000 mg/L) (B HAL:;ICSS) M L 7.

(11) 730 LEAERR (MgO 1 mg/mL) : <7 337 LMEHER (Mg 1000 mg/L) (BIH{L:;ICSS) 2
AL,

(12) ~> HAFEHERK (MnO 1 mg/mL) : ~ > H AEHER (Mn 100 mg/L) (BIH L5 ICSS) 24 L 7-.

(13) 1FHFHEUERR (B,03 2.5 mg/mL) : JIS K 8863 [ E T HIEIMeA T o r— & — K 24 FEEfE L
THMELTZ, 4441 g2 OO BILITITNVES. DEOKTEIL, 2877421000 mL (2B L AN, HEiE
TKREMZT=.

(14) 1T FHEHENR (B203 0.05 mg/mL) @ 1FDFRARAERK (B203 2.5 mg/mL) 10 mL 24 &~ 7 A= 500 mL |Z&
0, R ETKEMNZT.

(15) RORIIRE: JIS K 8747 ITHETH TV (V)BET =T A 112 g ZKITIENL, Mg 150
mL 2012 7%, JISK 8905 (ZHETHLEVT T UBNT o E= LIUKFIY) 50 g ZKIZIENLTNZ, B
(ZKZNZC 1000 mL &L7=.

(16) TUHHI AR CNEREH) © JIS K 8617 IZHE T DREEI/L 2T 12,5 g 28 —71—2000 mL |2
30 E, D EOKEMZ, HEE 105 mL 24k % 1[Nz, AREINZAL, ki, K%MZT 1000 mL &L7-.

(17) THIHEARE GE LR O~ B JIER) 0 TS K 8132 I[CHET Db AN F 7 A5 /K il
152.1 g & —71—2000 mL (ZI320 &0, D EOKREIMZ T2, HlE 420 mL 2148 2 [ZHIZ CTHEL, BIZKE
Nz T 1000 mL &L7=.

3) WEARUVEE

(1) B RKWQPA: sartorius CPA423S

(2) REOIEEAME: 24T 27 MM-10(Y A2Z 7 CF-0250 % V2877 A2 250 mL Z /K 2% LT
EEZEELD)

(3) fEiE EFESE SRR == 8ERT RS-12

(4) Ayh7L—h: LEHESF NP-6, ADVANTEC HTP552AA

(5) spotBEEt: BEE/ERT UVmini-1240

(6) JRAWSE/IHTEERE: ANiANAT Y /ay—RX 22310

4) SWAE

BN g & 1 mg OHTETIIANED, £ETT 22250 mL IZ A, £ 30 °C ([THHRL 72K 2 AVBRERIF 150
mL Z/Z, 30 °C OIRESTEEAFE T 1 ReEHRVIEE A LT B ETREIN X, A/ 3 i CAHIBLEHA
& LTz (Scheme 1). F7z, FIEMIEIZ XD B EOFAMIZfE L2 0EROMEIR E TR IRY IR
Z =i FIE% Scheme 2 1Z/RL7-.

ZNDBOFBHEIRIZ OWT, <MD AUEE (C-P20s) 1Z3 T REVT T Ui T =0 ZIREYEFE 1 (Scheme 3
KO Scheme 4), <EEMEANHE (C-K20), <EMEHE 1 (C-MgO) K UK EE M~ % 2 (C-MnO) 1T 7 Wtk
(Scheme 5), <IEMEIFHFE (C-B203) 1X TV AF - H % (Scheme 6) DFNETENEIVHIELT-.
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1 g analytical sample Weight to the order of 1 mg into a 250-mL volumetric flask

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

Reciprocating water bath shaker (reciprocation horizontally at
Shaking to mix 160 times /min, with amplitude of 25 mm), at 30 °C + 1 °C, for
1 hour.

I
| Cooling |

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
I

| Sample solution |

Scheme 1 The flow sheet of extraction procedure using reciprocating water bath shaker

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

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

Constant-temperature rotary shaker

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

I
| Cooling |

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
I

| Sample solution |

Scheme 2 The flow sheet of extraction procedure using constant-temperature rotary shaker

Sample solution |

Aliquot

(predetermined volume) 100-mL volumetric flask

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

Heating | Boiling

Cooling

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

Leaving at rest | For about 30 minutes

Measurement | Spectrophotometer (420 nm)

Scheme 3 The flow sheet for citrate soluble phosphoric acid (C-P20s)
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Sample solution |

Aliquot

(predetermined volume) 100-mL tall beaker

< 3 mL of hydrochloric acid

< 1 mL of nitric acid

Mixing |
[
Heatin Cover with a watch glass, heat on a hot plate at 200 °C-250 °C,
& condense until the solution volume reaches about 2 mL
I
Cooling
[
Transfer 100-mL volumetric flask, water (solution volume is up to
about 50 mL)

< Citric acid solution, until the equivalent of 17 mL
< 2 mL of nitric acid (1+1)
< 20 mL of coloring reagent solution

< Water (up to the marked line)

Leaving at rest | For about 30 minutes

Measurement | Spectrophotometer (420 nm)

Scheme 4 The flow sheet for citrate soluble phosphoric acid (C-P20s)
in fertilizer containing phosphite

| Sample solution |

I
Aliquot
(predetermined volume)

100-mL volumetric flask

< About 10 mL of interference suppressor solution

< Water (up to the marked line)

| Measurement | Atomic absorption spectrometer

Scheme 5 The flow sheet for citrate soluble potassium (C-K2O) and

citrate soluble magnesium (C-MgO) and citrate soluble manganese (C-MnO)
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| Sample solution |

I
Aliquot
(predetermined volume)

100-mL volumetric flask

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

< 10 mL of ammonium asetate solution

< 10 mL of azomethine-H solution

< Water (up to the marked line)

| Leaving at rest | For about 2 hours

| Measurement | Spectrophotometer (415 nm)

Scheme 6 The flow sheet for citrate soluble boron (C-B203)

3. # B

1) IRESTERKEOMBERTEDRER

MRSV TV DIRES IR 1L, IREDEIEL, IRIERE N TEHH 0, BEDOL DML k2 2 fikDb
DWHDHT=0, D ATREZRER E S DWW TR L 7=

FHH R~ O T U E G D3 A LT WE A AUE S ORI~ o T B AV T, 3 T Tl
EATWERE T TAT~OY T )V[E R ORIZ Table 1 1R L7z, Fiz, #ERROT20, <MD AURE (C-P,0s), <
i%\?@ﬁi(c-Mgo)&U<1M$7/7‘J/(C-Mno) IOWCERLIZEDA, BEENH ST LRSI E
ST TIEWT LR L /D2 L2 MR LT, ZOREENS, IREVTERKMEOIRED IS 160 1316,

SO, #RiE 20 mm DL EORMETHIUZ 37203 ATREEHERI ST 23, MFHT Y 7> TIRES THIR K
FEORREEIREDMIEL 160 1218, /7, 1RHE 25 mm EL CRIE R SLMITIGRE L. MR, Y%
SMEIZB O THEE DIRBLOMERLIZEZA, EFEITRRD LN -7, REIEIRAAE DR LS [E15 160 1115
53 DRI T DIRIEZ L D1 E BffiZ Fig. 1 ITRLTZ.

EBIT, BREEIFICB T AN AR T D720, AT 4TV BEEMOFLEWNTOEREIREL 3 A& AWT, <&
PEHE A (C-MgO) IC DWW TERL7ZAE RA Table 2 (RLIZ. Wb z 23778 2 LR THY 430 & 9544
%’C“J?)of:

DFERMND, S RIORFHIBWT, IREMEIRAFEOHELS [FIEL & OIRIE O SRR E & Z 2 160 1118
//\, 25mm & HTEELT.

Table 1  Solidification situation of sample by visual check

Shal.<ing Shaking frequency (times/min)
amplitude
(mm) 120 140 160
40 formed unformed unformed
30 — formed unformed
20 — formed unformed

10 — formed unformed
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Mass fraction (%)

[ o]
a

10

Lh

20
1) C-P,0; 2) C-MgO
15
X
g
':Ej 10
= 5
10 20 30 40 0 10 20 30 40
Shaking amplitude (mm) Shaking amplitude (mm)
20
3) C-MnO
c\c /
310
- 5
0

0 10 20 30 40
Shaking amplitude (mm)

Fig. 1 Mean value of shaking amplitude in shaking frequency 160 times/min

Plot bar: sample standard deviation

Table 2 Aptitude test result for equipment condition

2) Standard .
Sample C-MgO mean deviation Median Z-score
(%)" (%)" (%)"
1 5.08 0.02 4.87 0.85
2 7.54 0.02 7.36 1.35
3 4.45 0.01 4.36 0.49

a) Mean value of C-MgO in slag silicate fertilizer (n = 3)
b) Mass fraction
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2) FERHERICKZEE O
SEMED AUEE (C-P20s) , <EPEME (C-K20) , <EEME 1 (C-MgO) , <M~ 7 (C-MnO) J O EEMEIED
F (C-B203) 122\, 3B 12 82 VT, fHIR B N R AR R IR A W ol s S AR IE L O Il EfE
DFABAN NTAIED 95 % T HIIX [ 2[Rl ELHR oD J&5 PRI H = Fig. 2 (RLTz.

SEMED /URE (C-P20s) (y=0.045+0.998x, r=1.000) DEZD 95 %IEHHXH]IE 0.993~1.003, TIF D 95 %fF
FE X FE]13-0.088~0.178, <IEMENNE (C-K,0) (y=0.072+0.993x, r=1.000) DHZD 95 %{SHEX ML 0.984~
1.002, Y17 D 95 %IEHE X [H]1%-0.125~0.269, <¥EMEH 1= (C-MgO) (y=-0.019+1.004x, r=1.000) DEH =D
95 %fE XL 0.998~1.011, Bl D 95 %I5 #IX[#1E£-0.163~0.124, <#& M~ %> (C-MnO)
(wfo 001+1.010x, r=1.000) DIEXD 95 %{EHEX L 1.007~1.013, I D 95 %[5 #H X 13£-0.024~0.022,
SEEMEIEHFE (C-B203) (y=-0.0004+1.010%, r=0.998) DHZD 95 %(FHX L 0.970~1.049, 15D 95 %(&E
ﬂiﬁl:ﬁaﬁ 13-0.009~0.010 THY, IEEFERBRIEI RSN TODEEFHEOHERFEFHEMOL LA bET2E24, <
W~ D95 UEFEKBOEXIZBW T 2E TRV RERST2D, ZTOIFNOMRE ST A—F I TEE
éﬂﬁ@%&ﬁ"*lmf‘&;ot

F7o, EBMEIFHIFR (C-BL0) 1T B ORE IR D3 o778, MR EREHI DWW OTRED RS
A3 ,m%ﬂ%u\f, TR b F s R IRV IR A O i RS ARVEIC R 4 SOMT CRRBE JEL , %
53 BOPE B OF 1R E D R % Table 3 IRLTZ. W NOREIZEWTHO A BERZEITFRDOIRD T,

~ 50 r =~ 50 r
S 1) C-P,O; S 2) C-K,0
< 5 < 3
21w | 22w |
3 70} g w2
- = - =
2230 2230 t
25 22
%2 | 320 |
= S .§
£ S g3
- O _ = Q
A2 10 | y=0.998x+ 0.045 210 t y=0.993 x+0.072
8 r=1.000 8 r =1.000
2 2 '
O 1 1 1 1 ) O 1 1 1 1 J
0 10 20 30 40 50 0 10 20 30 40 50
Extraction method using a rotary shaker Extraction method using a rotary shaker

(%) (%)
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Extraction method using a
reciprocating water bath shaker (%)

D
()

A
o

N
[e)

(O8]
S

[\
[e)

—_
(=]

(=]

—_—
(@)}
1

y=1.010x-0.001

Extraction method using a rotary shaker

s 4) C-MnO
52
an
£4 12 ¢
=]
<
= =
ER
EZ 8 |
g5
o .8
£
=
y=1.004x-0.019 s 4
r =1.000 g
bt
1 1 1 1 1 J 0 1
10 20 30 40 50 60 0 4 8
Extraction method using a rotary shaker
(%) (%)
= 05
< 5) C-B,0,
)
22 04 ¢
L
£25 03 t
15) =
g 2
%02 |
® 8
~ & 0.1 | y=1.010x+0.000
3 r=0.998
O‘O 1 1 1 1 J
0.0 0.1 0.2 0.3 0.4 0.5

Extraction method using a rotary shaker

(%)

Fig. 2 Comparison of extraction method using a rotary shaker

and using a reciprocating water bath shaker

Heavy line: Regression line

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

Thin line:y = X



UURIRY 2R &8 2 AT B O SERPE F2 Rk 4y Ol 5 Tk 9

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

Mean * Homoscedasticity t test
Sample Method b) Variance  Critical . Critical
(%) . t-ratio
ratio value value

) . New test method 5.84
Mixed microelement

method
New test method 17.86
Fused boron fertilizer  Validated test 3.50 9.28 2.04 2.45
17.71
method
New test method 43.23
Borax fertilizer Validated test 1.32 9.28 0.05 2.45
43.21
method

a) Mean value (n = 4)
b) Mass fraction

3) IEHBIREMELINAL-EEOFE

SEEMED AUEE (C-P20s) , <TEMEE £ (C-MgO) , <IEtE~ 472 (C-MnO) J O IEMEIEH 3 (C-B203) 12DV,
MEEIRREREEM E A-13 Z VT, 3 A0 T TRllRE ML TR LIRS R DB, S E TGRS D
7273k Table 4 ITRL7Z. ENENONEEMEITFRIAMEIT T DEHAR AN THY, £/, FEIELRAEHEE
DZEDMEIHEILFRAED DR D T ALRAHENZZ B ZHH D137, WT I IEEFERERIE IO RSN TSR
FEREAT OHELEFPHN T o7z

Table 4 Test result using a certified reference material (FAMIC-A-13) for evaluating trueness
Absolute value of the

Expanded uncertainty

Certified Warning .limit for Mean " difference between the calculating from the
Component value the certified value observe:iifyegue imd the certified value
certified value
%" %" %" %" )"
C-P20s 10.79 10.67~10.91 10.81 0.02 0.03
C-MgO 3.18 2.95~3.41 3.22 0.04 0.08
C-MnO 0.356 0.327~0.385 0.360 0.004 0.012
C-B:0s 0.203 0.185~0.220 0.198 0.005 0.005

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

4) BHTRE R U RFEE O S

OFTRS BE R OV R RS FE 2 W 9~ B 720, IO AUBR AR, (LRAEEr, B A AR, RIFEGEA IR, KB L
TREEL, SRSV AR ONESBRHEAE L2 T, 2 JREE OLEEMED AR (C-P20s) , <IAMEINE (C-K20),
SENETE 1 (C-MgO) , <t~ (C-MnO) e O EEMEIEHFE (C-B203) & 2 ST THZZEZ TS5 HEERE
Fhia L CTROALTZHE B Table S ITR LT, o, ZORERNH—ICBLE 3 BT 2T > TR DI M TR EE K&
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OHETRS BE 2 Table 6 (2R U7z. IIED A RERERLD EAMED AUE (C-P,0s) DIEXMEITE 553 46.45 % T, f
ﬁmiﬂ“ﬁ@ﬁ# 102 %, TRAERMEAER L 0.9 % Tho7=. £, (LEIEEOEENED AR (C-P,0s) D
PHEITE B3R 2.18 % T, B THHEMER 2L 0.7 %, FRIAHEHEFEZEE 1.8 % Th-o72. BIEEA IR
@<1§'$73n$ (C-K20) D FEHMEITE &S5 41.01 % T, JHMTHEXHEERZIL 0.4 %, T RHFAHEER 21
0.7 % CTdh-o7=. £z, {LEIEEIOIENEN . (C-KL0) O FEHIEIXE B3R 3.01 % T, O THI RS AR 2203
0.4 %, TRHIFHEERZET 1.3 % Thol. KL LIEEIO EEMETE 1 (C-MgO) O FEITE &5y =
55.18 % T, DHTHXHEER AL 0.2 %, TRIFEHMERERZET 0.8 % ThoTo. £, (LANEEIOENET 1
(C-MgO) D V-IEITE &7 5R 1.49 % T, FHTHHRER AL 2.7 %, PRAHEERZEL 2.2 % Th-orz.
LS~ T NERI O TR~ 772 (C-MnO) O EIEITE #5753 14.45 % T, FHTHXMERREZE1T 0.4 %,
T AR S HER 2215 0.5 % Cho7z. Fiz, BlAIEEIOLENE~ 2 5 (C-MnO) O AT E 8555 0.046 %
T, PHTAXHERER 2213 0.5 %, PRFEHERER 1L 1.0 % Tho7-. (EBRMEAREI O IRIEIZH % (C-B203)
DOF-EYEITE B H 41.90 % T, FHTHXHEERZET 0.4 %, FRFAREER 1L 0.9 % Tho7z. £z, 1k
FAEEFDFEMENED 5B (C-B203) DOFEEIMEITE &53 5 0.112 % T, D THXTEEER 2215 2.3 %, HO AR cHEE e
R751% 3.9 % T 7=,

FHRH R HE(R 72 D5 B AR SR IE N RSV TO DO TS BE (DR THE A HE (R 22) K OV RS BE (HP FRTRE kF
MR Z2) D B ZEBOLLADOHETZEZA, EMHTE 1 (C-MgO) DM TR EIX B ZE2 B CWIZRNFFRSIND
HPHN TOREE ChoTo. ZOIENOFEER 2L A ZLUNTh o7, ZOZEnnh, <EEMD AR (C-P,0s),
SEEMEME (C-KL0), <EEMTE 1 (C-MgO), <IEME~ 2 H (C-MnO) K O EEMEIEH & (C-B203) DIz D
WU, TEIR B R ERE KRR O IR 2 O WIRES TEIR KIS I LA CH 0 HIETh LT LD
S,

Table 5 Individual result of repetition test of changing the date for the precision confirmation (% (Mass fraction))

C-P20s C-K20 C-MgO
Test -
Processed Compound Byproduct Compound Magne51'um Compound
day phosphate fertilizer Compound fertilizer hydroxide fertilizer
fertilizer fertilizer fertilizer
1 46.23 46.26 2.14 2.15 41.33 41.04 3.03 3.01 54.80 54.59 1.47 1.47
2 46.28 46.36 2.16 2.15 41.18 41.09 3.01 3.05 54.71 5475 1.54 1.46
3 46.35 46.24 2.24 2.22 40.36 40.67 2.94 2.95 55.43 5529 1.54 1.48
4 46.12 46.32 2.20 2.24 41.23 41.05 3.04 3.04 55.55 5580 1.55 1.47
5 47.12 47.20 2.17 2.18 41.07 41.08 3.00 3.01 55.53 5540 1.48 1.49
Table 5 Continue
C-MnO C-B:0s
Test Sl c d
da ag manganese . . . ompoun
y fertilizer Mixed fertilizer Borax fertilizer fertilizer

1438 14.46 0.046 0.046 41.60 41.90 0.105 0.111
14.57 1443 0.046 0.047 4243 42.18 0.109 0.110
14.37 1441 0.046 0.046 41.53 4145 0.119 0.117
14.45 1439 0.046 0.046 4245 42.03 0.116 0.111
14.51 14.53 0.047 0.047 41.70 41.70 0.110 0.112

D AW N -




UURIRY 2R &8 2 AT B O SERPE F2 Rk 4y Ol 5 Tk 11

Table 6  Statistical analysis of repetition test result for evaluating precision

Repeatability Intermediate precision
Sample Mean” s” RDY CRDS  sir) RDir)® CRD i
©%)” (%) (%) (%) ©%)” (%) (%)
Processed phosphate o s (08 (2 1.0 0.40 0.9 2.0
C-P20s fertilizer
Compound fertilizer 2.18 0.02 0.7 2.0 0.04 1.8 3.5
Byproduct Compound ) o, 45 g4 1.0 0.30 0.7 2.0
C-K20 fertilizer
Compound fertilizer 3.01 0.01 0.4 2.0 0.04 1.3 3.5
Magnesium hydroxide 550 15 g, 1.0 0.45 0.8 2.0
C-MgO fertilizer
Compound fertilizer 1.49 0.04 2.7 2.0 0.03 2.2 3.5
Slag manganese 1445 006 0.4 15 0.07 0.5 25
C-MnO fertilizer
Mixed fertilizer 0.046  0.000 0.5 4.0 0.000 1.0 6.5
C.BO Borax fertilizer 41.90 0.18 0.4 1.0 0.38 0.9 2.0
-Dp2U3
Compound fertilizer 0.112 0.003 2.3 3.0 0.004 3.9 4.5

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

4. FEH

AR D TEMED AR, <EEMEINEL, <M T, M~ T2 R OKEEMEIZIFRIZOWT, IREIHIRAE
W RIS DWW THRETIL T2 & 24, IROFERIGHTZ.

() 1ER B TR X EERDEEEEZ O e 5iEE LT, IREDTEIR AN 2 VTl Y FT e 7 i as
FUERGRLIZEZA, TV OEFE DI AELRWIEES[EEL 160 111843 K OMEIE 25 mm LI MRS
TEDGE, BEAF O HIE LR OMERE Ch O Z A B LT,

(2) <ENEYAEE (C-P20s) , <EEPENNHE (C-K20) , <EMEFE 1 (C-MgO) , <Mk~ 77 (C-MnO) K UK %
PEIEHFE (C-B2O3) IZ DWW T HEUEE 12 s& VT, 1EIE E s XRs R0 IR A i HiE e AR
EOREME I UT-L 25, WiEOMBIFRET r=0.998~1.000 Z7RL, 58V FHBINGERD DLz, iz, <IEME
1355 (C-B203) [T DWW T ERDIRE D3 HT HFEL 3 82 WG, 1EiE_E T X nEs R0 IR T2 7=
HEEAIEL OFE BD, S HIMEPHERENAHLEBITIEE GO t MEZ EML - ZAMAEKYES %T
BERATROONIRD -T2, SHIZ, IEEEEIHEEYE A-13 IZB W GRAESIVTWDLIAENED AUEE (C-P,0s),
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<EEMEE A+ (C-MgO) , <M~ 77 (C-MnO) K OEEMEIZD FE (C-B203) ITDWT, AYEICEVEABRLUIZHE R,
W OTEE O SR ES FREEE iﬁ“é’i&%@uWT B0, JEE O - LR & D 722 DO xHE 7R
AEEDH U LR AT NS A 2 TR T2,
(3) INLOABRIEEL, (LEAEEL, BlE Ak, BIPEE A IEEL, AR TR, SRSV~ 07 ek ONED

RIEIEEZ VT, &5 ﬁ%&(ﬂ&éﬁ%@d@f@hﬁé (C-P,0s) , <EEMEME (C-K20) , <EEME +
(C-MgO), <M~ 77 (C-MnO) K OKEEMEIEHFE (C-B203) & 2 AT CHZZEZ T 5 [EliRa FE L 7-.
i o A OB EAME FE Rl Sy O ST RAE i%’f%ﬁj\i 14.45 %~55.18 % T, PHTHAMEREFREZT 0.2 %~
0.4 %, FRIFHRHEER 21X 0.5 %~0.9 % Th-o7z. Tz, KEH BOREIOENMEE RS O FHEITE &5
#0.046 %~3.01 %C, DT ERER X 0.4 %~2.7 %, FRAAMELERZIT 1.0 %~3.9 % TH-o7. »
FALODATRE L K OV RS EE D 3 A S L2 %6 N (IERHEFBRIE IR SN TOD B IREEL ~ L BT DR EE D
HZD 2 %) Thore.

X m

1) ASZATBGE N EAROKETE B 22 2822 2 — (FAMIC) : JIEEH 53R I% (2017)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2017.pdf>

2) RMOKPER REBRETEANTIITERT  ALE BTk (1992 Bl , A% METE N B A BRI E 2, B0
(1992)

3) PR ] ECR AR DR TEMER Y O St 7 I, IEEHIFFEHR T, 9, 10~20(2016)

4) I E A E] R RO 7o gR & O T2 S AR B o O K Pk 2 pl oy O R T %, IEEHIFSE @, 10, 1~8
(2017)
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Extraction Method for the Citrate-Soluble Principal Ingredientsin the Fertilizer
using a Gener al-Pur pose Equipment

Yasushi SUGIMURA!

" Food and Agricultural Materials Inspection Center, Nagoya Regional Center

The Japanese Official Methods of Analysis of Fertilizer provides several determination methods using the
upside down constant-temperature rotary shaker (rotary shaker) as the extractor. However, the rotary shaker
is a custom order apparatus. This study describes development and validation of extraction method for the
citrate soluble principal ingredients in the fertilizer using commercially reciprocating water bath shaker. The
values of C-P,0s, C-K,0, C-MgO, C-MnO and C-B,03 measured in 12 analytical samples by extraction method
using a reciprocating water bath shaker were compared with ones using a rotary shaker. The former values were
achieved and correlated highly with the latter values (Line of regression and correlation coefficient; C-P2Os
(r=1.000, y=0.045+0.998x), C-K>O(r=1.000, y=0.072+0.993x), C-MgO (r=1.000, y=-0.019+1.004x), C-MnO
(r=1.000, y=-0.001+1.010x), C-B203 (r=0.998, y=0.000+1.010X). The values of C-B>O3; measured a quadruple
test using 3 different concentrative analytical samples by extraction method using a reciprocating water bath
shaker were compared with ones using an rotary shaker. As the result, significant difference was not confirmed in
homoscedasticity of the results of 2 groups and t-test for each concentration under the two-sided significant level
of 5 %. The values of C-P,0Os, C-MgO, C-MnO and C-B»0O; measured a triplicate test using a certified reference
material fertilizer (FAMIC- A-13). As the result, the mean values of those components were within the
warning level to the certified value. And, the absolute value of the difference between the mean values and
the certified values were not exceed 2 times of the standard uncertainty composed of respective uncertainties
of the mean values and the certified values. C-P,0s, C-K,0, C-MgO, C-MnO and C-B,0;3; were conducted a
duplicate test per 5 test days using two analytical samples of solid fertilizers respectively. As the result, total mean
values (mass fraction) of C-P,Os were 46.45 % and 2.18 %, repeatability relative standard deviation (RSD;) were
0.2 % and 0.7 %, and intermediate relative standard deviation (RSDy) 0.9 % and 1.8 %, respectively. Total mean
values (mass fraction) of C-K,O were 41.01 % and 3.01 %, RSD; were 0.4 % and 0.4 %, RSD; were 0.7 % and
1.3 %, respectively. Total mean values (mass fraction) of C-MgO were 55.18 % and 1.49 %, RSD; were 0.2 % and
2.7 %, RSDy were 0.8 % and 2.2 %, respectively. Total mean values (mass fraction) of C-MnO were 14.45 % and
0.046 %, RID; were 0.4 % and 0.5 %, RSD; were 0.5 % and 1.0 %, respectively. Total mean values (mass fraction)
of C-B203 were 41.90 % and 0.112 %, RSD; were 0.4 % and 2.3 %, RSD; were 0.9 % and 3.9 %.This extraction

method is valid for the determination of the citrate soluble principal ingredients in the fertilizer.

Key words reciprocating water bath shaker, citrate-soluble principal ingredients, fertilizer, single-laboratory

method validation

(Research Report of Fertilizer, 11, 1~13, 2018)
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2 ICP D IS (ICP-OES)EIZLBEHBEH P OAEERS D AIE

BRIFE
F—T—K ICP RS, <R, A

1. [ZL®IZ

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

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

2. MERUVAE

1) SrARM

(1) yicim e

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

(2) FRELEE)

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

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

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

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

C-P205” C-K20” C-MgO” C-MnO” C-B.05”

QMmO aw »

Disodium hydrogen phosphate (Na2HPO4) 49.99

Potassium chloride (KCI) 63.18

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

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

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

a) Theoretical value

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

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

1 100.00 49.99

2 100.00 63.18

3 100.0 18.81

4 100.0 28.94

5 100.00 36.51

6 29.03 22.58 48.39 14.51 14.27 9.10

7 15.28 11.88 25.47 23.68 23.68 7.64 751 479

8 342 2.66 5.69 44.12 44.12 .71  1.68 1.07

9 55.56 44.44 16.08 16.23

10 18.52 14.81 33.33 33.33 536 541

11 6.17 494 4444 4444 1.79  1.80

12 206 1.65 48.15 48.15 0.595 0.601

13 0.521 49.74 49.74 0.260

14 0.521 49.74 49.74 0.329

15 1.23 49.38 49.38 0.232

a) Number of analytical samples

b)
c)

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3) EERURE

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

(2) fEiE E A R IR R

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

(4) 2ET7IAa

(5) 2EE~uh

(6) AHK3HE

4) aWAE

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

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

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

Constant-temperature rotary shaker

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

I
| Cooling |

<—Water (up to the marked line)

| Filtration | Type 3 filter paper
I

| Sample solution |

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

| Sample solution |

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

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

100-mL volumetric flask

Table 3  Analysis wavelength

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

B 249.773
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| Sample solution

Aliquot
(predetermined volume)

100-mL volumetric flask

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

| Heating

| Boiling

Cooling

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

| Leaving at rest

| For about 30 minutes

| Measurement

| Spectrophotometer (420 nm)

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

| Sample solution

Aliquot
(predetermined volume)

100-mL tall beaker

< 3 mL of hydrochloric acid

< 1 mL of nitric acid

| Mixing

Heating

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

Cooling

Transfer

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

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

< 20 mL of coloring reagent solution

< Water (up to the marked line)

| Leaving at rest

| For about 30 minutes

| Measurement

| Spectrophotometer (420 nm)

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

in fertilizer containing phosphite
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| Sample solution |

I
Aliquot
(predetermined volume)

100-mL volumetric flask

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

| Measurement | Atomic absorption spectrometer

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

| Sample solution |

|
Aliquot
(predetermined volume)

100-mL volumetric flask

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

< 10 mL of ammonium asetate solution

< 10 mL of azomethine-H solution

< Water (up to the marked line)

| Leaving at rest | For about 2 hours

| Measurement | Spectrophotometer (415 nm)

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

3. BWRRUER

1) FAEMLBIZXSEEDFE

(1) PERIEEARTED L

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

AR 53 DUERIE e OARIED 3 EIZ 31T D EUR EHR % 1N95 % T X OFHBIIX % Fig. 1 ITRLTz. Fiz,
95 %IEHEXMOMEE (b), U154 (a) X ONElfE RO FHBIFRE (r) & Table 4 |ZRU7z. ERHERBRIE D 224 4
TERRIT D FYETIX, BHE (b) D 95 %IEHEXENIC 1 283G T, Ylh (@) X FEXMICE £ (0) 285 Fi, 224
REMRH(r) 130.99 DL EZAHELEL TR, C-P,0s, C-K20, C-MgO } (XC-MnO 1%, 6T _RTORUEA /=L
Tz, —J5, C-Ba0s 1T E (b) Jo OFHBIFREL () 1T ZEHEA7- L Cu=ns, B R (@) IZJF AL (0) N EEh TR
O HELE L E A - XA R Lo T
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Table 4 The 95 % confidence interval and correlation coefficient of the regression line

in between ICP-OES and conventional method

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

(2) C-B20s D HTED HHZIZ-DUNT

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

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

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

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

Method for finding absorbance

Conventional

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

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

¢) Measurement value without addition of azomethine H

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

e) Including B.Os equivalent to 0-1 mg. Zero point correction is Including B:Os equivalent to 0 mg.
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Absorptiometry with correction (%)

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

%: mass fraction

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

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

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

conventional method

2) FRHAMICLIEEDE

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

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

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

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

No. of  Citrate soluble Criteria of

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

a) Number of analytical samples

b) Mass fraction

c¢) Citrate soluble component

d) Mean Value (n=3)

e) Repeatability relative standard deviton

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

3) GHTHREERUSMEFEEDFH

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

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

a) N=14 (2 repetitionx7 days)

b) Mass fraction

c¢) Repeatability standard deviation

d) Repeatability relative standard deviation

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

g) Intermediate relative standard deviation

h) Criteria of intermediate relative standard deviation
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4) EETRFOHETE

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

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

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

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

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

Content  Mean" s’ LoQ” Lop?

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

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

b) Repeatabillity standared deviation

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

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

4. FEH

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

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

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

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

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

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

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

X m|

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

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

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

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

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

6)  ILFES ICP F653 Y53 HT (ICP-OES) I XA AEEH D Zh R R BURHEM O &, AREHIF TR,
9, 1~9(2016)



28 AEEHIFZE# S Vol 11 (2018)

Simultaneous Deter mination of Citrate-soluble Principal Ingredients (C-P.0s, C-K 20,
C-MgO, C-MnO and C-B203) in Fertilizer using Inductively Coupled Plasma-Optical
Emission Spectrometry (ICP-OES)

Shingo MATSUO!

"Food and Agricultural Materials Inspection Center, Kobe Regional Center

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

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

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

(Research Report of Fertilizer, 11, 14~28, 2018)
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3 HERVFEEMFCEFENITLILEORE
— 7L — DO O

VAR IRESERE Y, EASE T, UK
F—0—F Ehaes, HIE, HRIEE, TV — Rk, IREAE R

1. [XL®HIC

JEMOK BEIH B 2 2 BB 2 — (FAMIC) T, BB T (1992 42450 VICH S T 2 Al s DRk BR
EOVERER AR FEMIL 2, AEEHERBE? [T LA — A=V TARL TS, T, BEyEL T
PE RIS E0W L2NE R S TETOLA, HEIE, HIRIER 25 e LT 4 i (T-MgO) JlliE
EIZOWTIE, MERMERERTE TINEIS LTV VR0,

ZOZLD, BEITIERE BRI A KA B ORRBRIEL L TGRS CODRBRATR O TR U5 14 HEAE,
HRIEEHSE 2 R LT B aBICE AL, 7V — ARF PO iriE e O GRS T T& 5 5 1k%
AL AT, H—BRE TOZ Y MEMGEEE FEML =D T, TOMELHET 5.

2. MPRUAHE

1) SAEXRIEH

PEBL TODHEAE e OV IEREENE (FH 7 FEEE 15 520 ZWEEL TOMTICHE L 7=, WNERIZHEIE (6 £2) , 1GIRRE~
AEEE(2 5, UIRVBTEAERF (2 55) , FSAMBRBEIR (2 51), FAIGIRAEEL (LU 15), TEGIRREr, Bhmobk
oW THD. HEE (6 45) DNFUTHSAHEIE (2 50, FEASAHEIE (LT 1 8), KSAHENE, 45AHEE,
N—IHEIETHD. 755 ABRBEIR T A E 2 5 O HEIE R OVERIERNE Z3 S LS, L2 &2 lEL T
WD HTEE B XL TR LR B OARIEN VBB Z T A LT L AT S ARBEIR 32 D72, Akt
BIERIE L CTOMTICHEL 72, ZBOFHE R GAEEHT, HEUZET T 65 °C T 5 KRifldhH\ M 40 °C T 70 KefH
FREE D FARELIRATTV, O T HBIX 500 pm D550\ E@iE T 559 W FELIRA L. 25Kk U
Wt OFAE X GERNE, RVRIZ AN TEE L, o RFECHIR CRFLE.

2) FERUHRE

(1) Rk HARYy—L LT = SOLAAR M5
(2) FEXH: KOYO KBF828N1

(3) FyhFL—h: LEEEF NP-6

3) HENAH
(1) /K: AKKEREEE (HAIUART Elix Advantage 5) &2 W CRERIL 7= JIS K 0557 IZHLET 5 A3 DK%E
AL

U IRSTATBOE N EMOK PEH B L i o —fa i e o —



30 AERHFZE 8 Vol. 11 (2018)

(2) il JIS K 8541 IZHUE T 2R %D S E O (B (b A Ee B IE M) 2 L.

(3) g JIS K 8180 (ZHLETBRZD SWE O (B /L, A EC B IE M) 2 AL,

(4) Wi~ 2720 LEARFY: JIS K 8995 (THLE T 2 RIED SHE THIEE 99.5 %A D EE (F ik
T¥) &AL,

(5) AZm—Z: JIS K 8383 [ZHLE T 2 [R5 D S E DR EE (Rt L) 2 FHL7-.

(6) TFVHMHIFENL: JIS K 8132 \ZHE T DL AR T 7 AN /KF#) 60.9 g 28 —4—2000 mL 1Z1%
LD, D BEBOIKREIMZ I, HE 420 mL Z24R 2 (22 THEDL, BIZKEN AT 1000 mL &L7-.

(7) ~7 2T LMERERR (Mg | mg/mL) @ <27 R0 MEHERR (Mg 1000 mg/L) (FioisE T2 JCSS) A-ff
AL

(8) 7 R LEHER (Mg 0.1 mg/mL) : <7 %7 LMEAERK (Mg 1 mg/mL) 10 mL 24225~ 7 22 100
mL (280, R ETRE MR T

(9) MEBRH~7 37 MEHER (Mg 1 ng/mL~10 pg/mL) : ~7 %27 LEHERK (Mg 0.1 mg/mL) D 2.5
mL~25 mL Z42 &7 7 A7 250 mL ([ZBPERIIZED, FUEmsilARE IR 25 mL 2002, B ECREMZ T,

(10) MBS 223 B : T BRI FIATER 25 mL 2487522 250 mL 1280, FERRETRE AT,

4) HERAE
AR (T-MgO) OfhH & ONHIE I, BEBMSRBR LD (IS QD A IR B OB A (Table 1) & H
WTHIEILTZ. 2507012, £RBRED 7 ——k (Scheme 1~3) Z7RL7=.

| 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
|
| Sample Solutiion |

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
|
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
|
Heating | Slightly move the watch glass and remove acid
|
Standing to cool | Room temperature

< 25 mL of hydrochloric acid (1+5)

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

< Water (up to the marked line)

Filtration | Type 3 filter paper

Sample Solutiion |

Scheme 2 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 3 The flow sheet for total magnesium in fertilizers

(Measurement)
Table 1 Method of total magnesium
Testing Methods for Fertilizers Preparation of sample solution
4.5.1.a Flame atomic absorption spectrometry (4.1.1) Incineration-hydrochloric acid boiling

4.5.1.a Flame atomic absorption spectrometry (4.1.2) Incineration-aqua regia digestion
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3. MRRUEER

1) HHBHEORMAEORE

fEEHERERIED 1L D E, AIKREREOTL — AFFBOREICITEEHAR O AR 1523 2 @INE S TV 5.
A 550 °C TIRALL7-% ICHERE 10 mL /K49 10 mL 212 2K AL — HEER A Wh i E (LU T, SERE LSS
%. )&, #UEHE 450 °C CIRALL 712 IZAHEE 10 mL L3RS 30 mL & 12 DK b — FEXR R (LLF, £k
ikl 35, ) Thah. ZNENOMET1ETHE 428 (T-MgO) ZHIEL, HHAV7-HEE Chls o 2470
AREHATER BT LD A AT - 72, FE 5T Table 2 (2R3 BVTHD.

WEFRA VAL D0 ek h 0 125 (T-MgO) ORI EMEDFIFHIL 0.225 %~6.921 % (H &5 %) THY,
FARGFRENZ LD A3 D5 142 8 (T-MgO) OHIEEDOFFHIX 0.237 %~6.814 % (H &5 %) Th-o7l-.
HEEAIEIZ BN T, ERIRIEIZLDREE O 7 K OIE L2 613-0.049 %~0.107 % (B &57
H) 0 93.6 %~104.7 % Th-7-.

HEFRE WL L FAR P REIZOW THRIEME OB QN 95 % 1l X [H Z [0l ) B #R O J8 PHIZHE =, Figure 1

T/RL7z. 7z, Figure 1 OEIFEHUZ DOV TEX (b) S0 (@) D 95 %S HH K & OFHBEFR %K (r) % Table 3

T/RLTZ.

TR IER O EAEZ e 3572012, IERFERBRE? ISR QD2 Y PR 0 BB A & F -
MR AR ER 12 e O D HESERLHE T, X (b) D 95 %I HEX I 1 23 & Fh, YR (a) D 95 %{EHEX R0
DEEN, FHBAREL (1) 230.99 UL ETHAHZEEL TS, Table 3 12858, FHBAMREL (r) OFHERH - L Qi
HOD, X (b) LG (@) 12 DWW TUFHER LA - 2 &N T/l oTz. ZOBRHEL T, Table 2 T/RL7Z2
FERNC LA EME DO ZEDMRIRE TIX T 7 AANZHY, FiRE TIE~A T ANZH A RO BT LN
EZHND. ZO[EMNG, [EUFERR EIZIWTHREEEEDRE B LK HELDS DTN ELRY, [H
Jir ELAROEE (2) LU (D) 12 B2 T2 ZENRRTZEE R HiD.

ZIT, Bkl 15 ROWPEMEEZ AW THISOHD ¢ MEEFMLIZEZA, 2 FIERTHERZIX
NI oTz. ZOTEND, [EIFERR EIZBW TR IEORNEME D DTN A3 8573, 2 jﬂz
B OREMICA B ZTROLIT, ELLOMB T IEARINL CHOIRERIEOWEEEHLENTEHLEE
2 OIS, UL EDORERD D, 2-2) FLE RS R LA OFEHAR OFSRT 1R, FARSiREE AV TRFIL.

Table 2 Analysis results by Incineration-hydrochloric acid boiling or Incineration-aqua regia digestion

Incinerat.ion-. Incineration-aqua  The difference in The comparison of
Sample hy drochl?rlc acid regia digestion the measure the measure

boiling

A(%)" B(%)" A-B(%)" (A/B)x100 (%)
Cattle manure compost 0.719 0.768 -0.049 93.6
Pig manure compost 3.117 3.101 0.016 100.5
Poultry manure compost 1.228 1.207 0.021 101.7
Compost of chicken droppings 1 1.173 1.182 -0.009 99.3
Compost of chicken droppings 2 1.542 1.473 0.069 104.7
Bark compost 0.225 0.237 -0.012 94.7
Excrement of livestock 1.239 1.226 0.012 101.0
Incineration ash of chicken droppings 1 6.921 6.814 0.107 101.6
Incineration ash of chicken droppings 2 4.137 4.048 0.089 102.2

a) Mass fraction



HERD B OB IRIEEH S I & o taBEOWE — 7L —LBEFRGIEOwEH — 33

Table 2 Continue

Incmerat.lon-. Incineration-aqua  The difference in The comparison of
hydrochloric acid 2 dicesti th th
Sample boiling regia digestion e measure ¢ measure
A(%)" B(%)" A-B(%)" (A/B)x100 (%)
Composted sludge fertilizer 1 1.345 1.365 -0.019 98.6
Composted sludge fertilizer 2 0.831 0.847 -0.016 98.1
Human waste sludge fertilizer 1 0.486 0.503 -0.017 96.7
Human waste sludge fertilizer 2 1.470 1.456 0.014 101.0
Sewage sludge fertilizer 1.206 1.234 -0.028 97.7
Industrial sludge fertilizer 0.407 0.429 -0.022 94.9
8 r P,
ap = y=0.979¢ + 0.026
o] a4
58 6} =1.000
c o
S 8
o H
&=
5 o = 7 3
= 4 /
8 S
5%
2=
sk
=] 4
= "3 - 3
= 2
)
5
o
RS
0 . 1 1 1 |
0 2 4 6 8

Incineration-aqua regia digestion (T-MgO (%) Mass fraction)

Figure 1  Comparison between Incineration-hydrochloric acid boiling and Incineration-aqua regia digestion
Heavy line: Regression line,
Dotted lines: Upper and Lower limit of 95 % prediction intervals,

Thin line: y=X

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

95 % confidence interval Correlati
Method of benchmark Method of object - .0 orre'a on
Inclination (b) Intercept (a) coefficient (')
Inci tion- Inci tion-
ctneration ctictation-aqua 0.970 ~ 0.988  0.0053 ~ 0.0471 1.000

hydrochloric acid boiling regia digestion
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2-1) EEF@EARMORARICAVNV-RET/ ROV LEKIIYPOELIOEEE

B AT A BB O T RUC A W iR~ 7 2 o w Ak R O £ (MgO) D& A B REHEiRER1EY 12
IS AL TWDKIENETE 1 (W-MgO) OFRERIEICEY, 3 A0MTTHIELIZ#E % Table 4 (TRULTZ. BRERAEIZ
KT D FLEMEDEIE1T 99.8 % THY, sAHME DR REARIZL T o, o, FAMEERZZT 0.59 % &/
Eotz. ZOZEDD, B AR O FH R CITE IR Z AV TR SRR EHE 4T o 7. B AEm AR O Bl
ERREHT Table 5 DEBVTHAS.

Table4 Content of W-MgO for the reagent

The comparison of

Theoretical Mean®” Sr the theoretical Purity RSD.”
Reagent value
value
A%)Y BT (%) (%) (%) (%)
Magnesiumsulfate-7hydrate ¢ 55 16.32 0.10 9.8 min 995 059

(W-MgO)
a) Mean value of parallel test (n = 3)

b) Repeatability relative standard deviation
¢) Mass fraction
d) C=(B/A)x100

Table 5 The combination percentages of the sample used for the test

Sample
Reagents
MgO-5 MgO-1 MgO0-0.2
Magnesium sulfate-7 hydrate Mg0:16.35%) 30.58 6.12 1.22
Sucrose 69.42 93.88 98.78
Parcentage of total magnesium (%) @ 5.00 1.00 0.20

a) Mass fraction

2-2) EEFEmER

B AT AR (Table 5) 2 VT 3 0T T3 L4 & (T-MgO) OiR% 52 L 7= k4% Table 6 |Z/RL7-.
1+ (Mg0O) ELT 0.2 %~5.0 % (EEH) 250 T 0RMEEEZ AWT, 351488 (T-MgO) Z#JlELI=EZ
5, RAHMELTIEEEDZET 0.01 %~0.12 % (H&53) THY, xaHMEIIK T 20U, 102 %~103 % T
HoT-.

ek, IERHESREREY TRENTWVDEEL ~LIZBITHEINERO B 21X E 5.0 % (EE45R) LD
1.0 % (B &3 3%) T96 %~104 %, 0.2 % (B H/7 ) T4 %~106 % THY, 3 LR TORIRNZNLD H
RETET-L TN\, ZOZEND, AREED 7L — LR WL, HEIE K OVE IR IEEH S o + 4 &
(T-MgO) DFHHi 24D DI+ 72 IEMES 2 L QDI LA RS L.
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Table 6 Result of recovery test
The difference

Content of : L

onten 0) Mean? between spike The comparison ~ recovery 5.9 RD. Criteria of

Sample T-MgO* of the mean rate the trueness

level and mean
A%)Y  BOY  CPw)? DY (%) B (%)  F)? G"(%) (%)

MgO-5 5.00 5.12 0.12 24 102 0.04 0.8 96~104
MgO-1 1.00 1.02 0.02 1.7 102 0.01 0.8 96~104
MgO-0.2 0.20 0.21 0.01 3.0 103 0.00 1.7 94~106

a) Content of W-MgO for the sample (design value)
b) Mean value of parallel test (n = 3)

c) Standard deviation of parallel test (n = 3)

d) Mass fraction

e) C=B—A

f) D=(C/A)x100

g) E=(B/A)x100

h) G=(F,/B) %100

3) BHIRERUHMBE

OHTAE B S ORI RS BE 2 T 5B 9572, Table 2 T/RUTZIRSSAHERE, J5IRFIEAEEL 2 1 OV 5 AV BRBEIK
2 ZANT, KA — EARS AR LD 48 (T-MgO) DRIEE 2 ST THAZZT 5 MEHLEH N
TS % Table 7 IR LTz. o, ZORERPH— LR E S B HTEAT > TIROI I OF TRE L S OV RS A
Table 8 |Z/RL7=.

Table 8 0, K SAHENE DR FIIMELE 3.14 % (H 53 H) T, DHTHXMEER I 1.06 %, H1HIFH R 18
fR721E 1.49 % ThoTo. {GIEHEEIEEL 2 DR TEIMEIL 0.84 % (EH &3, PHTHXHMEAERZED 1.25 % TH
AR SHE R 221X 1.34 % CTh o7z, 2L T, HSAPRBEIR 2 OFEEIEIL 3.99 % (B &5 5) T, I THExHE
HE(R7ET 0.77 %, TRIFEHERER T 0.77 % TH -7z,

INHOREIZRIT DO T O AHE R S IR EHE RBED LRSIV CO DI TR EE (D TH R TR
72) K OV RS BE (HR AR R YEIR 22) 0 B ZUAN Th o722 h, AIKBED 7L — AW E T HEAE,
THTRIEEE & O S ARBEIK D - 2 B EIEE L CTH AR 2 A L QA I ED RS-

Table 7 Repeatability test results on different days (Mass fraction (%))

Saml Test day Total
e 1 2 3 4 5 mean
. 3.21 3.17 3.14 3.16 3.10
Pig manure compost 3.14
3.18 3.17 3.12 3.06 3.11
Composted sludge 0.84 0.84 0.84 0.84 0.83
. 0.84
fertilizer 2 0.85 0.85 0.82 0.82 0.84
Incineration ash of 3.98 3.93 4.00 4.00 3.98

. . 3.99
chicken droppings 2 3.99 4.01 4.00 4.02 4.03
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Table 8 Repeatability and intermediate precision

2 Repeatability Intermediate precision
i Mean b) ) d) e) f 2)
Sample Sy RSD, CRSD, S| RSD|(T) CRSD e
" %" %) %) ©%)" (%) (%)
Pig manure comp ost 3.14 0.03 1.06 2 0.05 1.49 3.5
Composted sludge fertilizer 2 0.84 0.01 1.25 3 0.01 1.34 4.5
Incineration ash of chicken droppings 2 3.99 0.03 0.77 2 0.03 0.77 3.5

a) n =10 (2repetition x 5 days)

b) Repeatability standard deviation

¢) 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) EETREUVBEHTRE

WA (T-MgO) ELTHY 0.2 % (B &5 3) BREEZ 5 A Lo\ — 732 7 & T IRMER HRUBIE L TH W
T 10 AP TCHE LR (T-MgO) B % FEHE L 745 B4 Table 9 (IR L7c. /S—2HEED-EIMEIT 0.24 % (&
BOER) ThHY, ZOPMTEEERZEE 0.02 % (B &5 %) Th-o7-.

728, T NIRRT (DM TARMERR 22) <10, B FIRIE (DM TREHER 22) x2xt(n-1,0.05) Z AW CHRHH L. &
DFER, ARBIEICB T HE R FHIIE 0.2 % (B &), M FIRIX 0.06 % (B &5 3) A LS.

Table 9 Estimation of the lower limit of quantitation and lower limit of detection of total magnesium
(Mass fraction (%))
Sample Mean” S, 0 LOQ © Lon?
Bark compost 0.24 0.02 0.2 0.06

a) Mean value of parallel test (n = 10)

b) Repeatability standard deviation

¢) Lower limit of quantitation (LOQ =s, x10)

d) Lower limit of detection (LOD =s, x2xt (n-1, 0.05))

4. F&H

A (T-MgO) ORBREL L CHIREED 7 L — LR 7RI H FTREDE DA Heh 35729012,
BE R OTRTIEEREIL, H—ABRRICBI DR, DHTRE, R, &8 FIRE O H FIREZH
BLIZEZA, ROFEREET-.

