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(2) FREEE

Table 1 [Z2WT, ZNEHBE 500 um D525\ &8 35 F T DA P CIFELT-b 0% 5 #T H
B LOTR BB S U7z, R OKEMEA KOG A &IX, Bt 27 4 (Ca0) JVFE 52
EDHLITNLIENDY, FRIEDLFHND CaO FH BOHEGMEA L.

INHORIEEIRAL, CaO HH BEMEEORE LD IO RARE 1~4 Z/ERL TRt etk
(Table 2-1), FHHIAEKE 5~8 ZAERLL 224 1B 30k} (Table 2-2) & L7z,

Table 1 Chemical reagents used to prepare analytical samples

Theoretical value
Chemical reagents Chemical formula of CaO Solubility in water (g/100 g)lO)
)"

Calcium chloride CaCb 50.53 59.5 (0 °C), 347 (260 °C)
Calcium sulfate dihydrate CaSO4°*2H,0 32.57 0.298 (20 °C), 0.1619 (100 °C)
Calcium acetate monohydrate (CH3COO),Ca*H>O 31.83 34.73 (20 °C)
Calcium propionate (CoHsCOO0):Ca 30.11 43%5 5((2 50(():25,93895 8(52(2 ;(?()) o)
Calcium citrate tetrahydrate Ca3(Ce¢Hs507)2°4H,0 29.49 0.0849 (18 °C), 0.0959 (25 °C)
Calcium nitrate tetrahydrate Ca(NO3)2°4H,0 23.75 102 (0 °C), 376 (151 °C)
Calcium dihydrogen phosphate ~ Ca(H2PO4)2° H2O 22.25 1.8 (30 °C)
Ammonium sulfate (NH4)2S04 - -
Ammonium dihydrogenphosphate  NH4H>PO4 - -
Potassium chloride KCl - -
Sucrose Ci2H22011 - -

a) Mass fraction

Table 2-1 Design component of prepared samples

Design component

The mixing ratio of the materials (%) Y concentration
Sample of prepared samples (%) Y
. . Calcium sulfate  Ammonium Ammonium
Caleium chioride dihydrate sulfate dihydrogenphosphate a0
1 50 - 50 - 25.27
2 50 - - 50 25.27
3 - 50 50 - 16.29
4 - 50 - 50 16.29

a) Mass fraction
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Table 2-2 Design component of prepared samples (Validation)

Design component

The mixing ratio of the materials (%) Y concentration

Sample of prepared sample (%) Y

Calcium  Calcium citrate  Ammonium Ammonium Potassium
. . . Sucrose CaO
propionate  tetrahydrate sulfate  dihydrogenphosphate  chloride

5 33.21 - 15.00 15.00 15.00 21.79 10.00
6 3.32 - 30.00 16.20 30.00 20.48 1.00
7 0.66 - 30.00 16.20 30.00 23.14 0.20
8 - 3.39 30.00 16.20 30.00 20.41 1.00

a) Mass fraction

2) HEFOHRR

(1) AK:ftikBbEdEE (XL27 Elix Essential 5) & FWTERLL7Z JIS K 0557 ([ZHLET 5 A3 DK

(2) HAEAREF T LRAKFYJIS K 8132 ik (BAAL5)

(3) A :JIS K 8180 Frfkak3kLA% Ll LB 24 24 m i etk (B s L)

(4) THRMHIFNAT AL AN T LSKFI 152.1 g 2 2000 mL B —H—(Z30 e, b EDKE
Nz, YERE 420 mL 2R % ([ZHNZ CTHAL, SIZKZMNZ T 1000 mL &L7-.

(5) Jo BEEHERR JCSS VD MEHERK (Ca: 1000 mg/L) (BIH{EF)

(6) FREMHI N T LEAER (Ca 1 pg/mL~30 pg/mL) : 77/L3 0 LEHER (Ca 1000 mg/L) Z A EIZINL
TRTHRIRLIZ#, —EEEZ 200 mL 2ET7T7A2EY, THIHIARRIL 20 mL Z00%, ERETKREZMNZ
T2b D& BEFEHIIZ 5 JEREFHRILU7Z.

(7) B R 22 B THHMHIEIAR 20 mL %2 200 mL 287 T ALY, MR ETKREMZ 7.

(8) Hfb Ao JISK 8123 IR (& L7 A/ AFEHIZE)

(9) WilEAIV T L IKF): JIS K 8963 Ak (B H L)

(10) HEEEH LT L—/KFnd: JIS K 8364 34 (F 7 AL AFEHISE)

(11) FaeF U mghnvi: Fotkk (8 7 AV LREHEE)

(12) <z AN BDUKFIY . FE1Hk (B L)

(13) FHERA LS LIUKFI: JIS K 8549 ik (BAHL)

(14) DAREZIKFEINT YL BRI (8 L7 AL LFEMEE)

(15) HileT > E=L: JISK 8960 Hifk (BIH L)

(16) WABE —KFETE=0L: JISK 9006 i3 AHE (F 7 AL LFEHER)

(17) ¥ALAUT A JISK 8121 FIEARR (& L7 A /L AFEiSE)

(18) AZm—R: JISK 8383 H5#k (B s(L52)

3) EERUFRE

(1) &\ ROPA:ANT—RLR MS403S

(2) BN S  HXNAT Y Z-2310
(3) R TFHAE R IR DR 3 SR ERT
(4) EEAFEIRVIEEHE : TAITEC SR-2w

(5) =LA A - Retsch ZM-100
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4) Sk

(1) #hHHE

B ISR W TR #2222 AT REL 4 572012, b Tlisd KRRV IE IO 2 CEREE
BEIRVIREREIC I DI E R OB IC > TIE 500 mL & 877 A% H C&XRnZ b & E L CER T
EEZPTICRBTIATOR BEE 250 mL IZL7= HFEOR 4 i H k2B L.

a) ZHTEEE 1 g & 500 mL 2772228, KK 400 mL 2002 1 57 IZ 30~40 B35 F i
B XA R IR VIR BT 30 0 HEVIRE 2. R ETKEMZ, A4 3 B CTAEL, EHRIRELZ (B
T, THE#EE-11E0 ). Scheme 1-1).

b) ZrHrEEl 0.5 g &2 250 mL AT T ALY, KK 200 mL 202 1 43 [HIZ 30~40 Bl#: 35 F T
B R IR VIR EHE T 30 0 BHEVIEE 2. MR ETKEMZ, A4 3 FETABL, sEAIRELZ (U
T, TEEE-2)E0). Scheme 1-2).

c) rHTEEL 1 g &2 500 mL £E 7T AZEY, KK 400 mL 200 % 44 300 {E1E, IEIE 40 mm (252 &
L7cEEAERVIEEHE T 30 2MIRVIBE. IERETKEMZ, A 3 FlITAHEL, EHEAIKRELE
(LA, THH#E-31 0. Scheme 1-3) .

d) MR 0.5 g & 250 mL RET T ALY, KK 200 mL A A0 2 545y 300 17E12, #RIE 40 mm [Z5%
EL-EEAERYVEEHE T 30 oBEVRE. EHRETKkEMZ, A8 3 ETAhEL, REHAKEL
72 (LLF, Ml #E-41 205, Scheme 1-4) .

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

Shaking to mix Vertical rotating mixer (30-40 revolutions/min) for 30 minutes

<—Water (up to the marked line)

Filtration Type 3 filter paper
I

Sample solution

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

0.5 g analytical sample Weigh to the order of 1 mg to a 250-mL volumetric flask
<—About 200 mL of water

Shaking to mix Vertical rotating mixer (30-40 revolutions/min) for 30 minutes

<—Water (up to the marked line)

Filtration Type 3 filter paper
I

Sample solution

Scheme 1-2 The flow sheet for water-soluble calcium in fertilizers (Extraction-2)
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1 g analytical sample Weigh to the order of 1 mg to a 500-mL volumetric flask
<About 400 mL of water

Vertical reciprocating shaker

Shaking to mi
AXIg th mix (300 times/min, amplitude of 40 mm)for 30 minutes

<Water (up to the marked line)

Filtration Type 3 filter paper
|

Sample solution

Scheme 1-3 The flow sheet for water-soluble calcium in fertilizers (Extraction-3)

0.5 g analytical sample Weigh to the order of 1 mg to a 250-mL volumetric flask
<About 200 mL of water
Shaking to mix Vertical reciprocating shaker

(300 times/min, amplitude of 40 mm)for 30 minutes

<Water (up to the marked line)

Filtration Type 3 filter paper
|

Sample solution

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

(2) MEEAE

LR WO AT S B IS B o E LT B O %P (Ca 1 pg/mL~30 pg/mL) THIE TEDEI1Z,
BN D—E 8% 100 mL &7 7 AZE0, FHIHIFIERA) 10 mL 2002, £ E TKEIZ THE
ML Uiz, e iRz 7T WO E O 7L — AT L, R 422.7 nm O REA I -7
(Scheme 2) .
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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 (422.7 nm)

Scheme 2 The flow sheet for water-soluble calcium in fertilizers (Measurement)

(3) E=
IINTRREF R OKIEMEG IR E R T 5720, 2) THELIZAL LY L EBEHWTUL PR TR,
Ca b CaO ZHE T 5ICHT-> T, ¥BARE 1.3992 25U 7-.

S BT R O KB PE R IR OB E 8 (%)

=A1X1.3992 XX (V3,/V2) X (V1 W) X 10 000

=A1X1.3992 XX DR X (Vi,/W) X 10 000

AR EARIND RO T PECHE LT RHETR P O VD KR (ug/mL)
B DT 77—

Vi ER LR UEHE R O % & (mL)

Vo FUBHE IR OO A B E IRF L2 43 B L 7 ER IR D 45 Bt (mL)

Vi BUBHE IR O A B E IR I R LT IR IR D 45 B (mL)

DR: AR (=V3,V2)

W BRI L 72 0 Al B E & (g)

5) WA ZEORE

IRV B A3 DAl HZOK TOIRDIBE I ICEVITH 23, BIA AR EEME S X% —E T A (MgSO4-
Ho0) 285 IR CO R TR 2 22 3572, IEfR7ZRFFEAM & 43 A IRF ] O A 25 L CA b A i 28 L
TV ZOZEwE T, & BRENOLOKEME R IR ORI DWW THRER 572D AR i & E i L7-.

ARR MO IEZBRE LB OB NEEZS E(Z, Table 1 (RUEZETEIE 4 f¥E & NH L
LA 7 EEAE T, IRVIEEHH Gl E-D S b ab i (oA aE 1 g & 500 mL h—/L e —
J1 =280, KK 400 mL 212 T 30 o MAE WL OZ KM%, 500 mL 22877 A3 THB LA TR
FTKREMZ, A3 FETABL, REHAKRELZ. ) O 2 i HIEICED WA bk L.

6) HHEOLRK

% DIKIRMER Sy OFHIFFEL 5 g-2 BT T 22 500 mL THHA, ik K@M oGz Lo
et TilEl 1 g- 2B 7722500 mL LVikE 5 g- 287723 500 mL CHRER IZ[EI R MEL /D2 &
DERINTEY, S EIED Tl aiTo CRIKOME R LD Z L2 MR T DO A a2 £ L7z,

Table 2-1 [T/ L=l SRR 4 FEEEAZ VY, IEVIR-EHH (R IE-1) TREEZ 1 gL TWnbED
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5 5 g ICEZTHNTED LB ZAT -T2,

7) BB oK

JERFE BB L DI BN T, BT OKIEYE DNV T BT IE D 71— KR OEE T B T s XEs
RVIREHE T 30 4 R 92 0715 GlTHIERE-1) AUGEES LTS, B IREH A X R e T D ARIEIZB
THIH R A E R LB O ST~ DR B2 MR T 5720, IRVIEEHH (i H B E-1) Chi e %
30 pHIEL QWD EZAE, 60 401, 120 3 RICE E L CONMED ka1 T -7,

8) HEF(d

Table 1 (Z/RLIZHNT T LEGREDI LT a4 VB0 A, iRV D KAIUKFI O 2 FEEE,
Table 2-2 [Z/R L7cFH SRR 5 KO 6 2T, fliHRAE-1 ~FhiH e E-4 OZnEnD FIEZOWT3 A
PHTCHATL, BEEEZHEELFMELZ. T X COREHIRED A F IR R T OR S IZLVFARIL =28, it
IR CRBE D~ R v 7 ADL DIF S HAFET 5. TRBEARE TR L= fE 5, B AR O KA TEA AR FEE
M 4.0 %~25.0 % Th-oTT-, ZOREEZZEITHEILEI ORI ES 1.0 %~30.11 %EL7z.

7E, BRI ALY AERRIEOEME L Table 2 OLBVTHDD, HHTICHELIZFRIE &L
O RBREEHCEL A SN LD A EFRIEOEL S BT, 4 BIREHIEE A Ui R & T+ iR %
HTHDH.

9) ¥

ARIEOPHATIEE L O WS FE 2 HE € LR 35720, KIEMERIKEZE A L TODREE LT T A 1
R, AR 1R, ABRER R L CEV AR A IR ZRL A L2 D) 1 & Y CaO BN 1 % (H &
)Y B LD OB T2 Table 2-2 HOFHBALEL 8 (ZOWT, i ERIE- 1~ H B fE-4 DZ
ZNDHET, 53k 2 SOMTCTREE X TS RIS E1To72.

10) EETRFOHE

TER TR O N IROHEEZATOT20, B FIRAITOREZIZHFI I L7 Table 2-2 HOF L L, 7 &
T, Hl R AR 1~ R4 12D T 10 mOFT To b Lic. TERFERRBRIE DI B & A O FIE
(2B, BONT DT EDPHTIRMER EIC 10 2/ EUTERE T RZ, 2xt(n-1, 0.05) 23 CTHRH TIRZ
HEE LT

3. BMRRUSBER

1) HHFEO®E

2 T O S HHEZ e L7245 5% Table 3 & O Table 4 (/3. i@ AEEHIH Db k%
RBRIETD4.5.1.a IZEVRDIZA KR E (n=1) 1R T2 WO G %, BIKIT Ca0 L TOHEGREIC
Xt T D W E OB A A B R E L TORLTZ.

R, IRV O/ HTH DS Wl I FEB L TR IR 2 R E721E CaO BRFREIZ 9~ /KR A K D[]
I ENSToZEND, SRIOSHTEDBR I I W ThH il FE T IRVIB SR &Lz,
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Table 3 Comparison of the extraction method between
using vertical rotating mixer and boiling (solid fertilizers)

Recoverya)(%)

Calcium sulfate Calcium nitrate Triple superphosphate Compound fertilizer
Extractor Boiling Extractor Boiling Extractor Boiling Extractor Boiling
96.7 90.2 101.7 101.1 79.0 76.6 97.2 96.4
93.5 82.4 100.9 99.6 79.4 75.8 97.9 95.4
94.8 91.1 103.0 101.8 80.8 77.7 97.7 98.1

a) Recovery of quantitative value of W-CaO to quantitative value of T-CaO (Total lime,
Testing Methods for Fertilizers 4.5.1.a Flame atomic absorption spectrometry)

Table 4-1 Comparison of the extraction method between
using vertical rotating mixer and boiling (chemical reagents)

Recoverya)(%)

Calcium chloide Calcium sulfate dihydrate Calcium acetate monohydrate Calcium propionate
Extractor  Boiling Extractor Boiling Extractor Boiling Extractor Boiling
98.8 97.2 99.0 89.4 95.5 95.6 100.0 99.5
96.1 96.3 97.4 95.5 95.6 95.8 100.2 99.9
98.7 97.2 98.4 95.2 95.4 95.4 100.9 99.1

a) Recovery of quantitative value of W-CaO to theoretical value of CaO

Table 4-2 Comparison of the extraction method between
using vertical rotating mixer and boiling (chemical reagents) continue

Recoverya>(%)
Calcium citrate tetrahydrate Calcium nitrate tetrahydrate Calcium dihydrogenphosphate
Extractor Boiling Extractor Boiling Extractor Boiling
28.5 21.8 96.1 95.6 94.5 91.8
30.2 25.2 97.0 97.5 95.5 93.1
31.6 21.6 98.3 98.4 95.5 94.6

a) Recovery of quantitative value of W-CaO to theoretical value of CaO

2) AHEEORKRE
RVIREHE B TR & D L 21T - 724k SR % Table 5 (27,
LB, DALY AEARECTHAMEE DA LUK & QAL Lo At a3 %

1:1 TIRALFAHL CWAE720, CaO ELTOHEGRIED 2 43D 1 OAEIZXT T 5 BT E O E|I A Z R HE &
LT/RLT-.

i e, A RUEHCRUBHE 5 g (TR L, BB & 1 g ORINERD @72 Z80, fli R O R0
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400 mL OKIZXHLT1 g &l

Table 5 Comparison of quantity of the analytical sample

Recoverya)(%)

Sample 1 Sample 2 Sample 3 Sample 4
lg S lg S lg S lg Sg
92.4 60.4 90.7 88.7 85.5 40.6 102.4 65.5
91.3 58.9 88.9 86.9 88.3 39.2 98.9 64.4
92.5 59.9 88.7 88.6 88.7 40.0 100.6 65.7

a) Recovery of quantitative value of W-CaO to theoretical value of CaO

3) i EFRE DG

FAEHZ W Tl RERT A 30 43, 60 43R, 120 432 L COpT s bk L7- 5 % Table 6 KO
Table 7 |Z7R L7, #IRVIEBEREH 30 23O HHEZ 100 %E L, ZNZ OV IEEREH COEINEREZ RO T-.

A, BETZALEL 4 A TS OWT, FHRFRZ IR R 35 28I R T A~ DRI I BTz,

TV NERRIETIL, 4 OIS, KZABEI LT NUKFI RS 3 FEEE CIR B AR [
U< R 2 IR R 32 Z LA KD WA~ D BN L RO 272D, KR ATV WIUZKF) s
R 2 B LT BRI T B i< 7oz, AU, Sikal 3R K ~OEEMR LN 25 °C T 0.0959 g/100 g® LA
(ARNZEITER T 2EB 2 b0, ZO IR AOUHIRE DRV TR TIEEHME 322813 212w
78, ZOREEA AV Table 2-2 FOFRHBANEL 8 THERFHIA T 2ZE TRIE~OEMMELHERT22LL
L, DGR OFE R SARIEO R HHRERH]IL 30 43 L7=.

Table 6 Comparison of the length of extraction (solid fertilizers)

Length of Recovery”(%)
extraction ) ] ] ) B
(minutes) Calcium sulfate ~ Calcium nitrate ~ Triple superphosphate ~ Compound fertilizer
30 100.0 100.0 100.0 100.0
60 99.1 100.0 98.5 102.0
120 102.0 99.9 98.7 99.7

a) Recovery of quantitative value to its value of 30 minutes

Table 7 Comparison of the length of extraction (chemical reagents)

Length of Recovery” (%)

extraction ] ] ] ] ] ] ]

(minutes) Calcium chloide Calcium citrate tetrahydrate Calcium propionate Calcium acetate monohydrate
30 100.0 100.0 100.0 100.0
60 102.1 118.4 101.3 100.0
120 102.2 122.9 99.5 99.8

a) Recovery of quantitative value to its value of 30 minutes
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4) EEEFT

RIEDRD 4 SOREEMHTED 725 4 DOHHETHTL TIONT AR D E A HEE LG L
7oAk A Table 8 IR UTZ. 7238, BEEERHGIZ AW -3 UEHI & END LT T AT 2.8)DEEY, TAFREZ5E
LChW T hofHiEICB O TR B3 QAT 52805, CaO BRI T2 0 W EOEI A % Bl =
LU CEEAHEE LA AT o7z,

TR RERE T B E E A ORBRIEOZ SRR O FNEIZHE 3 0T Collig S LIS S /i fifin
BN RE RO EEZHEE L T2E 25, 2 TORET, WFRoOfH HIEICBOTH IR RBR LN EE A
IZBTLEED AR ALz
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Table 8-1 Result of recovery test

Desi Mean value iteri
Zn Recovery valu Criteria of the

Sample component of recovery trueness

)" (%) (%) )

1 g-500 mL Rotating (method—l)a>
100.0
Calcium propionate 30.11 100.2 100.3 98-102
100.9

99.6
Calcium nitrate tetrahydrate 23.75 99.8 99.6 97-103

99.5

98.0

Sample 5 10 99.5 98.7 97-103
98.7
98.2

Sample 6 1 98.4 98.3 96-104
98.3

0.5 g-250 mL Rotating (method—Z)a)
98.5
Calcium propionate 30.11 100.1 99.5 98-102
100.0
100.5
Calcium nitrate tetrahydrate 23.75 100.0 100.3 97-103
100.4
97.8
Sample 5 10 98.1 98.0 97-103
98.2

95.0
Sample 6 1 96.4 96.1 96-104
97.0

a) Rotating: Vertical rotating mixer

b) Mass fraction
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Table 8-2 Result of recovery test continue

Desi Mean value iteri
esign Recovery valu Criteria of the

Sample component of recovery trueness
)" (%) (%) )
1 g-500 mL Reciprocating (method—3)a>

100.3
Calcium propionate 30.11 100.2 100.2 98-102
100.2
101.7
Calcium nitrate tetrahydrate 23.75 101.6 101.4 97-103
100.9
98.6
Sample 5 10 98.7 98.6 97-103
98.4
99.3
Sample 6 1 97.8 98.9 96-104
99.6

0.5 £-250 mL Reciprocating (method-4)”
97.8
Calcium propionate 30.11 98.6 98.7 98-102
99.7
100.5
Calcium nitrate tetrahydrate 23.75 100.0 100.4 97-103
100.8
97.2
Sample 5 10 99.6 98.8 97-103
99.5
97.5
Sample 6 1 100.1 98.9 96-104
98.9

a) Reciprocating: Vertical reciprocating shaker
b) Mass fraction
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5) FEEEERMH

FEE 2 ROMTCRZEX TS B E T o7/ % Table 9 (IR L7z, $7o, TOREREEHIC, —
JCHL & 53 H o BT 24T o CHEE SAUVT-OFT A FE K OV TS 2 D HE 7E 7% 5% Table 10 (7R L7=.

ZORE R, PHATH A YR 22 I XREEE B LS T 0.2 %~0.5 %, fEE K T 0.1 %~0.8 %, 1k iE
BT 0.2 %~0.5 %, AR 8 T 1.5 %~3.1 %, PR HER 22T LT AT 0.7 %~
1.1 %, B KT 0.4 %~1.5 %, {LARIEEFC 0.3 %~1.0 %, FHRLAEE 8 T 3.0 %~3.8 %t/rh, T
DPFEL~IL, il HIEIZB O T T RO A E R 2D IR SRR IE VMR E A IRSh 05 HE
LZOFRFMIANTHST-IEDD, KB+ EEA L CWDAZENMHERINT.

7k, FREANEE 81X, HRVIE-EH R M O R FH R W THI I R AR WIEE T2 & <72 o
T A AT DK FI OREE AN T, AEBBEF TELOBEEHZB O KB R IROEH
TREF/NETHLHEEDLILTND 1 % (BHESR)ITHEDLERRLZR, 2 TOAMH FIEIZB TN
F ALK 6 U i 25 IR B R BRVE B A (RSN TWSIEE O B ZOFFRFREN Th-o7-.
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Table 9 Individual result of repetition test of changing the date

.. . (%(mass fraction))
for the precision confirmation

Test day Calcium sulfate Calcium nitrate ~ Compound fertilizer Sample 8

1 g-500 mL Rotating (method—l)a>

1 28.12  28.15 2466 2469 1235 1238 0.892  0.841
28.33 2842 2477 2498 1244 1246 0.881  0.888
27.82 2792 2477 2476 1240 1239 0.817 0.851
2770  27.77 2453 2441 1239 1238  0.889  0.892

2
3
4
5 2825 2836 2483 2490 12.56 1251 0.824  0.868

0.5 g-250 mL Rotating (method-2)"

1 2846 2821 2478 2481 1236 1232 0821  0.898
2834 2848 2490 24.69 1233 1234 0842  0.828
27.83  27.66 2435 2430 1233 1226 0868  0.889
2834 28.63 2455 2447 1225 1229 0.879 0.886

2
3
4
5 2852 2839 2472 2459 1235 1234 0919 0.894

1 g-500 mL Reciprocating (method—S)a>

1 28.44  28.75 2493 2486 1245 1245 0.874 0.896
28.88  28.83 2499 2498 1251 12.62  0.955 0.965
29.08 29.12 2501 25.05 1234 1248 0901 0914
28.75  28.81 2496 2495 1250 1248 0.952  0.933

2
3
4
5 28.70  28.69  25.10 25.18 1247 1248 0.952 0.923

0.5 g-250 mL Reciprocating (method—4)a>

1 28.13 2849 2431 2421 1231 1233 0914  0.882
28.68  28.74  25.17 25.16 1247 1248 0.873 0.874
28.47 2839 2491 2462 1236 1232 0.893  0.882
2893  28.83 2520 2497 1249 12.60 0.948  0.905

2
3
4
5 2879 2896 24.66 2513 12.56 12.63 0934 0.918

a) Rotating: Vertical rotating mixer, Reciprocating: Vertical reciprocating shaker
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Table 10 Statistical analysis of repetition of the test results for estimating precision

Quantitative Repeatability Intermediate precision
Sample value” s2 RSD? CRSD) sirf RSDyr)” CRSDr)’
(%)" %)’ (%) (%) %) (%) (%)
1 g-500 mL Rotating (method-1)"
Calcium sulfate 28.08 0.06 0.2 1 0.28 1.0 2
Calcium nitrate 24.73 0.08 0.3 1.5 0.17 0.7 2.5
Compound fertilizer 12.43 0.02 0.2 1.5 0.07 0.6 2.5
Sample 8 0.864 0.024 2.8 3 0.030 3.4 4.5
0.5 g-250 mL Rotating (method-2)”
Calcium sulfate 28.28 0.15 0.5 1 0.33 1.1 2
Calcium nitrate 24.62 0.09 0.4 1.5 0.21 0.9 2.5
Compound fertilizer 12.32 0.03 0.2 1.5 0.04 0.3 2.5
Sample 8 0.873 0.027 3.1 3 0.033 3.8 4.5
1 g-500 mL Reciprocating (method—3)a>
Calcium sulfate 28.81 0.10 0.4 1 0.21 0.7
Calcium nitrate 25.00 0.04 0.1 1 0.10 0.4 2
Compound fertilizer 12.48 0.06 0.5 1.5 0.07 0.6 2.5
Sample 8 0.926 0.014 1.5 3 0.032 34 4.5
0.5 g-250 mL Reciprocating (method—4)a>
Calcium sulfate 28.64 0.14 0.5 1 0.28 1.0 2
Calcium nitrate 24.83 0.19 0.8 1.5 0.38 1.5 2.5
Compound fertilizer 12.45 0.04 0.4 1.5 0.13 1.0 2.5
Sample 8 0.902 0.018 2.0 3 0.027 3.0 4.5

a) Rotating: Vertical rotating mixer, Reciprocating: Vertical reciprocating shaker

b) Mean value (n = sample number of parallel test (2) X number of test days (5))

¢) Mass fraction

d) Repeatability standard deviation

¢) Repeatability relative standard deviation

f) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers
) Intermediate standard deviation

h) Intermediate relative standard deviation

i) Criteria of intermediate precision (intermediate relative standard deviation) shown in Testing Methods for Fertilizers

6) EETREDHE

HEESN-E & TR &L O H FERO#E % Table 11 1273, fliHBE-1 OF & FHRIZ 0.05 % (&
SRR, B TERIZ 0.02 % (B & 3) B, MitiEfE-2 oF & T IRIT 0.06 % (& &4 %) &
FE, B TBRRIZ 0.02 % (E &5 ) B, flH#E-3 & & TIRITZ 0.08 % (E &5 3) BE, i T
PRIZ 0.03 % (&4 3) F A, filHBfE-4 O & & FRIZ 0.06 % (E &4 =3) B2, Bt FERIX 0.02 %
(B & 3) BB L e sz,

B BRE VM R A T, BRSO OE & FIRILE A T &K/ & & OV @ Ik o& F i/l
BO 1/5 LT THLZERHEREINTND. AEBIE TEDOIL TWDOKIEEAIKDOEH T & F/ &
IFZ<OEET 1.0 % (HEESHE) THY, ZOLEHRINLIE R FTRITED 1/5 THD 0.2 % (HES
R)LLTERDTEND, RIEITIRIE T DR OKEEAIKOEH LR T 272000 Hrike L TE
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MARETHLEHIWT LT, 72720, FER = HE A IR TIIAEHE TED DB THWDKREEMEAIKDOE
AT _&EiH/MET 0.1 % (HEESR) THLHIED, 4 RHEESHIE & T RE T HISE & T R
WENDRGER ) B LT OFREREZEH A B OLER A RE THLORBE T OUENDD.

Table 11 Estimation of LOQ and LOD values (%(mass fraction))
Extraction method Design Mean” Stal_ld{lrd L0Q" LOD®
component deviation

Vertical rotating mixer

1 g-500 mL (method-1) 0.20 0.22 0.005 0.05 0.02

0.5 g-250 mL (method-2) 0.20 0.23 0.005 0.06 0.02
Vertical reciprocating shaker

1 g-500 mL (method-3) 0.20 0.23 0.007 0.08 0.03

0.5 g-250 mL (method-4) 0.20 0.22 0.005 0.06 0.02

a) Mean value (n =10)
b) Estimated lower limit of quantification(Standard deviation X 10)
¢) Estimated lower limit of detection(Standard deviation X2 X¢(n -1, 0.05))

4. FE&b

[ T AL R D AR R IR T HE D B — R BR RIS LD S Y MR A B L7122 25, IRDFERE1S7-.

(1) & EITER SR EMED N T DT EDORTNEZB £, #iH T IEOBE, #E &K
EATo7. RVIREHIH L E W 2 i L2225, IRVIBERIH O E D J5 28 K IEMEF IR D [E] Y
RNEPST=Z DD, M T IEITEVRE M E L, 72, REHRIZOWT 1 g KNS g LDy
HHE DL 24T o 7o 5, & B CRUBL & 1 g O J7 IKIEMEA IR D[RR FDr o722 030, il HFED
BT 400 mL O/KIZKILT 1 g &Lz,

(2) HlHFERIZ 30 5[5 60 53], 120 43 I ZE B L7=BED A3 T~ D B A fle B 3~ D7D it 21T o
7oL A, IRSOEFRE MR L ABE VD MWK % brE, R AR 35 282X 0T fE~D
XA DN T8N0, AIEOIRVIEERFRIZ 30 /> ez,

(3) Hied 4 REOREHIOWT, 4 I GIET, T 3 S0HMTTHITL, MIEMOFHIEE FHWT
MR Z RN T 5 E CTHEZHEE L CGEELZRR, R TOREL LT, WThohiH BB T
[ RS EEHEREBRIET B & A TEDDIEED BIEOFHN TH 7=,

(4) KEMHAIRZEAL TS 4 FBEEOREHTHOWT, 4 HIH AT, &2 SOMTCTHZZ 2 TS5 [H
ST EAT ST R R, 2 TOREL UL, il H 7 IS TOR T AE k12 HE (R 25 Ko O HP 8RR S 422 Y ff) 2
DIEEHERBRIEHBEE A ITRENTWIFEDO B ZOFRFFTHAN Tho7len b, Rk +5070k
EERELTCONDIENHERINT.

(5) HERMEBRIEMEE A IORSNTCODRBRIEDZ Y PERER O FIEICHE- T, HTRBRIC I E &
PRAHEELTZRE R, RIEOE®E FRIE, ETEHEXEERVIBEE COMB 054G, oaE 1 -2
7722 500 mL OE & T [RI% 0.05 % (H &5 3) FJE, oralkl 0.5 g¢- R &7 742 250 mL OFF &
FR130.06 % (Z &0 %) f2 B, mEAERVIBEEE COMEOLS, o0rilEh 1 g-2& 7722500 mL
DOE B FIRIE 0.08 % (& &5y 3) fL A, mATalE 0.5 g-2 7723 250 mL OE & FIRIX 0.06 % (&
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Development of Determination Method of Water-soluble Calcium in Fertilizers by Atomic
Absorption Spectrometer
—Single Laboratory Validation —

NUMAZAKI Kanako!, ECHI Masahiro?, ABE Shin?

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

2 Food and Agricultural Materials Inspection Center (FAMIC), Sendai Regional Center
(Now) Tohoku Regional Agricultural Administration Office

3 Food and Agricultural Materials Inspection Center (FAMIC), Sendai Regional Center
(Now) FAMIC, Fertilizer and Feed Inspection Department

Act on the Quality Control of Fertilizer was amended on December, 2021 and guarantee of water-soluble calcium
(W-CaO) became possible. Testing method of W-CaO has not listed on Testing Methods for Fertilizers, so regarding
the analysis method of W-CaO using Atomic Absorption Spectrometer, the performance of the analysis method by
a single laboratory was confirmed.

We conducted preliminary examinations relating to extraction and decided its method. Extract the sample by
adding water and shaking to mix using vertical rotary mixer or vertical reciprocating shaker for 30 minutes. Scale
was set to 1 g of analytical sample-500 mL of volmeric flask or 0.5 g of analytical sample -250 mL of volmeric
flask. Put a predetermined amount of the sample solution in a 100-mL volumetric flask and add about 10 mL of
interference suppressor solution, then add water up to the marked line and analyzed sample solution by Atomic
Absorption Spectrometer.

As a result of 3 replicate analysis of 4 preparation samples contains CaO (Calcium propionate 30.11 %, Calcium
nitrate tetrahydrate 23.75 %, Sample contains Calcium propionate 10.00 %, Sample contains Calcium propionate
1.00 % (mass fraction)) on different 4 methods, the recovery range were 96.1 % - 101.4 %. Repeatability relative
standard deviation of W-CaO were estimated 0.1 % - 3.1 % by analyzing 3 fertilizers and 1 preparation samples
contains CaO (Calcium sulfate, Calcium nitrate, Compound fertilizer, Sample contains Calcium citrate tetrahydrate)
on different 4 methods. Similarly, intermediate relative standard deviations of them were estimated 0.3 % - 3.8 %.
The limits of quantification of preparation sample were estimates 0.05 % - 0.08 % and the limits of detection of
them were estimated 0.02 % - 0.03 % on different 4 methods. Those results indicated that the developed method

was valid for-the determination of W-CaO in fertilizers.

Keywords  Fertilizer, Water-soluble calcium, Flame atomic absorption spectrometry

(Research Report of Fertilizer, 17, 1-18, 2024)
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HIFRRER!, IRAR &2, AR, okt
F—0—F  KEMETOE, ETEIEE, ERIEE, EEEERDE T

1. [XC&IZ

FOBIIEM R DRECEDIREL 210 LEEHILD, TR S CAERREL B AL T
ENTHY, LB SEOMEREITE S DM (LUF, THEERE L), ) OTHEEO s OREREIZBE 5
BRI S ST @I O N E R AT DHEOME Y (LT, TAER 10D, ) TR OB LK
PEFOBEORFEN AT REL 225> TS, AIVEPEITWER IS DU T, ABF BT O A TE 1 Tdo 2 A 5 Bk i )
ETAREDOSHENEDLNTEY, TN LRI L > Tl A #iH 2 ED O TS, — 77, K
EYEOBRIS OV TR, IERHESOIERT (B 34E12 7 £T) O IR AE MR b CIRGE AT REZR ALK O FEH YK
PRIT BRI RO 2 Tl o770, JEEME BRIV Th RIS PRI O 4347 1 0 1 6 P 139
OB B AEEHI RE ST,

L, 47 F0 3 4 12 A OXERESEIEIZED, TR ETHH TEah o T FUB O 2 K i ISR fn s
M, ZWETETRRDIEEHRE OB S A HEL DL LI, ER DO IEEHI B W TH KT WER O RAE
INFREL TR ST e D, ERMETBRIAIZI W TETEIEE P O KISV W BR D 3 M ik 2 B i+ D BV E
Cle. A1), BEMOKEER L0, ETEALEL R OB WEED SAHTEIC W CRBUE DB - B A FEHi 928
HEGHEZT, T EORET R ORI O Sy IR F OREGRE1T -7 1T, H—iRBR=12d61 2 2% 4 M
REEML 7= O TBE ARG T 5. Fo, BERIEEHIINA T, MBS 5 X ERDH LT BN
IEEFAS A OHARIEEHZ 35U T i I &E R SE 2720 DR Y MR ZAT 72D T, fi T O A
HID.

2. #HRUAHE

1) SRR
(1) VR AR

MRS S USRI, AR AT B (A B3 B ATE B ECORE S ol
o, BUEFEEL T B B ILECARHRIE TR A RAEL TV BB BT/, 2072, KR
ERAE BT IEHC L0 T B IS A ATREMES B 5O, Z0M R R ROWEN=— 25135
HEC, 40 4 4B IGEREHC LDIERT (SR TR DRI LV D. ) ~BMDG- T, IR TS
A~ BT VB S B B D T o o — Mok 25, AT ~B LTI
AEPEREFH DBITIT, BB ORI B RAET B EBIL RO AT M FL VDI e 1
S THY, RFL OB LA Db T B EREEH 1B Th, BRI FREHI SO CHEE R

ST TR AR R B 2 AT 5 —f e —

> AT MR P 2 5 Al 7 — s — () il
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AR Ch o7, Fiz, 2B LU THEL TODIEEHEIZ DU T, RO ERIN BB @ S 3L TO 2 e
HABRIE 4424 SoLWVTLE LT, TBATO S AT L 180D, ) THONEIT 12825, W ho
FEEHZ B W TH A E RS EOKEEMET R D FARIRFER Sy & (BB E G IREHT 1.0 %, Z LIS o fRkHX
5.0 %) UL EOKRENETVEEE A L TODAEEHTZR DTz,

Z D=4 BIORFT TIEFEEL TODAEEFCIE7Ze<, Table 1 DIFWERE A 3RS AE AT HFEIE L TRER L
7o AR LT EEHZ W T, TWER YD AERHE(50 %) LIS DFRFEIZ DWW T HBAZ 500 pm D550
Z il 95 F T DA TR L 72D OZ AT R LTe. 1T WEER I U D APAHR (50 Yl DWW CIEXZEDE
ALz, ZNHORIET JIS HEICHESN TELT, Fifkr L —RITHY 3533 IFE S Qg
ED, N & T o Tl _SMLEE O i OGRS B S BURS D DB O fERE 23 AT e ek 4 FH V2.