(1) 48 (T-MgO) ORENARTRIELL T, AIKEEOWEIKINE Ch DKL — Hi & b ELIK
b — FARDIRERAETONTIRE LT, HEIE R OVEIRIEENS 15 IOV TR IIRIEIC IS - E %
AWTHIGEDH D ¢ BEEAT TSR, 2 FEMORIEHEICH BRETRO bl Fo, H e
WE S %LU TR LD T35 ARBEIR 2 BRI EAT ST A5 5, B85 A BRBEIR S 4 3% 5 12 0l
ENFRETHDEE Z L.

(2) BEERERDTD, #1 (Mg0) ELT 0.2 %~5.0 % (E &4 ER) 254 T 2306 5L i a6
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EAToT R R, BREHMESAEEE DL 0.01 %~0.12 % (EE/DHR) THY, REHEICH T 2EINERT 102 %
~103 % T o7z, ZOMERIT, PEHERBRIED (RSN TWBEIERD B 2472 L Tz,

(3) LR (T-MgO) Z5H 75 3 FHEORE (K5 AHENE, 15T EEIRE K O 5 AVBRBEIX) % T
D TR B M O\ RS FE 2 HERR L T2 25, XM 3.14 % (L &4553R), 0.84 % (&) 10 3.99 % (H &
53 7R) CHMTHAMEREIR 7213 0.77 %~1.25 %, TRAEHEERZEIL 0.77 %~1.49 % Th-o7z. ZORRIT,
AERHE GRBRVE D RSV T DO TG BE B OV RS FE 00 B 22230 72 L QU .

(4) FELA2E(T-MgO) LTI 0.2 % (H &7 BREZSH LN\ —7H B2 O TERE FIRA ORI T
FRAMERLIZESA, Ei FIRIE 0.2 % (B &), M FRRIZ 0.06 % (E &5 %) A LS.

(1) ~ (4) OEAE I LY, H—FBRE IO COREFERBRIE? IS WD AR 2RO 7L — AJF 1
SEIEDHERE, TEIRAEE K O 5 ABRBEIR 2 6t R L L 7= 35+ 2 B (T-MgO) O BRIEE L Cili FH CEHZ LN
I,

X #k
1) BRKPER B EBRBEHAN A ZERT  AERH M (1992 420K, A AIEREMR EH S, HAL(1992)

2) MNTATEGE N EMOKEE R 2 27 % — (FAMIC) : IREFEEGERTE (2017)
<http://www.famic.go.jp/ffis/fert/obj/shikenho 2017.pdf>
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Determination of Total Magnesium in Compost and Sludge Fertilizer
by Atomic Absor ption Spectrometry

Erika HIRATA!, Hideo SOETA', Hidemi YOSHIMURA', Keiji YAGI'

" Food and Agricultural Materials Inspection Center, Fukuoka Regional Center

A single-laboratory validation study was conducted for the determination for total magnesium (T-MgO) in
compost, sludge fertilizer and incineration ash of chicken droppings by flame atomic absorption spectrometry
described in Testing Method for Fertilizers as testing method for total calcium. Fifteen fertilizer samples were
compared in measurement values with incineration-hydrochloric acid boiling procedure and incineration-aqua
regia digestion procedure. The t-test for each concentration indicated that significant difference was not observed
under two-tailed significant level of 5 %. In addition, the result suggested both procedures were applicable to
incineration ash of chicken droppings. The accuracy of testing methods for the total magnesium by
incineration-aqua regia digestion procedure was assumed from 3 replicate determinations of 3 fertilizer samples
containing 0.2 % ~ 5.0 % magnesium (as MgO) which were prepared each test. As a result, the mean recoveries
ranged from 102 % ~ 103 %. In the train of duplicate test per 5 tests on different days using three fertilizer
samples, repeatability relative standard deviations (RSD;) were 0.77 % ~ 1.25 % and intermediate relative
standard deviations (RDyr)) were 0.77 % ~ 1.49 %, respectively. As a result, they were within the criteria of
repeatability and intermediate precision of the Testing Methods for Fertilizers. On the basis of 10 replicate
measurements of naturally contained sample the limit of quantitative value (LOQ) was estimated at 0.2 %. Those
results demonstrated that this method in a single-laboratory was validated for the determination of total
magnesium in compost, sludge fertilizer and incineration ash of chicken droppings by atomic absorption

spectrometry.

Keywords total magnesium, compost, sludge fertilizer, atomic absorption spectrometry,

Testing Methods for Fertilizers

(Research Report of Fertilizer, 11, 29~38, 2018)
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4 FAHYESTLEOENMDPOIOLDRE
— S [ AR A —

PIReR, BRI, )R %!
F—0—F vl FrUOLE, A, T E=0 L, BEEEEITE, LR

1. [XC®HIZ

MNTATEOE N MK PETE B 22 R A2 2 — (FAMIC) Ti, JRBHBRHEVIZFE S ERMAKFE KE DR
(T KO AEEL DA E S ~ DS AR EEAT o T D, FBIEEHIAEBE D [T W TCEF LT EINLAE
Gy DR BEFEREDHINTEY, 70OV TG EAHFARNEDLI TS, FAMIC T, BBk
(1992 4Fhf) ¥ EDFEGVEITELE L2 SO RT IS 2 U VD R ST iR BB S A MR L, TIERHERBRIE )V %
RIEL, R—LR—=VITHHL THD.

A2 E EROEE T 07 m ZREIZBIL T, BB #TiE (1992 420D 120 Al 2 IV TRUBHR IR
A LU WO Ay AT SR T E § 5 7 1EY MBS TV DA, AT LB R REARE Y B O fE A
DI O FFRER 2 E i L= L5, = MBS RS RBIE I B W CGRERIEDO 2 Y R O F
JE\Z RENTWD B REMBZ AR R L2072, 2, MERIR T OVARBOYELE 2. BEIHFLY1,
AW e & TRV IEE T O 7 m MRNEIEORUBHEER R T 5L LT, IERMERBRIE D O f OBERKTE TR
EEE D7 0 BERBRIE TR I S AU TU DR 8 — i ie — i 1 SR 08 40 AR IE T & BRI 28 3 2 IERHT KIS 372
I OW BRIEZRE L, AW E & R 0ER k2 R EL T, H—lBR=I2B 5% Y AR L.

Alal, Az G EROIER R O Z7a LORETE (S RIE) ICOWT, ha@alptz Hv Tk R Z F2hE L
R EMOBBEEZFHEL 2O T, TOMELHRET 2.

2. MHEBRUAZE

1) HERBEAHHOFAN

70 L E TIRAY AR IR OYEERIERIO 4 1 A01E H BAE 500 pm OS5\ A iEiE 5 E TRREL, 1
FRATOERY ABE, SESWDITOBRE IR K OESW~ 2 T BBk 45 1 0% B BE 212 um OffE.55\ 2 184
LETHEL, IRA L. SLFEBBAREIELC ERD 5 FEORENSK 1.9 g 2T v/ &RV EUL %
HL, ZNENA0EEIL T, 7T NIRRT 5720, KRB AR O RITELE AL, &308 2
455 10 WE B INABR = (CEAT L=,

2) ¥EBERUHE
BRBRBITHE L TWDRY T L —b CUTRR) K ONF AT & 2 L7

LIRSIATBOE N MK PEN B e 2 — Bt 2 —
PISEATBOE NEMOKEH B 2 il 2 — B 22— EDLR 2 —



40 AERHFZE 8RS Vol 11 (2018)

3) HERAE

(1) FUBHAIR O Y

TRl 1.00 g 21320 D, h—/LE—H—300 mL (2 A, W7 E=U A 49 &z, D EOKTHRE
L7 1%, BHEEK 10 mL, AREEKY 5 mL M ONEMEFRERK) 5 mL 2%, RFEHILC&ELY, 170 °C~220 °C D7k
VL= X3 B TR LIRF LA EINEAL 7=%%, 30 43 EA_ED T CTINENE 24k 4 12 300 °C LAk
FT kLT, 300 °C LA LT 2~3 WAL, SHICHFEH LA T HL TIREDHKY 3 mL (27D ETIIEL 7=, 1
%, Mg (1+10) %9 5 mL M OVKA) 20 mL 25N Z, b— B — A —ZFFHILITHE VY, FE00° 10 43
TR TR LT, e ts, KEAWTERE 7723100 mL ICBL, HEETKEMZ %, AIFETH
WL, REHATRELT- (Scheme 1) .

728, ZEEBRIT 300 °C LA B D 28B4 B I3 5720, Bt T =0 LK ORI, Bt CTHEV
170 °C DAY ML — T ETORpNEE, FEEHILZ 35 LA LRI LA EINEVU iR & 449 15 mL
VLTSI M L=, FREEE ST TR 30 2 LA B2 TMBE S 214 4 12 300 °C LL_EET i, 300 °C LL
T 2~3 FFEINZAL, SHICIFRTHILZ T HL THIREAK 3 mL IZ725F THIZEAL, DL ekt & [RIRR IS AL BRI 22
R E LTz

(2) ZalDiEE

RBHAK O —E & (25 mL LAF) 2287522100 mL 1280, FEMIANARR 10 mL 2002, i0H &
HRFH 7 0 I Y & R i D3[RV R P 270 SO VT RRBHEA TR 23 25 mL D356 13 IE (1+17) AAFRRETINZ, &
FHAEAY 5 mL OBAITHERE (1+17) 59 67 mL R OVKERERETMA, W HrE@E g AL, HE
357.9 nm X% 359.3 nm OO EEATIE LTz, [RIRHIAEMERR A & L TR DAV St IV Tt adoBh b
DUaLPEEZRDT.

4) HRFRBRAAMOHEMRER
IUPAC/ISO/AOAC DO FRERER 7 b= L® OB E MBIV, FREO LR AR SZF
10 SBH 2 HREHRY, A iBHT D& 2 ST T X LRNEFC 3) I~ THATLT-.

5) HREIEER
RERIZSMNLT 12 BRI U2 O o & @ I L F D EBVTHY, ZNENOREBR=EITHB W T
AT U 10 RBHZOWT ) IS TR LE LT,

- BRASHIVAR B2 #— (B S ZA3300)

- MR ACHE IR BR B A R SRR (H SZ Z-2000)

- — M EEN BRSO — EARFSEAT (B N2 ZA3000)

© NASMEEN A ARNERES E S AF(HIZ ZA3300)

- ONARMETE N B ARRERERE e BIVE SGH (RERERT AA-7000)

-« MSEATEUE NEMOKEIE B 22t 2 —r Pt 2 —(HAL Z-2310)

-« MSEATEUE NEMOKPEIE B 2 iz 2 —Flii k2 — (AL Z-2000)

© MSAATEUE NBMOKERE 22t 2 — ittt 2 — (AL Z-2310)

« MSEATEOE N BMOKEE TR R 2t 2 —4 R #— (B Z-2310)
© MSAATEUE NEBMOKEIE B 2 il o 27—l v 2 — (AL Z-2310)
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© IMSEATEGE NEMOKPETH B2 it Z — A (HSL Z-2310)
© CPRREIR A BREER R 2 — (R SE ZA3300)

(50 EIE)

1.00 g

analytical sample 300-mL tall beaker

<4 g of ammonium sulfate

<A small anount of water, moisten the anaytical sample
<About 10 mL of nitric acid

<—About 5 mL of sulfuric acid

<About 5 mL of perchloric acid

Heeting Cover with awatch glass, heat gently on a hot plate or sand bath at
170 °C-220 °C for no less than an hour
I
Hesating Increase heat gradually at 300 °C for no less than 30 minutes
I
Hedti Cover with awatch glass, digest on a hot plate or sand bath at 300
egting
°C for 2-3 hours
I
Hedti Slightly move the watch glass, concentrate until it becomes no
egting
more than about 3 mL
I
Standing to cool Room temperature

«—About 5 mL of hydrochloric acid (1+10)
<About 20 mL of water

Heating Cover with awatch glass, dissolve for 10 minutes
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 |

| Aliquot (up to 25 mL) | 100-mL volumetric flask, water

<About 10 mL of interference suppressor solution
< Hydrochloric acid (1+17) (up to the marked line)

Measurement | Atomic absorption spectrometer

(357.9 nm or 359.3 nm)

Scheme 1l Method flow sheet of chromium in inorganic fertilizers
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3. HMRRUER

1) #RABEBRAHMOHEERR

BV MR R BR O A M O Z D AR D — TR B LA 5 B BT S B ig 5N - ki i B4 Table 1 1RL7-.
DHMTHEEE 2DV C Cochran MREIZEDAMUEIZ T R TOFRBHZ B W TRO LRI > T2, RIZ, P THIRHE
HERAIT 1.0 %~1.8 % THY, ERFERBREY OWRERIREE O B 22 (S 7 5L BUH e HE VR 22) 0 12 L
T Thote. ZOZEMNG, —ILBLEIZED WO FBE (TG K HED %) 2 F ML 7= /55, 3 TORk
IOV THEHIICA B R ZEITRO LI~ . F2, SHTHEZ & ORUEH A E MR 21T 1.1 %~
1.8 % Th 7. ZOZENDL, TXTOILEGE AT LRI NDZENTELHEMEE AL TNDHD
LR LTz,

Tablel Homogeneity test results of chromium in inorganic fertilizers

©

b d f
No.of Mean ) Sr RD ) Sbbe> Sb+r) RD b+rg) F

Sample sample® o o i)
ple” (mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (%) Value
Silicate slag fertilizer 10(0) 69.75 0.71 1.0 0.38 0.81 1.2 1.57
Phosphate fertilizer mixture 10(0) 949.3 9.9 1.0 2.4 10.2 11 112
Processed ferromanganese slag 10 (0) 3056 45 15 0 45 15 0.87
Fused silicate phosphate 10(0) 4707 85 1.8 0 85 1.8 0.88
Compound fertilizer 10(0) 5616 6.3 11 0 6.3 11 0.50

@) The number of samples after exclusion ; (): The number of outliers from Cochran test
b) Tota mean(Number of samples after excluding outliersxn=2)

¢) Repeatability standard deviation

d) Repesatability relative standard deviation

€) Standard deviation between samples

f) Standard deviation between samples including repeatability Sb+r =V Spb” + S

0) Reative standard deviation between samples including repeatability

h) F vaue calculated based on anaysis of variance(ANOVA)

i) F critical vaue;F (9,10:0.05)=3.02

2) HFRRBRBBERUNMNERE

KRB EN OIS SN L FIRBRAGEE Table 2 (TR LTz, &R 8D ATkl fE 2 IUPAC L[] 35k
T ahaL O NS CREFHAER L=, SRBR AR DS U A i 9572812 Cochran D& E K& O Grubbs O
EEFEMUIZ. ZOE, 12 RBREORBREEDOI D, 2 FEE ERRIT VIR AIE K OMERAEE Okt 2
R ORERAE UL L THIES L.



AR %5 £ OB O 71 LORE — H [FIFER AR — 43

Table 2 Individua result of chromium in inorganic fertilizers (mg/kg)

Lab ID? Slicate slagfertilizer Phosphate fertilizer mixture Processed ferromanganese sag

A 62.12 55.42 905.9 906.9 2999 3100

B 62.78 65.68 888.2 921.6 2881 2770

C 62.50 62.28 925.3 920.6 3131 3122

D 62.64 62.85 915.7 924.3 3116 3172

E 58.81 62.90 882.6 841.4 3200 3145

F 64.07 60.28 912.0 910.3 2706 2600

G 68.69 66.86 912.4 912.0 2975 3023

H 69.36 69.60 943.0 934.9 3006 2992

I 60.12 60.12 827.7 847.7 2625 2896

J 65.32 64.28 957.8 962.8 2794 2767

K 60.68 63.00 969.6 965.0 2961 3051

L 70.80 68.80 923.3 898.1 2991 3075
Lab | Da) Fused silicate phosphate Compound fertilizer

A 4462 4496 516.4 543.8

B 4142” 3320” 541.9 519.8

C 4843 4743 536.5 553.4

D 4353 4881 542.9 545.2

E 4581 4400 554.2 568.3

F 4738 4776 550.2 544.2

G 4902 4868 547.7 543.2

H 4798 4726 561.8 569.1

I 4659 4529 529.1 513.0

J 4737 4617 336.0°  304.8°

K 3381  4760° 51007  480.6°

L 4581 4550 546.0 544.7

a) Laboratory identification (random order)
b) Outlier of Cochran test
c) Outlier of Grubbs test

3) PHTRERUVEMBREE

SV Z BRI TR BRI R0 B O 1O LIS, DR TR MR 22 (s) S OV TAR SRHZE HE R 22 (RSD)y)
M ONZ ZE T P BURE AR 72 (se) K OVER ) i BUAH I {72 (RSDR) & Table 3 1Z/RL 7.

ra LOF¥EE 63.75 mg/kg~4662 mg/kg THY, Z DI TIEHEMR 7 (s) 1 2.02 mg/kg~135 mg/kg, 1T
FRXHE HE(R 72 (RSDy) 13 1.4 %~3.2 %, == [H A BT MR 7 (s2) 15 3.87 mg/kg~176 mg/kg, == i #-BLFH x5
(7% (RDR) 13 2.8 %~6.1 % TH-7=.

W IO P TAERHZE HE (R 722 (RSDy) K OVER [ T BUFH SHAZE YE (22 (RSDR) ® IEEFSE SRBRVEY 0D 2 Y P e D
FIEI RS TODFIREL ~UZB T DREE O HZOFFAN THDHIEND, RIEOREIXFREREONE
RERLMEIC AL QWD E R LT,
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Table3 Statistical andlysis of Collaborative study results
Labs Mean” s° RD® CRD:? sk RD’ CRDR’

Sample a) 0 0 0 0
p(@)? (mgko) (mgkg) (%) (%) (mgkg) (%) (%)
Silicate slag fertilizer 12 63.75 2.02 3.2 6 3.87 6.1 11
Phosphate fertilizer mixture 12 9129 130 14 4 37.3 4.1 8
Processed ferromanganese slag 12 2962 74 25 3 176 5.9 6
Fused silicate phosphate 10(2) 4662 135 2.9 3 166 3.6 6
Compound fertilizer 10(2) 5436 10.2 19 4 154 2.8 8

a) Number of laboratories, where p=number of laboratories retained after outlier removed
and (q)=number of outlier
b) Average value after excluding outliers(n=The number of laboratories(p)xThe number of samples(2))
¢) Repeatability standard deviation
d) Repeatability relative standard deviation
€) Criteria of precision for Repeatability relative standard deviation in Testing Methods for Fertilizers 2017
f) Reproducibility standard deviation
0) Reproducibility relative standard deviation
h) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2017

4. F&H

12 BRI T 5 FlE (10 40 Okl 2 AW CHLRIRBRE EMiL , A E & 2V EEHFR o7l
PRI HREBRE R O F B AR L.

ZDRER, 700N E 63.75 mg/kg~4662 mg/kg DOHiFHIZISUNT, 9= M B HE HE(R 72 (RSDR) 1%
2.8%~6.1%THY, IEEHEFBRTE Y OZ L PEMEGRO PIEI RSN COADFIREL BT DEED B %
DEFANTHHZEDD, RIEOKEEILRIFBIEOMREFREICHEA L QWD AR L.

L [FFRERI T D TEE EUTZ, B HIREBRET R 2o & —, — Rt M AR IR BR B A h S ATh 58
AT, — M EIEN B AR 2 — AT ERT, A EITE N B ARNEREE AR, [FBE7E S5 M
ORI R AR R 2 X — DO BN HEE R L ET

X ®

1) FEEFEGRRE: —H%OE ek 26 4 6 A 13 H, 15 69 7 (2014)

2) EBMIKER SR ERHEEHEIC ST R BB O N ERZEO LM SE A 301 A 22 H, B4k
IKEER 7R 134 &

3) RMOKEER REBRBLEANIIZEAT B AT IE (1992 4FRR) , A ANERERR E 2, oL (1992)

4) MSTATBUE N BMOKEER Z 2t 2 — (FAMIC) : Rk ERERYE (2017)
<http://www.famic.go.j p/ffis/fert/obj/shikenho_2017.pdf >
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5) BaIERiE, RKOTHT), B, ORFRG, GRS, BORER, INEE—, BEHAIB, saRih, &
DCIBER, AR, AR 2004 R NUBERGER EY E 0 B %8 — Bl b pk Ik FAMIC-B-14 D7
Bl—, JEEHFSE T, 8, 140~152 (2015)

6) FEHAIA, B SO A G FR 0RO n AORIE, IEEHFEE, 10, 9~28 (2017)

7) B, VTIEEEC BERGGIEIERI P O A RIV L, $, =y v KO a NAE — BRI EL O Sy il
O] —, NEEHFEEE, 3, 30~42(2010)

8) 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)

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

10) 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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Evaluation of Digest Method for Deter mination of Chromium in Inorganic Fertilizer by
Atomic Absor ption Spectrometry: A Collabor ative Study

Toshio HIRABARA?, Toshiaki HIROI?, Tomomi ISIKAWA?

! Food and Agricultural Materials Inspection Center, Sendai Regional Center
2 Food and Agricultural Materials Inspection Center, Sendai Regional Center
(Now) Food and Agricultural Materials I nspection Center, Sapporo Regional Center

A collaborative study was conducted to atomic absorption spectrometry for determination of Chromium in
inorganic fertilizers. The sample was digested with nitric acid, sulfuric acid and perchloric acid (3-mixed acids
method). When the sample bumped vigorously, added ammonium sulfate too (Improving method). We sent 5
materials to 12 collaborators with a blind duplicate design and these samples were analyzed as blind duplicates.
After identification of outliers with Cochran test and Grubbs test, the mean values and the reproducibility relative
standard deviation (RSDR) of determination of Chromium were reported 63.75 mg/kg ~4662 mg/kg and 1.4 %~
3.2 % (mass fraction), respectively. These results indicated that this method has acceptable precision for
determination of Chromium in these concentration ranges.

Key words  chromium, atomic absorption spectrometry, wet digestion, anmonium sulfate, inorganic fertilizer,
collaborative study

(Research Report of Fertilizer, 11, 39~46, 2018)
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5 HAIATNISTBEESH(LC-MS)EIZKBIBH D

RAILID7PSUEBEBOAIE
— SRR AR —

NGRS, DU 2, PAMEC Y, AR
F—0—F  AVTFIURE, IEEL, WA n~ b ST E B NTRE, AR

1. [XL®HIC

AT U, RO A E RS CHER D EL CEAFRENBESN TS, REHROALT 7
VRO E BIZOVTL, HEM/%&Z) IZBWTHEER T R MENED LN TWED, fEBRIEICRBWT
SMERFE R FRIZ L DR D B E SN CTh S, Fi, IEROFEIEIZ L > QI IAFWE DR EIZLY
%ﬂwﬂwmﬂlﬁ&ﬁb%ﬁﬁﬁﬂbﬁi@@w&woﬁﬁﬁﬁﬁ>;@;kﬁ%ﬂﬁ%¢®xw77;4%®%ﬁ
EELT, SRR 26 FREICHHESY WIRIE 7~ 17T 7 B BT (LC-MS) MBI DWW TESE, TR, & N

PREZRFLIZEZA, B—RBRENICBITDRBTEO RS MR HRINT-. 22T, ¥k 27 FE| %ﬁ@
INZDIFIEOMERERE O 7-8, Hmalkle o GRBREM O HEE EATHEL-L25, EMEHRHBEIC
1T BB IEDO Y DR CE Dol

4Bl 20 LC-MSIEIZRD LR DAL T 7 I BEORIENZDUWNT, HEERHIE CTO~ Ny 7 AD 5B AR
SWHDIRBRISIE O ARG RE REL, YEREFMO7-, B, Ha@makehz TR 5 o B 3Lk 12
ERAELIZOT, ZOMEEZRE T 5.

¥, ANT I BORENE Figl IR,

Sulfamic acid [HOSO2NH2]CAS No: 5329-14-6

Fig.1 Chemical structural formula of sulfamic acid

2. MERUAE

1) *REIFABRASRH
MRS TWDHLEEE T =7, RIPELEFANEE, (LR AEE & ORI EE A IEEHE B B X 500 um O 525\ & i@

LIRSZATBOE NEMOKPE I B 22 i o 7 — R 22 4R AL
2 MSTATBOE N MK EET B 22 8l B 2 — BEARTEF 22 AR A (B1) 3K
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BT LETHIL, IIRALZ 4 FEOBR & CHIRSI TS 2 IO HRRE & MLk 2R U 508 &
Lz, ZROOREHIRI G OE A RBOLNRWERE Ch o727, RS IRBR=EIC B VWAL
7V TR A FEfi o2 L LTz,

Bk O L [RIRRBR RN 1.5 g 2RV =F L RIS ANEET LT, R oo 3L [FRRER R 0RHIAY 15 mL &
TFGZNNAT A AR EZ L CREL T, —Xt D7 A4 RBH AR T570, 2o JL[E R FHRUBHZ
TUE DR HEATL, BINERERE IR LT

2) HMARER

HIRENTWD AT 7 T KSR L TR YE R 00— i B A /K TR IR L C 6 FlEE 0D 2 B D VRN A v
FHELE.

IINFARE MR IIA) LE mL 2T ANAT VAR, —RtOT T4 Rkttt 35728, 1) o 6 fiEO
A B R B L T2 & B2 A T SHT L, SINRBR = ICRT LT,

3) EERURBERE
B ARBREICHBEL TS LC-MS XX LC-MSIMS, =7 RF w7 AR —F—  5m.Oa5 BERS & ONe ia D4y B
H A L=

4) RILITFIUEEDAIE

@ #h W

(1.1 BtRor AT Rk

IR 1.00 g 2130 > THite = /7723 200 mL (2 A4, /K 100 mL 2Nz, ~7 R F v I AL —TF—%
T 10 &R T, §iElk, AR a ke O 50 mL I L, 1700xg (3000 rpm) T 5 47 fH
0oL C R AR A IR S LTz,

(1.2) WS HT R
M FEREL 1.00 g 21302 > TR E 7742 100 mL (2 A L, K50 mL 201z, IRVIRET-. 0%, i E
TKREZMZ, fhHiRELT-.

2 & W
I 2 mL 2287723 200 mL (280, HERETKENZD. ZO%, Hem e 1.5 mL (2L,
8000xg (10000 rpm) T 5 4y i LB L C LAz sl B IR & LTz

3 # &

FEHAR M O AR ERR R HE R % LC-MS X3 LC-MSIMS IZFEAL, BIRSUGHH (SRM) 70~ 7'T
LEGT-. BB SRM 70~ b5 LB 4 O — 27 Hifl X dim &4 ke TRERR A TERLL, 3BHA TR
DSy B RO, Bt T OANL T VB EEZRE L. 728, WEICHIZ> T, LC-MSMS TIEMS 5y
Fre—RZH, JEEHEBRYE (2018) 5.7.0 THY 22 FRL T RER=E D LC-MS XX LC-MSIMSHEE T IEIZHE
o7

0k, EEIEOMES Scheme 1 | Z/RL7-.
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| Sample(powdary) 1.00 g | 200-mL ground-in stopper erlenmeyer flask

«— Water 100 mL

| Extraction | Magnetic stirrer, 10 minutes
I
Centrifuga separation Centrifuge tube, 1700xg, 5 minutes

or filteration or type 3 filter paper
I

| Sample(fluid) 1.00g | 100-mL volumetric flask

«— Water, about 50 mL

| Extraction | Shake to mix

< Water (up to the marked line)

| Aliguot 2 mL | 200-mL volumetric flask

< Water (up to the marked line)

Ultracentrifugal separation | Centrifuge tube, 8000 X g ~10000xg, 5 minutes
or filteration or Membrane filter (aperture diameter: no more than
0.5 pm) made of hydrophilic PTFE

[
Measurement | LC-MSor LC-MSIMS

Scheme 1 Analyticd procedure for sulfamic acid in fertilizer

5) #HRFRFR

RIS IIL7. 9B =IILL T OMEY THY, TNZENORBRE 1TV TER L 125 0BHZ DWW T 4) 124¢
STHNTLZ. 728, KBR=ECHEMALZ LC-MS XX LC-MSMS Off%E% Table 1 IZ/RL7=.

© RN B AR ST A — S BRI SR BT R R R B

- RS B ERUERT AT R 0 — LT TV = a B A —

- BEREREFEEE R 2 —

- VA AR SR A EAT AT A~ — PR — 2 —

- WEFE TR &4t Shodex —E R Z—

© MSEATEOE NBMOKER T it 2 — Pt 2 —

© MSAATEOE NEMOKER T it 2 —ilia e 7 —

 MRSEATECE N MK PEY B2 il & — Bkl 22 A i A B e 3

o« MSTATECE N MK EN B 2 2o 2 — IEfRE 2 R R A S AR 5

(50 FNIE)
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Table1 Instruments used in the collaborative study

LC-MSMS

LC column
(i.d.xlength, particle size)

LC: 1100 Series, Agilent Technologies
MS: 1956B, Agilent Technologies

Inertsil HILIC, GL Sciences
(2.2 mmx150 mm, 3 pm)

LC: Nexera X2, Shimadzu
MS/MS: LCMS-8040, Shimadzu

Luna HILIC, Phenomenex
(2 mmx100 mm, 5 um)

LC: ACQUITY UPLC, Waters
MSMS: TQD, Waters

Luna HILIC, Phenomenex
(2 mmx100 mm, 5 um)

LC: LCB800 System, GL Sciences
MSMS: API 4000 Q TRAP, AB SCIEX

Luna HILIC, Phenomenex
(2 mmx100 mm, 5 um)

LC: Nexera, Shimadzu

Shodex ODP2 HP-2D, Showa Denko

MSMS: LCMS-8030 Plus, Shimadzu
LC: Nexera X2, Shimadzu

MSMS: LCMS-8040, Shimadzu

LC: Nexera X2, Shimadzu

MSMS: LCMS-8040, Shimadzu

LC: Nexera X2, Shimadzu

MSMS: LCM S-8040, Shimadzu

LC: Prominence, Shimadzu

MS: LCMS-2010EV, Shimadzu

(2 mmx150 mm, 5 um)
Luna HILIC, Phenomenex
(2 mmx100 mm, 5 um)
Luna HILIC, Phenomenex
(2 mmx100 mm, 5 um)
Luna HILIC, Phenomenex
(2 mmx100 mm, 5 um)
Luna HILIC, Phenomenex
(2 mmx100 mm, 5 um)

3. HMRRUER

1) HRABBRRERVIINERE

KBRS SN2 e FIRRER A Table 2-1 )2 O Table 2-2 (TR L7z, &R 51O EIOAE % IUPAC
DO IL[FEFRER 7 0 ha LN TREHLER L 7=, SBR A& DO/ VEZ R E 9572812 Cochran f & & () Grubbs
MEEE L7z, TOREE, 9RBREORBEDI D 1 HEHOENC 2 RB=E1S/MVEEL CHIES L.

Table 2-1 Individua result of sulfamic acid %(Mass fraction)
Lab ID? Ammonium sulphate By-product nitrogen fertilizer Compound fertilizer
A 0.239 0.224 0.457 0.443 0118 ? 0117 "V
B 0.193 0.189 0.387 0.370 0.0962 0.0980
C 0.195 0.193 0.399 0.389 0.102 0.0890
D 0.202 0.191 0.391 0.350 0.0954 0.0954
E 0.187 0.198 0.421 0.400 0.0961 0.102
F 0.241 0.188 0.468 0.396 0115 ? 0113
G 0.204 0.140 0.363 0.370 0.0953 0.0923
H 0.240 0.215 0.461 0.369 0.0940 0.0996
| 0.211 0.207 0.395 0.390 0.0899 0.0939

a) Laboratory identification
b) Outlier of Grubbs test
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Table2-2 Individua result of sulfamic acid %(Mass fraction)
Lab |Da) By-product compound fertilizer Liquid compound fertilizer 1 Liquid compound fertilizer 2
A 0.0173 0.00879 0.0320 0.0356 0.283 0.263
B 0.0170 0.0150 0.0368 0.0335 0.230 0.238
C 0.0251 0.0224 0.0404 0.0418 0.264 0.255
D 0.0175 0.0120 0.0354 0.0319 0.214 0.229
E 0.0185 0.0202 0.0385 0.0378 0.240 0.237
F 0.0201 0.0170 0.0316 0.0358 0.250 0.214
G 0.0193 0.0228 0.0466 0.0453 0.225 0.232
H 0.0116 0.0124 0.0416 0.0460 0.252 0.255
I 0.0107 0.0107 0.0397 0.0362 0.253 0.247
Table3 Statistical analysis of collaborative study results for sulfamic acid
Sample Labs  Mean” s RD” CRD? s RD:? CRDR’
%(Mass  %(Mass 0 0 %(Mass 0 0
C)) fraction)  fraction) % % fraction) % %
Ammonium sulphate 9(0) 0.203 0.021 104 4 0.024 11.9 8
By-product nitrogen g o401 0030 75 4 0.035 8.8 8
fertilizer
Compound fertilizer 7(2) 0.0957 0.0043 4.5 4 0.0043 4.5 8
By-product 90) 00166 00028  16.8 4 00048  29.1 8
compound fertilizer
Liquid compound g 5 0381 00022 5.8 4 00049 128 8
fertilizer 1
Liquid compound g 543 go11 4.5 4 0.018 7.6 8
fertilizer 2

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

b) Grand mean vaue of the results of duplicate sample which were reported from laboratories retained after outlier
removed (n=pxnumber of samples (2))

¢) Standard deviation of repeatability

d) Relative standard deviation of repeatability

€) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers 2018

f) Standard deviation of reproducibility

0) Reative standard deviation of reproducibility

h) Rough standard of relative standard deviation of reproducibility in Testing Methods for Fertilizers 2018

3) BHTRERVEMBREE

ARER AR LR U M, O TREEHER 22 (s0) B QMR TAH e Y (i 75 (RSDy) 3 ONC =5 1] - A% E {f 7
(sr) M OVEE FH] PR BLAH T HE (R 25 (RSDR) % Table 3 I1Z/RL 7.

2T U BEO EEIEIL 0.0166 % (E E 5y ) ~0.401 % (EEyR) THY, TOOATHEERER 1T
0.0022 % (E f4y3) ~0.030 % (E &4y 3), PHTHAMEEREIL 45 %~16.8 %, = M HEHERF AT
0.0043 % ('E &4 3) ~0.035 % (H & /0 5) K OV M A B R HER 2213 4.5 %~29.1 % Th -7z,

A [alEd A U7 2[R 3Rk A AR (R FEEEPH) 12 T, S IRV RS OfE BT, DR TAESIME MR 725 L OV
[P P B SR AZE VE AR 722 03 PR A5 3 BR L2 L2 8 1 D BRIE DO B S MR O FNEIZ R L COBD B IR EEL ~LCEs
THREEDHZD 2 fFHBZ TN, TOMOFERTIL, B HEIANERERZILZORBEDO HEZD 2 5L
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PUTILES TV, 7ok, ZOWD LD LB COMTHXHE R ZBS 2O ED B 20 2 52 EiZdh ol
4. FEH

9 HEREIZI\U T 6 FH (12 50 DRk VTR A FEhiL, LC-MS {EICL2IER R DAL T 73
FRORIE DL ZAT STz, ZORER, AT 7L FRO-EIHE 0.0166 % (& 557 5) ~0.401 % (E &7 5) 125
W TR TR BURE B REAME YR 22) 13 4.5 %~29.1 % Ciho 7=, RBRE R 0D Hhlk 1 C LA BR 15 D 2= W T HLKS
FEIE, BeBIRWIREE DAL T 7 BOFHE 0.0166 % (8453 3H) TIIIEHERBRIEIRL CWDREED H
LD 205 % LRl TR HIEE TR AT T-S72-72728,  0.0381 % (& 550 3) ~0.401 % (& 45 3) DO
FEFPA CIIARBHERBUEIR L CWDREE D B 2D 2 (AN Tl R 72 E 12 o7z,

HEE

LB W D TAEEL e — MRV ETE N B AR R ST B 2 — L EMF ST T i s U s U, ik
Kt S ERUERT AT R a— LT 7 r—ra s 27—, B EIRERREA ZE R 2 —,
V=T A 2 AR SR A H A ) A~ — PR — N A —, BRI TR & 4 Shodex —t" 2
A —DEIHE AR LET.

X

1) BRMOKER SR EBHGHE DS E@ LB O A ERK A EDLFOM, 6142 H 22 H, Ek
IKPEB SR 284 5, Sk 30 4F 1 A 22 H, EMKEER 5/R55 134 =5 (2018)
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Determination of Sulfamic acid in Fertilizer
by Liquid Chromatography/ Mass Spectrometry (LC-MS): A Collaborative Study

Kenji KOZUKA!, Kohei ITOU?, Nobuhito NAKAMURA', and Yuji SHIRAI!

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now) Food and Agricultural Materials Inspection Center, Agricultural Chemicals Inspection Station

A collaborative study was conducted to evaluate liquid chromatography/mass spectrometry (LC-MS) for
determination of sulfamic acid in fertilizer. Sulfamic acid in fertilizer was extracted and diluted with water. The
sulfamic acid was analyzed by LC-MS. Six samples, respectively, were sent to 9 collaborators. These samples
were analyzed as blind duplicates. The mean values and the reproducibility relative standard deviation (RSDR)
were 0.0166 %(mass fraction)~0.401 % (mass fraction) and 4.5 % ~ 29.1 %, respectively. These results indicated
that this method has an acceptable precision in 0.0381 % (mass fraction) ~ 0.401 % (mass fraction), but an

unacceptable precision in 0.0166 % (mass fraction) for determination of sulfamic acid.
Key words  sulfamic acid, fertilizer, LC-MS, collaborative study

(Research Report of Fertilizer, 11, 47~53 2018)
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6 WMAXREZERICIIEMPORREZRDAE

e

F—O—F  RFMEER, WL

1. [XL®HIC

RFEIL, M DOEFRIREL COFNMEEHTIHIED, AL OFREL TR S TRY, HE
SR W TR B EEM L TR SN 0D, F7, IEEHBGHEOAE RSV ICB W TE 7B LT
R A RBEOFIRFEEL T, REMEEROBEFEDARINTEY, ZO0HELLT, LT —8ik
KOG #IR A7~ 8757 (HPLC) ¥E DS IE RS 3B L (2017) ARSIV TV D, b Tz 2T
X, L7 —BIEIEZ OBRIEICEEA L, HPLC BT ESRORA BN ELEINTWS, Z2T, /54
BRVEDME (7258 —GTREMARE T I BIELL TSN TODB VAT LTI ) RURT VT ERIZ
WA VBT HONT, B—RREICB T D2 A MEHEGR A T o720 T, 2O EARE T 5.

2. MPRUAHE

1) #EEH

HEABUEHT, FEEL COBIRENE TN CODW ALK 18 57, JRFEDE A QU B mAEL 3 s &% OV
RAEEE (HEAE) 4 252 FV 7= (Table 1), F72, TS BT E SN O DR A TR A LI A R B TR FE 0
GEARNEDOELTHW. BEEEIOY D, B OL OIS THBIE 500 pm O#ES\W @i T 5F
THEL, KGOS NEDOITH3ICHRESE7=0h, BB 500 pum OfESD\WE @i T 5 E THfELT.

Table 1  Fertilizers used in this study
- Fertilizers containing urea

Urea 3 Coated urea 3

CDU (Cyclo-Di-Urea) 1 Compound fertilizer 4

IB (Isobutylidene diurea) 1 Mixed fertilizer 3

UF (Ureaform) 1 Designated mixed fertilizer 2
«Non-urea fertilizers

Compound fertilizer 1 Ground crustacean fertilizer 1

Comppsted sludge fertilizer 1 Compost 4

2) EBRURE
(1) ~7%F v A¥—F—: AS ONE HS-6AN
(2) Ve SHIMADZU UV-1800

VMSTATBOE N BMOKEE B 2 it 2 — it 22— (BL) 1B 225
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(3) w7~ r~7Z~7 (HPLC) : SHIMADZU Prominence ¥/ —X
(4) 7171 Asahipak ES-502C 7C: £ 100 mm L X A& 7.5 mm LD., $7£E 9 um
Hamilton PRP-X200: £ 150 mm X N4E 4.1 mm, Fi£E 10um

3) HEFDRAH

(1) /K: JISK 0557 (ZHETD A3 Dk

(2) FEEORIEVENL: JIS K 8496 ITHE T2 p-P AF LTI/ RUAT VT ER 20 g % JISK 8101 IZHET D
T /—/1(99.5) 1000 mL K OF JIS K 8180 (ZHLE 4L 100 mL (2 LTz.

(3) JRFBMEZE FENERR (200 pg/mL) : JIS K 8731 IZHIE T 5IKF 0.2145 g Z/KIZHEAL T 500 mL & L7z,

(4) WEHT IR B FAEAEE (10 pg/mL ~100 pg/mL) : JRFBEZEFEUER O —EREZKTHIRLT
10 ug/mL, 20 pug/mL, 30 ug/mL, 40 ug/mL, 60 pg/mL, 80 pg/mL K OY 100 pg/mL DR Eefi A IR F5 1 22 SR
Rz LTz

(5) DABRHEAEET: JIS K 9007 (ZHIE T D0 AME —/KFE AV L (KHPO4) 3.92 g K2 ONIS K 9005 (ZHLAE
T 50 Ak (H3PO4) 0.12 g Z7KIZEANNL T 1000 mL &L7-.

4) HERIRE

(1) Wt

SINTERER 1.00 g 21300 EY, =477 A2 200 mL (Z AL, K 100 mL Z01%, ~7 3 F w7 A% —F—%
VWTHY 10 I EIRET 1%, AHK 3 FECABLI-bOZ iR L. RO —E &2 287722 50 mL
IZARL, FEORIKERE IR, R ETREMZ %, 9 30 53 AGE L E FHEUBHA TR & L7 (Scheme
1-1). 7eds, EHARD A AL CERICHEZ KT TBENDOHLSGEIE, A/ 3 FO RICTEMERK 0.5 ¢ %
MMZAE LT,

L. lytical .
00 g analytical sample 200-mL ground-in Erlenmeyer flask

(powdery)
< 100 mL of water
| Extraction | Stirring to mix, 10 minutes
|
| Filtration | Type 3 filter paper
|
Aliquot

50-mL volumetric flask

(predetermined volume)

<—Add 20 mL of coloring reagent (DMAB)
<—Water ( Up to the marked line )

Leaving at rest For about 30 minutes

Measurement | UV spectrophotometer (450 nm)

Scheme 1-1  The method flow sheet for Urea Nitrogen (U-N) in fertilizer
by UV spectrophotometry
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(2) HPLC &
MR BB IE e~ T, Zeds | 1580 oy BV TUTBIKYE PTFE A7 L7 ¢ L& — (FL£E 0.5 pm) TAIH
L7~ (Scheme 1-2).

1.00 g analytical sample 200-mL ground-in Erlenmeyer flask

(powdery)
< 100 mL of water
| Extraction | Stirring to mix, 10 minutes
|
Aliquot

(predetermined volume) 50-mL volumetric flask

|

| Filtration | Hydrophilic PTFE membrane filter ( 0.5 micron filter )
|

| Measurement | HPLC (190 nm)

Scheme 1-2  The method flow sheet for Urea Nitrogen (U-N) in fertilizer by HPLC

3 BHRRUEE

1) BIEFHOEE

(1) FEERIEEROWIN&E

PRIGVEZE SR 50 pg/mL IR AFIEIANR 5 mL, 10 mL & U8 20 mL &0 2 WA E L= (Fig. 1) . isIn&
X 43 123D D 20 mL L LT-.

Absorbance

Wavelength (nm)

Fig. 1 Effect of coloring reagent addition amount on U-N absorbance curve
U-N concentration: 50 pg/mL
Coloring reagent solution addition amount:

20 mL ----10mL  ------ 5mL
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(2) WEHR

PRIFEVEZESE 0 pg/mL K& OV 10 pg/mL OWIEFEEARIE L7 (Fig. 2) . 85 CkiT sEMRAEE Y BTk ClE, 425 nm
~430 nm i CTOMREZHELEL TOBD, ZOHIPHORFMEZEFE 10 pg/mL WOEEN 0.2~0.4 FLE THD
DRFUIRFMEZE SR 0 pg/mL OWLEIL 0.1~0.3 FREELFE . Z22C, JRFVEESRE 0 pg/mL OB DMEL,
TRFEFRFMN T (ERRE DD 450 nm A HER R L L.

FRFZAEFR= (10 ug/mL WIEE —0 pg/mL W) 0 pg/mL W HE

420 430 440 450 460
Wavelength (nm)

Fig. 2 Effect of coloring reagent addition amount on U-N absorbance curve

U-N concentration: 10 pg/mL -=---0 pg/mL

2) REROEBRMHEE

AR R FEVEEFARUER (0 ng/mL~100 pg/mL) DUSEEA LB EMA ERR L7 (Fig. 3). BEEHIT 0
ng/mL~50 pg/mL, 0 ug/mL~100 pg/mL DWW IUIIBWTHEAMEERL, TOWREREL (r2) 1% 0.999 ULk
THERFERBREI RS T D HESE B AT 7= L7z

0.18 036
015 030
012 024 +
[+
F009 go1s
Z006 | Zow |
< y= 0.0032x+0.002 y=0.0032x+ 0.001
003 | 2 =0.9993 006 | r2=0.9991
0.00 <& : ! L . ) 0.00 <¥ 1 L L . s
0 10 20 30 40 50 0 20 40 60 80 100
Concentration (ug/mL) Concentration (ug/mL)

Fig.3 Calibration curves for U-N
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3) BBEOTEHER

AEHAIR DA I KD B AR 3 D728, HEE K OVHIEFEBENE B OWOEEE 21 E L 7= (Table 2). 7235,
HERIEEHAE S TOD BN Table 3 DLV THD. WTNBIEHEK AN Z AU TR AR E LT,
HEAL A, B X ONGIRFERENL R CHIE (21 H 2 KT WO EBSHERRS Uz, ZOZehb, HEIE K DG IRIEEHE
AR ORI R LT

Table 2  Filtration test results Table 3  Materials used in sample
Sample Absorbance Sample Materials
Compost A 0.032 Compost A cattle dung
Compost B 0.013 Compost B cattle dung, poultry dung
Compost C 0.003 Compost C cattle dung
Compost D 0.002 Compost D straw, wood
Composted sludge fertilizer 0.079 Composted sludge fertilizer sludge,food waste, bark

4) FHMEUEERICKHEERHR

PRFBEDIE ENTORUVEEAEE, FUSSRE B R K O A LB A BN IR B E R L CHE & F
3%, 10 %M N 20 %&72 DI IRFEMZ, 3 ROHT CHRINEINGERZAT 7= (Table 4) . [EIFHIT 98.9 %~
103.3 % THY, EEHEFABRIE ORIV TWDEIREL ~UICBIT OB E O A EEE - L.

Table 4  Spiking and recovery tests

Criteria of

: a) ©) d)
Sample Spike level” recovery RSD the truencess’
(%) (%) (o) (%)
Compound fertilizer 3 98.9 4.0 96~104
10 102.0 3.6 97~103
20 101.3 1.4 97~103
Ground crustacean 3 98.0 0.8 96~104
fertilizer 10 100.8 0.6 97~103
20 100.0 2.4 97~103
Mixtures 3 103.3 2.3 96~104
(reagent grade materials) 10 100.5 2.6 97~103
20 102.4 1.2 97~103

a) Spike as U-N

b) Mass fraction

¢) Mean recovery (N=3)

d) Repeatability relative standerd deviation

e) Criteria of trueness (recovery) show in Testing Methods for Fertilizers (2017)

5) HEMLRICKIEERER
EIEL TODEEALEL 18 siA AL K OERHE B E IS T D HPLC YA CRIEL 72 (Table 5). %8
BRAIEIRIED p-TATFNT IR AT VT ERIIV VARG TR AT D720, AV 7 F LT T R
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BIRFROFNVLT VT ERINLIRFD G, W AR O JRFE ISR B ITRE TERDSTD, TERNT VT
ERHEA TR FEALE P O SR FE P HF TR E T HE T T, £, AVEK O HPLCIEDSHTHEOFHEEIX (Fig. 4) %
TERLT=EZ A, [alm B RR O A BAMREL (r) X 0.999, = (b) X O f () D 95 % EHEIX[HIX 0.96~0.99,
-0.22~0.46 THY, EEHEREREDOHESHHNER 12T 7= L 7=

Table 5 U-N measurements in fertilizers

Sample uv HPLC 50 - j
(%)” (%)" y =0.974x+0.12 y P

Urea A 4671 45.0 0 r=0.999 ’
Urea B 47.54 45.65
Urea C 46.18 45.38 ~
CDU 223 o < 30
IB ) _9 8
UF x) _9 = 20
Coated urea A 40.40 40.67
Coated urea B 42.31 41.15 10
Coated urea C 38.33 37.44
Compound fertilizer A 1.14 1.10 0 , , , , ,
Compound fertilizer B 2.50 248 0 10 20 30 40 50
Compound fertilizer C 6.18 6.19 Spectrophotometry (%)
Compound fertilizer D 3.87 3.89
Mixed fertilizer A 2.50 2.39 Fig.4 Comparison of HPLC and spectrophotometry
Mixed fertilizer B 2.04 2.06 for U-N in fertilizers
Mixed fertilizer C 2.22 2.20 Regressin line
Designated mixed fertilizer A 7.45 7.54 - - -+ Upper and Lower limit of 95 % prediction
Designated mixed fertilizer B~ 5.65 5.78 interval

a) Mass fraction
b) Interference of coexisting elements

¢) No analysis

6) FREMR

PR3E, FREERA BEE & OMERAEEHZ DT, 2 1G0T C 7 B BT 72 SKAERBR D 3475 R4 Table 6-1 IC
RUTZ. ZOFRERIZ DN T—JEALE D BT 24TV — SR BRI BT A 0TI B K OV TS FE A SR 72
(Table 6-2). & AEEFORRTEIMEILE B0 1.12 %~45.9 %, ZOOHTHE O T IEHER 1L 1.9 %~
22 %THY, PEEHERBRIE ORIV TODEIREL ~VIZBITHREE DO B ZOFFEME (B 2D 2.0 %) &z
L7z, &7z, R E O H R HEHER 221 2.0 %~2.9 % THY, FIREL ~UBITDEE D B 24 =L
7z.
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Table 6-1 Individual result of repetition test of changing the date for the precision confirmation
(% (Mass fraction))

Test day Urea Designated mixed fertilizer Compound fertilizer
1 44.60 45.79 7.11 7.14 1.15 1.09
2 46.15 47.07 7.73 7.61 1.18 1.17
3 45.65 45.83 7.53 7.30 1.11 1.08
4 45.71 47.62 7.81 7.29 1.16 1.11
5 46.69 44.57 7.52 7.54 1.08 1.10
6 46.55 46.03 7.50 7.39 1.14 1.11
7 44.72 45.31 7.40 7.39 1.11 1.14

Table 6-2 Statistical analysis of repetition test result for evaluating precision

Repeatability Intermediate precision
Sample Mean” s RD.” CRD.’ siy’ RDim® CRDim”
(%)” (%)” (%) (%) (%)” (%) (%)
Urea 45.9 0.889 1.9 1 0.912 2.0 2
Designated mixed fertilizer 7.45 0.157 2.1 2 0.204 2.7 3.5
Compound fertilizer 1.12 0.024 2.2 2 0.032 2.9 3.5

a) Nn=14 (7 test days x duplicate measurment)

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

7) EETREUKEETROMR

E R FRRIZOWT, IERHERBREIORIN TR & E AW THEE T2 7 IEICKVE L2 25, B
SYER02 % CHEESNT-. 22T, REDNEGENTORUVMEARIEEHIR FEMEHELL TEES R 0.2 %I2RD
JONTIRFBEINZ, 7 RO T CUINEBILGRER 21T 72 (Table 7). [EIIX=R1E 101.0 % THY, BED BHIEAT-L
Tz, Fo, R AR H U7 HEE R M TIRITE &3 0.07 % LHEES.