Table 1 Silicic acid containing reagent

Chemical reagents Chemical formula

Sodium orthosilicate n-hydrate Na4SiO4 - nH20
Potassium silicate solution(abt.50 %)  K:SiOs; +nH.O
Magnesium trisilicate pentahydrate Mg>Si;05+-5H0
Sodium metasilicate nonahydrate Naz2Si03+-9H.0

(2) FHEEE:

FIVNMFOEET R D o AKFIH) Sy OAZ T OEE T R D ALK T & — B AR JFA B L CRE SN C
WHRIEAFLEA ETIRAL, SiO, A EAMEEOIRELR5LS, RBAEEE 1-1~2-11 Z/ERLIL oH7T HalklE
L7z, RICAZTOEE T NID DILKF LT BRI VD AR50 YOIZ DWW T, IRAEICED ISR Z BN e
EREERLIZARIR (AZT O ERF R ALK TS B O TR LI D L, FOER YD DT (50 %) IZHBW Tl
PRFE L OVK) HIRAL, SiO B A EAMEROIRE L2515, JHRAREL 3-1~4-6 Z/ERLL /3 HT FaEIE LT,

FWEE S A RIKEOIR AT L3 ERIE TR T IIS S ESN AL D& AV, BBIE 500 um @
AYV = @i 5 E Tt DA A T L 7=b 0% FV =, Table 2 125K O HEIA L Si0, OF%E
By BEa R Lic. 7eks, B QKB WO EH &I, b7 A5 (Si0) IZIVFEHTHZENEDD
NTWDZEND (EMKEL SRS 96 )Y, Table 1 DL D S0, & A RO PR E A H H LA RACE:

DOFFHIHNWTZ. 72721, AVNFWEE TR D A n ZKF) S DN ORI D R (50 Yo) i X B S BRSSO HHK
i (Si02 EL T 25 %~30 %X T 27.5 %~29.5 %) ITIRFT ST, IEMERBGRIEIIARH Th 722800,
IIMTAE (26.48 %% T 28.75 %) & VTRt &1To7-.
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Table 2 The mixing ratio of reagents and component concentration of prepared sample

(%(mass fraction))

Design Rati9 of Rati(? of Rat.e of The mixing ratio of other materials
Sample Compogent NasSiO4 NaxSiOs KoSiOs+ (The raw materials used)
of W-SiO: nH0 9H0 nH>O(abt.50%)

1-1 13.24” 50 50(Potassium chloride)

1-2 13.24% 50 50(Potassium nitrate)

1-3 13.24” 50 50(Sucrose)

1-4 13.24” 50 50(Urea)

1-5 13.24” 50 50(Boric acid)

1-6 13.24Y 50 50(Ammonium sulfate)

1-7 13.24” 50 50(Potassium sulfate)

1-8 13.24” 50 50(Magnesium sulfate heptahydrate)
1-9 13.24” 50 50(Manganese(1l) sulfate pentahydrate)
1-10 13.24” 50 50(Diammonium hydrogen phosphate)
1-11 13.24% 50 50(Potassium dihydrogen phosphate)
2-1 10.57” 50 50(Potassium chloride)

2-2 10.57" 50 50(Potassium nitrate)

2-3 10.57% 50 50(Sucrose)

2-4 10.57” 50 50(Urea)

2-5 10.57" 50 50(Boric acid)

2-6 10.57" 50 50(Ammonium sulfate)

2-7 10.57” 50 50(Potassium sulfate)

2-8 10.57” 50 50(Magnesium sulfate heptahydrate)
2-9 10.57" 50 50(Manganese(11) sulfate pentahydrate)
2-10 10.57" 50 50(Diammonium hydrogen phosphate)
2-11 10.57” 50 50(Potassium dihydrogen phosphate)
3-1 13.00” 61.50 38.50(Potassium chloride)

3-2 5.00” 23.66 76.34(Potassium chloride)

3-3 1.00” 4.74 95.26(Potassium chloride)

3-4 0.50” 2.37 97.63(Potassium chloride)

3-5 0.20” 0.95 99.05(Potassium chloride)

4-1 20.00” 69.57  5.00(Urea),25.43(Water)

4-2 15.00° 52.18  5.00(Urca),42.82(Water)

4-3 10.00° 34.8 5.00(Urea),60.20( Water)

4-4 5.00” 17.4 5.00(Urea),77.60( Water)

4-5 1.00° 3.48 5.00(Urea),91.52(Water)

4-6 0.50° 1.74 5.00(Urea),93.26(Water)

a) Design component concentration of W-SiO> calculated based on the analysis value (26.48 %) of Na4SiO4-nH.O
b) Design component concentration of W-SiO> calculated based on the theoretical value (21.14 %) of Na2SiO3-9H.O
c¢) Design component concentration of W-SiO> calculated based on the analysis value (28.75 %) of K2SiO3-nH.O

2) AXZFDHFN
(1) /K:ffizkfLELEE (217 Milli-Q IX 7005) 2 AW TR RIL 72 JIS K 0557 [ZHE T2 A3 DK
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(2) 0.1 molV/L /KEAbTFID AEHR - A BT (8 £ 7 AV LFDEHIER)

(3) Hale:JIS K 8180 sk (B L7 AL LR HIEK)

(4) HALAVD LIS K 8121 #REHE (& L7 A /L AF1EHIEE)

(5) =X /—1(99.5):JISK 8101 kA (F 7 A/ LFetisk)

(6) AF LR JISK 8896 Hfk (B sRALS:)

(7) =% /—1(95):JISK 8102 IR (& L7 A /L AFEHIEE)

(8) AF LRI (0.1 g/100 mL) : AF /LR 0.10 g ZTX /—/1(95)100 mL (ZIE LT,

(9) HEALH VD BEHE : =4 ) —1(99.5)250 mL %7K 750 mL (21X TRAL, LBV A 150 g 2% T
W UT=. FRRIEEL TATF AL o RIRIR (0.1 ¢/100 mL) i 2 N2, RO AR REAIZ/85 ECHEEETE T
LCEeEEL, 1 HB%E 0.1 mol/L~0.2 mol/L /KE&(bT N w7 AR CHAI L=,

(10) 5o bV T 2 JIS K 8815 FHERr#R (F L7 AV AR EHiHE)

(11) oAbV T BEHR : S ob VD A 58 g A 7K 1000 mL (ZIE LTz,

(12) 7= /=)L T7HL A :JISK 8799 H5fk (BsALS:)

(13) 7= /—IVT7HAEK (1 g/100mL) : 7=/ — VT HZL A2 | g ZTH ) —1(95)100 mL (ZIEH LT,

3) FERUEE

(1) &E7FRKUWA: A&D Company GH202

(2) WEAERVIEEH: Y1477 SRI(TZTAHTHZ 7 2 —%H 250 mL &7 T A% [HEL:Z. )
(3) ETEREXEEERVIEEHE: WIS ERT

(4) [HIEBHE:. TAUY Ugp—H—/3Z WB-100SAM

(5) RY~—8AMEER: NIRRT R =T L 8 LJE=} PSB-21

(6) wEHENE=Lwvh: RUEE T T3 APB-620

(7) =A% Retsch ZM-200

(8) RU~—MAET7T2a: NALGENE AA7ZA= PP #l 250 mL

(9) 1 FHTVERA T AR LR T T Aa: TAT R T7TA2 250mL JISR 3505 754 A
(10) pH #}: HORIBA fH b pH-EXInERA—H F-74

4) IKBETOEOHMBAEIC DT

BAT D StV MEOTH TR, BEHIKZINZ TSR EI T RS T, EBIZ, [H
INEETHHSTEIEEMSATIEIZ BN T, AIEMTOER ORI J7151%, K2z T B T inf s iR iR TR
(XD ZATH IEY BUGER ST, AR AKEHTTOBRO 3 HTIEDO S BAITHICHE 2D, BMOKER &
gz 172 EC, KIEHETOEEO Ry EOEFHRE [ KEMZ TIRVIEE TS NA IO ERO & H & £ 75
ZelL, FEAEE R O AKEEMEFOEE ORI 7 IO T, BUE, KT BRI AEEHZ O 45 FH S Tund
BATD S oAb AV DL HFEFRZ, EREEHIOIERS L7 M CTRFEED e LT, Fi, B
BEORETEDRE T, IERMEFE #£35 JRBRIEMERR O B0 & o TR T O BRI AR LIS O R A~ 3t
MHEFHZILRSE D720, ARIEEHZ DWW T B AR RO R 5 1E T O Z S MR Z T L7, 7233,
BT D 5o AtV DECIEHI 7 1EA B TR R IRV IR LK A2 N2 TR CIRVIEE 21 5 ik
DFIETRSTNDN, A RIZ YRR EITOICHTZY, MO KRS ORI S 2 BEFEREVIRE
A W TR WD CHO IR CTRFTEAT - 72, F72, HRIEE -~ F & PH 2 55 K 95128720, ke
BEOIKTEMED A BESE DK TR R S Ol 7 5L U TR S COA il S il R I SV TH O TRRETE 1T -
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5) A E

JEEFEERRBRYE 4.4.2 KIEPETWOEE 4.42.a 5o b VD MEIZIESE ORI To7-. b TRE AR IRV IR
W AT O EE% Scheme 1-1, BEFEIRVIEEHIZIATHHOWZES Scheme 1-2, TRAEEHZ IS
D FRIRVIERTICI A/ S EOE S % Scheme 1-3, fill HEEZ D OHIE#BAEE TOMEE A Scheme 2 IZ/RL
7o,

5 g analytical sample Weigh to the order of 1 mg to a 500-mL volumetric flask

«—About 400 mL of water

| Shaking to mix | Vertical rotating mixer (30 - 40 revolutions/min) for 30 minutes

<—Water (up to the marked line)

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

Scheme 1-1 Flow sheet for water-soluble silicic acid in fertilizers (Extraction-1)

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

—About 200 mL of water

Vertical reciprocating shaker(300 times/min, with amplitude of 40 mm)

Shaking to mix .
for 30 minutes

<—Water (up to the marked line)

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

Scheme 1-2 Flow sheet for water-soluble silicic acid in fertilizers (Extraction-2)

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

«—About 50 mL of water

| Shaking to mix |

<—Water (up to the marked line)

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

Scheme 1-3 Flow sheet for water-soluble silicic acid in fertilizers (Extraction-3)
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| Sample solution |
I

Aliquot
(predetermined 200-mL beaker made of polymer
volume)

<About 10 mL hydrochloric acid
<—About 15 mL potassium fluoride solution

<—About 2 g of potassium chloride

Cooling For 30 minutes or more in a refrigerator
I
Filtration under
reduced Filter made of polymer, Type 6 filter paper
pressure
I
Precipitate to the filter,
Transfer ) i . . .
3 times with a small mount of potassium chloride solution

<Wash 6 - 7 times with potassium chloride solution(below 10 °C)

| Transfer | 300-mL tall beaker, water

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

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

0.1 mol/L - 0.2 mol/L sodium hydroxide solution
(Until the solution becomes light red)

Titration

Scheme 2 Flow sheet for water-soluble silicic acid in fertilizers (Measurement procedure)

6) REANA

(1) TWEEEAHRIED 5B

Table 1 DIFWEEE A IRICHONWT, BUTD S BIT DIETHMTZ21T o712, 728, FiHIciT b T ism
[l HR D IR RS A L7

(2) FRBLAEEID S HT

Table 2 OFHEILEL 1 2 (22T, BUTD ST METHITEAToT2. 70k, fliHIZIE B R s
AR A L7

Z DS, A% OREHRIRIZ OV, pH ORIEETT-T-.

(3) fhHOERDZR B (R~ — LT 28 DOkt

AZFNEET N T LIKFI OFRIED 22T — 22— EOAL R RF LD TpH 138 M OKEEIR) 1 C
BHHZENDINST=OTY, HIHERIEF OIHER B (BT O 5oL )Y DIETIRTIHIT VIS 7 A AR T T2
) INBDITWIE S DI MO B ZHEGRE T 5720, R~ —RUORRETT A LI WEIET T A-OEET T
AD AT ST RENIUTAZ T O N L IR FIY 2 A, 3R ~ — e 87 7 2= 5 il A]
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REZR EEAEEIRVIB AR L.

(4) FEHEHL oy BB DR

BATD S b AUy Ak, 8 AR O BRI R AREHI BRSO TR, sEHAIR O/ B 3 [F0EHA
HRO—ER(SI0; LT 20 mg~50 mg FHYET, K 25 mL DL F) 2R ~—fEe— 0 —(ce5. | LFtHl
ST, Ez, HRIRITWERIN BB O S ARIRFER 7y B3 AKEPE T WERE L T 12.0 % THDHDITHRIL, #HiL<
IREEME TR DLRFEDS AT RE & 72 S T AL R NEEL S D 2 < D [ TENE B D i ARLRRE R 7y Sl KA MV ERE LT
5.0 % (OO EIEEZ B T 2B E S IEEHZ B W IR RAER 3 &3 1.0 %) E72> T2, #
BRI DSy B % 25 mL LU CHAILIZEHATR T O Si0: & B4 20mg & A2 ENTE T, MERNE
L7725, Z22C, RENAIR Dy BE% 50 mL &Y 100 mL (ZHEC LT8O B IZ OV TR ETT-
7=, BEhiEARAEEr 3-3 Z Wy, fiiHicid B TR R iRV IR L.

(5) VEAEsiIE D EORGT

BEtaAToH T, b AROBHEDDIROFHEAEEHI W TOKEPET W EEO RIS 100 %&0
E<ROEMA RO ZIE D BIb T A RO E R BN DIRWVEREI OGS, THEOBEO KR T N T A
RO E BN D122 DT80, mFDOVEZE CRALDID LERIR TOWEE) FRFZFE > CLES TR 2L T
HOTIFRDEB Z BV, DT, JEAK CH WAL VY NEIRO EE 2 2 TR OB AT 7.
FREHT 2204 FRCEH IR EL 3-4 C, SUEHAIR O3 IEZ 25 mL D6 L 50 mL O5A 2T
PeiAi ChHDHAL )T AAR O E% 10 mL, 50 mL, 100 mL & Y200 mL EL, 2 S0 TCOraiT-7-.
728, T B TR RS IRO IR A L.

(6) EFEDFHAf

B TERERERR IRV IR S E Ol 5 15 &K O EREIRVIEEHZ oAl FiEo B E o h %
17970, ZHENOHH S IR TRARS 4 IIEL75 I ERIEH B TR D A2V TR
U LIUKFY), SRR 341, 3-2 L OF 33, IR OB ALK S OWRITEHZ I\ TR EUEEL 4-2,
4-3, 4-4 J ¥ 4-5 Z N, 4 3 WPHMTCTOTEAT o7,

(7) DFTREEE K OV S BE O R EA

b FERE R IR IR A Ol R O R E A IRV IR A il 7 B O OF TG ) OY
RS E DRI ZATH 7200, T E ORI TR TAE B b CIRAE ATREZR 5 B #i [ oD th C B i
LARIR L L 70D IO B AL L TIIAZ T O EE T R D D TLK T K O RAERE 3-2, WRIRAERRE LTl i
NEEE 4-1 T 4-4 ZNT, 45 2 ROMTCTRZZAZ TS AR rE To7.

(8) E&E TIRFOHEE

bR REIR R 2 i 5k, E IRV IR F V7o 5 T & ONECIRIE BHS s
F5 M5 I HTED E B TR O T IROHETE ZATI720, £ R T IRMATORAELL TEZILEHI W TIE
AR 3-4, WERIEEHZ B W TITAHRALEL 4-6 2T, 4 8 WOMTTHONTEAT 7. HoNI= o HrED
TR R AEZ 10 5L CER TRAHEEL, DHMTIEMERAEZL 2% (n-1, 0.05) 5L L TR T IROHEEZAT

o7z,
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Eo, b FEERERR R I 7RI 30 CHEES I B T IRAIE O 151 Bl
SRR BT, TIULE 35 & 3 ROHTCHPTLI. HEESIIE & FIRAE ORI A LD
BRI 21 B LT

9) FRVIEFICLAM S kL0 kR ik

BIATD 5o bV LETIE, AR OB IR IEEHI B W TR RVIREIC LA S ENFRO b TVA.
A, WA AR D WRIR AR~ 3 F #iPH ALK T 2128720, AR O ER IR AEEIS O’
RABEHZ IR\ CH [REE O S i IR I KO KBV OB R S QOB EI TR T 5728, AF
Bk B CLRGE ATREZR IR S GG O TR0 D 3 JRE LD IDICTRIAEEL 4-1, 4-3 LV 4-4 ZHNT, FIRVIE
WICL D Gk EFinA R R IC I M s nEh 4 ST TREBRZFERL, F T
I2XD 2 BEORAED S WA MER L%, BRI « REEZEEL Cliflla B K% 5 % THERENDD
MR LTz,

725, BATD SV AEOFIRVIBEIZL DM S LT 500 mL 287 7 A5 0tk 5 g 20130
D&Y, 7K 400 mL ZNNZfliH 228705 TNDD, BRIRIERIO D K EEMERL 73 ORI T IETIE, 100 mL 42
BT TANIGHTEEL 1 g 213030 &0, 7K 50 mL 2N E1 T H kL 7eos TD T2, D KEMER S L[]
FROFBBHE IR ZAL FHL THEZATHIZEN TEDHLD, 4 EIORMETTIE 100 mL 2 &7 7 A3 T/K 50 mL (L0l
325k L.

3 BERUER

D HTWEREARREOIITHER

FOEE G A REED WS RIL Table 3 D LBV T, AXFOEET R LZILKFIIZ OV T HTHIE 21.13 %,
[ 100.0 % CHEEMERBRIEN B E AVICRIT2HEE O BAEZ- T IR e o7z, Fo, AV
FRUT L n AKF B TR ) BDESHR(50 Y%olls DU TIE, BRI A& E O BIRRIE (25 %~30 %MK
W 27.5 %~29.5 %) DTN TRIEMHTWOBERD 30T (26.48 % TY 28.75 %) Shuiz. 7283, 1TV~ R D A
HARFIIZOWTE, REDOLRT —F2 —F EOLFHIEEEL T, K, =& )=V KT BR~EEA
EWET I B L7 oTERY, EBRITKEMA T EEZIT S T2 BB K A~EET TOAEE71372<, 4T E
1.26 %, AR 7.3 %EWHMERWEINR 2T, D728, A% OBMPNIIE, BRIEEOFEE U I3 E
DADEIUR D FHR DY ATREIR AL TR T N D AWK F) B OB SRS 5 B OBIRRER S ii-A VM
g ND L n AKF, WRAERO R LTI RS 5 EORMSAE T ST O EE I U MR (50 %)
HWHZEELTZ.

Table 3 Analysis results of silicic acid containing reagents

Chemical reagents Theoreftic al Vil)ue Meanc)(%)a) Rec gvery
of SiO2 (%) rate (%)
Sodium orthosilicate n-hydrate 25-30b) 26.48
Potassium silicate solution(abt.50 %) 27_5-29.5]’) 28.75
Magnesium trisilicate pentahydrate 17.12 1.26 7.3
Sodium metasilicate nonahydrate 21.14 21.13 100.0

a) Mass fraction

b) Standard values of product specifications
c)n=3
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2) FRBEHO TR

FAELAEEL 1, 2 DAIHTHRE K O pH OHJIERE F1T Table 4 DEFRVT, A/LVRMFWVEET R A n KF L4
AR A LR 1 T, WARRKSE 7= L HRA L-REAREE 1-10 K OWARE —KFEDY
ULEIRA UTEAEE 1-11 Z2FRE, A% OEER D pH 25 12.0 KORENHOIFENIEDY 98.7 %~
100.1 % CHEEFEFBRIAM R E A [ZBITDEED BIE (97 %~ 103 %) &= 9 [BIL R 727248, pH 2% 12.0
FO/NENEDIEEILEEDY 61.8 %~85.8 %l iR Lieolz. AZTWEET MU AJUKFI & FERAREL
ToPRBLAERL 2 T pH EOHTEOBIRITLVIAE THY, Ak OFERATIRD pH 2% 12.0 LY RE\H0iXH]
I 100.1 %~100.6 % CHERFEBRIENME T A ICBITHEED BEE (97 %~103 %) Zii/- 3 [ L 72
ST, pH 23 12.0 KO/NEWEDIEEILEED 1.0 %~52.6 %E\ Ik R L7257,

77, FHEATEF 1-6, 1-10 K OFHRIPEEL 2-6, 2-10 1I2OWTIE, Fek ETRAL TWAEENSGICED
TUERZT BOBAEN RO, ZHDORERNG, ITOERT N A% AW IRE £ ETHERIL, IRET D
JEHDRSITEE L2 T 20BN HHE DT,

Table 4 Recovery rate and pH of prepared sample

Sodium orthosilicate n-hydrate Sodium metasilicate nonahydrate
Sample Value”(%)” 1:;3:;: ;y pH” Sample Value”(%)” l:;o):z )y pH”
1-1 13.06 98.7 12.4 2-1 10.58 100.1 12.0
1-2 13.11 99.0 12.4 2-2 10.61 100.4 12.1
1-3 13.25 100.1 12.3 2-3 10.63 100.5 12.0
1-4 13.11 99.1 12.4 2-4 10.61 100.4 12.1
1-5 11.35 85.8 9.9 2-5 5.56 52.6 9.0
1-6 9.88 74.6 9.9 2-6 1.21 11.4 8.4
1-7 13.23 99.9 12.4 2-7 10.63 100.6 12.1
1-8 8.18 61.8 11.7 2-8 0.17 1.6 9.5
1-9 9.20 69.5 10.9 2-9 0.10 1.0 7.0
1-10 12.93 97.7 9.9 2-10 1.31 12.4 9.2
1-11 13.14 99.2 11.0 2-11 1.94 18.4 8.2
a) n=I

b) Mass fraction
¢) pH of sample solution after filtration

3) HWEDBROBE (RIT—HEHSRHE) DRFHER

R~ — R ETTATLINT VT T AR A &7 T AaD it g R ORFIE1T 5755813 Table 5 DLV
T, N~ —led7 720z T Z T o 7256 O BT ENE 21.02 %, BEIERIE 99.4 %, 1EDWERT T
ABUA T T A% O THHI 2T 725 G O Wil 20.93 %, [BIERIL 99.0 % THY, EHLLO 48 H
IZRWTH IEHERBRIEN R T A ([ZBITHEED HEE (97 %~103 %) &t/ 3 BN R 27, Eo, W5y
FHEIZOWT, F BIEICKVE S B CHLZ L MR LIZOT, S EERE L -BIEEIToT2LZAHEK
e 5% TH B ZITRO LR T2 AT VOEEH T AD T VB VEEL L CEIRD T IV DA T A% AR
BITDVEDT —ERDHH0, S RIOMGHTTIE, 3ERAKR pH 1% 12.3 FETho72b 00, #iE T 30 43
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DO CHAST=T=DIEFNTOEEH T ANEDIF DRSO T-b D L Ebins.

Table 5 Consideration of extraction equipment

Mean” (%)b) Standard deviation(%)b) Recovery ratea)(%)
Polymer volumetric flask 21.02 0.11 99.4
Borosilicate glass volumetric flask 20.93 0.14 99.0

a) n=10
b) Mass fraction

4) AHBRERIDMEBORIER

FUEHAIR DOy BUEORRFEAT > T2 B3 Table 6 D L0 T, SUENAIR D43 BUEDY 50 mL O5A 130 il
1.01 %, [EULR 100.9 %, s EHAIR DS BEDS 100 mL DA ITEHHE 0.99 %, FEIULER 99.2 % TV o
A, BRI ACEHERBR LN R E A ICBTDEED BAZ (96 %~104 %) Zi = 3 R R /o7, 72721,
AEHAR O/ IR 100 mL DB, WH| AmEITOBROR BN L7220, AR MA BT 572, Kt
TWEBOE A EOIROIEEHZ W T, SUERERO 2 IED FIRE 50 mL £TETHIENRYEEILN
7-.

Table 6 Consideration of aliquot volume of sample solution

Aliquot volume of Mean” Recovery
Sample  sample solution b) rate”
0,
(mL) (%) (%)
33 50 1.01 100.9
100 0.99 99.2
a) n=3

b) Mass fraction

5) REBBROEICKIEWRE~DZE

Ve IR D BA L B L CTRLNZRIRORKE B4 Table 7 (2R L7z, TeHRIROED 10 mL OHA, Rk
BR O 5y B DS 25 mL, 50 mL W3 AU b IERHERERIEN RS A TEDDEED HAE (94 %~106 %) 22 %
[EUNER LR STDS, PP TARIR D &% S0 mL ELT-5503, #UEHATR O 43 BUEDS 25 mL, 50 mL W9 4uh -]
IR TN EREBEN B E A TEDDLHEED BRI LR o7, ek O &% 100 mL & T8 200 mL &3
R E b AR LB ERBEN B EH A TEDLIHED BFELUN LT

L EOFER XY, YEEAIR O B IR G AT R A 3 ISP ST RN RS < Fa D AT REME DS RIB X
iz, iz, TR O &N R UG, PEAIRO &H 200 mL OB G LIAMIEREHAR D53 BUEAS 25 mL O
B E X0t sUEHRIR O /3y RS 50 mL DFA DM 100 %IlZE W EIERAZELNTZ. ZOFEEND, ERR
RO EENRZL 0D THREF DT WEEE A BN LIV EDBRORRZEI/ NS 2o A REE D R E
Niz. 2078, UBORR CIIREREOE%Z 50 mL LLEEL, “B{LrAFEOEGEHEDDLRVGEIOE
AIIKERE T NI D DY O E R3S <725 LORBHRIR D/ BlE% 50 mL L3528 LTz,

728, VEAAIR D BIZHOWTIREHEREBRIE VX AR E AL VY DEIR T 3 BT L TR Z 4 C Al
ZRICBLAN, FIZDBEOEEHITLIEKRT 6 ~7 BIPET 5. | EREINTEY, 5 RIOMKE T
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IR EED HIRLAN Lo T Pelfimik o & 50 mL 13, BERBUROBEA DB FH S D Ve ik
DEL BT D70, PR O BIFATO ' TRERWZ LS.

Table 7 Effect of cleaning solution volume on recovery rate

(%)

Sample 100mL”  50mL” 100 mL” 200 mL”
3-4(Aliquot volume 25 mL) 115.7 106.6 105.6 102.6
134.4 104.0 105.1 100.9
Mean 125.0 105.3 105.4 101.8
3-4(Aliquot volume 50 mL) 108.4 103.7 103.4 102.1
112.3 103.6 101.8 102.4
Mean 110.3 103.7 102.6 102.2

a) Volume of cleaning solution (potassium chloride solution)

6) EEDTmiER

bR AR IR R A O RIS TS A HEE LA 1 T - 72 5% 54 Table 8-1, TEFTE
EIRVIBERE W7o IR IV TR E A HEE LAl A1 T - 7288 B4 Table 8-2 (IR L7z, AERFEERE
bt 3 A OFRBRIEDOZ S MR FNECTRINTND 3 SO T IS BIEM O [ Z Red 72
LA, EHLHLOAIHTETY, T X TORECREBFERBIENE E A IZBIT K IREL BT HEED
H AR A 7= L7,

Table 8-1 Result of recovery test(Vertical rotating mixer)

Design Recovery Mean value o Design Recovery Mean value L.
Criteria of the Criteria of the
Sample ~ component rate of recovery o Sample ~ component rate of recovery 0
) o trueness(%) 2 o o trueness(%)
(%) (%) rate(%) (%) (%) rate(%)
Sodium 99.6 98.2
metasilicate 21.14 99.7 100.0 4-2 15.00 100.1 99.4
nonahydrate 100.6 100.1
97-103 97-103
100.3 100.5
3-1 13.00 101.2 100.7 4-3 10.00 100.5 100.6
100.6 100.8
102.0 102.7
3-2 5.00 101.0 101.6 4-4 5.00 100.3 101.1
101.9 100.4
96-104 96-104
99.6 99.9
3-3 1.00 97.2 99.2 4-5 1.00 100.6 100.0
100.8 99.4

a) Mass fraction
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Table 8-2 Result of recovery test(Vertical reciprocating shaker)

Design ~ Recovery Mean value . . Design  Recovery Mean value . .
Criteria of the Criteria of the
Sample component rate of recovery 0 Sample component rate of recovery 0
2) o trueness(%) 2) o o trueness(%)
(%) (%) rate(%) (%) (%) rate(%)
Sodium 99.8 100.1
metasilicate 21.14 99.7 99.8 4-2 15.00 99.8 100.1
nonahydrate 100.0 97-103 1003 97-103
100.1 100.9
3-1 13.00 100.3 100.4 4-3 10.00 100.4 100.5
100.7 100.3
100.5 100.4
3-2 5.00 100.4 101.1 4-4 5.00 100.3 100.0
102.3 96-104 994 96-104
98.8 99.8
3-3 1.00 98.5 98.1 4-5 1.00 98.5 97.9
97.0 95.5

a) Mass fraction

7) BHTRERUHREEEOFERER

ZREHZOWT 2 AOMTTHEEZ TS HREDHTLIZAERIL Table 9 DLV THY, ORI D, —Iit
B Sy BT AAT > CHERE SV OF THRG BE K OV PRI RE BE O RFAT#E 5% Table 10 (TR L7z. b FHAEI=EER
EIRAEEEE O T IEICRB O L, A2 T WEET R A FUK T & OFRRAEEE 3-2 CHM T HE (R
7£0.3 %% 0.4 %, FREFHAEAERZEL 0.5 %% TV 0.9 %, FHRACE 4-1 L O 4-4 THATAHE MR 221X
0.6 %M TN 0.2 %, FRIFHRHEHER £ 0.7 %L TN 0.6 % Th-o7o. WEAERVIBEHE O 5 EIC
BUWTHRERIZ, AZTWEET N LI & OFREIEEE 3-2 THATHREERZE 0.6 %K% T 0.3 %,
H A SHE AR 7215 0.7 % TN 1.2 %, FREAEEE 4-1 KON 4-4 THM TASHEHER 2513 0.2 %% V0.2 %, F
AR HE(R 2513 0.7 %M T 0.6 % Tdho 7=, WO R 7= B BRIEME 2 A ITRSNS0F
ITHEEE (DHTHIXHEHER Z22) S O RS 1 (HR A TR HE (R 22) OS2 B Z O FF RSP AN & e o7,

Table 9 Individual result of repetition test of changing the date for the precision confirmation
(% ( Mass fraction ) )

Types of Test day

1
fertilizer Sample 1 2 3 4 5
(Vertical rotating mixer)

Sodium metasilicate

21.06  21.07 21.26  21.22 21.22  21.39 21.25  21.30 21.22  21.20

Solid nonahydrate
fertilizer
3-2 5.10 5.05 5.04 5.04 4.98 4.99 5.03 5.04 5.09 5.11
. 4-1 19.84 19.71 19.93  20.08 20.06  20.05 19.94  20.09 19.89  20.15
Liquid
fertilizer
4-4 5.01 5.01 5.02 5.01 4.95 4.95 5.03 5.02 4.99 5.02

(Vertical reciprocating shaker)
Sodium metasilicate

20.98  21.03 21.07  20.66 20.84  20.82 21.01  21.12 20.92  20.86

Solid nonahydrate
fertilizer
3-2 5.02 5.02 5.07 5.02 5.00 4.99 4.90 4.92 5.05 5.05
. 4-1 20.06  20.05 20.02 19.94 19.81 19.84 20.21 20.14 20.09  20.15
Liquid
fertilizer

4-4 5.00 5.02 5.00 4.98 4.96 4.97 5.03 5.03 5.03 5.03
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Table 10 Statistical analysis of repetition test result for evaluating precision

Repeatability precision Intermediate precision

Types of Sample Mean” 5 RSD."  CRSD.’ sin’  RSDin® CRSDim"
fertilizer (%)b) (%)b) (%) (%) (%)b) (%) (%)
(Vertical rotating mixer)

Solid  Sodium metasilicate nonahydrate 21.22 0.06 0.3 1.5 0.10 0.5 2.5
fertilizer 3-2 5.05 0.02 0.4 2 0.04 0.9 3.5

Liquid 4-1 19.97 0.11 0.6 1.5 0.14 0.7 2.5
fertilizer 4-4 5.00 0.01 0.2 2 0.03 0.6 3.5
(Vertical reciprocating shaker)

Solid  Sodium metasilicate nonahydrate 20.93 0.13 0.6 1.5 0.14 0.7 2.5
fertilizer 3-2 5.00 0.02 0.3 2 0.06 1.2 3.5

Liquid 4-1 20.03 0.04 0.2 1.5 0.14 0.7 2.5
fertilizer 4-4 5.00 0.01 0.2 2 0.03 0.6 3.5

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

b) Mass fraction

c¢) Repeatability standard deviation

d) Repeatability relative standard deviation

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

2) Intermediate relative standard deviation

h) Criteria of intermediate precision (intermediate relative standard deviation)

8) EETRFEFDHTERR

HEE SHUT-E B TR KL O H R IR O#E 8% Table 11 (R U7-. b FHEAE ARV IR EHEA AV =R 7
IEIZBWTIIEIEIEE X OHIRIEEHE L2 30 CTHAELE 0.49 %X T 0.47 % CE & FRRIZ 0.2 %M T8 0.2 %,
B TR 0.04 %% T8 0.08 %lHEE Sz, TEAFEIRVIEEHZ i F BB W TIETZILE K
ORARAEEFEAVE AV TEEIEIL 0.50 %% T2 0.48 % TE & FIRIE 0.2 %% TN 0.1 %, M FERIE 0.06 % & Y
0.04 %IHEFE AL, Eo, IRIEEHZ BT 2 S HIEIZ VTR, FMHEIE 048 % TEE FRIZ 0.2 %,
B TFRRIE 0.08 Y%l HEES LT,

HETE ST B TRRAHT ORI DRI A TR T 572, FHRALEL 3-5 2 3 SAOHMT THOMr LIz R
% Table 12 (/R U7z, FERIE, EHOLOHMMITIETD, EEFERBIENEE A (RS QWD EED BREAH
e IR SRS,

INTERUSIZIBNT, AKIETETWEE OGRS O MR, A IEEHZRBWT 1.0 %, ZOMDZL<D
JEEHZ W T 5.0 % THD. - T, HEESNIZE & FIREITAEHE EOEH T ~&ERK/NED 1/5 LIF
THY, Y% B TRE T D IREHE O KBE T VRO G BA R T D720 D kL LTl ATRE T
HHTENHERSIIZ.
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Table 11 Calculated LOQ and LOD values
(% ( Mass fraction ) )

. Types of Design a Standard b c

Extraction method fertilizer Sample component can” deviation LOQ ) LoD
Vertical Solid fertilizer 3-4 0.49 0.01 0.2 0.04
rotating mixer Liquid fertilizer 4-6 0.47 0.02 0.2 0.08
Vertical Solid fertilizer 3-4 0.50 0.50 0.02 0.2 0.06
reciprocating shaker Liquid fertilizer 4-6 0.48 0.01 0.1 0.04
Simple extraction method  Liquid fertilizer 4-6 0.48 0.02 0.2 0.08

a) n=8
b) Standard deviationx10
¢) Standard deviationx2xt (n-1, 0.05)

Table 12 Result of confirming the lower limit of quantification(ZOQ) by recovery test

Extracti Design Mean value of Criteria of th
Sample er?; 1;)n component Recovoery rate recovery ;1 elrlla © Ry )e
etho (%)a) (%) rate(%) ueness(%
Vertical ) 101.9
ertic al rotating 94.9 973
mixer
95.2
3-5 0.20 94-106
Vertical 104.2
reciprocating 104.6 104.2
shaker 103.7

a) Mass fraction

9) FiRYBHFICXAEBMBELDF AR LERER

TARVIER LA S ks B s nsE ) RS LML O J7 I M R O #5 % Table 13 12
RLTZ. IREZEODHEICOWT FREEITT2E25, AEIEEL 4-1 ICBW IS5 TH LI L EMRL
72D, G HEE L 2 EARIZED t REER R LT-2 25, WA EKNE 5% THERZENTBD LN
Dote. PHEIEL 4-3 KT 4-4 IZB W TUIEDHUTRWIEZ MR LIZDO T, DN ELBRNWEE LT 2 12
RIZED t MEZFMLI-ZEZA, MAIAEAKEE 5 % THERENROLINIZN>T2. D12, 100 mL 4
B7 723K 50 mL ZRMUMHETTH 1 5 EIC B O CHIRIRIEEHZ BTk IEE T O ER 24312
SN WA Z e RS,
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Table 13 Test result using samples of 3 different concentration for evaluating trueness

New test method Validated test method

) 2) . b F -test t-test
(Simple) (Rotating)
Mean®) P Mean®) P Variance Critical Critical
Sample N 9 0 0 . 9 t-value 9
(%) (%) (%) (%) ratio value value
4-1 20.08 0.06 20.03 0.07 1.36 9.28 1.20 2.45
4-3 9.99 0.07 10.06 0.01 33.22 9.28 1.87 3.18
4-4 4.97 0.07 5.01 0.01 168.61 9.28 0.97 3.18

a) Simple : Simple extraction method
b) Rotating: Vertical rotating mixer
c)n=4

d) Mass fraction

e) Standard deviation

f) F (3,3,0.05)

2) 1(6,0.05)

4. FEDH

[ T2 AR e ONRAAR OB N B B LASR W R AR D AR TR TE T W R D S5 BT I DWW CHL— 3R BR =R 2B 1T
DR MR AT LTE A, IRDEFY, BIATOT bV T DED I HEBHEIK D53 s D FiR% 50 mL &
L, Ve o4y e 50 mL L7z ECTHMEE L THAORMERREZ AL CODIEa iR L.

(1) FHOBERDOZREIZDUWT, pH 28 12.0 FREED AXFWEET RID DIUKFIEIR TIE, 13TV T A
7T 22z AW TH O E~D B e o7z,

(2) REHAR D EEIZOWT, BITOSoAb AV AIED 25 mL 735 50 mL ~ZEH U255, [FIEEN
100.9 %&720, JEkFERBRIEMEE A ICBITOHEED BAEZ -3 B ERE 2T

(3) VAR D EDS 50 mL LL EdD5E1E, BBHAK D4 IEAS 25 mL &KUY 50 mL W D566 0
BHERBREMEE A ICBITAEEO AR 3 I R L o7z,

(4) BEEZFMT 5720, B NREXEERIRVIEEHE &K OCREEERVIEEEICBO T, BRER LD
HARIEEENE N TRZRD 4 IBEOFRIEEZ ANV T 3 ST TONLIZEZS, WOt 5 iETHIE
BHERBREMEE A ICBITAEEO AR 3 IR L o7z,

(5) WG K OO TR E 27 35728, bk FHEXEERD ISR OEEFEIRVIEEHIC B
T, BERAEE R ONRIRAEES 2 3B 2% % 2 ROMTCRALEXT 5 ARISITEITo72L2Ah, WTho
FRXHE R 2 IEEHERBREM B E A IORSNAIM TR (DM TAIXHERERZE) B OV RS 2 (A
IEWER ) O B LZOFFRFFHLN Th o7z,

(6) E&ETIREOHE TIREHEET D720, ks XRHRE R, EEFEREVEEHEE O
S GEARIEEID Z) 128V T, B AFRELT 0.50 %E2 B I /ERIL - 3L iRE 2 VT, & 8 4K
DT CorEFEMRLI-E2A, BERIEEHI BV T B FREIXEHRRVIE TR OREAEIRVEEHZN
ZHTEETIRIT 0.2 %M 0.2 %, B FERIE 0.04 %% T 0.06 % L HEESH, HRIEEHZ BV CT E
THAE XA IR IR, REFERVEEHE LK @S MEZNZ CERE FIRIZ 02 %, 0.1 %X O
0.2 %, HH TRRIZ 0.08 %, 0.04 %K T8 0.08 %R L HEES -,

(7)  WRARTOER N AR LA O AR IEEHZ B CRIRVIR T LA 5 B2 ME ] ATRED el 557
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W, FIRVIEEIZIDM S A T 21T o7cb 0 & b R AEHERVIBERIC I 21T o 72 b DI
DWTHIERIILEREAT 12825, WA EKYE 5 % THERENGBO DNIRIST-ZEND, ART IR
BRI OBCRAEEHZ I W TH il AT ZO KIS PR WERDS 3 (T S TS ZED R S LTz

X B

D) RO BB O CB T HuEE, W25 45 H 1 B, EHEE 127 75, BfESUESMS4ES A 26 H,
536 77
2) OB OMERFIZE T OIERIT ST T B IEE O N ERME A E D HFEOM:, 6l 4£ 2 22 H,
FEMORBER SR 5 284 7, IGRUUERFI SR 9 H 1 H, BEMOKES 57735 1053 &
3) MSZEATEGE NRMOKEN B 22t 2 — (FAMIC) - BB A (2023)
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho _2023.pdf>
4) NEBEO G E OB DIESE T EARE R — S OBUEICEDE, VAR NS —HE =
A ONT [RS8 A8 =5 K OV DU 52481 D B AR B O PRFEEE IS E O & A A flal 30 F IR & 0E
DO, R 1281 A 27 B, BEHOKEES 5RH 96 77, RAUWIERTTI3 6 H 14 B, RMKESR SR
21011 5
5) BEMOKPEL BEEBREEEINMIZERT  IEEH I ATE (1992 4EAR) , A ARNEREME E s, L (1992)
6) RET—H—h AXFTWEET NI AU, & 7 AV ARk At
<https://labchem-wako.fujifilm.com/sds/W01W0119-0244JGHEJP.pdf>
7) RNEATBOE NRMOKETH B 2 i 2 — (FAMIC) : IERH SR L (2023) R A
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2023 fuzokusho A.pdf>
8) LT —HL—h FWVEE~T IR LTIKFIY, &7 AV AR S
<https://labchem-wako.fujifilm.com/sds/W01W0113-0044JGHEJP.pdf>
9) QVF®, SUPRALINE, AGC 77 /> —YJa—ar AEA St
<https://www.agmc.co.jp/service/products 11/pdf/1.Technical Infomation.pdf>
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Improvement of Analytical Method for Water-soluble Silicic acid in Fertilizer
—Single Laboratory Validation —

TANAKA Yudai!, MATSUO Shingo?®, YAGI Keiji' and YOSHIMURA Hidemi'

Food and Agricultural Materials Inspection Center(FAMIC), Fukuoka Regional Center
2 FAMIC, Fukuoka Regional Center, (Now) FAMIC, Sendai Regional Center

With the revision of the official standards, it has become possible to guarantee water soluble silicic acid in
fertilizers other than liquid potassium silicate fertilizers. However, in the conventional testing methods for fertilizers,
the scope of application of water soluble silicic acid analysis methods has been limited to liquid potassium silicate
fertilizers. Therefore, in order to expand the scope of application of the analytical method for water-soluble silicic
acid, we conducted validation in a single laboratory.

Even when the aliquot volume of sample solution was 50 mL, the recovery rate was within the standards of
testing methods for fertilizers. If the cleaning solution volume was 50 mL or more, the recovery rate was within the
standards of testing methods for fertilizers.

In order to evaluate the trueness, a recovery test was conducted using four types of prepared samples for each of
solid fertilizer and liquid fertilizer. Intermediate precision and reproducibility were analyzed by one-way analysis
of variance using prepared fertilizers at two different concentrations. As a result, the trueness and precision were
within the standards of testing methods for fertilizers. The lower limit of quantification (LOQ) and the lower limit
of detection were estimated from eight replicate measurements using prepared samples. LOQ was estimated to be
less than 1/5 of the minimum guaranteed component amount. These analytical methods are valid for the

determination of the water soluble silicic acid in fertilizers.

Key words ~ Water-soluble silicic acid, solid fertilizer, liquid fertilizer, Vertical reciprocating shaker

(Research Report of Fertilizer, 17, 19-35, 2024)
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3 IEBHPO#%EEDAESEDEHRE
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N
F—D—F &, $4oE, L — AR FROLTE

1. [XC®IZ

TENZ &> TERIT, ERRR DL -~ T E L ER R HVEE R 7 L7 D, T, IR
BIRoSkEL T, TR E IS <E RO =SB EO R E S IOV T Gl A (BBF604-1 21 H 60
R ESABEERZERE)Y ) (BLF, @SV ) ICEORERIEE O & S TED HILTODIED, 2hH%
B R 2 2 U TR L BRSO SR ME FH S CD. EDIZ, §, 277, BiiET-A BE, HIRE O EHE
KbEBET DL, RIAWVFEEOEEHIEN & FN TNDHI &S,

WHNZ XV E S T O T857 | OE B HFIEIZIBATEIED IR HTED IZEDEED DI TWDN, & EkLs
SOEERL &, BLATELEO IRRFERBRIED [T T2 & O B HFIEOED B2, ZOHIZELT, £
FNZL DN ERBRIE~DOINE D ELE N DY, £ RBMAKEL DL HTEDORRB DO EFEE 2T, EEFIE
B LA R (T-Fe) DB =RIZBIT 5% Y4 OB EIT 7.