Table 7 Spike and recovery test (limit of quantification)

Sample Spike level” Mean”  recovery St Lop?
W W % (%)
Compound fertilizer 0.2 0.2 101.0 0.02 0.07
a) Spike as U-N ¢) Mean recovery (n=7)

b) Mass fraction d) sx2xt(n-1, 0.05)
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4. F&OH

B R RE AR AR HTVE ICH R S AL TV DO EE RIS FHEEROWPESNT, TORYHEE
MR LT=EZA, IROAER &S]

(1) HIEREE, 5 T oGT MR oM 5 TlE, 425 nm~430 nm &P CORIEEZHELEL TODA, 7R
FEIREEDSD, 450 nm AN LTV

(2) HEAR K ONBIEFEEAREHT, SRENAK D& GICL D BE T, IHHR TRETE RN LORH o7,
E72, TATEREA XU TR FZBZ2E LI OY S, TR T7 AT eRMEA R FZ IR PO R #2130 E
AR ChHZ L aMERR LT,

(3) MERRT, 0 ng/mL~100 pg/mL OFFHICBWTEMRMEEZRL, PERE ()% 0.999 DL EThEBkE
AR OHESE A LT

(4) EJEIL, BRI 3 %~20 %OFFAIZIBTDEMEIGRER O F, SFEIEUED 98.9 %~103.3 %
THY, FIREL BT HEE B2 Uz, il L CODIEEIOARE K Y HPLC YEIZLAHIEE
DOIEYFEHT, FHBILREY 0.999, 95 %lEHEXH DM Z (b) 13 0.96~0.99, HIA (a) 13-0.22~0.46 THY, Ik}
SRBRIEOHESEHIEA TITTE L 72

(5) HEFEIX, BEZEX CORERBROK R, REEZFRORTEEMENE B0E 1.12 %~459 %, ZOHF
TR R YR 221% 1.9 %~2.2 %, H A AHEUER 2213 2.0 %~2.9 % THY, FREL ~UICBITDBEDH
BOFFREPH 2T LTz,

(6) EETIRIT, EETIRMNITOTMEIGRERD DS, EENE 02 % THY, #HERH TIRIZTERS %
0.07 % ECHEEIN.

LLEDZEND, RIEFNERHF ORFMEEFZOSHTIEE L TH BRI o7 4D RS Uz,

X |

1) BMOKPER SR LRI A S D S @ IO N E kS 2 E O D1 dE TR 28 42 12 H 19 H, &
MOKPER 7R 5 2535 75

2) MSIATBUE NEMOKPETH R 22 2 it 2 — (FAMIC) : BRI aER L (2017)
<http://www.famic.go.jp/ffis/fert/obj/shikenho 2017.pdf >

3) BEFIEFEHR : 5 _JGTRERIEE AT, p.60 ~ 62 (1988)
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Deter mination of Urea Nitrogen in Fertilizer by Spectrophotometry

Shinei TAKAHASHI!,

! Food and Agricultural Materials Inspection Center, Sapporo Regional Center
(Now) Food and Agricultural Materials Inspection Center, Food Safety and Consumer Affairs Information

Department

Determination of urea nitrogen (U-N) in fertilizer by spectrophotometry was developed and validated as a
single-laboratory validation. Samples were extracted by stirring to mix and diluted with water. After adding
p-dimethylaminobenzaldehyde (DMAB) as coloring reagent, sample solution was analyzed using UV-VIS
spectrophotometer (450 nm). As a result of 3 replicate analysis of 3 fertilizer samples spiked with U-N, the mean
recoveries were 98.9 % ~ 103.3 %, respectively. In the repetition test of changing the date (7 days), the
repeatability relative standard deviation were 1.9 % ~ 2.2 % and relative standard deviation were 0.8 % ~ 1.8 %.
The limits of quantification were 0.2% (mass fraction). In the filtration test for compost and composted sludge
fertilizer, the interference of colored compounds could not be eliminated. Those results indicated that the
developed method was valid for the determination of U-N in fertilizer (except compost and composted sludge

fertilizer).

Keywords  urea nitrogen, Spectrophotometry

(Research Report of Fertilizer, 11, 54~62, 2018)
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7-1  REIATNT SR T LEESH (LC-MS/MS) %L B

¥REhn/OESYFDRIE
— B BB D T DK —
[T T NMEIES 2, RIS 2 SRR 2

F—0—F /et IUR, HEE, GIREBILE, Wik a~ T TT 80T ZE BT,
B R ER A

1. [ZE®HIZ

IabtZYRIIANAR L EAE G THEV U RDOEIETHY (Fig.1), 7aE TURITTE Y S v HE AR 5 4 F)
ALESE, MREICIVAEBREENEEATLIIENMONTNDY . Z7a T RIZEN TIEEASN T
WV, BREFIEL TSN TWDKE, B4, ZMOOOH AFEHIE AL TWDIERHY, Ak
28 AT ONZRAEICEDE, RO K O SAHERTICHE /e TR N E ENDZ LN MRS
NTWDD | 72, 4o AHENE i OVE IR FEEEIEE T O/ a " SUR DS HIIEL L TUE, ERE 21 FENSFRL
28 IR WTIUR, BHR, /NESIZIVRIK v~ 7T 7 207 KBS 855 #1 (LC-MS/MS) 1553 B %6 M
L MEORERP2SINY, EE TR 10 pg/kg OFER 5 EEL CREHERBRIEICE ST 5Y.
LinLendt, HHEHRO/aZURREMN 1 pgkeg BREORREE IO THDIEMIC L UIEBEREL T &
RETHEDRHHIENDLD LB E /R HTIEN LS, VL 29 FREICEE - BN EERINRE
SIS IC I E R FIR 2 png/kg DL FOTESARERF 7o TR O @EE 5 471E | (515 BB Sz

8)

Cl

_f..--“';:;:__H -
/“ 1 O
@]
Clopyralid
CAS No: 1702-17-6

Fig. 1 Chemical structure of clopyralid

7abZIRIEFSALNDE SAER A LT-HIEICHE A L TWA R REMENRH DI END, ZOREREIC
DWTOME I FIE KDL ELINTEY, Yo & — TR 29 4 11 HITERKESR SRR LB
DFEZ 2 T T=. £ZCTAal, 20D LC-MS/MS £ TH S AL D& 5 A SEHERR (58 5 AHER, RS AHE

VIRSEATBOE N R AROK E TS B 2 Al e 7 — B RE 2 R A (B1) 2 3R AT
2 MSTAT BB N R AROK PE S B 2 iy v o 2 — R B 22 e A D
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NE5) K OB IR SRR E R~ AL R 2 A EL T, H—RBE O Z Y MR LL T, BER UK
FEDFHAM, & TIROMEBZFEML 2O TEOMELHRE T 5.

1)

2. MPERUVHX

M OIE R U R

HTHRDHENE 7 FAH GRS AMENE 3 &, IRSAHENE 4 15D K OVGIRFERE LR 8 FEHOF 15 FfHARER ML &
LTIERL, £ T 40 CTHI 60 BRI LIZ1&, TE U T B BIE 500 pm O 50\ A 1@ %
ETRFL Tt R L 72,

2)
(1)

(2)
(3)
(4)
(5)
(6)
(7)
(8)

EERUHFE
Rk a~ 777507 WRVE #53Hr 3 (LC-MS/MS) : Wters Quatro Premier XE
717 25 : Waters ACQUITY UPLC HSS C18 (4% 2.1 mm, £ 100 mm, F7£E 1.8 um)
JREHHE: TAITEC SR-2DW
Oy B . KUBOTA T — 7 /L by 71 L 4000
12— —=x/\RL—4—: BUCHI R-200
J1—R)>»F37 L Waters  Oasis PRIME HLB Plus Short Cartridge (225 mg)
iz Loy BfER% : AS ONE MCD-2000
~=F—/LK: Waters &2 T} GLScienses
ABREIFXY—: ASONE #HEREIFH —TRIO TM-2N

3) HE

(1)

JK: JIS K 0557 ICHLETD A3 S DK, 72721, LC-MS/MS (238 A DIRBERIC OV TIE A4

DKEFEHLT-.

(2)
(3)
(4)
(5)
(6)
(7)
(8)
9)

TEh=RKIL: LC-MS H

AL = (Fhi -7V —2 77 ) 0 FREE RS -PCB B (5000 £5IR#E) £721X LC-MS H
A% —v (R M) © LC-MS H

KEEALFTRIT L Rk

Wl AESBEEM

TUEET K Rk

vraaAR s Rk

Wil A e E H

(10) &Fe: LC-MS H
(11) 7o =7 (0.0028 % (E &) : 7E=77K 0.1 mL %7K 1000 mL 2z 7.
(12) v ZUREERER (0.1 mg/mL) : Z7HEZUR[CeH3C1aNO2J#9 0.01 g Z D XH &R MLIZED, ZDHE &

% 0.1

mg OHTETHIEL-1%, L EOTEI=R/LTENL. £RETZT7A2 100 mL IZBL A, EHEET

[V I N % 7=

(13) 7 ZUREEAERE (1 pg/mL) : 70 ZUREEAERE (0.1 mg/mL) D 2 mL #4877 A= 200 mL (Z&
D, EHRETTBEN=NIAZMZT.

(14) BEHRH 7 REEARERR (100 ng/mL) A HKHIZ/2E T REEMERR (1 pg/mL) O 5 mL &4 &



LC-MS/MSIEIZ I DHEL S h D7 a7 URORIE  —HEmliBRiE O F R LR — 65

7ZA2 50 mL (2D, fEMRETE R (1+1000) & 1% 7=

(15) MEHRH 7T NEAERR (5~50 ng/mL) : FEHRH 72 ZUREAER (100 ng/mL) @ 2.5 mL
~25 mL #4877 A2 50 mL (2B FEATICED, AR ETEE (1+1000) %12 7-.

(16) fREMHA 7o TYRFEHER (0.5 ng/mL~2 ng/mL) : REMHAI/AETINEAER (10 ng/mL) D
2.5 mL~10mL #2877 A7 50 mL ([ZBFEAIICEY, B E CERE (1+1000) 200 2 72.

4) HERIRE

(1) #h

SIHTERE 5.00 g Z o TRU M DIEEAE 100 mL (2 G, KEE(ET R 2P (40 g/L) — A% /—)L (1 +
99)% 50 mL N, #EEHHET 30 /0 MHRVIEE -, 2Dk, &0 715 1700 X g T 5 syl Dy BEL, AR
=M 7T7A3 100 mL I LT, FRBEMITKIRL TN D 288K (40 g/L) — A% 7 —/V (1 +99) % 40 mL Nz,
PREOHET 30 ZrMHRVIEE 1%, =015 1700 X g T 5 i LBl 7-. KE2E77A2 100 mL 2%
LU T LGS BB AR A T A EA A DR T Ml (L — TS AL, fil TR & Ok M a b &K
WAl T NI NVRIE (40 /L) — A% /—/1 (1 + 99) THRIEIVEH L 7= Uit 2 RBR ISR 5 | A L 7=, KRR E kel
FRUT BERIE (40 g/L) — A% 7 —/L (1 +99) Nz Thliik & L7z,

(2) B "1

=Ny L% T A% ) —/ S mL L OJK 5 mL THONIZHEF L. 723 B 7742 100 mL 27—k
Uy P A7 L0 FICEE, KR 10 mL 28—~ yP BT MIIEFMEIINZ, BeITRE AT TAAID B
ETLETH ST, SHITKER TN T AFEH (0.4 g/L) — A% /7 —/V [1+1)5 mL % 2 [A1 1 — K P T A
Iz, FERIZHE ST,

(3) K #2

Hlcle—N BT L% THTEN=N/L 5§ mL K OWERE (1+120) 5 mL TECICHE L. iRz
40 °C LA FOKIET 5 mL LA FETRERMEL /1%, HEE (1+11)3 mL ZINZ 7. 20, MLk E S
—RNy VBT AAMSE, ECNITRE T TARIO Bl ET 2 E TS, 2297742 100 mL
3 (1+4120)5 mL C 2 [BIBEHL, YVERANAR 1 — )iz, RICHERE (1+120) — 7 Eh=KJ/L(9+1]5
mL X OVK 5 mL &AW A — R o2 RPN S B 72, 2al A $ERE LIRS 10 mL 2 —RY
YVATLD FITEE, 7o E=T K (0.0028 w/v%) — 7 ER=RL (9+1)4 mL 20— v T NI IERIC
Nz, 7aeZYRZHCDNIE ST,

4) ¥ 3

EHRIZKER LT NI A (40 g/L)0.1 mL Zh0x, BEREITH—TIRA L. 20k, P7raAX 2 mL
Nz, REBEIF Y — T30 BREIEAL, 3.0/ 740 X g THI 3 40l DA BEL, T (P raniy @) 4,3
AV — NNy N TR ETDEER 2 [BIREDIR LTz, TR 7 /KB I2HERR (142) 0.15 mL 201 %, sBRE % —TC
BREL. 20k, YranAzy 2 mL # Iz, REREIF— T30 BERAL, .07 740 X g T 3 4y O
EEL, TR (T runrZ @) w/ A — LRy NG BT 7 A3 50 mL IZANDEEE 3 [E#IRLT-.
IR OBIEIZBWNT, FRIZFCARTIE 7742250 mLIZINX -, Z3UZ7 'R SmL &1, 40 °C LA T
DARE ETIFEAEHE T2 ECRERMEL 2%, BRT AL E> TRESEZ. ZHUCE R (1+1000) 2 1 mL
Nz, BBV A O GRS I B K0IR R U714, e DL 1.5 mL 12 L s /) 8100 X g
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T 5 REEOSBEL-. FBAIETZ LC-MS/MS ORIEASAT B UREHATRELT-.

(5) Wikra~hro7 807 DRVE BT RHC L AHIE

FRBHATE K O AR E A IR A e & LC-MS/MS (21 AL, Table 1 }2 (8% Table 2 OHIESIHES
TER UG (SRM) 70~ b T D& 4572, 55HI7 SRM 70~ h'T ABE RSy DY — 7 k% Kb T
AR AERL, BUBHEIR T D& RSy B2 R, ralkEtho/eeZVRo &2 F N L. 723, & EiEOREE
% Scheme 1 |Z/RL7=.

Table 1 Operating conditions of LC-MS/MS
Column Waters, ACQUITY UPLC HSS CI18 (2.1 mm i.d.x100 mm, 1.8 um)
A:Formic Acid (1+1,000) B:Methanol

Mobile phase . ; i )
0 min (5 %B)—5 min (60 %B)—6 min (95 %B)—7 min (5 %B)
Flow rate 0.4 mL/min
Column temperature 40 °C
Ionaization Electrospray ionization (EST)
Mode Positive
Desolvation gas N2, 400 °C, 800 L/hour
Cone gas Ar (50 L/hour)
Capillary voltage 1.0 kV
Ion source 120 °C
Table 2 MS/MS Parameters
Prodct ion Collision energy
Agricultural Precursor ion for for Cone vltage for for
chemical (m'z) quantification identification V) quantification identification
(Mz) (m'z) (eV) (eV)

Clopyralid 192 146 110 20 20 30
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| Sample 5.00 g | Centrifuge tube with screw cap 100 mL

< Sodium hydroxide (40 g/L)—Methanol [1+99] 50 mL

| Shaking | 30 min

| Centrifugal separation | 1700 g, 5 min

| Supernatant solution | [Receiver, Erlenmeyer flask 100 mL]

(Supernatant solution)

(Residue)
< Sodium hydroxide (40 g/L)—Methanol [1+99] 40 mL

| Shaking | 30 min

| Centrifugal separation | 1700 g, 5 min

Filtration under reduced |  Glass fiber filter paper
pres

sure [Receiver, Short-neck volumetric flask 100 mL]

< Sodium hydroxide (40 g/L) —Methanol [1+99] 40 mL (up to the marked line)

Extracted solution |

Purification (1)

Oasis HLB column (1)
(Wash with about 5 mL of methanol, then 5 mL of water in advance)

[Reciever, Eggplant-shaped flask100 mL]

< Apply 10 mL of extract

< Wash 2 times with sodium hydroxide (0.4 g/L)-methanol [1+1) 5 mL
< About 5 mL of methanol

Evaporation | 40 °C, removed methaol

< Hydrochloric acid (1+11) 3 mL

Oasis HLB column (2)

Purification (2) (Wash with about 5 mL of acetonitrile,

then 5 mL of hydrochloric acid (1+120) in advance)

< Wash 2 times with hydrochloric acid (1+120) 5 mL

with washed the flask beforehand
< Wash with hydrochloric acid (1+120) - acetonitrile (9+1) 5 mL
< Wash with water 5 mL

[Reciever, Centrifuge tube (screw cap) 10 mL]
<« Eluate with ammonia solution (0.0028 w/v%) - acetonitrile (1+1]) 4 mL

Eluate

Scheme 1-1  Analytical procedure for clopyralid in fertilizer

< Washing centrifuge tube and recidue, Sodium hydroxide (40 g/L)—Methanol [1+99]
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| Eluate |
[
| Purification (3) |

<« sodium hydroxide (40 g/L) 0.1 mL
| Mixing | Vortex

< Dichloromethane 2 mL

| Mixing | Vortex, 30 sec
[

| Centrifugal separation | 740% g (2000 rpm, 165 mm), 3 min
[

| Clear underlayer | Pasteur pipette

Repeat 1 time

<« Sulfic acid (1+2) 0.15 mL
| Mixing | Vortex

< Dichloromethane 2 mL

| Mixking | Vortex, 30 sec

| Centrifugal separation | 740% g (2000 rpm, 165 mm), 3 min
[

Pasteur pipette

Sampling of underlayer i
[Reciever, Eggplant-shaped flask 50 mL]

Repeat 2 times

<—Acetone 5 mL

| Evaporation | 40 °C
[
| Dry up | Nitrogen gas

<« Formic acid(1+1000) 1 mL (Volumetric pippet)

| Transfer | Centrifuge tube 1.5 mL

| Centrifugal separation | 8100xg (10000 rpm, 72.5 mm), 5 min

| Supernatant solution |

| Measurement | LC-MS/MS

Scheme 1-2  Analytical procedure for clopyralid in fertilizer

3. HERUEER

1) FHMMEUREGAERIC &S E R O FE (i

RS AHENE, 755 AHERE e OVGIRFEREALEL O 3 T D IEEHT, 70T RELTZERZ ] 200 pg/kg, 2
ng/kg K U880 pg/kg A1 BIRNL, + 0 T2 S SRR 2 L, ATRISHE-> T3 mOMTThN
[EINGREBR 2 AT o7, KRBt O#E R4 Table 3 12, /o, IRMNEIGREBR CHOLNATZI/e~ T L0 —F%
Fig. 2 IR L7z, BN EIT81.2 %~94.2 % THY, WTIh ILEHERBIAI ORI TODRIREL ~LZEIT
LEED BIREWIZL TWZZEDD, TRHORBIOGHTICB N THAREEZA L TWDHI LD RS
7z
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Table 3 Result of recorvery test

Content of Mean b Criteria of the
~ » R3D 0
Sample clopyralid recovery ©%) truness
(ngkg) (%) ’ (%)
Pig manure compost 200 88.6 8.1 70~120
Poultry manure compost 2 81.2 13.0 60~ 125
Composted sludge fertilizer 80 94.2 3.2 70~120

a) n=3
b) Relative standard deviation

c¢) Criteria of truness (recovery) shown in Testing Methods for Fertilizer

A) clopyralid _ A)
clopyralid
REEEEEmEEE T T T T T T i1 T T BAREEEEEEREEE: T min
1.00 2.00 300 4.00 1.00 200 3.00 4.00
E) clopyralid B)
clapyralid
T A T 1N RN R AR R AR R e i) 124
1.00 200 3.00 4.00 1.00 2.00 3.00 4.00

Fig.2 Chromatogram of recovery test
A) Standard solution (Clopyralid content : 0.5 ng)
B) Sample solution (Pig manure compost, clopyralid content : 200 ug/kg)
Left figure : Product ion for quantification (192>146)
Right figure : Product ion for identification (192>110)

2) BHTHR B B U R BE OD BTl

OFTHE BE M OV RTRS BE Bl 58 972 T2 0 IR S AUHENE K OV S AV HENEIZ DWW T, Z7rEZRELT 200
ng/kg B OV2 pg/kg MY EIRINL, 2 ST CTHZZE XTS5 BIRBRZ EHi L THROAL-#E 5% Table 4 |21
Lz, ZORE R D — TEBLE 7y BT 21T o TR LIV OM T RS BE B OV RS FE % Table 5 IZRLT-. RS
PHENE K OV S AVHENE O SER4M 1 141 pg/kg B T8 1.59 pg/kg, FRATHEHEHER 221 13 %L TN 10 %,
IR S ENR 721 16 % K ON21 % Th o7, WAL FH = AR 756 AR RS R BR 150 IR SN TWA O T
R EE (GFATRE SR MR 72) S OV [RGB (PP AR RS YRR 72) D B &2 D 2 LN Tho 7o Zeh b, KRikld
TR EER L CWAIENMERINT.
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Table 4 Individual result of repetition test of changing the date for the precision confirmation(pg/kg)

Test days Pig manure compost Poultry manure compost
1 129 160 1.71 1.85
2 122 146 1.84 1.42
3 132 120 1.12 1.13
4 161 184 2.02 1.84
5 112 143 1.40 1.52

Table 5 Statistical analysis of repetition test result for evaluation precision

Repeatability precision Intermediate precision
Sample Mean value” Srb) RD.” CRD rd) SI(T)C) RSD I(T)ﬂ CRSD I(T)g)
(ngkg)  (ngkg) (%) (%) (ngkg) (%) (%)
Pig manure compost 141 18 13 11 23 16 18
Poultry manure compost 1.59 0.16 10 11 0.33 21 18

a) Total mean (Number of test days (5) xXNumber of replicates (2))

b) Repeatability standard deviation

¢) Repeatability relative standard deviation

d) Criteria of Repeatability precision (repeatability relative standard deviation)
shown in Testing Method for Fertilizer

e) Intermediate standard deviation

f) Intermediate relative standard deviation

g) Criteria of Intermediate precision (intermediate relative standard deviation)

shown in Testing Method for Fertilizer

3) EETRFDHER

7abtZVRELTENZEN 1 ngkg Y B2 EH T 585 AHEIRL L OVGIERBEIREHZ R, ARJEIZHE
ST 8 ROHMTTHM L. BN EOIERERZAELZ 10 FLTER FIREHEEL, £/, RERAEL
2xt(n-1, 0.05)fF L LT FRRZHEE L7-fE % Table 6 (2R L72Y. & F IR M O H FRRIE, HEAEAS 1
ng/kg KON 0.3 pg/kg, TGIBTEEILELDS 1 ng/kg &Y 0.4 ng/kg LHEE STz,

Table 6 Calculated LOQ and LOD values of cropyralid (png/kg)

Sample Content .Of Mean s LOQC) Lon?
clopyralid  value”
Poultry manure compost 1.00 0.67 0.09 1 0.3
Composted sludge fertilize 1.00 0.69 0.11 1 0.4
a) n=8

b) Standard deviation
c¢) Standard deviationx10 ; 1-digit accuracy
d) Standard deviationx2xt(n-1,0.05) ; 1-digit accuracy
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4) FERHOASTICKIERAEEORER

15 S obEmIEE B SAMER 3 &, IKSAHEIE 4 45, BIRREEIEE 8 £) I\ T, AEICHE->Trm
EZURERIEL72E 25, 8 RORE C/rEZUR B RIHENT. BONTERDIG, BMbH-vilkihro
EZURREE% Table 712, F7z, £l ra~hr T AO—fl% Fig.3 lZR Uiz, B5SAHEILITR H FIRAE
i~6 ug/kg. IKSAHEMIX 4 pg/kg~19 pg/kg MK NG IRIEBEAEEH IR TR ~11 pg/kg TH-o7-.
AIFICEDRREOREILFRE TH o703, —EHEIEICE > TIHI — Ny VBT ACEH RN TER20E
DPEELT. 2L, F# 2 OBREIZBWT, BMBHARICERZRINL TIRMESRIRICLIZLAT, 3B
WEPICEIEM DL EICBAEL, ZOWREN—N NP AT LIEANTHIETHT LTFEEEVRE LT
W, ZTOHOBIENTERLIZSTLESTZZEICED. HEJECTH TR R B EHT, 8 S5 FUEHCH B O
HEWEIZB W TS HEREDNFELTWDEA, SEOINICHE TERWVREIBFEL THDHIEN
5, AR FIEICOW TS % ERDRADP L ELEEZ .

Table 7 Analysis of commercial fertilizers (actual article)

Sample Sample Content of clopyralid
No. (ng/kg)
1 Poultry manure compost 1 N.Da)

2 Poultry manure compost 2 6
3 Poultry manure compost 3 3
4 Pig manure compost 1 4
5 Pig manure compost 2 6
6 Pig manure compost 3 19
7 Pig manure compost 4 )
8 Composted sludge fertilizer 1 N.DY
9 Composted sludge fertilizer 2 N.DY
10 Composted sludge fertilizer 3 1
11 Composted sludge fertilizer 4 8
12 Composted sludge fertilizer 5 (0.6)”
13 Composted sludge fertilizer 6 11
14 Composted sludge fertilizer 7 N.DY
15 Composted sludge fertilizer 8 N.DY

a) Not detectable
b) Unmeasurable

c) Analytical value of higher than or equal to LOD and lower than LOQ
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] clapyralid ]
@A py 1
1 clopyralid
T e SV E B TRR Ry s e e M T TR e AR B oo et V1
] clopyralid ]
A2 - i
1 1 clopyralid
AR RARES BN LA LR s ma SALEBARA AR REARS LEARE RER R RAREn Rany -]
230 3.00 3.50 4.00 4350 250 3.00 3.50 4.00 4350
clapyralid
B A i
clopyralid
T ....|....|....|....|....|....|mjn ||||||||||||||||||||||||||||||||||||||||mjn
B) .
clopyralid
clopyralid
- min T T T T T e, [N
230 300 330 4.00 430 2.50 3.00 330 4.00 430
cy - clopyralid ]
clopyralid
_ i :
IIII|IIII|IIII|IIII|IIIlllllllllllllllllmﬂl | | |IIII|III | | | |m-111
€) ]
clopyralid
clopyralid
R e R o R 1131 T, Mmifl
2.30 300 ER 4.00 4.30 230 3.00 3.30 4.00 430

Fig.3 Chromatogram of analysis of commercial fertilizers.
(A1, B1, C1) Standard solution : 10 ng/mL
(A2) Poultry manure compost 2
(B2) Pig manure compost 3
(C2) Composted sludge fertilizer 4
Left figure : Product ion for quantification (192>146)
Right figure : Product ion for identification (192>110)
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4. F&OH

LC-MS/MS % F\ N i@ B o AT vk o3 FH L FHJE K D 72012, IR SAHERR, 5.5 A HER & OV Je %6 %
FEEHZDWT, H—GRBREIZIIT % UMM A T L 7225, IROFE R A2

() RS AHERE, B5AHERE K OVGIRFEFERER A FHVY, 3 0T OWINEIIGRER I IV B E OB E1T -
TR, BRI 81.2 %~94.2 % Th 7. ZORE RIFNEEFEHRBIEI ORI TODKIREL ~LIZEITD
RO BIEAm 2L T e,

Q) TR EE R O RS EE 2 s 27200, IRSAHEIE K O SAHEIEZ W, 2 ST THEZZ X T 5
BB AT T R, O TH S MR 2518 13 %M OV 10 Y%, IR AHEER 21T 16 % & 021 % Th-o7-. =
DOFERIT, IERFERBIEI RSN TODFREL ~ BT DM TR E K ORI E O B 2O 2 fFLINTH
0, TP AL .

(3) S AHENE Je OB TR FEBE ML B2 FHWTE & TR DOMER A T o7 R, & FIRIT 1 ng/kg BRI,
R FBRIL 0.4 ng/kg B E CTHHZ LA MR LT,

(4) Bkt 2 AW TR S AHENE, 3.5 AHERE & NG IERBEIEBHZ DWW T 24T o728 25, — D
RSAHEIEZ BREE RIIFRE Th o7, ERED TERD TR SAHEIRIXATLERERVE D& T CHIEAE
U, HIEERORBIN CTE o122 ThoTzZ b, 4% BRLRILEBEOSK B NN ELEZD.

X

1) i K OVMENIE 7% B8 3 D B 5041 o0 i 5y ) il 1% S o SR~ = =77 )b, S FRI S o — 1 A
T — W EA

2) EMOKPEL i ANBDEL R R OHEIE H 0 E END 7 e TU R OFIARE RIZHOWT

<http://www.maff.go.jp/j/seisan/kankyo/clopyralid/attach/pdf/clopyralid-18.pdf>

3) INARFER, BRET, AR R n~ s T7 507 DR BT R (LC-MS/MS) (2 X572 i
KOG IRSERENE R o7 v e ZURRIE, R, 3, 51~59(2010)

4) Em R, IUKRFRR, BARE, AHMIRREKIn~ N I7 207 DB 8558 EF (LC-MS/MS)
BEIZEZDHENE K VG IR B D7 ae TR, T8 TUR KO 7uT7 AORIE, IEEHFSE#HE, 7, 1~9
(2014)

5) MBS, RE#ES, BARRE, HILEF, AR JEIa~hr 77507 DRVE 85 it
(LC-MS/MS) iEIC LD HEAR K OYG IR IEEL 0 7 a7 U R K OB 98 O W E — R BEBRERE —, F

Rk 28 £F B IR S A A R = R

6) MSZAT B N EEAMROKPE T B e A BT o 2 —(FAMIC) : IEBR 4 5k 14
< http://www.famic.go.jp/ffis/fert/sub9.html >

7)  ESLAFZEREFE 1A N RS - B dn PE BN IR B SRS R R A BN ek A — kg ne Y
RO, 3Ry, 2L — =D B I RIE T 7 — 25

< http://www.naro.affrc.go.jp/publicity _report/pub2016_or_later/pamphlet/tech-pamph/078226.html>

8) [ESLAFZEBHFE 15 N B3 - B PE E BN KR B T O R BRI A BT e b & — RS AR P

nEZUR O & S HTE(Z B L)
< http://www.naro.affrc.go.jp/publicity _report/pub2016_or_later/pamphlet/tech-pamph/078229.html>
9) Codex:“Guideline on Analytical Terminology” , CAC/GL 72-2009 (2009)
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Validation of Microanalysis Determination of Clopyralid in Compost and Composted
Sludge Fertilizer by Liquid Chromatography/Tandem Mass Spectrometry (LC-MS/MS)

Kohei ITO!, Kenji KOZUKA? Keisuke AOYAMA? and Yuji SHIRAI?

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

2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

A single-laboratory validation study was conducted for the microanalysis determination of clopyralid in
compost and composted sludge fertilizer by liquid chromatography/tandem mass spectrometry (LC-MS/MS).
Clopyralid was extracted with methanol under alkaline condition. The extract was purified by retention and
elution with a cleanup cartridge and by extraction with dichloromethane. These purification took advantage
of characteristics that the behavior of elution varies between acidity and alkaline. The clopyralid was
analyzed by LC-MS/MS. As a result of 3 replicate analysis of 3 fertilizer (pig manure compost, poultry
manure compost and composted sludge fertilizer) samples spiked with clopyralid at 2 pg/kg ~ 200pg/kg, the
mean recoveries were 81.2 % ~ 94.2 %. Repeatability of clopyralid in 2 fertilizers (poultry manure compost
and composted sludge fertilizer) were 13 % and 10 %, intermediate precision of there were 16 % and 21 %.
Minimum limit of quantification of there were estimated 1 pg/kg. Those results indicated that the developed
method was valid for the determination of clopyralid in compost and composted sludge fertilizer. However,
preparation process of sample solution has a need for improvement, because the existence of pig manure

compost which was difficult to prepare sample solution was confirmed in analysis of commercial fertilizers.

Key words  clopyralid, compost, composted sludge fertilizer, LC-MS/MS, sensitive determination method

(Research Report of Fertilizer, 11, 63~74, 2018)
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7-2 w/AEIOTNTSTATLEES T (LC-MSMS)EIZLD
¥RZEDhnsOESYFDAIE

— PR O LRI ERBR A —

ORI, /NERER 2, BOCEL) °, SOFM T2, KBS °, TAE1 2, ARG
F—0—F eI, HEE, GIREBICE, Wik a~ s o7 8T DR BT,
PhoEalBRiE, RS

1. [XL®HIC

Ut ZYRIIINVARF NV IEEGTHEVD L ROEIETHY (Fig. 1), 7R TYRNIIIG RS HEARSE 2]
RULESA, ORIV ABRES NSRBI TL2E8MONTNDY. AR 28 I/ Th &L LD L,
ENTEESN TODESAHEIRFIZL 7 TR NG ENHZENHERINTNDY . F7, F5AHERE K Y
TEIRREENE R P D7 TR OSHEE LTI, YRk 21 RS 28 R ICH W T/UR, B, /INEDIZ
IR a~ g T 7 5207 BEVE BT (LC-MS/MS) {E DSBS B L OV 4 M OREGR3 72 8~ E 8 TR
10 pgkg OFRBRITIEE L TIEEHERBRIEICINE S TODY. LnLanh, BHEFRo/7ae IR |
ng/kg FEEDIKREICE W THIEMIC L > TR EL S SEITHARH LML VRS &O /1
EZURZRE /T REZR S HTIE DS LR LS AL, SRk 29 R B ENLAT TR BA T8 15 N R 2E - B h PEZE BT BT e R
FECBWTER TR 2 pgke DL FOMFESAREIR T 70RO @R SHTE | (B5E) BBRSnY. £
72, BRNTATEC R N MR ETY B 2 iz 2 — (FAMIC) TlE, ZORBRIEIZOWT, F5ALUSNDE S A
FH Sl HEAE 2~ F #PHIE KA BRI, BB O Y VMR DT OB A FHEL 72 .

W2, ZOJFIEOVEREREM GRABR =M O HBR L) 0=, Hi@ilkta AV THEGUBR =KD 2% 4 M e
REFMLT=DT, TOMEERET 5.

2. MHRUAZE

1) XFERBRAFEH

FBSITWDHEAEZ 4 FEE (4 SAHERR 2 FikE, K SAHEIR L O S AHEIRS 1 FEE) K& OGRS BEE
BE 1 A 40 °C T BAERELL7-1%, HBIX 500 pum DAZ) — & @i+ 5 ETHREL, LIRS L THFER
B HREIE LT, 2O BIRSAHEIRE 2 FEOESAHEIIZZ o ZVROEH RO LI, TOMOFEHT
KBRS DGR PROENIRNRE Th o7, 2D, HFERBRBIRBREICB O TEA LW SRy
ZINU CHERIBRA I3 52 L L LTz,

EFER AREHIN 9 g 2RV =T LRI ANVEEL T, TN 40 BERRILZ. —XDOT7 74 Rk

VIRSTATEUE N RMOK EE B Z BN 2 — IR R A (BL) R A
2 MSIATBOE N RAMOK EEIH B e i o 2 — B R R A
P IRSTATBOE N RAMOKPETH B 2 ildfrt o 2 — IEA R 22 il GR) BAMOKEES  BASRRBUR
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Bt d 2720, TN ENOILFRRBREIORIZITT & DpF 5L, SRR L.

_,.--’1';;:; _"__C|
|
C I__,-/Lx N‘*IuTrDl {
@]

Clopyralid
CAS No: 1702-17-6

Fig. 1 Chemical structure of clopyralid
2. MPRUAE

2) HRMAZRER

MRS TWE7aE TR ET B = N VIR L SRR DENZE N —EBEIRAL, 7EM=NAT
AR C 2 FHORE ORISR E AE L.

WINAARYERRIIA) 1.5 mL 2T AL T VT AR, —REOT TA RGBT 57280, 1) D 2 DIt
AR U Il L T2 52 A T VIS L, B0RRBR =B L7,

3) EERURBE
FRBRBICREL TS LC-MS/MS, HREIHE, Doy BlERE, w0y B, n—2)—x KL — 4 —,
~ =AU, REBRE IR —A L.

4) Y0EZVJFDAIE

(1) #h

SHTEER 5.00 g &2 - THRL M3 OERBAE 100 mL I AFL, KER(L TR AETE (40 g/L) — A% /—/L (1 +
9917 50 mL M., #REOHET 30 /3 MHRVIER 7. D%, #0718 1700 X g T 5 4y Doyl , Rk
=77 22 100 mL \ZRL7o. FREMIOKER(LT N D LVEHR (40 g/L) — A% /—/V (1 +99)% 40 mL SN %,
IRERET 30 0 MHRVIRE 7214, 13089 1700 X g T 5 /o fim Dol 7=, KEEE77A2100 mL 2% 4
ELT LR BB KA T T A M AR E ORI Ml L — TR G AL, FiW TR 4k O W% D D KEE
{EF NI LEEHE (40 /L) —AZ ) — V(1 + 99) THEIEIGEE LI Beik & [RIERIZWe 5| A U7, AR#E CRBRL T
N LR (40 g/L) — A% )=V (1 + 99) Nz ChilH ik & L7z,

(2) K 1

=N HT DETFTHOAR ) —/L 5 mL L OUK 5 mL CHLONIEEH L. 72 B 7722 100 mL &5 —h
Uy HT7 L0 FIZES, IR 10 mL 20— Ny P h T MIEREISNZ, BRI 2T TAFIO B
ETHE TR ST, &HITKERILTNY LE1E (0.4 g/L) — A% /—/V [(1+1)5 mL % 2 [8h — R BT A2
Mz, R HSET-.
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(3) K 2

B2 — Ny BT L& THTER=RN/L 5 mL K OWERE (1+120) 5 mL THEOIHELZ. MRz
40 °C LA F ORI T 5 mL L FETRIERML /=14, ¥ (1+11)3 mL 201z 7. 20, BMEL itk E 7
—RNy VBT AAMSHE, ECNITRE T TARI O Bl ET 2 E TS, 2297742 100 mL
3 (1+120)5 mL T 2 [BIGEHL, YR ZNAR 7 — )2 hinz, RICHERE (1+120) — 7 Eh=KJ/L[9+1]5
mL % OVK 5 mL ZNER 71— Ry Nz CHSeN i S 72, 2al 0 g O RS 10 mL 27—
YVATLD FITEE, 7 E=TH#R (0.0025 w/v%) — 7 ER=RL (9+1)4 mL 20—y T7 NI IERIC
Mz, 7aeZRZH RS T

(4) K 3

RHRIZKERIE T R T A (40 g/L)0.1 mL Z0N%, SEVEIF I —CRA L. TO%, Y/7arA¥ 2 mL
Nz, REBEIFH— T30 WRIEAL, 3.0/ 740 X g TKI 3 2 fhE DA BEL, T (PraniZ f@) %3
AV — WAy NCRRETDEER 2 BV IR U T2, FRo 7Kg IThilE (1+2) 0.15 mL 200 %, SRBREIF—T
RELZ. 2Dk, YranAz 2 mL Iz, REREIF— T30 BERAL, .07 740 X g T 3 43O
SEEL, TR (P 7anrZ @) /A — LRy NCRT I T 7 A2 50 mL I ANLLEEE 3 [FIRLT-.
MR LOBIEICBWT, FREIZFRILARTIEY A2 50 mL (A 7z, ZHUc7'he 5mL Z%, 40 °C LLF
DRI ETIFEAEHE T L E TRIERMEL 2%, BHRT AL k> TESET2. ZHUCEE (1+1000) 2 1 mL
Nz, EBE Vs A OGS I AEC L 0IR R U714, e DL 1.5 mL 12 L sl /] 8100 X g
T 5 MmO B L7z, B AT E LC-MS/MS OJITE AT M LRERATRE LT,

(5) Wik~ T T7 507 WWE ESHTFHIIDME

UBHA N Ok AR IR A S MR 2 LC-MS/MS IZTE AL, SBIREUSHH (SRM) 71~ M5 A2 1577
O SRM 7= N T AW DH A 5y DY — 7 i L@ 8% 3RO T B A /ER L, SEHATR HF & Bl 4y
BE2RD, Skt O e ZIROEE R L. 7ok, HIEICHT-- T, IEBFERERE (2017)8.2,0 THE
ZH L THERBRED LC-MS/MS #IEHIEICHE-T-.

08, EEEOMES Scheme 1-1 2 T8 Scheme 1-2 (Z/RL7=.
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| Sample 5.00 g | Centrifuge tube with screw cap 100 mL
<« Sodium hydroxide (40 g/L) —Methanol [1+99) 50 mL
| Shaking | 30 min

|
| Centrifugal separation | 1700x g, 5 min

| Supernatant solution | [Receiver, Erlenmeyer flask 100 mL]

(Supernatant solution)

(Residue)
<« Sodium hydroxide (40 g/L)—Methanol [1+99] 40 mL

| Shaking | 30 min

| Centrifugal separation | 1700x g, 5 min

Filtration under reduced Glass fiber filter paper
pressure [Receiver, Short-neck volumetric flask 100 mL ]

< Washing centrifuge tube and recidue, Sodium hydroxide (40 g/L) —Methanol [1+99]
< Sodium hydroxide (40 g/L) —Methanol [1+99] 40 mL (up to the marked line)

Extracted solution |

Oasis HLB column (1)

Purification (1
4 (1) (Wash with about 5 mL of methanol, then 5 mL of water in advance)

[Reciever, Eggplant-shaped flask 100 mL]

< Apply 10 mL of extract

< Wash 2 times with sodium hydroxide (0.4 g/L)-methanol [1+1] 5 mL
< About 5 mL of methanol

Evaporation | 40 °C, removed methaol
< Hydrochloric acid (1+11) 3 mL

Oasis HLB column (2)
Purification (2) (Wash with about 5 mL of acetonitrile,
then 5 mL of hydrochloric acid (1+120) in advance)

< Wash 2 times with hydrochloric acid (1+120) 5 mL with washed the flask beforehand
< Wash with hydrochloric acid (1+120) - acetonitrile (9+1] 5 mL
< Wash with water 5 mL

[Reciever, Centrifuge tube (screw cap) 10 mL]

< Eluate with ammonia solution (0.0028 w/v%) - acetonitrile [1+1] 4 mL

Eluate

Scheme 1-1  Analytical procedure for clopyralid in fertilizer
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| Eluate |
|
| Purification (3) |

< Sodium hydroxide (40 g/L) 0.1 mL
| Mixing | Vortex

< Dichloromethane 2 mL

| Mixing | Vortex, 30 sec
|

| Centrifugal separation | 740% g (2000 rpm, 165 mm), 3 min
|

| Clear underlayer | Pasteur pipette

Repeat 1 time

< Sulfic acid (1+2) 0.15 mL
| Mixing | Vortex

< Dichloromethane 2 mL

| Mixing | Vortex, 30 sec

| Centrifugal separation | 740% g (2000 rpm, 165 mm), 3 min
|

Pasteur pipette

S ling of underl
ampling of underiayer [Reciever, Eggplant-shaped flask 50 mL]

Repeat 2 times

<—Acetone 5 mL

| Evaporation | 40 °C
I
| Dry up | Nitrogen gas

< Formic acid(1+1000) 1 mL (Volumetric pippet)

| Transfer | Centrifuge tube 1.5 mL
[
| Centrifugal separation |  8100xg (10000 rpm, 72.5 mm), 5 min

| Supernatant solution |

| Measurement | LC-MS/MS

Scheme 1-2  Analytical procedure for clopyralid in fertilizer

5) #FRIEBRARABOHFERE

TUPAC/ISO/AOAC DHEHERER 7 b 1O DBEMBRIZHE Y, 70 TYROEH MG i L [FER
AEEESAHEIR 1, 2FSAMEIR 2 K OMKSAHENR) 235 10 3B SR EHY, 3 EHE 2% 2 ST T 4)
IZHESToHMT LT, 7235, AU O DI IZEH AND AT e EHE A S AHERE 113 4.00 g, ZOfthi% 4.50 ¢
el

6) HEEHER
PERIZSIMNUTZ 10 FBR=EEFEH L72 LC-MS/MS (ZLL FO#EY THY, ZNENOREREICHB WAL
10 FEHZ DWW T 4) IZHE> Tt LTz,
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708, K aBRE T H L. LC-MS/MS OEFE%:% Table 1 (2R L7-.

AR A RVR - EATRBUL A 53 T I KB
 REEATE A PSR E 2 A T S —
R A A e 2 B T

i YNBSSV R e e
R AR A BT T

+ FESIHFFERR JEIE N 3 - £ PESE BN B W FEREE R S BRBE R B JE o 2 —

A FAC Y ARSI

VT AT ARSI A BT A A RS~ — PR — s —
© IRSEATBOE N AR T B 2 A i o 5 — B2 A A M 8 A At

- AARREER PSS EET O —T
« IR LEEASHRE FEARATB o 2 —
(50 &)

Table 1 Instruments used in the collaborative study

LC-MS/MS

LC column
(i.d.xlength, particle size)

LC: 1200series, Agilent Technologies
MS/MS: QTRAP 4500, AB SCIEX

L-column2 ODS, CERI
(2.1 mmx150 mm, 3.0 um)

LC: Prominence, Shimadzu
MS/MS: LCMS-8060, Shimadzu

InertSustain C18, GL Sciences
(2.1 mmx150 mm, 3.0 um)

LC: ACQUITY UPLC, Waters
MS/MS: MICROMASS Quattro micro API, Waters

ACQUITY UPLC HSS T3, Waters
(2.1 mmx50 mm, 1.8 um)

LC: Prominence, Shimadzu
MS/MS: LCMS-8050, Shimadzu

Eclipse XDB-C18, Agilent Technologies
(2.1 mm>100 mm, 1.8 um)

LC: Agilent 1200 Infinity Series
MS/MS: Agilent 6460 Triple Quad LC/MS

ZORBAX Eclipse Plus C18
(2.1 mm>100 mm, 1.8 um)

LC: Prominence UFLC, Shimadzu
MS/MS: QTRAP 4500, AB SCIEX

L-column2 ODS, CERI
(2.1 mmx150 mm, 5.0 um)

LC: Nexera, Shimadzu
MS/MS: API 4000 QTRAP, AB SCIEX

InertSustan AQ-C18, GL Science
(2.1 mmx100 mm, 1.9 um)

LC: ACQUITY UPLC, Waters
MS/MS: Quatro Premier XE, Waters

ACQUITY UPLC HSS C18, Waters
(2.1 mmx100 mm, 1.8 um)

LC: Nexera XR, Shimadzu
MS/MS: QTRAP 4500, AB SCIEX

InertSustain C18, GL Sciences
(3.0 mmx50 mm, 2.0 um)

LC: ACQUITY UPLC, Waters
MS/MS: Xevo TQ, Waters

InertSustain C18, GL Sciences
(2.1 mmx100 mm, 2.0 um)

3. HRRUER

1) #EHBRASEMOHEEREE

EYEMERABR ORI AR DWW T, Cochran MUEICL DA IVEAERSMNL, —JCBLE D B HT A DRLNTH
FHEA Table 2 [RULT2. WAL FBHI I TS, OH TR UENR 72 (RSD) I ALBHEaRBR L © 0 224 A
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RBOTFNEITRL TODKIRE DL~ BT HOMTHIE D B 22 (CRID,) LN THY, FAEDS F 5L %Tlﬁlo
72ZED, HEKYE 5 %IZBWGREHRICE B2 ZITRO LTz, ZNHDZEND, &ikEHI Ik
BRICHWAZEN TR EMEAL CWAIEa R LT,

Table 2 Homogeneity test result of clopyralid
No. of  Mean" s’ RD.” CRD"  swp’ Soe  RDpur”

Sample 2) E value’?
sample ™ (ng/kg) (ng/kg) (%) (%) (ng/kg) (nghkg) (%)
Cattle manure compost 1 10(0) 180.31 11.88 6.6 11 2.02 12.05 6.7 1.06
Cattle manure compost 2 10(0)  2.70 0.28 10.4 11 0 0.28 10.4 0.43
Pig manure compost 9(1) 31.92 1.50 4.7 11 1.58 2.18 6.8 3.23

a) Number of the samples used for analysis; (): Number of outliers

b) Grand mean value (n=20=10xnumber of repetiton (2))

c) Standard deviation of repeatability

d) Relative standard deviation of repeatability

e) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers
f) Standard deviation of sample-to-sample

g) Standard deviation of sample-to-sample including repeatability  Spir = v Spp? + Sr2

h) Relative standard deviation of sample-to-sample including repeatability

i) F value calculated based on analysis of variance (ANOVA)

J) F critical value: F (9,10:0.05)=3.02

2) HEFERBERUNNIERE

KRB ENOHRE I e FIFRBR G A Table 3 1R LT, & RFID T REO S Foa TUPAC O3 [FIFRER
T aha S TREFHLEE L 7=, SMUVEZ 3572812 Cochran OFE K& Y Grubbs DR EZ FEhE L7-.
ZORER, 10 RBREORBREAR DD, 3 FIHDOREI TS 1 B UEE L THES .

3) BHTRERUVEMBEREE

SR IEA BRI TR BR AR J 0 B U7 M, DM TR EIR 7 (), DF TR MR HE(R 22 (RSD,) il & OVIE K}
SR BRIES 1T BT DO T X HER 22 (CRSDY) O H 223 ONZ 2 ] B BUAE HE(R 22 (sp) , =28 M1 P BLAH ST HE (R
7% (RSDR) K ONEAFERRBR LV I 361 2 2 1 BUAH S YE(R 72 (CRSDR) 0 H 2% Table 4 [Z/RL7Z.

7abZURDOFEEIEIL 1.20 pg/kg~128 pg/kg THY, FOHHATIEMERZZ13.0.06 ngkg~10.1 pg/kg, H1T
FERHE AR 7503 2.5 %~15.3 %, EFMHIUEERZIL 0.14 pg/kg~14.6 ngkg, =5 M AR HE MR 721X
11.4 %~17.6 % T -7=.