2. MHRUAE

1) SHAEH

(1) WAEEr, RERHEURE K& O

AR E T35 CRUES N T HEE L CODREEL 11 A2 (E 8 2 B, SESVNTOERE AEEL, 14 sl 2t
FEEANERE, AR AR, THIRAREL 3 FE, FrakiikhaE ADFREIRA IR, f0d kR, Semnsminkh , fekt
DFEEFELTHEHIILTWDHD 2 m(WASEA, W), IERIOMEIE L T S T DEEE 3 5 (R gk
(I), FREEEk (1) 7 KFn, =F Lo U7 TUEEEEER) 20T el LTz,

ST BB DR I, Bt 23 OB JEEE K OIEY) (3 864, ESUNTWER R AEEE, B B B R4
AR}, FRRRD AR, REERARENE AR E IR A AR, 0 ASEA) (TIREH VAL R TRy R L H B 212 pm
SHONEIIBIETob D& Wz, 2SO T HEEHE, BBHE 500 um OAZY— 2 Z @il 35 E Tl
U O LT=b D& WD, BAINOIARIROL O I AL

(2) FREEAEL

WINENGRER, <R 2 2D FEOHER K OVE & TR - FROHEEITIE, EERICREHFHEISNTND
A2 #5121 C Table 1 O EHETEAL, Table 2 O8E ARG RIT/ARDIOTARU 73062 V=, kS
LRSI, RIEA— D= DTSN THDED T, JIS B UTRRIRME 99.0 %Ll LRI 1L —R
DEOZERNZD, ZIVHIZEE Y LeWE O ATREZZBRVAMIE 23 m Wb D& AV e. 2R, IRINENNEER A O
FHRAEENL, REO 5 T XDk OB GREA R H LR EARRF L. o~ Ny VRO B A AT D708

VRSTATBOE NEMOKEETH B 2 il 2 — i o 2 — (B) et 2 —
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MU IEEE R T, AEICIVERRE 20T L2 BT, T OME DRI O SR 23 5t LTz

Table 1 Properties of material (% (mass))

Material

Iron content

Material Iron content

— T QmmoOw

J

Iron (1) Oxide

Iron (1)) Sulfate Heptahydrate

Fe (Ill) - EDTA

Ammoniumu Sulfate

Urea

Ammonium Dihydrogenphosphate
Potassium Sulfate

Magnesium Sulfate
Manganese(1V) Oxide

Disodium Tetraborate Decahydrate

69.9"”
20.1”
13.3

Hwn B0 WO ZZ R

Copper(II) Sulfate Pentahydrate -
Calcium Carbonate -

Soda Lime -
Silicon Dioxide -
Silicate slag fertilizer 0.879"
Sludge fertilizer (Raw sewage sludge) 0.906"
Fish meal 0.132"
Phosphate ore 0.208”
Meat meal 0.0630"
Water -

a) Theoretical value
b) Analysis value (n=3)
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2) HE

(1) 7K fiAKELGELEE (L7 Milli-Q IX 7005) 2 HWTRERLL 72 JIS K 0557 IZHET 5 A3 DK

(2) e AEESBIEN (& L7 A0 2FeMi%E)

(3) HElE: AEESBIEN (& L7 A0 L2Fei%E)

(3) bk () . Ft—#k (8 L7 AL LFEHM%E)

(4) Wilesk (ID) : PRIEFER (B L7 AL LFEHEE)

(5) =FL2TTIN, N, N', N-IUEEERER () FRw 2HE = KkFnd: (R [R{AB 22 98T

(6) W7 E=UL: RIERHE (F L7 AL LFDEHIEE)

(7) JRFE: IR (F L7 AV 2FESE)

(8) WAME /KRBT rE=UL: RIFRR (&7 AL LFEHER)

(9) WilEAT L IR (8 L7 AL LFOGHEE)

(10) Fitfe~7 R0 h: FbHsR (& L7 AL SR MEE)

(11) b~ (V) . (L7 AV LFEHiEE)

(12) TNESEEFNID Aokl : SREEFRR (8 7 AL LFnEis)

(13) Fithedh (1) FAKRF4: SRR (L7 AV LFEHEE)

(14) fREETIND I REERRR (B L7 AL 2Fn LK)

(15) Y—FFIK: ZFbRBWIA 1 5 (8 L7 AV LFEHEE)

(16) M bl BRIERRR (8 L7 AL LFEHEE)

(17) SRAEEYERK (Fe 1000 pg/L) : JCSS AZEHEHL (Fe: 1000 pg/mL) (& L7 A /L LFDGHIEE)

(18) AR HA=HEWS (Fe 0.5 mg/L~5 mg/L) : Fe 1000 pg/mL Z 52 (1423) TE¢FEAIIZARL, 1 mL
IZ Fe &LT 0.5 pg~5 pg #5083 HEAERZ BRI 5 IREFRL-. 728, MERT, APusst O
(1+23) ) DR EEZJF R E L.

(19) HEEE(1+5) . AKIZHEREINZ, R 1, K5 OFEEIG TIRG LRI,

(20) HEPE(1423) 0 KIZHEEEZINZ, HElE 1, K 23 OREHEG TIRALRRLE.

3) HEERUHRE

(1) JRFRSHEERE: BT 7 /00— 23300 (R B —~ U MiElk, Svr 7T RIEIER)
(2) = OAREE: Retsch ZM-200

(3) IRE V% HEIKO TI-100

(4) TV RUPA: A&D Company GH202

(5) BRI EPEY—EY AT L KBF828N1

(6) HyhFL—k: 7AXUL ND-3LA

(7) &fET7IAa: JFAA

(8) ®EE~vh: JTAA

(9) Ak 3

4) A E
ST FREN 1 g~5 g% 1 mg DHTET 200 mL~300 mL O h—/LE— I —|Zi30ED, ELZIF I AL 250 °C
TEIROHNTINEAL AL L7282, BT 450 °C T 12 BRREIINEAL CIRAL LT (B % 8 A LRV br e BH R AL
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JRALD TREZANE) . b= B = —NORE A unts, D &O/KTHL, fEERK) 10 mL & OHEE2K) 30 mL
MR, BT L—b ETMEL THMEL, BITMEERHT TIRAIZE AL 7RIS Tz, ntk, Mg (1+5) £
25 mL Z53 RN A, INENU CHsIRLT-. itintk, iz /K CaE7 742 100 mL IZBL, SOITIERE
TARZEMZ, AHETHIL CRERAIRE LTz, RO BT (BTt R 248.3 nm) |2 CRUBHES IR D #%k
REZREL. 7ok, MERO EREEX 2551, —E&a Rk (1+23) THIRL: ETHIEL-. RED

7ua——h LI D Scheme (27~

1 g - 5 g analytical sample

Carbonization

Ashing

Cooling

<—A little water
<Nitric acid 10 mL

Weigh to the order of 1 mg into a 200-mL - 300-mL volumetric
tall beaker

Gently heat
450 °C+£5 °C, 8 hours - 16 hours

Room temperature

«—Hydrochloric acid 30 mL

Heating

Put the watch glass on the tall beaker

Heating

Rmove watch glass and remove acid

Cooling

Room temperature

<—Hydrochloric ac

id (1+5) 25 mL

Heating

Put the watch glass on the tall beaker

Cooling

Room temperature

Transfer

Transfer 100-mL volumetric flask with water

<—Water (up to the marked line)

Filtration

Type 3 filter paper

Subdivision (predetermined volume)

Transfer to 100-mL flask

<—Hydrochloric acid (1+23) (up to the marked line)

Sample solution

Measurement

Flame Atomic Absorption Spectrometry (248.3 nm)

Scheme  Flow sheet for measuring total amount of iron in fertilizer

5) BEtAE

ARIETIRAEEONEB T EE S Z LU, IEBHERBRGEN B E BY Ofl B E (KL — K5 #) 1258
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S50 (1) KON IOV TR AT, 24RO (3) ~ (5) IZOW TRz T o7z

(1) Srdralet &R

RS RERIEN B E B ICXHGEL TODE AT DT 7 AR, /HTalEHED 5 g ICEDHITEY, Zhil
BWARIES HTREHEL 5 g ITEO TLEDE, B EIREOLEIIMERD LIREE L TLEID, JRK
o HTEEE CRIE T DANCZ EmOHERE (1423) TEREARE T 20LEN LT, —F, TGHICHEL TODE
SRR O SRS A R FHRIE 0.001 %~48 Y%l ENN AL, FI-AREM AT A, MV AR 1 g~2.5 g, AHE
EES 2 g~5 g EOHTREHRICIEZ B2 C . 22T, itk 5 ¢ 2 E T URIEE SR BREN B E B
(2 ROy SR E I T 22BN TE, HAOVIIEDERE O A IR 1 g [T 528 THIR
BAED IS AT 5728, IRPUTIEC TONTREH R A ZE T AIREL T 272D DR E 21T 7.

N M i CEERE IERNT, ST EHED EIRAS 2.5 g Th-o7zl A, RETIHIEEERBREN B E B
(XSS D728 5 g ECHRIMUT-BEO B EAT 7. DREBEIUREM LTI AVBR TV FL o7
VUREREER (BR 5 A BEERME - 13.26 %) IZDWT, oWTalEHE 5 g & 1 g T 8 SHMT O & TV, ZORE R4
BL7=. F7o, BRI HHE CAMEIEEHE, Rl ED TR 2 g ThololZA, | g T TRELZBEOR
AEFT T2, FAKIBIRE TEETEIRD EFEIOTBTRAEEHI DWW T, oralEHRE 5 g & 1 g TF 8 MM TN
1TV, ZORERA R LTZ.

(2) pAb JRAL O RiTALER

JEEFIHTET, ERE BN K (REEE 1:H688 3)40 mL 22 NE R4 2L25, AR IREHT K
40 mL % 2 [ElZ53 1T TRV 515 (20 mL % 2 [8]) &7p o Tz, LasL, BRRABIRHER 12 L 7 BRSO BE b
2 E O E L QORI EREIO IEEHZ W T, B IEV RRF O LU ENL HIZ IO h—L
B — BRI RV TR RS, — 7, IERMERBRIEM R E B ICHIRL QOB - T
FETIE, AL SR THIEEHIESIFICED IR IRIEEATI H1EL 725 TNDTEND, TAUTEWEE N
BRI BRI LD R AL - IRAL TRE DB A R F L7z,

(3) IRMNIEILEAERIC J D F B ORI J O~ N w7 2D 3O HERE

KIEDEEDFH M O~ N 7 AD 5B A feid 35728, Table 2 OFRHEALEHISVWTH 3 AOHTTHOHT
AT A, RSB O BHIME A LIz 2 58 3 0aRIR AL &) 14 FREREL, Bka A &0VE &)
20.001 %~69.9 %H Y L72H KRR ET LTz,

(4) BHTHRERE K OV TS EE O R A
ATEOPHATREE X O h RS EE 257200, S8k, 1AM, 15VRIEE 2 FEE (R KGR ALEL K OF
URTGURNEE , W AGEA B O8N BIEEHZ T, 2 ehas 2 ROMTTRAZZ TS5 BlISra To7.

(5) E& FREDOHE

TSI L TODBERIEE CEE AR RO RBIRWLOIE, BEFIEEDK 0.01 %, HRIEEDK
0.001 % ToHHIE#EFE X, Table 2 IR L7FRBLAEEL 5 OBtk BRE ARG E £ 0.01 %) K OFARANE} 6 (i
W, SREARRGHR £70.001 %) 2 HOTER FIREOHEEEIT-7-.
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3. BRRUEE

1) RERORELEE

BT IR AR O IR EEHPHAY 0 mg/L~10 mg/L Toh o778, AL TIIALEFEBRIE TGS LT
DIREEHESRD 7 L — DR EHED LRI CARHER A DF 32282 B 8 L, IR EHREFA% 0 mg/L~5 mg/L (22
L7z, 728, IERHERBIED k2B B L UT2), MEMOERIEOHZRITEIR L.

2) oHEAMEORE

REEFD N R BURHERS &L CESFIHSI TOD =T Lo DT I UFFIRERICOWT, okl & S gb 1 g
D% 8 MM T O E T T2, LN W EIC OWTHIR L2224, F BIEIZEVE S CTHDHZ L3RR
SNTZDT, BB FELWEGE LT B EZAT T2/ R, W OB EZEITRBO bRl e
FLo P T IV BRSOk 5 A BEARAE (13.26 %) (6D EIEIL, WI O%E6 RS RBRIEM B E AY
(ORENDHEHED HAFE A L TV (Table 3-1).

TAREIRE TG Tex FIREH LTIBTEAEEHZ DWW, otralflE S g & 1 g D% 8 R T TotraiT-
7o RO IMTHEIC DWW TR L2824, F BREICEVE S CTHLZEDHEGRINTZD T, SBBHELWE
E LT I E AT STt R, W O HHEICA B AT D 787 -7 (Table 3-2) .

LU EDFERND, BB ATE TII R B R A IR CRARD T & 72572825, ATETITE
BT DO T el EHEIL 1 g~5 g THOMTAREE B 2 i,

Table 3-1 Comparison of analysis values about of sample mass
Theoretical Analysis Analysis

b) Criteria of the

Sample ron content ~ sample mass value Recovery  RSD trueness”’
(%)" (%) (%) (%) (%)
13.5 101.6
13.2 99.4
13.1 98.6
13.5 101.4
5g 131 98.9 1.4 97 - 103
13.4 101.4
13.5 101.6
13.2 99.2
Fe (IIT) - EDTA 13.26 3.0 983
13.1 98.7
13.0 98.0
13.1 98.7
lg 130 99 4 1.2 97 - 103
13.2 99.5
13.3 100.2
13.5 101.7

a) Mass fraction
b) Relative standard deviation
¢) Criteria of the trueness (recovery) shown in Testing Method for Fertilizers
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Table 3-2 Comparison of analysis values about
of sample mass
Analysis Analysis

sample mass value

(%)" (%)

3.02

3.01

2.96

3.00

2.96

3.02

2.99

3.01

3.04

2.99

2.98

2.97

2.96

2.96

2.99

3.00

Sample RSDY

Sludge fertilizer
(Raw sewage sludge
and industrial sludge)

a) Mass fraction
b) Relative standard deviation

3) mRib-RiLDATNE

BORACAIRHER 2 LT BER SO BERE /2 & OB ZAE L T DR 3 Fl (SRS O EREIER}, &8k,
VAR BB R E AR K OVFEHC S E SAZE L TOBIEEE 1 fE (R IEHsE AT ERA IEN (2o
WTC, BRIFICED R JRALDORILERZA T o735 G L, AILEREI TRV GG O 2 ik U . B - INESy
PRI DI LY WESLH O RONTEFLEWIT W EREAEEHT 8 M0 T T, RS DIEENE 4 ROMTTHITE
1TV, BONIZOHHEICHOWTHERLIZEZ A, FREICEVE S THLZEDHERSNIZDOT, DEHELN
CUE LTS t-REEAT T RER, TR CORECELIFICLD R RO H BT L HE B AR O Hiveh
©7- (Table 4-1, 4-2) . FI=EBRIFIZLDRAL - IRILEAT > TOBER MBS FEZATHZE TIENE BITRE SN,
TEMEA T ESE DM TET.
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Table 4-1 Comparison ashing or not ashing Table 4-2 Comparison ashing or not ashing
Analysis b) Analysis
Sample value  Mean value RSD Sample value  Mean value
(%)" (%)" (%)” (%)" (%)"
0.860 Tiron-containin, 4.04
0.884 & 3.96
substances 3.99
0.903 (Ashing) 3.98
Slag silicate fertilizer 0.889 0.892 0.02 g 4.00
(Ashing) 0.897 ’ ' . 3.96
[ron-containing
0.910 3.95
substances 3.97
0.898 (Not ashing) 3.98
0.898 . 3.98
0.864 Melted trace element 7.05
0.882 .. 7.09
compound fertilizer 7.04
0.905 (Ashing) 6.96
Slag silicate fertilizer 0.893 0.892 0.01 g 7.08
(Not ashing) 0.907 ’ ' 7.07
Melted trace element
0.894 .. 7.06
compound fertilizer 7.13
0.894 (Not ashing) 7.19
0.898 g 7.22
a) Mass fraction Designated mixed 10.9
b) Relative standard deviation fertilizers containing 11.3 112
special fertilizers 11.5 '
(Ashing) 11.3
Designated mixed 10.9
fertilizers containing 11.2 11.0
special fertilizers 10.9 '
(Not ashing) 10.9

a) Mass fraction

4) FMERRRIZLPEEDFHRUTIvIZAOHEORE
RIEOBEEEZHETE Ll 35720, 3RO HAIRE LT ALEL (Table 2 @ Sample 1~9) (25T 3 sifif
T AT o7, ZORR, BTN TV I RBRIEN R & A 2VRTIEO B EEL T

(Table 5-1).

F-~ )y ZANEIRRIZ 25

WBARERT B0, RIELHE 6 L CU B TEBIEHE N BT

BALTZFHELEE (Table 2 @ Sample 10~14) 122\ 3 MPHTTONEAToT. ZOMERBES NS
FARREHEIIKL, —HOEIERIZOWTIREERBRIEN B E A 2T HEDO BIELZ B[RS T3, [\l
LT T 152 FERITZLTIY, <Ny AD IR Z 72V b O LS (Table 5-2).
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Table 5-1 Result of recovery test Table 5-2 Result of recovery test
Spiked Mean value  Criteria of Spiked o Mean value  Criteria of
Sample for level SUOVELY ofrecovery the trueness” Sample for level SUOVELY ofrecovery  the trueness”
OV o) ) ) %) I g o o) %)

99.8 102.4

1 50.0 100.2 100.0 98 - 102 10 18.1 100.7 101.6 97-103
100.1 101.7
102.9 103.3

2 7.02 103.5 103.2 96 - 104 11 14.7 98.6 100.1 97 -103
103.3 98.5
102.0 101.7

3 5.02 103.6 102.6 96 - 104 12 12.1 101.8 102.5 97- 103
102.0 103.9
101.5 103.1

4 0.100 98.7 100.6 94 - 106 13 10.1 103.6 103.0 97-103
101.6 102.4
106.3 102.7

5 0.0102  101.1 101.2 92 -108 14 3.55 102.5 102.5 96 - 104
96.3 102.1
109.7 a) Mass fraction

6 0.00102  103.3 105.5 90- 110 b) Criteria of the trueness (recovery) shown in Testing
103.5 Method for Fertilizers
99.3

7 69.9 99.9 99.8 98 - 102
100.2
100.1

8 20.1 99.7 100.2 97-103
100.9
100.7

9 13.3 100.7 100.9 97 - 103
101.2

a) Mass fraction
b) Criteria of the trueness (recovery) shown in Testing

Method for Fertilizers

5) BHTHRE R U o HEEE O

EE, TR ANE, YHURALER 2 FEEE, ASRA K OB R I T 2 BT CHZZZ T 5 Bl
VKL HT &1 T -7 (Table 6) . /-0 745 R A HIC— oL@ BT 2 T o728 24, B TR Y (R 22
B OV RS AR 220, RS BRIE T B E A [ORSN CWDIEE D B ZOFRFHN TH o722 8005,
AIET 537 E A/ L Q0D LRI S 417z (Table 7).
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Table 6 Individual result of repetition test of changing the date (%(mass))
Sarml Test days
al C
p 1 2 3 4 5

substances 18.4 18.4 18.6 18.4 18.5

phosphate 3.35 3.17 3.35 3.42 3.34
Shudge fertilizer 0.899 0.883 0.899 0.906 0.895
(Raw sewage sludge) 0.903 0.880 0.884 0.887 0.905
Shudge fertilizer 0.349 0.340 0.363 0.364 0.359
(Human waste) 0.354 0.345 0.363 0.365 0.357
0.208 0.197 0.196 0.192 0.200

Phosphate ore
0.199 0.199 0.200 0.191 0.204
Coated 0.0285 0.0275 0.0284 0.0279 0.0277
potassium fertilizer 0.0277 0.0282 0.0287 0.0279 0.0274
Table 7 Repeatability and intermediate precision
o Repeatability Intermediate precision
Quantitative
Sample - 52 RSD:"  CRSD/ sy’ RSDin®  CRSDin”
value of iron b o

(%)” (%) (%) %) (%) (%)

liron-containing substances 18.5 0.09 0.5 1.5 0.13 0.7 2.5

Fused magnesium phosphate 3.32 0.03 0.9 2 0.09 2.8 35

Sludge fertilizer (Raw sewage sludge) 0.894 0.008 0.9 3 0.010 1.1 4.5

Sludge fertilizer (Human waste) 0.356 0.002 0.6 3 0.009 2.5 4.5

Phosphate ore 0.199 0.003 1.7 3 0.005 2.6 4.5

Coated potassium fertilizer 0.0280 0.0004 1.3 4 0.0004 1.6 6.5

a) n=10 (2 repetitionx5 days )

b) Mass fraction

¢) Repeatability standard deviation

d) Repeatability relative standard deviation

e) Acceptable range of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers

f) Intermediate standard deviation

2) Intermediate relative standard deviation

h) Acceptable range of intermediate precision (intermediate relative standard deviation) shown in Testing Methods for Fertilizers

6) EETRFOHTE

M EE L CODBERIEE CER B A RS EORBIRN D OIE, FRAEEHII VTR 0.01 % (H &5 %),
HIRAEEHZ 3N T 0.001 % (B &5 35) THHZEZ I F X E & T IREDOHEEZITo7-. Table 2 (TR L7ZFH AR
¥l (Sample 5: ik, BB ARXEIE £ 0.01 % (E&E53H)) L OTHRILEL (Sample 6:10IR, k& A%GHE K
0.001 % (B &/ 3) ) ALY 7 SOHMTTONTZIT, BB TR MR 220 D AREHE BRI I CE W E
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B FREOHETEZITo7T-. TORER, ERIEEHIEE TR 0.004 % (& &75%R), BHE TR 0.002 % (E &%
), WRIEEHIEE TR 0.0002 % (B &7, MHH TR 0.00007 % (& &5 %) ThHEHEE 17 (Table
8).

Table 8 Estimation of the lower limit of quantitation (LOQ)

Sample for Spiked Mean” s £00"" LoD
recovery test level
(%)” (%)” (%)” (%)” (%)”
5 0.0102 0.0104 0.0004 0.004 0.002
6 0.00102 0.00105 0.00002 0.0002 0.00007

a) Mass fraction

b) Mean value (n=7)

c¢) Repeatability standard deviation

d) Estimation of the lower limit of quantitation of Iron content (LOQ=sx10)

e) Estimation of the lower limit of detection of Iron content (LOD =s x2x¢(n -1,0.05))

f) Procedure(3.6.1) and (3.7.1) for validating the testing method in annex of Testing Methods for Fertilizers

4. F&H

JR AR T BN KD AR O 8k 4 & (T-Fe) DIE FIEIC DWW TG LIZEZA, LU OfE R A7

RBAREIXIHAEEDOEE S HTEEZ S B LU, ATt EOE T K OVERIF CORTAEOBINEZTT
STZET, EFERBRIEM B E B I rlaEE 227z,

(1) BRERRT, IERMERRBRIEO KIEVESRD 7L — LJFE - 65 LR IR L #FH (0 mg/L~5 mg/L) &L7-.

(2) BERIEEI O FEEPH (85 A MR 0.001 %~48 %) (2T 5720, iradktEix —E &I ED T
1 g~5 g ZIFNIHZ e,

(3) HONUDEBLIF TR KL THIET, —EOHEMZ G L IREHT B THE MBS iR DI SL
ISR S AR ENE DS ) R L72.

(4) REOEEZHEELGHI 572, sRRAREL o FiE (E & L TEE A% 0.001 %~69.9 %) 12
FOWMENGRER AT 72825, 3 MO T BT DI O BT AR EBREN B A IR T HEDOH
T2 72 LT, EI2~ Ny 7 AD B AR T A - O RUREL 5 FEEARIEICIV ST LIZE25, ES
NI E ARG EITHL, IERHERBIENE S A 2SR T EEO BAEAN /2 T [EINER Th o7z

(5) FEmAE SUTAREHERNEE 6 FEEA O TRV U ST TV, DR TRS EE B O DS 2 24 7 U RTA
ZATOT2L A, PATHXHERERZEIZ 0.5 %~1.7 %, FRIFEHEERZEIL 0.7 %~2.8 %L/, IEEFERERTEA
BiHEE A AR TIFATNTHY, 07 E A H L QL EFHliEiLz.

(6) AIEL, FEIEEIOE R TR 0.004 % (E&E5=), B TR 0.002 % (E &%), BIRIEEO & &
TR 0.0002 % (& &475) , it TER 0.00007 % (B &7 3) THoHIHEESNI-.

LLEDZEND, ARIEZAEEF R O$k4: 5 (T-Fe) I E T 5D+ 72 e A A L TV DI e RS-,

X B
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1) RMOKEAR RRREZ R RIS A IS <ETRO — IR EDHIE IOV T, BN 60 4R
1 H 21 B, 60 275 54 5, FAESUEDTI 24 12 A 1 A 2 1§45 3846 5
2) EMOKPER RZEBREEEANIIZERT B ATE (1992 2080, A AN E #E, R (1992)
3) MNZATEOE NERMOKETE R 22t 2 — (FAMIC) : BB EaER 1L (2023)
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2023.pdf >
4) PRSTATEOE NEMOK ETE B 2 222 2 — (FAMIC) : JEEFERERTE (2023) (R E B
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2023 fuzokusho B.pdf>
5) MNTATBUE NBMOKPEH B 2 2B 2 — (FAMIC) : JIEEHERERTE  (2023), 4.13.1 KiatEek,
4.13.1.a 7L — DT IOETE, 394~397
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2023 4 13.pdf>
6) MNIATHOE NRMOKEEW B 2 i 2 — (FAMIC) : IEEHE R BRIE (2023) FtEE A
< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2023 fuzokusho A.pdf>
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Development of a Method for Measuring the Total Iron in Fertilizer

MATSUO Shingo!

'Food and Agricultural Materials Inspection Center (FAMIC), Fukuoka Regional Center (Now) Sendai Regional

Center

The Testing Methods for Fertilizers (2023) does not describe a method for analyzing total iron in fertilizers.
Therefore, we developed a method for analyzing total iron in fertilizers by atomic absorption. Heat
decomposed 1 g to 5 g of the sample in 40 mL of aqua regia (1 part nitric acid: 3 parts hydrochloric acid),
then measured the sample solution by atomic absorption after diluting the sample solution to a fixed volume
with dilute hydrochloric acid (1 part hydrochloric acid: 23 parts water).

As a result of 3 replicate analysis of 90 fertilizer samples prepared to contain with iron (0.001 % - 69 %
(mass fraction)), the average of recovery rate were 99. 8 % - 105.5 %. Repeatability relative standard deviation
of total iron were estimated 0.5 % - 1.7 % by analyzing 6 fertilizer and samples (Iron-containing substances,
Fused magnesium phosphate, Sludge fertilizer (Raw sewage sludge), Sludge fertilizer (Human waste),
Phosphate ore and Coated potassium fertilizer). Similarly, intermediate relative standard deviations of there
were estimated 0.7 % - 2.8 %. The limits of quantification for solid fertilizers of there were estimated 0.004 %,
and the limits of detection of there were estimated 0.002 %. The limits of quantification for liquid fertilizers
of there were estimated 0.0002 %, and the limits of detection of there were estimated 0.00007 %. Those results

indicated that the developed method was valid for the determination of total iron in fertilizers.

Key words iron, total iron, atomic absorption, flame atomic absorption,

(Research Report of Fertilizer, 17, 36-49, 2024)
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4 WMAEZECEHOVRSFTICHEITOALETEZORE
— BRI B T TR —

PE A TRIER !
F-O—F O3, Fis, BTUOL, KFEE

1. [XL®IC

FEELD A TEBUAE Y CILEH AT INDIH FER Y DR RKEEDEDONTEY, ORI W THER A &
DEDHIVTND. JERFO A TE B TIX M X O DG | LWV FEFED IEEIO ED 2301, HARDfift 50
BT, BRSSO H R IR 2 NG S BT OENFEIE L TEH T 5208 TEXAZEERSTWA. ETe,
AR L9 < LIZY, 2hied EiF7=09°% B B CHERHZ AR # 7o K (B iéﬁ)%ﬁﬂh“é ERRO5
NTRY, &k ONEDEEMITIT EICEK A OB AT A D X722 850 AR Sk DB E BB &
LTHEASNDZEDNHD. BRI O OFEDOSHICBEL T, IEEMERERE 21 _W%zé%Lﬂ\ékij Syl
B ilE — iR — B R TR T DRI G IERELINTWDN, ik NEDL & E LTRSS
s (LA, TR &M 1 &35, ) ICx U ClRNEZE T 358, RIS M ORI DWW TIEi 23 I EL
IZE o THRIRALL,, SRR AR NI ETE 23 IS M 2 D72 D 22 L0 37< 720, S RIS R #w DAMITE BT HZ L3
HDT=, HTE KR OREE DK T OER LD, £, Fidk B IRITEE CIEO S Tow, DfERE& T %
BN BEARD EE 3R B NIIRE 52800, THIH SN AT O TN E DD IR EED | T oA
TERREETHD | LV ST B ANH N> T,

ZD7-%, BEEHERBRIEO OFE ST ORI T 15 TH 5 B 2R L — ERRA WS | A S O MEREZ AL
TNHEZ 2 HNDNREIZ L 20 KA — SRR TS (S LD RTLER AT ok Y25 Bl -l
WHRIZ OV OKBF I AT BOLTE~DOE 2 et L, BRI 1T 5% Y VEMER 21T > Te DT
95,

2. #HRUVHE

1) SHTAEH

i e OZF DAL BEMOHI G, Wiz EL Tl HL TODLL T O IEE R R IZHtE L TWOD L T+
B REME AW, Inds, AFHESRIEREIEN D777, HEIZ 500 um D550\ Al T 5F TH
FRCTPELIZ D& T B LT, e, UM AMIOWTIRROELEL Th 72728, 500 um D55
WERIR T DI AR L TNBEE L.

(1) WREEM-1: AMER T OB ICRIPES DM, RIEMEL CEITR AR S 2L TV DA

B
(2) WiEEM-2: AMERR T DERCRIPESNDHEEIC, RIEMELTEIC AR OVEHERRZ LT
WD EEE R

(3) Wisa &M -3: AWM T DERICRIPESNAMIEIT, BIEMEL TR L, BIKE K N=ta 7 s
EFHL T D EE M

VRNIATBOE N EAMOKPE B i o 7 — B R 22 A
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(4)
(5)
(6)

BT -4 K ORRSER -5 MRS DERICRIPESIVD 3R D A% UL L CRE I L7 s A
BATAR
A

2) REFOHR

(1)
(2)
(3)
(4)
(5)
(6)
(7)

ElE: AE S RHEM (8 L7 AV LFaHEE)

Wil AHENEM (87 AV LFEHEK)

WIERRE: AESENEH (8 L7 L eHiE)

HEg: AESBRNEN (87 AV LFEMEE)

il (1+100) : (4) DEFEOAEFE 1 EAKOEFE 100 LARALIZHO.

OFRIEAEF (As 100 pg/mL) : JCSS (& L7 AV AF0EHiEE) .

OSEIEAENR (As 1 pg/mL) @ (6) DOSEREAEFUK (As 100 pg/mL) O — & &% (5) Oz (1+100) TIERE

WCATRL, OFIEYER (As 1 pg/mL) 2R L7-.

(8)

ARL,

(9)
(10)
(11)

OFHEAEN (As 0.1 pg/mL) : (7) DOFEIEHERL (As 1 pg/mL) D —E &% (5) OHEER (1+100) TIEREIC
OFHEHERG (As 0.1 pg/mL) 2R S 7-.

s~ %7 2SR . BREERRR (B 7 AL DR EiEk)
TH =1 (95) : RIEER (8 L7 AL AFIEAIER)
R~ 7 R T e 2 ) — VIRHR . (9) DR~ 7 31220 LoS/KF 20 g % (10) DX ) —/1(95)

100 mL {ZIENLTZH D,

(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)

TR : SO EL TS 5.0 %L EDOL D FHsfhk (8 7 A/ LFEHiER) .

TEET K BRI (B L7 AV AFEREE)

FbIV T L FRIERFR (8 L7 AL LFEHMISE)

IMEAVT IR (14) DIHEAVDT L 20 g Z/KIZEAEAL T 100 mL EL72H0.

KEEA LTI L SRR (8 7 AL L FGHEEK)

KEBEFTNID AR (16) DKER{EFRIT A S g Z7KIZEEH LT 1000 mL EL72H 0.
ThIERFSEE NI A R0 (B R EE)

ThZERRIZHWET R APEHR: (18) DT MZeRRIEHIMET N T A 4 g 2 (17) DKEEL T RN D AEHRIC

AL T 1000 mL EL7ZH .

(20)

K JISK 0557 I\ZHLETS A3 K.

3) KERUER

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

JRAROOGEER . B EERT AA-7000F

KFEAL AT E . HVG-1

Ry 7 L—h: SEEFLY NP-6

i HAER TS OEZFIFEL, AR EEZ 360 °C LL EIZTELIOIZLIZH D
TSN Yamato FO 810

BT A0

=S

3 fl

g
it

Y

5
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4) BEFE
ZARTERBHT IS T 23 HTE Th DM BN HH LD, R IED RIRHIRD 3 DO Hr FiEIZO0
TEMEL, BIUEREZ L.

(1) M LD Heig

ARk EERTE 2 QR0 fRik), B 9 R MBI TEE IR DeRRBRIEEZ S B L L ik (AR
{B15) L OY JIS K 8088 CTHUESILTWAT L E=T KT T 2715 (7 =7 KL OV ki
PEMITHT UGl ATEED D723, 0 HT A RE (RREEE A 1, 2 JL O 3) Z W T &1 T o7,

O AR (EBFERBIED OFE O HTE)

SIHTEUE 2.00 g A 300 mL b—/L e — T —IZ A, D EOKEBIYL EE 7% IR 10 mL K& OWiERK) S mL
ZINZ, b= — A —ZREH L CTEW— R E L2, 170 °C~220 °C DRy b7 L —h I L TR
(2 30 3fRL EINEL, A E Ul iotzth, ARy b7 L — R UIIROIREZ 300 °C LLEIZL TEFRE{L
W) CEAB ) OFAEDINELFTIMELT-. fumtk, IR 5 mL 2%, h—A v —h—%ZKEHILCE
VY, 300 °C LA EDORy ML — R UTb BT 2~3 RN THfR L7z, IEHILA T 5L, ARy b —R X
VTRV b CINENAfe T TS 2 mL LA RS20 Clfia L7z, fnts, Mg (1+410) 9 5 mL & UVKAY 20 mL
Mz, b= E—a—%REHIICEV, FoIIEAL TEN L. Bstk, /KT 100 mL £ &7 7R3
LA, B ETKRENM A, A/ 3 FETARL, sUEREIRE L.

@ R kA

SIHTRER 2.00 g & 200 mL B —H—IZ A, B§lE~ 7 1D L ) — VEEHR SmL &z TRSIRVIEA,
TR B KB F 7248, SRS WV CTRK L, =& ) — VNS KN 2 5 E CTIRE LT, Tijkis
%, W UTAY P 7L —RCHRENFE A TDHET (360 °C LLE) IEAL7-1%, MmN oS Tt s b
W) (GRS ) DI ED ETMEZE KT T2, Huntk, BRIFICA, FRITINEL TRILS B2,
450 °C+5 °C T 8~16 WFRIFREANL CTIRILSE7. Jumtk, D &EO /K TRAEHAEL THODHEEK) 10 mL K UVK
#J 10 mL ZINA CTREFHILTE, INBAERELTZ. int, /KT 100 mL 2&77AUIBL, IEHRETKEM
Z, AR 3T TAHBMULIEb DOZREHATKRE LTz, 723, JRKALKFHCIRIN DHE[E~ 7 %0 e 8 ) — VIR DR
JE R OFSINEIC O W T IL R O OFEERE T DB IRAL RTINS 8B~ 7 % 27 LD TR fe il
BERRBILIZ SR 22510, g~ 2T LOREI 200 g/L, IRMEITH SmL &Lz

@ TrE=T KM HTE (JISK8088 TEDHILTWAAlH 1EE V- 1K)

YBTEREE 3.00 g 2 200 mL B —Hh—IZ AR, TUE=7 7K (2+3)20 mL 212 T 15 432 1 AR RY
IBEDMEREEATORND, 3 RAE -, AHE (5 L O) ZHWTAIRL, AR 10 mL #2485 MIcEy, Kig E
TN CAFHEE L7, iz (1+2)3 mL 2001 T/KIE ECTHZAL AR RZ[EIL, SICHERE (1+5)6 mL &
OERRER/K 10 mL 200 %, £ 2 mL (27225 F TR _ETHIEVL TIRMHL 7. iuntg, /KT 100 mL 277 A=
B, ERETKEMZ, A3 T CTHBELIZLOZREHFRE L.

BT T O 7 ——NZ Scheme DEEY.
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Wet digestion method Dry ashing method
2 g analytical sample | | 2 g analytical sample
HNO3; 10 mL Ethanolic magnesiumnitrate
H2SO4 5mL solution 5 mL
| Ignite
| Leave overnight |
| 0 |t' | Heating(360 °C or over)
ea| ne Until the Sulfur burns out
| HCIOs 5 mL | |
| Charring
Heating (acid removal) Ashing(450 °C)
HCI (1+10) 5 mL HCl 10 mL
Water 20 mL Water 10 mL
Heating (acid removal) | Heating
remove acid |

| | 100 mL constant-volime

| 100 mL constant-volime | |

| | Filtration

| Filtration | |

| | Hydride generation-AAS

| Hydride generation-AAS |

Ammonia solution extraction
method

3 g analytical sample |

NH3 (2+3) 20 mL |

Leaving at rest for 3 hours,stirring
occasionally

Filtration |

Aliquot(10 mL) |

Drying on a water bath

HNO;3 (1+2) 3 mL |

Drying on a water bath |

H2SO4 (1+5) 6 mL
Sulfurous Acid Solution 10 mL

heating and concentration |

100 mL constant-volime |

Hydride generation-AAS |

Scheme  Flow of the arsenic analysis method examined in this examination

(2) BB

HARTE Yl 2 LB B R T D L NN S 727200, BEAHEE T 5720 OFEOEH ENE & FIRA
i ChHZEEMERB LT ERM 5 IR O OB DRENEIEI 5 mgkg, 25 mgkg & O EHE R OO
FROGHTRETHDS 50 mgkg E22DINTOFIEBERZ ML, /Kig ECHESEHEEHWT, KiRE

(2O 3 WM T CIRINEMGRER 21T o 72

(3) DFTRE EE K OV RS FE D REAT

DTG L OV RS EE A HEE 95720, Wisa &M 5 ISR PO UOFDORENRZNZIL 5 mgkg LT 25
mg/kg L7RDIOREREWR AL, Kig ECRZEISE -3 W T, FIREIZSEZNEN 2 ST THAE

B TS5 BRGHELT-T2.
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(4) & & FIREOHEE

W& 5 IZRBHROOFEOREN 0.1 mg/kg (272D XN OFBIEER RN EEM 2OV, 7
ROMTCRBRZFEML, IERHERBRIEH R E A O S MEMEGRO FNRICHE > CE & T R & O H T RAHEE
L7-.

3 BERUER

1) EATRICESOEROLLE

JIS K 8088 CHIESI CWDT =7 /K THIH 92 7 LA B BEA 1k L Cil FH mlRED SR~ 5728, R
BHERRBRE P CORNEBINI AT AR BREEEM 1, 2 L ON3)ICH LT, X fRike 7 =7 K
HHEIC KRR A FEEL, BN OFOREMZ LR LTz, #ER1E Table 1 OLBY, 7E=T /KA
LD OFEDOREMIE RS IRETOOFEOREMEIC R TERL Ap o7z,

Table 1 The comparison of arsenic values by Wet digestion method and Ammonia solution extraction method

Ammonia solutiona) Ammonia solution

Sample Wet digestion method” i extraction method/Wet digestion
extraction method

method
(mg/kg) (mg/kg) (%)
Sulfur fertilizer-1 2.1 0.3 14.3
Sulfur fertilizer-2 3.8 N.D. -
Sulfur fertilizer-3 5.5 2.4 43.6

a)Single measurement value

WA, [FEROBFEMIIHT LT, e~ 220 DRI IRAL R A9 5077 (LT, TARTA]
ET%. ) ZHOWTRBRAZENML, 55720 FRORIEMZ LR O X0 iRiE TRLNIZOREOHEEEE ik
L7z, fRIT Table 2 DEISY, BAFRHRNGOIZ AEI TR RIEL R0, FEIVNENT DTy
728, B P OOFEHERITHIT T2 LD RS, EBIZ, BRIZED /A0 D TN 2WZ0, iR
INGE T DT LI D T M ORGEE DAR T 2R<Y AT MEL 72D . ZNHDZEmD, AIEITNER DRI fR
IECORBERZMET 2N HRDEZ 2N, A BROBME CIIAREZRAT2ILE L.

Table 2 The comparison of arsenic values by Wet digestion method and Dry ashing method

Sample Wet digestion method” Dry ashing method” Dry e'lshin.g method/
Wet digestion method
(mg/kg) (mg/kg) (%0)
Sulfur fertilizer-1 2.1 2.2 104.8
Sulfur fertilizer-2 3.8 3.7 97.4
Sulfur fertilizer-3 5.5 5.8 105.5

a)Single measurement value
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BB, ASHETOZOREM/MNERE FIRRMELST-REEM FiEEM 4 KO 5) 2L ThAYE
W CRERZSEfE L 7= 25, Table3 DEFD, WTHNOREHIEIL THEE TR, XIXE®E FIRFITOEE
Tpo7-.

Table 3 Result of quantitative value of arsenic in arsenic-free fertilizers

Sample Wet digestion method” Dry ashing method”
(mg/kg) (mg/kg)
Sulfur fertilizer-4 N.D. 0.1
Sulfur fertilizer-5 N.D. N.D.

a)Single measurement value

IR L TR SN AR OIZE A S 1TA AR T 2B RIES DI E THD. —BIIZIZA T O
FAL AW & BOBRL T2 DK BRI L > TA UMb AR FEZ2F R E L CHRIRDORE DN ERES L TERY, £
DEYEIND, @EWHLE ORRENEONDZEDNHOILTND. ARRFHIIB T L7 ss E A 134 CTa D
BENNEIEE THY, BIEM A AL TORWEEEMIZ OV TUIOEOEZ A RIZEALRBD LIRS
7o, ZBOZEND, A LEINEIMEITOREEH THRUTITE RN D DEB I Bz, 2072,
BREHEH 1, 2 KO3 HOOHKIZEHL UIRIEM B THLHEE 2, BIEMEL TRHIHSNAZEOHHEFTA
RO M A RO OFEIZ DN THRBRZ 7072,

FERIL Table 4 DEFY, —EBOOEDRRHINDFER Lo LLEDOZEND, JEEHEL TOREHEHIC
EENTODOHROKEIL, WELIOREIEM B THDLI LRSIz,

Table 4 Result of quantitative value of arsenic in subsidiary material for sulfur fertilizer

Sample Wet digestion method” Dry ashing method” Dry z.lshin.g method/
Wet digestion method
(mg/kg) (mg/kg) (%)
Zeolite 3.4 3.4 100.0
Bentonite 4.8 4.5 93.8

a)Single measurement value

2) FHINEUERERIC &5 EE O

H ARG Yk b 2 W BT (R T D NN S 7720, OFORENER FIRRME CHHZ L2 MR LI
FEM 512 5 mg/kg, 25 mg/kg & TN 50 mg/kg FHY BEO OSBEMERZRINL, Kig b CizEsw 73 0k% H
DT, IRINEIGRER AT o7, F5F1% Table 5 DEFY, [BUNEEIT 98.9 %~101.6 % ThHY, EEFERERTE 2fF
JBE A CRUEEE ([IX=R) O BEEOFFHN Th -7,
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Table 5 Result of recovery test

Spiked level Recovery Criteria of at)he
rate trueness
(mg/kg) (%) (%)
98.9
5 100.8 85~115
99.5
99.0
25 100.0 90~110
99.6
101.6
50 101.5 90~110
100.0

a) Criteria of the trueness shown in Testing Method of Fertilizers

2) HREFEERUHHTREE O

DFTREEE R O TR EE 28 90720, 705 2 IREEICRD IO OBIEMER Z AN U TR S B A4 12D
T, 2 MOMTCTHEEZT 5 BIRRBREEM L. fHONIMERE Table 6 (IRLE. £, ZOREENL— It
BB HTEAT > TR O TREEE & OV RS EE % Table 7 1R UT2. OSRIREE O FHIfEIL 4.92 mg/kg &
N 24.8 mg/kg, PHATHGMEHER 71T 1.5 %M O 1.4 %, P RFRHEER T 1.4 %% TN 1.9 % TH-o7-.

ZOREIZBIT DN T NOM R ZES IEEFERBRE 2B E A ITRSN QDO TR (DF TH SR
Heff 7)o OV FEDRG B (Hh RS AR e HEE (R 22) 0 B Z AN Th o 7.

Table 6 Individual result of repetition test of changing the date

Test day
Spiked level
Sample 2 3 4 5
P (mg/kg)

5 4.84 4.87 4.84 4.96 4.90

4.87 4.90 5.02 4.94 5.04

Sulfur fertilizer

55 24.6 25.0 25.0 24.6 24.2

24.6 25.8 25.2 24.3 24.9
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Table 7 Statistical analysis of repetition test result for estimating precision

. Repeatability Intermediate precision
Spiked level 2 ) 9 ) 9 5 )
Sample (mg/kg) Mean Sr RSD r CRSD r SI(T) RSD I(T) CRSD I(T)
(mgkg) (mgkg) (%) (%) (mgkg) (%) (%)
Sulfur fertilizer 5 4.92 0.07 L5 8 0.07 1.5 13
25 24.8 0.34 1.4 6 0.48 1.9 9

a) Mean value (» = sample number of parallel test (2) X number of test days (5))

b) Repeatability standard deviation

c) Repeatability relative standard deviation

d) Criteria of repeatability (repeatability relative standard deviation) shown in Testing Methods for Fertilizers

e) Intermediate standard deviation

f) Intermediate relative standard deviation

g) Criteria of intermediate precision (intermediate relative standard deviation) shown in Testing Methods for Fertilizers

8) EETRFDIHTE

KIEDFE & TIRFZMER T D720, OFRORED 0.1 mgkg (T8I OFIERER TN I sE &+

2O, 7 ST CRBRA M L7-f% 54 Table 8 (iR L7-. “EEIMEIT 0.118 mg/kg THY, ZDHEHE(RZEIT
0.008 mg/kg Th-o7=. 7233, E & NIRITAEER 7Ex10, i H T RIS 22x2x¢ (n-1,0.05) Z W TR L2
LZA, RIEOER TIRIZ 0.08 mg/kg FREE, i TIRIZ 0.031 mg/kg FREELHEES L.

Nk ERBREM B E A TIIAEFH OE R FIRITBHIED 1/5 LT THLHIENERIIL TR, Fid &

WELAEDZBITHOFDHFMEIL 50 mg/kg THH-D, REITHDRTEE TFTREAL WD AR

Table 8 Calculated LOQ and LOD values

2) Standard

Spiked level Mean . LOQ ® LoD
Sample ok ok deviation ok ok
m m m; m;
(mg/kg) (mg/kg) (mg/ke) (mg/kg) (mg/kg)
Sulfur fertilizer 0.1 0.103 0.0081 0.081 0.031

a) Mean value (n =7)
b) Standard deviationx10
¢) Standard deviationx2x¢(n -1, 0.05)

4. FEH
WEEEM PO OFROIHHEERFL, B—RBRE ISR 2% U EMERBRE ML -2 A, ROFERE

(1) ekl CitimL T okt s (FURZ R R DERICRIES D) I oW T, OFEIZLAEFAL T

TRUNATREME DN D ZE DN 3Tz
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(2) RIEMEMEE L TR L7/ &4 TlE, JIS K 8088 THUESN TWAT - E=T KD AT I D

TIEMFEEM O OFELFHN T2 7 1ELEL TR+ ThoTe.

(3) 9 EMINMHATEE BT D RRBIEL S B I TR Lo XA BB, fEkD O
ROIHTELFIEDOIRE ) 23D Z L MR LTz,

(4) FEZHETEUFHET 572, B LTt L QAR EE 2 O TN GRBR A S M L 7. e B
5 mg/kg~25 mg/kg (2% L TIEIIXERIT 98.9 %~101.6% TV, AEEHEGERIENEE A IRSILTWLEED

HEZFPHN Th o7,

(5) HHAEE XK O TRIEZHEE LRI 5720, IERIEL TitiEL TOARREEIZH LT 5 mgkg &Y 25
mg/kg (222D IR AR 723l 2 VY, 2 ST THAZEZ T 5 HMRBRE FEfL 2. JIER RO
FEIEIL 4.9 mg/kg KU 24.8 mg/kg, FHATAHMRER AL 1.5 %X O 1.4 %, TRFHMEERZIL 1.4 %K
O 1.9 % Th-olz. ZOWREIZIITDWT IO SR ER 726 LB ERBEN B E A ITRSIVTWDHH TR
FE (DHTAR SO (R 22) K OV RS BE (R R SeHEE YR 22) 0 B 24N Th o7z,

(6) AEOER FREORH TR 0.1 mg/kg & T 0.03 mg/kg EHEES I 7etERE R A L Uz,

UL EDFERD S, REIREEM RO OFEERE T D208, +07MERRE A L TV DT ER kRS,

X B

1) BEMOKES SR NEED S E DR IZB T DRI S S BB IERI DL E RS 2 8 D D5 O, 1T
F161 42 H 22 H «RMOKPER 7R 284 5, ScfSeIESTI 5 4 9 H 1 B, RMKEES 57RH5 1053 %
(2023)

2) MMSATBOE NEMOKPEEE 22280t 2 — (FAMIC) : Rk A (2023)
<http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2023.pdf>

3) JRAETHBA 5 9 RRA SRR A TE E
<https://www.mhlw.go.jp/content/11130500/000641285.pdf >

4) JIS K 8088:2010 Hifi s (FAFE)

5) RIRHE, FIERATET, BB, @GR R FROCEIC IO A OMEE RO FE BEIEIIOWT, 4
Hrib2, 17(2), 204~208(1976)
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Improved Determination Preprocessing Method
for the Arsenic in Fertilizers Containing Sulfur

—Single Laboratory Validation—

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

The analytical methods for Arsenic described in Testing Methods for Fertilizers (2023) and the sample was
digested with nitric acid, sulfuric acid and perchloric acid. However, for sulfur fertilizers, we confirmed that there
is a risk of the sample solution was suddenly boils during digesting with an acid. Therefore, we improved the
preprocessing method to dry ashing proces with Mg(NO3)..

As a result of 3 replicate analysis in fertilizer samples added arcenic standard solution at 5 mg/kg,25 mg/kg and
50 mg/kg of arsenic ion, the mean recoveries were 99.5 %~101.1 %. As a result of 5 tests on different days,
repeatability as repeatability relative standard deviation (RSD;) were 1.4 %~1.5 %, intermediate precision as
intermediate relative standard deviation (RSDyr)) were 1.4 %~1.9 %. On the basis of 7 replicate measurements of
a sulfur with 0.1 mg/kg of arsenic ion, the limit of quantitative value (LOQ) was estimated at 0.1 mg/kg. Those
results, which had met condition of the criteria shown in Testing Methods for Fertilizers, indicated that the developed

method was valid for the determination of arsenic in sulfur fertilizer.
Key words  arsenic, sulfur, atomic absorption, hydride

(Research Report of Fertilizer, 17, 50-59, 2024)
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5 ICP-OES #HAU\I=B¥lhd T-CaO, T-Cu, T-Zn, T-MgO,

Cd, Ni, Cr BT Pb D5 #riE DB
— SRS FMTIE —

H I,

1. [FE®HIC

ICP-OES % Wz IEE o Fpk sy (A K 4 & (T-Ca0) , $i4 & (T-Cu), Fifha & (T-Zn) K O L4 8 (T-
MgO)) e OV E sy (IRIV A (Cd), =7V (Ni), 78 (Cr) K O%H (Pb)) DFt 8 Dok B4 %
1T-o7-.

T-CaO, T-Cu KO T-Zn (%, HEAE R OVGIRIEEFE DR PIZIEDT CEDONIREL EEALTWDSEGHE
i, A EE ISR R LT R D0 VY ZORPRNBFERAET D720 Ok L T, T-Ca0 (22
DT T-MgO EEBICT7 L — AR ENIERN SR ER L DIl QB0 A THD. T-Cu, T-Zn, Cd,
Ni, Cr T Pb (DWW TE T L — AR FROGTED A ICP-OES £ i S T D,

ICP-OES JEIZOWTHEELOHE Vckde, IBEHIB W TUI~N v AZID FERRD N2, b
Uy I A=y F o 715 OWEEEEA MG L 7203, IERMEREBRIE L T 2720 O+ R E GO T 729
FEHERINEDN RS TCOVD. LinL, BHERINEI I T AORIREL TUTA R CTH L3, WIEEHK O TR
JEMECH DT80, AF CIINIR LA E MG 22l e L.

BER T, WEEHELL TA U A (In) KO RID A (Y) R ET LAY, RRETCiE, ZhbostFE ST
BETCHEOP R EHBAIT VR EEZL DO ILR THHIE, SHITAE LR ENERED I R OBRFENE—THD
ZEEFINGAIEEL, ZNOOEMNLRIE TR O EDAT U ROGEIIA YT AE D A (YY), JRFHROEE
134 (Auw) ZH W TRETT 5288 LT,

8 43T DT ICP-OES Z W3 s (WARTELR) 2L, B —alBR=E S D 0 HTiE D 2 Y e ess &
FToT=DOTHIET 5.

2. MHPRUAE

1) SHAEHORR

TBTRIEEE L OVE S AHEARIE, BoMRgs% VT 65 °C © 5 FER DL ERBESE7-1%, 500 pm D550 & i
THETHLI-bDOE ST B LTz, ZOMOREHZ DWW TEBYZ 500 pm D 520\ A8l 5 FE Tia
DR TR L T=b 0% AT R L.

AFRFHCHE A L7 OFESEIL Table 1-1 DLV THY, (LAIEELD JFUEE Table 1-2 (TR L7,

VORSEATBOE NEMOKEETH B L it 2 —thm e 2 —
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Table 1-1 Kind of the samples

Kind of samples Number

Sludge fertilizer 15
Chemical fertilizer 4
Inorganic sample 5 (Each 1)

(Superphosphate lime, Siliceous fertilizer, Lime
nitrogen, Fused phosphate, Gy psum)
Organic sample 4 (Each 1)
(Cow dung compost, Fish meal, Crab shell, Poultry
manure comp ost)

Soil amendment 6 (Each 1)
(Baked diatomaceous earth, Vermiculite, Pearlite,
Zeolite, Bentonite, Charcoal)
Total 34

Table 1-2 Materials of the compound fertilizers

Lime nitrogen, Urea, Ammonia, Ammonium sulfate, Ammonium
phosphate, Fused phosphate, Double superphosphate, Processed
Inorganic raw material phosphate fertilizer, Potassium sulfate, Potassium chloride,
Magnesium sulphate, By-product fertelizer, M anganese sulphate,
Borate fertelizer
Dried bacterial fertilizer, Crustacean powder fertilizer, Steamed bone
meal, Steamed feather powder

Organic material

2) B

(1) 7k: JISK 0557 \ZHETD A3 DK.

(2) il FEEHTH (8 L7 AV 2FEiSE)

(3) Ml KT (& L7 AV DFAiRE)

(4) HEFE(1+5) 0 3) DIFFEDIEFE 1 LAKDIEFE 5 ARG LIZHD.

(5) Hafe(1423): (3) DIEREOIKFE | LAKDIKRE 23 LEIRALIZHD.

(6) HL T MEHENR (Ca 1000 mg/L) : JCSS (& 7 A /v SFnE#liEk)

(7) SRAEHERL (Cu 1000 mg/L) : JCSS (& =7 A /L LAFneifizk)

(8) HEENFEENR (Zn 1000 mg/L) : JCSS (H L7 A/ LFEASE)

(9) ~Z7 %17 MMEAER (Mg 1000 mg/L) 1 JCSS (& -7 AV AFnefli)

(10) HRIT LHEHERL (Cd 1000 mg/L) :  JCSS (& L7 A /L AFEhiEE)

(11) =7 /VAEHERE (Ni 1000 mg/L) : JCSS (& -7 A /L 2R HiE)

(12) Z7mMEHERR (Cr 1000 mg/L) : JCSS (& L7 AL 2Tt Hi%)

(13) $HfE4ER (Pb 1000 mg/L) : JCSS (& L7 A /L AFnEHiZE)

(14) IR A HEH#ERR (AL, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, P, Pb, Sb, Si, Ti, V
O Zn 4 100 mg/L) :  XSTC-22 (SPEX)

(15) AT /AED LEAER (Yb 1000 mg/L) :  ICP 34T H (F 7 A0 SZFnyeftisk)

(16) AFEUERL (Au 1000 mg/L) : ICP /0#71 H (& 7 AV 2 FEHi)

(17) IRAHEYERL (Ca, Cu, Zn, Mg, Cd, Ni, Cr &X' Pb % 100 mg/L) : 1000 mg/L @ Ca, Cu, Zn, Mg,
Cd, Ni, Cr 2 O'Pb #E#EH 4 10 mL % 100 mL 2877 A3IEY, KEMERE TN TRA L.

(18) JRAPEENERL (Yb OV Be % 100mg/L) : 1000 mg/L @ Yb M O Au FEHEHE4: 10 mL % 100 mL 4= &
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TZAZEY, HiE (1+5)25 mL Z00%, BERETKENZ TRA L.

(19) FrEARAHRAENER (Ca, Cu, Zn, Mg, Cd, Ni, Cr X' Pb 45 1 mg/L~10 mg/L) : JRAEUERR
(Ca, Cu, Zn, Mg, Cd, Ni, Cr &% T Pb % 100 mg/L) ® 1 mL~10 mL % 100 mL 4 &7 7 A2 (ZERERIZED,
g (1+5) 25 mL Z#%, BERRETRENZ TRA L. XSTC-22 Z W A58 H RIERICARLT-.

(20) FRERHIRGIEHER (Ca, Cu, Zn, Mg, Cd, Ni, Cr X' Pb 4% 0.05 mg/L~0.5 mg/L) : 10 mg/L
EARAREHER D 0.5 mL~5 mL % 100 mL 4287 7 AZEERERIC D, FERECHEEE (14+23) 2 TIRAL
7-.

(21) B AR 2RI e (1423).

3) MERUEE

(1) FEAES T TA~H0 I HrikiE (ICP-OES) : BER/ERT ICPE-8100 (K57 [l 7=, > —74r
XIS )

(2) FFWNRER: BHYAT 7 /my—X 7-2310

(3) L% Retsch ZM-200

(4) BXUF: Y~MEFEHK) FO610

4) SWmAE

200mL h— L E—D—IZ0fatkt S5g (29X 1g 20 &0, BXIFICANESLTIEL T
AL L, 450 °C+5 °C T 8 HEffl~16 RSB L CIRIL L7z, 72721, AW EEa L2WiElEHZ D\ T
FIRALD TRITAME Uz, intk, DEOKTEREYZE L, iR 10 mL & OMEREK) 30 mL 2%
7o h—LE = —Z BRI CRE, Win LTI L CREWE SR Li-tk, FEHLZ 35 L Tr Lk
THIEVA fo i TR < & Clfis L7z, Kumtk, e (1+5) 50 mL 2 0f#micinz, h—Le—nh—%
REEH LTV, MIENL TR L7o. Hmtk, Wk A 7K T 200 mL &7 7 A 3 lZB LA, ERET
KEMZ, A3 ETHE LA a2 BRI & Lz, ERAIR 2 IR 2 8581%, e (1+423) 2 0
TARUT-. B 223 B, I B A YE I B OB 10mL &R A WZEYER 1 mL 2 22
MDD 15 mL F2—72x TREA L, ICP-OES TH#r L7z, #rikod 7 m—— hME Scheme 1 KT
Scheme 2 D L35V . SpHTkiG e K OPEHE LR DORIE I VDI R IE Table 2 IR LT,

5) REOHMH
SIMTRIG TR ENAEHETT IR DO FELHRE D AR L (AT RT3 /EE L R) 25 H L, FHERORELN
FRHIC LD AR L CRUBHER P OREZFE L, U TORUICLIED> TP OREZF L.

GREHH O (mg/kg) ) = GUEHE T DL (mg/L) ) X200 mL X GREHEDATRER) /5 g

CaO MU MgO IZ DWW TEELIZL FITRLEERIC k> TR b DR E 2R H L=,

~

B D CaO DL (% (EH&ES533H) ) ) =GUEHH D Ca DR (mg/kg) ) X 1.3992/10000
B D MgO DIRFE (% (B &7 2) ) ) =GR D Mg DR EE (mg/kg) ) X 1.6583/10000

~~
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5 gsample

Charring

Incineration

Standing to cool

Heating

Heating

Standing to cool

Heating

Standing to cool

Transfer

Filtration

Sample solution

200 mL tall beaker

Heat gently

Ignite at 450 °C+5 °C, 8-16 hours

Room temperature

«—A small amount of water
—About 10 mL of nitric acid

«—About 30 mL of hydrochloric acid

Cover with a wacth glass, and digest

Slightly move a watch glass to remove acid

Room temperature

«50 mL of hydrochloric acid (1+5)

Cover with a wacth glass, and dissolve

Room temperature

200 mL volumetric flask, water

«—Water (up to the marked line)

Type 3 filter paper

Dilute with hydrochloric acid (1+23) if necessary

Scheme 1 Flow sheet for measuring T-CaO, T-Cu, T-Zn, T-MgO, Cd, Ni, Cr and Pb

in fertilizer by ICP-OES (preparation of sample solution)

Sample solution

10 mL

M easurement

15 mL Tube

«—1 mL of mixed internal standard solution

ICP-OES

Scheme 2 Flow sheet for measuring T-CaO, T-Cu, T-Zn, T-MgO, Cd, Ni, Cr and Pb
in fertilizer by ICP-OES (measurment)
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Table 2 Wavelength of measurement element

M easuring W 2) Internal standard 2)
cloments avelength®(nm) element Wavelength” (nm)
Ca 396.847(11) Yb 328.937(1)
Cu 324.754(1) Au 242.795(1)
Zn 213.856(1) Au 242.795(1)
Mg 279.553(1) Yb 328.937(1)
Cd 228.802(1) Au 242.795(1)
Cd 226.502(1) Yb 328.937(1)
Ni 231.604(1) Yb 328.937(1)
Cr 205.552(1) Yb 328.937(1)
Pb 220.351(1) Yb 328.937(1)

a) (I ):Atomic beam, (I ):Ion beam

6) REIAHE

(1) HEMRDEFRNE

BILFRDPRED 0 mg/L, 0.05 mg/L, 0.1 mg/L, 0.5 mg/L, 1 mg/L, 2 mg/L, 4 mg/L, 6 mg/L, 8 mg/L 335N 10
mg/L DR B IR A TEERZFRL, T4 LA/ C 2 B SHEL TR ERZERLT-.

(2) <RI AZLDH T

Table 1-1 DFREHI DWW CGRBHEIR AR 72, #9712 ICP-OES CTHHr L7 RO NAEAED F8 i
% Table 3 | Z/RUT-. MREARHAEER T O Au L VYD OFEIEBREE 100 LU 4, BBHAIR T O3 TR E
1% Au 2% 79~106, Yb 7% 84~103 Tho7=. ) 8 FIOFEIOFEILIRELA 10010 LINTH 7270, HbIEN
SREEDMEK T U7IZsEHI A IR E R THY, FIREIX Au 23 79, Yb X 84 ThHotz. IR THONIFRDOFENIRE
PMEL, Au iX 84, Yb 1E 87 Th-o7o. {HIEAEEHI IV TiBIRL MEIX, Au 2’ 89, Yb 7391 Th-o7-.

FEICTRE DMRNMEZ R UIZREINE, N7 ZADOFIZL DD EZ 2 B, FRkSrThs T-CaO, T-Cu, T-
Zn KON T-MgO (DWW IR E A &N L), EBHRIRE AL Totr 7528 C ISR T 528
NA[RETHDHEE Z NS, LL, AFEMD THD Cd, Ni, Cr LN Pb (2 OW TR LA B ML, FUBRA
WEFIRE TN T DI EESNDIZD, THRKEWVREEZ DN LIZ85 A OMEREE Rl 324 5035
HZEMD, FIKETR, DTk & OVGIRAERE IV TR a2 S i L 7.

B D Cd, Ni, Cr &2 O Pb DR FEDS 40 mg/kg HY B L2 D INTIRATEMER AN L7308 2 WV CGR
BHA R Z L, ICP-OES W THIELZ. £/, MICE o T~ ELHR T D720, dlBHRIEZ 2
B, 5 E LU0 AR U7 IR DWW T RERICHIE L.



ICP-OES % fW 7z IEEH D T-CaO, T-Cu, T-Zn, T-MgO, Cd, Ni, Cr }2 O} Pb D43 #1150 BA%
—8 o —H IMTIE— 65

Table 3 Frequency table about the luminescent strength of

internal standard element (Au, Yb) in sample solution

N ) Number of samples
Emission intensity

Au Yb

75-179 1 0

80 - 84 2 2

85-89 4 5

90 - 94 6 6
95-99 8 14

100 - 104 11 7
105-109 2 0
Total 34 34
Em1s510n' mtensity 106 103

(maximum)

Emission intensity 79 ’4

(minimum)
a) The value in the standard solution for the
calibration curve is set to 100.

(3) MERIEEREAR MEM B 2 I - B R

JEEFREAEMEYE FAMIC-B-14 J Y FAMIC-C-21 % HWCEEFE 21T >7-. FAMIC-B-14 [Z-2W\W Tl
Cd & TN Ni, FAMIC-C-21 {29\ Cl& T-Ca0, T-Cu, T-Zn, Cd, Ni, Cr & OV Pb ZAEIZLY 3 ST THMTL
7=

(4) ZYPED RS I TIEC J D FLEE R

JEEHEABRIE RS CO D2 SN HER SN ITTE THL 7V — DR FBROETEEATEIZLY Table 1-
LITRUTE 34 ROBEIZ3HTL, 2B 2 TFIEOSHTEOMHBEKZ/ERKL, [ERE#ROMEE (b), 915 (a)
K OAHBIRE (r) 2R L, IS PRI &R 72,

(5) BHTHEIE B OReh RS FE DR
TG IEE R GBI T, ZNZER 2 SOFTCHAEZT 5 A& ToT. DHTRIE K O
KhlEAokad, BRI ORI AAT 7.

(6) & FIRE O FROHEE

oy DER BEAMEROETRAEEZ W TARIEICEY 7 SO TRERE ML, &8 T IR& O FIRZHE
FELT-. 7283, ICP-OES THMT T 2B8E, Cd 122V TIEAIRL TRV EEHARR, Ca 1d 100 {5A7 R L 7=78
IR, ZOMoIEH#EIT 10 FEARLUZRBAEAZ V-, €8 TR EERZE) X 10, B TR FE AR
7£) X2Xt(n-1, 0.05) IZLVEIH L.

3. BRRUSBE

1) REROERNME
2.6) (DICL7=M> THER LM ERRE Fig. 1 ISR T DO FNO LR IOV THIER LR ER O ERK
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()13 0.999 LLETH -7z, Fig. 1 O ERIT, TIIROBEIEHER XSTC-22 2 AV TR B TR SR IR E
AT, ERI O 2R & L CRRL 7R SR IR 2 O ThIER S Lo i BERR O R TE FR B T RIFR L
Thole. 12120, RUCREIEER AR MRE L TRELILBNECTZZEMD, EHICARL TR E#R
MR AR AER 2R DM B3 T2,

_ 25 Ca _ 25 Cu _ 25 7n
=
= Z 2
& 20 8 20 g 20
.8 8 2
E15 g 15 15
e e e
5 g g
= =]
§ 10 = 10 g 10
7] @ @
= = . = =
E S ¥ 235_710 ;9%4950 E S y=2.107x +0.0932 £ »=2.348x +0.0837
E 7?=0. E 72=0.999 E 2=0.999
0 L 1 1 1 1 J 0 1 L L 1 1 J 0 1 1 1 1 1 J
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Concentration (mg/L) Concentration (mg/L) Concentration (mg/L)
60 Mg 25 ¢ cd 05 Ni

(93
(=}

=~
=]

[
(=4
T

02

[
(=4

¥ =5.649x + 0.3435 y=2227x +0.0215 0.1

-
=]
T

y=0.0413x + 0.0002

Internal standard ratio (Mg/Yb)

Internal standard ratio (Cd/Au)
Internal standard ratio (N1/Yb)

2 =0.999 72 =10.999 2= 0.999
O 1 1 1 1 1 3 O 1 1 1 1 1 ) 00 1 1 1 1 1 J
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
Concentration (mg/L) Concentration (mg/L) Concentration (mg/L)
04 Cr 0.08 b

03 0.06

02 r 0.04 F

0.1 0.02

v =0.0340x + 0.0003 »=10.0064x + 0.0001

Internal standard ratio (Cr/Yb)

Internal standard ratio (Pb/Yb)

r2=1.000 72=1.000
0 0 1 1 1 1 1 ] 0 00 1 1 1 1 1 J
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Concentration (mg/L) Concentration (mg/L)

Fig.1 Calibration curves

2) IRV HRIZKDTFiH

2.6) (2) \ZL7=M3 > THHT LTz 5% Table 4 127”7,

FIRZESR, DNTE M OVGTEIRE D DI R U7 R IR 2 A R T2 o L2356, AR HED R 5R JE 1X
Au 73 79~89 (F AR FAE IR T OISR D) (n=10) & 100 EL723HE), Yb 23 84~91 ThH-7273, 10
AR A ORI 1T Au 23 93~96, Yb 28 96~104 THY, T-H L 7=.

Cd D[ENT I FFENA IR Z AR TN HT LTZ 55T 97 %~103 % Th Y IEHE R BRIEM B E A 1I2hW)
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TORSIVTWDEED HAEDOFIFH (90 %~110 %) N Th-o7-. 2 5L LR U5 A OBEIEED 97 %~102 %
THVEED HIEOFIFHNTH 7.

Ni ORI RN E IR L2072 551 77 %~89 % THY, EFED HEEO#iFH (90 %~110 %) LY
RVMEZA R U, BEO AREOHFPHZ M- LI=01E 5 UL EARLUIZEE THY, ZOBEROEIEIL 90 %~
101 % T 7.

Cr ORI ITFENRIRZ AR LR ST 5B 13 91 %~93 % THY, EED BAEDOHIFH (90 %~110 %) N
ThHolz. 2 5L ERIRUG A ORIED 91 %~97 % THYEED HEOHFFHAN TH-7-.

Pb DRI RITFREHAR A AR L2 -T2 81% 88 %~95 % THY, AIKEHITB W TEED BIZED#iH
(90 %~110 %) KRV MEE 2257223, TR OVEIRIEEHIEE O HIEEOFEFHAN Tho7z. 5 5L, EARL
72356 DI 95 %~101 % THY, EEED BIEEDOHIFH (90 %~110 %) N ThH-o7-.

Cd KO Cr iZ oW TTRBHE I Z A R U 227> 7o & Th IR BEIT RS, 10 FFETHRLIZS AT
HIFAERICRIED 2272 28h D, Cd KON Cr 1ZxE 5 FHINEETH S Au KON Yb 12 2 T LR
ETHHIENDDHT-.

Ni &Y Pb (2 DWW, AU 723556 D EIEEDMENWZ LS, Ni LT Pb (ZXT 5803, IR
Thd Yb Vb RENZERDI T LinL, AT A LTI EICEEN S E LI En D, FRTHI8I2X
ST, Ni KOV Pb IZXf 35 F 728 Yb E[RIFRE £ TS IO E o7z,

ARIETIE, ~ N7 ZAOTFHRIZID SHHEIMEAEI 72 D 2 L 2B 72012 10 5 2L Ea R U7 BHA R 2
Tt T5ZEELT0. 72720, Cd 1IZOW T TR L0 FIEEIMRL, AR DEEEEFE I L TH97
&R FIREMER T2 HE N pD2l, Fo~v o7 AL TR REVHECHo THNERELL T Au %
VDG IEENGERIC R e o T2 2800, BBHEIREZ AR LR THONT 528 ARETHLHEZ 2 B
7.
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Table 4 Recovery test using the samples with large interference

Cd
Lime Crab shell Sludge fertilizer
o . Emission intensity Recovery rate  Emission intensity Recovery rate  Emission intensity Recovery rate
Dilution ratio 2) /D) 2) 0/ b) 2 o/b)
of Au (%) of Au (%) of Au (%)
1 79 103 84 101 89 97
2 85 100 88 101 95 99
5 88 101 99 97 96 100
10 93 101 95 99 96 102
Ni
Lime Crab shell Sludge fertilizer
o . Emission intensity Recovery rate  Emission intensity Recovery rate  Emission intensity Recovery rate
Dilution ratio a 0/\b) a) 0/\b) a) 0/)b)
of Yb (%) of Yb (%) of Yb (%)
1 84 77 87 88 91 89
89 86 93 90 102 87
5 94 94 101 93 101 93
10 96 101 104 90 103 93
Cr
Lime Crab shell Sludge fertilizer
o . Emission intensity Recovery rate  Emission intensity Recovery rate  Emission intensity Recovery rate
Dilution ratio a) /D) 2) o/ b) 2 o/b)
of Yb (%) of Yb (%) of Yb (%)
1 84 91 87 93 91 92
2 89 95 93 96 102 91
5 94 96 101 95 101 97
10 96 96 104 95 103 96
Pb
Lime Crab shell Sludge fertilizer
o . Emission intensity Recovery rate  Emission intensity Recovery rate  Emission intensity Recovery rate
Dilution ratio 2 o/ \b) a) 0/1\b) a) 0/\b)
of Yb (%) of Yb (%) of Yb (%)
1 84 88 87 93 91 95
2 89 87 93 94 102 95
5 94 97 101 101 101 96
10 96 96 103 95 103 98

a)The Value in the standard solution for the calibration curve is set to 100.
b)A sample spiked with the equivalent of 40 mg/kg was used.

3) MEHZRRHREMEZ AV =R EFE

2.6) Q) IZLT=MNoTC, RS SEME 245 LT= 5 5% Table 5 1o~ ¢. IEEHERER A (2023) it B & A 1T
SHTWDRIRIZ LN > TEEZHEE LA L7265 5, FAMIC-B-14 K O FAMIC-C-21 DWW LD k452>
W CH IEBHERBR AN B E A IORSHCWAEED BAEZ 7L TV -,
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Table 5 Accuracy evaluation using fertilizer certified reference materials

FAMIC-B-14
Component Mean®! s Certified value U 4., Am? U Am=U 4"
Cd (mgkeg) 4.45 0.46 423 0.14 0.22 0.54 Conformity
Ni (mg/kg) 36.4 1.6 37.9 1.7 1.5 2.5 Conformity
FAMIC-C-21
Component Mean” s Certified value U g5, Am? U Am=U ,.°
T-CaO (%:Mass fraction) 4.16 0.03 4.16 0.08 0.002 0.090 Conformity
T-Cu (mgkg) 454 3 447 8 7 8.7 Conformity
T-Zn (mgkg) 1320 42 1340 14 20 51 Conformity
Cd (mgkeg) 1.90 0.03 2.0 0.1 0.10 0.11 Conformity
Ni (mg/kg) 27.6 0.4 27 2 0.6 2.1 Conformity
Cr (mgkg) 29.2 0.01 31 2 1.79 2.0 Conformity
Pb (mgkg) 24.0 1.7 23 1 1.0 2.2 Conformity
a) n=3 d) Absolute value of difference between analytical value and certified value
b) Repeatability standard deviation e) Expandeduncertainty of Am
¢) Expanded uncertainty of the certified value f) Judgment formula

4) RUMAFERINI-SHTEICKSEE M

2.6) (4) IZL7e3 o T L —AJRFIOTE (AAS) EARTEIZ K D50 HT O AH BA R K ONEl R EL#R % Fig. 2 IZRL
72. 728, Table 9 T/RUIZE BIRFAIE DO SHEIZ OV TS LT, Fig. 2 IRLIZERY, RiELT7L—A
ST ED S HHEIZ RO IEDOAIBEZGRD DI s, AIEIT 7L — AR TR RIZE O EREE AL C
WHZENDISTE. 2385, [BIREMOMEE (b) KO F (a) D 95 %IEHEX M EAABIERE (r) 2 Table 6 12”1
7o, BERMEFRBRVE TITEURERROMEZ D 95 %IEHEXHIC 1 A& E, U/ D 95 %EFEXMIZ 0 & EN,
FAREAR UL 0.99 UL ETHHZEAZHELEL TUVD. T-Ca0, T-Cu, T-MgO K O} Cd 2B\ T, [EREROMEX
D 95 UlEHEX N 1 NEEN TRV, ZTOMOSMAITM =L Tz,
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Fig. 2 Comparison of the measurements in between ICP-OES method and AAS method

Thick line: Regression line, Dotted line:95 % prediction interval, Thin line: y=x

Table 6 Correlation coefficient between 95 % confidence interval and regression line in Figure 3

95 %confidence interval

Correlation coefficient

Component
Inclinaton (b) Intercept (a) )

T-CaO 1.009 - 1.036 -0.265 - 0.259 0.999
T-Cu 0941 - 0.982 -4.259 - 14.240 0.999
T-Zn 0.952 - 1.001 -0.323 - 16.548 0.998
T-MgO 1.021 - 1.033 -0.032 - 0.011 1.000
Cd 1.027 - 1.084 -0.086 - 0.035 0.998

Ni 0.957 - 1.000 -1.857 - 1.928 0.999

Cr 0.972 - 1.003 -2.165 - 2.632 0.999

Pb 0935 - 1.057 -0.256 - 1.796 0.995
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5) BHTHRERUHRMBEEDTE

2.6) (S ITL7=h > T LIc#E R A Table 7 (RUTz. E7o, ZORERNOHEE LI TR EE L O R RS EE
% Table 8 [Z/RLTZ. WD RATIZIBN TS, LR RBIENEE A (RSN TOLOM TR & O
EOFAFPHAN TH -T2,

Table 7 Individual result of repetition test of changing the date

T-CaO (%: mass fraction) T-Cu (mg/kg) T-Zn (mg/kg)

Test day Sludge fertilizer Chemical fertilizer Sludge fertilizer Chemical fertilizer Sludge fertilizer Chemical fertilizer
1 1.49 1.48 26.6 26.3 744 741 6.15 5.98 1689 1709 414 41.7
2 1.47 1.39 26.4 26.9 758 777 6.31 6.04 1677 1720 40.1 40.0
3 1.50 1.42 27.1 27.1 698 769 7.02 6.98 1798 1669 36.4 38.0
4 1.42 1.39 26.8 259 712 709 6.04 6.19 1724 1644 30.3 29.8
5 1.40 1.38 27.2 26.3 706 709 6.06 5.51 1635 1608 29.4 329

T-MgO (%: mass fraction) Cd (mg/kg) Ni (mgkg)

Test day Sludge fertilizer Chemical fertilizer Sludge fertilizer Chemical fertilizer Sludge fertilizer Chemical fertilizer
1 0.32 0.34 5.86 5.86 0.48 0.47 2.06 2.18 36.1 358 88.6 88.5
2 0.35 0.36 5.96 5.95 0.41 0.45 2.13 223 36.8 36.5 103 99.4
3 0.39 0.37 6.22 6.27 0.43 0.45 2.18 2.26 379 37.2 98.6 96.3
4 0.36 0.35 5.82 5.99 0.44 0.43 2.07 2.13 35.2 36.6 98.7 96.4
5 0.36 0.35 6.16 6.05 0.43 0.44 1.98 1.95 36.2 35.9 104 103

Cr (mgkg) Pb (mgkg)

Test day Sludge fertilizer Chemical fertilizer Sludge fertilizer Chemical fertilizer
1 69.3 70.3 261 259 394 38.2 28.8 25.0
2 72.7 72.6 280 271 41.0 40.6 249 24.4
3 75.1 73.4 280 274 43.0 423 232 247
4 67.9 71.2 269 265 40.3 41.8 24.4 26.6
5 70.9 70.2 273 270 41.2 40.5 27.6 25.6
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Table 8 Statistical analysis of repetition test result for estimating precision

Mean Repeatability Intermediate precision
Component Sample md 50 RSD ® 2xCRSD Y E I(T)e) RSD I(T)ﬁ 2xCRSD 1<T)g)
(%) (%) (%) (%)
T-CaO Sludge fertilizer 1.43 0.04 2.7 4 0.05 33 7
Chemical fertilizer 26.7 0.5 1.7 2 0.5 1.7 4
T-Cu Sludge fertilizer 732 23 3.2 8 30 4.1 13
Chemical fertilizer 6.23 0.21 33 16 0.48 7.7 26
T-Zn Sludge fertilizer 1687 51 3.0 6 55 3.2 9
Chemical fertilizer 36.0 1.2 34 12 53 14.6 18
T-MgO Sludge fertilizer 0.35 0.01 34 6 0.02 5.8 9
Chemical fertilizer 6.01 0.07 1.1 4 0.17 2.8 7
cd Sludge fertilizer 0.44 0.02 4.0 22 0.02 5.0 36
Chemical fertilizer 2.12 0.06 29 16 0.11 5.0 26
Ni Sludge fertilizer 36.4 0.5 1.4 12 0.8 2.2 18
Chemical fertilizer 97.6 1.6 1.6 12 5.8 5.9 18
Cr Sludge fertilizer 71.4 1.2 1.7 12 2.2 3.1 18
Chemical fertilizer 270 4 1.4 8 7 2.7 13
Pb Sludge fertilizer 40.8 0.7 1.7 12 1.5 3.6 18
Chemical fertilizer 25.5 1.6 6.2 12 1.7 6.6 18

a) n=10 (2x5 days), units for T-CaO and T-M gO are %(mass fraction), others are mg/kg
b) Repeatability standard deviation
c) Repeatability relative standard deviation

d) Criteria of repeatability (repeatability relative standard deviation ) shown in Testing M ethods for Fertilizers

e) Intermediate standard deviation
f) Intermediate relative standard deviatin

g) Criteria of intermediate precision (intermediate relative standard deviation) shown in Testing M ethods for Fertilizers

6) EETRRVERLTRO#E

2.6) (6) IZLT=R > Tt L TR L E R FIRL U FIR% Table 9 IZ/RL7ZHY, WT LD ARIIZIBWNT
HE®E FRE O FRRIZ Table 9 (2R L7z, {BIRAEEID £k DG H EOFRNLEE/2DRE R OVEH
DIFSINDHEER T DIRKED 1/5 LT THY, IEEMERERENEE A DHELSEL TWOD &AL Tz,

Table 9 Result of estimation of LOQ and LOD

Components M ean® Standard deviation LOQ LOD Reference value

T-CaO (% : mass fraction) 1.11 0.02 0.2 0.1 3Y

T-Cu (mgkg) 31.1 0.5 5 2 60
T-Zn (mgkg) 86.8 1.2 12 4 180
T-MgO (%: mass fraction) 0.30 0.002 0.02 0.01 —

Cd (mgkg) 0.49 0.01 0.1 0.04 ®

Ni (mg/kg) 17.5 0.6 6 3 602

Cr (mgkg) 18.0 0.5 5 2 100"

Pb (mg/kg) 30.5 0.6 6 2 20"
ayn=7

b) LOQ recommended by Testing M ethods for Fertilizer
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4. FE&O

ICP-OES % F\W =Bt D T-CaO, T-Cu, T-Zn, T-MgO, Cd, Ni, Cr )2 (X Pb O/ #rikaBARL, B—ilbk
IZBWTOHEDOZ S 2 fesE LT,

(1) SRR GIEERE O TREREZER LR R, WIhoxRIcs T 0.05 mg/L ~10 mg/L
DHFH TEMAEZ R LR TELREL 2 23 0.999 LA - Th-o7-.