WO P TR R 72 (RSDy) S OV [ A BUMA SHZEHE( 72 (RSDR)  AERHE BBRIES O 2 Y MR O
FIAIRL TCODEIRE DL VIR DIFED B R D 2 {ELINTh 7o Zeh b, RIEOREE IXIFREBRIED
PERBRFA A MED ER RIS A L QDT LA R L=,
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Table 3 Individual result of clopyralid (ug/kg)

Cattle manure Cattle manure

Lab D" compost 1 compost 2 Pig manure compost
A 91.6 91.2 1.34 1.14 16.6 14.4
B 129 128 2.52 2.50 26.6 27.8
C 113 146 2.45 1.88 10.19 26.5°
D 166 157 2.18 2.45 26.0 33.2
E 115 121 3.38 2.14 22.3 19.5
F 138” 1617 2.63” 2.89” 30.0” 28.9”
G 100 85.0 1.48 2.00 15.6 12.0
H 129 134 2.45 2.69 23.1 22.8
I 153 155 2.16 2.17 20.5 23.8
J 127 121 2.72 2.44 21.7 19.5

. Poultry manure Composted sludge

Lab D" cgnpost It)"elrtilizer ¢
A 0.896 0.856 35.9 34.2
B 1.07 0.971 53.5 54.8
C 1.05 1.00 35.4° 53.0°
D 0.992 0.967 56.7 55.0
E 1.29 1.36 33 35.0
F 1.49” 1.5 62.7" 61.1"

G 04139  0.765° 35.2 33.4
H 112 1.13 42.0 425
I 1.23 1.14 54.3 56.8
J 1.65 1.84 60.9 59.3

a) Laboratory identification
b) Calculated value using m/z 110 for quantification
c¢) Outlier of Cochran test
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Table 4 Statistical analysis of collaborative study results for clopyralid

Sample Labs” Mean” s”  RD.” CRDS s’ RD’ CRDR"
p@) (ng/kg)  (png/kg) (%) (%) (ng/kg) (%) (%)
Cattle manure 1000) 128 10.1 7.9 1 146 114 2
compost 1
Cattle manure
1000) 228  0.35 15.3 1 0.40 17.6 22
compost 2
Pig manure compost 9(1) 22.5 2.31 10.3 11 3.43 15.3 22
Poultry manure 9(1) 120 0.06 5.0 11 0.14 12,0 2
compost
Composted sludge | 48.1 1.21 2.5 1 5.60 11.6 2
fertilizer

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

b) Grand mean value of the results of duplicate sample which were reported from laboratories retained
after outlier removed (n=pxnumber of samples (2))

c¢) Standard deviation of repeatability

d) Relative standard deviation of repeatability

e) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers

f) Standard deviation of reproducibility

g) Relative standard deviation of reproducibility

h) Rough standard of relative standard deviation of reproducibility in Testing Methods for Fertilizers

4. FEDH

10 FBR =2 1236 T 5 FHE (10 7)) OHENE K OGRS B2 P TR R 2 Fh L, LC-MS/MS ¥AIZ X
HHERE R OB IR HEE IR E D70 U R ORI EIZ SN TR B RO M E(T-7-. FOFEE, 7aeIUR
DF-LIE 1.20 pg/kg~128 pg/kg IZHBWWT, M HIAHMEERZT 114 %~17.6 % Th-o7-. WTNo=
1 P LA ST YE {72 (RSDR) & IEAEHE BRERVES D 2 YRR O FNAI R L TOD KR E DL~ BT A
DB ZOFHANTHLIEND, RIEOREEILFRREBREOMEGEFMHAED ZRFEHIZH G L TNDIEN
ez,

S [FRRBRIC T I THE LT — Y IR AR EER 2B ARAR BV [ 5 A A B KB, —AxAEMIvE N B A
FE W R AT 2 —, —fRMEEAN B AR SRR EFEET, Y HEN BARR ST
=L EERTGERT, R R BR BT AT ZEAT, [EISLATFEPHSETE N 56 - R Gl PE S BN B P Jepins 26
B ASEIFIC B 2 — A BB REIR, ¥ — A L AR SR B T A ) A S~ — AR —
e d—, AARBRBER R AT ON 7 L — 7 O =il TR SR F AR 2o
HZ—DEAICHEEZRLET.
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1) e OHERRIZFR B 2 bR B0 OO 1 5 )ik S RO SR~ = =277 )b, SURFIRME - —e Atk
Z—I IR E

2) BEMOKFER (R ARTE T R OHEIE P& 27 e T RO AR RIZONT
<http://www.maff.go.jp/j/seisan/kankyo/clopyralid/attach/pdf/clopyralid-18.pdf>

3) N\AKRFER, BRE T, ARG Rk o~ N F7 207 DRVE 8558 EE (LC-MS/MS) (2L D72V R K
ONGIRRE LR D7 aeZUNIGE, IUEHIFZEE T, 3, 51~59(2010)

4) BB, \RFHR, BARZE, ARG IRIE v~ 7575207 DAVE &55H 5T (LC-MS/MS) #4512
FOHENE K ONBIRIEE D7 ae'ZUR, 7 /ETUR R Oe7uT AORGE, ILEHFEH S, 7, 1~9 (2014)
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28 R LB BN R 2 B R
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9) GHEISE, /NEEEE, FILEN, AFBIE: 12 LC-MS/MS IEIZ L OHEIESE o>/ me ZU R O|IE — i H
FAPAYER —, VK 29 4F LB EBAN R 2 B R

10) Thompson, M., L. R. Ellison S., 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)
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Microanalysis Deter mination of Clopyralid in Compost and Composted Sludge Fertilizer by
Liquid Chromatography/Tandem Mass Spectrometry (LC-MS/MYS): A Collabor ative Study

Kohei ITO!, Kenji KOZUKAZ,Satono AKIMOTO?, Satoko SAKAIDA!, Mayu OSHIMA',
Nobuhito NAKAMURA! and Yuji SHIRAT'

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

2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

3 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now) Ministry of Agriculture, Forestry and Fisheries, Kanto Regional Agricultural Administration Office

A collaborative study was conducted to evaluate LC-MS/MS for determination of clopyralid, in compost and
composted sludge fertilizer. Clopyralid was extracted with methanol under alkaline condition. The extract was
purified by retention and elution with a cleanup cartridge and by extraction with dichloromethane These
purification took advantage of characteristics that the behavior of elution varies between acidity and alkaline. The
clopyralid, was analyzed by LC-MS/MS. Five samples, respectively, were sent to 10 collaborators. These samples
were analyzed as blind duplicates. The mean values and the reproducibility relative standard deviation (RSDr) for
clopyralid were 1.20 pg/kg ~ 128 pg/kg and 11.4 % ~ 17.6 %, respectively. These results indicated that this

method has an acceptable precision for determination of clopyralid,

Key words  clopyralid, compost, composted sludge fertilizer, LC-MS/MS, microanalysis method, collaborative

study

(Research Report of Fertilizer, 11, 75~85, 2018)
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8 ELEREIOTRST7(HPLC)EIZKBIRE ho)RED AIE

ALK !
F—O—F R, @HEIKI 0~ TT7 00—, DARBREIR, & REE

1. [XL®HIC

JREE, ZEABKOIEBIHIZE ENIEROTERRETHY, v —BEOIERICIY P TTIb
AL, TIUMM TR R OIRFBZREH L THESNZET 2 (Fig. 1) 2E0D, ARBOEFREL TS TV
5. ZOZEND, BERDOREE EETHZENE, EEIORHECIE R BLOEFEZ D L TEHE THHE1T T
72, B OZE A BRI O & B2 HIM T 2RI 5 LB 2 b,

TEk, REAE K& OHERE H D JREE D /3 T iEE L CIE, WOk IEICKVBIE T2 050503, FEAEIREH D #TIE Vi
R DML, Z<HRESILTND2TION, EOHED, AR TS RO EICE M a9 25, %Y
PEDHEFRS AT, FEORENHS. Z22°C, LB ORBEOE A B2 E{EICHR T 224 B, &
HWRIE v~ 7T 74— (HPLC) IZ LD AEEF R D JREE S HTREIC 31T D38, B, K5, B & TR, Nl
I, TR R O TR B SR DRt AAT 272D C, TNOOME A WS T 2.

Volatilization (Ammonia Gas)

0

1
Uric acid |—>| Allantoin |—>| Allantoic acid |—>| Urea |—>| Amn;onia |

Ammonium ion
150, > l > 2H

Nitrous acid ion

| Nitrification
(in soil)
0.50, —> l

Nitric acid

Fig. 1 The pathway of uric acid metabolism

2. MERUAE

1) #HEEH

BB L TR OB AR 24 5L ((BARAEEE, 15 TRSSEENEE}, TRAHENNAE G IEE, HEAE K O8O HE
oW (OTHSA)) MG T-. (GIEREEREL, HEAR K OB O HEES#)1E 65 °C OIEIRFZEEHIZ T 10 K
MR L7=1212, thoFEO IEEHIE Y97, T2 uilE D% AV T 500 um LA IS RLT-.

VBRSIATBOE NEMOK PEH B L it 2 — it 7 —
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2) HEFOHRR

(1) 7K: JISK 0557 [ZHET S A3 DIK.

(2) pH 7, pH 8 &TF pH 9 @ 1/15 mol/L VAFEREEHL: JIS K 9007 \[ZHLET DV AME —IKFEHVT A
(KH,PO4)9.073 g Z/KIZIA/LT 1000 mL EL7=H0, KO8 JIS K 9020 [ZHLIETHVAMEKTE —~F UL
(Na;HPO4) 9.464 g Z/KICIAHLT 1000 mL L7=b0%, pH A ENLH 7.0£0.1,8.0+ 0.1 ZTR9.0+0.1 (2
RHIHRALTHHALE.

(3) 0.1 mol/L B AR N AEHE: ©ab i) A (NasP07) 26.6 g Z/KIZEAEANL T 1000 mL &L
7.

(4) 0.4% REEVTFULYHE: FEE 99 % (B 57 28) L EO IRV T 7 A (Li2CO3) 4 g 2 /KIZEEAHL T 1000
mL L7-.

(5) 0.1 mol/L /KAt TR 2 . JIS K 8576 \ZHIE T 5Kt TN . (NaOH) 4 g Z/KIZEEN LT
1000 mL £L725H0.

(6) 0.01 mol/L fREEYF U LGHE . FIEE 99 % (E 50 5R) LL ORIV F 7 A (LinCO3) 0.74 g Z KIZEDL
T 1000 mL &L7=.

(7) JREEFEUENZ (1000 pg/L) @ JREE[CsHaNLOs] (FIEHMIZE T3, Frfk) % 0.100 g 134°0ED, 0.01 mol/L
R T NI AL C 100 mL L7z

(8) 7T M UAEAERR (1000 pg/L) : 772 M2 [CaHgN4Os] (BARALS:, Fifk) 2 0.100 g 13220 &0, KiZ
LT 100 mL L7z,

(9) 7T UBBEENERR (1000 ng/L) : 772 b B[ CaHgNLOs] (FIYEAFE T2) %2 0.100 g 1352040,
0.01 mol/L fREEVTF U LESIKIZHEHL T 100 mL & L7z,

(10) MEMRFEAEER (0.1 pg/mL~100 pg/mL) : JREGIEWERR, 77 M IAZAER K VT T b
PRI e O —E BZIRAL, R CIERARLT 0.1 pg/mL, 025 pg/mL, 0.5 pg/mL, 1 pg/mL, 2.5
pug/mL, 5 pg/mL, 10 pg/mL, 25 pg/mL, 50 pg/mL & T 100 pg /mL O ERHIR A RER 2202 il
7=,

(11) 20 mmol/L FERET > E=0 LA : JIS K 8359 (ZHLE 9 HHERE T E="7 . (CH;COONH,) % 1.54 g
W0 ED, KIZEEHLT 1000 mL EL7=.

(12) A%/—/: HPLC H

3) BERUEE

(1) mEEIR7a~~777: Waters 2695 Separation module, 2996 photo diode Array Detecter
(2) #Z2A: Scherzo SS-C18: X 250 mm LX NFE 4.6 mm 1.D., Kifk 3 um

(3) ~I XTI AZ—TF—: FUTHY 738 F-626N

(4) mL/BERE: H 72 TH himac SCT 5BA

(5) LB : KUBOTA 6800

(6) LR : ZM-200 Retsch

4) FHERBF
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(1) 4 H

FrIRIC U720 FECER 1.00 g 23648 =722 200 mL (21320 EY, 1/15 mol/L Y AFEFEER (pH 8.0 +
0.1, LLF pH 8) % 100 mL Mz, #&<IUm 4% L, 60+ 2 °C IR LIRE LT 4+ —F— XA THI 30 23 R
I (10 73 ZEITBR<IRED) 12, B HIC~ T 3T w7 A2 —F— % VWTH 10 Sy SRS, MiHiEE 15 mL £
7213 50 mL O LA 12D, 1700 X g T 10 sl O BEL 721, 5128000 X g T 5 Jy i Loy BEL 72
D%, HPLC & H#EHA R £ L7- (Scheme 1) .

1.00 g analytical sample 200-mL ground-in stopper Erlenmeyer flask

(powdery)
< 1/15 mol/L phosphonic acid buffer (pH 8) 100 mL
| Extraction 1 | Heating in water bath (60 °C), 30 minutes
| Extraction 2 | Stir to mix, 10 minites

Centrifugal separation 1

(Dilution) | (1/15 mol/L phosphonic acid buffer (pHS))

Centrifugal separation 2

Measurement HPLC

Ground-in stopper centrifugal precipitate tube,
1700 X g, 10 minutes

Ground-in stopper centrifugal precipitate tube,
8000 X g, 5 minutes

Scheme 1  Method flow sheet of uric acid in fertilizers

(2) HPLC (ZX5HlE

KRR SHEHERR 10 L & HPLC (ZVEAL, Table 1 OHIESRMTHIEL THLNI-E —7 B S bR
BMAVERR L2, 3UBHATE 10 uL 2 HPLC ICHEAL, B —7E S LR BN LN F O R IR D B AR,
OINTRREI R OB EAR L. 728, WIER IS OWTEL, #iEEe—2I2 25~28 EICHDRENH-T-7-
O, 30 47k,
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Table 1 HPLC Conditions

HPLC Waters 2695 separation module
Detector system 2996 photo diode array detector
Wavelength 290 nm (uric acid)
210 nm (allantoin and allantoic acid)

Column Scherzo SS-C18 (250 mm Lx4.6 mm 1.D., 3 pm particle size)
Column temperature 40 °C
Mobile phase 20 mmol/L ammonium acetate - metanol (9+1)
Flow rate 0.4 mL/min
Injection volume 10 uL
Measurement time 30 min

3. BRARUEBER

1) ARFEHO=E

(1) HPLCOZ3HEE—R M O 7 15 DIEER

JREEL, EDRHE THHT T MU S O T T " 0O HPLC £721X LC-MS IZEDHIEEEL T, Mg
DEVEYE, VYA DI T LT TV r—ay, M OA B INED AT LT 7V r—a Lndsts
BN (Table 2) . ZNHDIE, AHIMEOTFE X, WERKEA 210 nm &35287C, JREE, 770k
AL R OT T M UBEERIFHCHT T 5N TEDLN, MO FIETIET IV M ET T MM g% B CE
F°, 7o, HILIC AT L CTIHIRIEET T2 " b B CE RN e a2 B LT

NEBIOFHRIZ Lo T, REAHRIFEEIDNDACDIREED, (W E THLT T M EIT T M TR
DI THRIET 2L D LEE R, 5% 3 MO ORIRE I AL E LR ST LEITh X TEDLD, AT
FA I MEDEMES B LU CRATLIEL. 728, B LA, WEKE, 17 ARNRLK I T AIRE
Thb. WBIEICEDIu~ bS50 —Hil% Fig. 2 107

040 —
0354 d (3) 035
g. his (3 )
0304 b 304 -
!
0254 0254
30201 32 0201 (1)
0154 Q15 é
104 ’ ato] T (2)
b g
| hE N
am _' iy o0 Sh—+K 7 N
a0 200 400 600 800 1000 1200 1400 1600 1800 2000 a0 200 40 600 800 m‘]}'m 1200 1400 1600 1800 2000
B
(Wavelength: 290 nm) (Wavelength: 210 nm)

(Peak 1:allantoin, Peak 2:allantoic acid, Peak 3 :uric acid)

Fig.2  HPLC chromatogram of mixed standard solution (50 pg/mL) using Scherzo SS-C18
(The solution is diluted with 1/15 mol/L phosphate buffer (pH 8) .)
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Table 2 The measuring method for uric acid and its metabolite, using HPLC or LC-MS

The name of Flow
Column
analytical method or Substance "[“?e name . 2 Mobile phase rate Wazfeleil gth m/z
testing organization oreo size (mL/min) .
74 mmol/L phosphate buffer
b)

Japanecsleti Uricacid  ersi ; 5% L ) 1.0 284
recommendation ric aci ODS-4 mm 74 VL phosphate buffer . -
method for serum 5 um (P) b

(pH 2.2)” - Methanol (98+2)
. 4.6 mm ¢ Methanol-Water (9+1), 0
Niigata Univ., Japan Aﬂﬁlia r.1to/131: d 53 cs8 try 150 mm L added monoethanolamine 0.8 210° 157
ntoic Ack 5 um (P) (0.01 %) 175
L. ) 2.1 mme .
GL Science Corp. Uric ac%d Inertsil 150 mm L Aceto@e - 2 mmolL 03 169.9
Allantoin HILIC ammonium acetate (9+1) 157.9
5 um (P)
HILIC 4.6 mm @
Ehime Pref,, Japan Allantoin Sil 150 mmL  Acetonitrile - water (95+5) 1.0 195 -
4 Unknown (P)
Uric acid 3.0 mm ¢ .
Imtakt Corp. Allantoin S;hecrf‘; 250 mmL 2 Ot “tm‘OVLt;a““ml n;fl‘ 0.4 210 -
Allantoic acid i 3 um(P) acetate - methanol (9-+1)

a) ¢ Inner diameter, L: Length, (P): Particle size
b) 0.2 mol/L disodium hydrogen phosphate 12-water and 0.5 mol/L phosphoric acid are mixed
¢) Measured by LC-MS (Ionization mode: APCI) because ofno dividing peaks with allantoin and allantoic acid

(2) MEEE

TR O SRR DWW G HE % Fig. 3 1R, AL 27 MEDJTIED TIX, HIER E% 210 nm LTV,
PRIZEIE 290 nm M OF 235 nm AF IS RF A2 R I A S D, FFIZ 290 nm TIE 210 nm K0 @O — 7 @3 2455
NHZE, F72 290 nm IZBWTHIIRBEORFFRERIHE IR OB EE — 7 DV D7y o= 2800, JREEIZD
WCIEHIER; K% 290 nm L7z,

(3) BTN

AL BT IMEO FED T 3.0 mm ESIUTWEA, HiE 0.4 mL/min OS54 Cldk HPLC A7 A CEH T2
B HZRZ DN T, RN ) S A— 7 —HEREHIPH A RIEICH Z 7270, ZNER NI T NBEEZ LD KR
72 4.6 mm OLOIZEH LTz,

(4) T LIRFE

AL BT MED TFEYY TIE 50 °C ESIVTN, IWHEK T AY ) — VD17 AN TORZIRICH K T L5 2 5
D, TEEEINIE ) ORI INN R HNIZEMD, 17 AIREEIE 40 °C LLT-.
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Uric acid Allantoin
0040
p02.4
aces {f
00e0- \
aesd |
3 Q0o \
0015 1
010 \
\
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\ 0ag 0304.0n.
aood N 2672289.8%0403255 364 7|
20000 25000 30000 35000
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Allantoic acid

Fig. 3 Absorbance curves of uric acid, allantoin and allantoic acid (50 pg/mL)

2) REROEREOKRST

- IR AR HERR (0.1 pg/mL~100 pg/mL) Z AR{EIZHEST HPLC IZHEAL, Sbi7e/a~ M Z L0
v — 7 mE SO R A VERR L7 (Fig. 4). JRERIZ 0.1 pg/mL~100 pg/mL #H 24 SO T @ OB S-S
iz, 728, 77 M E 2.5 pg/mL~100 pg/mL A5 SO, 770 MU BRIE S pg/mL~100 pg/mL 84
EOHFPHCEWERR RSO
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750000 250000
y=6570.2x+218.94 yo A s
600000 - r*=0.9999 200000 =1L
5 450000 5 150000 -
5] 5]
< <
e e
8 300000 3 100000
150000 50000 -
O ) 0 1 1 1 1 J
0 20 40 60 80 100 0 20 40 60 80 100
Concentration (pg/mL) Concentration (ug/mL)
Uric acid (Wavelength: 290 nm) Allantoin (Wavelength: 210 nm)
25000 r
¥=229.04x - 199.38
r*=0.9986
20000 -
5 15000 |
Q
<=
5
2 10000 ¢
5000 |
0 1 1 1 1 J
0 20 40 60 80 100
Concentration (ng/mL)

Allantoic acid (Wavelength: 210 nm)

Fig. 4 Calibration curves of uric acid, allantoin, allantoic acid using Scherzo SS-C18

3) HMHEHDORSEL 1: pHICEBLE:, BHEOEED®RS

CHETICHMESN TS, LB OHERR T D JREE S HTIEIZ BV TR, FIHREL TOARE —KFEHIT L
TRUE K O AR KSR —F R DRI AR A L CRBLL 7= 1/15 mol/L W A BEFE I (pH7.0 £ 0.1, LA T pH 7) %
9, 0.1 mol/L BV ABRF R VA ™), TR 0.4 % (F721% 0.6 %) RERYF 7 LA DS OB TS,
INHDORED pH IZZNEAEAR 7, 10 OV 11 THHIEL, JREEXH AKITITEIATZ DN T VAV IR THD
Dz LA E 2, ZBOIRIRIZINZ T, 1/15 mol/L  ABRFEEE (pH 8) 2 T8 0.1 mol/L ZKE&(L7F R KRR
(pH 1359 12.5) 122\ TC, RO FFIETIRIROH I J1% LSRG 52 L E LTz, 7235, 0.6 %IRRT LAEHRIC
DWTIIRRET L2 o7z,

PREEZ RN T 22 LA B LT AR O AL AL, V5 IR FREEAEE), IR A HEAEME & AEE K OHEIRA- 1 S itk
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L, 200 mL =77 AT 506 1.00 g 8L, AHlH#K 100 mL 2%, ~7 RF w7 AZ—F—"T 10 43
PRFRL, 30 BEL 7o 3UEHA R % HPLC I Tz,

i % Table 312, £/o—HIE LT, {HIRREEILESUEHZ 3172 HPLC fIED I n~ K Z L% Fig. 512, i
IRt RAHEEEA IR RS 3 IEEHZ DUV T, 0.1 mol/L BV AN AVAT, 0.4 %RERYF 7 LR
1 % OY 0.1 mol/L 7K &AL TR w7 LK ERHR Tt L 72 & 3UBHA IR, PRIETRFEAY pH 7 J OY pH 8 DY A JEFEE
IR TERD 72, ZOBMELT, WK O pH 23 E<7320 & 5 LALEHR O IR RO B R EE D hS< 8o Tz,
FTNTIRFED R T =T OER - R MEES T, FENEZ L.

7a~ T L T B, 0.1 mol/L B 1Y AT N AR IO S8, 1/15 mol/L W ABEHE I (pH 8)
M EOBREMRNTH )DL T, B —IEEE LR, SEER AR CXHIEAVRBRINTZN, —JF
T, 0.1 mol/L BV AU T NI VAR CIIhod 4 IR HATC, JREEO PREFIRE I 23 i | R E D8 ) 3
HoT.

BHHH RO pH & Lol 45 & (Fig. 6), pH 7 X OV pH 8 ™ 1/15 mol/L W A BRFEENRIL, FEMEAEIC LV O
HNE D> THIHIR D pH ZENT/NESWAS, 0.1 mol/L BB AUFE T RN T ADGA 1T E BN KENST-Z 800,
RBFOFEEIC LM OB KRELRDIENE 2 B,

LI EDZ s, ZO% OISO RFHI DWW L, BERICEVFEIOFEEEIC) ) 5T R EEDHh H 7]
INEELGNEE ZHND, 1/15 mol/L D ABREEHRICK > TITHZ & LT,

728, ZOMRETOBEMETIX, HPLC JIERFICNAEDY 3.0 mm OB T L% AL T=DT, Fig 5 O7a~hr
T IR DR EEOEFFRER (4.0 43 ~5.4 43) 13, Fig. 3 D7u~ I AMZBITLENLVE BL 2> T,

Table 3  Contents® of uric acid by extractive solution (mass fraction (%))

1/15 molL 1/15 molL 0.1 mol/L o) 0.1 mol/L
phosphate buffer phosphate buffer sodium o 0.4 % sodium
(pH 7) (pH 8) diphosphate  Humcarbonate g
Ct‘f;t’pﬂj;“?d 0315 0.423 0.00298 0227 0.0427
Composted sludge
m‘;e e £ .82 0.975° 0.924°) 0.536° 0.0390°"
Congr‘z;jtzzmd 0.203 0.207 0.290 0.298 0.243
Compost 0.896° 1.159 0.967° 0.774° 0.309°

a) Sampling amount: 1.00 g, extractive solution volume: 100 mL and stirring time: 10 minutes
b) Mass fraction
c¢) Dry wt. : The same applies to the following, for composted sludge fertilizer and Compost.



94 AERHFZE S Vol. 11 (2018)
a60. Q60
0504 0504
0404 0404
3 0304 2 0304
02o] g 020 %
a10] |'i] a1o] j‘]
- f
000 jl L 0.00. JJl (ik -
Qo 2.00 400 600 00 1000 am 200 4lo 600 500 1000
5 5
(1) 1/15 mol/L phosphate buffer (pH 7)» (2) 1/15 mol/L phosphate buffer (pH 8)»
Q60
0504
0404
3 0304 g
0204 i
Q104 lr
Q0o A |J |‘\ .
ato 200 4o 5 6.00 200 1000
3) 0.1 mol/L sodium diphosphate®
phosp
Q60 Q6o
0504 0504
0404 5 0404
3 0304 ﬂ 3 0304
0204 ) ‘| 020]
ato] i \ ato4 2
! ! I'T'v
000 0o
ato 200 4o 500 1000 ao
5 %

(4) 0.4 % lithium carbonate (5) 0.1 mol/L sodium hydroxide
Fig. 5 HPLC chromatogram of composted sludge fertilizer sample solution by extractive solution
Injected sample solution: (1)~(3) Diluted in 5 times the volume by extractive solution
(4)~(5) No dilution
Wavelength: 290 nm
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13
12
11
10
==
(=%
9
8
| i
6 P, P L.
1/15 mol/LL 1/15 mol/L 0.1 mol/L 0.4 % 0.1 mol/LL
phosphate buffer phosphate buffer sodium diphosphate  lithium carbonate sodium hydroxide
(pPHT) (pH 8)
M extractive solution B Compound fertilizer B Composted sludge fertilizer

@ Compost mixed fertilizer @ Compost

Fig. 6  Change of pH values of all sample solution by extractive solution

4) HHFHORBEL 2: HICAVDYABRZEEROD pH R U EFEORE

Y AR IZ OV T, htE~887 L D UMESEICO pH Okt 5Z &Lz, RIRHT, Al e
[ZOWNWTHIRRILTZ. pH IZ DWW TCIERTE TR L7 pH 7 X TN pH 8 DOIZ pH 9.0 + 0.1 (LLF pH 9) %, 7=,
PRARIERTIZ W TIE 10 43, 30 40, 60 3[R ON 120 50D 4 Bz, sz, fER% Fig. 7
[hbae

[F UL R C Ll 95 &, & 3UBRAIR O IRIEIR VL, (LAAEELD 10 382 B G, 42 pH7 < pH
8<pH9 Th-o7z. ZOFERMND, 3 FIADY AMERRE IR DO pH 9 DH DN h, IREEOHIH /)23 TVD
ZEDRBENTZ. LL7RG, @& pH OIRATEANT HZ L85 HPLC JlTE 7 A~D A EEL, ZDH%
DORFTCHEH T2 1/15 mol/L W AFEFRFEATR D pH 1E 8 L, IROIMHIEFEMFHILY, pH 8 DR T pH
9 DI VLIS D 1 &35 2 B LI, £, EOEEIRIZ OV T, FEHERREREIAS 10 3 &L 830 43
TN R F43C, 60 53 F721T 120 3TN ETHDHZENIRIBIIL.
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0.00 % 0.00 é
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OpH7 mpHS8 @pH9 OpH7 BpHS8 2pH9
Compost mixed fertilizer Compost

Fig. 7 The varialation of content of uric acid by changing pH values of 1/15 mol/L phosphate buffer

and stirring time (mass fraction (%))

5) HItHEHOZFEE 3: R ER VR ORE

1/15 mol/L W A FE#EET R (pH 8)fli i TR DORRFHI W T, EDRBHI DWW THHE#RIF[F A 60 77
F20F 120 3 ELT2BRIT, b IRERIE D i< 7e > Qs (Fig. 7), KVEFRECoRt A rIEEIC25L9, I
B TRREZRRT 2L Uiz, VARSKEENR(pH 8)HHIC OV TC, FRT 60 2 £721% 120 3§20 H0 7
&, 40 °C F7213 60 °C T 30 /MR 10 73 F7213 30 T2 H1EE T, IRESREZ LI LTZ. S5I2%
NEDOFERL, 0 A BREE IR (pH 9)HHIZ OUWTHEE T 60 23 F721% 120 0T 20 A0 5 iEIC L5 ALt
LT, ZNHORERA Fig. 8 [TRT.

EDFEHZOWTH, MRS OV TN TRZRL < 40 °C IR TEHY < 60 °C IR TREHVOIE
(ZIRBRILFE DS < 7R D E ) 28 DAL, 512 60 °C MR TIE, WABETEENR(pH 9) TR IR L7-BRE A% £
IFENE BEIDRERE IR o72. — 5T, RTONMRRIMFIZIHBNT, HHEERFHA 10 237035 30 3BT THIR
(3= N YA AT i E R E TS a R AN/

VL EDZEMNS, S ORRETCORHIEEE & OHhHRFEIX, 60 °C T 30 23R 10 /o fiHre L.
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Fig. 8  The varialation of content of uric acid by changing heating temperature, stirring time and pH values
of 1/15 mol/L phosphate buffer (mass fraction (%))

a: No heating, 60 minutes (pH 8)

b: No heating, 120 minutes (pHS )

c¢: Heating in water bath (40 °C), 10 minutes (pH 8)
d: Heating in water bath (40 °C), 30 minutes (pH 8)
e: Heating in water bath (60 °C), 10 minutes (pH 8)
f: Heating in water bath (60 °C), 30 minutes (pH 8)
g: No heating, 60 minutes (pH 9)

h: No heating, 120 minutes (pH 9)

6) FUEAEHDRE

TREEEL 24 L (FEABKEEAMEHASN TODLO 22 4, R OE SN TOZRNED 2 ) I22o0nT, A
B TRBROD & A B2 E U745 % Fig. 9 M O Table 4 (27777

FENVHRFEIE L TINTRZEASANEEL BB SA, TS, 9T DSAFEITIREAM TLTIEEZ
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ETIEEHZ OWTIE, —HObOZFRWTREED R HSITZAY, FEA SRR U TH S ABRBEIR D %5
T AEEHZ OW T, JREEDRR SN2 DI ~T2. Fe, KO pH ZRIELTZEZA, D AFEREIR
(pH 8) DFEENE AT\ =d )l ik 0 pH O#FiPHIL 7.3~10.1 EEHI L > TREREB N ROSNZH DD,
JREEDR SN TZH DI OWTE AT 7.5~8.5 OFHIZH 7= (Fig. 9). ZOZEnD, RIETIEHIHK O pH
R 8 AL/ DTN, IREENLEL THIHEN AT D SO —DTHHEBZ Z LS.

728, FUEIOREINEIFE IO IR (LEARE 9 & TV 10) 122\ T, IR D pH (ZIZZED b ez
23, PREED E BT ZEN RS, A/ NE) -7 (Compound fertilizer 10) (ZOWTIE, 77 MU bl
ST, EWVIOFEBIN B ST (Fig. 10). ZOTEND, IREEOEA EA4 T BEHFR OZEE A B RFEEOEH DA
AR T2, IERIOREICL > TUET 7V MY OEH BICOWTHIER T AU ERHHEE 2 LS.
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Fig. 9 pH values and content of uric acid of sample solutions
a) Mass fraction

b) Extractive solution (1/15 mol/L phosphate buffer (pH 8))
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Table 4  Poultry origin materials used and content of uric acid in samples

Content of
Fertilizer Sample S ) Poultry origin mterials
Number __ yric acid(%)
1 N.D. Calcined manure
2 N.D. Calcined manure
3 N.D. Calcined manure
4 N.D. Calcined manure
5 N.D. Calcined manure
Compound 6 N.D. Calcined manure
fertilizer 7 N.D. Calcined manure
8 N.D. Calcined manure
9 0.572 Calcined manure, Processed manure fertilizer, Composted manure
10 0.293 Calcined manure, Processed manure fertilizer, Composted manure
11 0.0249 Processed manure fertilizer
12 0.398 Calcined manure, Composted manure
13 1.1 zb) Manure
14 3.35% Manure
Composted b
- 15 ) M
sludge fertilizer N.D. anure
16 0.157° Manure, Processed waste fertilizer
17 N.D.” Manure, Feather meal
18 N.D. -
C t mixed
On;i’:zhzr:rlxe 19 0.533  Manure
20 N.D. Calcined manure
21 1.16” Manure
Compost 22 N.D.” -
23 299 Composted quail manure
Animal manure 24 0.0249" Quail manure

a) Mass fraction
b) Dry wt.
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Compound fertilizer 10: detected to uric acid and allantoin
00404
acso] (1)
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a0
2 o
0.0e0 1
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Standard solution (50 pg/mL): equal to 0.05 % (mass fraction) in fertilizer

(1) Allantoin  (2) Allantoic Acid (3) Uric Acid
Fig. 10 HPLC Chromatogram of solution of compound fertilizer detected on uric acid and allantoin

(Wavelength: 210 nm)

7) AMEURERER(C XS EE DT
ANEIGEAER I, ATE TR SR S TALRRIEEL, 15IRSERENTEL, RAHEILE S IR OHEIE A
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1 ML, I, Mg OB VICHs1) 5 HPLC JIE FEEHER L [RIERIC, JRIE% 0.01 mol/L %
FRY T LSRR U CE L 72 b O -2, IRIIIREELE, JREED 0.01 mol/L FREED T NAHRIZ T D
FREEDMEZR 1000 pg/mL Th-o7=Zlhb, ZOPREE (B3 T 0.1 %) i KEL, 3 BEOREZRIML Tt
12389 % 3 SOMTONT LT, EHMIIERIL 85.5 %~ 114.1 %, G THIRMEAER 72 (RSDr) 1.0.3 %~2.1 % T,
TR BRIE O BT DRI E L~V D [BI RO FF A #2472 L7=(Table 5).

Table 5 Results of recovery test

Sample Criteria of

b) c)
Samples Content Recovery RSD: the trueness”
%) (%) (%) (%)
. ; 0.005 114.1 2.1 70 ~120
ompoury 0.01 105.0 0.6 80 ~115
fertilizer
0.10 100.2 1.0 85 ~110
. od slud 0.005 104.4 1.0 70 ~120
omposted sludge
. 0.01 90.1 13 80 ~115
0.10 933 0.2 85 ~110
. — 0.005 97.4 15 70 ~120
OMPOSt Mixe 0.01 85.5 1.7 80 ~115
fertilizer
0.10 92.4 0.4 85 ~110
0.005 92.5 1.0 70 ~120
Compost 0.01 85.3 1.1 80 ~115
0.10 101.8 0.3 85 ~110

a) Mass fraction

b) Mean recovery (n =3)

¢) Repeatability relative standerd deviation

d) Criteria of trueness (recovery) show in Testing Methods for Fertilizers (2018)

8) BHTHEERUPEEE

AJECTIREEDR SIS TAC AR, JGIRREEAREL, TR HEAEAT S AERE R OHEARA: 1 A 2 R (B &
SPEET 0.1 %KL ON0.01 %) DIREEAIRAZ I C, AEODHTREE K O IR 2 i L=, 2 fMT TR %
B2 TS BIGHEITSTERE Table 6 12, T AT —TCALE D BN 21T TSRS R4
Table 7 12, ZNLIURT . W TNOFHERESR S REHS B TE O IR S QOB O TREEE (DR THE A v
W 72) K OV DS E (Fh A SR YE(R 22) O B 2N TH T2 20D, RIEF TR EEEZ AL TWDI LN
REhr-.



102 fEEHIFZE RS Vol. 11 (2018)

Table 6 Repeatability test results on different days (mass fraction (%))

Test day Compound fertilizer Composted sludge fertilizer
0.1 % 0.01 % 0.1 % 0.01 %
1 0.0994  0.0998 0.0105 0.0107 0.0922  0.0920 0.00947 0.00948
2 0.100 0.0996 0.0103  0.0102 0.0946  0.0943 0.00961 0.00953
3 0.0982  0.0972 0.0102  0.0103 0.0918  0.0905 0.00945 0.00934
4 0.100 0.100 0.0102  0.0102 0.0950  0.0946 0.00876 0.00896
5 0.0963  0.0975 0.00943  0.00953 0.0936  0.0934 0.00956  0.00967
Test day - E;)ompost mixed fertﬂlee.rO = o Compost R
1 0.0919  0.0926 0.00946  0.00953 0.100 0.0983 0.00976 0.00980
2 0.0935  0.0937 0.00948 0.00945 0.103 0.102 0.0101  0.0100
3 0.0903  0.0900 0.00917 0.00925 0.0984  0.0976 0.00952 0.00941
4 0.0925 0.0917 0.00875 0.00866 0.0957  0.0939 0.00862 0.00860
5 0.0941  0.0940 0.00912  0.00922 0.102 0.102 0.00871 0.00917
Table 7 Repeatability and intermediate precision
Repeatability Intermediate precision
Samples Spiked Level Total Mean” s  RSD." CRSD:’ sin’ RSDir® CRSDin)”
(%) (%)" %)” (%) (%) %) (%) (%)
Compound 0.1 0.0989 0.0006 0.6 4 0.0015 1.6 6.5
fertilizer 0.01 0.0102 0.0001 0.7 4 0.00042 4.2 6.5
Composted sludge 0.1 0.0932 0.0004 0.5 4 0.0016 1.7 6.5
fertilizer 0.01 0.00938  0.00009 0.9 4 0.00031 3.3 6.5
Compost mixed 0.1 0.0924 0.0004 0.4 4 0.0015 1.7 6.5
fertilizer 0.01 0.00921  0.00005 0.6 4 0.00032 3.5 6.5
Compost 0.1 0.101 0.001 1.3 4 0.0029 2.8 6.5
0.01 0.00966  0.00018 1.8 4 0.00049 5.0 6.5
a) n =10 (2 repetitionx5 days) e) Criteria of repeatability relative standard deviation
b) Mass fraction f) Intermediate standard deviation
¢) Repeatability standard deviation g) Intermediate relative standard deviation
d) Repeatability relative standard deviation h) Criteria of intermediate relative standard deviation

9) BHTRRUEETROMER

T NIRRT D728, XG5 Fa  WETRFS AR V-, BUBFIREEDY 0.002 %&72580 KR
U3 2R C 7 R0 LT 24T\, KO 72[A1I % Table 8 12/~ L7-. EEMSBRIE R T H
JFE (R ER) 24l 7- L CRY, ATEOE R FRIE 0.0008 %L, Mt FHRIZ 0.0003 %FRE, 2N EhERSh
7=
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Table 8 Spiking and recovery test (minimum limit of quantification and detectification)

Confirmation by recovery test Criteria of
Sample Spiked Level Mean Value” Recovery RSD® LOQ Y 1op? the truenes s
(%)” (%)" SAONN 20 R V) R O (%)”
Composted sludge 0.002 0.00213 106 0.00008 0.0008 0.0003 70~ 120
fertilizer
a) Mass Fraction

b) n=7

¢) Relative standard deviation

d) Minimum limit of quantification
e) Minimum limit of detectification

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

4. F&H

HPLC % W TIEBHR DO REED S DWW TRRET L2 A, IROZEZSNCLT-.

1) ABHAR L, FEE 1.00 g ZBRHLL T 1/15 mol/L Y AFERE % #K (pH 8) 100 mL 12T 60 °C T 30 23/

IBL TN~ X F I A8 —F—"T 10 73[R, 500 BEL 7ok 23 i Cdh-7=. HPLC O AT L%
Scherzo SS-C18, B EfH% 20 mmol/L Y A BRFEMET iR+ AKX J— )b (9+1) LT HIET, RN OZFOREHATHS
2WE (T R OT T M ) I TTERITBEL, K9 13 4 WG T TR S LTz,

2) WREMROEMIEL, FRIRIT 0.1 ng/mL~100 pg/mL OD%EIT@/@%‘ M (P (R 3k 2=0.999 LA |) 7R L7=.
T T AL 2.5 pg/mL~100 pg/mL, 77> b U FEIE S pg/mL~100 pg/mL T, WT bR EREL 2 = 0.999
UL EOEMR AR L.

3) 24 HOFEAEIEARIEICIVRELIZEZA, IMTEEXASAEE, BEHRSA, 5, DT HSAER
EFREAM LTI A EF TIEBHIOWT, — &RV TRBEEZ LT 7o MU iz, £/, &hh
& D pH ZHER LT LA, IREZRI LT DIZOWTIIAT 7.5~8.5 @%ﬁl HIzdH T

4) WINEIGGRERIZ, 4 FEOAEEHNT, 3 BeMEORE D RFEZIRINLIZE 12 80% 3 S0M T8 L. SF%)
MY ERIT 85.3 %~ 114.1 %, DHTAEHEAERZE (RSD) 13 0.3 %~2.1 %ﬂw, AERHERBRIEIC B I AR IR EL
LD R ROFFAR 29~ Tz L7z,

5) F—IREZAMUICREZ R TS5 A MOMERBREIT 7225, MEEIT L EL TRY Bt
g T o7z,

6) AIEIZIBITHIREED E & T IRIE 0.0008 %FEEE, £ TR 0.0003 %R, LENZ RS-,

UJ:ODF%J:D AGBRIENT, (LRRIEEY, (5IRREBENLE, IR EHEICHE S IR CHERE th oD SR 3%
(o 7atERE A AL QD2 & AR L.
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Determination of Uric Acid in Fertilizer by High Performance Liquid Chromatography

Norio FUNAKI!

! Food and Agricultural Materials Inspection Center, Kobe Regional Center

A High Performance Liquid Chromatography (HPLC) for simultaneous determination of uric acid in fertilizer
was developed and validated as a single-laboratory validation. Samples were extracted by heating in water bath
(60 °C), shaking and diluted with 1/15 mol/L phosphate buffer (pH 8). After centrifugation, sample solution was
analyzed by HPLC, on malti-mode ODS column with UV detection at 290 nm. As a result of 3 replicate analysis
of 4 fertilizer samples spiked with uric acid, the mean recoveries were 85.3 %~114.1 %. Repeatability standard
deviation of uric acid were 0.3 % ~ 2.1 %. Intermediate relative standard deviations of there were 1.6 % ~ 5.0 %.
The limits of quantification of there were 0.0008 %. Those results indicated that the developed method was valid

for the determination of uric acid in a fertilizer.

Key words  uric acid, HPLC, phosphate buffer, poultry origin material

(Research Report of Fertilizer, 11, 86~105, 2018)
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9 AREIHLDOTEZTERVCEYMRINICHITSFERIBEERADEE (KHR)
—2016 FEXAE2017 FEHAE—
FHILEI L, JUKFEIR 2, B S !, e AR 2,

SRARERL S, HARER !, AR L, BRSC !
F—0—F  GURNCE, HEABER, DRIV L

1. [XC®HIZ

AERFD 2 E RS Y TIXTBRIEEH R O & B EFFSNADAIRIVLAORKECLT, [GHHFRME] E\0)H. )
1% 0.0005 %EEDHHLIVTEIY, HIRIEEHIZOFEFANIZIB W TR, S Tnsg. —J7, HIRIEEO it H
XY BIC AR SN BB AEEL, BICEMICHA T 58 ORI 284 TEIEM~BITL, A&
(A EIREEMNEFESNDZ ENER ST, 2009 4E 3 HICEMOKER MBI ER S TEIRIREIO
Hl OBV I FTHIBHEAWE )P ITBNC, 13 PR FEMT DN LB RN ICRE LT, ARy
LEATREOR PR RAEMET 5700, HGIRERI OB V@ F I AR RIY AOZFEDEA T
HHHEEERL, ARV LWL TWRIEMZBIE L, W ~DOWIN O, FREZFIROMLENRHD | L
LIS, ZOZEND, IEEOA 2 Kk WZ R OMEMRIZ L2 BEIC B T i EMF7E L LT, HIRIEED
A AR A L, I RIY LD T HEA~DOERE K OCVEMIRDOWIN &4 8T 5.

2009 FEEAFEDD 2016 4FEEAEZHNT T, 1HIRIERR b L7z X & O L TUZRW X0 2 5RBR XA 3% T,
=YDV ROV ROV FUE A, BT R L Yy, Ptk =r U, AR YT DR LD
ECHEEL, TP OIRIY LREOEA L OVEMIRD I RIT LRI B2 iR LT-. 2 Ofs FITBE ARk
WFFE S 4 5Y~10 BV CTHE L. 5I&kE, 2016 ELAEL V2017 FEEFICBWTHHEE AR E
FEhi L7=DTEORE REWET5.

2. MHRUAFZE

1) 2016 FX4EDEMAHKER (2016 £ 11 A 14 H~2017 £ 3 A 17 H)

(1) FRBRIES K& OV 3%

ARRBRT Y oy — AW (5 E RSO EH) CEELZ. BB, IGIRIER OGBS H 5 115
(VG IR A FH X)) &t B R 23 7~ 88 (FEVE ) A el R L, 2 SR IX 2 B e L7e. TR, LM,
RIVEBRHLO pH (H,0), EC FEXUSER), ARhREV R, %%, 2RFE KL 0.1 mol/L HEEAIAIRIT A
(LLF, 0.1 mol/L HC1-Cd) % Table 1 {2777

(2) HEEAEEE

U OMSIATBOE N R MOK BETH B 2 A i v 2 — R R i A
2 OPSTATBUE NEMOKEETE B 2 it 2 — Rk 2 A (B4 Err#—
P OMSIATEOE N EMOKEETE B 2 B b 2 — B R At (BL) RAMOKER M - Z 2R
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i 0T D75 TR AREH I URTGTRNEE 2 U7z, USRIGTEAEEHT, UIR K& OVETEHENE K 2 DL 50 B S OV fih
(o R EMA T RUICL PR EL L CRAEUTIGIRICE 73 TRERIZRINL, Bk, MG 7- B,
KK 3 mm O RALEF T, URTGIRIEEID 53 43 Mt R4 Table 2 (TR L7z, BRIV APREEIE 3.6 mg/kg
(BiW), ZDOHIREET 4.9 mg/kg THY, IEEHAEHFE OEATFAME (5 mg/kg) (FME) 141 ThD. %
4B (B E) 1T B3 3.3 %M OVER LK 30 % (30 °C, 28 HIFE:HE) THY, EHE 2R L O
{ERIT— A2 URTBIRIEEO T3 Kd Th D720, RHIEASC K& L5 A IEY ~D A B fEE
FIFEBLICLL, ARIV LA B &< DO DR HE AR TR 2 LR E B 2 Db,

MBS L CREGRIRD R I, Vot — T =0 A N O bV 2265 U7, 15 TR IEE S OVl 1E e
BRSO AT IR E R BRED 1Z Ko 72 (T IEIER O A4y Bl Table 3 1ITRLTZ).

723, HIEAEEH @ 0.1 mol/L HCI-Cd 1%, {5IEAEEL 1 g % 0.1 mol/L &% 50 mL T 1 REf#RES L THiHIL
T2 HRITLITHONT, T — AW EO TR (2-2310: H AT 27 ) a—X) TRIELT-.

Table 1  Characteristics of soil for using in winter 2016 crop

Unit Year  APY-1 APY-2 SPY-1 SPY2

20099 6.1 6.1 6.2 6.2
H (H,0)%
PH (H0) 2016 63 6.5 64 65
2009  0.10  0.10 0.14  0.12
ECY mS/cm
2016  0.10  0.11 0.08  0.09
Phosphate absorption 2009 5.8 6.1 7.7 6.9
) mg/100g
coefficient 2016 17.9 12.8 13.1 11.4
Total nitrogen®’ %D 2016 044 041 038 037
Total carbon® Al 2016 5.9 5.8 5.5 5.5
o 2009 0.18  0.19 0.18 0.1
0.1 mol/L HCI-Cd mgkg
2016 020  0.18 0.12  0.13
Kind of soil Andosol
Soil texture Light clay

a) Sludge-fertilizer-ap p lication plot

b) Standard plot

¢) Soil pH determined on 1:5 (soil : water) suspensions with a glass electrode, n=2

d) Soil electrical conductivity determined on 1:5 (soil : water) suspensions
with an electricalconductivity meter, (n=2)

e) Content in the dry matter, average (n=2)

f) Mass fraction

g) The year when the study was designed to evaluate the effects of sludge fertilizer
applications on soil intended for long-term use

h) The year when the study was conducted
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Table 2  Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen %) 33 Total copper mg /kg 546
Total phosphrusb) %" 52 Total Zinc mg /kg 1760
Total potassium® %" 0.4 Carbon to nitrogen ratio - 7.1
Total calcium® %% 2.1 Total cadmium®’ mg /kg 3.6"
Organic carbon %) 23.6 Acid-solubility -cadmium® mg kg 3.2
Moisture %) 26.1

a) Mass fraction

b) Content as P,O5

¢) Content as K,O

d) Content as CaO

e) Content of cadmium dissolved with aqua regia

) 4.9 mgkg in the dry matter

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

Table 3  Properties of reagent

tiom uni v e e
Total nitrogen %Y 46.2 12.0 —
Total phosphorus® %% — 61.5 —
Total potassium® %% — — 63.1

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

(3) FER X DOAERL

ARBRIX (X Fig.1 OEFY 1 i BRX O MfE% 4 m? (2 m>X A2 m) LU, 1HIRIEEHGE A X X ZnEh
2 RAEDFH 4 RBRIXABLE L7z, MR35 EIROBTL YT R YES 2 3 3% 5L 7= (Table 4) .

TGTRAEELOSEAR 1T, 1 fE%720 500 kg/10 a FREN A7 THY, HIBHEICE> UG RIEE T O FE A4
)&:@%ﬂﬁf\@%ﬁ%ﬁnﬁ%ﬂ@“ét (2, i o ERO H 2224 500~1000 kg/10 a L TW5810, F7z,
oy TSR A2l A UG IR IR R A - L2354, 130 pH MK T35V 2 bhoTnd. ZhbdZe
ZEREL, HIEIEEr R &4 500 kg/10 a(Bidy) LLT-.