(2) <RI 7 ADFENKEGREE IO CTIRINEIGRERZ S5 L 7= #5 5, Cd RO Cricxt 5T, ~
N2 ZDOJRENENGHA THNERETHD Au L OV Yb ERFRE THY MBI > 7=. Ni L OV Pb
X~ N 7 ADPRENEOIGEIINEERETHD Yb J0H T2 703K, RS/ 503, HIRT5H28
TR LT

(3) NEEIRAFEAEYE FAMIC-B-14 & OY FAMIC-C-21 Z43Hr U7=fE ., IREFERBRIEN B = A (RS
LEED BIEEZTT-L Tz,

(4) AELZGHENHERSNIZRBRIE THD 7L — DR WIEED 2 HIETHNTL, [EIGEREVER LT
R, ZNSOSHEIZHRVIEOFBERO BRI EMD, RIEIF 7L — LR FWSEEL RGO MRER AL T
WD ENDDST.

(5) B THEE R OV RS FEE A HEE L2 1, MERME R BRIE DS & O D O TRE FE & OV TS FE O FF AR RN ©
BY, TR EER LTV,

(6) & FRRML O FIRIZ, T-CaO 1% 0.2 % (H&553) 0.1 % (E &%), T-Cu X 5 mgkg L2
mg/kg, T-Zn | % 12 mg/kg } OF 4 mg/kg, T-MgO 13 0.02 % (& £553) K 1V0.01 % (& &5y 3), Cd 1% 0.1 mg/kg
KT 0.04 mg/kg, Ni 1% 6 mg/kg & O 3 mg/kg, Cr i 5 mg/kg & TN 2 mg/kg, Pb 1% 6 mg/kg M O 2 mg/kg FRJE
EHEES .

VL EDZEDD, ARIEFIEEH O T-Ca0, T-Cu, T-Zn, T-MgO, Cd, Ni, Cr L O Pb #5419 572D +43 72
PEREAA L CWAZEN RSN,

X B

1) e S E ORI BE T DS ERE I = 5 oIS X RERENSHE —HE =5
A ONC [RS8 AR = 5 e OVEE DU 5\ 2481 M B AR RO RAEEICZ O G BA Ll T D E B/ &
DL, R 124E 1 H 27 B, BWKFELGERE 96 5, RAEWIESM 346 H 14 A, BMHKES
HoRE 1011 &

2) REERAEEID SRR EEER ED DM, AL 12458 A 31 B, EMKES ERE 1163 5, FRfELES
346 A 14 HRMOKPER &R 1012 =

3) TRNIATBUE N EMNKPE R 22— (FAMIC) : JEEMEER L (2023)

< http://www.famic.go.jp/ffis/fert/obj/shikenho/shikenho 2023.pdf >

4) BEIEZE, H EEVL, BE, BTG GRS ORIV L, 8y, = Fb, Zab, 8k OEEERO[F

RERlE —ICP b motrdEE o H —, IRt , 4, 30~35(2011)
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Development of Determination Method of T-CaO, T-Cu, T-Zn, T-MgO, Cd, Ni,
Cr and Pb in Fertilizers by ICP-OES
—8 component simultaneous analysis method —

AOYAMA Keisuke!

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

A single-laboratory validation study was conducted for the simultaneous determination of 8 components (main
component: T-CaO, T-Cu, T-Zn, T-MgO, harmful component: Cd, Ni, Cr and Pb) in fertilizers by inductively
coupled plasma-optical emission spectrometry (ICP-OES).

First, a samples was incinerated at 450 °C and then decomposed with aqua regia to prepare sample solution. The
sample solution was appropriately diluted with HCI(1+23), a mixed internal standard solution of Au and Yb was
added, and measurement was performed by ICP-OES. Even when a sample solution with large interference was
analyzed, the analysis could be performed without problems by diluting the sample solution.

As aresult of analyzing fertilizer certified reference materials, the accuracy of this method was sufficient. It was
also confirmed that the analytical values obtained by this method and atomic absorption spectrometry were
equivalent.

In addition, as a result of repeated two parallel analysis for 5 days for sludge fertilizer and chemical fertilizer,
repeatability accuracy and intermediate accuracy met the conditions specified in the Fertilizer Testing Method.

The LOQ of this method were estimated to be approximately 0.2 % (mass fraction) for T-CaO, 5 mg/kg for T-Cu,
12 mg/kg for T-Zn, 0.02 % (mass fraction) for T-MgO, 0.1 mg/kg for Cd, 6 mg/kg for Ni, 5 mg/kg for Cr and 6
mg/kg for Pb.

As aresult of confirming the performance of this method in a single laboratory, it was confirmed that this method

has sufficient performance to analyze eight components in fertilizer.

Key words  Fertilizer, Main component, Harmful component, ICP-OES

(Research Report of Fertilizer, 17, 60-74, 2024)
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6 TrEEABREDRERERVHRBREDHSRE
— BRI L OV EIRIRRIRIC X 2 22 R —

AR 1, SV |, NP R
F—0—F  EEREER, KL, AKIETED AR, JEEL, /N BUEIER R

1. (XL®HIZ

NEEHZ & ENDKREENER S IO G D, BOPAT 208 P OBRBEER OB e 21kl ,
ERFORIMEL LR L, TSN B0 MR O R £ TIAEBO o AT MK T 45282305 (LT,
[FEREAEI ET D). 2078, BMOKIER SR VIZ IS TRAER /3 M ORGEAL S DB TE 7T DU TR
INEDHILTND.

THET, IEBHEREREE T ERR BNV PREER ) B2 R E T 572, JRAIEL TR bz g & 24
JFE OB E DT ED R BIZREL, TORMITE Y TDIEEHI O W TIERPR B AA S OS2 H
Teo TRUBHT L TR K I b 2 AL LS E L MBML B O RITLEE (LU T, TRiBEaRER ] &3 2) 217 o7 LTt
L, KSR DPRFER Y B R EL TS, BE, WFIEERER D T 1A OV TR — B2 GIEDR RN,
WIERRBR D TIEE L TRIL, Rl UILWEDEERHHITHEOL T, MEtThnd, ILEEEaERk
GRSV TR, TNBEEER, BOKERNDOEZELZT, M 4 XOREZ PR LTZ.

APELT AR O S E AR T O A AR T 572D O BB O T IEA ML T O LA ARELT, 0 4 4R
JEVTRERIE MOINEE, EEEBE L TOT o — R O ME BRI &L I ML, FEHAEZITO L THBR
FMEOEEETV, HFONTIEHRE TSRO IERBIEN R AE LT VIKEENED AR A FaA L LT BRTE T
LA EBR T IEE R LT, e TN 5 AR, BRI BV OINBVLEE 0O BRBR S AR i 46
ZRERRL, Wl ERIES L THEE L7, BICHBERBR =TI W TN R 2 L, feE L 7oilBRiAIC
BILEMBEIMGEFECHLI-OT, TOMELRETD.

2. MHPRUAE

1) SHAEH

IKEAPED AR L TREZ A KL AR 57012, BER> P 28521, M5B L TO AR
CTUERSUL, B TR T L, W E~ 7 32T (EEHEEL, ORIR) , 85 ABRBEIR (REEHECEL, k) &
BEL. B~ 23T RO SAREERIE, BBIZ 500 pm D52\ @il 35 F Tt DAL RS Rl
7o ERC 4 FEIEOKENED ARG BT B O pH D43 HTE % Table 1 (ZRLTZ. 72388, B b~ R0 L, BI5E
ST RUT ) F S ARBEIRIZ DN TIE, AKEEMED AFED /3BT B IR ER A (2023) 4.2.4.a I ERS LT
HE R PR 0.03 % (E &5 %) LI/ Sholz.

OB ZIRE L, B ERUORFNIE A L2300 —E% Table 2 (Z/RL72. 738, AR CIHIRA L
FEHE T DEIHTEATIRNCIEAKBALD R Z D FTREME DS H D280, AT T A B 2 BRI L7,

VBRSEATBOE N EMOKETH B L et 2 — AL e 2 —
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H

Table 1 Content of Water-soluble phosphoric acid and pH in analytical reagents and samples

Analytical Value”
Sample Water-soluble phosphoric acid pH
(%)” -
Diammonium Hydrogenphosphate 54.2° 7.5
Magnesium Oxide <LOQ Y 9.9
Calcined Magnesia < LOQ 9 10.2
Calcined Poultry Manure < LOQ 3 11.5

a) n=3(The pH is a simple arithmetic mean.)

b) mass fraction

c) 53.74 % (Theoretical value as a JIS special grade)

d) under LOQ (0.03 %) in Testing Methods for Fertilizers (2023)

Table 2 Sample and mixing rate for Examinations

Mixing rate
Sample Diammonium ) b
hydrogenphosphatea> Magnesium oxide
1 9 1
2 8 2

a) As a raw material contained phosphoric acid
b) As alkaline material

2) B

(1)K KBS (L7 Milli-Q IX 7005) Z2 FIW TR L= JISK 0557 (ZHBUET% A3 FHY Dk A fH
L.

(2) il : JIS K 8541 ik (B, HNOs 60 % (EH &57K))

R)TUE=T/K: JISK 8085 4k (5 L7 A /L AFNYEHI%E, NH;28 % (B #43K))

(@) RF D (V)T =7 JIS K 8747 K5k (B sb52)

(5) EEVT T UBART o E=U LIUKFIY): JIS K 8905 ik (B A (L)

(6) 7= /)—NVT7HL A JISK 8799 H5ik (BAHALS:)

(7) =& /=1 (99.5) : JISK 8102 H5#k (& +7 1 /L LFn i)

(8) WAL —KFEHU L JIS K 9007 ik (BIH L)

(9) FEARIRIRUL : TV (V)BT V=04 112 g ZKITEDL, iR 250 mL 2Nz 2%, LEV75

VEEAT =Y AIUKEIY) 27 g AKICHELTINZ, BICAKEINZ T 1000 mL &Lz,

(10) 7=/ =T XL AR (1 g/100 mL) : 7= /=T XA 1 ghTH ) —/1(99.5) 100 mL (ZIEDL

7z,

(11) Y ABEEHERR (P,Os 10 mg/mL) : WAEE —/KFE AT L% 105 °CE2 °C THI 2 BEfMEAL, 77 —&

— TS LIZ, 19.17 g Z O L) B ALIZIEN0 EoT=. D BEOKTE L, 1000 mL £2E 77 A3 IBLARN,
% 2 mL~3 mL 2%, 2R FETKEMZT=.

(12)  AFEIEYERR (P05 0.5 mg/mL) : 0 AUFREEYERR (P,05 10 mg/mL) 50 mL % 1000 mL A5 ~7 7 A=2(ZED),



W BB VE D FERER A K UGB IE D B %6
— BB = K OVER R 3[R 3R BRI L 2 2 Y M el — 77
fif% 2mL~3 mL 2%, HEERECTKEMAT-.

(13) 72V It pH FEYERR : JCSS 7 2 VIRIGAEHENR 27 2 Fl (B L)
(14) R0 AUERYE pH FEWERK :JCSS WD AMEREYERR 25 2 FE (B L)
(IS 1 FHBEYE pH AEUENR : JCSS \FHFLHEIEYERR 25 2 FE (B L)
(16) FMEtE pH FEUER :JCSS IXMAMERRYER 55 2 T (B Ab)
() VAFRKFE —TrE=U L JISK 9016 ke (B HL52)
(18) f&fb~7 % 7L JIS K 8422 FASKHs#k (B B (L)

3) MERUEE

(DETFRPA:=—T K54 GR-202, Av7—+hK MS303-S & ME403
(2) FEMRER B L ER . WFO-520

(3) E FlisfE el iR IR th B EFNO0-KT

(4) Ry 7L —R: S2HEHF: NP-5

(5) 73 G EE R B ERT UV-1800

(6)pH Ft:HESGEUERT F-71

(7) 1z OB F3 7R% - Retsch® ZM-200

4) B®ETAX

(1) B G A D HERR

FAMIC 7ML TW2il % 10 FREEDILEPRERIEHRDI S, Wil a1T 72 531 $RIC O\ T, 2D
REBFOFERE, wlERBRAAT o T2y D IE WA TEIL LT (Table 3-1 UV 3-2). F7z, LiloEHa ClTmsta T
I TT NAVEMOEAIZIV RS F D pH BRELRDIEVPESNIZOT, 7 VEM (FRIZEIFE
BE) 232 O SR P CTEIFEE £ THEHAIN TV EHE T8 T, SrHEBORAEI G0 E L0 E
HEB T ZOT, ERPEERREEE M CTADVEM &L TEICRIET AR U788 & OVFER
(ZH S ABRBEIR 2 AU T8N IR 2 2 337 SR IEL, A8INICISIT DREIPE W TR O 5 AR
BEIK DELAHIA Z e LTz,

Table 3-1 Types of fertilizers that have been subjected to
preprocessing under severe condition

B Numbers of applicated
Types of Fertilizer

Fertilizer brands
Compound fertilizer 386"
Mixed fertilizer 130
Solid compound fertilizer 6
Mixed phosphorus fertilizer 3
Mixed compost compound fertilizer 3
Mixed sludge compound fertilizer 2
Mixed microelement fertilizer 1

a) Number of fertilizers for each type of fertilizer in all 531 brands
collected in this study
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Table 3-2 Fertilizer components that have undergone preprocessing
method under severe condition

Numbers of applicated
Component

Fertilizer brands
Water-soluble phosphoric acid 524*‘)
Water-soluble potassium 4
Water-soluble magnesium 1
Water-soluble manganese 10
Water-soluble boron 2
Water-soluble iron 2

a) Number of applicated fertilizer brands in all of 531 one in
collecting for this study

() BT

AEEEH B A A2 RS 4 A IETRENC LBIERAIT) (LT, [EADENI & 5) 105
AILT 153 BBREICKILC, SRR A 020 AR BTIALT o2, TSI ZIUECH R
DFEMHRN DD | LEE LT 31 BRI BB (U, 1470 4 07 £92) 217>
5. FRAECHLIRR (Table 4) £BEITL, BTFO~DIZoNC, KIEORMEIT-.
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Table 4 Combinations of heat treatment temperature and time in laboratorya>
Temperature Time for heat treatment (h)

for heat Combination

treatment 1 2 3 4 5 6 <12 <24  24<  ofseveral
(°C) times

te rﬁ}‘)’;ﬁre P 0 0 0 0 0 0 39 0 0

0-30 0 0 0 0 0 0 0 1 0 0

31-40 0 2 0 0 0 0 0 0 0 0

41-50 0 0 0 0 0 0 0 0 1 0

51-60 0 0 0 0 0 0 0 0 1 0

61-70 0 2 0 0 0 0 0 0 0 0

71 - 80 0 6 0 2 0 0 0 0 1 i

81-90 0 6 0 0 0 0 0 0 0 0

91 - 100 0 1 1 1 1 0 0 0 0 0
101 - 110 0 0 0 0 0 0 0 0 0 0
111-120 0 0 0 0 0 0 0 0 0 0
121 - 130 0 0 0 0 0 0 0 0 0 0
131 - 140 0 0 0 0 0 0 0 0 0 0
141 - 150 1 0 0 0 0 0 0 0 0 0

a) Answers having records or heat treatment to this survey

b) Number of laboratories

¢) Indicate the position including 1 or more laboratory by a gray cell

d) By using the lowest value at setting multiple conditions(75 °C+1 h, 75 °C+2 h,75 °C+3 h) in preprocessing under
severeconditions

O BEFIE

B 4 FEPFEERICBOCTERBRIELL TOREDOI S, IIEVLERZATHIRE K ORI LIS KD
WINECHTREHI R T DIRE FIBICB W TH & BB E CII 4 e FIEE AL Q0. ZoZehn, JiE
il T 0 KA D HBE T T D70 Tl &5 2 DIV R E R OVLER G h 2 AV, 5 /EAE 2 (Scheme 1-
DIZHEVS, #RESAE: (Table 5) (2O T Sample 1 2 OV 2 ZFWTHETLZ. 728, 1R K ORI O Sh:i2o0
T, B0 4 FRERAR R D ORSEE T Th-72, 80 °C+2 B (AT, Th)Ld%) 28 &Rkt Lz
ECREIEIT o, F, RGN TITH 2 TOMBVLEREREIZ BT, 3URHHIC I D AERR R D 260 548
UTLUENREDREAZ TELIET DKL, BB ETOSRMERIZDT201T, INBULEE DEERIT/K 10mL 72
EDOWRMEITo7-.
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5.0 , I

>0 8 Weigh to small mortar or tall beaker '

analytical sample '

| i

Adding water !

| i

Mixin Grinding and stirring in small mortar with pestle or stirring in E

g tall beaker with glass rod !

[ i

Heating Heating sample in the dryer (with pestle/glass rod, without i

cover) i

| i

| Standing to cool | For about 30 minutes under room temperature !

oo _| __________________________________________________________________ :

| Transfer | About 400 mL water

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

<« Water (up to the marked line of 500-mL volumetric flask)

| Filtration | Type 3 filter paper
|
As sample solution prepared by "Testing Methods for
Sample solution Fertilizers (2023) (4.1.1.1) d)" for "Water-soluble phosphoric
acid" (W-P.a-1)
[
[ l
Coloring - According to the Measurement According to the
Measurement same testing pH same testing
methods (4.2) and methods 3.3.a(4.2)
(4.3)

note) The process “Heat treatment” is showed in the dashed box

Scheme 1-1 The flow sheet for examination of heat treatment (Operation of heating
treatment and preparing sample solutions)

Table 5 Operating condition for examination of mixing method and amount of water added

Temperature and time for heat treatment
80°C-2h

Amount of 0 mL_~About 2.5 mL_~ About
water added About 2.5 mL,” About 5.0 mL 5.0 mL_~About 200 mL

Operating condition

Container Small mortar Beaker
Grinding and stirring Only stirring
Mixing method 1 - 2 times 20 times

20 times ~ 100 times 200 times 100 times 200 timos
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@ TNAVEM DR E

IHTRELELTHOWA T VAV EMIC L DB AR T 5720, TADVEMELT, BBt~ 7 R 7 A, BEE
YT AT KOS VRBEIK 2 I, TNHLY U BEIKHE T U AEDERAEIGEZE 2T, IEEHE R
4 (2023)4.2.4.a.1206, WESRBZITOTREBREI T2, IR TCohboREZ AV, OoBReiERE5%E
{2 Schemel-1 |ZHEV Y, FLEAZ T 2.5 mL KZIRMIL, 100 B3 0DIREETT-7- T, 80 °C+2h THIZALER
i1o77.

@ R ORIz DUV T

FROTHRILCTERA T2 LU BB ONBVLER IR FE & O A BRL) &2 V-, INEMLER IR & & OF
RF O St it Uz, ORBRICERAEREEE (Scheme 1-1) (2HEVY, #/ESME (Table 6) DRI AT 7=

¥, B4 AREFRARRICIWT, THEBRO B DD | LEIE LT 31 HBREDH S, AL
ELTREZREETICER TITo TV enDld 3 BERETHY, 7LV 28 MEREIIRIR FITND 150 °C £
TOWREZHREL TV, ZOTENOAREIZIB TS, MEVLEO A I LD BT DL n gL
Ex, BRFMHITT.

Table 6 Operating condition and mixing rate for examination of heating temperature and time

Temperature and time for heat treatment

(2h fixed as experimental plots)
Operating condition g% 50°C,770°C,~75°C/ (85 °C fixed as experimental plots)

80 °C785°C,790°C,/100°C,~ 1h/2h/3h/ 4h/5h
125 °C,/150 °C

Amount of
About 2.5 mL
water added ol m
Container Small mortar
Mixing method Grinding and stirring about 100 times with pestle

a) Room temperature

Fz, ERRO~@IZBWTE, BE&MCALLIFKRE LD ERA LVFEAIHIRE T 272012, JERHERER
1£(2023)3.3.afii % 3 1255%, 4) (1) ~ B) B Ef TR L 7KIEMED A BRZ I E 3 2720 O RBHE I 2 IV
T pH ORIEEIT>7- (Schemel-1 [ZHEAETAEEL CRLdR) . 7088, AMFITIX pH ZHIELZEIZOWT, #
R OOHATERAECIRONI T B A 5 5 B B P LB LTz

@ ARl & R O 2R BRDART— N Z T

AEEFERBRE TIL, B T2IRVIBEE R V7 722504 BB EL, KBRS O T IEIZB W
TREE L OEERDOAT —VE T E R HEEL TNDIEND, RIEIZEBVTH Scheme 1-1 HC/RUZFEHR
B ORVIBEICH WO R BT T A DR Ea Y BIZAT — VAT RIRED MR EEA T o 7o, BUBHREEZ D
LTS, TN ENEDELRBHREEI ORI E N D E LR, BB ERFORREN KREIRL LML
720, REBEMOFECHL A b oM CHSIVIALAIEE WABET =0 AERRE~ 7 3T % 5k
WZETe. KEMED AR ILE, 6.38 % (H &5 3R)) 2 L7z, BEEEE (Scheme 1-2), #4FESA4 (Table 7) &
WITRLTE.
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25¢g
analytical sample
|
Adding water About 1.25 mL
|
Grinding and
stirring to mix
|

Weigh to small mortar

Grinding and stirring about 50 times with pestle

Heating Heating sample in the dryer (with pestle, without cover)
85 degree, 2 hours
|
| Standing to cool | For about 30 minutes under room temperature
|
| Transfer | About 200 mL water
|

| Shaking to mix | Vertical reciprocating shaker (300 times/min, 30 minutes)

<« Water (up to the marked line of 250-mL volumetric flask)

| Filtration | Type 3 filter paper
|
As sample solution prepared by "Testing Methods for Fertilizers
Sample solution (2023) (4.1.1.1) d)" for "Water-soluble phosphoric acid" (W-P.a-
1)
[
| l
Coloring+ According to the Measurement According to the same
Measurement same testing pH testing methods 3.3.a
methods (4.2) and (4.2)
(4.3)

note) The underlined part indicated the one changing in examination of possibility scaling
down container

Scheme 1-2 The flow sheet for examination of possibility scaling down analytical sample
and container (Operation of heating treatment and preparing sample solutions)
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Table 7 Operating condition for examination of possibility scaling
down container

Temperature and time

for heat treatment 85°C-2h

(In case of 2.5 g test portion)

About 1.25 mL”
(In case of 5.0 g test portion)

About 2.5 mL"
Container Small mortar

Amount of water added

Mixing method Grinding and stirring”
a) About half the amount of water in test portion, the amount of
water soaking in that

b) Setting 50 times as experimental plots

(3) /BRI [l

B FRBRIED LR IZ W T A R D720 Z 82 HEL, KIEIZ W TILFRFERZ FAMIC
5 MBREICIVITOZLE LT, T, BRI 14 10 B E TRUB OB B E 2 A ZR T2 28, BRI
e 1 3RV, —EEEEALCREIZ R L TTHOZEELE.

@O SRR A RO R 5L 2 B e B R

ARETCHWRE 2 B (WARKE T E=U LR OB b~ 30 L) 7B DN AERHECE 2 FlH
(BRFe~ 7 227 KOS AIRBEIR) 2 T, SERFRER AR ERL U 7=, AERHIEURH L D A R A F
THBAZ 500 um OMESDNEIEIETHE THFE-IRALIZ. VABRKFE T E=U AIOWTER 50 ¢ §°
D, AL~ XTI LZOWTIEK 2 g T2, BEE~Z R0 7 RS ABRBEIKIZOWTIEK 5¢ T,
K T NRITIM, BEL, VABRKE T =0 LR OB~ 7 22 T LITOWTIR 26 i, BEE~27 1
T RO S AMRBEIRIZ DN T 44 (OB /ERIL 7=,

TERIL72306E 140 (26 i X2 FEL O 44 X2 FEE) ICEERE AN TIZ WIE SEAAL, 3R
2RI L7, AOAC HART ALY} O TUPAC OFEHRERERZ 0ha 2 %22E (2L, @B LI IEEERE 2 f
FADFR (BBE~ 7 R T KOS ARBEIK) D HEEFRZ N TToZ AT 8 [l EHWY, 16 {8 (2 i
FE X 8 ifl) ) EMERERR BRI LT, i~ 7 2O T I IEME R T, BSAMRBEIRIZIEMEVARRE 3 &
DT TN E Tl 728, AREHE L TRHWZRIE 2 B (WARBKE 7 v E=y A R O (b~7 2D L)
IOV OB THLZENO T FTHE ThHEE 2, BHEMEMRITI T~ T-.

ER 4 FHEOREAE T F AT LI b O 3L FREB AR L, SINERBREICET L. $70, ARHEFE
RBICB D TUIVAEBE S AL CODRE (WABRKE T =0 L) WNIT AV AVEM (B{b~ 7 2w
I, BB~ 7 3T O S AVRBEIR DV s 1 R 12 DWW T, BUBHREUR SRR 03 il S B EA 775
N ST e D, LU O EBVICHEZRIMUNTER 7~V Z B LT, ZhUcd> T, VABREEAL TVD
I GAFE S X IFHARRE R O VIV ERM GRAIGL S A, B KON C) IFFIERFE L.

TRAIFL S X VAFEKE T =T A

AEIVN (A7 SAVIN

[ B:iRBE~T KT

[Fl C:HSAMRIEIR
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© FEhi Sk

ALLRIFRBRIC T, BRI & Ok RIS IR KB b A A S A RUG I Z D72 NI T 5720,
SR BIZB W COABEEZ G A T 2RI WABRKE T =0 L) KOT VHVEM (Bb~2 3
Db, BRES T XT, B S ARBEIK) TR A T DBAEEAT o, TR, AR TV Th DK
BED AU L L, SRR DY FEERICEL & T 53UBL O A G o L OREHEIZ DU VT Table 8-1 12XV, 7ok
YEIX Scheme 2 (2801770, 7o, BEHR P CEULIGZMEGE T 5720, pH ORIEZSHHRIZ DUV TE
MiL7z. VAREKTE T =0 LET NAVEM 3 T DA 2 ZxHI L TGRIREITV), &2 ICOWTHEZEZ
T3 AT O EERLZ. 7ok, ZIBREICB W THVW 4R 1T Table 8-2 DBV TH-T-.

Table 8-1 Combination and amount of prepared samples for this collaborative study

Reagent contained

. . 1.Q)
phosphoric aci 4o Alkaline materials

Diammonium Magnesium Calcined Calcined poultry
hydrogenphosphate oxide magnesia manure
Identification symbolb> X A B C
Sample amount 4.5 0.5 0.5 0.5
Blind or Non-Blind Non-Blind Blind Blind Blind

a) Mixing an alkaline material of 3 one to a reagent as contained phosphoric acid (Diammonium
hydrogenphosphate)
b) A letter labeled as identification symbol on distributing containers

Table 8-2 Condition of participating laboratories
(Model of Dryer, Spectrometer and pH meter in this collaborative study)

Lab.” Dryer Spectrometer pH meter

A FC-610, UV-1800, D-51,

ADVANTEC TOYO Corporation Shimadzu Corporation HORIBA Corporation
B LC-114, UV-1800, D-548,

ESPEC Corporation Shimadzu Corporation HORIBA Corporation
C DN-44, UV-1800, D-53,

Yamato Scientific Corporation Shimadzu Corporation HORIBA Corporation
D DNK602, UV mini-1240, D-54,

Yamato Scientific Corporation Shimadzu Corporation HORIBA Corporation
B WFO-520, UV-1800, D-55,

TOKYORIKAKIKAI Corporation Shimadzu Corporation HORIBA Corporation

a) Laboratory identification (random order)
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@ FLFERBRSMERE (50 FE)
TRSATEBOE NEMOKETE & 2t 24— MEes2— JEEHR AR
RNTATBOE NEMOKEW B 22 it 2 — FLier 22— JEfEHR AR
RNTATBOE NEMOKEW B 22 it 2 — (iawr 22— JEfaEHR A
TWNTATBUE NRMOKPEE B Z et 27— @iy — JEHRZ R
SEATEE NEMOKEN B 22 il 2 — KES IRETRMZE SR al R iR

@  FE i
SRS 12 A 26 BB 6 £ 1 A 31 HOBRICEMmL-.

3. WRRUEER

(1) ZREKFPFEN

Figure | DL, BIFER LR FUEFE L TR L QD88 CliBd & 514 OFEIE 0.5 %~57.0 % (-1
il 7.6 %) THY, KT 6 BIFLEDOM & TH-7-. [FAREICEE S AMRBEIK AR LT L TUOVDER
TIXBLA TG OIEIE 1.55 %~22.2 % CEHIE 13.0 %) THY, IR KT 2 FIREOFEHE THo7-. BAHIA
DIFREEEE S B IZL, BEHIBWT, TADVEM BOBRSEIG BRI ED 1~2 FfEELT22L
IZEoC, JVEBICHEL CTODIEEE KR CEDHEB 2 72, o, WHEBITVABEHIREI O A E & LT
JVAVERM OBLAFIA I BRIETRD SN ZEN b 5T

100

By-product magnesia fertilizer

@ Calcined poultry manure

Mixing rate of raw materials contained
phosphoric acid (%)

Mixing rate of alkaline materials (%)

Figure 1 Mixing rate of alkaline materials and a raw material contained phosphoric acid

in fertilizers being carried out the preprocessing under severe conditions

(2) BAETEOBEHZOWT
HAKREALDORMEFRARE LT, LU ORAE N, R EIRDIKENED AR D S HTIED D [ REIED AT DR
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(%, 2 A) JETLHL, FICAEIED ARRDIEIESR (%, 3% B) | LIS AL, AL F 3 i
Vel 5o L.

ARIEMED AKX TR (D:%)=(a — B). a X100 v (FA)
IKEEPED ABRIRAT R (R %) =100—D cer (X B)

o DA T B =Y ADKHSHED A TSI HHE (=3, BRARMEICH 3N 100.1 %) (2
AHOET B (%, BE)
B L HEBIREAT o1 ST ALERD KT HED A RO A B (%, TTRYS)

O RAEFE

INEVLERZA T S TS B72012, WABRKSE T = LET VAVEM ELTIb~ 7 R Dk 5y
Braf Bt e U TR, ZKOBSINE:, i 725 % K VRSB ED Tk ML=

FEE, MO EC LS T, VAIBKE T B AL~ 2T ADOB S EIEE 9:1 15 8:212
EZHE W-P BAFEME T L7 (Figure 2-1 XY 2-2).

F72, KOFMENZOWTE, BILRNEA KO 200 mL 23U 5A XL, 98B a=2 01 (R
2.5 mL) b LLIZZ DO EFEE (19 5.0 mL) ZRMLIZE A W-P BIERME T 020 ofE RN ELT-
(Figure 2-3) Z&D BT VIR DB DO FHIR OB EIEZ B L TOoMralkt e REOK 5.0 mL T3k, RO
ThHDHKI 2.5 mL ZHHLE.

T o REm IR A BEIIEIC OV T, B —h— T &IRAE72 Figure 2-2 OFEFRICE A, LA TIVIR
7= Figure 2-1 OFRAFRMIE =M F I -T2, FEKIL IR T ZENTEDLDONE, 19528,
RBEDLZE, D5TZEID 3 BERRIFFICINZDZED TEXL R e (FLEk) THDHEEZZONT-ZE D, T
LR T HWIBETIVIRELZL LU, ARG CTIEUKOWIMZ L2056 [ LT L-E —H
— (200 mL %) O K BV ETKRERMUIZGE 200 mL 1 HRBRXEL TRELZ. ZOHE, IRENZ N
ENDLTVIREDITAITATZ /2o 7212, W-P FRAFRIME T LR-oTz.

RATEENE, IRAERIEIATORN 12 05, KEDGHFHAEZRUEEDRRED 20 [BIRRE, BlAL7z2 fE
FORIENTERITIRG - L CODEITH A D 5T 2L TED 100 B, 20 2 {5THD 200 HD 3 71
B X 2 LEB U745 5, Figure 2-1 KON 2-2 IZBFD7 77 OARLHERE 2L > COFEMEEEEL, 50~100
EFREETVIREDZLE LT, KRG CIIVAIEKE 7= AR OB L~ 7 R0 D i/ NRICIRE Ty
BESED, IREEEITATORO1~2 BINEIRE S RE, IREBAEEZIT 72120 BINZIRED 3B X K
DH W-P FRAFENFELRY, FRZIBLEERIG 8: 21 &M T OLGA I L7257 (Figure 2-2) . ZORERNG, IR
BBEINEATHY, FHZT N IVEM DOREEIGEERELIEHEIT W-P BRIFRE~ORBENRELRDEE
z oz,
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Residual rate calculated from

Residual rate calculated from
Water-soluble phosphoric acid (%)

100.0 11 Sample 1

------- Sample 2

[, M : Residual rate calculated from
Water-soluble phosphoric acid

75.0 B— —— —EI.

10 O, @ : Measured value of pH

50.0 O, O : 2.5 mL of water added to sample

M, @ : 5 mL of water added to sample

Measured value of pH

25.0

Number of times of stirring and grinding (times)

Figure 2-1 Examination of mixing method and amount of water added (using a small mortar)
(note) Mixing rate of Diammonium Hydrogen Phosphate and Magnesium Oxide every sample =
9:1(Sample 1), 8:2(Sample 2)

. 100.0 11 Sample 1
X
\_-O’ ------- Sample 2
2 75.0 % 1, M : Residual rate calculated from
.8 G4 Water-soluble phosphoric acid
= o
'& 2 O, @ : Measured value of pH
2 s
2 500 9 =
Q. 3 O, O : 2.5 mL of water added to sample
2 =
2 2
= s M, @ : 5 mL of water added to sample
2 250 s
.
Q
3
=
0 7
N

N

Number of times of stirring (times)

Figure 2-2 Examination of mixing methods and amount of water added (using a beaker)
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100.0

—— Residual rate (%) 12

--@-- pH

90.0

80.0

70.0

Residual rate calculated from
o
Measured value of pH

Water-soluble phosphoric acid (%)

60.0
Q NG N S
Amount of added water (mL)

Figure 2-3 Examination added water (Sample 1)

Number of times of stirring using beaker as container with pestle: 100 times

@ TNAVEMIZL DB DONT

DATREM ELTOVABEKSE T = LE, TABVEMEL TR~ R L, BB~ 7 2T
.50 WIRBEIR % 3 BTkt E L THIWY, 7V B DR BOREREAT o7, R, Wil S TIZEB0 o7
BAEIZBWTOT A HVEM O AEIE X, pH 237D EKEENED AVBED T ES IR e~ 7- 23 (Figure
3-1), WIESSRME FIZB W T BRI T 3o CTEY (Figure 3-2), ZHVH e EESEA IR LA REL T
HEHEEL ST, FT, WSS T OFEIZ )OO T~ R LR QR E~ 7 % 7 % W5 A1
1% pH 8 1 BIEKREELA AL pH 9~10 TIFIKEEMED AR DFRAFRITRIEITAR T L7z (Figure 3-2) .

W=7 AAVERM 3 DS, Bt~ 3T LEREE~ 7 R T 1X W-P FEfFE K O pH IZB W TERE
FARRDFERZRUIZDIZHL, FBSARBEIR M L5681 W-P FRAFRICBWT, il 2 FEfHEIT R -7
BAZE LT, 2T, 35 ABEIK Tld~h o7 20\t 2 FREEE LI CHMECHLZ LN N ThHDHEEZD
.

ZNHDFRERND, SOIZFERNTMBLEL S k2 st o2 8L, FRRBRIZIZZNOT VIV EME HWD
ZEELTz.
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100 12

H . @® :Sample3

75 0,0 :Sample 4

A, @ :Samples

50 M, O, ¥l : Residual rate calculated from

Water-soluble phosphoric acid

O, @ ,Q : Measured value of pH
25

O
Measured value of pH

Residual rate calculated from
Water-soluble phosphoric acid (%)

> P O R
Mixing rate of 3 Alkaline material
in analytical sample (%)

Figure 3-1 Confirming the difference depend on existence of heat treatment and 3 alkaline materials
(non-heat treatment, n=5)
(note) Alkaline materials: Magnesium oxide (Sample 3), Calcined magnesia (Sample 4), Calcined pultly

manure (Sample 5)

- 12
100 B, W, ® :Sample3

0,0 :Sample4
Fd @ :Sample5

M, O, [A : Residual rate calculated from
Water-soluble phosphoric acid

75

50
O, @ .® : Measured value of pH

O
Measured value of pH

25

Residual rate calculated from
Water-soluble phosphoric acid (%)

Mixing rate of 3 Alkaline material
in analytical sample (%)

Figure 3-2 Confirming the difference depend on existence of heat treatment and 3 alkaline materials
(with heat treatment, n=3)

(note) Alkaline materials of Sample 3-5 in the same as Figure 3-1

@ IRE K ORIz N T
DABRKTR T E =T DR~ 7 R DESHTRRERE LT, IR R ORI S PEO R E AT S T2
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@-1 BEELME

DABBIKSE 7 o BE=D AL~ 7 X T ADOREEIGZ 9:1, KOPIMEEZK) 2.5 mL, AsbEEamEL
100 [FEFEEETVIRE7252 T, FiR~150 °C DIREE SR COMETEAT 72 RI3 Figure 4-1 O&FBDT, W-P
FAFRITARBR X E L2 RS 50 °C FTIRTIFRILWZ 720D, 50 °C 25 80 °C i E TR FLT-.
80 °C 75 100 °C Hi&iﬂﬂf&u\§§ﬁ$®ii7‘?7@@ﬁarﬁc&zﬂﬁﬁziu\ﬂ@@, Z D% 100 °C FHEnsd
150 °C (22T C LR Lz, ZOZEMBIMBULELZFTHZ LIZ L IEKI b ME S D EE 2 b, F7280°C~
100 °C & 100 °C~150 °C TIIMBVLEEHZA L COB UG R > TWDHEE 2 B, pH 122V T,
90 °C I35 150 °C T F 3> COKFERAF ST, 90 °C~150 °C TIFZHTaELFCT7 o E =T Ok
WAELTZEE 2B, BV OIREZ LT Q7R IXZ O L~ T pH 75>T75xo7‘_2:f%7_%w‘_

BEIER S R VIS IS R E 7 S i 11, i - ﬁwﬁ%e TRERIE /3 IR T D54 THY, IREHS
57/:&:745%%75@%&?“5*# XL OFHEEL CREE R &M LB 2, AREHT b\@%ﬁ%
T AREWERMIEE A R OB EDNELRWEIFN THHEL, MBS A1 THIREE L 80 °C~100 °C DfH]
DU THHEE 2 T=.

FRURERFHICEBN T, BHKEE DR T HARTA OB Um0, HEEEEZ LR TN TED
RO S 85°C ELTz. HARTAAZB W CUIEEEMEOIREL TTREREDO 10 % ZHELEL T2,
INBSLFLZATOUREEDS 90 °C ZAB A TG G IITABHE IR DD T B =T RO A S 8T D2MEN AL
BT, M EDIEE +5 %(”ﬁftﬂbf:vmfg 80.8 °C~89.3 °C, HiMgrDORX E i L LTI, 81 °C~89 °C)
EL7= (Figure 4-2) .

100.0 12.0
—l— Residual rate(%)
--.- pH

90.0

80.0

Measured value of pH

70.0

Residual rate calculated from
Water-soluble phosphoric acid (%)

60.0

S
Temperature for heat treatment (°C)

Q Q 0 L “~
) N o N \c,Q

)

Figure 4-1 Examination of temperature for heat treatment

(note) n=3
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—l— Residual rate (%)
85.0 --@- pH 9.5

80.0

o0
(9

[ J
~J
(9
Measured value of pH

LA, AIIPI
65.0

(b) (b)

60.0 6.5
N T . N
Temperature for heat treatment (°C)

Residual rate calculated from
Water-soluble phosphoric acid (%)

Figure 4-2 Examination of temperature for heat treatment (Checking robustness)
(a) Lined in case of setting 85 °C as the preset temperature for this study
(b) Width of =£5 % from the line (a) as considered the robustness

-2 INEGLERRER S0

FEMEEEEL, VABBKSE T RS LEBLY 7 R T AORLAEI AL 9:1, KORMEEK 2.5
mL, AFRERZREL, 100 BIFRET VR, 85 °C TMAMWLELZIT 572 T, 1 h~5 h OIELERE T 7.
FEAL, W-P FETFERIZ, 2h~4 h ([CBWTEENDR 0 o7, 4h DI INENEE OREtE L R/ rad e
HFTT U B=T OB ETIED TOTCEHER SN, B2, ZOZEIZES>T W-P FRAFEDN Lo Tl b
223472 (Figure 4-3) . ZOZEN0, SBRE ~ORFFAIAHEB IR LIz =T, IIEVLERFEOZIRE 2 h &L
7= BEHZ IV LIS b2 e & L= o AT #E 7 1 —% Scheme 2 (2777,

F, ARFHZIBW T, BB LL, BUni B TR0, BLIABEAELZRMG T2 E TITREF
WaH T 5ZENBESNT-. Z22C, MBEE DD ETORMEERIZ D701, IEVLERE DRI
K 10 mL FEEDOUIEITST2A3, MMEEERZS 2 h~4h [ZB W TEEIN D722 2005, INBVLEL% K&
MZ T AT HLL FRETHHEZ 2 LN, 12721, BRI I DRI 055054 U CLEIRED
FAFEHCEDIIT DI T AT OBV L KA N %, BIRC 30 /T s B EE e RT3 A
HEE 2o,
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Residual rate calculated from
Water-soluble phosphoric acid (%)

75.0 |~ Residual rate (%)

-@-- pH

70.0

65.0

v »

™

Hours for heat treatment (hour)

oo
Measured value of pH

Figure 4-3 Examination of hours for heat treatment

50¢g
analytical sample

Adding water

Grinding and
stirring to mix

Heating

Weigh to small mortar

About 2.5 mL

Grinding and stirring about 50 times with pestle

Heating sample in the dryer (with pestle, without cover)

85 degree, 2 hours

Standing to cool | For about 30 minutes under room temperature

Transfer

| About 400 mL water

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

Filtration

Sample solution

Type 3 filter paper

<« Water (up to the marked line of 500-mL volumetric flask)

As sample solution prepared by "Testing Methods for Fertilizers
(2023) (4.1.1.1) d)" for "Water-soluble phosphoric acid" (W-P.a-

)

Coloring -
Measurement

According to the
same testing
methods (4.2) and
(4.3)

Measurement
pH

According to the same
testing methods 3.3.a

(4.2)

Scheme 2 The flow sheet for the preprocessing under severe conditions adopted in this
study (Operation of heating treatment and preparing sample solutions)
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@ SHrEEHE R O 5B DOAR T — L Z T

IREBER OB Ch L FE DT CRSIALRIER W AR T =0 L] OB fE~ 7 % 7 & JFEHT
&) A L COMRREHE L O 5 Rana A — VA SHETAE R, il BRE T TS T KR
D ABRD SN ZTED AT — L DS HHED FEED 98.0 %~98.8 % THY, IEEHEFERTE (2023) [ B E A
DEEDHIETHD 96 %~104 %&iiil-L TWDIEEMER LTS, £72, pH IZBWTHAT — /LA T FiED
W RRBR X (2 BV CTEE N A LN2) o7 (Table 9) . ZDZEND, AIEITBWT, W BRI Y W1 H% E
L7250g DFETHDH25g LTHIELARETHLI LA fERLT-.

Table 9 Result for examination of possibility scaling down container

Condition of Water—solu})le Ra.tio of
' . phosphoric analytical value pH"
scaling down container acid” % )c) (%)
5.43
5 /500 mL 5.42 100 7.46
5.48
5.33 98.2
2.5 g/250 mL 5.36 98.8 7.32
5.37 98.0

a) Amount of analytical sample/Volume of volumetric flask

b) Analytical value
¢) Mass fraction
d) n=3(The pH is a simple arithmetic mean)

(3) /INRBILRIFBRIC LD W IEDO RS E TR

O BIEVEMETRE

BRI OREBHIOWT, BB~ 7 2 TIZB WIS %, 3.5 AMRBEIR 2B W TIEEMHED
Ml —ERmF AL 8 HOREHIOWTK 43 SOHMTTHONTLIZ. 2O HHEIZ DV C— ol B 8oy
B oAFD sttt &AW TR U2 O TAR ME R 22 (s) , aRHIRE YR 22 (so) , DFTREEE 5 Lo a0 HIAZE
YR ZE (so+r) & Table 10 (ZRL72. SHIZ, JEBFEFRBRIE RSN TWLERM B BUE L O B % (CRSDr) KT
ZHBE I G 1) U7z A AR =M B BUE (R (6r) % Table 10 (Z/RL7Z.

BVENEDRETRIZ TUPAC/ISO/AOAC DHERERER 7 bV DD FlFE S B 24T o702, £, S0k fERR
J 5728, Cochran DIREEIT T2, TOFER, MDA K OKIENEE L0 2 B IZB W CTOMUIEITRD
BIIRDDTZZ NS, ZNHD T EIZ DWW T JCALE S i i 21T 272, IRIZ, IUPAC/ISO/AOAC DL HE
A7 b2 L OHER (K 2) 2 W T EEOMREI T2, ZO/E, Fit2 simickunTHlER (X 2)
BT L CULIZZEn D, Wl LGRS L FRBR AR S L T Y e A B L Q0D I AR LT, 72
B, 2EBORD, X 3 1o THITRELZ S Lol R 22 (spyr ) ERHLIZEDA, WT OB HE
T2 W HAE (R 72 (GR) L L T/ hSWMETH 7.
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or = CRSDg x ¥/100 -GN D)
spb < 0.30, = 0.36% -+ (2)

Sb+r = S% +S%7b e (Et 3)

Or e =S ] A AR e
CRSDg NEBFEFRBRIAI RSN COD = LR R (SR B MR R 22 (%)) O B %

X AeTEIE sy T PHTHRE(R &
op R YPERERRETTO H BYISIE & L7AR MR 22
Spp - PVEHAIER (R 22 Sper - DHTHERE 25 ToRURH RN YE(R 72

Table 10 Homogeneity test results

No.of %3 CRSDR® GpY sop? 03x0R) .Y Soir
Sample Component
Sample o N b) b) b) b) b)
(%) (%) (%) (%) (%) (%) (%)
Calcined Citric acid-soluble ¢ 8720 25 218 020 065  0.66  0.69
magnesia magnesium

Calcined poultry  Citric acid-soluble

L 8 14.53 3 0.44 0.05 0.13 0.06 0.07
manure phosphoric acid

a) Grand mean value (n =number of laboratories x repetition(3))

b) Mass fraction

¢) Criteria of precision for Reproducibility relative standard deviation in Testing Methods for Fertilizers 2023
d) The estimated standard deviation of reproducibility calculated based on CRSD r

e) Sample deviation of sample-to-sample

f) The value for the test :s,, < 0.30, = 0.30%

g) Repeatability standard deviation
h) Standard deviation of sample-to-sample including repeatability : Sp4r = ’Srz + Sgb

FARBR BN S E SN L FRBROMAEEE Table 11-1 KON 112 TRUEZ. F0 OIS EIZ OV T
ISO 5725-2(JIS Z 8402-2) ¥ LB\ THaHRNT 52L& LTz, AR CIISiBrEN 5 RBR=E D/
PRI FRABR TH D720, FlBRENLOHREMEIZKT L THMUEDREIZB IR0, TOFE =R T7%ER
BN EAT 128 . 7285, FRBRENOOREEN DN LI OPAIL, 7AWV EM &L CTHE
b~ 7 20 L% W RERIZEBWO T 0.02 % (E &) ~0.14 % (EE0FR), BEE~ 7 R 7 & HWicis
RIZBNTIZ 0.01 % (EHEDHR) ~0.32 % (EEDR), HSAMRBEIKZ R RIZIBW T 0.01 % (H &

537R) ~1.06 % (E &7 5) Th-oTe.
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Table 11-1 Individual result of Water-soluble phosphoric acid  Unit: % (Mass fraction)

. . 2) Day 1 Day 2
Alkaline materials Lab.
1 2 3 1 2 3
A 35.66 35.60 35.98 36.12 36.47 36.34
M . B 35.30 35.54 35.65 35.38 35.35 35.64
agnesium
Oxide” C 35.17 3498 35.02 35.34 3542 35.60
D 36.21 36.16 36.08 36.06 35.89 36.53
E 3494 35.09 34.88 35.44 35.72 35.68
A 41.33 41.33 41.63 41.35 40.94 40.88
. B 41.07 41.06 40.97 41.17 41.20 41.08
Calcined
. b) C 40.98 41.33 41.09 41.04 4093 41.00
Magnesia
D 41.02 41.15 41.37 41.72 4045 42.06
E 40.98 40.71 40.42 40.55 40.68 40.49
A 46.59 46.47 46.34 46.70 46.77 46.73
Calcined Poultry B 47.09 46.99 46.94 46.94 47.03 47.12
b) C 4592 4592 45.96 46.63 46.87 46.80
Manure
D 46.87 46.75 46.96 4492 4483 46.87

E 47.10 47.00 47.12 4734  47.17 47.20

a) Laboratory identification (random order)
b) Mixing an alkaline material of 3 one to a reagent as contained phosphoric acid
(Diammonium Hydrogenphosphate)
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Table 11-2 Individual result of pH

. . 2) Day 1 Day 2
Alkaline materials Lab.
1 2 3 1 2 3
A 8.68 8.65 8.70 8.58 8.60 8.62
M . B 8.35 8.37 8.34 8.29 8.31 8.24
agnesium
.. b C 8.27 8.37 8.30 8.41 8.37 8.35
Oxide
D 8.38 8.45 8.37 8.41 8.50 8.39
E 8.21 8.36 8.32 8.41 8.42 8.24
A 8.37 8.35 8.32 8.41 8.38 8.44
. B 8.24 8.23 8.22 8.19 8.25 8.17
Calcined
. b) C 8.13 8.18 8.21 8.07 8.00 8.05
Magnesia
D 8.27 8.20 8.17 8.20 8.21 8.19
E 8.21 8.27 8.25 8.23 8.26 8.26
A 7.98 7.98 8.01 8.00 8.00 8.02
Calcined Poultry B 7.96 7.95 7.91 7.91 7.91 7.94
b) C 7.96 7.92 7.92 7.97 7.80 7.84
Manure
D 7.94 7.94 7.93 7.90 7.88 7.94

E 8.02 8.01 8.04 8.00 8.01 8.01

a) Laboratory identification (random order)
b) Mixing an alkaline material of 3 one to a reagent as contained phosphoric acid
(Diammonium Hydrogenphosphate)

DABEKSE T = AOEHEFIEPDE LT IEKBLLIRWE G OKEEMED VBREIL 48.8 % ThHD
0, BRBREDOHE SN L FRBRO S EIC IO B H LI KIEMED AR O SEXEIZ 7 AV VS M &L
Tl b~ 7 220 22 WA 12131 35.6 %, BEBE~ 7 X3 T2 WA 12 41.1 %, 35 ARBEIK 2 H
WA 46.7 % Thotz. FHAE, TRIEERZE (o [A—RBRETHEZZEX TGRABRZIToT0DH2END
HZENS G de), =M SRR 2 (sp) , W FRBUE R HE(R 72 (RSDr) K ONEEFEFRBRIE I 31T D == [H]
FFBUAR R YE R 22 D 745 i PH (2*CRSDR) % Table 12-1 [Z7RLTz.

WARRKE T =008 3 FBEOT AV EMDONTHNEELE LB L THO TR AT T
A FERHRNT LTG5, ATEIC K2 KR D AV B O STt Sl 381 % 28 ) 5 BUAR AR YE (R 22 (RSDw) VAR

SABRTE B E A O SMEERO FIETRENTODEIRE L~ BT 5 5 M AR HE HE R 22 O FF
XA (2*CRSDR) WTHY, H R BUFH KR UE(R 22 (RSDy(n) 1Z b\T%)EPFﬁﬁiﬁmxﬁﬁﬁfﬁ#@ﬁﬁ%ﬁl
(2*CRSDy)) Téo7= (Table13-1). Fiz, FEHE T CALDIGEMHER T HIDIZERMLT- pH IZOWTIE, £
DORBRENSS RO RBGESNTZT20, %%t%ﬁ%c:m\mu%ﬁﬂmf@w/mﬁiﬁFnﬂizﬁfoc«ﬂonf::(‘:
MHEZLSITZ (Table 12-2).
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Table 12-1 Statistical analysis of Collaborative study results (Water-soluble phosphoric acid)
Alkaline materials No.of Mean” s RSD.” 2xCRSD.” s RSDim® 2xCRSDim" sx’  RSDX’ 2xCRSDR"
assample  laboratories”  (%)" (%)) (%) (%) (w)" (%) (%) )" (%) (%)
Magnesium 5 3564 018 0.5 2 033 09 4 049 14 5
Oxide
Calcined Magnesia 5 41.07 031 0.8 2 0.30 0.8 4 0.38 1.0 5
Calcined Poultry 5 46.66 037 08 2 0.59 1.3 4 0.63 1.3 5
Manure

a) Number of laboratories
b) Grand mean value of the results of duplicate sample
(n=The number of laboratories(5)*The number of repetition(3)xThe number of day(2))
¢) Standard deviation of repeatability
d) Repeatability relative standard deviation
e) Criteria of repeatability relative standard deviation in Testing Methods for Fertilizer 2023 (twice the target)
f) Standard deviation of intermediate precision
g) Intermediate precision relative standard deviation
h) Criteria of intermediate precision relative standard deviation in Testing Methods for Fertilizer 2023 (twice the target)
i) Standard deviation of reproducibility
J) Reproducibility relative standard deviation
k) Criteria of reproducibility relative standard deviation in Testing Methods for Fertilizer 2023 (twice the target)
1) Mass fraction

Table 12-2 pH range of collaborative study result

Alkaline materials as No.of Range from
sample laboratories”  individual result”
Magnesium oxide 5 8.2-8.7
Calcined magnesia 5 8.0-8.4
Calcined poultry manure 5 7.8-8.0

a) Number of laboratories
b) Minimam value and max value of all reported one

(n=The number of laboratories(5)xThe number of
repetition(3)*The number of day(2))

VLEID, KIEOR AL ERERE RS A OESRFHEZR - Ui BRIEICHEILL, SUBORTALERD
TELEL T 7o R > COD ZE MR LTz, e, ATRTNEBHEE L T 07 0 r— M R
TCIZHAANE TR — YR E IR 1 LU CIREL T2 28 0h, NERHERERTE (B8RO 1 IGE L — & 1 Rt
BT, B ERE BN T B 2 hh oD L LT RABRE D O ATEZ W TRIBRAAT o - BR O BT A1
WAL, BHEISUTH R LU TWKIENREELWNEZ XD,

3. F&oH

THET, HELER TR TOFEERBR D FIEIZHOWT, § 4 EEFIERE RN #E T
2, BB s 2 W TR Wil e 4o OKIEMED ABRD TN D FE LT R IR B B IK T3 25%10) |
ETRD RO 7R A A T L, IR 351T DIREE M ORI SRS DRERRAATVIR D (1) L V() ITR T
RFEW 2w EEREBR FIEERE U, £, TICEBSIEREL SN D E R IE RIS L 2 Y MR 0 )7 ik
EBEICL, REOMREETN 572012 5 RBREICLAHLFERBRE T 72

(1) T EAESRME R O WDEREIZOW TNk A IV, BUEINR DR DK (B 2.5 mL) Z RN
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L, FLEE O T OIRET-ZRITINBLEEZ TV, REHEE K CaB&7TAaTB LA 2L LTz

(2) Wrdpdna RO COMBVLERAATOWEE L ORI G2 DV TiE 85 °C2 h L L 7.

(3) /AU [RIRRER D R DR B A HE T8 LTt SR, KIS MED AR D240 35.6 % (B 857 3R) ~46.7 %
(B &5 #) OFPHICIBWT, =M B R ER 22 (RSDr) 1X 1.0 %~1.4 % THY, HHFFEUFH cHE (R
72 (RSDym) 13 0.8 %~1.3 % THY, IEEHERBRIEDM BT A ITRSIVTWDREED B 24Tz LTIz, ZDZ
EDD, BHEGBR BT CRFA SO R L OFPH N C ol slBR 0N i FIHE T D T LA B LT-.

A RIOMFHIED, IEEHEERBRIEIC BT 2B ORTLEE 7 iEE U COMREZfERL, wilsaRBRiEE L Cil i
TEHZEERERLI-.

B

T —hEE e VR EE COMXBFHEIC W W LSRR E R eSS O ERRED
B A S NN AN w3 AL iy e N - A A e k== A D (AT A= A e s = Wy S ) VA O A S SRV i Q) B/
VR ESHOBNICH EEZRLET.

X B

1) BEMOKES SR NERD S E OReR S 2B 3 DI AT AL S+ — &85 VHIZ 2 LEE L ORSFH L
W ELEEORE ISR EIRA IEB O RFE XTI EE R 0 OE A OO T IED R A2 E DD
fF, BEAn 59 4F 3 A 16 HERMOKER E/RHE 699 7, BAUCESH 3 4 6 H 14 B, RMOKES HRHE
1008 %=

2) BREARIG, RIREFR, PAfOEnE, 2205, 5515 —, WA 80 A B A IR EDIRG T LD KEENED AR D
ZARIZOWT (5 1 ), BERR[EIE, 23, No. 4, pp. 39-48(1970)

3) BRRORR, SHE —, IR  VART =T LA Z IR G L2356 O KRN D B DO ZIT O
TR 28 & BB DIRBIZIDKEVED Al R OV PED AFRDZEARIZOUWT, JEREIEIE, 25, No. 1,
pp. 19-42(1972)

4) McClure, F. D.: Design and analysis of qualitative collaborative studies: minimum collaborative program. J.
AOAC, 73(6), 953— 960 (1990)

5) Tomson, M., R.Elison, S.WOOD, R.:The international Harmonized Protocol for the Prociency Testing of
Analytical Chemical Laboratories, Pure & Appl.Chem., 78(1), 145-196(2006)

6) JRMOKER SHTTEDZ A MERERBIZ AT oA T A2 (G FIes: 10 H), pp. 31-34
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Fact-finding Survey and Development

for The Preprocessing Method under Severe Condition
—Single Laboratory Validation and Collaborative Validation —

SHIRASAWA Yuko !, OKUNISHI Manan ! and ONO Mitsugi !

'Food and Agricultural Materials Inspection Center (FAMIC), Sapporo Regional Center

Fertilizer manufactures are required guaranteeing of their registrational its brands, even if changing multiple
factors, like as value of each component driving from water-insoluble and physical properties. However, it was
different for each preprocessing method for water-insoluble by its business operators and analysis agencies.

In study, we aimed to develop a preprocessing under sever condition, more suitable and uniform one. After fact-
finding survey conducted in 2022 and examination at single laboratory in 2023, we determined the typical test
method shown below, by confirming the temperature and time conditions and robustness for heat treatment.

After heat treatment (using small mortar/adding water soaking analytical sample/grinding and stirring with
pestle/setting 85 °C-+2 h in dryer), sample solution transferred to volumetric flask

Furthermore, we conducted a compact collaborative study by 5 laboratories on testing method for the Water-
soluble phosphoric acid with heat treatment due to evaluating performance of it. These results indicated that this
test method is practicable within acceptable precision in multiple laboratories and identified “the preprocessing

under severe condition of Testing Methods for Fertilizers 2023.

Key words Water-insolubilization, Preprocessing under severe condition, Water-soluble phosphoric acid,

Fertilizer, Small scale collaborative study

(Research Report of Fertilizer, 17, 75-99, 2024)
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1. (XC®HIZ

JERFD L TE RIS Y CIIBRIERI P O A E2FFSNDAIRITA(CD) O K& LT, EHTFRMmE] &
9. ) 1% 0.0005 %L EHHIVTIY, HIEAEHIZ OFIFHPNIZ IV T, it HI Tna. (RIZTGTEREEH
DARIY LREDE A FFAMEITELR<ES, RHIOHIRIEEIOE I XY HRICAM SN RIY LDERE
L, HICRINHE T 28 HIRORF B2 TRIFM~BATL, NS ITHEREBIEMNERESNDZED
BSNTNA. 2009 4 3 AIZEMOKFEEB D DRFESNT- ERIEEIO BHI DO HY 712 BT 23R S s+ Y
BT, 13 FERFEM T 2T LN MR AMIERE L LT, IRV LS H A OB FR 1 R AR
B728, WEIRIEIOHE R IZ LB E IS RIY LD ZFENEA TS HEATEHL, IRITLZWINLR
TUVRERAEMZBIEL, ) ~DOWINDOFE, FBREZTHANDMNENHD | LS. ZOZEnD, IEEOA
SIE R O RO TR\ L B TR REIZ B2 A JE & U C, JB IR AR A i A 3B 2 R L, BRIV LD
TIEA~O BRI OER IR~ ORI A AL T,

1 4F H (2009 4F) ZAEDD 14 42 B (2022 4F) EAECHT T, 15TRIEEHfi F L7 X & O FH L T e X
D 2R AR T, =V, BRIV YT, ROVIY, FUoToYA, AT, WLy, Pk=rPv, R’
LY OMGRLDNATHEIEL, HEEHR ORIV AR EDOZEAL R OCVEMIRO I RIT LRI SR L. £
DOFEFIIBEC IR FE 85 28 4 52 ~16 YV THEL TWDDY, FIEkiX, 14 41 (2022 ) £ ER O
15 4 H (2023 ) EAEICB WO RBR 2 LD TE O RE2WRE T 5.

72, AL TODIETRIEEHE KO HHICH G EE B LSRRIV AR ISR LT, EBICHIE
L7 DD DRIV AR EICTEBENHHZEND, FHEEHE P ICkRESNTHEECH S 23S
TEM IR (LT TS 1 20D ) ICOWTHRIV AR A ERL, ORIV ARE ORI B4 5 2T
WEDODERELZOTEDORERLIFETHRE T 5.

2. MHRUAE
1) BHF

R T DALEHI AT RSN TS URTBIRILEI A I L7, p53 S0 HT i SR(3 Table 1 D&35Y.
FEHEDCIT R I 9~ 2 NEBE K OB VRN X CHRIIE AR R U CRERGRIED IR, Vi ZIKFET o E=T L

VRSTATEOE N RAMOKEE B il o 2 — IEE R 22 AT
2 PNTATEOE NEMOK BT B 22 i o 2 — RN 2 AR AT (BL) 3R
3OMSTATEOE N EMROKPETY B R et 2 — BEE 2 2R A (Bl MFu 2 —
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K OHEAC U 2 AH F LT, 15 TRIEE & OV IEAREI O 25 1% 45 D AT I AR R BRVES 12 Lo 7= (R IEAEEFD
A L Table 2 \oRULTZ) . Zoofih, ¥ T 2O SED - Kb~ 7 % N LT,

Table 1 Properties of sludge fertilizer

Item Unit Content Item Unit Content
Total nitrogen %Y 5.5 Moisture %Y 1.2
Total phosphoric acid” %Y 4.7 Total copper mg /kg 329
Citric acid-soluble phosphoric acid® %% 2.2 Total Zinc mg /kg 1038
Total potassium®’ %) 0.4 Carbon to nitrogen ratio - 6.3
Total calcium® %% 1.4 Total cadmium® mg kg 2.8"
Organic carbon %% 36.0 Acid-solubility -cadmium® mg /kg 1.8

a) Mass fraction

b) Content as P,Oj5

c) Content as K,O

d) Content as CaO

e) Content of cadmium dissolved with aqua regia

f) 3.2 mgkg in the dry matter

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

Table 2 Properties of reagent

Item Unit Urea Ammonium dihy drogen Potassium

phosphate chloride
Total nitrogen o) 46.1 12 —
Total phosphrus” %) - 61 —
Total potassium®’ %Y — — 63.1

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

2) TEOBE{ESEY

ARERERT Y T2 — Y (B ERSWZE) CEMLE. HEROBEEIIERAS L THY, TR
<ETHS. 1 FH0EENS 15 4 HEFETONHER OB 525\ T, pH, EXUREZR (EC: Electrical
Conductivity, PAF EC &), BiAA 22 #i%5 & (CEC : Cation Exchange Capacity, LA ¥ CEC &509), EHR
421 (TN : Total Nitrogen, LA~ TN L507), [R5 425 (TC: Total Carbon, LA T TC L5077), ARV AME, &
B INEL, Al K e O HPEE £ oIl ERE % Fig1 IR LT-.

pHI, HEHEFOARIV LAEEEIZG 2 DFENKENTZD, pH6.S il l7en 3012, BRI D3R,
54H, 6 B KON T FBISHAIKZ FAWT pH fiHEA41To72. 7 BAAEG 11 42 B Z/EE T pH6.4 1R
THELTHRL TV, 11 FBAE, 12 0 Z/ETIE pH6.0 (T E T A o7, 2072w 13 A KT
14 % H EAEOREREATICRIE T L2 SRR GE 1A K) 2 W T pH fi#E A FEMEL, 6.5 L ETRIELZA,
15 4 B ZECHIEANT U ATRBED T2 D Kb~ 7 22T LOKE AR LILZA, {GIRIEEHEH XD pH A3
6.0 (T ET For.

EC %, ABRBIAALIEE, 0.1 mS/cm~0.2 mS/cm O#iPH T EFAHAZRL TWeZin b, 6 4F H OB AELIRE,
ERIEBIELTEHL COEiiiE T o E=y DA RFICEELRER, EAENOECT 0.1 At TREL
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TR AR LT

HINREV AR, M AT B W TR LB EA O HEMMA 1 100 g 24720 10 mg
LA E 100 mg LA FEEDHILTNDDIZKL T, BREALEIFD 10 mg LN CTHERE L CeZinh, DARERAE
Bt &AL 2 5, 8 HAEND 14 4 H BEEETIE 10mg L EAHERFL Ty, 14 4 B AAE
TIEFHE 10mg % Flalo7z72, 15 4 H BEAEMARR CIZyGIREEHE HICEE 0 L TRAL QW RFEET
RO ZIKBET L B=Y AR, VAR OME BATAEIEMED 1.4 5L U7, fRHEX DY AR BT
TG IR NEEE X2 Ao 7=,

11 4 H E 1R RO B2 EA TR L7 25, F B EEYIEAEILYE (B £ IR) O 1ciish: B e
AIEEASELLC, TP ORHMEREL 3 5oy GSHMINE, MR IR, TS +) D95, AZHMEE
TORG PMRVME A DT T2, 12 4F B BAE K O AERRFRERTCHE ~ 7 % U DA SRR T 2281280,
WM D NT U AD S ER Ko7, Fiz, 1345 B KON 14 4F B EVEFRERINC pH SRTED IR TR L~
U LHEE GE AR AL, RELTWDE LR ERIE LI E2A, ZZHNET T IT R R £ TR
WU, LinUe 3D IR D5y D3 FEEE EIRZEB 2 DA 2355 o720, 15 4F B B AERRAERTIC R R
TV KRR G 47 K W28 2 TR b~ 7 R Wi L T2 e 25, Bl A 2358 T ik s n -,
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3) RBROHBRK
BRI 1 SBRIK O EF% 4 m?(HE 2 m>HE 2 m) &L, 5TRNEEHE I X OB HE X 22 2 D E
4 IR AR LT

4) HERAEE%ET

14 B AERTL LYY KON 5 4 B BE=0 V0 O IRE% 1% Table 3-1 & OF Table 3-2 (2R U72. HiifIls%
FHE, FEREWRIEEYE 5 EIR) 5B ITRGH LTz,

IGUEAREHE, 15 VEARE P O B4 8 O R ~OFERA Il 7572012, & ERO B LA 500
kg/10 a~1000 kg/10 a ELTWDEIREIHVT™, —fRHIZ 1 FEX4720 500 kg/10 a F2FEfiE S Q0B &
7=, B TR AL UG IRIER 2 L2356, 1O pH MR T 7519, 2o, 4 458 ZIEND
11 B EAAEETORBRIZIBNT, 1 FEHTZVOIHIRALEL O H E4 500 kg/10 a L7z, LU HAGTRO
HIDO—>ThD, LE~OEMELZHRTIH-DIITEERIGIRIEE R DO BRI KPR EENME =8, Ak
Bro> 12 4 B BAELIRRIC T DI TR AERI O i i 1 /E24720 750 kg/10 a ELT-. {HIRAEEIO ZEF O ML
KIZHOWTUE, AIEETONEZEEL TRELTEY, 12 4 B ZELKE, L1EIX 20 %, Z1ET 40 %ELT
BEORSEEAEHL, RENITHOWTIREL AV THIEL TV,

DABEIZ DT, e R ARRREH VIC I T 2B 0 ABV AR O UE B AT FIRAE (10 mg/100 g 72 1) A4
o IR LTz, 728, HEIRE CHDIHIRIEEHIIR LA B EL, GA THEMEY ABOMEZ B FHH
U, IMERIZOWTE, FEREYEIREEDLIBVRRET L. 7ok, ZHETORBRIZIITDhELEEEZ Table
4\ TRz,

Table 3-1 The fertilization amount (spinach in winter 14th)

Types of fertilizer Amounts Components (g/4 m?) Amounts Components (kg/10 a)
(g4m®) N P05 K,0 Cd (kg/10 a) N P,O; K,O Cd
<Sludge-fertilizer-app lication plot (AP)>
Sludge fertilizer 3000 164 142 12 0.0085 750 41 36 3 0.0021
Urea 93 43 — — 23 11 — — —
Ammonium dihydrogen phosphate 35 4 21 — 9 1 5 — —
Potassium chloride 94 — — 60 — 24 — — 15 —
Total 211 164 72 0.0085 53 41 18 0.0021
<Standard plot (SP)>
Urea 136 63 — — 34 16 — — —
Ammonium dihydrogen phosphate 144 17 88 — 36 4 22 — —
Potassium chloride 114 — — 72 — 29 — — 18 —
Total 80 88 72 — 20 22 18 —

Table 3-2 The fertilization amount (carrot in summer 15th)

- Amounts Components (g/4 m®) Amounts Components (kg/10 a)
Types of fertilizer

(g4m? N P,0s K,0 MgO Cd (kg/10 a) N P05 K, 0 MgO Cd
<Sludge-fertilizer-application plot (AP)>
Sludge fertilizer 3000 164 142 12 0.0085 750 41 36 3 — 0.0021
Ammonium dihydrogen phosphate 87 11 53 — — — 22 3 13 — — —
Potassium chloride 82 — — 52 — — 21 — — 13 — —
M agnesium hy droxide 100 — — 69 — 25 — — — 17 —
Total 174 196 64 69 0.0085 44 49 16 17 0.0021
<Standard plot (SP)>
Urea 113 52 — — — 28 13 — — — —
Ammonium dihydrogen phosphate 196 24 120 - - - 49 6 30 - - -
Potassium chloride 101 — — 64 — — 25 — — 16 — —
Magnesium hy droxide 100 — — — 69 — 25 — — — 17 —

Total 76 120 64 69 — 19 30 16 17 —
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Table 4 The fertilizer application log of the test plots

Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kg/10a) N P,05 K,0 Cd (kg/10a) N P,05 K,O Cd
Ist Sludge fertilizer 332 11 17 1 0.0012 — — — — —
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  0.0012 22 19 20 —
1st Sludge fertilizer 302 10 16 1 0.0011 — — — — —
Winter Ammonium sulfate 47 10 — — — 95 20 — — —
Spinach Potassium dihydrogen phosphate — — — — — 30 — 16 10 —
Potassium chloride 27 — — 17 — 12 — — 8 —
Total 20 16 18 0.0011 20 16 18 —
2nd  Sludge fertilizer 227 8 12 1 0.0008 — — — — —
Summer Ammonium sulfate 36 8 — — 71 15 — — —
Spinach Potassium dihydrogen phosphate — — — — — 23 — 12 8 —
Potassium chloride 15 9 — 3 — — 2 —
Total 15 12 10 0.0008 15 12 10 —
2nd  Sludge fertilizer 181 6 9 1 0.0007 — — — — —
Winter Ammonium sulfate 28 6 — — — 57 12 — —
Qing  Potassium dihydrogen phosphate 5 — 3 2 — 23 — 12 8 —
Potassium chloride 15 — — 10 — 6 — — 4 —
Total 12 12 12 0.0007 12 12 12 —
3rd  Sludge fertilizer 227 8 12 1 0.0008 — — — — —
Summer Ammonium sulfate 33 7 — — — 57 12 — — —
Turnip Potassium dihydrogen phosphate 6 1 3 — — 24 3 15 — —
Potassium chloride 22 — — 14 — 24 — — 15 —
Total 15 15 15 0.0008 15 15 15 —
3rd  Sludge fertilizer 483 16 25 2 0.0018 — — — — —
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 0.0018 20 26 18 —
4th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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 0.0018 22 36 20 —
4th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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 0.0018 20 36 18 —
5th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Summer Ammonium sulfate 81 17 — — — 80 17 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 42 5 26 — —
Potassium chloride 29 — — 18 — 32 — — 20 —
Fused magnesium phosphate 50 — 10 — — 50 — 10 — —
Total 34 36 20 0.0018 22 36 20 —
5th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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 51 18 0.0018 20 51 18 —
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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) N P,05 K,O Cd (kg/10a) N P,05 K,O Cd
6th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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 0.0018 19 33 16 —

6th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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 0.0018 20 22 18 —

7th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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  0.0018 19 26 16 —

7th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
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  0.0018 20 67 18 —

8th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Summer Urea — — — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate 89 11 54 — — 42 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —

Total 27 80 16  0.0018 19 26 16 —

8th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Winter Urea 36 17 — — — 32 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 43 5 26 — —
Potassium chloride 26 — — 16 — 29 — — 18 —

Total 33 26 18 0.0018 20 26 18 —

9th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 43 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —

Total 27 26 16 0.0018 19 26 16 —

9th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Winter Urea 36 17 — — — 32 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 43 5 26 — —
Potassium chloride 26 — — 16 — 29 — — 18 —

Total 33 26 18 0.0018 20 26 18 —

10th  Sludge fertilizer 500 17 26 2 0.0018 — — — — —
Summer Urea 23 11 — — — 30 14 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 43 5 26 — —
Potassium chloride 23 — — 14 — 25 — — 16 —

Total 27 26 16  0.0018 19 26 16 —

10th  Sludge fertilizer 500 29 24 2 0.0014 — — — — —
Winter Urea 31 14 — — — 33 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 39 5 24 — —
Potassium chloride 25 — — 16 — 29 — — 18 —

Total 43 24 18 0.0014 20 24 18 —
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Year <Sludge-fertilizer-application plot (AP)> <Standard plot (SP)>
Season Types of fertilizer Amounts Components (kg/10 a) Amounts Components (kg/10 a)
Crop (kgl0a) N P,05 K,O Cd (kg/10a) N P,05 K,O Cd
11th  Sludge fertilizer 500 29 24 2 0.0014 — — — — —
Summer Urea 10 5 — — — 31 14 — — —
Carrot Ammonium dihydrogenphosphate — — — — — 39 5 24 — —
Potassium chloride 22 — — 14 — 25 — — 16 —
Total 33 24 16 0.0014 19 24 16 —
11th  Sludge fertilizer 500 29 24 2 0.0014 — — — — —
Winter Urea 31 14 — — — 33 15 — — —
Spinach Ammonium dihydrogenphosphate — — — — — 39 5 24 — —
Potassium chloride 25 — — 16 — 29 — — 18 —
Total 43 24 18 0.0014 20 24 18 —
12th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Summer Urea 6 3 — — — 34 16 — — —
Carrot Ammonium dihydrogen phosphate — — — — — 27 3 17 — —
Potassium chloride 20 — — 13 — 25 — — 16 —
Magneium sulfate 25 — — — — 25 — — — —
Total 44 36 16 0.0021 19 17 16 —
12th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Winter Urea 23 11 — — — 34 16 — — —
Spinach Ammonium dihydrogen phosphate 9 1 5 — — 36 4 22 — —
Potassium chloride 24 — — 15 — 29 — — 18 —
Magneium sulfate 25 — — — — 25 — — — —
Total 53 41 18 0.0021 20 22 18 —
13th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Summer Urea 4 2 — — — 32 15 — — —
Carrot Ammonium dihydrogen phosphate 7 1 4 — — 34 4 21 — —
Potassium chloride 20 — — 13 — 25 — — 16 —
Magnesium lime (pH adjustment) 200 — — — 0.0002 200 — — — 0.0002
Total 44 40 16 0.0023 19 21 16  0.0002
13th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Winter Urea 23 11 — — — 34 16 — — —
Spinach Ammonium dihydrogen phosphate 9 1 5 — — 36 4 22 — —
Potassium chloride 24 — — 15 — 29 — — 18 —
Total 53 41 18 0.0021 20 22 18 —
14th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Summer Urea 4 2 — — — 32 15 — — —
Carrot Ammonium dihydrogen phosphate 7 1 4 — — 34 4 21 — —
Potassium chloride 20 — — 13 — 25 — — 16 —
Magnesium lime (pH adjustment) 200 — — — 0.0002 200 — — — 0.0002
Total 44 40 16  0.0023 19 21 16  0.0002
14th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Winter Urea 23 11 — — — 34 16 — — —
Spinach Ammonium dihydrogen phosphate 9 1 5 — — 36 4 22 — —
Potassium chloride 24 — — 15 — 29 — — 18 —
Total 53 41 18 0.0021 20 22 18 —
15th  Sludge fertilizer 750 41 36 3 0.0021 — — — — —
Summer Urea — — — — — 28 13 — — —
Carrot Ammonium dihydrogen phosphate 22 3 13 — — 49 6 30 — —
Potassium chloride 21 — — 13 — 25 — — 16 —
Magnesium hydroxide (pH adjustment) 25 — — — — 25 — — — —
Total 44 49 16 0.0021 19 30 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)

5) HEAHE
FIEOMELIL Table 5 &Y. Fuflix, A HBRIXORE T/ 12 kg Z4ITEHD, Table 3-1, 3-2 OJii ks
WZLTe3 o THEB IR TRA L, BalBRIXERBICHSEICHA L. 7ok, KBRIXOEID 1 m Oy (F—
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R )i, EREX O IR R R CEES TRAELT-. 0%, FHEE2 AW THESK 15 ecm £ THEEL
7=

B IFR T AR I Ny DS 0 E hihRad BE LA ATV )RR E AL, RS 15 cm £ T
HHEL TRIEZEOIIRBL%, BRXNEZ 9 5= (5[4 20 cm) BB Ty —4 —7 — 7N L& -2 4%
FELT=. 7235, =2 DU BRI I B IER R X R E L O E Al O X 2 =—)1 1000 Zff FHL7-.

Table 5 Cultivation summary

Spinach Carrot

Species Mirage Koigokoro
Fertilization 2022.8.29 2023.4.13
Pesticide application 8.29 4.13
Fungicide application - 6.21
Seeding 9.5 4.19
Thinning (first) 9.21 5.26
Thinning (scond) 9.30 6.7
Harvest 12.1 8.4
Cultivation period 91 days 107 days

6) EMHDETLEE

RV T OIEE (AT RES) ZUNFEL7=1%, A LAWIEEL, 1EWIRO E &Z2 B KA ICHIE L. 512,
ARBRX R 1 m?2 5Tk, KEK, AF L AZHKDNEZLEE L, TT A5 T H IR L2125 R
2T 65°C T—BHHLIELT.

=L VAT O W TUIRIZ DWW B KEAK THWEEL, BT3078UE T 2 VO CHEEEREAR S (AT & HR)
IOl TNENOEREZRBEEICHE L. S5, BEBREP RO 1 m? 02 Th, KK, 1455
IKDNEIZ YL, FEEIIAT A% T H AR L7212 8RR R T 65 °C T— B L7z, MREIEETI3
78T A D CTHIZ BIT L7214, 8 JEEZRER 12T 65 °C T—BMK iz LT-.

HER U750k HBAE 500 pm D 5A Al 35 £ T (ZM200:Retsch  =— 42 —[m1#5%% 6000 rpm)
TEHREL AT B LT

7) EMEOARIO LGN

SIRTECEE 0.5 g (ZAHER 4 mL J Qg b K R/K 1 mL 2002~ A 27w 3 i (ETHOS EASY:~ A /L AL
— BRI THMED LIb O CRORFRENAUHS AT, SOIZHEE 1 mL &0 CTOLE) % 50
mL (ZEARL, ICP & & /742 (iCAP RQ :Thermo Fisher Scientific) Z W CHIEL 7.