?ﬁi}%‘ﬁﬂﬂ@%iﬂe@%%ﬁmfﬁiﬁ@%mﬂwﬁﬁﬁ R EFEHEX OEB BEOZEND 20 %L CHEL, EHO

S EREIEENCHi o 72, MBIZOWTH R BT EIEECHio 7o, BEHEXIZOWTIE, fiEAEEE S
(JEHEHMH% X E[RIC RS B 722 K90 H L 7= (Table 4) .

DAEEREFZ DWW T 2012 AFEAELUREIE A AEA A AL TN, 288 123 Kigs EA- L7272,
2014 FAAELIBRITV Ui — T B AEHEAL CTRY, SRL 5| &IV B —T v E=r AE L. 725,
FERERT OB T DA BB A AT L= &2 A, IGTRIERHEH X1 15.3 mg/100 g 1, fEHEXIE 12.2
mg/100 g #2 1-THY, HHEHERARIE 21T A B EY e O B AR FRRAE (10 mg/100 g 7 1) A7
2L TN =2 Eed D, DAEEDIBIRIZ L7207

72k, INFTOREBRICEITDNEEEREE Table 5 (ZnU7-. RERBAAA S #], 15T AEEHE H X oD fiti AR E% 7
BT, HRIEEO#EAIZ L2520 25 B L C, BRIEZFEE 100 %L THEL TR, (5TRAEEHE



HIRIY LD EHEEFH K OCVERRIUZ I B 15 Je LEHE

Bz
,‘?!435{"‘[5 (r

¥

GeE) —20164-241E- 2017 B AE—

X O EAMEYE X LR TIRWMEFIZH D205, HERIEECHDEURIGIRAER O % F ML= IZ oW
T 2012 42D THEM L ARER (THIEAS 30 °C C 240 HEIEEH%) 2K ML 7-L2 A, H5a IR 90 H £ CIT Mg
B 30 %E72D, TORITE—ETHRBLIZZEDD, 2012 FEAVELIKE, 1EIRIBEIOZEHFEDHEE 30 %EL
THEARL 7=, Z D%, SBRX B CTO B2 K OVRIRICE DR L R OE A5 B LIS RIDE O 2 # I 5R4
T CTHEAE AT 572, 2015 FELAERTL Y73 BRIZEB W T, 1HIRIREIO R FILNHEE 10 %, 2016 4K

VE=2 Nz B W, (HIRIEEIOEFIELh=HE 50 %l L Ttz 1T-7-.

/|

SP-1 SP-2 2m
I'm
AP-1 AP-2 2m
I'm
Lim| 2m | im| 2m | im|

Fig.1 Plots plan of the test field
(AP: Sludge-fertilizer application plot SP:Standard plot)

Table 4 The fertilization amount (spinach in winter 2017)

. Amounts  Components (g/4 m*) Amounts ~ Components (kg/10 a)
Types of fertilizer

(g4m*) N P05 K,O Cd (kg/10 a) N P,0; K,O0 Cd
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 2000 66 104 7 13 500 16.6 261 1.8 1.8
Urea 145 67 - - = 36 16.7 — - =
Ammonium dihydrogen phosphate — — — - = — — — - =
Potassium chloride 103 — — 65 — 26 — — 162 —
Total 133 104 72 73 332 261 18.0 1.8
<Standard plot (SP)>
Urea 129 59 - - = 32 148 — - =
Ammonium dihydrogen phosphate 171 21 104 — — 43 52 26.1 - -
Potassium chloride 114 — — 72 — 29 — — 180 —
Total 80 104 72— 200 26.1 18.0 —
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Table 5 The fertilizer application log of the test plots

Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts  Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kg10a) NP0, K,0 Cd (kgl0a) N P05 K,0 Cd
2009  Sludge fertilizer 332 11 17 T 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 T T.1 — — — — —
Winter Ammonium sulfate 47 10 — — — 95 20 — — —
Spinach Potassium dihydrogen phosphate — — — — — 30 — 16 10 -
Potassium chloride 27 — — 17 — 12 — — 8 —
Total 20 16 18 1.0 20 16 18 —
2010  Sludge fertilizer 227 8 12 I 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 08 15 12 10 —
2010  Sludge fertilizer 181 6 9 T 0.7 — — — —
Winter Ammonium sulfate 28 6 — — — 57 12 — — —
Qing  Potassium dihydrogen phosphate 5 — 3 2 — 23 — 12 8 —
Potassium chloride 15 — — 0 — 6 — — 4 —
Total 12 12 0.7 12 12 12 —
20117  Sludge fertilizer 227 8 12 I 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 08 15 15 15 —
2011 Sludge fertilizer 483 I6 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 20 138 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 3436 20 18 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 — — — — 218 — — — —
Total 35 5T 18 1.8 20 51 18 —
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 70 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 18 19 26 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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(4) #5571k

2016 4F 11 A 7 BICHEARZAT 7. & iBRIX O 155 12 kg Z48I2HY, Table 4 O EREFHZ L7203 > T
fEBbZE N2 TIRAL, KRB FEICHZEITHAT Lz, S5, SNV AVEOERMRE BRELTHXATY )
RIFNEHAG U2, ZO%, BHFEE O CRESK 15 cm THHELZ. 728, FRBRXOEI 1 m OS5y (F
—RT TN, X ORI R FE R CEE CHEAELT-.

2016 4F 11 H 14 BICHEREA T2, R EI TR oLy (4 =2 —T7 > F R4) 2V, BRIX N
9 5% (&M 20 cm) MR Ty —4 —7 — 7 fi 1% W CHEFEL /-

2016 /- 12 A 2 H ROV 12 A 15 HIZHBI &% To7-.

2017 423 A 17 RICINER T o7z, HIBRZ I CUIMTL CH B2 IHEL 7.

FEFEDDIHE ETOFREWIMITN 4 » H THY, 2O R E/ERIZBE SN a7z,

(5) 1EMIEDTIRIT L3 HT

INHELT=%%, EHITHRY LYy ORRE EZ2RBR XA ICHE L. ST, /8 FEEHE L GRERIX e
1 m? 53 Cx, KIEK, A4 ZHKOIRIZHEL, 7T A2 T HIRFER LT IZBEFZ AR T 65 °C T
— BRI LT EEANELH%, HBIZ 500 pm O525\ @il 35 E T #HE (ZM200:Retsch 7—4—
[FIER 5 6000 rpm) THIFEL 34T LR L LTZ.

ARIY LEA R, SHEEE 0.5 g IZHER2 5 mL LK OUEREb/KkFEK 2 mL 2Nz~ A7 il oy ffdsE
(Multiwave 3000:Perkin Elmar) T/ fE'Y L7-t D% 50 mL ICERL, ICP & & 413 & (UltiMate
3000 :Thermo Fisher Scientific) Z IV CTHIEL7=.

(6) Bt D3

I HERS, BiRHh 3% ot A AR T S KO B U 7=, 538k X OVE IR D 3BT 3R 2 I HE L 7= S5 T & [
CaBR X o 1 m? O PURE K OV oo Ft 5 2T 0, £ 48 (AR 50 mm X R 250 mm) 2 W CTRENBH
15 cm £ CEEL, IRALTZ. @RGSR 2 VT35 °C T—Brizi#tg, HBIE 2 mm D550\ @il zb 0%
AT AR LT.

KG3E, ~alr ok sy i (HGS3: AR — b R) W CTRIEL 7=,

pH J OV EC [ JRHZ 158 1 1ZkLCK S ANz 1 REE#RED L7=%, pH 1347 A& % (F-23:HORIBA) , EC
X B R G (F-54:HORIBA) & AW CHIEL -,

0.1 mol/L HCI-Cd i%, -2 10 g {ZxfL 0.1 mol/L #Ef#% 50 mL Z /N2, £ 30 °C IZfRbBRN5 1 KEEiREIL
THIH L7230 EHIR I oUW T ICP B &40 H14E# (UltiMate 3000 :Thermo Fisher Scientific) Z VW CHIE L=,

2) 2017 EE/EDERAFER (20174 6 A 20 A~2017 £ 10 A 12 A)

(1) FRBRIBI5 K& OMIEEK 11

AR 5 K OiEER L U C 2.1) OFBR O L7 {5 R AEARHIE F X K OMEHE X i FH .
TEEOFESE, RiERIHO pH, EC, AZhAEY R, %, 4 KkFE K V0.1 mol/L HCI-Cd % Table 6 (2777
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Table 6 Characteristics of soil (summer 2016)

Unit Year Ap¥-1 Ap?-2 Sp®-1 Sp”-2

pH (H,0)° 2009 6.1 6.1 6.2 6.2

2017 6.3 6.5 6.4 6.4
— mS/em 2009 0.10 0.10 0.14 0.12

2017 0.09 0.08 0.06 0.07
Availab.e phosphate®’ mg/100 g 58(1)3 1557 163'.18 176..78 165..92
Total nitrogen®’ % 7 2017 0.44 0.42 0.37 0.37
Total carbon®’ o, P 2017 5.8 5.7 5.2 5.2
0.1 mol /L HCLCA® mgke 2009 0.18 0.19 0.18 0.21

2017 0.17 0.17 0.11 0.12
Kind of soil Andosol
Soil texture Light clay

a) Sludge-fertilizer-application plot

b) Standard plot

¢) Determined on 1:5 (soil : water) suspensions with a glass electrode, average (n=2)

d) Determined on 1:5 (soil : water) suspensions with an electricalconductivity meter, average (=2 )
e) Dry matter, average (n=2)

f) Mass fraction

(2) fERIEESE
HEEIEEE e O EAREH T 2.1) (2) ERICH D2 V.

(3) FBRXOAERL

RERX ORERIT 2.1) (3) LFERICALE L 72, MilE &3 H EIRO =2 i I YES 2 LIS L 7= (Table
7). PG URNEEOfiE &I 500 kg/10 a(Bi#) LU, TOEFIERIHRE 50 %ELTHEL, BEOREDEMIE
JEEFCH 7. INBRIZ DUV TH A JE /3 1A IE B CHl o 72, ARHEXIZ OV, M ERERE VTG TR EE
fiti X EFIC RSy Bl 272 B XM Uiz, RIVEOBR M 32 0 L= 25, K BRIX DA ZhREY BRI 315 TN
FHiti X 16.2 mg/100 g 82+, #E#EX 16.0 mg/100 g #2 1TV, Hi AR 2 BT 5 a2V R
O B FE FIRAE (10 mg/100 g #21) 272U Q=2 &0, DABRITBINIL 7277z,

Table 7 The fertilization amount (carrot in winter 2017)

Amounts  Components (g/4 m?) Amounts ~ Components (kg/10 a)

Types of fertilizer
(g4m*) N P,0s K,0 Cd (kg/10 a) N P,0; K,O Cd

<Sludge-fertilizer-application plot (AP)>

Sludge fertilizer 2000 66 104 7 13 500 16.6 26.1 1.8 1.8
Urea 93 43 — — 23 10.7  — - -
Ammonium dihydrogen phosphate — — — — — — — - =
Potassium chloride 90 — — 57 — 23 — — 142 —
Total 109 104 64 73 273 261 16.0 1.8
<Standard plot (SP)>

Urea 120 55 — — 30 138 — - =
Ammonium dihydrogen phosphate 171 21 104 — 43 52 261 @ — -
Potassium chloride 101 — — 64 25 — — 160 —

Total 76 104 64 — 19.0 26.1 160 —
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(4) #5571k

2017 /- 6 A 2 BITHEARZAT 7. & slBRIXOFEE 1559 12 kg Z4RIZHY, Table 7 DR FHI L7235 T
JEELZ INZ TRAL, KilBRIX £ B IS ICEA L. &5, IhY AV E0ERBIBRE BRELTEATY )
RIFNEHAG U2, ZO%, BHFEE O CESK 15 em ETHHEL. 228, W —R 7771203, HEHEX O
FaREERF &R CEIA ChEAnL 7.

2017 456 H 20 BICHERZTT 72, BEMEWIT =00 (R4 B2 25) 2 AV, iBRIX N % 9 5k (SR
20 cm) MfE Ty —4 —7 — 7 F & AV TERELT-.

2017 -8 H 2 HKA U8 A 17 HICHBI&&1To7C.

2017 10 H 12 HICIFEE T Tz,

TR OINEE TOFRELMITN 3 7 A - ThY, TOMICEFEZERIIMEI 2D o7z,

(5) 1EIRDHIRIT BHT

INHEL 7= =0 2 UATKIE K THel %, BRI ISR E R AE L. o ARBHE L CGRRX s 1
m? 53 A& TAMREFEIZEI0 30T, AN E R RE LTz, ROV TEESIA A A K TR L T
HARTEL , <TI0 31 7o 0% SBIClRFLIRERE VT 65 °C T 24 FERIRIIRL /-, EEZHIEL:.
I OWTIE H AR, S510H AR Z VT 65 °C T 24 BRI SR L 7=1%, EEZHE L. Bl
TARER K OBERRIE, T2 HBIE 1 mm &Y 500 um D550 1818 32 TR (ZM200:Retsch 17—
4 —[Al#E%L 6000 rpm) % FHV T RL 72

HARIVLEFBEOHINIL, 2.1) O)EFERIAT 7=

(6) Wi+

IHER D 11, 2.1) (O)ERERICEREBUL OFHRIL, 28 RIY A0 AREHZ W TiE, HBRE 500 pm @
SHVEIEIETHE TR (ZM200:Retsch 17— —[A#55 6000 rpm) TEIFEL iR HLA L 7-.

HHEOHTE, 2.1) (ODIEBE IZIZ CTEARIT LE ST L.

TEEFORARIT AL, SATEE0.5 g 12, MEEKY 10 mL, @R LK FE AR 3 mL, K OT7 AL KEEK 5
mL 2Nz, ~A 705y fRdEE (Multiwave 3000:Perkin Elmar) (25023 i Ui EHARE LT-. 81X ICP & &
AR E (UltiMate 3000 :Thermo Fisher Scientific) (25017 7~.

3. ¥R

1) 2016 FEL&EERARER (ZFRIL>2VY:2016 £ 11 A 14 B~2017 43 A 17 A)

(1) VEIROILE: S ORI AR &

RV YU OILE, IRIT LR K OB RIT LR (& () X ARV AR E W) I2XE
) & Table 8 \Z/R L7z, G UEAEBHiEH X & OEHEIX DU &L, AFIRE TEIZE1110.90 kg & 10.45 kg THY,
IEAEX DI EZ 100 EL7/GIRAEEHE H X OINEFR U 104 Tholo, ARIV NREE (FW) I oW, 15
TEAEEHiGE A X 1% 0.44 mg/kg, FEHEX [T 0.40 mg/kg THY, IGIRAEEHEH XA H Z 2@ -7 (p=1.4X104) .
BIIR FE WSO TR, THTRAEARHE T X1 0.055 mg/kg, HEHEXIE0.054 mg/kg THY, WTHORERIX T
T Codex FMEME'™ (0.2 mg/kg) Kiii ThHo7z. IRIT LRI EIZ OV TIE, {GIRIEEHEH K IX ¥ fEC
0.60 mg/FER X, FEHEX (T 0.57 mg/FRER X CTHY, {GIRIEEHE A XA E B H-o72 (p=2.2 X 107).
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Table 8 Yield of spinach (edible portion) and Cadmium uptake (winter 2016)

Unit Test plot-1 Test plot-2 Average  Yield index?’ Slgntlgl:tance
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 12.15 9.65 10.90 104
Dry weight kg 1.46 1.24 1.35 95 -
Cadmium concentration (fresh matter) mgkg 0.46 0.45 0.43 0.42 0.44 Significance®’
Cadmium concentration (dry matter) mgkg 0.055 0.054 0.055 0.054 0.055 -
Quantity of cadmium uptake” mg/plot 0.67 0.66 0.53 0.52 0.60 - Pending”
<Standard plot (SP)>
Fresh weight kg 11.40 9.50 10.45 100
Dry weight kg 1.55 1.30 1.42 100
Cadmium concentration (fresh matter) mgkg 0.42 0.42 0.37 0.37 0.40 -
Cadmium concentration (dry matter) mgkg 0.057 0.057 0.051 0.051 0.054
Quantity of cadmium uptake"’ mg/plot 0.65 0.64 0.48 0.49 0.57

a) Quantity of cadmium uptake = Yield (dry weight) x Cadmium concentration (dry matter)

b) Yield of Standard plot was indexed as 100

c¢) It was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance, n=4 (2x2) (repetition x number of
samples) )

d) It was pending decision to be significantly different for Standard plot and for interaction (two-way ANOVA 5 % of both sides levels of
significance, N=4 (2x2) (repetition xnumber of samples) )

(2) Bt BB L

Bk 150D 0.1 mol/L HCI-Cd, pH (H20) & WNEC % 73 #r L7 & 24 Table 9 1Z7RL72. 0.1 mol/L HCI-Cd I3,
T IRAEAEH ] X% 0.17 mg/kg, FEYEXIT 0.11 mg/kg THY, {HIRAEHGH X0 5 03 B & -7 (p=2.4 X
10%).

Table 9 Characteristics of cultivated soil in winter 2016

Unit Test prot-1 Test prot-2 Average Slgnifei;:tance
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HCI-Cd™ mgkg 0.17 0.18 0.17 0.17 0.17 Significance®
pH (H,0)” 6.3 6.5
ECY mS/m 8.5 7.9
<Standard plot(SP)>
0.1 mol /L HCI-Cd mgkg 0.12 0.11 0.12 0.11 0.11
pH (H,0) 6.4 6.4
EC mS/m 6.4 7.3

a) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil
b) Soil pH determined on 1 : 5 (soil : water) suspensions with a glass electrode, n=2
¢) Soil electrical conductivity determined on 1 : 5 (soil : water) suspensions with an electricalconductivity meter, n=2

d) It was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance, N=4 (2x2) (repetition X number of
samples) )

2) 2017 FEAERER(EA=VT:20174£6 A 20 H~20174 10 A 12 8)

(1) 1EIROILE K BRI LRI &

=2V DN, IRIT LR K I RIT LRI &% Table 10 (ZRL7Z.

=2V ONE (AR 1, AREBIZOWTIIH TR IERHEH X 10.28 kg, #R1EX 10.00 kg, HEFRIZ- DWW T
THURIEEIE F X 5.70 kg, FEHEX 6.03 kg THY, MEEHEAOAFHITGTENEHE H X 15.98 kg, FZHEX 16.03
kg Thoo. EHEXDILEA 100 & U7 IRAEEHE A KON EFEEIIRE Y 103, FEEHAS 95, HREEIERD
AFE 100 THHT-.

AR LR EE (R AE) 1%, AREBIZ DWW TG TR AR ] X 0.12 mg/kg, HEHEX 0.10 mg/kg, FEHIZ-DOUNT
I RIBTRAEENE F X 0.19 mg/kg, FEHEX 0.15 mg/kg Tih-7-.
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FRERO AR I A FE (BUAE) 1Z, 15 TRAREHE X 0.013 mg/kg, FEHEX 0.017 mg/kg THY, Codex HHEfiE!
7(0.1 mg/kg) AKfii TH 7.
ARER X Y720 DA RIT AOWILEIE, ARFBIZ OV CIIHTR ARG X 0.13 mg/alER X, EHEX 0.12 mg/a
BRIXCHY, BEEIZOW TG TRIEEE X 0.14 mg/iRBRIX, FEHEX 0.12 mg/iABRX CTHY, MEBEIEH D
AFHIVGIRNEEHE X 0.27 mg/FER X, FEHEX 0.24 mg/ABR X CTh o7z,

Table 10 Cadmium uptake and yield of carrot in the test

Part Unit Test plot-1 Test plot-2 Average  Yield index®  Significance test
<Sludge-fertilizer-application plot (AP)>

Root kg 10.25 10.30 10.28 103
Fresh weight Leaf kg 5.80 5.60 5.70 95

Total kg 16.05 15.90 15.98 100

Root kg 0.96 1.21 1.08 88
Dry weight Leaf kg 0.71 0.72 0.72 93

Total kg 1.67 1.93 1.80 90 -
Cadmium concentration (dry matter) Root mgkg 013 0.12 012 0.12 0.12 Pending”

Leaf mgkg 019 019 019 019  0.19 Pending”

Root mgkg  0.012 0.012 0.014 0.014  0.013

Cadmium concentration (fresh matter)
Leaf mgkg 0.023 0.024  0.024 0.025 0.024

Root  mgplot 0.12  0.12 0.15  0.14 0.13 Pending”
Quantity of cadmium uptake® Leaf mgplot 0.14 0.14 0.14 0.14 0.14 Pending”

Total mgplot 026 0.26 0.28 028 0.27 Pending”
<Standard plot (SP)>

Root kg 9.65 10.35 10.00
Fresh weight Leaf kg 6.20 5.85 6.03

Total kg 15.85 16.20 16.03

Root kg 1.19 1.28 1.24
Dry weight Leaf kg 0.80 0.75 0.77

Total kg 1.99 2.03 2.01

Root mgkg  0.10  0.11 0.08  0.08 0.10

Cadmium concentration (dry matter)
Leaf mgkg 0.17 0.17 0.13  0.14 0.15

Root mgkg 0.013 0.013  0.022 0.022 0.017
Leaf  mgkg 0.010 0.010 0.017 0.017 0.014
Root  mgplot 0.12  0.13 0.11  0.11 0.12
Quantity of cadmium uptake® Leaf mgplot 0.14 0.14 0.10  0.10 0.12
Total mgplot 026 0.26 021 021 0.24
a) Quantity of cadmium uptake = Yield (dry weight) x Cadmium concentration (dry matter)
b) Yield of Standard plot was indexed as 100
¢) It was pending decision to be significantly different for Standard plot and for interaction (two-way ANOVA 5 % of both sides
levels of significance, N=4 (2x2) (repetition xnumber of samples) )

Cadmium concentration (fresh matter)

(2) Wi OB

B 5 D4RV 4, 0.1 mol/L HCI-Cd, pH (H,0) & UF EC D347 % Table 11 1Z7RLTz.

BRIV LR, HIENEEHE XX 0.61 mg/kg, HEHEXIT 0.46 mg/kg T, HIRNEEHEH X2 B &
o7 (p=1.4X107) .

0.1 mol/L HCI-Cd 1%, {5VREEH A X% 0.21 mg/kg, HEHEX X 0.14 mg/kg THY, HIRIEEHE X3 H &
(2272 (p=2.1 X 10°) .
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Table 11 Characteristics of cultivated soil in summer 2017

Unit Test prot-1 Test prot-2 Average  Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd” mgkg  0.61 0.60 0.62 0.61 0.61 Significance®”
0.1 mol/L HCI-Cd® mgkg 0.22 0.21 0.21 0.21 0.21 Significance
pH (H,0) 6.3 6.4
ECY mS/m 0.093 0.079
<Standard plot (SP)>
Total-Cd" mgkg 045 0.46 0.48 0.47 0.46
0.1 mol/L HCI-Cd® mgkg 0.15 0.14 0.14 0.14 0.14
pH (H,0)® 6.4 6.5
EC? mS/m 0.064 0.061

a) Content in the dry matter

b) Content of cadmium dissolved with 0.1 mol/L hydrochloric acid in the drying soil

¢) Soil pH determined on 1:5 (soil : water) suspensions with a glass electrode, n=2

d) Soil electrical conductivity determined on 1:5 (soil : water) suspensions with an electricalconductivity meter, n=2

e) It was significantly different for standard plot (two-way ANOVA 5 % of both sides levels of significance,
n=4 (2x2) (repetition xnumber of samples))

D FEDOIEDHR

2009 F EAELUEDOIE IR DI EDOHER % Fig.2 IR LT,

4. £ =

RYL Y TICONWTEBE I LT B IR AR S 2GS T D A I (8 kg/iABRX) LRI%LL 1

THY, —EDIEP LRSIV TN,

ZUATOWTIE 2012 FEEAELIE, BB IEIEHED (RS 0D BRI (14 kg/ilBRIX) %2 T A

STV, T, @, = VURROIEREEE T D70 AT ML 2 L, I TEIEZ

L= >

1o

LEETVDYI, AR CIIRBREREE L, BBAEREEI O K QNBAEAM TR AN ZEN—REB ZHND.

30

Yield of crop body (kg/plot)

25 =

20+

Spinach
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=0
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Spinach
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The yield of each crop body from 2009 to 2016 (in winter)

Spinach
2016
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B Sludge-fertilizer-application plot  CiStandard plot

Al elonbbels

Yield of crop body (kg/plot)

Root | Leaf Root = Leaf | Root | Leaf | Root Leaf | Root @ Leaf | Root Leaf | Root | Leaf | Root | Leaf
Carrot Spinach Turnip Carrot Carrot Carrot Carrot Carrot Carrot
2009 2010 2011 2012 2013 2014 2015 2016 2017

Fig.2-2 The yield of each crop body from 2009 to 2017 (in summer)

2) EEDA FEOLEERVRINEDHRS

2009 FEHEAEND 2017 FEEFEETOERBR TOMEDET ORIV LR K OFRER S 720 DA RIT LK
W EOHERZ Fig.3 ITRLT-.

2011 FFLARE, FEAEX IS IGTEAEE A X )5 BMEMIR T D Fa NI LR BE K O R BRI & A3 i v ME
[N TS ZED D, IGIRIERIDFEAIC Lo THEMIR D I RIT MR ERm<HEBE 2 bD. LL, 2
F VB IRAEEHIE A X DUHE L 7= AE IR DA R I AP FE DS Codex JEHEME'Y (ZEH 0.2 mg/kg, HR3Z:0.1
mg/kg) Z 2 HZ LT T,

16 == Quantity of Cd uptake [Sludge-fertilizer-application plot) r 16
1.4 1 Quantity of Cd uptake (Standard plot) L 1.4
% —a— Cd concentration (Sludge-fertilizer application plot)
‘g 1.2 --%--- Cd concentration (Standard plot) rl2
g 1.0 L 10 %ﬁ
So08 - 08 B
3 E
= —
5 0.6 - 06 5
£ o
£ 0.4 L 0.4
3
%02 - 02

0.0 T T T T - 0.0

Spinach Qing geng cai Spinach Spinach Spinach Spinach Spinach Spinach
2009 2010 2011 2012 2013 2014 2015 2016

Fig.3-1 Cadmium concentration and absorption amount of each crops from 2009 to 2016 (in winter)

16 W Quantity of Cd uptake (Sludge-fertilizer-application plot) 0.7
_ 14 [ Quantity of Cd uptake (Standard plot) 06
% —— Cd concentration (Sludge-fertilizer application plot) 2
-? 1.2 -0~ Cd concentration {Standard plot) 05
210 E
E 0.4 %
So8 B
3 - 03 E
s 0.6 =
e
£04 0.2
g
Y02 - 01
0.0 T T T T T T - 0.0
Carrot Spinach Turnip Carrot Carrot Carrot Carrot Carrot Carrot
2009 2010 2011 2012 2013 2014 2015 2016 2017

Fig.3-2 Cadmium concentration and absorption amount of each crops from 2009 to 2017 (in summer)
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3) EMbTIRGPDH FSOLOHER

(3.1) B3 0.1 mol/L HCI-Cd DHER

Bk 130D 0.1 mol/L HCI-Cd DHEFE% Table 12 X O Fig.4 [ZRL7zZ.

THUEAEEHE A X K& OEHEX 0D 0.1 mol/L HCI-Cd DHERIZ DWW THHIM AR T 57280, T E D MLELX
(2B DR ER BRI D ORRE H (K 3RERORIFEIL 6 - H ELT2) 1IZx95 0.1 mol/L HCI-Cd O#RIE H.[A] )5 47
WraAT o7z CRIENFRO 3BT R O p EIC VR, WA EKYE S %) (Table 13). 2017 FFEAEH#IET
OIBPEEEHE KO EIFIIA R T2 (p=0.45) —ETHBEL TWAE\I Tho7z. —JF, FEHEX T, 2011
FELAEBR I LARE, R B L7220 TR AR 5 (p=3.2 X 107), MisBR X MO IX K EL DM T
Hotz. Fiz, 2011 FLAELUKE, TBIRAEEHEF X D 0.1 mol/L HCI-Cd AMEHEX R CTH B IR eoTz. £
LA, V5 VRAEEHE X 00 5 D3 BV ME R 3 e O D ZHUE, AEHER I AEEHZ LD I R AR 3 72<,
TEMEROFFH L3S 5023 L, 1HIEAREHE A X IZ5 TR AEEHZ Ko THHE SN A RIY A0 —EIT/EM I
OWIUZ IS TRHBHHENDD, 2 LIMT EEITRE L QOB ERER EE 255,

Table 12 Changes in the 0.1 mol/L HCI-Cd concentration® of soil after harvest

P -value of single

Ap R Sp® Significance test regression analysisd)
Year Season Test Crops

(mg/kg) (mg/kg) (difference between the  Ap b) Sp®

processing)

2009 Start — 0.19 (0.01)®  0.20 (0.02) N.s.P — —
2009 Summer Carrot 0.21 (0.01) 0.21 (0.02) N.S. — —
2009 Winter Spinach 0.20 (0.003) 0.18 (0.01) Pendingg) — —
2010 Summer Spinach 0.19 (0.01) 0.17 (0.02) Pendingg) — —
2010 Winter Qing gengcai  0.18 (0.02) 0.18 (0.01) N.S. 0.55 0.20
2011 Summer Turnip 0.19 (0.004) 0.18 (0.01) Pending? 0.41 0.11
2011 Winter Spinach 0.20 (0.01) 0.17 (0.01) Significance” 0.63 <0.05
2012 Summer Carrot 0.19 (0.005) 0.15 (0.01) Significance” 0.41 <0.01
2012 Winter Spinach 0.21 (0.01) 0.17 (0.01) Significance” 0.98 <0.01
2013 Summer Carrot 0.20 (0.004) 0.16 (0.01) Significance” 0.89 <0.01
2013 Winter Spinach 0.22 (0.01) 0.16 (0.004) Significance” 0.34 <0.01
2014 Summer Carrot 0.20 (0.01) 0.15 (0.005) Significance” 0.30 <0.01
2014 Winter Spinach 0.21 (0.01) 0.15 (0.003) Pending? 0.17 <0.01
2015 Summer Carrot 0.15 (0.01) 0.11 (0.005) Signiﬁcanceh) 0.80 <0.01
2015 Winter Spinach 0.16 (0.01) 0.11 (0.001) Pending® 0.29 <0.01
2016 Summer Carrot 0.19 (0.02) 0.12 (0.005) Pending® 0.30 <0.01
2016 Winter Spinach 0.17 (0.01) 0.11 (0.002) Significance” 0.16 <0.01
2017 Summer Carrot 0.21 (0.002) 0.14 (0.004) Significance” 0.45 <0.01

a) Content in drying soil

b) Sludge-fertilizer-application plot

¢) Standard plot

d) The p-value which calculated from dispersion analysis for linear regression by examination start of
each experimental plot

e) Standard deviation (N=4(2x2) (repetition x number of samples))

f) It was not significantly different for processing examination section

(two-way ANOVA 5% of both sides levels of significance, N=4 (2x2) (repetition x number of samples))

g) It was pending decision to be significantly different for Standard plot and for interaction

(two-way ANOVA 5% of both sides levels of significance, N=4 (2x2) (repetition x number of samples))

h) It was significantly different for processing examination section

(two-way ANOVA 5% of both sides levels of significance, N=4 (2x2) (repetition x number of samples))
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Fig.4 Changes in the 0.1 mol/L HCI-Cd concentration of soil after harvest

(The error bar indicating the standard deviation)

(3.2) Wi O EHRNIT AR

Bt - HE D4 RID AR FE OHERS A Table 13 & OY Fig.5 IZRLTz.

15 VR REAHE I X M OUFEHE X DA RIY AR E DHERIZ DWW TEIM A 35720, TN EOLEXIZ
BiF5, 2009 FEEENLORE A EAENSROBEEEZTOMIRIL 12 # A LU IR THR2IRIT ARED
GBI T 24T > T (BIERAO 53 BT R O p I KO FHE, WifRlA EKYEE 5 %) (Table 14) . 2017 4
HAEB L E COIE TR MBI X 13 FE T (p=3.4 X 107) 2338 B 41, FEUERK|E T KBME I (p=2.6 X 102) 2332
HHIT.

TG AEEHi X % OUEHE X DA RIY AR A Lk LT= L2 A, A L7 2009 4 EAE GG AL A
KAMEHEX LA RBICR<IR-TRY, ZO2T 2012 FEAELIRE, BEE b DL/ LIk RERORE B3k 1 C
W5, 2, 15TRIEEE A K IXVGTENEE B D I RIT AOME &S, EMIROINHEIZ LD HHEPAIRIT A
DEGH~OFFH LRIV L2, WRITLRERET DD, FEERITIEE RO A RIT LD
AN EE Z BN,

Bt HEED A RIT AR EEIZ-OUVNT, 2009 4B AEBHL L0 FERIE L BREREOHER & Fig.s (TRLTZ. 15
VEREEHiE I X % OEYEX DA A NI AR FE O BRERIE T, 2009 42 /EfH 5 FZHI 4 S LT, Table
16 CHIHLZARIY AERERELZ REUA U7, KX SERME L BRI AN EE — B CTHERE L QU T,
— 7, VGURNEBINE P X 13, BERE L el U CERIME o 7 AMEY A THERB L TV, U, HEFoAR
U LADKEIF EA~DOREED 12008350, OB RITARRBENICE EHRNZEICEDbDEE LR
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Table 13 Changes in the total-Cd concentration® of soil after harvest

p-value of single

Year Season Test Crops Ap” Sp% . Significance test regression analysis”
(mg/kg) (mgkg) (difference between the Ap? Sp®
processing)
2009  Summer Carrot 0.51 (0.02)” 0.48 (0.03) Significance” — —
2010 Summer  Spinach 0.52 (0.01) 0.49 (0.03) Significance — —
2011  Summer Turnip 0.51 (0.02) 0.48 (0.02) Significance — —
2012  Summer Carrot 0.52 (0.02) 0.46 (0.03) Significance — —
2013  Summer Carrot 0.53 (0.01) 0.46 (0.03) Significance — —
2014 Summer Carrot 0.57 (0.03) 0.47 (0.03) Significance p<0.05® 0.16
2015 Summer Carrot 0.57 (0.01) 0.46 (0.01) Significance p<0.01 0.06
2016  Summer Carrot 0.54 (0.00) 0.45 (0.02) Significance p<0.05 p<0.05
2017 Summer Carrot 0.61 (0.01) 0.46 (0.01) Significance p<0.01 p<0.05

a) Content in the drying soil
b) Sludge-fertilizer-application plot
¢) Standard plot

d) The p-value which calculated from dispersion analysis for linear regression by examination start of each
exp erimental plot

e) Standard deviation (n=4 (2 X 2) (repetition X number of samples))

f) It was significantly different for processing examination section

(two-way ANOVA 5 % of both sides levels of significance, n=4 (2x 2) (repetition x number of samples))
g) It show that regression is significant in p < 0.05 (5 % of both sides levels of significance)

08 —#— Sludge-fertilizer-application plot (AP)
= © = Standard plot (SP) X
—+— Sludge-fertilizer-application plot (AP) ,Theoretical value _F-X-“'"____F
- =% - Standard plot (SP), Theoretical value _—
plat (SP) e
0.60
w
=
@
E
=
<
E 050
=]
2
0.40
Carrot Spinach Turnip Carrot Carrot Carrot Carrot Carrot Carrot
Summer Summer Summer Summer Summer Summer Summer Summer Summer
2009 2010 2011 2012 2013 2014 2015 2016 2017

Fig.5 Changes in the actual total-Cd concentration and the theoretical total-Cd concentration of soil

after harvest (The error bar indicating the standard deviation)

(3.3) HEHPOEHRIVLOEFERLE 0.1 mol/L HCI-Cd £

KRB COREIE RO A RIY M &, EMRICEDZ PRIV AR HLE, HE~ODRIVLAEREEKL
OFEFHIRE OHERB % Table 14 (R LTz, NIV LOAGT &I, K HIEEIO A RIT A5 A B &2 5
THHLE. (BRI E DRI AR H LR, HELIZEMIRO AR RN EL LTz, SHE~DHRIY
LEFEEX, AN ED AR AAM EEEMIRICEDIRIV AL BEOZIZIVE L. T~
DHRITLERE &L, VRIVLERBEEZRBRX Y7200 L& (ELo%ES 15 cm, BHEORILE 1.0EL,
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ARBRIX 4 m? 47200 % 600 kg EL7-) TBRLUTHEIH L. Ziudk, HEOELOHERS K O L ENE
\Z—TE T, DOERHH RO RIV AN THELICERB LIS EL TR L.

Table 14 Changes of the 2009 ~2017 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-application plot (AP) Standard plot (SP)
Quantity of cadmium® Concentration of Quantity of cadmium® Concentration of
b o e cadmium b o e cadmium
Load Removal”  Accumulation accumulation® Load Removal”  Accumulation accumulation®
Year Season  Test Crops
(mgplot)  (mgplot) (mglplot) (mgkg) (mgplot)  (mgplot) (mgplot) (mgkg)
2009  Summer Carrot 4.84 0.54 4.30 0.007 0 0.50 -0.50 -0.001
2009  Winter Spinach 4.40 1.18 322 0.005 0 1.34 -1.34 -0.002
2010 Summer Spinach 3.30 0.72 2.58 0.004 0 0.96 -0.96 -0.002
2010 Winter Qing geng cai 2.64 0.21 243 0.004 0 0.21 -0.21 -0.0003
2011  Summer Turnip 3.30 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 7.28 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 7.28 0.73 6.55 0.011 0 0.53 -0.53 -0.001
2014 Summer Carrot 7.28 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 7.28 0.71 6.57 0.011 0 0.59 -0.59 -0.001
2016  Summer Carrot 7.28 0.23 7.05 0.012 0 0.19 -0.19 -0.0003
2016  Winter Spinach 7.28 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
Total 105.60 9.36 96.24 0.160 0.00 8.62 -8.62 -0.0144

a) It show every test plot 4 m’

b) Quantity of cadmium load by fertilizer = Total cadmium concentration of the fertirizer x Amount of the fertirizer app lication
¢) Quantity of peculating due to the crops body = Yield (dry weight) xCadmium concentration (dry matter)

d) Quantity of cadmium accumularion to the soil =b) — ¢)

¢) Concentration of cadmium accumulation to the soil = d) / Amount of test plot soil (600 kg)

Table 14 OFEEMNE, B I T/EMIRIC LD AR IV LD L& (BFE), 15TRIEEHE I KIT Ry L%
TR (B 2 H U A 134 ¢d T 0.1 mol/L HCI-Cd DHER L L1 12 Fig.6 1Rz,

FEAEXZ OV, TEIRICED Cd OFF B LEIL, 2RIV LD IELIZIZFETZA3, 0.1 mol/L
HCI-Cd DWW BT Z AU L TRORKREV, Zhud, BHEH KO 0.1 mol/L HCI-Cd DAL AR 2 IZH#EA T
WHZEIZE DD EHELESND.

TGUENEEHE A2 DT, IR RO R A5 T & (AR 233 BRBH AAIF D 0.1 mol/L HCI-Cd R I
PSNTWAIZHA )35, 0.1 mol/L HCI-Cd J FE OB IME MIZERD S, Zhiu, 1EMicka8bH L,
TEFICARSNIZIRIY AOKEBEY 19200, FEROAEELRE G T 52 28Ik oT 0.1
mol /L HCI-Cd A AREEL TWDZENER LB 2 DD, TEWIIRD IR L FE I HE X Ly5 JE JREHX o [
TREDZROVDIX, IEEH O 0.1 mol/L HCI-Cd DZ<MEMRITRIN SN ORI AR LL TV D ZENRE XD
o,

HIRIY DE G4 T HIHIRIEEI OB 2L, 0.1 mol /L HCI-Cd DA LA RNRBICELIZGA, 2
THIME R AFED D> 7=+ 0.1 mol /L HC-Cd 3 IMEENZER U D Z EN TSNS, ZOHET,
VEWRD I RIT DR FEICH BT HIENEZEZONLIEND, 5% TEOIRIY AER & (RFE) £ 0.1 mol
/L HCI-Cd DBRIZ AW TR | St Z A T 205 D.
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Fig.6 Changes of Cd concentration in the soil
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Fig.7 Changes in the pH of soil after harvest
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Fig.8 Changes in the EC of soil after harvest
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Fig.9 Changes in the total nitrogen (TN) and total carbon (TC) of soil after harvest

(The error bar indicating the standard deviation)
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Fig.10 Changes in the available phosphate of soil after harvest
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Fig.11-1 Changes in the exchangeable-potassium of soil after harvest
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5. F&oH

2016 FAEORTL YD, 2017 FEAEO =V ODIEMED 2T RIT DA ST LTERE R, BTV 71T
DUV TRAEEH X0 5 DA EIZEL (p=1.4 X 10%), =2 AT DWW THIGTRALEiE A X D J5 23 i\ M
M DRSS ALz,

B EEE P O RN IV LZ T LR, 2009 4EE NS 2017 4 ZAEETHIE LB A X3 kA48,
FEVE XA B 33RO BT,

B 39 0 0.1 mol/L HCI-Cd 223 HT L7 B, 2009 4E = VEDD 2017 4 B AE £ CIH R IEEHE A X1 — &
THERE T2 MICH Y, FEHEX IR E DS FB O DL, BRIV AN EFEIZHHDIZXKL, 0.1 mol/L
HCI-Cd 3 —E CHBTHHEINICH LD, BT OIRIT AR ACE T m~BE# T2 Loftic, HEFTOH
B2 8D 0.1 mol/L HCI-Cd 23— AR b L TVDEB 2 DL, IRIT LD 0.1 mol/L HCI A ka3
RABIZZ2 40U, HHEH D 0.1 mol/L HCI-Cd 28 EFEANCER T D A BEMEN ®HY, ZDOGEI1IEMIRF ORI
DB ICHEBENHHEEZDNDIEND, 5%b HEO DRI LEHE (BFE) & 0.1 mol /L HCI-Cd DRIR
[ZONTIRG I EHEHETDMLENDD.
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absor ption of the
Crop and Accumulation of Cadmium in the Soil (Continued Report)
- Winter 2016 and Summer 2017 -

Keisuke AOYAMA', Toshiharu YAGI?, Harufumi SAITO'!, Kenta SAKUMA?,
Tokiya SUZUKI?, Yudai TANAKA!, Yoshimi HASHIMOTO!, Fumihiro ABE!

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

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

3 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now) Ministry of Agriculture, Forestry and Fisheries, Food Safety and Consumer Affairs Bureau

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 2016 and carrot in summer 2017.
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, acid-solubility-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 2017) showed significant increasing trend in
the AP. The concentrations of cadmium in each crop harvested (from summer 2009 to summer 2017) in the SP and
AP were less than that of the CODEX standard. We consider that it is necessary to be conducted further

monitoring of the cadmium-transition in the soil from now on.

Keywords  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 11, 106~128, 2018)
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ZOHNER 1ORGEMEROME TN 4K G5 HIHL, JREGLIEOB 4%5 L DR IR,
ZOWERE TIEHEVIRLTZ#, 1~9 DX OREGENL—ERT SBIL, IIRA L%, 14847204 200g
ANVOFE 250 [EZFRHLL, KU =T LRSS TR EL TR R ECRIRRE L.

PLEWDTOERE IRENE, 3Rl CHBAE 212 um OS50 Bl ST, SV EBLIZEENS, JKIRAL
7%, OLBRRICILT TEHEIRIC 9 F 5L, 1~9 DR GFE AL TEMIHE L. ZOHNbE 1 DORA#
TER DA 4 KA, IKIBALEZOL 455 L ORI L. ZO#E/EE 7 B4Rl
T2, 1~9 DK Xy OREGNL—ERET SERIL, LKEA L%, 1484704 180g AV OFRHEE 170 f#4F
BIL, RV =F L RS CHEE L TR RFE CHRIRRE L.

x1 RAGEBIER

IRA 4 1 2 3 4 5 6 7
1 8 2 4 9 1 5
N 3 7 9 7 4 2 8
4 3 1 5 6 7 6
6 5 8 2 3 9 1

2) HEMHREZERAR

IUPAC/ISO/AOAC D HEFERER 7 bt D DR MEERERIZHE, 2.1) THRR L 4L [FEER kS 10
BN DB E B B E MR RR A UL Lz ABARIEEHZ DWW T AR (C-P20s) & O~ 7
(C-Mn), SEEWTOBRE IEEHZ DWW CIELIEME S 1 (C-MgO) 25 R MR R BN o & 2 SO T CRlBA
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{ERABEHZ DWW TIE, K5y (Mois), ZHE 2R (T-N), T E=TH%E% (A-N), VAL E (T-P), <IEMHED
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2) HERAE
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(1) KO, ERHERBRE 3. La(Refids | L DHLRERTR) O () ICKVER. HL, H5 4. OFEMOH
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BT TR0,

(2) ZEHRAET, PESERRE 411a( vy — k) O (4D ICK R ZFRTIL, [FTH (4.2) (4.3)1C
FOER. T, ALLbUREEE) ICknE .

(3) TrE=TMEEDR (A-N) T, IEEERERE 4.1.2a08815) O (4D X0 ERATR AR, [FTE (4.2)
(43)IZXVER.

(4) VAREEE (T-P,0s) 1L, IEEHERBRIE 4218 (NFREVT TUBT =0 AROEEEE) O (4.1) 12
FOBEHNR IR A FRBL, [FTH (4.2) (4.3) 1KV E &.
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LR EHA TR ZRRIL, [ATH (4.2) (4.3) 1LV E &,

(6) RKIAPED A (W-P,0s) 13, IEEHERERE 4248 (NFREV T FUBET =0 MO ER) O (4.1)
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(10) <IEMEIEHFHE (C-B20s) 1T, MUEFERERE 4.8.1.a(7 Y AT > HE) O (4.1) IZ X0l Z I, [H
H(4.2) (4.3) IZXViEHE.
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11 (4.2) (4.3) 12k e &

(12) ARIVA(CA)IE, IEBHERBRE 5.3.a(T7L — L FIEiE) O (A1) ICXVREHRIE 2RI, [FHE
(4.2 12X EE.

(13) ANV OER (S SI0.) 1T, MERMERERE 4.4.1La( 5o LT AE) O (4.1) IZX0RBHETRZ S,
AT (4.2) I2 X0 E &
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4540 (FTYAMEA IR L OVRTEPETE TR0 OB HY) 0 (2) 12X E .

4. $REHEIT A iR R UESRER AR O SR M A &
1) MEShI-HERFED LM
(1) BARRMNEIZLDZzAa T DR J7
9, EROEO Il (Median) 2k 7-. IZ, EPASNE R OVF SN EZ R, (a) UKD IU4 T
#iPH (IQR) Z & HLT-.

IQR= T Wik — Ltk -+ (a)
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FEAHE SN T- S AMERE(R 7= (NIQR) % (b) IV E H L=, EROMADOLE, NIQR SAE#ER AT —
I5.

NIQR= IQRX0.7413  --+(b)

z A7 (2) % (c) RUTIWEH LTz, z 2271, KRBREORER A (x) D Median 7»HORE=0EAWE R
TIRIECHD.

z= (x—Median) /NIQR ---(c)
(2) zAaTIZLD M

T —H DO FEE LT, ISONEC 17043 (JIS Q 17043) Y& Wy, KB == OBz D z 227 J0k D
FONZF- A AT o 7=

lZ=2 oo il 2
2<|4<3 -+ BEDLW
|Z7=3 s R

2) HBRAREKZMT SMETE
F oy D SIS GE 2R 2 I 5720, IROFGEHREEZRDT.

(1) BMABRES(F—2HN).

(2) 2 ASTICEBIIA L =2 G R) , 2<|7<3(BEDLUY) B ONA= 3CRIRL) &7 o7- 3B 5 B OV 0%
& (%).

(3) AUEATEHILA 27 — 20 FHIE (Mean) .

(4) A{RofEo f i (Median)

(5) NIQR ZHEHE(RE L 72 L= Median OHEHE R HENS (Ussse) (A E4R3K k =2) % (o) 20T LD B,

Ugsy, = 2><N|QR/\/N "'(d)

(6) &7 —ZDOFEHERZE ().

(7) B LS on SAMERE(RZE (NIQR) % (b) SUTEVE M L2, ERMOSE, NIQR 1 s &—#
2.

(8) W RANEMND RO TARHEHENR 75 (RDron) 22, (€) AUTIVFHH LT

RDiob = NIQRMedian ~ -+- ()
(9) HERFEFRERIES CHFRBROREE D B 22 LU ORIV TS S B PR HLAE X HE (R 7 (CRDR) -

RSB IE IV T, LRIRBROREE X, CRDrOELIN THLZENHERINTERY, ZIHD 1L515F
THAEL TS, ZOEORZL, 7a~x N I71EE0a~x N I7EUSNO T IETHT TRIESN TS, £
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72, ARPFEDRBR D HTEITE A S0,
5. BRRUBE

1) *EFEBRAFEMOHEMRESR

2.2) |28\ T 10 BB 2 SO T THOMT LI B MERER O A O EHIE (%) & OV DRAEIZ DWW Tt
B & 53 W AT DA DI TR i &AW TR L7 M TAE R 22 (s, ), BRI YENR 22 (spp ), DHTHEEE A
GBI EE R 75 (s ) 23R 2 1R LTZ, HIS, AERFEBRYE (2016) YIRS TWHE M HL £ o B
72 (CRSDR) K VBB HE M (R 1) L7 & == M BUE R 22 (6 g ) &3 2 IRLTZ.

BEMEOHE L, IUPAC/ISO/AOAC DHEERER 7 b=/l (2006) ¥ O FlEE S E I CFE L=, 77, Wbk
AR Dy B E AR T 572, RBRARRIZ DUV T Cochran OfEZ EfiL7-. Z DR R, T X TDOMIIZ
BWTHNEIZE D B2 21D T, ZTROD AR IZ O W T — Ll E o 8otz Eh L7z, KIZ,
IUPAC/ISO/AOAC D REFBR 7 mh=/L (1993) ¥ D E R (K 2) & W THE ORI EE T o7z, TORER,
FTRTORFICENTHER (R 2) 2L COZEND, S5 BN E ThHHZEEMR L. ok,
ZEDTD, AL T TR EZ S OB ER 22 (sp4 ) R LTZEZA, WT ORI H6 § LEE
LCH/NESWMETH o7,

6 r = CRSDg X %/100 =+ (1)
Spp < 030, = 0.36 <o (2)

Shar = /sr2+sbb2 «++ (L3

8 g HEE S ) P BUR B 2

CRSD g : SEBHEZBRE (2016) [T /R SAU TS S AR BLURS B2 (S 1) FF BUFR RHE VE(R 72 (%) ) O HZ
X ¥i’31 sy - PHTAR HE MR 72

0, ZEPMEHERRAAT) B AICHE & LI R YRR 2

Spp © Bk R MR 72 Spir - DHTRE L2 3 o R UR AR VIR 22
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#£2  BEMEMERRRBR O R
phoms O BB EY 5?0 s, CRDR 5P 035"
B 0 ()Y (@)” ()Y ) (%) (%)
C-P20s 10 1469 0.01 0.04 0.04 3 0.44 0.13
C-MnO 10 0.283 0.002 0.003 0.004 6 0.017 0.005
PRIV ERE IEE  C-MgO 10 429 0.02 0.02 0.03 4 0.17 0.05
&) AT B (AR E2 A AT 2B
b) B Ry
¢) DETE el 5%
d) BRI MR 2=
&) BT 2 o B R Y 2
f) MERFERBR L C/RS IV TS EE TR BUR B (B B S YR 22) D B 22
Q) =B RFELREHEDD B %270 B HH L7 i P A i
h) EJELHEDHIRE (SopDFHAT) 7230055 A5t

fERAER}

~

2) HERAEOERITER

4.2) (1) ~ (2) OFBRELH KL O z 227 TIHMliS 72 SRR EH KL N OEIEEF 3 1TRLTE. £y OR
BRI C I 2 ) LRI A2 (T T3 BRE OEIAIE, SESWITWERE LR P O AIEMEA KA 93 %l fich i<,
{EERIERI O ARIT LN 78 %ribIRWEI G Z/R L. —J7, [l E | LRFlia = =B = 0B 40, (b
BRI L A2 80 DN O ] OFES U AEARE R O FIESPETE 123 12 %l ENE AUib VO R Th
oz, R LRI 8, Hie (4=2) | LS - B = OB S 1TV D 78 %~96 %, [ i (4=
3) | ERHl SRR O EI A IIEAEEE DS 0 %~14 % CTh 7.

4.2) (3) ~(9) TROMEIEAEE 4 1R, 2D TEED Mean 13 Median LIZIE—EL7223, —
EROFERIE H T Mean & Median OZENFROBNTZ. T2, BIROEHERZE s 1%, o NANEILE-TEONZ
NIQR LU CREARMIC R E R EA R TR RO, SMUBEDOREZZIT TNDIENE X BT, R
EB RISy DIEFEL ~UIZE1F D CRDR K N CRDR D L5 fEDEEDBIRE X LITR LTz, & COFRBRK
STENT, RDrop IFALEFEFBRIE TREEL L TRFASIL TS CRDR D L5 5D HIFHN Th-o7-.

2006~ 2017 4 FE (2 F2 i L 7= 785k TE H @ Median, NIQR, RSDyob X U8 CRSDR 512DV T, ALRRIERHTFE 5-1
2, FESWITWIBE RN R 5-2 1Rz, Fiz, KFEE 6 SBRELL Ll 0bh o737 15510 Median,
NIQR, RSDrob % U8 CRDR %% 6 (TR LTz,
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#3  zAaTIC AR O
BN lz]=2? 2<|z|<3"” 3= || °
HEIE H ok A" S Hep  BA R EA
e (%) e (%) =H (%)
(LR AR
Mois 126 107 85 10 8 9 7
T-N 126 111 88 8 6 7 6
A-N 116 100 86 14 12 2 2
T-P20s 121 103 85 6 5 12 10
C-P.0Os 115 93 81 10 9 12 10
W-P.0Os 118 99 84 7 6 12 10
T-K20 113 94 83 5 13 12
C-MgO 114 94 82 11 10 9 8
C-MnO 107 96 90 7 7 4 4
C-B203 99 81 82 12 12 6 6
As 41 33 80 3 7 5 12
Cd 50 39 78 6 12 5 10
FESWTWOERE R
S-SiO2 58 51 88 2 3 5 9
AL 71 58 82 5 7 8 11
S-Ca0 57 53 93 2 4 2 4
S-MgO 57 45 79 5 9 7 12
C-MgO 69 62 90 5 7 2 3

a) zZAIATIZEDEHM N L (|2|=2) Ere TR =5 L O DOEE (%)

b) zZa T IZL Bl (2< |2|< 3) L7 o= B EH L OF DEIE (%)
C) zZAaATIZLDRHM AN 2 (3= |z]) L7g ~ 7= BR B X N NZ DEA (%)
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#4  ILEABRRE OB &

N —gﬁ Mean?  Median”  Usss s? NIQR? RSy’ CRDR? c;g;“)
(%, mgkg)” (%, mgkg)? (%, mgkd)” (%, mgkg)” (%, mgkg)”? (%) (%) (%)
01959
Mois 126 3.45 3.45 0.03 0.30 0.17 4.9 D D
T-N 126 10.49 10.52 0.02 0.17 0.12 1.1 3 45
A-N 116  8.74 8.73 0.04 0.27 0.22 2.5 4 6
T-P20s 121 1521 15.25 0.04 0.42 0.20 1.3 3 45
C-P20s 115  14.61 14.63 0.03 0.40 0.14 1.0 3 4.5
W-P20s 118 10.77 10.77 0.04 0.61 0.22 2.0 3 45
T-K20 113 8.97 9.02 0.04 0.47 0.23 2.5 4 6
C-MgO 114  3.59 3.59 0.02 0.14 0.09 2.5 4 6
C-MnO 107 0281 0283 0003 0018 0015 5.4 6 9
C-B:0s 99 0170 0170 0.003 0024  0.015 8.9 6 9
As 41  4.03 3.96 0.12 0.86 0.38 9.5 16 24
cd 50 132 1.34 0.04 0.28 0.13 10.0 16 24
FLEWTFOERE AEED
S-S0z 58  37.05  37.22 0.16 1.19 0.61 1.6 25 3.8
AL 71 3757 3695 0.25 2.21 1.06 2.9 25 3.8
S-Ca0 57 2953  29.46 0.26 1.15 0.99 3.3 25 3.8
S-MgO 57 527 5.24 0.03 0.31 0.10 1.8 4 6
C-MgO 69  4.43 4.36 0.04 0.45 0.19 4.3 4 6
Q) EEROFEEE 0) NEUBHEFBRE TRIE O B ZE U THESE ST D5 B T B Mz Ve (R 72
b) 2fkoHJufiE h) AEEHEERRER A TR L U CRIFRSIL OSSR [ 73 B e A Y 2
c) 2EOHIEDRHENS i) As, Cdizmglkg, & DDAk 3% (B 25 =)
d) 2EOIERERFZE ) CRSDRIZAKANED I 72 BRI AT IE I T E H TE2R .

6 T/ NAMEER &
f) B S AMEOHE M 4

25 —
20 |
215-
o)
;c(lo- e
@) B ] !I al=
5_
DHHAHYA ] 1
 BHHHT cilil:
[%))]
T28888%828<382288%
TRFAER¥sSsd 3 ==
O zhHF OO b O

X1 & EREE D CRSDRERSD, D B4R
01.5%xCRSD-R OCRSD-R ORSD-rob
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#5-1  BEIEEHZIIT 52006~ 20174 FE D A 5RR sl O Ft &

®Ep . RBEAICHETS MR Medan? NIQR” RS’ CRSDR” 15xCRD
g O EARIRA BRER (%mgkg”  (%mgkg” (%) (%) (%)
Mois 2006 147 1.70 0.30 17.7 -9 -9
2007 146 4.99 0.35 7.0 -9 -9
2008 145  2.87 0.24 8.5 -9 -9
2009 145 3.53 0.15 4.2 -9 -9
2010 143 1.58 0.41 26.0 -9 -9
2011 137 1.00 0.12 12.0 -9 -9
2013 136 2.93 0.84 28.7 -9 -9
2014 133 178 0.16 8.7 -9 -9
2016 118 151 0.60 40.0 -9 -9
2017 126 3.45 0.17 4.9 -9 -9
T-N 2006 ji# 158 1460  0.13 0.9 3 4.5
2007 A HE AR 145 8.74 0.07 0.8 4 6
2010 JR3E 140 1411 0.11 0.8 3 45
2014 AHEE AR 126 9.13 0.11 1.2 4 6
2015 R 111 6.57 0.19 2.9 4
2016 R 117 1490 015 1.0 3 45
2017 A HE AR 126 10.52 0.12 1.1 3 4.5
AN 2006 @fz; TETLOART qey 1146 010 0.9 3 45
2007 WifRT L E=T 143 6.20 0.09 1.4 4 6
2008 Effz; TETOAMRT g 1286 016 1.2 3 4.5
2009 @fj;;;;afﬁw 144 556 0.07 13 4 6
2010 Effz; T=TOART o8 1153 048 1.6 3 4.5
2011 Effz; T=TOABRT a8 1349 0.18 13 3 4.5
2012 130  2.39 0.04 1.9 4 6
2013 @fz; TETOMET 35 9g2 074 75 4 6
2014 ‘iﬁ%z; TET AT 00 799 0.12 15 4 6
2015 D/ é’ﬁ;y%:f MIET 106 233 0.08 3.4 4 6
B BEOTIRIA f) T-AsBUT-Cdiamglkg, € Ofk 5% (PR )
b) TS A 2 0) CRSDRIAAKAHHIE D LA 2RI S M 23 il ©
C) v/ N AMHRHE MR 22 EY/J/AN
d) JERMERBRIE TR EO B ZE L THELE h) CRDRrIZI/u~ T 7iEEEN LIS DT IEIZ /3T T
S AU TS = ] 75 B e A HE AR A= RIESILTODN, U-NOFEFHE I EH S ORER Al
e JERFERBIETRELL TIFESh T b A TTWNATZ W X,

%58 ] P DA SO AR {22
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*5-1 ()

B . BBSEAICHRTS Mz Median®  NIQR” R CRDR" 15xCRD
HH 7R BRI (omgkg)” (%mgkg” (%) (%) (%)
e P — L
AN 2016 TERTSE=TLOABT 140 1104 0026 2.2 3 45
E'ET
g T — Ly
2017 ?"Lﬁ&f/jﬁﬁf VAT 116 8.73 0.22 25 4 6.0
E'=T
EEET =7, BT
N-N- 2009 TL 2 123 3.62 0.11 3.2 4 6
2012 115 2.17 0.10 4.8 4 6
2015 flfET =T Y] 1.29 0.07 5.5 4 6
T-P.0s 2007 AFEERRE 140 10.35 0.10 0.9 3 4.5
2017 HHEENEEN 121 15.25 0.20 1.3 3 4.5
C-P.Os 2007 YWAMET . E=7 143 9.81 0.13 1.3 4 6
2008 YWAEET LV E=T 146 15.82 0.13 0.8 3 45
2010 VABET L E=T 141  14.59 0.18 1.2 3 45
WABET =T, @m0 A
2013 129  20.60 0.20 1.0 3 45
VAERT E=T, 189 A
2014 g 126  10.41 0.12 1.2 3 45
WARET L E=7, EIRY
2016 e 114 1821 0.14 0.8 3 45
2017 VABRT LV E=T 115  14.63 0.14 1.0 3 45
SP.0s 2006 f?@iﬁﬁam’ VAR 4 1088 0.11 1.0 3 45
2009 BV AUEEA K 125 6.37 0.12 1.9 4 6
DABET =T 580 A
2011 114  17.44 0.22 1.3 3 45
[ ZENIN
W-P,0s 2006 Jf?/;ﬁ&ugm’ VAMETY 1e0 902 0.12 13 4 6
2007 VABET L E=T 143 7.02 0.23 3.2 4 6
2008 VY EET L E=T 149 9.16 0.24 2.7 4 6
2009 Y AUBEA K 144 457 0.08 1.8 4 6
2010 VABET L E=T 144  11.56 0.52 4.5 3 45
DABET =T 380 A
2011 ! 133 1451 0.19 1.3 3 45
RRATIR
2012 131 2.86 0.06 2.1 4 6
DABET =T, @m0 A
2013 o 134  12.09 0.38 3.1 3 45
DIET L E=T, YA
2014 gt 132 5.34 0.12 2.2 4 6

2015 VAT E=T 126 6.15 0.07 11 4 6
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®51  (Hix)

©)

w®E . RBREHICERTZ B Median? NIQRY R’ CRIDR” 15xCRD?
wp O EEAVIREES BRI (%,mgkg” (%mgkg” (%) (%) (%)
W-P:0s 2016 Z/Eg@%}/ TETLEEY 00 1368 028 17 3 45
2017 VABETE=T 118 10.77 0.22 2.0 3 4.5
T-K:0 2017 AHERER, ELME 113 9.02 0.23 2.5 4 6
C-K:O 2011 Fifghn i 122 10.41 0.23 2.2 3 45
W-K20 2006 b hnE 156 12.38 0.22 1.8 3 45
2007 N 145 8.43 0.15 1.8 4 6
2008 HfLhnE 147 11.39 0.15 1.3 3 4.5
W-K20 2009 il i 5 145 8.35 0.13 1.5 4 6
2010 A LAnE 142 14.72 0.17 1.2 3 5
2011 g e hnHE 132 10.17 0.17 1.7 3 4.5
2012 131 2.43 0.06 2.4 4 6
2013 EACANER, RRERIIEE 1+ 132 11.74 0.35 3.0 3 4.5
2014  Hifg N 130 8.80 0.16 1.8 4 6
2015 i b hnHE 124 6.27 0.10 17 4 6
2016 HEfLhnE 115 14.97 0.24 1.6 3 4.5
C-MgO 2007 FIIpEE ek 137 3.41 0.07 2.2 4 6
2008 K FE{b T A fE sk 142 4.62 0.12 25 4 6
2010 EIIPE ekt 137 3.11 0.07 2.4 4 6
2011 KER{bE HAEE 128 2.48 0.07 2.8 4 6
2013 iﬂ%gﬂe*ﬁ“ AN R 129 6.18 0.13 2.2 4 6
2014 RIIPE S L AEEt 122 3.37 0.08 2.4 4 6
2016 I pE T AR 115 2.40 0.08 3.4 4 6
2017  IIE S AR 114 3.59 0.09 25 4 6
W-MgO 2011 /Kb ek 119 1.94 0.09 4.6 4 6
2012 116 1.68 0.05 31 4 6
2013 FifE N 1 120 3.79 0.68 18.0 4 6
2014 EIPEE ekt 120 1.89 0.18 9.5 4 6
2015 Mt~ R A 118 1.15 0.04 31 4 6
C-MnO 2009 JARiMEZEREAIE 126 0.54 0.02 3.6 6 9
2013 AR ERE AR 115 0.51 0.01 2.8 6 9
2017 e B EEA IR 107 0.28 0.02 5.4 6 9
W-MnO 2012 112 1.25 0.03 2.4 4 6
2015 fifig~H 107 0.09 0.00 2.8 8 12
C-B:Os 2009 JapifiemZREA e 120 0.28 0.02 5.6 6 9
2013 fEAMEERESILE 104 0.25 0.01 5.5 6 9
2017 MERRPREEERE SR 99 0.17 0.02 8.9 6 9
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®51  (Hix)

Reh . RBIEACHSkTS M Median” NIQR” RSDw»? CRSDR” 15xCRDY

mp T LIRS BEH mokg” (emgka® (%) (%) (%)
W-B:03 2006 [EHEeHEEEH 132 0.40 0.02 4.2 6 9
2008 |FEHEALE AL 119 0.26 0.01 2.9 6 9
2010 |EHmAHEAmAEL 116 0.29 0.01 34 6 9
2012 103 0.24 0.01 3.6 6 9
2015 (IO MAHEAEE! 97 0.126 0.004 35 6 9
2016 (IO EAHEAEE! 91 0.162 0.007 4.6 6 9
W-Ca 2015 H{bhiro o 95 0.223 0.020 8.8 6 9
Fe 2012 86 0.240 0.013 54 6 9
Cu 2012 88 0.0545 0.0014 2.6 8 12
Zn 2012 87 0.0595 0.0029 4.8 8 12
Mo 2012 52 0.210 0.010 4.7 6 9
As 2006 84 1.89 0.19 10.1 16 24
2007 68 3.84 0.38 9.8 16 24
2008 65 414 0.41 9.8 16 24
2009 59 4.31 0.60 13.9 16 24
2010 61 3.62 0.36 9.8 16 24
2011 52 474 0.61 12.9 16 24

2013 52 10.31 0.99 9.6 11 16.5
2014 47 2.64 0.32 12.2 16 24
2016 45 9.68 0.99 10.3 16 24
2017 4 3.9 0.38 9.5 16 24
Cd 2006 95 1.26 0.11 9.1 16 24
2007 85 1.24 0.12 9.6 16 24
2008 86 2.60 0.15 5.9 16 24
2009 73 047 0.08 17.3 22 33
2010 79 1.22 0.08 6.7 16 24
2011 74 2.03 0.09 4.4 16 24
2013 65 3.02 0.24 8.1 16 24
2014 61 0.55 0.08 13.8 22 33
2017 50 1.34 0.13 10.0 16 24

h) h)

U-N 2016 JR¥F 52 2.54 0.37 14.7
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#£5-2 PRIV UWVERE IEEHT I3 1T 52006~ 201 74F £ 00 e [FIEER Bl ik O BT &

= 3 b) 0 d) =)
SEATE A hn Median NIQR RSD rob CRSDr 1.5X CRDr

s ()" (%)" (%) (%) (%)
S-S0, 2006 66 33.92 0.60 1.8 25 3.8
2007 67 28.25 0.87 3.1 2.5 3.8
2008 68 33.35 0.49 15 25 3.8
2009 69 32.67 0.62 1.9 25 3.8
2010 67 33.52 0.57 17 25 3.8
2011 59 30.69 0.75 2.4 2.5 3.8
2012 67 36.15 0.48 1.3 2.5 3.8
2013 60 35.18 0.55 16 25 3.8
2014 63 34.10 0.36 11 2.5 3.8
2015 62 32.34 0.71 2.2 2.5 3.8
2016 58 34.62 0.54 16 25 3.8
2017 58 37.22 0.61 16 25 3.8
AL 2006 75 50.56 0.64 1.3 2.5 3.8
2007 83 48.70 0.76 1.6 2.5 3.8
2008 86 50.90 0.71 1.4 25 3.8
2009 85 39.03 0.92 2.4 25 3.8
2010 85 49.26 0.80 16 2.5 3.8
2011 76 49.48 0.68 1.4 2.5 3.8
2012 77 49.95 0.71 1.4 25 3.8
2013 78 36.79 0.95 2.6 25 3.8
2014 77 50.83 1.03 2.0 2.5 3.8
2015 77 50.43 0.76 15 2.5 3.8
2016 66 50.42 1.03 2.1 25 3.8
2017 71 36.95 1.06 2.9 25 3.8
S-Ca0 2009 58 32.68 0.90 2.8 25 3.8
2010 56 41.64 0.78 1.9 2.5 3.8
2011 55 40.78 0.23 0.6 2.5 3.8
2012 57 40.53 0.60 15 25 3.8
2013 61 30.09 0.70 2.3 2.5 3.8
2014 58 42.79 1.14 2.7 2.5 3.8
2015 57 41.02 1.02 25 25 3.8
2016 52 40.01 1.03 2.6 25 3.8
2017 57 29.46 0.99 3.3 2.5 3.8
a) RO YfE d) AEEFEFRERVE THE O B 2 U CTHESES 3L T D 28 ] 1 BUFE A% Y 2=

b) mAAMEERE € MEANERERIE CRIELL CRFASILTV D M E B %
) W SAMEMERAERAE  h) HE
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®52 (k)

% .3 b) 5) d) e
kT AR n Median NIQR RD rob CRDr’ 1.5XCRDr

s ()" (%)" (%) (%) (%)

S-MgO 2009 58 4.48 0.10 2.3 4 6
2010 56 5.38 0.08 15 4 6
2011 55 6.24 0.12 1.9 4 6
2012 56 6.86 0.14 2.0 4 6
2013 61 4.62 0.16 3.4 4 6
2014 58 5.78 0.13 2.2 4 6
2015 58 6.60 0.16 2.4 4 6
2016 52 7.45 0.15 2.0 4 6
2017 57 5.24 0.10 1.8 4 6
C-MgO 2006 78 6.18 0.13 2.0 4 6
2007 86 3.17 0.21 6.6 4 6
2008 89 5.80 0.14 2.4 4 6
2009 87 2.34 0.20 8.7 4 6
2010 88 5.42 0.11 2.1 4 6
2011 78 3.36 0.23 6.8 4 6
2012 81 6.77 0.19 2.8 4 6
2013 79 3.77 0.14 3.6 4 6
2014 79 5.71 0.17 3.1 4 6
2015 80 4.87 0.25 5.2 4 6
2016 73 7.36 0.13 18 4 6
2017 69 4.36 0.19 4.3 4 6
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$6 RSB KFRBAE O R

szt Median® NIQR” RSDiob” CRIDRY 1.5xCRID &Y

=X ERTE B kR 71k P (%)f) (%)f> %) (%) %)
(fbRAEsr)
Mois W (S R D R R 123 3.45 0.17 5.0 - -
T-N IV — L 111 1052 0.11 1.1 3 4.5
PRIETE 15 10.44 0.13 1.2 3 4.5
A-N AREEE 112 8.73 0.21 2.4 4 6.0
T-P,0s ;JZ;;E?;?VEWV%:?A 109 1526 0.0 13 3 45
(*gi/“”iffﬂ/ o 79 15.29 0.16 1.0 3 4.5
JRAY — SRR 14 15.08 0.41 2.7 3 4.5
JRAE — FKR 3R 16 15.26 0.13 0.9 3 4.5
C-P20s &;;Eg?:/@?‘/%:ﬁb 114 1463 014 10 3 45
W-P,0s ;;;;%;TV@?/:E:WA 17 1077 022 21 3 45
T-K2O0 7L — A7k 82 9.06 0.22 2.4 4 6.0
T — DN EE 28 8.97 0.20 2.2 4 6.0
C-MgO 7L — ARG 106 3.59 0.09 2.4 4 6
C-MnO 7L —AJF Yl 97 0.28 0.01 5.2 6 9.0
|CP-OES}£ 7 0.28 0.01 3.4 6 9.0
C-B0s TV AF U HE 91 0.171  0.013 7.4 6 9
|CP-OES}£ 6 0.135  0.006 4.5 6 9
As KA F AL TR - 61 16 4.23 0.29 6.9 16 24
PEF NDF A ISR 19 3.84 0.30 7.7 16 24
Cd 7L — LR RO E 44 1.34 0.11 8.6 16 24
(BESUNF OB AR
SSI0: S b HUT AL 40 37.10 0.43 1.2 2.5 3.8
0B M TR R 16 37.30 0.72 1.9 25 3.8
AL TF L U7 NUE R 12 42.27 3.97 9.4 25 3.8
7L — LR 53 36.77 0.68 1.9 25 3.8
SCa0 7L —AFWeE 57 29.46 0.99 33 25 3.8
SMgO 7L —AJFARETE 53 5.23 0.09 1.7 4 6
C-MgO 7L — AT 62 4.36 0.18 4.2 4 6
a RO i d) JERMERERIE TRE O H 2L U THERES U CUD S ] PR BURE A e 22
b) A M Y e NUEFERRERTE TR LU CRFAR S TSR M B e Y 72

C) B NAMHXMREAE(R f) BHESR



144 NERHIFZE S Vol. 11 (2018)

3) FHBRRLAEDIEM

[Fl—ORERE|IZB WO THRESN - B 5 BRAE D z 2a 7 OBGRZ X 2-1~[X 2-6 [ZRUT-. BRI,
[] — > & [FFRER A UBHZ DU CRIBR O H 5 VA T R 722 D 5 (ERIEEHF 0 C-P,0s & C-MgO %), [Fl—D
e[RRI BEHT DU\ TR 2R Dl 5 1A TRl — DRl sy (EEBEEFH @ T-P,0s & C-P20s %) T,

WIZ, z ZaT WRIVEE2D A EEZNZ T2, ZOBEBUEATH O 7wy MNEFEEROHh H 515X R —
DRLGY DRNE BB CRFBEIRIRY O ER DD DHEE 2 Hib.

10
5
Q
& 0
O
-5
-10
-10
(2-1 fLEAEEHF DT-P,0s— [42-2 fREAEE D C-P,05—
C-P,O.DzA= 7 D Ef% W-P,O.DzA= 7 O B
¢ [F—RBREICBTHzZAaT7DT Ry b ¢ [Fl—BREICEBTHzZAaTDOTRY |

------- BRI (22 = 7 1R CAB AR 3 ELAR) mmmmm MY (22 2 T D3] UAE 2 R AR
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C-MgO

[X12-3 ALRALEHH D C-P,O5—
C-MgODzA=a T D%

o [F—HEREICKITDzRaTOT Y b

------- BRI (22 27 D3R CAR & /< 3 IELHR)

10 'I
5 T ’/”
. ‘/'
. ’1
% *e 0’ pe 28
S 0 — .
o * ',& *
/""
'5 ’I/' T
10
-10 -5 0 5
SMgO

10

X2-5 FLIUVTUWOEREIREF D
SMgO—S-CaODzA= T DEFf%

o [F—RBRIBIIBITHzAaT7DOTay b

------- BRI (22 27 D3[R CAR &2 /- 3 IEAR)

HES WD WERE IR C-MgO

-10 -5 0 5 10
{LREAEEF C-MgO
[42-4 ALRNEEF K OGRSV T ERE R
B D C-MgOD 227 7 B
o [F—AEREBICKITHz2aTOT Y b
------- BRI (22 27 H3E) CAF % 7”3 EAR)

10 7|

C-MgO
o
._4
'S
.
*,
* %
.

-10 -5 0 5 10
SMgO
[K2-6 FLSUVNFWVEREAERFF
SMgO—C-MgODzA= 7 D BE4%
& [Al—RE=EICBITHzAaTOTry b
------- W (zA =27 AR UAE 2 7~ 3B
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4) 53R R ER A AE D AT

(1) AbEIEEF DK S (Mois)

SN 126 FRRE DO D, 123 FRERE D H M S LD R L, 3R D Ky FHC LD izt kA
7o BRSO EE Sy Aia [K 3-1 1R T, S ) OY Median 13 3.45 % (& &3 %), NIQR 13 0.17 % (& &4y
) THY, N | LRI S 7R BRE X 2R D 85 %L725 107 B E CTh o7z, TR 2 | LRl S i 77k =
XD 7% CTHD 9 RBREN LY L. AKHIEDBRY, TBBENOIRE 31T —E Tidrel, fEicdo
CILFEBEOIREN R EIRE LRI DN HHT=80, MG B AR R AR A2 ENEELV. F,
HEENORINLV BRI RIE T 22D LD THEI NI,

() fLREE o %E 4 8 (T-N)

SN 126 RERE DO, 111 FRERE N7 V&2 — Lk, 15 BRESRBELE, 13RBR=E N B 8o E, 1505k
ED L — IR LK R RIEE . BB D BRI A2 X 3-2 12797, FEIfEIE 10.49 % (B &5 5),
Median I3 10.52 % ('E &7 %), NIQRX 0.12 % (E &3 3%) THY, zAa 72L&V i e | LRl S 7= 7Bk =0 %
BARD 88 %L 111 iR Th-o7o. [ 2 | LRI SN 72 B IT 2D 6 % THD 7RBREN LY LIz
DG 5 RREN T NA — ik, 2 BEREDNRBEEZ VT, TS — W5 R OSRBEE D53 BT SRR L
DUNVTIAN R LRl S AR B A RV CRAMED I KO EEAT o728 2h, TNENOFHHEICHE
KU B % THBERAETRDOLNIR) T2,

60 60
U EREETCCCREEEEEEFELEEEREEEEE BO f--==mmmmmmmmmmmmmm oo oo
O et I CEETEREEEPP PR EEEE 40 fommmmmmmmmmmmemee e

X3-1  ALRAEER DKy D3 HT AL X3-2 AbpkiEEthOEREED
SN SRR
E= AR e . o L 3l e e ANl A D LU
e —-— LA — LY
—— R ElE

(3) bEkEEIF DT =T 225 (A-N)
S0 116 RER=EDH L, 1 MBRENDNRLLAT LT EREE, 112 MR KEE, 1 RBR=ENH B EE, 2
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RREDPA R T =) — /W iEZ ATz, SRBREGE D & X 3-3 1R LTc. FHfEIL 8.74 % (E &%),
Median i% 8.73 % (E f&%7%), NIQRIX 0.22 % THY, z A= 72 L0 [l i | LF i S 7=k BR == 13 21K 0 86 %
E727% 100 R ThH o7, TR IS | RSN RBRE I X 2RD 2% T 23RS NGE 4 L, ZhbHIxAR Y
EERWIZRBRE Thoto. ZRBRIEIL, REBRIENYICT =T O N ERIED IR 2D, Tv
FVRNDORMNEITEE 77 A% F RRRIEEITIEE THIECIHEETOILNER DD, £, AMEE
TRl BHE, 7ADVANKER LT NID 2228, AR ROERICIEHEERD5ERHHDT, 7
IVAIVHIDRPNEE T DHLENHD.

(4) AbpkAEEF DY ARE 45 (T-P2Os)

BIN12L REBREDHD, 109 RERENNFREV T F UM T =y L, 1ERBREEN ICP I G4 AT,
1 5RBR = ICPE & Arisa iz, BRBRAGRE D BEBUMT A X 3-4 13, SPHAMEIE 15.21 % (E &40 %),
Median (3 15.25 % (E 453 %), NIQR % 0.20 % (EH &5 %) ThY, N id | EeHliS7oilRE= 132K 85%
705 103FERE Th o7, AR ) ERHMIS 7o BR=II 2R D 10 %75 12 BREN LS L, ZhbiX
TRCANFREVT T UERT =y KEE AW E Tho7-. SUEHAR ORI IEIZ W THERV A
1Toloblh, TNH — Vo iR TIT o7 BRE L T9 R =, AL —HEE I CTIT o7 =R 1T 14 3B =, IR
{b— FARGRETIT o7 BRE 1T 16 = CTh o7z, WEHRIROFARL 15% 2 HIEH CFEED £ LD
Ex AT ST2L2H, WTNHAHEKMES % THERAEITRO DN T-.

35 60
30 """"""""""""""""" 50
25 fommmeei ]
40
w1 ] i
e | L] i 30
20
10
0
9 § BRI 8 YV & 8
W W o0 W W 0B & o o O
LY/ SR S A S S S S SEVAN
(W(EE7F))
X3-3 AfbAAEEF DT o' =T HEESR X3-4 AvRRAEEIR OV AR RO
Dy AT AR AT AR
AL mmmEeb LV e == AN )2 5 LU
BT 7328 == )L — L5 iR

@ KA —HiFEE  —le— KA — FK R

(5) AbAAEEF OLIEMEY A (C-POs)
SIS RBR=EDOIG, MMARBRENATREY T FUBT B LE, LERBREDN ICPRIE o iriEs:
FANT=. FRBR SRS D B $5 Ai Z [X] 3512~ 3. SEEIE 14.61 % (E &4y 2K) , Median| 14.63 % (& &4y =K),
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NIQR (% 0.14 % (& &3 3) THY, M | LRS- =IX 2R D 81 L7225 93 R =E Tho7-. [
JE RIS NI RBR XA D 10 %lldh 75 12 BREN L YL, ZNLIET XTSRRI T BT
=Y LEE FAWTZRERE ThoTo. BEMEVABORIERHZIE, SREHRA SR CTHolc& 3528, 3EHK
W R OEHER TP DL 2 AU BA TRl — S L, R EikIE 30~120 3 OIS E A TS LI LI BESRZ.

(6) ALEZNEELF D KIAEMED AR (W-Po0s)
S UBRBRE DS, NTHREBRENRNRFREN T FUMT B LE, 1ERBREN ICPI IS e mihiEs

T, FREBRRGRE O FE R 3 AT A X 3-6 1273, ¥ fE 10.77 %(

)i =N AN
(=B

#R) & Median 10.77 % (& &5 5),

NIQRIZ 0.22 % (E &3 R) THY, Nilijd | LFHMES TR E X 2K D 84 % Th 7=, TR 2 | LIS 7=
FERE 1L RIRD 10 %IH 722 12 FRBRENE UL, ZNOITT R TRFREV T F U T = AEE V-
HBR=ETH-o7-.

55

& &8 &8

30
25
20
15

N

o N <
S 3 3
v

(%(

® o
S 9
1

I ~14.6

)

X3-5 ALARAEEF O <MY AFERD
AT AR
e i . . D L i T

X3-6 ALRRAREH R OKEM: D AERD
AT AR
e i . . AR LV i T

(7) AERERHERLH O § 42 (T-K20)

ZN N3 HBRE DD, 82 SR N T L — LR ROLTE, 28 BN T7 L — 2O EE, 2 3 BR=EDY ICP ¥
SOy, LIBREAN ICPE B TiEs Az, SRBRAE O BB i 2 (X 3-7 1. 4411 8.97 % (L
®73) & Median 9.02 % (& &7 3%) ), NIQRIF0.23 % (& &%) THY, [ e | il Szl = 132k
D 83% Th-o7-. [Aiife | LRS- BR = 1T 2R D 12 %I2H 725 13FRBRENL Y L, NakiZ7L— 20
FEIED LRABRE, ICP R e HriED 2 SBR=E K OV ICP H &EITED LIABRE Th o7z i Ioeik &
7L — 2R ERIZE DB AR IS DWW COEBMED L DR EEAT o122 A, ZNENOFEEEICA K
5% CH BRZAITERO LI, FEHEIR OB T IEIC DWW THE IV A T o712 825, JRAL — R
W CIT -7 RBRE L 75 BB, KL — FARD I TIToToiBR =R 22 R E Th o7z, ZHLEERAIR O
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L FEMED L DBEEAT 12825, WTNLABKEES % THRRETRBOLN»-T. T
— LIEEE N OVE A O GRDETE THIE 3 2B 13 B O ERR IR B L, R 7ARERIC OV T, e
DI EEBITIRELEDELLIENHLOTEMINIHTHR S 2B ENDHD. £, ERICITAHAROE %
BhERDSFES DT, MIERHTITEEHE M OFR IR OIS, B ORIREZ R — & T 0ZENEELL .

(8) fbpkfEst <M 1 (C-MgO)

2N 114 3R EREDHD, 106 FER=E N7 L — LR FOETE, 2 305R=E7 EDTA 1%, 5= ICP 650t
SINTIE KON 1 3RERE D ICPE S\ T ika W e. BB O A X 3-8 1273, FHfEE Median &
H123.59 W (EH &5 HR) THY, Milid ) EFHliSAL7oiBR =T 2IKR 0D 82 % Th 7. T2 | Ll AL 7oA
FIIDERD8WITHT-% 9FBRE LY L, WERIZTL — AR TG EN 735 E, EDTA LA 13, ICP
BN HMED 1RBRE Th-o7z.

55 50
50 p-------mmmm - dededaiieleet el S N e EE L T LT e T
I e I e et 40 bocmmmmmml] ool
40 [---mmmmmmmmmmmm oo oo 35 bommmmmmmeeeed e
c'oJ NSRRRRRRRRRU ([
B oo | b Lo
EZS
/o NS () SR
N ® Ty N QO Q9 Q
M MO O O O O 0O 6O < <
ME ol A
(%(E &5 %))
BI37 (LA OB A B SR K38 ALPIERRT D < L0
= AN il 2 D LD . .
0 R e o L) i R
— L AR N s i

—— 7 L— Lt

(9) ALEEELFOLEME~ 77 (C-MnO)

ZMN107FRER=EDOG, 7R ENT L — LR FUOLTE, 28BRES WL RV Y 205, 755728 ICP
FENA K HTIE KON 1 BRERE DS ICP B & /T ik vz, BRI O BRI A X 3-9 1. M
0.281 % (& &4y %) & Median 0.283 % (& &7 %) THY, [ e | LFHliS 7B = 1T 2R 90 % Th-o7-.
(R R ) LR S U7 BR R IT 2R D 4 %2722 4 RBRE D GE 4L, TR TOT L — A TG IE TH- 7.
7 L= N A EE R OV ICP 605 He W I L DB AR 2 DWW OB D I L DR EEAT 21225,
ZIENDOFIEIA B AKYE 5% CHERETRD LN oT2,
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(10) AfbpAEErH DO<EENEIFZD F (C-B20s)

BN RBREDIL, L RBRENT Y AF L HIE, 1EBREN L7375, 6 3BRED ICP FE 65 65T
15, 1 HBRED ICP B oHriEE Az, BUBREGE D B i %X 3-10 127, FHfEE Median &H1C
0.170 % (&3 =H) THY, N | LiHiS =B ERIT 2RO 82 % Th-7=. [AlE | LS ikBr=
IZEIRD 6 %IZHT-D 6 EBRENGLYL, T XTT VATV HIEThoT. 7Y AT HIER OZEO/MD 554
B EDRB AR I DWW COEIED LD EEI T T2 2A, TNENOEHMEICAEKIES B THER
ZENRROONTZ. Fo, £ 4 TRLTNHERY RDrop 13 CRDRD 1.5 (A Y Th o7, Ykl BHI A
I, AEHATI RSB @B LN, BASETEREITIT Y AT HIEDMOO 7B AR &
SHESNAHNZSHST=ZE D, FEHAIR D& 8% RIT Ui L RSz,

35 30
30 frmrmmmmmmmmmmeonl [mmmmmmmmmmoo 25 b ed e
73 R R PR ]
7 J)| S R () SR——
I i O O E—
" R N
yT- AR [ ) A —

I Q8RR IJI 88 B %
O O O O 0O OO0 o o o o
ME LA
(Y(E 257 3))
X3-9 fLREAEEIF O W~ H D X3-10 fbEZIEEHF O < TEMEIE D FEo
ST AR SIHT RRE
Co ANl . 5o LYY i e e AN A . L = i

(11 AbEEEF DU (As)

N 41 RERE DD, 16 FREREAVKFAL I AT TWORIE, 19 MBRENR Y =F LU F A L IR
15, 5RBRED ICPFN T, 13BRED ICPE &0 ikd AV o, BB O A X 3-1112
9. ST 4.03 mg/kg, Median (3 3.96 mg/kg, NIQR 1E 0.38 mg/lkg CTHY, [ & | LM S 7= sk = 1k
BIRD 80 %k70D I3FBRE Th o7z, [ 2 | LA S AU/ R BRI RIR D 12 %lid 75 SBRE N FZ 4 L,
KB FE AT FRINED 2R, VTN DT A TSI ERERIE, ICPFL o KT ik e O ICP B &
SIFTIEDA 1 RRE T O Thorz. KB R AT TRIER OV TF VLT A I S BRPHEIC LB
BR AN DWW OB D IS L AR ERATHT2L 25, TNENDEEMEICH B YES % T B2 AT
IRhoT-.
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(12) bR g AR 2 (Cd)

ZNB0RERE DO D, 44T ERE N7 L — LR FUOETE, 5EEREEDN ICPIE ik, 13ABR=E73 ICP
B EONTIEZ W, BB O BB AiA X 3-12 12~ FHEI 1.32 mg/kg, Median i 1.34 mg/kg,
NIQR!Z 0.13 mg/kg THY, i k& | EFEAS A= 3 BR SR IX 2R D 78 %L/ D 39 ikBR =R CTho7-. [ R ie | &7F
ST FRBRE TR D 10 %2722 SFREREN LY L, 7L — LR FOEEN 33 BRE, ICPR Nt
Frik e OV ICPE BHTENS L iABRE T > ThoT-.

12 16
[ ] 14 Focmmmcmce| e
10 F------------mmooo| oo
L 12 Focomooeoo |
P I R N |

10 ----------- [ oo

i
(o]
_—e
|
i
(ee]

) ~ O ) N~ O [ e e e e e e e e |
N O o ¥ w0 LY/ /R Z S S S A A S 2 R BAN
' ! (mgkg)
(mg/ kg) g
X3-11  ALEAEE D OB O/ Rk X3-12 fLREER O S I T LD
e BT N SN VAR DS
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AR RITRIRD 9 %IZH 722 SRERE THY, So bWV T AEN 4385 E, W RRRIEN 1RBR=EThoT.
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) THY, Nl ) LIS B E 1T 2RO 82 % Th o7z, [ E | LRl S 723 BR = 1T 2R 0 11 %l
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2N 69 HBREDHIL, 62 FBREN T L — AJF-WEiEE W,
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5) NBmEEBRLFMEROER

Z DI A BREBR T T o 72 0 HT IS DN T, HRAR LA RR I I 5 RIEAZE HE ) BT 45 4 I T PN o 7
REROFERR AT A L=, £ 7 DBV, 147 RERE (2RO 97 %) HDRIZERH 7. 90 R E (D
59 %) DM OFEE B & TN S0 B A A FE L Cash, 57 3R E (&R0 38 %) 23 FHEL TV 7ei»
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KD 33 %) A= D H@EEUEr, 13 3BRE (2R 9 %) A3l B O FLEUEH IV T2 (3R TT)

O CE BB ORE I3 2Rl T k2T L= 25, IREEREE Y E 2 V- 49 SBRE DO D,
A3 BRI IRRAAZ EY E O 7 DI FEH S TV DB IR L - AUE R CHIWT 5 71k E Loz, &z,

WEEOIIEE R E V- 50 BRE DI D, 46FRBRE|L z AT TRl 2 5 1EE AW TV, Zoft, JhE O
EHHEHC KON ER B B HLA L QDB S 2B WO L QU BREURE R OV S HED 3 2 3 8 1T
AL, WBET =0 MEORIEEFAL, S0 8S OBGRIEE LT 220 ) ik, IEEE AW T E
DA FHLEEL THWAEFINL N LRI,

F7o, BRI L 72 P A B A BRERIR 0 FE R e &4 R FEf L 7= 36 @ kD z Ao 7 & bk L7z
FEREE 9 LUK 10 IZRLT-. C-MnO, S-SIO #BRNT, PHRALEE B F4HE L7213 DSk BRiig 1l ¢
R e R S D RREBRE 2V D AW ME A A DT, Fe, NERGEE BB A L TV DRBRE T, A~
T e LR S 7= R BR EE O L, IRENERERE HEY L ORI E D L E FR A OFIPAZ B 2 T 72D, wE ok
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6) <EHEVARRUKBEVARICETSEERLEDORZE

AR AW TAL BRI AT O LAE BB DD, IERERERIED AN TRV T TR T %
=0 DO EEIEIC KD VEMED AVER S OVKIENED A B OFRERClX, SUBHERIRD A (Al CE BRI ENH LY
ANTIRIEME R E W TILBRAATH ZE N TR S TVD (LLUT TTEPE R ALER | LRCH) . ZOVEME R LR D 5 8%
#F 1L ITRLE-.

NFREVT T URRT =0 DRI EVE TERIED ABE% T LTz L4 FRRE DS BIS T BRALEE M T
NI=DIX 26 BT THY, 88 FBRE CILIHIERILI I T O~ 7. IHMERUELOF WL N L UL Dy
HrESiE (TR 2 ) L7 s Te AT EABR) IS DWW, SEEMED 2T RO EERAT-12L A, AEAKNE 5 % TH
RO O, IEHE R ZAT 2o 7855 OB ITTEE RALBR A AT D72 o T2 3565 O R LKL, 2D
7413 0.10 % Th-o7-.

AR ST REV T T U T =y AR IR CRIBVED AR E 3 AT LTz 117 SRBR=E DH H 27 3 BR =
TIGTERAER A T4, 90 FBRE CIXIGTERAER 3T bieh o T, TEMERMELO A EZ 2L D5y
HrESAR (TR 2 ) L7 s Te T IEABR) IS DWW, SEEMED ZEC LD EEAT 212 2Ah, AEANE 5 % THE
RO LI,

UL STREYT FURT =0 MO e BT D AR
OUKIENVED ABRIZ B U DIE M IR ALEL oD 22 28
o TEME R ALY TGP IR LR 72
paj
A Y (%) AmEs® T (%)
SYRVED A 26 14.55" 88 14.65”
IKIENED AUBE 27 10.73 90 10.77

a) i /2 (2] = 3) &7r o TRk BR = K OV T iE A FR<.
b) thR &0 AEKHES % TrEDFEOLIT.

6. ¥ &

2017 4EFE MRS FEE B 700 D L [RIFRBRIY, (LRAEE} 12 531 140 3RBR SR, SESUNTVERE AR 3 55y
(ZT3RBREN BN, BB W TR R AE 2 2 NANEIC LD 2237 2 WML 72 &25, T 2
([4=2) JEFHES N RBREOE AT 78 %~93 %, [RiE (|4=23) | LFHESh-RBREOE ST 3 %~
12 % Ch-7-. BEORBIECLHME TTRBELL_ LA L FIERIC OV TOEEO 22 R ELT-ED
5, TV (AL) IZFBWT EDTA 1EL7 L — AR FIROCIED TIER CTH BERZNRO LI, ZIUTFLSW T
WIRE BN~ T D EFNTWAZENE R EE 2 bz, £z, NEE B HIZREDO LA T, £ 6 F
DOFRERZE MO DOEEEE A TN B E B AT o CWAIEN o7z, £z, WL E & R %
Fhi L TODRRBRER I, FEMIL TRV ERBREE L LT, z A3 T XA R R DRl 252 1) Dk BR = /3 72
VMBS LB, RS BRO BB MEDD MR T

NERF AT IR A BT 2 R EN <, SR OWNVELZ O TH 2 EOW EIZEO 0B HD. T
(ZSERE FR ORI 2D, PER GRS BB 2 B AN COMT i O B A1 THZ L C, —BRBR=EOF Mk
TR ELEEZDND.
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Result of Proficiency Testing for Deter mination of Major Components and Har mful Elements
in Ground Fertilizers Conducted in Fiscal Year 2017

Satoko SAKAIDA!, Hisanori ARAYA?, Toshiaki HIROI®, Takao YAMAOKA®, Masayuki YAMANISHI®,
Erika HIRATA®, Yuji SHIRAI* ,Norio HIKICHI,and Toshiaki IMAGAWA’

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed | nspection Department
2 Food and Agricultural Materials Inspection Center, Sapporo Regional Center
3 Food and Agricultural Materials Inspection Center, Sendai Regional Center
(Now) Food and Agricultural Materials Inspection Center, Sapporo Regional Center
4 Food and Agricultural Materials Inspection Center, Nagoya Regional Center
5 Food and Agricultural Materials Inspection Center, Kobe Regional Center
6 Food and Agricultural Materials Inspection Center, Fukuoka Regional Center
7 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2017, 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-P.Os),citric acid-soluble phosphorus (C-P.Os), water-soluble phosphorus (W-P2Os),total
potassium (T-K20), citric acid-soluble magnesium (C-MgO), citric acid-soluble manganese (C-MnO), citric acid
-soluble boron(C-B20s), arsenic (As), cadmium (Cd) were analyzed using a compound fertilizer sample.
Acid-soluble silicon (S-SiOy), alkalinity (AL) and citric acid-soluble magnesium (C-MgO) were analyzed using a
silicate slag fertilizer sasmple. Two homogenized samples were sent to the participants. From the 140 participants
which received a ground compound fertilizer sample, 41~126 results were returned for each element. From the 73
participants which received a silicate slag fertilizer sample, 57~69 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 %~93 % and the results from the satisfactory
participants were ailmost normally distributed. The mean and the median of all elements dightly differed from
each other. Where more than 7 results were returned, no significant distribution difference was observed between
the different methods used except for 1 element (AL).

Keywords  proficiency testing, compound fertilizer, silicate dug fertilizer, ISO/IEC 17043, z score

(Research Report of Fertilizer, 11, 129~158, 2018)
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— EECEATE FAMIC-A-17 OFf 5 —

FROCE T !, /NGRES?, SR B2, RIS RS,
PRMEIZ?, AR E?, AHMIE?
F*—DJ—F  GRAEAEVEWE, & EEALEEE, 3RSy, ISO/IEC Guide 31,
ISO/IEC Guide 35, [R5

1. [XL®HIC
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OERERAZAEN S C (THIRREEIED 23R 5L - IR7E L TR0, LD SOV T E BRI A MR O
728 1SO Guide 34:2009 (JIS Q 0034:2012) ¥ D5 Hifff K OVEFEICBI T2 ERHIH | A 2B TR T HZ Ll
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2) RIHREMHEEHOFR
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& 2 WA VMR ORI R
a) E’Zi@{@b) SrC) R rd) CRSD re> Sbbt) Sb+rg) RSD bJrrh>

AR A5y AREHE oY oY () G P o ) F g

K%y (HO) 10 (0) 1.33 0.26  19.8 2 0 0.26 19.8 0.43
EHRLE(T-N) 10 (0) 14.03  0.07 0.5 1.5 0 0.07 0.5 0.57
TUoE=THEZEFE(AN)  10(0) 1132 0.05 0.4 1.5 0 0.05 0.4 0.79
SYENED AJBE (C-P20s) 10 (0) 13.30  0.07 0.5 1.5 0 0.07 0.5 0.44
EEPEIE (C-K20) 10(0) 1434  0.20 1.4 1.5 0 0.20 1.4 0.65
HHETE - (C-MgO) 10(0) 3.70  0.04 1.0 2 0 0.04 1.0 0.59
e~ H (C-MnO)  10(0)  0.355  0.015 4.2 3 0 0.01 4.2 0.65
<EMEIEH F (C-B0s) 10(0) 0.561 0.026 4.6 3 0.01 0.03 4.9 1.29
KEAEMIFHZE (W-B03)  10(0) 0.467 0.008 1.7 3 0 0.01 1.7 0.24
JRFEMEZE T (U-N) 10(0) 227  0.02 0.8 4 0.01 0.02 0.8 1.25
Ly MEZE R (B-N) 10 (0) 0.0078 0.0001 1.3 6 0 0.0001 1.3 0.63
a) ShAUERERSNMEZ DB, g) DHMTHREEE A& TRl AR e 2=

() DfE I Cochranfi & 12 LD A UE L 7 o 7= 3B Sb4r = Spp> + Sy
b) - EEIE SR UEBRIME ORCBHEO2 SO T4T)  h) BHTREE 25 o alRk AR R Y (R 22
¢) DM TIEYE(R £ D) — oAl E S BT IC L R S = okt
d) PHTHE R AR 2= j) F BE5YE;F (9,10:0.05)=3.02
e) DHTHXHERERZZD B % k) HEnR

f) BUBHHEIER MR 22

2) HFEGRERAE

FRBREDOHE SN LR EZE 3 1IORLZ. 2 RBRGIEICOWTO LR iz E R eI
DNTTH12ETA, F REICIVFES M THHI MR, t BEICIVABEENROOLNRN-T2DT, 2
EORERE S DY TN T 528U, —F, TUEBESTHERHFITOWTIL, 2 BRI IER D4 83545 8
TIFRDSTED, FE TRV ERE LT t REEITWAE B2EITRO NIRRTz, ZDTD, ToE=THE
FZHONTH 2 R A IEORE RGO T+ 228L LT,

K ARBRTE H OFBR B IZ OV T IS0 5725-2:1994  (JIS Z 8402-2:1999) ¥ A5 B | FHLEEJ- 52 L L1, i
BR AR DA A R 3572812, Cochran FE & Y Grubbs MEE ENEL, A5 /K%E 1 %DIMVEEERINL
7-.