8) i tIEDHH

RS, B 3 2 S 8 AR ER L1 IS K BRI T2, 53R BR X D VEM IR A IR L 72 35 it &[] U sk B X
1 m? DR L O JROFE 5 20 ATk, B8 (A 50 mm X £& 250 mm) 2 AWV CRENDH 15 cm £TH
e, B4 U, a2 AV T 45 ) CT—Br L BRGERS Y, BBIE 2mm D550\ A @i L7icb Dz /i i
AL,

TP ORIRIV AT, SHTEE 0.5 g 12, MEEKY 5 mL, @BEALAKFEAKK 2 mL, &7 ALKERER 1
mL 20N, A7 RS E I LD MR LT- 1%, fEE | mL, IE5EEE | mL 2N B~ A 7 ajl o itk iE

WL RL, REHAIRE LT, JIEIL ICP B &M@z L To7-.
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0.1 mol/L il r¥%s U RI7 24 (0.1 mol/L HCI-Cd) 13, Z3Hradh 10 g (2L 0.1 mol/L HC1 50 mL A&, #J
30 °CIZER B35 1 REIR VIR Tt L 723 UBHRIZ DWW C ICP B B Hr 2 i 2 IV CHIE L7212,

9) HMEZDHFIVLSI

15 B BEAE=0 D0 ORE I ISR XN DR E ST ME R K O 5 [ E SV B A (LU T 55
ENDITHONWT, THEAKIEK THRWEE LI, BT AEITHEREL AR, @R EER 2T 65 °C
T BRELEL, S U7 HBEE 500 um D550 &0 95 £ TR (ZM200:Retsch 17— 4 —|[]
#5250 6000 rpm) THRIL /b FHEEEE L7z

BARIVLL, SRk 0.5 g ICHHEAK) 5 mL, 1@ER{b/kFE KK 2 mL, X O7 o Kk FEEEK 1 mL 20N%,
~ AW LB I S FRUT- %, R 1 mL, M SERE 1 mL AN A~ A7 i o R E I K0 iR L
THREHAIREL, 1CP EEATEEICEVIIEL:.

3. HWRRUBE

1) Z4ERHL2VD

() TER DI R, IR AJRSE

14 45 H &AER UL D Ot B% Table 6 12 LT-.

I, T VRAEEHE X C 12.1 kg, FEHEX T 11.8 kg THY, FEAEX (25t DGR ALEHE F X O S5 %k
1L 103 Th-olz. 1 FHND 14 FHOLEOIEOHERZ Fig2 |IRLIZ. AUV Y UBHROIRIT A
FEV, V5 TRAREHEH X C 0.081 mg/kg, FEUEX T 0.054 mg/kg ThH-o7=. 1 FEHID 13 FEHOKRVL Y THY)
HOHRIY LREOHERIT Fig3-1 I[RTEBY, RMBEEE S (LT, ICodex ZEZ 1LV, ) BEDD
FEVER (0.2 mg/kg) (256U TIERV VR E THERB L TU -,

Fio, ROV YT RO TIRIT LIREEICOWTHE KA IR LILZA, GIRIEEHE X T 0.57 mg/kg, 1%
HEXT 0.39 mg/kg THY, 1HIRNEEHH X 23E B @R R Th o7z (p=2.1X109) .

VGIRIERIOE I L DRI L YT O FIRIY MR EDOHER % Fig.3-2 IRLIZ. 1 FHDD 14 FHE

THRENF T LT A, TGIRAREHE A X M O HE X I (B M 1 358D Hiv e o7z,

Table 6 Yield of spinach (edible portion) and Cadmium concentration (winter 14th)

Unit Test plot-1 Test plot-2 Average  Yield index” Signtii“lsctance
<Sludge-fertilizer-application plot (AP)>
Fresh weight kg 9.0 11.8 104 127
Cadmium concentration (fresh matter) mgkg 0.057 0.058 0.060 0.060 0.059
Cadmium concentration (dry matter) mgkg 0.54 0.55 0.59 0.59 0.57 Signiﬁcanceb)
<Standard plot (SP)>
Fresh weight kg 8.1 83 8.2
Cadmium concentration (fresh matter) mgkg 0.047 0.045 0.040 0.040 0.043
Cadmium concentration (dry matter) mg/kg 0.42 0.40 0.36 0.37 0.39

a) Yield of Standard plot was indexed as 100
b) 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) )
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Fig.2 The yield of the spinach in winter (Note: 2nd year (qinggengcai))
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Fig.3-1 Cd concentration (content in the fresh Fig.3-2 Cd concentration (content in the dry
matter) in spinach (Note: 2nd year (qinggengcai)) matter) in spinach (Note: 2nd year (qinggengcai))

(2) Bt EHED A RIT L

14 45 B ZAEART L DB 1380 0.1 mol/L HCI-Cd, pH (H,0) & OV EC %43 #7 L=/ 5% Table 7 1Z/RL
72. 0.1 mol/L HCI-Cd I, V5V AEEHE FH X1E 0.25 mg/kg, FEAEX L 0.13 mg/kg TV, (5IRIREHG H X CH
BElZmhorz (p=1.9X10°).
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Table 7 Characteristics of cultivated soil (winter 14th)

Unit Test prot-1 Test prot-2 Average Slgnitssctance
<Sludge-fertilizer-application plot (AP)>
0.1 mol /L HCI-Cd¥ mglkg 0.24 0.25 0.26 0.25 0.25 Significance?
pH (H,0)" 5.9 5.9 -
ECY mS/cm 0.13 0.12 -
<Standard plot(SP)>
0.1 mol /L HCI-Cd mg/kg 0.13 0.13 0.13 0.12 0.13
pH (H,0) 6.3 6.3
EC mS/cm 0.08 0.08

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

c) 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 (2 X 2)

(repetition X number of samples) )

2) B>y
() TER DI E:, IR LR

15 FEH BEAE=2 T Ofl % Table 8 [Z/RLT-.

B, VHURAERHIE I X C 10.7 kg (RS 7.0 kg, HE5 3.7 kg) , FEHEX T 10.2 kg (BB 7.2 kg, ZEH6 3.0 kg)
THY, FEAEXIT 215 TR AEEHE F KOOI EFEEUT 104 GRER 97, HEES 122) Th-olz.
1 FEBMS 15 FEHICBITDE/EOINEDOHES % Fig.d-1 (FEH) , Fig.4-2 (BRI (R LTz, b5 RO XK
GEARNED BT RIKDOILEIIBIEIN Db D Lo,
=2V VBI R O FIRIT AR L, VEURREERE H X TR 0.031 mg/kg, HEHT 0.044 mg/kg THY, FEHEX

THRHED 0.015 mg/kg, 5B 0.022 mg/kg Th -7z,

Codex ZARIZL-> THRFFEDFEHEE (0.1 mg/kg) 1L AT RHDIREBIZ OV TEDHILTND. =2 VBl
W ORIV LPREET Fig.5-1 (R U203, REFO BRIV LR T E I L, (RORE THERL Tz,
=V DI RIT NRFEIZOWTH K E LB L2 A, 1GTRAEEN FH X TR ER 0.17 mg/kg, HEH50.23
mg/kg, FEHEX CHRED 0.09 mg/kg, HEHE 0.12 mg/kg THY, RER (p=2.2X 109), HEEE (p=5.4 X 100) D EHAL T

TGIRIEEHX S A IS @mORE R Th-7e.

VGIENEEOERIC LD =0 P e R O FIRID MR E OHERS IS Fig.5-2 1R LTz,
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Table 8 Yield of carrot and Cadmium concentration (summer 15th)

Part Unit Test plot-1 Test plot-2 Average  Yield index  Significance test
<Sludge-fertilizer-ap plication plot (AP)>

Root kg 6.9 7.0 7.0 97 -
Fresh weight Leaf kg 3.6 3.7 3.7 122 -

Total kg 10.5 10.7 10.6 104 -
Cadmium concentration (fresh matter) Root mgkg - 0.029 0.028 0.033 0.033 0.031 )

Leaf mgkg  0.042 0.042 0.048 0.045 0.044 -

Root k 0.17 0.16 0.18 0.18 0.17 ioni b)
Cadmium concentration (dry matter) 00 mgke S‘?’“ 1f'ica.nce

Leaf mgkg 0.23 0.23 0.24 0.23 0.23 Significance
<Standard plot (SP)>

Root kg 7.0 7.3 72
Fresh weight Leaf kg 3.0 3.0 3.0

Total kg 10.0 10.3 10.2
Cadmium concentration (fresh matter) Root meke 0015 0.015 0.015 0.015 0.015

Leaf mgkg 0.022 0.022 0.022 0.021 0.022
Cadmium concentration (dry matter) Root meke 0.09 0.09 0.10 0-10 0.09

Leaf mgkg 0.12 0.12 0.12 0.11 0.12

a) Yield of Standard plot was indexed as 100

b) 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) )

15 20
BAP asp BAP osp
15 A
“ep 10~ —~
& E;
= = 107
= 2
=05 4 P
5 p
0 - 0 -
123 456 78 9101112131415 1 23 45 6 7 8 9 10111213 1415
Year Year
Fig.4-1 The yield of the carrot (leaf) in summer Fig.4-2 The yield of the carrot (root) in summer
(Note:2nd year (spinach), 3rd year (trunip)) (Note:2nd year (spinach), 3rd year (trunip)
30
B AP aosp
25 A
E 20 -~
=15 -
e
~ 10 A
5 -
0 |

Fig.4-3 The yield of the carrot (total) in summer
(Note:2nd year (spinach), 3rd year (trunip))
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Fig.5-1 Cd concentration (content in the fresh matter) Fig.5-2 Cd concentration (content in the dry matter)

in carrot(Note : 2nd year (spinach), 3rd year (trunip)) in carrot(Note : 2nd year (spinach), 3rd year (trunip))

(2) Bt EHED A RIT L

B +HE DRIV L, 0.1 mol/L HCI-Cd, pH (H20) & OY EC D34 5% Table 9 (2R L7z,

BRIV LREEE, HIEAREHE XX 0.64 mg/kg, FEHEXIT 0.43 mg/kg T, HIRIERHEH X 23 B I
Mot (p=2.7X109).

0.1 mol/L HCI-Cd &, {BYRAEEHEFH XI% 0.28 mg/kg, HEHEXI 0.16 mg/kg THY, {GIEIEHEH XA H &
ZEoT2 (p=8.3X104).

Table 9 Characteristics of cultivated soil (summer 15th)

Unit Test prot-1 Test prot-2 Average  Significance test
<Sludge-fertilizer-application plot (AP)>
Total-Cd¥ mgkg 0.66 0.65 0.62 0.65 0.64 Significance®
0.1 mol/L HC1l-Cd? mg/kg 0.28 0.29 0.29 0.27 0.28 Significance®’
pH (H,0)° 6.0 5.8 -
EC? mS/cm 0.19 0.17 -
<Standard plot (SP)>
Total-Cd" mgkg 043 0.43 0.43 0.42 0.43
0.1 mol/L HCI-Cd” mgkg 0.14 0.19 0.15 0.15 0.16
pH (H,0)° 6.2 6.4
ECY mS/cm 0.08 0.07

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))

3) HithtIBADHRIVLDHERS
(1) Bt HEED A RIy L

Wi 3D 4 RIT KR OHERE % Table 10 (2R L72. F72, 0.1 mol/L HCI-Cd £ O HER L1412 Fig.6-
1 (5IRAEEHi X)) Fig.6-2 (BEHEX ) (2R L=,
TGV NEARHE I X M OFRHE X DA RIY LR E DOHERRIZ DWW T AEIR 357280, £ LD X
BIIS, | FHEEPLORE A (BIEDLLROBEAEETORMIMRIL 12 7 H L) IZxT 2B RIV LRED
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PRIE BT 24T > 72 (RIEYREO BT R O p MBI K0FE, M4 EAKYE 5 %) (Table 10). 15 4-H
AR E OB TR NEEHE ] X3 LS (p=4.2 X 107) 233D S, FEYERK LT KA (p=1.2 X 10-3) 2332
LoLSY gV el

TGV A X M OREYEX DR RIT LR EEZ LR L7224, fiA L2 1 4B BAED DGR IR R A X
PIEEX IVE BICEL Lo TRY, 07T 4 4 H EAELIRE, BHE /S D LR LIL RIERDKE K3ty v Tnd.
ZAUE, TETREEME F KIS TR AR S D R I MO B B, YEMIRDINHEIZ 15 e rh N3y A0 [#
G ~DFHHLEIVD S, IRV LREETHEMICHHIEERL TN,
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Fig.6-1 Cd concentration of cultivated soil Fig.6-2 Cd concentration of cultivated soil

(AP: Sludge-fertilizer-application plot) (SP: Standard plot)
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Table 10 Changes in the total-Cd concentration® of soil after harvest

p-value of single

AP SpY Significance test regression analy sis”
Year Season Test Crops .
(mgkg) (mgkg)  (difference between the AP® Sp®
processing)

Ist  Summer  Carrot 0.51 0.48 Significance®’ - -
2nd  Summer  Spinach 0.52 0.49 Significance - —
3rd  Summer  Turnip 0.51 0.48 Significance — —
4th  Summer Carrot 0.52 0.46 Significance — —
5th  Summer Carrot 0.53 0.46 Significance p< 0.05" —
6th  Summer Carrot 0.57 0.47 Significance p<0.05 —
7th  Summer  Carrot 0.57 0.46 Significance p<0.01? —
8th  Summer Carrot 0.54 0.45 Significance p<0.05 p<0.05
9th  Summer Carrot 0.61 0.46 Significance p<0.01 p<0.05
10th  Summer Carrot 0.58 0.41 Significance p<0.01 p»<0.01
11th  Summer Carrot 0.58 0.42 Significance p<0.01 p<0.01
12th  Summer Carrot 0.58 0.42 Significance p<0.01 p<0.01
13th  Summer Carrot 0.63 0.44 Significance p<0.01 »<0.01
14th  Summer Carrot 0.64 0.46 Significance p<0.01 p»<0.01
15th  Summer Carrot 0.64 0.43 Significance p<0.01 p<0.01

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 experimental plot
e) 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))
f) It show that regression is significant in p < 0.05 (5§ % of both sides levels of significance)
g) It show that regression is significant in p < 0.01 (1 % of both sides levels of significance)

(2) B3 0.1 mol/L HCI-Cd DH#ERS

Bt 1580 0.1 mol/L HCI-Cd & DHER % Table 11 (IR LT, F£72, BRIV LREOHEB L LI Fig.6-
1 G5 VRAEEHE X)) , Fig.6-2 (FEHEX) (TR LT=.

IGUENEHE A X & OEHEX 0D 0.1 mol/L HCI-Cd DHERIZ D>\ THHIM AR 35720, TN E DX

B LRI AR B 08 H (S RBROMIFREIL 6 - H LL72) 12535 0.1 mol/L HCI-Cd O#IE HLIAIF 7y

ﬁ%ﬁot(alﬁldﬂﬁ@/\%&/%ﬁim p XM, WA KA 5 %) (Table 11). 15 4 H BAEBHET
DOIGIRIEEEH X OEIRIIA E LD, EFMEmAFEOH LN (p=1.6X107). 10 4 H E/EE TORAERIUFY]
I A B 1 DIB TR AREHE F X DBl 3 B Cred — B THEBE L QWA CTh-72723%, 10 4 H M’Euﬁkiﬂ

\ZHEU 7=, Z0t%1E, 0.26 mg/kg DIEEATIZBWT—E THERBL TWD. BIRIEEHI &G A TRV A
BHZBWUIAEEY S LS YT ICEVREEL TDEB 2 DI TWDS, F:')T\i&j:i%qj@ﬁl\‘:‘ib
B X, B LRSS TS EA IR LI2Z8128D, 0.1 mol/L HCIIZIAfF T DI EED BRIV A&
MUTzE&E 2 BTz,

— 77, XTI, AR S (p=1.3 X 102) . JBDEIIE 3 45 B LVELUAKRE L TV5.
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Table 11 Changes in the 0.1 mol/L HCI-Cd concentration® of soil after harvest

. -value of single
Significance test 4 d

Year Season Test Crops APY SpY regression analysis”
(mgkg) (mgkg) (difference betweenthe  APY Sp®)
processing)

— Start — 0.19 0.20 N.S.¢ — —
Ist Summer Carrot 0.21 0.21 N.S. — —
Ist Winter Spinach 0.20 0.18 Significance® — —
2nd Summer Spinach 0.19 0.17 Significance — —
2nd Winter Qinggengcai 0.18 0.18 N.S. — —
3rd Summer Turnip 0.19 0.18 Significance — -
3rd Winter Spinach 0.20 0.17 Significance 0.63 <0.05
4th Summer Carrot 0.19 0.15 Significance 0.41 <0.01
4th Winter Spinach 0.21 0.17 Significance 0.98 <0.01
5th Summer Carrot 0.20 0.16 Significance 0.89 <0.01
Sth Winter Spinach 0.22 0.16 Significance 0.34 <0.01
6th Summer Carrot 0.20 0.15 Significance 0.30 <0.01
6th Winter Spinach 0.21 0.15 Significance 0.17 <0.01
7th Summer Carrot 0.15 0.11 Significance 0.80 <0.01
7th Winter Spinach 0.16 0.11 Significance 0.29 <0.01
8th Summer Carrot 0.19 0.12 Significance 0.30 <0.01
8th Winter Spinach 0.17 0.11 Significance 0.16 <0.01
9th Summer Carrot 0.21 0.14 Significance 0.45 <0.01
9th Winter Spinach 0.27 0.17 Significance 0.51 <0.01
10th Summer Carrot 0.27 0.17 Significance 0.15 <0.01
10th Winter Spinach 0.27 0.16 Significance <0.05 <0.01
11th Summer Carrot 0.25 0.15 Significance <0.05 <0.01
11th Winter Spinach 0.26 0.17 Significance <0.01 <0.01
12th Summer Carrot 0.26 0.16 Significance <0.01 <0.01
12th Winter Spinach 0.25 0.15 Significance <0.01 <0.01
13th Summer Carrot 0.27 0.15 Significance <0.01 <0.01
13th Winter Spinach 0.28 0.16 Significance <0.01 <0.01
14th Summer Carrot 0.26 0.16 Significance <0.01 <0.05
14th Winter Spinach 0.25 0.13 Significance <0.01 <0.01
15th Summer Carrot 0.28 0.16 Significance <0.01 <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) N.S. 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))

f) Significance 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))

(3) ARIVLAOAN R, FHHLUER SR E

1 £ B B1E~15 £ BEEEORRICEWT, MELZGTRBEIE RO ARIV LA B THLAN R, 1F
MERRIE LTI XD IRV AOFF LU E, HEA~OFERBEK O R OARIT LAEFERES Table 12
[RUTz. B, BB X A~DO BRIV LAOARTRIL, GIRIEEHH O BRIV AEH EISHRBRX (4 m?) ~jii F &



{HUENEELOE N LD RIY LFED L HEA~DOERE, 1EY~DOWIEAER (Hkf) 117

ERUCHHLEZ. EMICED PRIV LORFHHLEIL, SMBRXKICB T HIELI-EH O A RIT LRILEDZ
EC, EHOWNEITNED T OARIV LR EZFU TR L. THEA~OHRIVLEREIL, GIRIERHCED A
RITVLADAMBEEAEMICEDIRIVLAOFRFLHLEOZEIZIVE N L. LEA~O ORI AOERRE X, 7
RIVLAOEREICRBX M 7200 R ((EEORES 15 em, HEOILE 0.7 &L, RBRX (4 m?) 472D
T3 EA 420 kg LL72) TBRLUCHH L.

IGURAEEHE XTI, BBRIZISWT, ARIV AN EEIEL TR L &R D RN LD HIEDO AR
T LN T T ALIe DT80, IHIRIEE O IZ LD A RIT A EOB AN > T HEERE T HIRITV LM
BELEMTHHIENE ZHND. FERFIZIBWTH B TEE O 4 R ID AR B O HEIME TR 23580 HAv T
2. 82 29 FEORERICIIT HIGIRIEEHEH XD A RIY AAfT R 182.2 mg/ilBiR X (455.5g/ha), IRIT A
ETERE (DRI LERHELRRX HEEN DR LB Lo P HIRIY A0 L) 1T 0.434 mg/kg
Lipor-.
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Table 12 Changes in the quantity of cadmium load by fertilizer, quantity of peculating due to the crops body,

and quantity of cadmium accumulation to the soil from the 1st year to the 14th year

Sludge-fertilizer-app lication plot (AP) Standard plot (SP)
Quantity of cadmium® Quantity of cadmium®
Concentration Concentration
Accumula of cadmium Accumula of cadmium

Load” Removal” ) Load” Removal?

tion?  accumulation® tion?  accumulation®

Year Season  Test Crops

(mg/plot) (mg/plot) (mgplot)  (mgkg) (mg/plot) (mgplot) (mgplot)  (mgke)

Ist  Summer Carrot 4.84 0.39 4.45 0.011 0 0.36 -0.36 -0.001
Ist  Winter Spinach 4.40 1.18 3.22 0.008 0 1.34 -1.34 -0.003
2nd  Summer Spinach 3.30 0.72 2.58 0.006 0 0.96 -0.96 -0.002
2nd  Winter Qinggengcai  2.64 0.21 243 0.006 0 0.21 -0.21 0.000
3rd  Summer Turnip 3.30 0.17 3.13 0.007 0 0.20 -0.20 0.000
3rd  Winter Spinach 7.04 0.66 6.37 0.015 0 0.56 -0.56 -0.001
4th  Summer Carrot 7.28 0.73 6.55 0.016 0 0.68 -0.68 -0.002
4th  Winter Spinach 7.28 0.75 6.53 0.016 0 0.75 -0.75 -0.002
S5th Summer Carrot 7.28 0.46 6.82 0.016 0 0.34 -0.34 -0.001
5th  Winter Spinach 7.28 0.73 6.55 0.016 0 0.53 -0.53 -0.001
6th  Summer Carrot 7.28 0.38 6.90 0.016 0 0.29 -0.29 -0.001
6th  Winter Spinach 7.28 0.65 6.63 0.016 0 0.42 -0.42 -0.001
7th  Summer Carrot 7.28 0.36 6.92 0.016 0 0.26 -0.26 -0.001
7th  Winter Spinach 7.28 0.71 6.57 0.016 0 0.59 -0.59 -0.001
8th  Summer Carrot 7.28 0.21 7.07 0.017 0 0.18 -0.18 0.000
8th  Winter Spinach 7.28 0.60 6.68 0.016 0 0.57 -0.57 -0.001
9th  Summer Carrot 7.28 0.28 7.00 0.017 0 0.24 -0.24 -0.001
9th  Winter Spinach 7.28 0.51 6.77 0.016 0 0.38 -0.38 -0.001
10th  Summer Carrot 7.28 0.33 6.95 0.017 0 0.20 -0.20 0.000
10th  Winter Spinach 5.68 1.00 4.68 0.011 0 0.51 -0.51 -0.001
11th  Summer Carrot 5.68 0.40 5.28 0.013 0 0.28 -0.28 -0.001
11th  Winter Spinach 5.68 0.64 5.04 0.012 0 0.51 -0.51 -0.001
12th  Summer Carrot 8.53 0.57 7.97 0.019 0 0.17 -0.17 0.000
12th  Winter Spinach 8.53 1.58 6.96 0.017 0 0.81 -0.81 -0.002
13th  Summer Carrot 9.30 0.37 8.93 0.021 0.76 0.21 0.56 0.001
13th  Winter Spinach 8.53 0.98 7.56 0.018 0 0.63 -0.63 -0.001
14th  Summer Carrot 9.30 0.44 8.86 0.021 0.76 0.33 0.43 0.001
14th  Winter Spinach 8.53 0.61 7.92 0.019 0 0.35 -0.35 -0.001
15th  Summer Carrot 8.53 0.37 8.16 0.019 0 0.17 -0.17 0.000

Total 198.47 17.00 181.47 0.432 1.52 13.04 -11.51 -0.027

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 application

¢) Quantity of peculating due to the crops body = Yield (dry weight) xCadmium concentration (dry matter)
d) Quantity of cadmium accumularion to the soil = b) - c)

e) Concentration of cadmium accumulation to the soil = d) / Amount of test plot soil (420 kg)

Wi HEED A RIT AR OWT, 1 4B EVEMH O 0 FERIE L BEREOHER A Table 13 K OF Fig.7
(R U7z, TGURAEARHIE A X OMEHE X O RIY AR EOBRGRIEIE, 14 B ZEHH o Sl 4 5 8
LT, Table 12 TR IV AEREREZ BB LR H U7z, FEAEXIT IR L BRI TIE— L THER
LT e, — 5, (5URAREHE X 1%, B e s bl L C RGO 5 AMEL ME R THER L Tz,
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Table 13 Changes in the actual total-Cd concentration and

the theoretical total-Cd concentration? of soil after harvest

Actual measurement Theoretical value
Year  Season C’:;ts APY sp°® APP Y spY®
(mg/kg)  (mg/kg) (mg/kg)  (mg/kg)
Ist  Summer Carrot 0.51 0.48 0.51 0.48
2nd  Summer Spinach  0.52 0.49 0.52 0.48
3rd  Summer Turnip 0.51 0.48 0.53 0.48
4th ~ Summer Carrot 0.52 0.46 0.56 0.47
5th Summer Carrot 0.53 0.46 0.60 0.47
6th  Summer Carrot 0.57 0.47 0.63 0.47
7th  Summer Carrot 0.57 0.46 0.66 0.47
8h  Summer Carrot 0.54 0.45 0.69 0.47
9th  Summer Carrot 0.61 0.46 0.73 0.46
10th  Summer Carrot 0.58 0.41 0.76 0.46
11th  Summer Carrot 0.58 0.42 0.78 0.46
12th  Summer Carrot 0.58 0.42 0.81 0.46
13th Summer Carrot 0.63 0.44 0.85 0.46
14th  Summer Carrot 0.64 0.46 0.89 0.46
15th  Summer Carrot 0.64 0.43 0.93 0.46

a) Total-Cd concentration in the drying soil

b) Sludge-fertilizer-application plot

¢) Standard plot

d) This value is the theoretical total-cadmium concentration of soil when
assuming that there was accumulation of the whole quantity cadmium
derived from fertilizer to the surface soil of the test plots in a starting point

e) This value is the theoretical total-cadmium concentration of soil when
assuming that there was not accumulation of cadmium derived from
fertilizer to the surface soil of the test plots in a starting point in summer 2009
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Fig.7 Changes in the actual total-Cd concentration

and the theoretical total-Cd concentration of soil after harvest
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4) BEEZFZOHFIILRAE
3)(3) T/RLT=LHY, {HIRNEEHE XD HEEICER LG22 I NIT AR BT DT 3 HIE 23 B 5

B2 RO AHDHZEMnb, RFEEZEREHH T ICRESNTEHEFICONWTHRIV LB L
RBL, BARIVLREDOTHE~DEBICOW T A L.

(1) MEEZERORARIV LR

15 4 B BRI INEE LT HE AR O R ADOKE 5% Table 14 2R LTz,

IR A E L CUE L7 BT, WL CIBTRIEEIE X T 0.2 ke/FBRIX, fEHEX T 0.2 kg/aEr X Tho
7-.

MEEZE DR R IR DR FEIZOW T R AR L= L2 A, 15IRIEEHEH X 1X 0.59 mg/kg, fEHEX X
0.34 mg/kg THY, HINEHEH XA BIZEWORE R Th-o72 (p=2.1 X109)..

MERLSE DI RIT LRI B, R X D70 OMEE SO B RS P ORIV AR E AU CH
HIL, 1GUEMEEH G H X C 0.11 mg/RRER X, FEYEX T 0.07 mg/iABR X Th o7z,

Table 14  Dry matter yield and cadmium concentration of collected weeds, etc.

Unit Test plot-1 Test plot-2 Average

<Sludge-fertilizer-application plot (AP)>

Weeds etc. yield (Dry matter) kg/Test plot 0.2 0.2 0.2
Cadmium concentration (Dry matter) mg/kg 0.64 0.63 0.55 0.55 0.59
Cadmium absorption per test plot mg/Test plot 0.12  0.11 0.11  0.11 0.11
<Standard plot (SP) >

Weeds etc. yield (Dry matter) kg/Test plot 0.2 0.2 0.2
Cadmium concentration (Dry matter) mg/kg 0.36  0.36 0.31 0.32 0.34
Cadmium absorption per test plot mg/Test plot ~ 0.08 0.08 0.05 0.05 0.07

(2) BRIVLOANE, FFHHLEROEEE MRS ICIORHHLORE)

15 FHEBEORBRIZBNT, 3)(3) TH I LIEHIRIV LD HHEA~OEEE L VR ORIV LS TH
W B O BRI N C, MR IR =D LIS KD I RIT LD I L B A IR L CHEH LA IEfE% Table
15 1Rz, &, BBRXA~OHRIV LOA &, (EMIZLDIRIVLAOFFG L&Y, Table 12 S[RIERICH
HL7-.

MEE R ICEDIRIV LD LN L EITIERBRX OO I RIV ARV ETHY, THEA~OIRIVLERHE
F O ASEADARIT LOEFERIENL, MBI CLDIRIVLAORFLHLEZFIZELS W TEHBLTEY, 15
/Eﬂlﬂﬂﬁmﬁﬁ K CIEHRIT LAEFE & 8.05 mg/mlBR X (FRGHME 8.16 mg/flBRIX), LFEIEE X 0.019 mg/kg (H
fE 0.019 mg/kg), FEHERX TIIARIT AEFEE23-0.24 mg/iBRIX (BEFRAE-0.17 mg/iABRX), LR -
0.001 mg/kg (FRERME 0.000 mg/kg) Tholz. ZHHDFE RIS, A EMEESIZ LA IRIT A0 HHLITZSHS
BERDLNTHOD, 15 TR ALEHE F X L5 ToH Ry 2SRRI 05 5 3 E & 92 1E o Tef 4
UHRE7R BRI 725 Al REMEITRRO D gn o7z,
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Table 15  Amount of cadmium loaded by sludge fertilizer in the 15th year of summer cropping, amount carried

out by crops, amount carried out by weeds, etc., and amount accumulated in soil

Sludge-fertilizer-application plot Standard plot
C ted . C ted .
. orrec. © Theoretical orrec. © Theoretical
Unit theoretical theoretical
value value
value value
Cadmium loading amount 2 mg/Test plot 8.53 8.53 0.00 0.00
Amount of cadmium taken out (crop body) * mg/Test plot 0.37 0.37 0.17 0.17
Amount of cadmium taken out (Weeds etc.) mg/Test plot 0.11 0.07
Cadmium accumulation amount ¥ mg/Test plot 8.05 8.16 -0.24 -0.17
Cadmium accumulation concentration in soil © mg/kg 0.019 0.019 -0.001 0.000
a) Cadmium concentration in fertilizer x Application amount b) Cadmium concentration in crop bodies x Yield
¢) Cadmium concentration in weeds etc. x Yield d) Cadmium loading amount - Amount of cadmium taken out

¢) Cadmium accumulation amount / Soil amount in test plot (420kg)

5. £&oH

AR A 20 M S V22 R DT PRI BLZ2 R BA3 23R AMFZE L L C, 15 YeNlkod 8 F it 1 5Bk 2 2009 4
L1 >TRY, BIRIEEHE H X & OVE TEAEEHE G FH O YEX o 2 BRERXIZ, 14 4F H & EEL TRyL Yy
Z, 15 FHEELLT=0 Dr kit L, TP OIRIT AR E O CVER IR O A R0 LR FE Al sE
L7z,

14 4 H ZAERU L YR O A RIT LR, 1GIEIEEHX T 0.059 mg/kg, FEHEX T 0.043 mg/kg T
HY, Codex ZERME DD IEMEN (0.2 mg/kg) 2R L TERWEER TH 7.

15 4 H BAE=2 VU B P ORI APRFE T, (5 TRAEEHIE FH X CHEEE 0.044 mg/kg, HREE 0.031 mg/ke,
FEUEX CHEYD 0.022 mg/kg, MRS 0.015 mg/kg THh-o7=. AIREETHORERDO BRIV LEEIL Codex EER
DIE D HIEEE (0.1 mg/kg) 12X L THURWIE R ThH o7z, Fiz, UL Yy (BER) M OR=2 Py (BEE - AR ER) &
IR A Z LA~ TR TR I EHE H X3 B @O s R Th o7z,

15 % H EE=0 DU OB B3O 2 Ry AR B TIE TR ARG A X AMERE X N CTH B E T

1A EH25 15 4 H OB -3 h O A RID AR FE & U8 0.1 mol/LHCI-Cd I EDHERB A fRITLI=L 25, 15
JEAEEHE H X D2 Ry A2 BT IME R 2R~ L CTRY, BIEIEEHZE A/ T 5 RIV AN FEICEREL T»
HZENIRENTZ., — 5T, HIRAEEHE FH XD 0.1 mol/L HCI-Cd (22 Cik 10 4 H BEEE Tl —EICHES T
DD REFVTNTZN, 10 4 B ZAELARR I I 27~ Uiz, FGIEIERHZ BB T RIy AT B3I E
WA ELER VT DL RIREL TOBEEZONTWDA, B R ORI LB X,
HHEHEAE G TUEL) D BA BB LIZ2 81250, 0.1 mol/L HCHZIAfE T A IEDO BRIV AL N %
ROz, EHIE, 0.26 mg/kg OIEFEFTITIZINT—E THER L TV,

PEHEX DA A R AR FE T ME R THY, 0.1 mol/L HCI-Cd (2 OWTHIB/ME 2R LT, EHEX D4
AIRIY MIHEAEIZ LD I RIT AOPFG 72N =0 L, E£72, TEMIERD 0.1 mol/L HCI-Cd ZF7 6 37729,
T 0.1 mol/L HCI-Cd {8/ 3 5E5 2 HiT-.

AR CHAEL 75 IR AER R DO I RIY A A B THLH A BN CVEMZINE L -2 LI LD IR LD F;
HHLUBEAICIC, AR HEICEBENDITTOHRIT LD R (FHE) 2B LI-L 25, X TIEEEE
PN TIE — B L THERB L Qe — 7, 15 TR IR XTI, BREmfE L Hhis U CIERIME DMK Vgl CHER
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LTV, ZOZETHOWTE, HIES) R LR RO 728 T HEFR DO ARIT LD KI5~ T
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i X - TOARIY LAERBEIZBIT LB E S EREOTEREN A T DR ERER L2225 AT REME I
OB T.
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Effect of Continuous Application of Sludge Fertilizer on Cadmium Absorption of the
Crop and Accumulation of Cadmium in the Soil (Continued Report)
- Winter 2022 and Summer 2023 -

HIBINO Hiroshi', KOBAYASHI Ryoto?, ABE Fumihiro!,
MASUI Ryota® and MANABE Noriko!

' Food and Agricultural Materials Inspection Center (FAMIC), Fertilizer and Feed Inspection Department
2 FAMIC, Fertilizer and Feed Inspection Department, (Now) Agricultural Chemicals Inspection Station
3 FAMIC, Fertilizer and Feed Inspection Department, (Now) Kobe Regional Center

We have been researching cadmium (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 2022 and carrot in summer 2023.
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 750 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 based on the fertilization standard shown on the web site of Saitama prefecture. The concentration of total
Cd and acid-solubility-Cd in the soil and total Cd in the crop 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 summer 2012 significantly.
The concentration of total-Cd in the soil (from summer 2009 to summer 2023) showed significant increasing trend
in the AP. Also, the accumulation of Cd in the soil was observed from the results of the total-Cd concentration
in the former soil, and the amount of 0.1 mol/L HCI-Cd available to plants in the soil.

The concentrations of total-Cd in each crop harvested (from summer 2009 to summer 2023) 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 Cd-transition in the soil from now on.

Key words  sludge fertilizer, continuous application, cadmium

(Research Report of Fertilizer, 17, 100-124, 2024)
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(7) IEBPUSNEEF (VIOR) % (b) UKW EH Uiz, B A OEE, NIOR & s 13—335.
(8) B/NANENGLRDTZAHRMENENF 22% RSDrob L, (e) UTIVE LT,

RSDrob = NIOR /" Median X 100 <+ (e)

(9) AEEHEERBRIEMTR E A TR O B 22U ORSIU TS BB 6 HE YR 722 (CRSDR) -

N EABEM B E A 2BV T, HMED A LD 2 £ (2*CRSDr) L THAL TV, 703, HRRICLo
IR CO AT SO KAWL, BBIEOBIENRE DI B % 1E 2% 7 538k 1E (Def-M) ThH L7129,
FEEE D B 221308 F Sz,
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3. HERUEER

1) HHOME R

2.2) IZBT 10 B 2 ST TONT L2 T OR EEIE (%) o OV DO ROV TO—TEBLE S BR
ISR R A W TR UM TR ER 22 (s,) , RUBHRARMEIR 22 (spp) , DHTHEEE 25 Toalkt
IR R 22 (spyp) &R 4 ITRLT. SOIT, ERFERBUEMEE A ITRSN TV OERFEEED L
(CRSDR) KOO BE M (1) Lo HEE == M BUR HE(R 22 (Br) A 4 1T LT-.

B MEO P EIL, TUPAC/ISO/AOAC DIFERBR 7 aha Y O FEESEICEE L. £, W EO%E
DA RERR T AT, HTEIZ- OV T Cochran OREZEMELT-. ZOHER, HEEOEFZ R BTV T
HrES SN EE I E ST, BRI T2, SMUVIEERINE D3 HTiE RIZDOWT, — Bl @& Bt &2 ML, T
HEHE R 72 (s0) Mo OVRRURH R A Y AR 722 (swp) 23R 9D, (BN 2 ) IC XD PRATAR HE (R 22 (s0) 23R L 7. I,
IUPAC/ISO/AOAC D RERER 7 mha /L D ER (X 3) ZHOTHEMDOHEE T2, ZORER, T
DEATZBNWTHER (U 3) AL W eZenh, i B L TR YR B2/ L T DI E R
STz, 28, 2EOID, X 4 1ZLo TIMTREZ G OB 22 (spy) ZRHLIZEZA, 6 LILER
LT TNORS 0N SWETH 7.

6r = CRSDg X X/100 (D)
s <050, =056y .-+ (x02)
spp < 0.30, = 0.36y -+ (303)
Sher =St + Spp? - (0 4)

Or - HEE = ] A SR E (R 22

CRSDg : NEBVERRBRIED I RSN TN L S ] AR B E (S A SRR YR 22 (%) ) 0 B %2
X HOTEIE sy PHTRR HE (R 22

op % GPEMERREATO RIS G LT AR R A

Spp : PCEHHEIRE(R 22 Sper : DHTRERE 25 ToRURH IR E (R 72
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F 4 HIEVERERRORTR

IR EA ot stk 7D RsDR” arY s 036&% s M sy,
- B p@) ) ) ) W) ) (W) ()
. W-P20s 10 7.05 4 0.28 0’ 0.08 0.04 0.04
P ,
Pt W-K20 10 8.00 4 0.32 0" 0.10 0.05 0.05
_— T-N 9(1) 4.42 8 0.35 0" 0.11 0.08 0.08
T-P205 10 5.71 4 0.23 0.04 0.07 0.04 0.05

a) p=AMUBEZESN LI OBEHL, (9)=FMUE L~ TomlEH K

b) S AVIEZ AL T 1% D -2 E Bl GRUBHE (p) <2 s BF T 04T (1))

o) HER

d) NERFERERIE TR FATRSN TR L (SR SRR ) O B %
e) FM FFELRTEE D B 2 D5 H L 7o S8 ) 5 B i 72

£) TR (R 22

) BIEMEDHIE (sob DFFAM) DIZD D/ T A—4

h) OHTEE R 22

i) OHTHGE R 2 Lot P A Y 2

N I N—T RS < 7 —T DT, 6 =0

2) SHEROREN

2. 7) (1) KO} (Q2) &% 5 1R LTz, 53 HT Ry O oAl 5 C N /2 (|2 =2) | L DRl A5 (T 7o iR = 0 F1 S
X, ALBIEE DT B =T PR RS 94 %lixb Ei<, NP OFHEIRFED 74 %LibIRWEI A 2R L.
=, IR (1212 3) ) LAl 2 T TR EE OB AL, HENETh ORI R DY 18 Y%lfich M iR T o7z, BE
RV, T ) RIS TR E OFIA DY 60 %~100 %, [ e | LRS- EOFI G 0 %~
25 % Tdh-oTz.