Cochran i E COEHEIIBMNARRED 29 FTY LT, FT-, EULyMEZREIZOWTINIE (G A &)
NIE & FIRAHECThoTeleh B &L, Cochran IUEICL DR ZATHO/RD -T2, £D1% Grubbs M EA{T-
72h3, 2777V Grubbs #7E, ~~7 Grubbs i E DU TH RIS HRERE T8> Tz
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< 3 IL[AEBR AR (B &5 % %)
—[=EH EIRE
ARERTH H " HEmE  JEmE HEm HEE  JEm HEmE
KAy A 1.15 1.16 1.15 1.17 1.14 1.16
B 1.36 1.36 1.31 1.42 1.46 1.43
C 1.14 1.18 1.16 1.03 1.04 1.04
D 1.23 1.26 1.25 1.21 1.24 1.27
E 1.24 1.17 1.19 1.27 1.22 1.18
F 1.64 1.61 1.73 1.68 1.76 1.83
G 1.66 1.60 1.78 1.53 1.45 1.64
H 1.40 1.38 1.37 1.54 1.60 1.59
I 1.75 1.78 1.76 1.52 1.54 1.56
J 2.11 2.07 2.03 1.94 1.75 1.95
K 1.56 1.56 1.63 1.67 1.64 1.67
L 1.30 1.22 1.25 1.04 1.03 1.06
M 1.56 1.61 1.48 1.54 1.47 1.40
N 1.46 1.61 1.50 1.40 1.45 1.39
0 1.76 1.76 1.76 1.87 1.74 1.75
P 1.13 1.59 1.15 1.70 1.64 1.56 "
EREE A 14.11 14.07 13.96 14.03 14.03 13.99
B 14.31 14.32 14.28 14.37 14.33 14.40
C 13.93 13.94 13.94 13.87 13.87 13.87
D 14.13 14.15 14.16 14.13 14.17 14.21
E 14.24 14.23 14.17 14.25 14.26 14.32
F 14.08 14.12 14.08 14.08 14.11 14.10
G 14.21 14.13 14.12 14.15 14.16 14.17
H 14.10 14.12 14.09 14.11 14.12 14.13
I 14.02 14.11 14.00 14.07 14.01 13.99
J 14.09 14.09 14.09 14.08 14.15 14.07
K 13.55 13.70 13.20 12.83 13.10 13.10 "
L 14.03 14.03 13.92 14.04 14.01 14.08
M 14.05 13.99 13.99 13.97 13.95 13.97
N 14.20 13.76 13.80 13.94 14.09 14.07
0 14.03 14.06 14.04 14.03 14.01 14.01
P 13.81 13.71 14.05 14.01 14.12 1411
K* 14.20 14.20 14.02 14.08 14.06 14.09
L 14.15 14.21 14.22 14.16 14.12 14.15
M* 13.95 14.04 14.15 14.06 14.00 14.11
N* 14.21 14.16 14.17 14.13 14.20 14.18
O* 13.88 13.83 13.76 13.65 13.61 13.73
p* 14.15 14.00 13.90 14.01 14.63 1450

a) FL[FEEBRICSINL 723 E DR 5 (IEANR])
* BRI T ERBEL NS — IHEOHITIRBEE T, 78 =T HEFR LRIV LT VT ERIEDMIC
RGBT UR=

b) AITURIEICLDI
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#3 fix
—[FlH I EIRE|
FERIE H " HEfE JEmE JEE WEmE JEfE JEE
FoE= T A 11.92 11.99 12.04 12.00 11.99 12.00
o3 B 11.41 11.54 11.54 11.45 11.52 11.45
C 11.56 11.49 11.52 11.73 11.68 11.70
D 11.73 11.71 11.76 11.80 11.79 11.77
E 11.90 11.91 11.82 11.93 11.93 11.99
F 11.75 11.81 11.73 11.71 11.68 11.76
G 11.60 11.63 11.63 11.65 11.70 11.65
H 11.67 11.69 11.68 11.68 11.70 11.69
I 11.76 11.80 11.77 11.82 11.85 11.75
J 12.17 12.17 12.21 12.10 12.16 12.11
K 12.03 12.06 12.09 12.12 12.03 12.02
L 11.47 11.46 11.47 11.44 11.45 11.45
M 11.69 11.66 11.69 11.66 11.64 11.69
N 11.62 11.59 11.66 11.63 11.67 11.61
o) 11.56 11.50 11.62 11.88 11.73 11.86
p 11.31 11.24 11.35 11.66 11.65 11.68 "
A* 11.70 11.62 11.67 11.65 11.66 11.65
K* 11.50 11.70 11.70 11.50 11.60 11.60
L 11.65 11.65 11.64 11.74 11.81 11.69
M 11.83 11.82 11.73 11.75 11.65 11.73
N* 11.58 11.62 11.56 11.41 11.71 11.65
O* 11.54 11.57 11.50 11.64 11.62 11.66
p* 11.68 11.55 11.52 11.76 11.67 11.69
<EEMED AURE A 13.24 13.25 13.22 13.21 13.21 13.20
B 13.12 13.49 13.23 13.62 13.48 1353
C 13.34 13.37 13.37 13.32 13.35 13.33
D 13.31 13.29 13.25 13.33 13.27 13.28
E 13.27 13.23 13.24 13.22 13.23 13.26
F 13.20 13.23 13.36 13.30 13.32 13.35
G 13.28 13.46 13.33 13.42 13.34 13.34
H 13.26 13.27 13.22 13.21 13.19 13.21
I 13.28 13.19 13.24 13.26 13.31 13.22
J 13.61 13.53 13.43 13.63 13.37 13.41
K 13.48 13.49 13.49 13.36 13.38 13.28
L 13.38 13.21 13.40 13.33 13.27 13.31
M 13.36 13.45 13.38 13.44 13.43 13.31
N 13.21 13.13 13.26 13.35 13.44 13.17
0 13.41 13.50 13.37 13.24 13.39 13.33
p 13.24 13.26 13.36 13.24 13.29 13.23
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*3 HiZ
—[alH —[nlH
ARBRIE H A" e JEE . e HEiE HEiE BEE
<EEPEINE A 13.89 13.88 13.85 13.83 13.83 13.94
B 14.51 14.52 14.39 14.14 14.17 14.25
C 13.62 13.68 13.65 13.68 13.67 13.65
D 14.10 13.86 13.75 13.92 13.81 13.82
E 13.70 13.72 13.77 13.78 13.87 13.70
F 14.06 14.14 14.01 13.94 13.96 14.11
G 14.15 14.11 14.01 13.96 13.98 14.05
H 13.83 13.78 13.81 13.52 13.53 13.50
I 13.78 13.93 13.80 13.86 13.85 13.84
J 13.98 13.90 13.83 13.99 13.86 13.83
K 14.02 14.00 13.74 13.69 14.23 13.72
L 14.20 14.38 14.20 14.08 13.98 13.93
M 14.24 14.12 14.28 14.11 14.19 14.22
N 13.66 13.91 13.71 14.21 13.82 13.70
(0] 13.93 13.92 13.82 13.93 13.96 14.03
P 14.05 14.52 14.58 14.26 14.43 14.37
<A A 3.60 3.59 3.62 3.61 3.56 3.62
B 3.42 3.39 3.39 3.43 3.41 3.39
C 3.61 3.63 3.64 3.59 3.65 3.62
D 3.47 3.43 3.49 3.35 3.44 3.53
E 3.58 3.54 3.55 3.58 3.52 3.54
F 3.50 3.43 3.42 3.47 3.46 3.46
G 3.52 3.45 3.44 3.61 3.57 3.57
H 3.54 3.54 3.52 3.53 3.57 3.52
I 3.54 3.56 3.51 3.61 3.51 3.62
J 3.71 3.69 3.74 3.63 3.60 3.61
K 3.61 3.54 3.61 3.49 3.54 3.51
L 3.55 3.59 3.62 3.59 3.57 3.54
M 3.51 3.57 3.51 3.52 3.51 3.53
N 3.44 3.45 3.44 3.46 3.42 3.52
(0] 3.53 3.47 3.50 3.60 3.57 3.61
P 3.67 3.74 3.72 3.64 3.64 3.61
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#3 fix
—[El A G
AERTE H SHEpe” HEfE JEmE JEE HEE JEmE HEE
YA A 0.297 0.301 0.300 0.303 0.301 0.298
< H B 0.317 0.319 0.320 0.319 0.319 0.317
C 0.334 0.340 0.340 0.332 0.334 0.333
D 0.325 0.316 0.317 0.324 0.322 0.320
E 0.329 0.323 0.325 0.319 0.318 0.327
F 0.303 0.295 0.301 0.295 0.306 0.298
G 0.305 0311 0.304 0.314 0.306 0.313
H 0.296 0.290 0.293 0.290 0.294 0.292
I 0.320 0.321 0.323 0.309 0.311 0311
J 0.313 0.315 0.315 0.311 0.318 0.318
K 0.318 0.314 0.310 0.310 0.309 0.319
L 0.333 0.322 0.328 0.324 0.331 0.324
M 0.318 0.319 0.324 0.321 0.321 0.320
N 0.314 0.316 0.324 0.296 0.299 0299
0 0.298 0.296 0.297 0.293 0.297 0.301
P 0.335 0.368 0.382 0.318 0.328 0326 ”
YA A 0.554 0.566 0.554 0.556 0.562 0.558
ESE= B 0.568 0.568 0.561 0.542 0.553 0.538
C 0.571 0.565 0.567 0.577 0.573 0.574
D 0.556 0.555 0.560 0.563 0.565 0.563
E 0.547 0.539 0.530 0.515 0.531 0.522
F 0.549 0.546 0.547 0.537 0.543 0.549
G 0.548 0.548 0.552 0.563 0.566 0.563
H 0.530 0.528 0.530 0.533 0.530 0.530
I 0.500 0.498 0.491 0.500 0.493 0.491
J 0.553 0.551 0.549 0.563 0.555 0.558
K 0.573 0.575 0.572 0.566 0.563 0491
L 0.566 0.564 0.561 0.550 0.550 0.550
M 0.603 0.578 0.597 0.582 0.573 0.588
N 0.566 0.572 0.567 0.582 0.583 0.583
0 0.570 0.554 0.558 0.588 0.566 0.553
P 0.561 0.561 0.573 0.568 0.570 0.573
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3 ke
—[alH —[nlH
ABRIEH ke AEmE EE EE HEmE e EE
KM A 0.445 0.436 0.444 0.444 0.444 0.447
ESES B 0.454 0.474 0.461 0.462 0.461 0.470
C 0.448 0.455 0.450 0.452 0.457 0.453
D 0.458 0.460 0.455 0.456 0.445 0.444
E 0.460 0.466 0.466 0.460 0.454 0.463
F 0.443 0.444 0.451 0.445 0.455 0.453
G 0.464 0.465 0.470 0.462 0.469 0.466
H 0.454 0.456 0.458 0.454 0.452 0.457
I 0.433 0.427 0.429 0.424 0.425 0.424
J 0.433 0.443 0.429 0.462 0.464 0.454 "
K 0.445 0.447 0.445 0.446 0.444 0.438
L 0.430 0.433 0.437 0.444 0.442 0.444
M 0.462 0.460 0.455 0.459 0.463 0.456
N 0.440 0.444 0.448 0.462 0.458 0.466
O 0.433 0.436 0.421 0.437 0.437 0.440
P 0.470 0.456 0.466 0.474 0.460 0.467
PRIGVEZEFR E 2.03 2.01 2.01 2.00 2.04 2.05
F 2.50 2.71 2.53 2.44 2.43 2.46
G 2.25 2.22 2.24 2.23 2.25 2.24
J 2.26 2.18 2.33 2.19 2.22 2.27
K 2.35 2.37 2.35 2.37 2.36 2.34
L 221 2.19 2.23 2.27 2.24 2.30
M 2.25 2.24 2.25 2.24 2.23 2.25
N 2.16 2.27 2.28 2.15 2.13 2.15
(0] 2.27 2.29 2.28 2.21 2.22 2.21
P 2.27 2.26 2.26 2.54 2.36 2.33
Ly M E 0.0086 0.0087 0.0085 0.0086 0.0085 0.0084
EHR F 0.0036 0.0036 0.0036 0.0037 0.0037 0.0036
G 0.0102 0.0116 0.0115 0.0101 0.0102 0.0102
J 0.0092 0.0092 0.0090 0.0093 0.0093 0.0093
K 0.0102 0.0102 0.0103 0.0104 0.0105 0.0108
L 0.0089 0.0109 0.0099 0.0081 0.0082 0.0087
M 0.0080 0.0081 0.0082 0.0089 0.0089 0.0088
N 0.0100 0.0090 0.0097 0.0124 0.0122 0.0123
(0] 0.0121 0.0119 0.0121 0.0123 0.0118 0.0121
P 0.0077 0.0078 0.0077 0.0089 0.0075 0.0073

3) HRIFAER AR D

S Z RO LT RRBR R S0 T L7, BPAR YRR 22 (sy < Rl — 3B E T H 2L 2 GRBRE FE i L
TWHIEDD H A EZETe), =M ABEERZE (sp), ERAFBAEHETER 7= (RSDr) M OB ER A
(ZBIT D E MBI R 2D B %2 (CRDR) 3 4 (RLTZ. 72k, 2 HMICOIMIEELT — 1 E 1
By I RIT LT2 825, A K OFEIR AN SR CAEL 725 Z LA MR LTz
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W HAR R AR 22 (RSDR) 137K 50 R e Ly M 22 3 2 RGBT IS B W TIREHERBRIE I B 1
% 2 [ R BUH XHE MR 220 B %2 (CRSDR) AN ThH 7.

F 4 HERBRRE OB R R

I g T W sr” RO’ CRIDR
i PR Y Y Y o)
K43 (H0) 15 1.47 0.083 0.271 18.4 4
EHE 2 (T-N) 18 14.08 0.048 0.137 1.0 3
TS TR (AN) 21 11.72 0.057 0.185 1.6 3
YENMED AU (C-P20s) 15 13.32 0.065 0.099 0.7 3
<EEMEINEL (C-K0) 16 13.96 0.127 0.242 1.7 3
<P 1 (C-MgO) 16 3.54 0.042 0.084 2.4 4
¥~ H 2 (C-MnO) 14 0.313 0.004 0.013 4.1 6
<ENEIED FE (C-B20s) 15 0.554 0.008 0.023 4.2 6
RIEPEIED T (W-B203) 15 0.451 0.005 0.013 2.8 6
JRFEMEZE S (U-N) 10 2.26 0.058 0.136 6.0 8
Ly MEZE S (B-N) 10 0.0091 0.001 0.002 26.4 11
a) fEMTICWZ D ~GREBR =5 e) =E[H R BUAH AR Y (R =
b) K VHE (n=3BR =50« TR %K (3) ) REEFERERIEIZ T HEH]
<R 0 #50(2)) FFBU AR R 20 B %
c) E|NIEHE(RE(HMEBZETe) g) EEIH

d) =[PP EAR R =

4) RBIHERUTFHENS

I1SO Guide 31:2015 (JIS Q 0031:2018) |2 B\ CRRAEZEHEM B DRBAEE D MIEN R EL THERESNTVDHRR
A M gD S 232 5 1R LTz, %72, 1SO Guide 33:2000 (JIS Q 0033:2002) ' {238\ CEEFERFFZ UM
DN H TV L E LB 55 T — 4 (LRI DB NIE R 22, = M BUEENR 2 & OWHT I A
TR BRE L) ZRIFITRL.

(1) PR SOR 51k

F[FIFRER O #e A OFEHE AT/ S (u) 13 ISO/TS 21748:2004 (JIS Z 8404-1:2006) ' VIZHEVy, H[FFERD
FENAEENR 2 (sw) , EMABUEMERZE (sg), RBREL (p =10~21) X OFE B E COMIK LR (n =6)
Db, (a) RUZKVRD . FEEDORFENSIE, JLIRRHENIEL, FEHERMENS (U) 26 20 8F 1 HTIICALD,
ZIUZEERE (W 2R U TR ((0) ), IEEHEERBEICB T E R FIRETITHD . 72721, 2 B TIE
O CEREEZEH L EREER OT BT HERIZOWTUL, EERHENIONTETERILTIIEE
L7z, 7236, WE R4 (K I OWTEIESI R OE K AER) 95 %S 35 k=2 L7,

2
2 _ e 2) 4 SW
(SR Sw ) + n

p

FEAERHEDNS () = -+ (a)
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BEAR RS (Ugggy) = k X 0 +++(b)

sp: =M AR B YE(R 2=

sw:  EENEEE(R £

n: HEFEFEROENER LR (n = 6)
p: AR ORER =L

k: watctik =2)

(2) REEAEDBRTE S5

K3 B e T Ly M EE SR IO T EE [R5 B e AR (R 72 0 IR 5 5B T L 2 36 1 2 25 ] A B AR A 48
R 720D H %2 (CRDR) Z KEL EEISTNDHIENG, FRAHEEETIZS B R (K 6) L TRELL, 2o
BRA Y (R EREIILDETD 9 lMERGETHIEELT. 7ok, fRAHE &k 0SB EITAEE S BRIE IR
FDER FIROKICHO TP RRTHILLL, 2720 2 R E2 M CREEZE L EHZ LB R OT
YESTHERIZOVTL, B (D) TREUREERHE NS ORIIIOLZEE L.

F 5  EEFICEHETHHEA

FORIET DI H BT —H
=p AN =02 a) b) <)
PR AEIL L VoS s
(%) (%) (%) (%)

2 FHAE (T-N) 14.08 0.06 0.05 0.14 18
TE=T S (AN) 11.72 0.08 0.06 0.19 21
<EEMED AUl (C-P20s) 13.32 0.04 0.07 0.10 15
<IN (C-K20) 13.96 0.10 0.13 0.24 16
<M+ (C-MgO) 3.54 0.04 0.04 0.08 16
B~ H 2 (C-MnO) 0.313 0.006 0.004 0.013 14
<EEMEIFHFE (C-B:03) 0.55 0.01 0.01 0.02 15
REEMNED F& (W-B20s) 0.45 0.01 0.01 0.01 15
JRFEMEZE S (U-N) 2.26 0.08 0.06 0.14 10
a) WEtRE(k=2) d) AT W= O~NREBREK
b) FEWNIEER e) HENF

c) == BRI =

#®6  WEEEICSHEHHREL T T DA

ZEM RS sw' s S—"
(%) (%) (%)° %) "
K47 (H20) 1.47 0.14 0.08 0.27 15
vy MEZESE (B-N) 0.009 0.002 0.001 0.002 10

RIS LR T
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5) FEHREMEDOHDHR
il % 2y O JEERFEEYE FAMIC-A-10 (& EEALAAERE OZ2EMET, BRI ZEMEDOFETO 7= D7k
%ﬁf*% 12D, BAFED D 5 4F 6 7 HiERIIN TV . ARG *‘EE%TFI@%@ A L FAMIC-A-10 L% Bl LT-55
Z, FRHC R AEENIE 21, REHIESZENRIETHLI LD, REMD [R5 S fFLT-. ZhiZ
K0, AGRAAEIEY AT A OFRIIRE 5 %0 2023 4F 6 A RICRETHILELT-.
F7o, W BAA BB R ENT =2V 7 EE L, BEMEIZIENH ST O TIE, BFEHE
MOEBBEICT DR EDIEEITHIZEELT.

4. FEDH

2017 FFE LA R BRAAE W E & UC i B LA AR 2 R L, 2 OFEGEE O Y E D7D DL [FIFEREI TV,
ISO Guide 35:2006 (JIS Q 0035:2008) ¥ 22 & (ZfZHT L, ISO Guide 31:2015 (JIS Q 0031:2018) ¥ D F R FHIH|Z
HEASWTHAE KL PTG ILEERR L. ZhbDZ LI HOWT, IEEERGEE Y B R & DR #4 = 1  Tk
WSITA%, 2018 4F 4 H KV EEIEEREREYE FAMIC-A-17 DR B LT,

AEE DGR HEM L, ENITIEMICAERLL T A B3 7L, E2ESN TR S TS IR BRI D)
BITHRDEORA OREEH Sy o O OFRERITIED MRS LTV, ZO X7 BLEDD, ZOREEYE
BEHAT OEFAMEMERICE R T 2L 2AITRENVD DO EHIFFE LS.

IR ER T BRI 35U T, [ EFIEATE 1 A B £ R BE S TS A T E A £ T2
SEFFBE I, PRSI &, [ YRR R A PESE BATAS A DFAEHT B B, AERAEA P A
R 25 1 2 e, B S L A 2 2 AR 174 B O — IR A A B AT
LB — S FERFICHTIHA B RIS, IR R LT Ei, JRRBICT 0 e e
LT T AR, N R TR AL, Fa— T /IR, a— T Y=Y
RS, AT A A AT E B2, P=A DA77V AE, AT S — e R O
LBk SO A AR A R L E T

X

1) JRSAATBOE NRMOKETE B 22 a8t 2 — (FAMIC) : JEEH AT AR MERUEF O AT F 55 Ffee &
<http://www.famic.go.jp/ffis/fert/sub6.html>

2) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories”
(JIS Q 17025: 2018, [FERPT M O EAERI DRE NI T 5 — X BRI )

3) ISO Guide 34 (2009): “General requirements for the competence of reference material producers” (JIS Q
0034: 2012, MEAEYE £ FER OREINCIE T2 — MR HIH )

4) ISO Guide 35 (2006): “Reference materials—General and statistical principles for certification” (JIS Q
0035: 2008, [EUEM)E —FRRED 726 D— i L OFERTHFRI72 5 A )

5) ISO Guide 31 (2015): “Reference materials— Contents of certificates and labels” (JIS Q 0031: 2018, [
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W —FRREE KL T~V DN )

6) MMNIATBOE NEMKRETH e 22 it 2 — (FAMIC) - JERHE BRI

<http://www.famic.go.jp/ffis/fert/obj/shikenho_2016.pdf >

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

8) IS0 5725-2 (1994): “Accuracy (trueness and precision) of measurement methods and results— Part 2: Basic
method for the determination of repeatability and reproducibility of standard measurement method” (JIS Z
8402-2: 1999, NEIFIEKR CRIERROKEMES (R L ORE) — 5 2 M ARMERE T EO TR EZ &
O BB 2RO DT DFEARTT 1))

9) Horwitz, W. Protocol for the Design,Conduct and Interpretation of Collaborative Studies.Pure & Appl.Chem.,
60(6),855-864(1988)

10) ISO Guide 33 (2000): “Uses of certified reference materials” (JIS Q 0033: 2002, [FEFEAEAEY)E DA
Ji1)

11) ISO/TS 21748 (2004): “Measurement uncertainty-Part 1:Guidance for the use of repeatability reproducibility
and trueness estimates in measurement uncertainty estimation” (JIS Z 8404-1 :2006, [ € D ARHENS-56 1
8 E DR S ORI T DOMTHEEE, PR & OH EOHEEEOF| A OFaEt))

12) 1SO 31-0 (1992): “Quantities and units—Part 0: General principles, Annex B (Informative) (Guide to the
rounding of numbers)” (JIS Z 8401 : 1999, [EfEDHLDH 7))

13) FRdE ks, AR, Ot 8, REES, FILES, AR, ARG 2016 45 LSRR
WIE ORISR — & EALRIEE FAMIC-A-10, @ LA LE FAMIC-B-10, {GIEFEREALEL FAMIC-C-12-2,
e EEAU AL FAMIC-A-13 K& ONE@AL A ALEE FAMIC-B-14 & 122 @ MRl —, SRR 28 4 B2 AL kHE
AL LN RS
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Preparation of Certified Reference Material (CRM) for Deter mination of M ajor
Components. High-Analysis Compound Fertilizer (FAMIC-A-17)

Satono AKIMOTO!, Takeshi KOZUKA?, Satoko SAKAIDA?, Kohei ITO?,
Nobuhito NAKAMURA?, Yoshimi HASHIMOTO? and Yuji SHIRAI?

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now) Ministry of Agriculture, Forestry and Fisheries, Kanto Regional Agricultural Administration Office
2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
3 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now) Food and Agricultural Materials Inspection Center, Agricultural Chemicals Inspection Department

Food and Agricultural Materials Inspection Center (FAMIC) has developed a certified reference material
(CRM): high-analysis compound fertilizer (FAMIC-A-17), for analysis of major components. FAMIC-A-17 was
certified for the contents of total nitrogen (T-N), ammonium nitrogen (A-N), citric acid-soluble phosphorus
(C-P,0:s), citric acid-soluble potassium (C-K,0), citric acid-soluble magnesium (C-MgQO), citric acid-soluble
manganese (C-MnO), citric acid-soluble boron (C-B»03), water-soluble boron (W-B,03) and urea nitrogen (U-N)
In addition, It is stated as a reference value that biuret nitrogen (B-N) and moisture content (H20). The certified
values were obtained from a statistical analysis of the results of a collaborative study on the chemical analysis of
the candidate for CRM. Sixteen laboratories participated in this study (Several laboratories analyzed the total
nitrogen and ammonium nitrogen by 2 test methods.). In a statistical analysis of data which were reported from
participants, outliers were removed by Cochran test and Grubbs test, followed by the usual statistical procedure.
The CRMs were expected to be useful for the quality assurance and the quality control in the analysis of major

components in high-analysis compound fertilizer.

Key words certified reference material (CRM), high-analysis compound fertilizer, major component,
ISO Guide 31, ISO Guide 35, collaborative study

(Research Report of Fertilizer, 11, 159~172, 2018)
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12 2017 £ BHIRBAEEMEDORFRE

— = AL PR FAMIC-A-13, i@ kA ik FAMIC-B-14
K OB VESSELIEE FAMIC-C-12-2 O 822 i M E Al —

FdE = L, I A e Y, O Y
AR E 2, MARACR Y INPEIERF Y, ARR®
F—0—F  GREEREWE, T, ERkSy, AERSY, 1SO Guide 35, R

1. [IL®HIZ

LRI OB A RS D72 D IS TBOE NERMOKPEH B 2 2Bl #— (FAMIC) 23T > T%
SNABREIZB W TN EL BB O ER I BEOAFER O OHTIEA IR THY, £ OREREITITEHIED
ERDRDOILTND. HERTDD, IEEVEEFELOMEEHE, AFEFRELOLOITIKEEZ - RM 5
HrABE, REARHR AR R % OB IT ClL, BRI DO E MR i OV AT E AT D 1] D728 |25 B 30RE
ITHEELRRERE M VI KD N ER SR B S BB B T TS, 4R [E B A0 A PERE AT O B & A3tk
Teorp, TAENTIVTH ISO/NIEC 17025:2017 (IS Q 17025:2018) 2 D FE R FHIHA B & |Z LT BRAE D15 18
PERER OB Z I PEERIN TS, ZOERFHITIL, [FEEEEYE O E N2 ER 1 2Ei+25280
HELEESN TN,

F7z, BUEFAMICIZEB W T, IEEERAEEEDE A (R LA E FAMIC-A-13), [F] B (B b a BN
FAMIC-B-14) X OV CBVEREEIEE FAMIC-C-12-2) (BL'F, 2N Zh FEHEYE A-13) [HEYEYE B-14)
MEAEMEL C-12-2) 80, ) 2B, fGEL T (£ 1), ZhHOMRBUZSW T E BRI A MR R D72
¥ 1SO Guide 34:2009 (JIS Q 0034:2012) D [5 Hifff & OVAEFEICE DB R FIH | 22 B IS5 L LL,
ISO Guide 35:2006 (JIS Q 0035:2008) ¥ &£ Z 2 fif T %1T-7= | T 1SO Guide 31:2015(JIS Q 0031:2018) V%
BEFRAEE N T~ UL EAER L CWHEZATHS. 2017 1L, HEUEW'E A-13, B-14 K (X C-12-2 DE
REMENZDOUVNT, TEEREH A VGRAEERR E R D OFRRERR 7y DE=FV 7 & F ML 7o DT, E DA
HTD.

2. MPRUAHE

1) REMDE=SYLY

(1) FRBRE M

ISO Guide 35:2006(JS Q 0035:2008) ¥ Ci, iliiZHEME DIRE I, T=2V 7% FEHiL TR ENE
EHEGRTHIENEENTVD, ZEEDOKRFHTOWTIE, #& TS TOT — & 24232 [F B & A 22
PERRER K ORAF I RIS T — 2 MG DD HERIN 22 B MR ER D — S D AR R TT 1L B 5. [FlIREIZFH T

LMNTATBUE N EMOKEEIH R 2 ik & —th P 2 —
2 MSTATEOE N MK EEN B e it 2 — P2 — (1) JEf ke SR A
 MNAATBUE N RMOKEE B 22 A Bl o 2 — R B2 A
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LT RRREAR Y E D IR AF IR ORI 72 7 — S S sb B2 Z &b, % H DI e R L EVEDE=4Y 7D
THEEUTEIR LTz, 2RI 22 @ MR a i3 5720, kD a) ~f) 2 FAMIC #f 7 o 2 — Tt L7-.

Q) TR - AEUEYE A-13, B-14 Y C-12-2 DIEENS, FNENTZ LT 1 KetkER-7-3
b) %ﬁ%ﬁﬁkﬁ\’ O &éﬂﬁ@"\f@ﬁk (% 1 55%5@)
c) BRI < SRREERR & O [FIFRBR O A S o IR R BR ik 10 (2% 2A, i% 2B (N5 2C =5 R) .

d) FABREFI - - AEVEME A-13 13, RRAEMERR E D728 O e [F]FER S 1% | 2 361 DREREIE R E /R, 7 - H 1%,
13 7 A1%, 19 » A&, 25 » H 1%, 31 /fﬂ ?& 37 r A1k, 43 » A KT 49 /fﬂ . IEVEME B-14 13, &8
AEMEER TE D720 O I [RIFABR SN 1% (236 1) HDREREIER E Y, 4 A 1%, 107 H 1%, 16/7ﬂ f*& 22/ A 1%, 28

r A% KO 34 7 H 1% AR HEME C-12-213, FEREERR E D7D DI [FIFAER F2 i 14 |2 36 1) 2 38 REAE R E F
8, 1, 14 H1%, 207 A1%, 26 r H1%, 32 H 1%, 38 r A 1%, 44 /r H 1%, 50 7 J] ?&, 56/7)% % M 62
r 1.

e) ARE- B BR=E (FAMIC P Eo2—).

f) LZEMEDOFAL - -+ - 3 AT RF DT 7 2D F ] (H %0 & OV ORERF O S5 A D SEEIEIZ DU T,
JIS Q 0035:20089f+ & & B.5 A5 | Zfig#r.

# 1 NEBREREAE Y B DR

i TEFA JRUEHRE K FORIERN Y AR
amloags IR Fot=7, e, gl @f{: k% TUES TR, DL g
-A- L e, N PRI, <{ﬁf$$i Wt~

B VAR, TUoE'E=T =
R S e o e e Y
FAMIC-B-14 %ﬁﬁﬁk @%%;&7 WOAEET o s, KM, O3, ARIDL, Zgﬁli
S = (RTHSY)
TR, VAR R, MR, He
FAMIC-C-12-2 HIRFEE  F/KIGTE, & TEER, 819 ﬁffﬁé% AR A, AHIRE, U5, 7’7}\ 20204
fEsE EREE UL, KER, w—//7‘11/ ralk, g (42136 6H K
)

(2) ®=XVT DIFfE

FAMIC P& 2 —I28 W\ T, Y E A-13 % 2013 4E 9 H ~11 H, 2014 4E 4 1 ~5 A, 2014 4F 10 H
~11 A, 20154 4~5 A, 20154 10~11 A, 2016 /- 4 A ~5 A, 2016 4% 10 A ~11 A, 201744 H~5 A
KON 2017 4 10 A ~11 A O 9 1], HEHEW'E B-14 % 2014 4F 12 A ~20154- 1 A, 20154 4 1 ~5 A, 2015
4£10 H~11 H, 2016 4 4 H ~5 J, 2016 4= 10~11 H, 2017 4 4 H ~5 H } O 2017 4F 10~11 H D 7
[, HEHEY)E C-12-2 % 2012 4F 8 71 ~10 H, 2013 4F 4 J1 ~5 /1, 20134 10 H ~11 H, 2014 4F 4  ~5 }1,
2014 4F 10 A ~11 H, 2015 4F 4~5 H, 2015 4F 10~11 A, 2016 4 4 H ~5 H, 2016 4£ 10 A ~11 H, 2017
£ 4 A ~5 H &N 2017 4F- 10 H ~11 A OFt 11 [a55R & E L 7-.
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- ARBRIE O R B B OFEYEY)E A-13, HEYEY)E B-14 K OMEHEM)E C-12-2 4 1A AW C, iRBREK /01312
2 WP TR AT o T2

W MEOHENL, FEUEME A-13 K O B-14 (ZOW T, AERSS (As, Cd, Ni), C-MnO & U C-B20; Dk
BRAGRE VIR 20 80T M7, ZLSND RN, NBUREA T 2478 LTz, B EME C-12-2 125\, T-Cu K OY
T-Zn DFRBRAE I THEHL, CNLISRD IOV THE T 3L LTz, iz, WEEEIL, BUIROFRIEME LRI
(TIK TR L 72U R BE (B BE) L L 7=

F2A FRYEYEA-13DFER Ry M OB 7 1k

PR zﬁf\ ’ AEHE R R 7 1A FRECHE HIE T
EFHAE(T-N) jﬁz ’i/l/ﬁﬂl/éj\ﬁi—z?&% jzj}%gm%
TUE=THZEHAN)  412b MR (1+20) Hi 2;’;[] %@?jwmﬂ/
IEMED A (C-POs) 4238 <Z A (20 mg/mL) it %Q%z;%}ﬁ?ﬁ:%
KT L (W-K20) 433a Kbt 7L — LR POLE

LT L — DR
<M+ (C-MgO) 46.2a <z A& (20 mg/mL) T L— LA
WM< H o (C-MnO)  4.7.2a <z A (20 mg/mL) fili T — NJE 0 e

<¥EMEIEH 3 (C-B03) 48la <z AW (20 mg/mL) ;%;;?%;%/é/

1) NERFERBRIEORBRIE B =

#2B TRUEYE B- 1405 R ik oy M OV )5 1%

ren AR H R O 3
i VAN
ABRA) P 7
TLoE=TMEZEE(ANN) 4.12a 2 KHE R RN B
) " K, R_R—=T L~ Kz NFREVT T U T =T A
FTEEDARR(SP0) - 4228 wyernni o WO
e - NRFREYTF BT =0 A
IKEMED AUl (W-P20s)  4.2.4a  KiHH Y
) : T — AR E
REEMEINE (W-K20) 433a K T — AR
% (As) 5.2.a il — AHE — B R IR o iE KB A WOETE
FRI7 1 (Cd) 5.3.a KRR 7L — LA
=L (Ni) 5.4.a BV oy A T — LA

ML 2A% S ],
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$22C (EUHEYE C-12-20 3R Ak 4> Jo OVakBR 7 1

. . AERTE H RERVE O B

= 0, /\ - Nk N, N D

AR wn) AR A
e A 411a  TIE =il — 7R HORD

= A -
ERERT-N) 411b  — PRI
(T TN =R R TR NTREVT T URRT =T L
D A4 ik (T-P2Os) 421a o Rt LRI
INE 48 (T-K20) 431a TR Z;;%E%Wjﬁx e
K 4 (T-Ca0) 451a  FKGRYRFRE 7L — LR
Hi ik (O-C) 4111a i@ A 38 i B s
i 4> B (T-Cu) 4.10.1. T KGR T — ARG
g4 & (T-Zn) 49.1a  EKHE T — LNR AW
% (As) 5.2.a e — A — IR SR EE o fif KB AR TR EiE
HRI L4 (Cd) 5.3.a BV oy A T — IJE AW
7k $R (Hg) 5.1.a B — B SRR iR PN 9 AL SIREA
=41 (Ni) 5.4.a Koy fif T — NE e
e (Cr) 5.5.a F K5y iR T — LR TR
£ (Pb) 5.6.a T Ko iR 7L — LR AW
BIEI LR 2A% B,
3. R

1) REEDE=AULY

(1) =KV Tk

HEAEYVET A-13, HEYEME B-14 M OMEYEWE C-12-2 ORkBRK 4y 022 ErEkBR kit 7 3A~3¢ 3C IR
L7z. ISO/IEC 17025:2017 (JS Q 17025:2018) 2 T, AEKIRAEHEYE A I\ CRERFTO B & O E
EHRUTRRBRIT S B U7 3SR 7 1B D 2 Y M iR 2 S 9~ 2 ZEAHERES U CuvA. FAMIC T, IERRE
FEHEYE 2 =R O B Sl &2 JE ML TG, EEHEME A-13 ORBRBIRI O 49 » A%, EiEmE
B-14 ORI D 34 4 H 1% K OFEHEW)E C-12-2 DIRBRHIM D 62 7 A % £ TICFEML =478 H K& OV
BRAL 5y OFRBR AR O B2 X AA~ B 1CIZRL, BIZEGHR RS K OULE BRI A, 70k, NS
FLOT= I F ML 7= TRRBR O MR UL (n) 17 ONZREREE (W), 3N HENR 72 (sy) K OV ) P B YE (R 72
(sp) ZHWT @, (b) EO(0) RUTEY, BREREAM D7=8 DIEHER 72, SRR & OVLE (R 2R 79,
ZORER, FHEYE A-13, IEVEME B-14 K OMEEW'E C-12-2 02 E R AE O FHEIE, WIhoR
BRI D E AR A OFEPHN TH 7.

2

BERERF 07200 DI 3 (o) = J (52 = sw?) + oo ()

PEMER T EIRN = u+20 -+ (b) PEMEHATTDMERA = p+30 -+ (o)

n: RMILERBROOHATHERE sp: FEAIRER TR O = R F SR HE R 2
sw:i FEFEFER TRON I ENIERER M RSRIEAE
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#3A TREMEA- 13D ENET=2Y 7 R ki

(HEDH %)

%3 EREeE TR T SEEMED APR STy EES
! (T-N) 223 (A-N) (C-P20s) (W-K20)
0 1490 14.94 1058 10.60  10.74 10.77  13.00 13.12
7 14.80 14.82 1022 1054  10.68 10.81  13.04 13.14
13 14.80 14.83  10.44 1049  10.85 10.87  12.87 12.89
19 14.87 1493 1072 1077  10.72 10.76  13.02 13.11
25 14.74 1506  10.39 10.70  10.67 10.80  13.12 13.27
31 1465 1475 1053 1058  10.66 10.70  12.93 13.01
37 14.70 1479 1051 1052  10.80 10.89  12.90 12.92
43 14.94 1501  10.48 10.49 10.69 1079  12.92 12.95
49 14.65 1470  10.47 1049  10.67 10.69  12.92 13.19
#F3A  (FiX) (E &% %)
3 <PEtEE+ e~ T EMEIFHFH#
(C-MgO) (C-MnO) (C-B203)
0 318 329 0359 0381 0214 0.214
7 316 327 0.357 0368 0194 0.208
13 326 335 0348 0370 0196 0.204
19 317 322 0.363 0363 0201 0.203
25 311 319 0345 0367 0207 0.214
31 323 326 0371 0388 0192 0.202
37 312 317 0.329 0.347  0.199 0.206
43 319 322 0.352 0.363  0.210 0.210
49 310 313 0337 0346  0.194 0.199
7<3B EVEYEB-140 2 EMEE =21 7 7 Rk il i (B &5 %)
i Z;%:?ﬁ AIYAED AT IKEENED AR REEMENE
223 (A-N) (S-P20s) (W-P20s) (W-K20)
0 7.94  8.09 9.13 9.14 6.66 6.74 8.18 8.23
4 7.98 7.98 918 9.23 6.77 6.79 8.15 8.16
10 7.96 8.0l 9.12 9.13 6.65 6.67 828 829
16 801 805 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 8.17 828
34 7.93 803 910 9.11 6.6 6.73 827 854
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#3B (fix) (mg/kg)
o~ OFH# JIRIT L =y
" (As) (Cd) (Ni )
0 301 323 392 411 36.7 383
4 296 3.07 426 4.27 37.7 377
10 293 2.9 415 419 36.9 378
16 2.88 297 417 419 36.9 371
22 291 298 3.95 399 381 39.0
28 301 3.08 370 378 36.3 36.6
34 3.06 3.10 443 444 383 391

#*3C HUEWEC-12-20 T =2 > 7 iR ks

=

(LR 5 %)

. Ty 0JURE A B B IR A R H

' (T-N) (T-P20s) (T-K:0) (T-C20) (0-C)
0 4.77 4.79 8.64 8.64 0.607 0.619 5.99 6.03 204 20.6
8 4.57 4.75 8.46 8.49 0.553 0.561 5.76 5.82 20.0 20.1
14 4.71 4.78 8.52 8.53 0.560 0.564 6.03 6.08 20.1 20.9
20 4.67 4.72 8.59 8.59 0.538 0.541 5.84 6.17 20.7 20.8
26 4.67 4.69 8.56 8.61 0.572 0.573 6.20 6.30 20.2 20.3
32 4.79 4.80 8.62 8.63 0.583 0.588 5.62 5.66 20.1 20.3
38 480 4.81 8.72 8.76 0.610 0.614 590 5.95 20.2 20.4
44 4.62 4.69 8.53 8.57 0.524 0.532 5.42 5.44 204 209
50 463 4.66 8.73 8.76 0.611 0.623 5.78 5.78 19.0 19.2
56 458 4061 8.48 8.54 0.605 0.608 5.79 5.87 19.9 20.2
62 458 461 8.59 8.60 0.570 0.579 5.77 5.82 19.3 19.5

#3C (fix) (mg/kg)

s Py THEA 4 B 0% ARITN

et (T-Cu) (T-zn) (As) (cd)
0 583 587 963 991 22.1 22.5 1.81 1.84
8 575 591 991 992 19.2 20.3 1.83 1.85
14 567 586 1,015 1,015 20.7 21.1 1.79 1.82
20 582 582 982 988 21.8 22.1 1.78 1.78
26 545 547 991 996 22.9 23.1 1.84 1.90
32 561 575 1,000 1,004 22.4 22.9 1.82 1.82
38 570 571 985 996 22.7 22.9 1.77 1.79
44 567 569 981 992 21.7 21.9 1.83 1.83
50 571 579 1001 1003 19.8 20.0 1.82 1.88
56 587 589 996 1002 21.4 23.7 1.85 1.91
62 554 561 997 1006 21.1 21.6 1.77 1.82
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#3C (i) (mg/kg)
. 7K ER % ZA=UN &
3 .
] (Hg) (Ni) (cr) (Pb)
0 0464 0470 733 743 786 81.2 36.4 365
8 0448 0478 742 746 80.5 80.5 351 351
14 0.443 0473 783 787 75.4  79.4 36.1 369
20 0511 0514 727 743 81.8 829 353 353
26 0501 0503 733 734 86.6 885 354 359
32 0462 0479 773 774 80.4 81.2 36.0 360
38 0506 0.514 747 749 791 79.4 353 358
44 0488 0509 716 726 795 80.2 353 357
50 0483 0520 759 763 83.1 84.0 355 360
56 0466 0476 761 76.3 80.5 821 36.8 37.3
62 0466 0476 743 74.4 772 79.3 34.6 351
115
~ y =-0.0023x + 14.884 % y = -0.0006x + 10.544
x 153 L 110 |
t\ﬂ. P t\ﬂ- .
R N
o P M & I 105
b S 2 N S
SRV w \C
ml
! ool =100 koo
v &
e B
14.3 | | | ! 9.5 L L L L
0 10 20 30 40 50 0 10 20 30 40 30
wimA () e (1)
1. FE Y A-13 (22524 5Y) 2 BEMEA-1B(T BT AR
~ y =-0.0011x + 10.779 —~ y =-0.0014x + 13.052
< = 135
D =
R 4
&
e I
S € 130
10.7 —
il m
o 5
10.5 : : : : 12.5 L L L L

0

10 20 30 40 50
A (A7)

3. FEHEMVE A-13 (M ARR)
1A FEYEYE A13 OFE=X) L 7Bk
SEESl T — = JEEDE

S BN ALE RS

TR ETEGRIR K EER:

0O 10 20 30 40 50
A (H)
4. FEAEYE A-13 KIEPENT )

AR - [R1J EL AR
S RIEfE

M
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3.75
~ y = -0.0021x + 3.2538 ~ y =-0.0004x + 0.369
S350 F 2040 F
P P M
¢ <
i I
i 325 < /2N -"'?'& . ‘@ K
= < T -xs, — 0.35
g o
@ 800 o & . S
275 1 1 1 1 030 1 1 1 1
0O 10 20 30 40 50 0O 10 20 30 40 50
wamA (H) wamA (H)
5. A= HEMEA-13 (KIEPEE 1) 6. EEYEM B A-13 (IRt~ A7)
y = -0.0001x + 0.2068
2023
=
t** ool
R 021 ¥
HﬂElﬂ/ &T‘“"‘:---A _____ /XA
S TYT T e
&= 019 f
.,_'[:\v L o e e e e e e e e i =
S
017 1 1 1 1
0O 10 20 30 40 50
wamA ()
7. R A-13 (EEMEIEH )
1A (i)
~ y = -0.0002 + 8.0059 _ 96 y = -0.0007x + 9.1818
X 83 F 2
%@F L e e e e e e m et e = :/ | .
4 ?‘,igs -
i W | 4
~ 80 4 SN A P
o g e
78 . 1 L 88 1 1 1
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“amA (H) #amA (H)

1. FEAEYVEB-14 (T 2T 22 35)

2. FEYEME B-14 (AP AUBR)

1B FEVEY)E B14 OF=X) L 7 3R ik ki
(X 1A 2 08)
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8.8
= y =-0.0004x + 6.714 =
S 69 s
e O P M
4 ¢
I <A M EWH
I R VU A S I
~ 67 F H ~
= =
& L e e 5
B B y =0.0049x + 8.184
6.5 . L L 7.8 L L L
0 10 20 30 0 10 20 30
FamH (H) awmA (H)
3. A= UE B B-14 KIRTED AFR) 4. FEAEYVE B-14 (KM L)
y =-0.0001x + 3.0128 50 F
35
2t
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E30 ¢
1l
&
B 25
y =-9E-05x + 4.1121
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y = 0.0003x + 0.5706
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3. FEHEY)E C-12-2 N B &

220
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6. 12 W) C-12-2 ($i)

1C fEHEME C12-2 DE=X) 7 3B ki

(BRYEWE C12-20K4R), (8n) 1338

AEL7Z728Di%t H 44 - H LUK,

FORILAE, EERIRA, ALERA L. £ OMPEELX IAOZ M)
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A (mg/kg)

1,150
y =0.1771x + 989.08 o5 [
a P U UG I N
1’050 P 5
g & Mé&
) /A._éﬁ%-nﬁ-@@ ~ ’ N
YOy Ve =20
950 w I
T N H_
y = 0.0044x + 21.584
850 1 1 1 1 1 1 15 1 1 1 1 1 1
0O 10 20 30 40 50 60 0O 10 20 30 40 50 60
e () e ()
7. BEYEN)E C-12-2 (i gh) 8. Y E C-12-2 (U K)
22
055 |
520 Frmimimimimim oo - = ===
= =
jo)) joy)
E s &% Koo 2R E 050
m vy e Y m
m &
H‘ 16 F - - mrmrmmmmmm H_ 0.45
14 1 1 1 1 1 1 040 1 1 1 1 1 1
0O 10 20 30 40 50 60 0O 10 20 30 40 50 60
e () e ()
9. IEHEY B C-12-2(I R IV 1) 10. FEHER T C12-2 (UK ER)
MIRFUE S DS BT, P-10 DIIES I
90 | y = 0.0019x + 74.898 y = 0.0008x + 80.928
—_ ~ 100 F
_{1‘” 80 [T T T T T T T T E’ L e e e e e
2 2
S e Sy D - VN
70
= 2 5T S
L P oY
H— 60 H— L e e e e e e e =
50 1 1 1 1 1 1 50 1 1 1 1 1 1

0O 10 20 30 40 50 60
A (H)
11, EAEME C-12-2 (= /7 )L)

1C ()

0O 10 20 30 40 50 60

wamA (H)
12, FEAEY)E C-12-2 (711 L)
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40
y =-0.003x + 35.883
6 38 B —_——— ==
=
joy) L - — i m == -
S
36 <K ﬁ a5
i) RNVARRNE <, S <> =10
= < hd
R
BF34 koo e oo
32 1 1 1 1 1 1

0O 10 20 30 40 50 60
A (H)
13. fEYHEY)E C-12-2 (§1)
X 1C (fix)
KR FUE SO E L, X 1C DS

2) BHZEREVEORMTEMLE

PEVEYE A-13 DFEGEER ERF (0 H), 77 H1%, 137 A1k, 19 H#, 25 7 H1%, 317 H 1%, 37 - A #%,
43 A 1% V49 - H %, IR UEWE B-14 ORGEMERR ERF (04 H), 4 A 1%, 107 A%, 16 7 A, 227 A 1%,
28 7 H 1% J O 34 2 A #%30F ONCHEYEY)E, C-12-2 DFBFHHERR ERE (07 H), 87 A%, 147 A, 207 A #, 26
A%, 327 A1, 38 H1k, 44 7 A1, 50 » H 14, 56 7 H % & 1Y 62 » A # £ CoRE A I QN [ Ol &
OSEEJEN N EERR O TG Fea 3K 4-1 KO 4-2 (R LTz, ZEMEOFHML, #58H ORI fEE %
[B] D) E DS Z VT 1SO Guide 35:2006 (IS Q 0035:2008) 8% 2 & |2k D FNETIT-o72. £, (d) =X
FeON(e) LY, #& A & OV e D [RlR n’*’i@ﬁﬁé‘(bl)&()\ﬂﬁ(bo)%*&)t wiz, (XK V(g Xk
Y, TIROIEHERRZE (s) K O EHR OB E OFRUERRSE (55, ) 23K DT, MR EFROMEE OFEHERRE (55, ) & t
ft (toos7—2 ) & R UTMELBIZOHTHE (|bq |) & LLERLT-.

TORR, FRHEWE A-13, FHEYH B-14 L OFEHEME C-12-2 DETORBFEIICIBNT, [by| < sp, ¥
toosr_z 7RV, HEIIABELITRD LM o7, ZHICKVIEEYE A-13, IEHEY'E B-14 K OMEHEYE
C-12-2 DFBFER I, T=XV TR ENIG 44E 14 1, 24£ 10 7 H, 54 2 5 H ML E ThH-7-.

T T
b, = ;(xi -0y — )_’)/;(xi -x)? e (d)

b0=)7—b1f ”'(e)

T T
1 1
s = —§ Gi=9)? = |7— E (i = by — byx;)? wee (f)
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- (g)

T
Z(xi — x)?

HITEHEHE: |bq] < sp, X togsr—2 e HE TRV (ZE)
[b1] = sp, X toosr-2 AR THD (RNEZE)

T: #BRIMEEL (A-13(9 [E]), B-14(7 [8]), C-12-2(11[=]))
xi: PRI RIEORERENE A HE=2V 7 i H £ TORRRER (H)
x: x; OFEIEH)

yi: E=HV T E G B ORIE B fE

y: y; ORBREAE ORI E

b,: [EIFEFROMEE

by: [EIFEHROYE) T

s TRIOMEHERRZE (HEETR 2 (v; — 9;) OIEYER )

Pt x (KT 2y DO FRINE

Sp,: EUFEFROMAE OFEHERR S

toosm—z: UIE(MMRIAEAKE a=0.05 BHE T-2)



186 AEEHIFFEHR & Vol. 11 (2018)

£4-1 FEHEWE DR EIEDT =2 L 7 s O Al B

) 5 (1) 53 BT s SR HE
SRR Y x y by D by <N sp, o)
(mon) (%) ( % )j) % ()" < % )” ( % )”
mon. mon. mon.

(FEHEM'E A-13)

wEHERLE (T-N) 249 14.826 -0.0023 14.88  0.104  0.0022  0.0052 O
TUoE=TPEZESE (A-N) 249 10529 -0.0006 10.544 0.108  0.0023  0.0054 O
ERMVANE (C-P.0s) 249 10751 -0.0011 10.779 0.064  0.0014  0.0032 O
IKIEMENNE (W-K20) 249 13.017 -0.0014 13.052 0.106  0.0022  0.0053 O
EREMEHE 1 (C-MgO) 249 3201 -0.0021 3254 0.049 0.0010  0.0025 @)
PRME~H (C-MnO) 249 0358 -0.00042 0.369  0.012  0.0002 0.00058 O
IAMEIFHFE (C-B:0Os) 249 0.204 -0.0001 0.207 0.006  0.0001  0.0003 O
(FEUEY)'E B-14)

TUoE=TME#E (A-N) 163 800 -0.0002 8.01 0.03 0.001 0.002 O
AYANEY ABE (S-P.0s) 163 9.17  -0.0007  9.18 0.07 0.002 0.006 O
KM AUlE (W-P20s) 163  6.71  -0.0004 6.71 0.05 0.002 0.004 O
REEPEANE (W-K20) 16.3 826 0.0049 818 0.06 0.002 0.005 O
(FEHEM'E C-12-2)

wHELE (T-N) 31.8 470 -0.0018 4.76 0.06 0.001 0.002 O
DA AR (T-P20s) 31.8 860 0.0009 857 0.09 0.001 0.003 O
AN A& (T-K20) 31.8 058 0.0003 0.57 0.03 0.001 0.001 O
K48 (T-Ca0) 31.8 587 -0.0048 6.02 0.21 0.003 0.01 @)
FHk3E (O-C) 31.8 20.16 -0.0143 20.62 0.44 0.01 0.02 O

Q) TEMEYEA- 1R OREBRSEE H MO EER L T49r AR EFTE=XI T
FEYEYE B- 14 IR 8 O BR I 0 H 2 DI H L T34y H FTE=4U 7
FEUER) ' C-12- 2| X itk ORRBR IEHE B O EEH L C62r H R ETE=XU> 7

b) FRELELPIEIDORERIZNE A DF=2V 7 F i B ETORBEEEM OFELE (H)

C) IEYEMVEA-13DFRER pAE DR IIME (77— 2%k = BRS04k (9) X O TakER % (2))
FEEUEN) ' B- 140D 7R Al A O TR (77— 2 % = SRR S [m1 5k (7) x O kg (2))
FEUER) ' C-12- 2005 B0 AR DR B (77 — % = B IEhE 15k (11) X PHT3ER%L(2))

d) [ElmERRO/HE

e [RIFERROT) T

f) FRlOEHEEE

0) (Bl EAROME & OFE R 2

h)  Sp, X toosT-2

D OIF%AITHEAE L THEXIIABELITROLNT, LMLy

|b1]| < sp, X toosT-2
D FHOWIE RS R



20174E )% NERIRAEAREME OB — R EMERHh — 187

£A4-2 AT DR EVEDT =2 7 s O3l
oo 753 B s 1
BBy O T ho sh D e
/k /k /k
(mon.) (mglkg) (mg g) (mgkkg) (mglkg) (mg g) (mg g)

mon. mon. mon.

(FE 4 'E B-14)

UFE (As) 16.3 3.01 -0.0001 3.01 0.08 0.003 0.01 O
FRI 2 (Cd) 16.3 411 -0.0001 4.11 0.25 0.01 0.02 O
=4V (Ni) 16.3 37.6 00150 37.4 0.87 0.03 0.07 O
(FEUEH)'E C-12-2)

#i4 & (T-Cu) 31.8 573 -0.1916 579 12.8 0.20 0.45 O
i gn 45 (T-Zn) 3.8 995 0.1771 989 10.2 0.16 0.36 O
% (As) 31.8 217 00044 216 1.18 0.02 0.04 O
FR37 2 (Cd) 31.8 182 00002 1.82 0.04 0.001 0.001 O
k4R (Hg) 31.8 048 00003 0.48 0.02 0.0003 0.001 O
=4 L (Ni) 3.8 750 0.0019 749 2.01 0.03 0.07 O
a5 (Cr) 31.8 81.0 00008  80.9 2.93 0.05 0.10 O
£ (Pb) 31.8 358 -0.0030 359 0.70 0.01 0.02 O

S IDE B e 3 ]

3) IBHEIIREMBEOEIR

EM BT =2V TR A T o T fE B, BLE M CREMEM)E A-13 1XERGEERR E D 34F 7 7 H M, R
W B-14 1XBAHERR T D 2 45 7 » A W, 1ZUEYE C-12-2 ITRRFHERR END 4 4E 11 » A M OZ2 e h
Etm\éj/l/f:.

4. F&OH

FAMIC %, JERISRREEEME L CEEDE A (FEILAAEEL FAMIC-A-13) , fEYEY'E B (K@ b Akt
FAMIC-B-14) K OMEWEW'E CHBIRRELIEE FAMIC-C-12-2) O Zh IR & #esR 4570 12T =XV 71k
HEMZEMERBRAEFER L7, ZO R, HEUEYE A-13, B-14 K1 C-12-2 D455k B 1503 BR R AE O -1
1L, WITNORRSL NG E B BEOE R R A2 52 13-z, £, B % 1SO Guide 35:2006
(JS Q 0035:2008) ®' & & & I HRNTL, ZEMEAEREML72L 25, FEHEMET A-13, B-14 K O} C-12-2 (2D
TRAHMERR ER, 54 3FE T AM, 247 7 A, 44 11 7 A O TORERER /7 DR E DRI .

MBI R REAEEN E ORBRER 5y D R 2 B AR T 2281%, FIRFEOFMEMEF EIZH 5T 0b0EF %
s, —J, BB ORIEEDE L, EWNIZITMICERL TOHL6E720. I, BN TRIASh TODIE
B RFHE HEY) B X TR N E OB A OIEEHR 4y o OV ORBR T EN RSN TRELT, 72, TaE [T oI
BRI ED EH ERIS L TR, ZOLO 7 BLEDD, ZOREHEYE OF| FEHEDS, JEEF 8T DS HEE i
PRICEERT HLZAITREVS D EWIFFS LS.

X

1) MSATBOE NEMOKETH 22 it 27— (FAMIC) < JIEEH AT MER B OB AR H 75 Fhoc
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<http://www.famic.go.j p/ffis/fert/sub6.html>

2) ISO/IEC 17025 (2017): “General requirements for the competence of testing and calibration laboratories’
(NS Q 17025 :2018, [FRERFT M O IEBEBIDREIIIZBE 5 — AR BRI )

3) BOTHTY, BEHFIM, JRFFE, BRI, fHEEN, REEF, SORULF, HEHEEF, BHEE,

SEHBON 2012 AR EBRREEEYE OB % — 15 IESEBENEEL FAMIC-C-12—, ILEHIFSE @, 6, 84~100
(2013)

4) MEIE—, \RFFE, BAAIL, FOCT), REFE 7, AR, ARE, BEHAIH, AHHE, A
PRI :2013 4R ERREAERE M E O B % — M AL AR IE R FAMIC-A-13—, JERMIFFEH i, 7, 95~
104(2014)

5) [rEsie, BoCHTY, BB BT, KRR, TS, BRRER, INEE —, B, saRiH, A
MR, AR, BHHHIR 2014 5 BRI EY B OB 7 — S @ L IEE FAMIC-B-14 R
—, EEHFZEER Y, 8, 140~152 (2015)

6) FKICETY, BTEBE, \AKRF R, REIER, FARRKR, AHHiTE:2015 FE ERERREHEEYE OB
5 —1GIEFR R R FAMIC-C-12 O FFR8GE—, JEEMFZEHE, 9, 145~169 (2016)

7) 1SO Guide 34 (2009): “General requirements for the competence of reference material producers’ (JIS Q
0034: 2012, MEHEMEEPER DREINCBIT 5 — iR BRHIH )

8) 1SO Guide 35 (2006): “Reference materials— General and statistical principles for certification” (JS Q
0035 : 2008, [HEHEY)E —FBRAEDT=3D DO — M L O 70072l HIL )

9) IS0 Guide 31 (2015): “Reference materials— Contents of certificates and labels” (JIS Q 0031 : 2018, [
HEWE —RAEE L TV ONE))

10) MSZATEGE NRMOKER R 22t 27— (FAMIC) - JIE kSR % (2016)
<http://www.famic.go.jp/ffigfert/obj/shikenho_2016.pdf>

11) 1S0 5725-6 (1994): “Accuracy (trueness and precision) of measurement methods and results— Part 6: Use
in practice of accuracy values’ (IS Z 8402-6: 1999, [l & J5 1 K ONAIE #i5 DG e S (B J UG FE) —
5% 6 0 R HESICEE T OO FE A7 T )
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L ong-term Stability Evaluation of Fertilizer Certified Reference Materialsfor Determination
of Maor Components and Har mful Elements:
High-Analysis Compound Fertilizer (FAMIC-A-13) and Ordinary Compound Fertilizer
(FAMIC-B-14) and Composted Sludge Fertilizer (FAMIC-C-12-2)

Shigeyuki INABA?, Shinji KAWAGUCHIZ, Jun ITOU?,
Shingo MATUQ?, Norio FUNAKI?, Masayuki YAMANISHI?, and Yuji SHIRAI®

! Food and Agricultural Materials Inspection Center, Kobe Regional Center
2 Food and Agricultural Materials Inspection Center, Kobe Regional Center

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

Food and Agricultural Materials Inspection Center (FAMIC) has performed long-term stability examinations to
confirm shelf life of fertilizer certified reference materials (CRMs), high-analysis compound fertilizer
(FAMIC-A-13) , ordinary compound fertilizer (FAMIC-B-14) and composted sludge fertilizer (FAMIC-C-12-2)
for analysis of major components and harmful elements. FAMIC-A-13 is certified for the concentrations of total
nitrogen (T-N), ammonium nitrogen (A-N), citric acid-soluble phosphorus (C-P.Os), water-soluble potassium
(W-K20), citric acid-soluble magnesium (C-MgO), citric acid-soluble manganese (C-MnO) and citric acid-soluble
boron (C-B203). FAMIC-B-14 is certified for the concentrations of ammonium nitrogen (A-N), citrate-soluble
phosphoric acid (S-P.Os), water-soluble phosphoric acid (W-P.Os), water-soluble potassium (W-K20), arsenic
(As), cadmium (Cd), and nickel (Ni). FAMIC-C-12-2 is certified for the concentrations of total nitrogen (T-N),
total phosphoric acid (T-P.Os), total potassium (T-K20), total calcium (T-CaO), 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). The monitoring long-term stability was evaluated 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 analysisin
reference to 1SO 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 al certified values of the CRMs (FAMIC-A-13: 3
years 7 months after preparation, FAMIC-B-14 : 2 years 7 months after preparation, FAMIC-C-12-2 : 3 years 7
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, 1SO Guide 35,
long-term stability

(Research Report of Fertilizer, 11, 173~189, 2018)
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13 HRERMICKIEHESDBEYH

PRI SC L, e ARIER 2, FERTR b BT Scis
F—0—F e, ENERUBRAR, B, DLy bAd Y, AT, MR

1. [XL®IZ

ek, MSTATBUE N BRMOKEE B Z 22— (FAMIC) 23 90 U CE T AR R O & PR BR VA1,
AT A IS LD E F IR IR M OFR I LD E L7020, Rk BN BB THh D,

Rk 28 EJEID, TUEBZU LT, WHBAT Y, WABAT L R OV AT 2l T 2B IC D
W, TR A LW B2 E TR BRIE L L COR A O R K2 MRFTY L, —EOkEEHELNIE
B, SRR 29 FEEITIN LT AT, AT R OHEERA A 2k T DB O W TR R 2 E i L
7z

2. HHRUAZE

1) &AM

FRIAL TWDIBTEAREL 6 $840 (LIRIGIEALEL 2 8740, 15 IR EEAREL 3 8810 & OBEAITGIEAREL 1 $57) M OY
HENE 4 $FIZ2 52 05%, B BAE 500 um D .55\W\ 2@+ 5 E THIfEL7-H D4R L TRV,

7B, KOS EAEITR 1 DOEEY.

2) &

(1) 7K : AISKO557 IZHIETS A3 Dk

(2) R AP : Frdk (BISRAL) D2 AME—KFH) 20 g 2 /KIZEA~L T 1000 mL &L7-.
(3) il A1V > WDUAKFIY) . Rtk (FOYEAERE T.36)

(4) Wil (1) HoKFI: Refk (BHAES)

(5) iR Hi gL AR . Rtk (BB

(6) ALy b Hif (Fe SR T28)

(7)fElE: AESEREH Fiemisk T3g)

(8) AHFRER = AKFn¥: FERHIk (BIHE)

3) BERUVEE

(1) B HlRENTWD MQuant™ U — = (Merck Millipore) & 18 QUANTOFIX® ) — X
(MACHEREY-NAGEL ) # i\ 2. 3BRICH W3R, T ORISR A 4 e O ORIE R E#FHILHR 2
DERY.

(2)100 mL Ry 7 L filgs e

LOMSTATEOE N R MOK ETE B 22 Bl v o 2 — Rk 22 A A
2 PUSTATBUE NEMOKEEW B 2 R B o 2 — B R A (B) 4 R 2 —



FRERAR I LD AEERAR 73 DR H 191

(310mL RV=FL o TLT7HL— MlF 2 —T

S0 BRI - HEI IR OB 1T 1 (LR HRD A 21 L D)
ATEEE O SEIE b mhe kR it

wsoms g 0 TSN w s mmd ma”

(%) (%) (mglkg)  (mg/kg)  (mg/kg)  (mg/kg)
LRIBIRIEEID  N.D.2 0.71 _N — _ _
s en0 THUEFEEEAREID — — N.D. N.D. 14 53
7T A HEARD N.D. 1.03 — — — _
HEAR D — — N.D. N.D. 17 141

THIRREAIEEI® 0.10 14.65 N.D. N.D. 14 177

BERTG JE AR 0.09 10.80 N.D. 15 10 439
P HERED 0.10 3.34 N.D. N.D. 12 64
HE@ 0.10 0.76 N.D. N.D. 11 61

LIRIBTRAEEND — — — 264 — 588
{GIERBEAEEIS — — — 52 — 817

) [EHAIRVIEE S AL, iR T304 FIkED
b) ARV RS G2 L, 30°C TIRFfHIHRED
C) USINERERIZHE A L7 fE sk

d) it AR RBRI A L7 ik

€) A T PR

f) B o0 A S 14

#2 WBRIHOC BRI, £ ORI GRA A K O ORI E R i

REBORE e e R 2 Y P DR (/L)
™ . ~
MQuant Ca®IC|um Ta;t HIL A 10 ~ 100
QUANTOFIX™ Calcium 10 ~ 100
™
10 ~ 300
MQuant C(()@pper Test SR
QUANTOFIX™ Copper 10 ~ 300
™ .
4~ 50
MQuant ZI@QC T.est Tbn A4
QUANTOFIX™ Zinc 2~ 100
4 HBAE
(1) #hH

(i)KIZEDIhH

SIHTEEE B g 130 ED, 100 mL ARV 7 rE' L CBIKIRIC AN, SREE DK 20 5 =D KA A, 30 #0H
PRI X3 30 RORIHIRVIEE % 1 RFMEFEL CTE2ikz, AR 3FECAIRL, ERRRELT-.

(i ) <R AR LD Hh

SRl 5 g &2132° &0, 100 mL AU 7 ur’ L U RIE S AN, BREE O 20 f5 BO< X AR Z N
., 30 BOHRVIEE 3% 30 MRIIRVIEE % 1 RFMFHEL TH/ZikE, A 3T TAHmL, AR E LT,

(2) TEM: RO HRAE S OV E
(1) oo A4y
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AEHEIEA 5 mL & 10 mL ARV =F L o777 X — MUTF o2 — T2 AL, BERRO S5 % LRV AL,
AR E B H U7 R 07k ROV . MBOSCTT0EI0—H OBk O B2 EHAR I AN T
ROIREEDL, RO EREE 10 f2 N2 TRVIEYE, BB SIS E 202 Z ORI 45 B A=,
RBRAE B U7t 2007k o 2B, BRI A LTIZG S, BUBHARIZ N VY A A 3 E &
NCWABEHIELT.

(ii ) #AA

ABHA IR IR D S 3 2 LA, SRBHEA TR H L 7e % R 53 72K 53 & BRE, MQuant™  Copper
Test |IZOWTid 30 B[#, QUANTOFIX® Copper IZoWWTid 20 [, TN N EL-. BRI SR (I3
BL7=5A, REHRIRICHA A BN EENTCODEHELT-.

(iil) dEgHA A

AEHEEK 5 mL % 10 mL RV =F LT L7 XL —MUF 2 — 712 AN, fHEOFRIE 10 22 THIRVIE
, WMBREO LG22 ORI 1 AN, SRBRE T H U= % 4072 K 9 % BrE, MQuant™
Zinc Test 122\l 15 70, QUANTOFIX® Zinc IZoWTid 30 B[, ZALEEHEL, REKAE )
DIREECITI A LT SE, BHATRICHSNA A N EENTVBEHIEL.

3. MRRUBE

1) FMEBROFHROKIZKSHH)

TEVR B K OMHERE LS, ARSI LS DIUKFIIC DWW TIEH AL T AELT 1.0 % KON 40 % (&R,
LUFRIC. ) MY &, fiBgsh (1) FARY) & ORR RS HE8h -E K FIC DWW Tl & OVl gn LT 0.1 %Kk O
0.4 YAR S BAFIMUIZEEHZ W T, Kk A (30 IR T ) 2 L7121, EMRISEEZIT-72. £
7z, 770 7L T, AKISRBHIIRINU 72D & [R E O R IL A M LT AKEEIRIZ DT, B[Rk O fh i & OVE
PYEROS B EEAT -T2, ZOEMERERER 3 K WFH 1~6 ITRLT.

B2 T V2 DU K FN A ORISR TiX, 1.0 %HH 4 EENEEE, 4.0 % 4 &RNEE b Iy
PAF L DEVER G A R U (BE 1~2). 72771, QUANTOFIX® Calcium (23T, 4.0 %FH Y4 &R
BHE DY 4.0 %F Y4 EFIEEHI BRI U= 0 LRI B ORI Z TR U T KB IZ BT, EMESUG D AEIC
ool (BH 2).

fie 8 (1) K T OWRMNEER TIL, 0.1 %fH 4 EIRINEEL, 0.4 %H Y EIRMEEHE I 4 D
EVERUS AR LT, 12720, 15U R OHEE D 0.1 %FH Y4 SEFNEENCIE, KICHE & ORiEEdE (1) I
KFNZ RN U T2 KB IR KO SRA A DB SRR o7- (B 3~4). ZOJRKFEL T, {HIREE K& Y
HERRLS, (AT D2 D E VE SRS Z 15 E 2 3 E 0TS Al REVE E72 13802375 TR AL K OVHEAE Lo 5 L
TAlBEME N E 2 BT, £7-, MQuant™ Copper Test (28T, 0.4 %M 4 EEHRMMFEHIIRINL -0 LA &
DRILARNINUTAKTERIZBNT, EVERISHAREER IS/ o7- (B E 3).

R M En LK Fnd) O UINERBR TIE, 0.1 %H 24 EIRINELEL, 0.4 9%FH 2 BEINGUE S S IS TSR 14 D
EMER S 2R LT, 72720, QUANTORIX® Zinc I238W\ T, 15 TR AR OMERE 0 0.1 %48 4 B E T
1%, KR B O RER A A K 2 BRI U7 K IR L0 ML SR A A D EVE S 3~ T- (BB 5~6). =
DJREEL T, HIRAEE L OCHEEIZ, OO EMERISZ L ETOWE NG ENTODLAREIENRE b
7-.



PRI LD IR AR > DR H 193
723 WINERER O ORIz XA HhH)
S wnEE Iy ; 750 LRIGIR el 3

(IR AT)  (0%)° R OTR ok o RO Cugg HED
4.0 MQuant C%lciumT%t ) + + N.E.© N.E.

e QUANTOFIX®  Calcium + + + N.E. N.E.
m%ﬁ?;ﬂég . 1.0 MQuant™ Calcium Test + + + N.E. N.E.
(I D) QUANT%FIX® Calcium + + + N.E. N.E.
0 MQuant —  CalciumTest - — +— N.E. N.E.

QUANTOFIX ® Calcium — — — N.E. N.E.

0.4 MOuantTM Copper Test + N.E. N.E. + +

P QUANTOFIX®  Copper + N.E. N.E. + +
”357}<$D¢% 0.1 MQuant™ Copper Test + N.E. N.E. +— +—
(A QUANTOFIX®  Copper + N.E. N.E. +— +—

0 MOuantTM Copper Test — N.E. N.E. — —

QUANTOFIX ® Copper — N.E. N.E. — —

0.4 MQuant " Zinc Test + N.E. N.E. + +

QUANTOFIX® Zinc + N.E. N.E. + +

i ik {a ww NI ) 01 MOQuant'™  Zinc Test + N.E. N.E. + +

(HLgH42) ' QUANTOFIX® Zinc + N.E. N.E. + +

0 MQuant™  Zinc Test — N.E. N.E. — —

QUANTOFIX® Zinc — N.E. N.E. — —

8 R
_|_

b) +: EMEREREGNE, + — BRI (3EY), — e
)ikl Fh 5
BE 1 SRV T LUK FI OB
& - = - - i
K LERBREHD HBEO %ﬁ:;ﬁ;’fﬁ:MQumtTM Calcium Test
E: 37 |1%$;§71u 4% | iR |1%5ﬁ71u 4%FI0 | EFM |1%iﬁ7m l 4%
B

LT
s G

L

BE 2 RYEE AV LYK TN o
Wk B s 5

L mn

X

LERBRAERD

HIED

A | 1%;70 | 4%

R | 1%z | 4%

ABRAE : QUANTOFIX® Calcium

R | 1% 370 | 4%

fugﬂk

\ S mmmmm




194 B ZEE#R S Vol. 11 (2018)

BE 3 fifed (1) KT O an

SR EA G
) ] u (& uiﬂtﬁﬁ;ﬁj%
7K SHIESEEEAEHD HEAEQ .
mEm |01%%m|04%Em| mEm [o1%mm|oss%mEm| mEm [0.1%mm]0.4%Hm B : MQuant™  Copper Test

TR 4 RN (1) AR IR
L m om Bk

X HiE SRR HD HAEQ
gmm [01%%m]04%5m| mm [01%Fm|04%5m| mm [0.1%:%m]0.4%57m

—

il

[
—
8 8

||
|
L]
|

ABHE: QUANTOFIX®  Copper

)
IS
m.

i

BHE 5 FE g -EoK A O IRINEER

| GBS
= oE = E B § m =
K BRRBEHD HEQ B ™ o
gmm [o1%%m|04%mm] mmm [o1%7%m|04%mm| FEm [0.1%:%m]04%5FMm UL MQuant™  Zinc Test

........

BE 6 il gn LK O RINEER

¥
" m N g N N g ® @m Gk
7}< BERBEND #ED Ny —
msmm [01%%m|04%smm| MmEm |01%%m|04%:mm| Em [0.1%3%m]|04%;%Mm B QUANTOFRIX® Zinc

2) FMAROFER KAABRBBEICISHE)

TEVRNERE R OHEREIZ, SR L7 DU KT DOWTIE AL T 0L T 1.0 % KN 4.0 %FEY &4,
RS (1) FKF) Je OS8R LK Fn 2D T L ONHigh 1L C 0.1 %M OY 0.4 %o 4 &4 UL 7=
AREHZOWT, <A AMIRIRICE D0 QoM MIRE ) 2 L71%, @M EE T T, ET2, 707
LC, RABBEIRICEUBHTIINL 720 L[R B OFRIEL IR L 7o R AR IRIZ DU T, 3B [RIER Ol HH K&
OEVEROGEIEEAT T, ZDOEVEREREZ R 4 R OVEHE 7~12 | TRLTE.

SR V2D WK FN OFINGRER T, 1.0 % EIRINEEL, 4.0 %ofi Y ERINEEH BT LD L
AT DEVE G E R LT, 72720, 1GIEIEE}, HERREBICEME N0 2E 2 E P, BEEEA1 V2D AIUZKFN
WAL 72 CO AN T BAT U DEM IS ETRR U280, IO AL M ke o= (BE 7~



FRERAR I LD AEERAR 73 DR H 195

8).

g (1) LK Fni B OVt g g0 -E /K Fnd D s INERBR Tl 0.1 %, 0.4 %rE Y4 EiRINEEN S 1281 A
VR M A A DEM S R LT (B H 9~12). 72721, MQuant™  Copper Test {28 T, 0.4 %FHY &
WHNEEHZ IR U720 LR B O A TN U 7o R VBRI IR IZ W T, EMERIS N AEERR 272~ 7- (B 9).

F4 IINRBRORE B (X ABRIRIZE D)

Wy WmES SRy T VS

(Rt st B ) (%)a) B O FEEE (ég{%@& WEHD) HEAED TEEHD HEAED
4.0 MQuant™ _Calcium Test +” + + NE® NE

R QUA NT%le® Calcium + + + N.E. N.E.
UU K 1.0 MQuant ~ CalciumTest + + + N.E. N.E.
(I D) QUANTOFIX®™ _Calcium + + + N.E. N.E.
0 MOuantTM CalciumTest - + + N.E. N.E.

QUANTOFIX ® Calcium — + + N.E. N.E.

0.4 MOQuant™ Copper Test + N.E. N.E. + +

e (11) QUANT%FIX® Copper + N.E. N.E. + +

TR 0.1 MQuant ~ Copper Test + N.E. N.E. + +

(A7) QUANT%FIX® Copper + N.E N.E. + +

0 MOQuant ~ Copper Test — N.E. N.E. — —

QUANTOFIX ® Copper — N.E. N.E. — —

0.4 MQuant™  Zinc Test + N.E. N.E. + +

QUANTOFIX® Zinc + N.E. N.E. + +

FREETESH LTI (4 MOuant™  Zinc Test + N.E. N.E. + +

(HLgH-42) QUANTOFIX® Zinc + N.E. N.E. + +

0 MQuant'"  Zinc Test — N.E. N.E. — —

QUANTOFIX® Zinc — N.E. N.E. — —

a HENH

b) +: EPERBREGME, +— EVERBRGME (E9), — EMERERRE M

C) iR S ffi -9
BET eI T LUK F) ORI
¥ B E ®E B B B B &= RS
SAABEBR LRBREHD HAED
mam | 195m | asomm | mmm | 196m | 4%mm | mmm | 100m | 06 SBAHE: MQuant™  Calcium Test
G ,ﬂ
B ; §r—
BHE 8 s AL LK T O
Z ® mE E E B =E ®E =m TINFABR S 5L
SAAEEBER LEREEBHD H#IED

AN | 193 | 4%&M | AN | 1965 | 4% FHBAHL: QUANTOFIX® Calcium

=

371} | 1% | 4%3R M

g
25 Geby
Bitte Py
50 beachs!
Instruciy
Fleasen
insert!

10)




196 AEEHIFZE RS Vol. 11 (2018)

HE 9 R (1) K O U
) " o & %ﬁgﬁ;ﬁ:%
BRI : MQuant™  Copper Test

RABBER biap = ik SO HAEQ@
| |0.1%5mu|0.4%53§7m F|ERm |041%%7Jl]|0.4%5§7]l] | |0.1%5mu|0.4%5mu

L1 |
e l
BE 10 WRESEH (1) TR o un
- - - - KB
KZABERR SEIRFEEIERD HEQ

3| |o.1%iﬁ71u|o.4%imn F: 371} |o.1%%mu|o.4%%mu 3| |o.1%;‘mu|o.4%iﬁ7m

B QUANTOFIX®  Copper

|

| AN
= = —

2

|

u

¥

TE1L R -E AR O I
E E E E E E E EH BN B

SAABEBR SHIEFEEED HAE@
| |0.1%5mu|0.4%5mu F|ERm |041%%7m|0.4%5ﬂu | |0.1%%hu|0.4%5§7m

B : MQuant™  Zinc Test

g EEEEN
=.§ gl Zn g
FH 12 filkish LK ORI
(RABRBR BIRSERREHO #E Ay ® i
wAEM 0.197m|0.4%m| Am [0.1%5Em|04%swm| wAEm [0.1%37m|0.40%Fm AURHE : QUANTOFRIX® Zinc

3) FEEHDRABRKEROKICESHE)

TGIRFBEALEL 1861, BERIGIRAREL 1 8610 K OHEAR 2 870 % F VT, ZKICE DA T o 72l o e e
BaF 5 FOVEE 13~24 ([TRLEZ. RBHTE £ /LT A, 81K OHEERDS 30 FPRIHEEY TIHIRHL 56
WATBEMEA B L, 30 PRIHEEH T 1 R EHE 32 7 ikb EhE L7,

BERIGIEAEEHZ T, 30 PIEIHREDIC I DR L Ll L C 30 BOEIRED % 1 REMIFRE IS LD D 23,
BERSANL T BAT U DEM IS E R LTz — 07, HEEOIZIHW T, MQuant™  Calcium Test (22 Tid, 30
FOREIHRES 4 L IRERT R LD Hh & el L C 30 P RIHR LSS LA D F5 i8R AV o BA T2 D TEVE SIS
ZRUiz (BE 13~14) . QUANTOFIX® Calcium (oW T, 30 MREHRE I IC LA Tl ool F
DEMESOGERUTZN, 30 RIEEI#% L REEFE LD TIE, DAV T AAF U OIS E R E 8o
7= (5H 15~16). ZOJRKEL T, 1 FEEFHE ORISR D ENE G E 1+ D N S <R H LT T REE
2, N BISAREMEDTEREIC AL LT RTREME DN S 2 BT,



FRERAR I LD AEERAR 73 DR H 197

MQuant™ Copper, QUANTOFIX® Copper Test, MQuant™ Zinc Test & ) QUANTOFIX® Zinc {25V T
1%, TXTORET, 30 BRHIRED, 30 BHREO% 1 FeIFFEO W T ILOHIHETY, #ilA42 &k OHlign 1
AL DEVER G ERSIe D -T= (B E 17~24).

#5 i EEORUERRE R OKIZEH40H)

15 IR BERIG e

R AR G A A SHERHEOTELE k) HELD HEARB) HEIR®)
30s? 1h 30s 1h 30s 1h 30s 1h
™ . b) — i

B s —MQuant C%qum T.eSt + o+ + + PR P
QUANTOFIX"™ Calcium + o+ PR F— —
™ — — — — - s * =

A MQuant C%Dper Test
QUANTOFIX" Copper - - — —— —
™ . — — — — — — — -
TENA A MOQuant ~ Zinc Test

OUANTOFIX® Zinc - - - - - - - =
a) 30 s: 30MMIIELY, 1h: I0RMIIEEH 1%, 1R RFE
b) +: EMERERGME, +— EUERERGM (59), — MR

BH 13 it e o s R

i E & .
B : MQuant™  Calcium Test

THIESEEE | BRI

* T ) ‘ #IE@ \
BEQ | AR
S FhH 77530 MRIIEES
ER
A — s ~ il
B 14 Vs ek o ER R R
kil Bl
B : MQuant™  Calcium Test
‘ x ﬁg";f%* 'ﬁ%;ﬁ”@ o) ‘ L) ]
- 515 30 IR D%, 1 REfHERE
131 .2 u:““..,,/./ L 2 L
BE 15 i RO R RS R
[ ] | & - |
FBERAE : QUANTOFIX® Calcium
‘ K |BEEE|RREE | wmo ‘ ) ‘
g{ | FhH 715 30 BORHR &9
gl EEEEN ‘ g

e



198 B ZEE#R S Vol. 11 (2018)

HFHE 16 PEimAEE OB RS R

L) = L] -
FBAHL: QUANTOFIX® Calcium
[ x [PERR AR amo [ amo |
= | | HhHH 715 30 FORIRES T, 1 WFRHIHE
S EEEEN :
L .a{. _ J
BE 17 RO SRR RS R
FABRAL: MQuant™  Copper Test
BRREE | RAEE | o ‘ %o ‘

71 30 R ES

EH@ B4

BH 18 il koo R R

FABAHL: MQuant™  Copper Test

K| PRSI RREE | wme \ HIED \ ‘ ]
- FhH 795 : 30 BORHR EH 14, 1 BERAT &
Em
i ———— l
HHE 19 i AR R R R R
s = RBRHE: QUANTOFIX®  Copper
x| PR weo | weo |
& " fhHH 715 30 IORIHEES
"E o| & 8 £ =]
L . ] 0}
BEH 20 e ArE o ER R R
BRI QUANTOFIX® Copper
[« [EE|"a®] s [ amo |
§ . FhH 5% 30 BORIR &1, 1 IR Rt &
| <) -
L S| | umm } :



FRERAR I LD AEERAR 73 DR H 199

BHE 21 Wi ER RS R

& B S : e .
= FABRAE : MQuant™  Zinc Test
] x ﬁé’?g RREE | #m0 ‘ #E® ‘
it 732 30 RIS
GEEEE
L S
e S S S—
HE 22 iR ER R R
= = SR MQuUant™  Zinc Test
| & [AEER[*REE| weo | weo | ‘ ]
A i 30 TRHE LS, 1 WS
EREEEE

5 iz H
= —
T H 23 i ek o RER RS R

= [ 1 L3 | L J
HERHL : QUANTOFIX® Zinc

‘ K |BERE|REEE | wmo ‘ HIBD ‘
(. = 71 30 ORHRES
‘ o
EEEENN S
mhaEalos. ol | l

G 24 i AR R R R R

B QUANTOFIX® Zinc

‘ K ’5%5@%@ L5
R | R

- o Aedl s FhH 71530 B MIHREO %, 1 IRef e
L ? HEmmmam

5w | B0 |

4) MERHORBRER KAABRBRICKSHE)

IGUCTEENE R 2 804, BERIG IR 1 804, UIRTGIRIERL 1 8610 M OHENE 2 $8iR 2 T, KRABRIRIR
(XD AT ST IRIR O EVERE AR 6 MOV H 25~44 (TRUT-. EHZ & ED v A, il OV
$hHS 30 IR ED CIXIARH L SOV ATREMEAZ B FEL, 30 PRIHRES 41 1 BRI FRE 3D 7 b FEhE L 7.

MQuant™ Calcium Test & T8 QUANTOFIX® Calcium I oW T, T _XToRET, 30 MRS, 30 7
MELH % 1R E OV ROHIHETY, BT b4 OEMRIGE R U (GE 25~28).

MQuant™ Copper Test 2 () QUANTOFIX® Copper IZ oW T, T _XTORET, 30 LS, 30 70
WREH% 1 FFMFFEOW T ILOHIETY, A4 OEMERISE RIR D o7 (FE 29~36) . <IEMEOHI%E



200 IR ZE S Vol. 11 (2018)

2 <& L URIGIENEEI Q@ THEA A > DEMSUGZ RS> T RK EL T, SRABREIRIZED 30 B[RS
O ) DB EHERVIEE 2% AW FIEL HER L TIWZ & K OB A B2 D EME S & 15 5 3 2B

INEENDATREVEDS B A BT,

MQuant™ Zinc Test [Z- DUV T, 15TRFEEEADEND), BERIGTRAEEL, LIRIGIEACEID K OVGTeFBEAC £
T, 30 MRHIHRED KON 30 IR ES T 1 R HIEHE OWT LML TY, High A4 DO EMGE R LT (5
B 37~40). QUANTOFIX® Zinc iz 2\ T, LIRIBIRIEEI® K& OGRS EEAR KIS T, 30 FRESD, 30 f
FHREH# L REEFEO W O HIE T, W4 OEEMKISE R U (GE 41~44) .

%6 pidEEORERR R (<X ARSI I DhH)

. BIRREE  BERETR LIR{5E 15 IER %
L N HIE®  HIEG  Thee mpe
30 1h 30s 1h 30s 1h 30s 1h 30s 1h 30s 1h
™
i C';I"Q“a”tTﬂ S+ 4+ + +  + + NEYNE NE NE
b clium
N ®
1A~ QUAC‘:':'-(I;SEX + + + + + + + + N.E. NNEE. N.E. N.E
MQuantTNI B N i B i i B B B B N N
By —X TS
QUANTOFIX e
Copper
™
I\;Qua_lr_lt f— = A= S — - = + + + +
AT S e 1L
QUAI;TOFIX - - el .
INC

d) 30s: 0MPMIHRED, 1h: 3ORPRIRED 14, 1iFMIfE
b) +: EVEREREGME, +— EERBRGIE (59), — @ EMERUEREER L
C) ekl S ff -4

BE 25 il ek s R

g " = FRBRHL: MQuant™  Calcium Test

‘om& EIRREE | BERUEIR
EEE | iR

e S T

Lé 0 1 25 50 00 é
é—-ﬂ—-.i.i
. 3

#ro | #mO |

FhH 71k 30 BOIEI AR &S



FRBAARIZ LD B 2y DR 201

B 26 iiiEIEE R ER RS 5

— — B MQuant™  Calcium Test

75 30 BRIHRED TR, 1 WP fE

BH 27 FRiEAEE OB R
FBRHL: QUANTOFIX® Calcium

FhH 755 30 FO IR ED

G 28 @R R B ER R R
HERAL: QUANTOFIX® Calcium

7T 30 BORIIRED TR, 1 IEfH] &

B 29 i IEEr o R ER RS B

RBR AL : MQuant™  Copper Test

II FhH 515 - 30 BORHIHRED

BH 30 it Lo ER R R

REAHE: MQuant™  Copper Test

i 7715 30 IORIRE O 1%, 1 Wkl




202 B ZEE#R S Vol. 11 (2018)

B 31 i@k ORIk R

RS MQuant™  Copper Test

FH 5 1% 30 FOEIARED

BE 32 i@ R OB R

BRAL: MQuant™  Copper Test

775 30 MR EH 14, 1 HER v E:

B 33 im0 R BRE R
AERAL: QUANTOFIX® Copper

FhH 515 30 BV RS

BH 34 il ko sERRE R

FRERHE: QUANTOFIX® Copper

775 30 BORIIRED R, 1 HFH] A

HH 35 it im AR O FR R R
FRERE: QUANTOFIX® Copper

FhH 5 1% 30 DI LD




FRBAARIZ LD B 2y DR 203

BE 36 it im AEE OB R
BT QUANTOFIX® Copper

fH 51530 P RHE LS 1%, 1 W ERE

G 37 @R R ER R R
B : MQuant™  Zinc Test

FhH 515 30 FORHIHRED

BE 38 e o BBk 5
B MQuant™  Zinc Test

T 715 30 BORHREO %, 1 HFfHIHE:

B E 39 it im AR BB AL R
B MQuant™  Zinc Test

FH 5 1% 30 FDEIAIR LD




204 Rk Ze RS Vol. 11 (2018)

‘B 40 e RO ER R R

[ u [ B : MQuant™  Zinc Test
{AA LERBIE | BiEH 8 - e
o s ey S 7 30 IR LS, 1 BEH e
T '
Zink-Test fl

BE 41 aEIEE o R ER RS B
= - & " =

ABAHE: QUANTOFIX® Zinc

KAABE | BRFEEE | BERUEIRE

wn | B | me | EEO ‘ *”E@‘
ol [Sd R | ) 5 30 FREIESD
5 e gugnt
EEEEEE

GE 42 pad e o R RS 5

" B = 7
S 8 B E W s QUANTORIX® Zinc
%%@ IRSERE | BERUBIE | yegn ) ‘ #IED ‘

EH | mH
_— PlTH 714 - 30 FVIRMR LD, 1 IR

mmmmmm

BH 43 s inE o R AE R

"= = = SBRUE : QUANTOFIX® Zinc
{ZAEE | LIRSBIR | BiEHEE
Bk B | EHO

A '

- FhH 71k 30 B[R &D

BH 44 i d e o R R R

. = .
- = FHBAHL: QUANTOFIX® Zinc
{ZABE | LIRIBIR | BiRFAE
B BE#@

B

......
]

P 771k 30 FOIAIREO 1%, 1 IRFfA]FE:



FRERAR I LD AEERAR 73 DR H 205

BiREFMEFICE TS E RGO HEREER

31)&@ 2) DIRNIFRERIZIW T, RIRERINEURLE LB U CrRli EE RN SR O EVE SR AR E 2725

SR INDHoT. ZDTD, AN T A, SR OHSHELT, ik 5 g (Zx LA 722515 (%) THRIMLZ5E LA
BAKIZIRINT 5L T, @iRER TORBMRO E MG A R T el A £l L7z, #5FILEH 45~57 O
LEY.

KA EE T 7 U K T % BRI U T2 ARSI S W CEME OGS RBR A EfML7-& 25, MQuant™
CaciumTest (%, 77/L3 7 .LE1L T 1.0 %rH 2 S IRINKEHE & U8 4.0 %rH 4 @K EIE TN D DAT D
EME S E R L7208, 10.0 % Y 20.0 %fH Y BN KIER CRICDAREI I/ -7 (G H 45).
QUANTOFIX® Calcium I, #/L7AELT 1.0 %b Y EAIKIRIE CTHNAL T DAZ > D EMERIGE R
7273, 4.0 %~20.0 % Y IR AKER TN T DAF L DEVERISD AR/ o7- (G E 46).
MQuant™ Calcium Test 3@ EEIRNMNKIEIR CEMR TS £ T2 R R 2 E T D720, KK b
D7 BRI 0L TR L 72 K VAR 2 O CEME ROGRBR Z ML 72825, WIS 2 51260
MQuant™ Calcium Test, QUANTOFIX® Cacium L4 (2L A F v D EMERE DR EEHIC e o7, (5
B A7 KN 48). — 5, KIZHNT T LELT 0.1 Wil EDOMER LT LUK, BT B
BEAD IO L CHRINL 72 K IRl A W T2 E i L 72225, MQuant™  Calcium Test, QUANTOFIX®
Cacium&H iz, FEEOIRINEDH AN 2 T R b e o7z (G E 49~50) . LL EORERH D, MQuant™
Calcium Test D SR A5<7RDDIL, WDV T LRRIKEE Z BT,

AIHRER SR (1) TR R 2 N U= K s 2 D CEME RS iRBR &2 i L 72 2%, MQuant™  Copper
test i, #ilE1 T 0.1 %fH Y EUSIKIEIR CHlA A O EMERIGZ R UTZN, 0.4 %M Y EIRIIKEER CIEENE
BB AEEIIZ720, 1.0 %~2.0 %M Y4 EHEMNKER CIER G2 AL (5 E 51) . QUANTOFIX®
Copper 1%, #ilEL T 0.1 %~2.0 %Y EARINAKEHK CHA A OEVERIGZ R LT (B E 52). MQuant™
Copper test 73, i FEUIK VAR CE MG AN 72 2K A RFE 95720, KICHEERER =K i 4 B
BEAIZEE 0L TN LT AR 2 IO CEME OGS RR A FEMi L7225, $ELT 0.1 %FH Y EEIKIEIR
HAA L DEMSIEERUTZDY, 0.4 Y%fH 24 B IRIKER CIEE MRS AEFIZ/2Y, 1.0 %~2.0 %H Y4 &
TN TR GIC RGO LT- (B HE 53). QUANTOFIX® Copper i, &L T 1.0 %~2.0 % 4 &HsINK
I CHAA A DEME 2R LTz (BHE 54) . —J7, /KIZEIEL T 0.1 %4 4 B ERER —/KFnhz iR,
Bl iR A B P AOLCHE 0 L CHR N L 72 K e 2 D CEE RS i BR 2 E i L 7= & 25, MQuant™  Copper
test, QUANTOFIX® Copper &b IZHMEDEIINIEI LI R DN e o7 (BB 55). ZNHDOFERND,
MQuant™ Copper test O EMESUG B REEIIZ /252 & OFRRBRIR A G AT D281, il E OSH)3R
KE&EZ BTz,

MQuant™ Zinc Test 2 ) QUANTOFIX® Zinc i, #igne LT 0.1 %~2.0 %iH Y BIRINEVENC, HenA4>
DEMER I E R LTz (5 H 56~57) .

B 45 Gl A L U K FAH O e i TR IR R
" B

B : MQuant™  Calcium Test
RN | 1.0 %3FAN0 | 4.0 %3FAN [10.0 %37H0|20.0 %3ZAN

Carcium Test
Calcium-Test

W ) —



206 Rk Ze RS Vol. 11 (2018)

BE 46 fHER VT S KRN O i R R S0 AR R R
» m = " =

BRAL: QUANTOFIX® Calcium

RO | 1.0 %A | 4.0 %A |10.0 %37A0(20.0 %7KAN

BB A7 HEALH LS A T EE RN R

CHE I I T
N FABRHE: MQuant™  Calcium Test

SESRAN | 1.0 %A | 4.0 %FA0 |10.0 %iFAN|20.0 %3FHN

a
Calcium-Test r

BH A8 AL LD E T IR ER AL R

RBRHE: QUANTOFIX® Calcium

SR | 1.0 %R0 | 4.0 %0 |10.0 %FA0|20.0 %iFM

B 49 0.1 Y% Y HEASEE L3 AU K FUR iR ~O sk
WRINERBR A SR

= G . ™ ;
RN | 1.0 %FRA0 | 4.0 %N |10.0 %37AN|20.0 %A Eﬁgﬁﬁﬁ ‘M Quant Calcium Test

e Fem i
Calcium-Test i

o 10, .3 u0. 100

BH 50 0.1 %FH Y EER L7 AU K FUEE TR ~D i BR s
" = L " = B

AN | 1.0 %M | 4.0 %R0 |10.0 %3FN0|20.0 %KM

/(g s |S

BT : QUANTOFIX® Calcium

e w o




B LA IR R Sy D HH 207

SN | 0.1 %30 | 0.4

%R0 | 1.0 %A | 2.0 %iFA0

Copper Test
Kupfer-Test

5] = & fed
MAAN [ 0.1 %0 | 0.4 %N | 1.0 %A | 2.0 %A
[ =l (7 _ .. 1
f =g o= 5888
! ‘“i| el .. -J -
&l w =5 &

S| | 0.1 %A

0.4 %3N0 | 1.0 %R0 | 2.0 %FN

Rapler Test

SR | 0.1 %M

0.4 %3N0 | 1.0 %R

2.0 %M

B H 51 Filedd (I1) TR T8 0 rm i L IR0 ERBR Ak 2R

B : MQuant™  Copper Test

‘BH 52 Rilesh (I1) FLKFnY o g i B iR B s 5

B : QUANTOFIX®  Copper

‘GH 53 EERHE = KFNW O i i R R G R

RBAHE : MQuant™  Copper Test

T.H 54 fEEEER = KTN8O i NG R

BERHL: QUANTOFIX® Copper

R | 0.1 %M

0.4 %A | 1.0 %

2.0 %30

Kupler-Test

100 300

B 55 0.1 Y%rH 2 S A BREHR = K A IR~ D R I R N RS SR

FRERHE : MQuant™  Copper Test



208 B ZEE#R S Vol. 11 (2018)

BHE 56 itk HRgn LK R4 0 i i BE ARG 2R

. - - - - B : MQuant™  Zinc Test

RN | 0.1 %A | 0.4 %A | 1.0 %3FA0 | 2.0 %A

Zinc Test
Zink-Test

| EEEEN
| -
| Y

BH 57 i & HE 0 £ KR4 0D e e B AN A 2R

- & = =® = B : QUANTOFIX® Zinc

SERAN | 0.1 %FAN | 0.4 %FRAN | 1.0 %R | 2.0 %M

:§{ ol ;.“.-“.
ki - _

4. F&&H

RSB DA L I, i B OV SR O EMERBRVE I DWW T, TTIRBRIRO MR E LT2E 25, IRDLIBVDRK
RatFr-.

(1) v sady HRBHIC OV T, TINEER & OWE@ et OB DR R, Z<OMAEGHLETE
A DR % EMEITAR I CEIZZ N0, BIRAEEH L OHEE R DA Vo0 A EMRERIEE L TR H FTREE
ABIVIZ. 12720, PdERIOERIZ I W T, ARERIHEEEE L THWEEE, 30 RSS2 D 1 IRFRFHE O
HEEIZLD, EVERIS ORI EDNECTREI N D T22805, 1 FEEFEEITIHRA ATDOROEA O 7
O FIEZATHIZET, HEDOKEL LT 5N FIREEE A DTz, £To, A—H —HELEHE o G i A 2
R DERED AN Y DEETERRICIBNT, EYERIER R E O KRR THE N7 2enb,
TN Bl GH T HREIOEMEDOBRIZIE, BEHRIR DA RN MELE 2 BT,

(2) #iAA L HRBARIZ OV T, BRI W T, (GTEIE R OHE R I NS N 78l 2 f H T& 7=
HOO, i LA DOFERIZ I T, #lZ LN 2 <& G IR NEEF CH A A2 D EME S Z RSl
T AR O S B T AU, TETRAE & OHEIE D8R0 EMEREBRIEL L COF XN EEE S 2 Bz,

(3) HigAA A HEBRARIZ DWW T, BNt &k OVt @ EEt OB OFE R, Z<OMAEDLETEART
DGy % BRI CEI2ZED D, 1HUEIER & OHEE Fh O #igh D E MEakBRIE L LU TR FIREE S 2 BTz,

R

1) FERERE SC, B R —, AR, AR, HALE 7, CHGHET, IHEIERE, aHais
AR DIEE 7 DR, IEEMFIE RS, 10, 242~266(2017)

?;L.L



BRI Z LD MEBRRR Sy DR H 209

The Qualitative Test by Means of Test Paper
Harufumi SAITO!, Kenta SAKUMA?, Y uji SHIRAIY, Fumihiro Abet

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed | nspection Department
2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed | nspection Department
(Now) Food and Agricultural Materials Inspection Center, Nagoya Regiona Center

We investigated the qualitative test by means of test paper about calcium, copper and zinc using fertilizers. It is
important to simplify the previous fertilizers appraisal method due to fertilizers appraisal method needs empirical
techniques frequently. As results of the tests on sludge fertilizer and compost spiked with calcium at 1.0 % and
4.0 %, copper and zinc at 0.1 % and 0.4 %, we detected added ingredients in many combinations. As results of the
test of fertilizers, which distributed in the market, we could detect ingredients except copper. In the calcium ion
test paper and copper ion test paper, we observed abnormal reaction when target ions were contained exceeding
the application concentration range of the test paper. In this case, it is necessary to dilute the solution.

Keywords qualitativetest, test paper, fertilizer, calcium, copper, zinc

(Research Report of Fertilizer, 11, 190~209, 2018)
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