2.7) (3) ~ (9) TROT-MEH AT 6 ITRLIZ. DTS TFEHIMEIX Median HIEIE— L7228, —#F
DIIHT ST TEDBBOLINIZ. —T57 T, TNTOLOMEINEBNT, BIROEEHERE s 13 NIOR LEELTA
TAEARUIZD, MU B LDbDEE 2 bz,

ETo, A 8 SBR=E Ll LWRE D720 47 J7 1550 Median, NIOR, RSDwob & U CRSDy % 7%3 7 1R
7o WP D ST IR BRI RS QOIS FE DO FF AN Tdh o7z
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K5 G LDz 22T OEIE

\\ Z[=2 2<}|<3 =3
R REEg 00 mesm 00 ey 0
o %) " %) " (%)
(B AR
AN 119 112 94 2 2 5 4
S-P,05 88 75 85 8 9 5 6
W-P,0s 119 92 77 8 7 19 16
W-K,0 118 94 80 12 10 12 10
C-MnO 104 91 88 5 5 8 8
W-B,0; 97 78 80 11 1 8 8
As 36 30 83 2 6 4 11
HEAm
KAy 86 76 88 4 5 6 7
T-N 87 73 84 10 1 4 5
T-P,0s 88 70 80 8 9 10 1
T-K,0 84 69 82 8 10 7 8
0-C 39 29 74 3 8 7 18
T-CaO 65 53 82 7 11 5 8
T-Zn 52 47 90 2 4 3 6
=6 HTREROFE &
PN i Mean”  Median”  Uos” s NIOR? RSDw’
= (%.mgkg") (%2.mgkg") (%.mgke") (%.mgke") (%9.mgke) (%)
(bR AEEE)
AN 119 978 9.86 0.05 0.47 0.26 2.6
S-P>0s 8  9.05 8.85 0.09 0.75 0.44 4.9
W-P>0s 119 698 687  0.05 1.01 0.29 42
W-K20 118 8.14 8.15 0.03 0.50 0.19 23
C-MnO 104 0550 0556  0.006  0.052  0.032 5.7
W-B,0s 97 0491 0497  0.005  0.058  0.024 4.8
As 36 5.85 5.95 0.14 1.06 0.42 7.0
(HERE)
K5y 8 1237 1241 0.07 0.46 0.33 2.6
T-N 87 437 4.37 0.02 012 0.070 1.6
T-P»0s 88 564 564 0.02 0.82  0.089 1.6
T-K:0 84 547 5.51 0.04 0.34 0.18 3.3
0-C 39 3190 3217 039 3.04 1.22 3.8
T-CaO 65 5.76 5.81 0.05 0.63 0.21 3.7
T-Zn 52 739.6  753.6 9.5 1050 341 45
a) BRDOFEIE GREMTE) g) EH &= (As, T-ZnLiS})
b) RO YLl GRS h) As,T-Zn

¢) EEFEOFIYED NS
d) RIROE R

e) IEREIU o EG A
) P ANAMAXHEER 2 (NIQR /AT AT > %

% FRLIZH D)
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K7 W ITERO LR RBRE RO R
PUSN P st Median”  NIOR”  RSDwb”  2%CRSDR"
) o L o mgied) omena®) (%) (%)
ERZATEL)
A-N KR GUEHR ORI (4.1.1)) 26 9.95 0.13 1.3 8
ARRRE GREHR OFR L7 15 (4.1.3)) 80 9.78 0.24 2.4 8
S-P20s  NFREVTFURET T L EEE (HAHY) 16 8.84 0.28 3.1 8
RPN T FUERT =0 MR 1 (Bifara L) 70 8.86 0.46 5.2 8
W-P205s  NFREVTFURET L E=0 L EE (ifadhD) 26 6.79 0.14 2.0 8
NFREVTFURET = DGR E (/s L) 90 6.92 0.32 4.7 8
W-KoO 7L — L FROEE 91 8.16 0.19 2.3 8
7L — LB 22 8.15 0.11 1.4 8
C-MnO 7L —AJF T YEE 91 0.56 0.03 5.9 12
ICP F&t 55t o3 M ik 11 0.55 0.02 2.9 12
W-B:0s 7Y AF U HiE (FiEHD) 27 0.485 0.012 2.4 12
TV AF UHIE (fiiEARL) 56 0.503 0.021 4.1 12
ICP F&t 55t ik 13 0.502 0.044 8.7 12
As KRB R A TR T WS 17 6.17 0.36 5.9 32
DT DT A TN RERERL Y Y T 13 5.72 0.33 5.8 32
(HEAE)
Koy B AR L D W 73 12.39 0.27 22 -8
IR FHT L DRI R 13 12.66 0.34 2.7 -8
T-N T — 63 436 0.09 2.0 8
PRBETE 23 4.41 0.08 1.8 16
T-P20s  NFREVTTURET o E=0 DRI E 87 5.64 0.09 1.5 8
T-K.0 L — AR ROGTE 67 5.51 0.23 4.1 8
L — LN 14 5.49 0.10 1.8 8
0-C b= PN {3 [ RiS 14 31.65 1.90 6.0 5
PRBETE 24 32.16 0.76 2.4 16
T-CaO L — AR ROGTE 60 5.82 0.21 3.7 8
T-Zn T — LR T 48 751.8 34.7 4.6 16

a) RO LfE
b) IEREIY 53 H i P
¢) RS AMEXHREAER 2

d) NERHERBRIE MR HATRS D E M AU R R 2

DFFAHPH

3) SHBRDER
[F]— DR BV THE SN RO O RO D, Fl—aEHZ W CRIBRO I T 1A TR
LAY UERER D W-P,0s & W-K,0 %5) 0 z 2o 7 OEMR A 112, Rtk 515 CRl—OHIE ik
DGy UERAEEFR D S-P,0s & W-P20s) D z A= 7 D RARAE X 2 IZRLTE.
EHIZ, z AT PRICAE LD AR EEEINZ 7. ZOBEMFATH RIS 2y "D S3Ai 3 i D541
Fh 7 SO TE T EIZB W TR RO ER RS LHEE 2 65, FTRUE, WTIOSIZEN
THRMARETEROOILT, BBV THRBEIITRO DAL TODRBRERH o7, ek, MimIZshn

o7 —2ERTT DL, REBOT my O ERTR TEelRnlen, £

e) EH4yE (As, T-ZnLIs})

f) As,T-Zn
g) CRSDr% i A Af

ZNEBA DT — BT RMAIZRMEVITRRD DR -7

s

7TNHILL

PHZ z 227 20 AN ELTZAS,



20234 JEBt HemEE 2 O T2 TN TC 133

20-15-10 -5 0 5 10 15 20
W-P,0;

1-1 ALEIEEHH DOW-P,0,—
W-K,0DzA=Z7T D ESEEA
& [F—RBR=EICB T szAa707 ey b
--------- BRI (zA 2 7 237 UNE % 7~ EHR)

T-Zn
(]

-20 -15-10 -5 0 5 10 15 20

T-CaO
1-3 HEAEF1DT-CaO—
T-ZnDzA2 7 O %
o F—RREIZBTZzAaT70T vy b
--------- B (22 =27 D[R UA % 7~ 9 )

20
15
10
5
@)
o0
= s
-10
-15
-20
20 -15-10 -5 0 5 10 15 20
M1-2 HEALFDOT-P,05—
T-K,0DzA= T DREH
o [F—RBEICKTDHzA=aT7DOTmy b
--------- I (22 = 7 D3 [F U A <3 AR
20
15 +
10 iR ’ //»u
.
5 o
“ ®-
o 0 f f f f f f
&
=z -5 " T e
-10 + M
-15 £
20

-20 -15-10 -5 0 5 10 15 20

S-P,0q
X2 ALAALEF DS-P,05—
W-P,0,DzA=7 DEAR
& [F—RBR=EICBTHzAa707 ey b
--------- BIY (22 = 7 I3[ UA 273 IR
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4) SHTES B D SR O T

(1) ALt o7 E=T e #E

119 REBRENSSML, 26 RERE DRI H K — K&
5, 80 PBRENEEZAE, 5 BBRENRLVAT LTER
5, 8 MBRENZOMO 7L O AR L, 7y —v
5, AV RT7 2 )= WER A — T F T4 —) Z e,
WA SN D Median 1% 9.86 %, NIOR 1% 0.26 %,
FEIEIL 9.78 % Tho7=. 112 BB 1 THY, 53
BRaE S TR I 2 B Ch o7, TR R | 0F TS5, 1
PR AR IR IR — 78815, 2 RS SN EEERRIET
HoT.

R 28 AR J ONERY 30 4R BE D FAH 43 D ifi Rl
b, AHME G ERMERIEEHZ BT, ALK
DO HHED RN LT VT ERIEIZL A T EICH LT, AE
7275 o TR R D FRIN G ST, HEARIEO#H
TECIL, T E=T HEFEE 0T TRV RERD
TETDATREME DS RIRSNIZZ 80, RRIEIX ST 2
I RS, B AR 7 I AT EE S TR L% I K%
INZCHRE D I7E0I1E), R TRl L= %
BT LIEMBMENT-. AR, TUoe=THEEHED)y
HHZS U TR O S TR 2 | 7eil A bR\ CHE R fh

50
40

+ 30

i

E=4
3 20

10

8.90 §iE

<

X3-1 (LB D7 ' =T Mk
S N Vi L
E==a%Ep LW
i e
=355 i R — 2R R
—— AR

HIR — Z&REZ W= 1T 25 RBRETHY, FIIMEIL 9.94 %, EHZEREEL AW BR=1T 78 75k
FETHY, FEMEIL 9.82 %, FIVLT VT EREEZHWZRBRET 6 BRECTHY, FHHEIT 9.94 % ThH -7
SRR — 78R R ONEEARRIED 2 FIERNC O W TONHED SEED I LA E (-E) 21T -7
LA, BEKYE 5 % THEBICEDBZBOOIL, EAERBIED ST HRENA BITE -7z, £z, 4 3-1 DAL
7T WP HBEBEFRBIEDO SHTEIT AT YR NRENT LN -7, EEARREITREHRREN 05 g VBT
HY, P TV EDEEE AR T VO THEENLE THS.

AREIZB OO AW Z & e BTl TED T NV HVEIN R D725, #8787 VAV F %

M 2IO- BT DUENRDD.

Fi, RREIZB T LA BAEONENLIT =T ORI, T AVAIZ RN, KB 7T A

A% SRR ITIAE LIZIZOD K.
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(2) ALEAEEF D RIESPED AP (S-P2Os)

88 BRI NSNL, 86 RERE D NFTREYT T UMET > 40
FB=y LRI, 1 REBREDY ICP 0 54T (ICP-
OES) %, 1 BRENZOMD HiE (V= R — T E=y
LIE) Wz, SN2 ED Median 13 8.85 %,
NIOR 1% 0.44 %, FHMHEIL 9.05 % ThH-o7-. 75 RBRA=IL  ©
Nifi & 1 ChY, 5 WBRENT AR ) IR Thotz. TR =
B IOFHMDY S, T _XTORRENANFTNEVT T BT
RS LR EE Th o7, 10 ]

Fio, NFRERVT T UBT =T B EEE TR
BRUTCEABR=EDOD 16 BRI ADIEELERL, 70 0 L |_ %
SHER R LR DVEEAE EM L2 27223, 2123 OHFE § ‘§ § § § § § § §
EERIME LA DA I Z SOV TOHHED ESE D7 L VIEG e
DIRTE (HRRTE) AT o72L A, AEKUES % TH BRI (%)

DL ST (X132 ALERAERFF O RIEEE O AR

MY AR TITE R I, BOBHEAE T % OV e DHE  GEbLL  WRHRE
DA—=T N K L AVBBERIR 2 mL E72 5058, FE 21T 30~120 rOFICHIEEK TIHLHZ LI
FEENNETHD.

ICP-OES % AW THIET55A10IE, MERIEICHOWTIE, BEMOBEMRIEICEEL, RERK (2) 2
0.99 % T EIDHELCHLMIEAER ORFRA LML= 5 2 ONDH AT, HERREZITOLENDS. skt
R OB E T TEDIROBRELRO ORI T ST E3I NI, NAERERIEZ1 THH AT, PEETEICH
WDITFHE DT EE DN E B RIE ST WRE THEDEMER T DEEHIC, JIERS DB £ ENIZHE
DI FRNZADNT, AF MRERFBRORTREZ B DH, JE RS DRI U THNIEED I RA IV 04 %
STENHETHD.

~10.10
>10.10
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(3) ALREAEEL R OIKESED A (W-P20s)

19 REBRENSNL, 116 RBRBIINFRE)T T U
T =Y DR, 3 3BREE DY ICP-OES 152 Huv
2. WS- HED Median 1% 6.87 %, NIOR I
0.29 %, “FHIEIX 6.98 % ThH -7z, 92 RER=ZE N i )& | T
HY, 19 RREN IR E | 725 R CThoTz. TR | D
PO H, 18 BB ANFREVT T U T U E=T A
W SEIEREE, 1 #BREE )Y ICP-OES 1k Th-o7-.

F2, NFREVT T UBT =T AL EET
AEELI-RBREDSD 26 RBREIBOOIEEZI L
(BAF TR 5 &3%.), 90 SRBREIIMADIEE
ZFMEL 72 o7 (LR TR EM 15155, ). [
=3 D5y HTE % BRI % 0 S B VL 6 52 i 7 15 8
6.80 %, LA TN T IEA 6.95 % THY, 2 LRI
WTHOHHED DL DRE (008 ZFT o728
A, BEAKE 5 % THREIZENRDLN, Bt
B HT DA B R o Tz

WO BE VR 2 AV T RIS PED A & R IR L E 975
i, RUBHEIR e OB PR —T v~ <2
ABRYEVRIR 2 mL 22 C, FIVETED AR CEH35%
ORI THAAE 30~120 FORICHEEK TIELZL
ICHEERLETHD.

(4) AbRAEEF O KM R (W-K,0)

118 ER=ENZINL, 91 BRENT L — L7k
1%, 22 WBREN 7L —2O0EE, 5 BREEDY ICP-OES 1
Tz S S HTED Median 1% 8.15 %, NIQR
1% 0.19 %, P 8.14 % ThH-o7-. 94 FREREEN i )2 |
THY, 12 B TR R R R Th o7z, TR 2
DIl G, 9 RERENTL— LR WO, 2 B
X7 — AL, 1 3BREE DY ICP-OES £ Th o7z,

=3 DOONEAZRINMEIS, 70— DR TG RO
TL—2WEED 2 FFHERICOWTOHHE DA E D%
ICEDRE (R TE) AT T2 2A, AEAKUES % THE R
ZITFO LT,

JR AW EE R CRIE T 5881%, MR Lo
Z— BT 27201, PUBHETR K OFEER I+ 5+
WIHIRAER ORI Ex R &L T 50N, £z, ]
T BE FH AT ISR W TE T s T 5T
B, A=A —OFHIER JIS FE2SEBIRTRREITHIZ

S oo o 9o 9o o oo

T e o N o =

[ B TN TN RN RN R S N S

[ O S S O A S S A
(%)

[X[3-3 ALRRAEEN OKEEM D AR
e i A
kb L
i e
) RE Y TF T =T A
WESEEETE (B D)

—— S REVTTFURT BT b
WOEEEE (e L)

X13-4 AL EARAE T D K AN B
e il T
b LW
i
=7 L — LR
- L — LY
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EINEEFL.

(5) ABECAEEF DM~ 7 (C-MnO)

50
104 FHERENRZIML, 91 REBEEDR 7L — AR 7KK
15, 11 RBR=E DS ICP-OES 14, 2 B ENZ DM Hik
. 40
B EHIFERHV T LE) AN, WiESN= oo
Median 1% 0.556 %, NIOR 1% 0.032 %, “E¥EIX 0.550 %
Thote. 91 RBEIT R THY, 8 RIRESIFilE 5
7R FERTHo7=. TR OGO, 3 _XTOH %
BREAS T L— M T UL G o T 20
lz|=3 O HTEZFRINZIZ, 7V — AT REE LT
ICP-OES ™ 2 FIERIZ DWW T HHED SEEE DO FEIT 10
KOWE (t-FRE) AT o72L2A, HEKME 5 % CTHER ' 4 )\
SR BRI LA A -~
¥ ¥ 0 v n O 9 O 9 O
S O O O O O O o o o o
Y S S S S S S SR S SVAN
(%)
[43-5 ALRAREF T < VEE~ v A
.1 BN e
akEb LW
e
-7 L — LR
«=@= [CP-OES}:
(6) AbAAEEF OKEEMEIFD FE (W-B203) 40

97 RERENBINL, 27 RERENT Y AF U H ik HIE
HY), 56 MERENT Y AF L H i (IEARL), 13 3BR=E
23 ICP-OES 1%, 1 FBRENZ DM D J71k (ICP B &5 Hr 30
5) 2Tz, S22 HTiED Median 13 0.497 %, |
NIQR (30.024 %, “FHIEIE 0.491 % Th-o7z. 18 ABRE gy 20
NI I THY, 8 RRENT IR AR Thorz. o
(R 2 ] DFHIODY S, 1 BRERENT Y AF v H ik (Bi1E
BHY), 2 MERENT Y AF L HIEGHIERL), 4 #BREN 10
ICP-OES 14, 1 BBR=ENZOMD FETH-T=. |21=3 D

~0.510 V e

. \

OB AR OTIEL, WIELTZT Y AT H 2 . e Belpre;
0.483 % T, IELCWRNTY AT H 2% 0.502 % CTh S S gggsecsgee
0, % %2 FEBIC OV TOBHED PO I K51 SsssccsSScc
TE (HRE) ZAT -T2 L2 A, TV AF U HIEIZIBIT HHIED %)
AEEIZLOME BN THEKLE 5 % THEIZEDNRD [3-6 AL HIEE KB E S %
BAL, MIELTZT Y AT HIED ST RS AR e i
71—,, b Ln
= ) ] N i

TV AT HIEIETRE 30 4R EEIC S R &, BRI D —— 7 2 F U HE (HEDY)
AT LW FE O IE T IED Bz I ek e BRVE 12 =7 YAFHE WERL)

ey [ CP-OES i

BIEN TS, 2T ICP-OES I LA FETEAREF <
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TRIEFHFOWNE STIEEBRFILIZBIC, ICP-OES {EL 7Y AF 2 H L LD J7 I Ll 12 125 B O RegB G A3

ek A3 BR 1 TR R AT o S To 2 b ic kD, ZOIRINEL T, A a RN L7 IRl B

T, REHRIEN B O LT Z KO EETHDE TV AF > H IEICED NN EROIZH FEEF RELL

WK E 2> THEMICE B L I-b DEE RSN, £, ZOMMOBRIITAEY A G 2 VERHI B W THLE

BOREDPHERSNIZZEND, B BT O B S CRUEHAIK D & s T slB R D1ES FE D43

WL B2 2V ENTDHAL COBHAERWT, SRR D& LW E OMIEEITHZ LA fE
uit%ﬁ{z BWTHERL TV,

IKEEMEIZH F O EAEIZB T AE N TIL, BERNECRWI —EREZ LICH TARE THIIRY,
Fﬁxébﬂ\m\ LEMERT D, TV AT HIETHIE T DBTIE, RIS 27 Y AT HIERIZZEA B RN
EELTEY, WINEDIELOENRGHTEDIXLSXIZENRDLFT 20, JIERIRICE W C—EDRIN&EE
ROINCHE BT HMEDRDD.

(7) ALRZIEEHF DT (As)

36 ER=ENSINL, 17 B0 KF LI AL 15
%, 13 BREN Y = F LT A L SIR R Tk, ]
2 FERE DY ICP-MS 1%, 4 RERENZ DM F71E ORFL |
42 ICP-OES 1£) # Hv -, G S 723 HriED Median 13
5.95 mg/kg, NIOR 1% 0.42 mg/kg, ‘F-¥IMEIL 5.85 mg/kg TH
72, 30 REBREN L I THY, 4 RN ) 2R B
Thole. [T |OFHIDD, 3 HBREIVKELIRE ¥
RS, 1| RN =T LT 4 BV SIRERERIE 5
HEEETh ST, 2|23 OO EZFRIME OSEMEIE, KFE
b3 AR ARG EEDS 6.11 mg/kg, Y =F NI F A AN
SREERERWL G VAL 5.67 mg/kg THY, 2D 2 FiEMIZ
WCHHHED SEED 2L DR E (-FRE) ZiT-7282

10

oo oo oo 9o o o o9
ESIBIE3I=I TS
%, HEKEE S % THEILENRDDN, VT LIF 4D N I A I
TV SIRERERWE Y EEIE D 43 B s A B TR ) o T2 (mg/kg)
KB AR WOCETRIE T DB81X, 707 nam [3-7 ALAIEE OO

HENAVNEZBHINZ, BVERETD. o, ThIERRIE) s
e R DI I IR Z ST 2 LB B 5.

aBEb LV

K EAWFE A TR T O

- T )L DT F NS RERERE Y TR
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(8) HEALF DAY

86 RSN, 73 AR DS W Z LD MR &=
5, 13 RBRE D K FHC LD IR A VW, S
N5 D Median % 12.41 %, NIOR 1% 0.33 %, )
fElIX 12.37 % Th-o7=. 76 HEREN i | THY, 6 Bk
ENAREE 2R ThoT. (RS OFEDI S, 5
FRER DS R LD R, 1 BRBRE IR RHC
R DRI EE T ol
lz|=3 O HHEABRIMEIC, HolRas S LD EE L O
K FHC X DR EIED 2 FIERIC OV TOHTED -
PHEDZEZLD0E (RUE) A T2 25, HEKAES %
THERZITRO ORI

NERMEE BRI TIE, BT =7, ey —% KO
U WHEHR A G T RO R A IV T RO R AR IC 1D
ARAAEIZ BT, $28RE 130 °C CTHEEICETHE
THIET DEVIFRUENRESN TS, K HIE DRI
Y7 7B R O G R IR T HLICER T 2L ERD
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Proficiency Test in Fiscal Year 2023

OSHIMA Mayu!, SHIRASAWA Yuko?, TAMURA Chiaki®>, AMANO Tadao?,
MASUI Ryota’, TANAKA Yudai®, AKIMOTO Satono' and SHIRAI Yuji’

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

3 FAMIC, Sendai Regional Center

4 FAMIC, Nagoya Regional Center

> FAMIC, Kobe Regional Center

¢ FAMIC, Fukuoka Regional Center

7 Japan Fertilizer and Feed Inspection Association

A proficiency testing of analytical laboratories was conducted in fiscal year 2023, using compound fertilizer and
compost based on ISO/IEC 17043, “Conformity assessment— General requirements for proficiency testing”.

Ammonium nitrogen (A-N), citric acid-soluble phosphorus (S-P>Os), water-soluble phosphorus (W-P,Os), water-
soluble potassium (W-K,0), citric acid-soluble manganese (C-MnO), water-soluble boron (W-B,03) and arsenic
(As) were analyzed using a compound fertilizer sample. Moisture (Mois), total nitrogen (T-N), total phosphoric acid
(T-P,0:s), total potassium (T-K-0O), organic carbon (O-C), total lime (T-CaO) and total zinc (T-Zn) were analyzed
using compost sample.

Two homogenized samples were sent to the participants. From the 128 participants which received a compound
fertilizer sample, 36-119 results were returned for each analytical component. From the 92 participants which
received a compost sample, 39-88 results were returned for each analytical component.

Statistical analysis of results was conducted according to the harmonized protocol for proficiency testing, revised
cooperatively by the international standardizing organizations I[UPAC, ISO, and AOAC International (2006). The
ratios of the number of z scores between -2 and +2 to that of all scores were 74 %-94 % and the results from the

satisfactory participants were almost normally distributed.

Key words  proficiency test, compound fertilizer, compost, ISO/IEC 17043, z score

(Research Report of Fertilizer, 17, 125-147, 2024)
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NFREVT T UBT E=T I

SVEMEY AR (C-P20s) 423.a <A AUEE (20 mg/mL) i S T 1

7L — LR Ot R

<IEMEINE (C-K20) 432.a <z A (20 mg/mL) filiH T A
<¥EPEE 1 (C-Mg0) 4.6.3.a <Z AW (20 mg/mL) i Hi T — AR A OE
EME~>H (C-MnO)  4.7.2.a <Z AR (20 mg/mL) i1 T — NI
N . TV AF UHREM,
VR %IE - e
<EEPEIEHFE (C-B03) 48.1.a <z A (20 mg/mL) filiH T (REHEL)
T AF HRE AL, S

IKIEMEIED 3 (W-B20s) 4.8.2.a JKF T (R TEEL)

JREEME%E S (UN) 6.3.b KA H e~ Z 71k

a) IERMEEREREDIR H &=
#22B FAMIC-B-14DFREERL 5y K OV AT i

B L I DINRCR S
G e BN G 1k HEE
TrE=THEHRAN) 412a  KH¥Y RO TR
-y " Kb N—=T N KA NTREVT T UBT =T LFA ]
AlPE MY AUBE (S-P20s) 42.2.a Bt v ] SR
KAEHEDAB(W-P:0s) 4240 i g T EmARRU
FKIEMENN L (W-K20) 433.a Kl T— LA RETE LT L — DR EVE
U (As) 5.2.a Wil — fHEE — RSB o fiF KB ss AR T okl:
AR A (Cd) 5.3.a BRIy 7L — LR ROkTE
=47 (Ni) 5.4.a TR T — MR
VR #2A 25 1R
#2C FAMIC-C-18-20DF8aFES 4y Mo OV Bk

0=y HH ) _ _ IIMTE O

o el BRI R T 5 HIEE
EH2E(T-N) 4.1.1.a TN — ) fit—KE R E VR
0 A 42 Hk (T-P20s) 421a K —AFEEESE ;;;TE;{E; TTRT =D LR O R
JNE 4 & (T-K20) 43.1.a K 5 fi T — AR RTE T L — DA
R4 & (T-Ca0) 45.1.a FoK 53 fi T — AR
AR5 (0-C) 4.11.1.a  —Zu iRt e L e e 1A
i 4> #: (T-Cu) 4.10.1.a  FK5fR T —AJRAFOGTE
Hfign 4 & (T-Zn) 49.1.a TR iR 7L — AR A
U (As) 52.a Wil — AHEE — RSB RE 0 fiF AKSEAL s AL 1o l:
HRI A (CA) 5.3.a K 5y fi T — LR OIE
/K48 (Hg) 5.1.a R — it b SR s /) fiFt LN |15 S DU
=41 (Ni) 54.a FoKfiR 7L — AR A
4=ON(®Y 5.5.a TR fiR 7L —AJF AR
£ (Pb) 5.6.a K 5y fi T —LJRFOTE

BRI FR2A 25 R
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#2D FAMIC-C-21 DFEFRL S e OV T is:

IS L — ILIRNRl & —
x5 RN R 1k HEE

EZH2E(T-N)BREEE  4.1.1b — PRBETE
ERERINTIIT 4l sayensm-kE RS
0 A4 (T-P2Os) 42.1a AT —ILRRRR R ;ti]r;/&; TTRT E=U LR R
N4 E (T-K20) 43.1.a TR iR T — AR A
IR 4 i (T-CaO) 451a  TADR 7L — KRBT
HH R (0-C) 411.1.a —ru gt FRLE o ek
i 4> (T-Cu) 4.10.1.a  FKLfE 7L — AR AR
High 4 & (T-Zn) 49.1.a TR iR 7L — LA WOTE
V5% (As) 5.2.a Tl — A ls — IR R R KT LR AR TR ETE
HRIT A (Cd) 5.3.a e 7L — LI ROk T
7K $R (Hg) 5.1.a Tl — i R R o fif EILRAL W eE
=)L (Ni) 5.4.a TR fiR 7L — AR
Va=9N(e 5.5.a TR 5y fii T — AR ETE
£ (Pb) 5.6.a TR fiR 7L — AR A
VI 22A 25 IR

#3 T=HY T E R

TEAEY)E 4 1|51 H 281 H 3EH 4lal g 5lEH 6lE H 718 H 8l H 9lE H 101 H

20175 20184 20194 20204 20214 20224F
FAMIC-A-17

7~9H  4~58  10~11H 4~5H 10~118 6~78 10~11H 5~6A 10~12A 5~9A
& H 07 H 97 H 154 H 217 H 277 H 357 H 39 H 4671 517 H 587 H

20144F 20154 20164 20174F 20184F 20194F
FAMIC-B-14

12~1H 4~5A 10~11H 4~5A 10~11H 4~5H 10~11A 4~5H 10~11H 4~5H4
e A 07 A 4 A 104 A 167H 2271 284 H 34 A 407 A 46/ A 524 H

20185  20194F 20204F 20214F 20224F 20234
FAMIC-C-18-2

11~12H 4~5A 10~11H 6~7H 10~11A 5~6HA 10~12 5~9° 10~12°H 5~9A
e A 07 H 57 H 117 H 197 H 237 H 30 H 357 H 4271 477 H 54/ H

20214F  20224F 20234F - - - - -
FAMIC-C-21

10~11H 5~9H 10~12H 5~9H 10~12H - - - - -
& H 07 A 77 A 127 H 1974 24 H - - - - -

FAMIC-C-18-21ZBEIZARFERE T D7, 108] B Z & maimflEs Lz,
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KIHEE)

FEAEYE £ 1= H 12[=] H 1351 H 14[=] H 1551 H 16[=] H 1751 H 18[=] H 19l=] H

FAMIC-A-17 20237 ) i ] ) i
10~12H  5~94 10~12H - - - i ;
Rt H 63 H 70/ H 7547 H - - - - .
FAMIC-B-14 20204 20214F 20224F 20234F
10~11H  6~7H 10~114 5~6A 10~12H 5~9H 10~12H 5~9H 10~I12H
ESIEY| 58 H 66/ H 70 H 777 A 827 H 89 H 947H  1017H 1067 H
FAMIC-C-18-2 - - - - - i - ;
Rt H - - - - - - - -
FAMIC-C-21 - - - - - - . }
Rt H - - - - - - - -

(2) EF=XV T DEN

F=H) T OFERT LKA E O FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2 & Y FAMIC-C-21 % 1 ik
T, BREERR S Z 81T 2 ST T E T o7,

FAMIC-A-17 }O* FAMIC-B-14 O EOHTEUE, A FRS) (As, Cd, Ni), <&M~ 77 (C-MnO), <
FEMEIZDFE (C-B203) K UVKIETEIZHFR (W-BL03) 1A 2T 3 M1, ZNLISNORRIER 71X, /NS 2 (LT
DFEFLELIZ. FAMIC-C-18-2 ¢ Uf FAMIC-C-21 Oy iEDH TS, $i4 & (T-Cu) M OV g4 & (T-Zn) |33
B, FNDNOFERGER T IE T 3 MiEToEFLELD. Fo, SREHE LRI KD ELRVRE (&
BE) LT

3. HBR

1) REMOE=S)VYT

(1) E=FVTHER

FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2 }2 1" FAMIC-C-21 D£-F8AER T D THE AT 4A~F 4D
\Z7R L7z, ISO/IEC 17025 (JIS Q 17025) Ti, 17.7 #&RDOZ 4 MO 12T AEY) B 3 i B 2R
WE ORI REITEY, FAMIC TIENAMRAE T E LT IEEE 4T3 2 B3, IRERAEEEY E &
TOIT O EATV, FRAERR E RO DAL H H U7 TH— R BR EN THSESN A ONHED XS S THEE
SIDHHPH ) T TS EERE ST PRI S OV R 2 B Ot o i B B BRA T TV,

FAMIC-A-17 DE =XV 7 BRGNS 75 7 A%, FAMIC-B-14 D=4V 7 Bl4A5 106 - A %, FAMIC-
C-18-2 DE=HV T BAEIN 54 » A%, FAMIC-C-21 OF=HV 7 BIEIN 24 7 A 15 ETICE ML 72455
A B OBFERER ST D 2 WOHAT M OOHHEOEEfEA X 1A~ 1D 1R, BIZER R K OALE
PR 2.

FAMIC-C-18-2 [T\ T, 54 » H H OAEELRTE DT ROVEF R 2B 2 Tz, FAMIC Tidostr
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F%(DF%E MEZ R 35700 TN E BLTIEE | A8 O T30, JIEMAS 2 [mhEtle L CE R R A 2 7=
I, EOLHTHRE R NE A &#IJLELTEE?%EM?oﬂ\Z) ZDT, SEIOSHTFERITAZ THD
H:IJL)?U‘_ ST, 8. 2) EREEREHREDE O R Z BRI THRIRL TV D EEY, Bl EMROEEOLE)
(ZEEDERHImU 7S R (3% 5-1), HEIIAEL mh&b%nfm)ot
725, BRI L OMLE R FUC DWW TIE, A IERHR I Y E OFBGEED [N NSO FE 12551230
AIEE R E DOBEO I [RIFRER (2SI U723 R =K (n) W ONCERREAE (1), SENFEHE(R 22 (sy) M OV [ P BAZ %E
W72 (sp) ZHNT ()2, (b) XKL (c) KizkvRi-.

2

Al LR e VL R 7 00 B8 S PR U T AR E (25 (o) = J(st —swd) + S% e (a)
MBI THEHRRR = p+20 -+« (b)
EIIMEIZKRTTDAERFT = p+30 -+ (0)

n: SEFRBIC LT LB IREBRER e JERIRB TR SR T

swi SEFERRER TSN BN R = [ PRI

FAA FAMIC-A-1TOLEME=2D 2 7k R BT By %)
%i\% TrE=THE STEMEYD Al YEMENN L

I ey Ay T oy  THIE (C-Ko0) T

0 13.92 14.03 1398 11.62 11.64 11.63 13.20 1332 13.26 13.76 1391 13.84
9 13.99 14.03 14.01 11.70 11.74 11.72 1339 13.44 1342 1338 1432 13.85
15 14.01 14.02 14.01 11.94 12.11 12.03 13.24 1336 13.30 13.95 13.99 13.97
21 13.98 14.00 1399 11.59 11.61 11.60 13.19 13.22 13.20 13.63 13.70 13.67
27 13.99 14.00 14.00 11.72 11.82 11.77 1332 13.47 13.40 13.55 13.57 13.56
35 13.94 14.00 1397 11.99 12.03 12.01 13.17 13.30 13.23 13.70 13.75 13.73
39 13.98 13.99 1398 12.03 11.75 11.89 1336 13.28 13.32 14.17 14.34 14.26
46 13.96 13.97 1397 11.70 12.02 11.86 13.19 13.21 13.20 13.81 13.66 13.74
51 13.98 13.99 1398 11.72 11.72 11.72 13.20 13.19 13.20 13.95 13.94 13.95
58 13.71 13.90 13.81 11.78 12.06 11.92 13.14 13.29 13.22 13.58 13.72 13.65
63 14.21 1426 1423 11.89 12.00 11.95 13.28 1339 1334 14.13 13.81 13.97
70 13.87 1430 14.08 11.90 11.72 11.81 13.30 13.23 13.26 14.26 13.97 14.12
75 13.95 14.06 14.00 12.04 12.03 12.04 13.16 13.18 13.17 13.94 13.94 13.94
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F4A () (ELL5Y5E %)

SR ML N NPETN PN S I SN LTS e e

3.44 347 3.46 0.298 0.318 0.308 0.568 0.583 0.575 0.444 0.462 0.453 2.14 224 219
9 342 3.44 343 0.289 0.303 0.296 0.561 0.567 0.564 0.452 0.464 0.458 228 231 230
15 3.52 354 353 0.309 0.318 0.313 0.561 0.578 0.569 0.445 0.453 0.449 229 233 23l
21 3.41 349 345 0.294 0.311 0.302 0.527 0.572 0.549 0.460 0.470 0.465 2,12 235 223
27 3,52 354 353 0.311 0.319 0.315 0.555 0.563 0.559 0.446 0.452 0.449 235 236 235
35 3.47 350 3.48 0.304 0.309 0.306 0.569 0.549 0.559 0.427 0.444 0.436 248 248 248
39 3.50 3.61 3.56 0.319 0.319 0.319 0.575 0.575 0.575 0.447 0.443 0.445 233 236 2.35
46 3.54 347 351 0.317 0.320 0.319 0.554 0.556 0.555 0.460 0.450 0.455 222 221 221
51 3.49 348 3.49 0.314 0.322 0.318 0.545 0.550 0.548 0.460 0.450 0.455 224 226 225
58 3.48 3.54 351 0.315 0.316 0.315 0.555 0.593 0.574 0.438 0.466 0.452 2.50 249 250
63 3.50 349 3.50 0.324 0.327 0.325 0.594 0.595 0.594 0.480 0.449 0.464 228 226 227
70 3.55 348 3.52 0.312 0.309 0.310 0.546 0.549 0.547 0.450 0.452 0.451 220 216 2.18

75 3.58 3.55 3.57 0313 0.316 0.315 0.570 0.580 0.575 0.457 0.452 0.454 2.19 221 2.20

4B FAMIC-B- 14O % EMEE=2) THE R CET B3 52 %)
N —— EINAY o VR 7 R
0 7.94 8.09 802 913 9.14 9.13 6.66 674 6.70  8.18 823 820
4 798 7.98 798 918 923 920 677 6.79 678 815 8.16 8.16
10 796 801 7.98 912 9.13 912 665 6.67 666 828 829 829
16 801 805 803 919 926 9.23 6.65 6.66 6.66 823 827 825
22 802 806 804 925 933 929 672 677 6.75 8.17 847 832

28 7.98 8.00 7.99 9.10 9.13 9.12 6.69 6.71 6.70 817 828 823
34 7.93 803 7.98 9.10 9.11 9.11 6.69 6.73 6.71 827 854 841
40 7.89 8.02 7.96 9.21 9.23 9.22 6.66 6.67 6.67 807 830 8.18
46 793 795 17.94 9.27 9.28 9.27 6.74 6.76  6.75 817 818 8.17
52 7.93 801 7.97 9.17 9.26 9.22 6.77 6.78  6.77 835 844 8.39
58 7.96 801 7.99 9.25 9.26 9.25 6.82 682 6.82 8.07 819 8.13

66 8.08 8.03 8.06 9.19 9.17 9.18 6.71 6.76 6.74 815 820 818
70 813 8.12 8&.13 9.15 9.15 9.15 6.66 6.66 6.66 821 819 820
77 796 795 7.96 9.19 9.18 9.19 6.72 6.78 6.75 825 823 824
82 8.09 8.06 8.08 9.11 9.10 9.10 6.78 6.80 6.79 813 819 8.16

89 795 792 17.94 9.07 9.14 9.11 6.62 6.61 6.61 826 817 8.22
94 7.94 8.06 8.00 9.28 9.28 9.28 6.69 6.72 6.71 828 840 8.34
101 801 8.02 8&.01 9.17 9.18 9.18 6.72 6.78 6.75 834 821 828
106 8.09 7.93 8.01 9.05 9.11 9.08 6.75 6.76  6.76 8.23 828 8.26
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F4B (Hix) (mg/kg)

= N —

BAK o P ol T oo T

0 3.01 323 3.12 392 411 4.01 36.7 383 37.49

4 296 3.07 3.02 426 427 4.26 377 377 37.70

10 293 296 294 415 419 4.17 369 37.8 37.37

16 2.88 297 293 417 419 4.18 369 37.1 37.00

22 291 298 294 395 399 3.97 38.1 39.0 38.55

28 3.01 3.08 3.05 370 3.78 3.74 36.3 36.6 36.44

34 3.06 3.10 3.08 443 444 443 383  39.1 38.74

40 294 299 296 429 438 434 372 372 37.20

46 294 298 296 4.04 414 4.09 37.4 381 37.75

52 2.85 290 2.88 434 437 435 37.2 387 37091

58 2.82 296 2.89 435 448 442 36.0 36.5 36.26

66 296 293 294 422 430 426 39.0  39.0 39.01

70 3.19 334 3.27 444 440 4.42 36.6  36.7 36.66

77 2.88 2.88 2.88 423 422 423 38.4 383 3835

82 295 3.03 299 438 440 4.39 37.6  37.6 37.62

89 277 295 2.86 4.47 437 442 37.6  37.6 37.59

94 297 3.00 2.99 449 441 445 36.1 358 3593

101 287 296 292 447 445 4.46 36.6  36.1 36.36

106 2775 277 2.76 443 443 443 375 374 37.44
R4C FAMIC-C-18-20 L ENEE =5 ViR BRI %)

Pacs =N VWA =N INEL g = - hglg

pmps SRR g OLNE g TEER g TRER g BERR g
0 470 471 4.70 4.61 4.67 4.64 0.107 0.118 0.113 1.62  1.68 1.65 36.6 36.7 36.7
5 478 479 4.79 4.60 4.60 4.60 0.117 0.120 0.119 1.6l 1.65 1.63 37.6  37.8 37.7
11 481 485 4.83 460 4.65 4.62 0.117 0.118 0.118 1.68 1.68 1.68 37.8 38.0 379
19 482 4.84 4.3 443 472 457 0.116 0.116 0.116 1.62 1.65 1.63 38.0 37.8 379
23 4.84 480 4.82 449 440 444 0.111 0.111 0.111 1.64 1.69 1.67 37.8 37.8 37.8
30 440 4.80 4.60 4.54 4.61 4.58 0.117 0.114 0.116 1.71  1.73 1.72 37.8 37.7 37.8
35 4.82 481 4.2 4.67 4.68 4.67 0.118 0.112 0.115 1.74  1.73 1.74 37.9 37.6 378
42 475 478 4.77 4.66 4.69 4.68 0.128 0.123 0.125 1.64 1.63 1.63 36.3 37.0 36.7
47 4.85 489 487 471 479 4.75 0.126 0.127 0.127 1.64 1.63 1.64 373  37.8 375
54 4.67 4.61 4.64 4.64 4.64 4.64 0.110 0.110 0.110 1.69 1.67 1.68 38.2 38.5 383
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RAC () (mg/kg)
S B =N o3
mmng MR e BREE g D% wew P00 wom
0 919 922 920 1547 1553 1550 12.0 13.7 12.8 1.80 1.93 1.87
5 911 913 912 1533 1537 1535 14.0 143 14.2 1.86  1.93 1.89
11 951 954 952 1547 1547 1547 133 13.9 13.6 1.81 1.83 1.82
19 874 882 878 1512 1516 1514 13.6 139 13.7 1.85 1.85 1.85
23 926 920 923 1561 1557 1559 147  13.7 14.2 1.88 1.82 1.85
30 869 904 887 1536 1534 1535 14.4 148 14.6 1.83 1.82 1.83
35 920 925 923 1579 1556 1568 14.0 14.0 14.0 1.82  1.81 1.82
42 905 902 903 1515 1514 1514 124 123 123 1.81 1.87 1.84
47 946 965 956 1582 1591 1587 14.0 143 14.1 1.87 1.89 1.88
54 956 953 954 1536 1538 1537 144 147 14.6 1.88 1.87 1.88
F4C (Frx) (mg/kg)
— - JAN
mEAK g T oy P g
0 242 262 252 424 46.5 445 23.0 248 239
5 248 256 252 493 51.3 50.3 248 253 25.1
11 249 254 25.1 44.0 442 44.1 243 248 245
19 252 254 253 43.9 444 442 233 232 233
23 247 252 249 43.7 46.0 448 264  27.1 268
30 28.8 23.7 263 453 40.8 43.1 247 233 24.0
35 244 241 242 449 43.1 44.0 25.7 251 254
42 249 263 25.6 40.0 43.1 41.5 26.6  26.6 26.6
47 22.1 23.0 225 433 43.6 435 263 256 259
54 24.1 242 242 42.2  50.8 46.5 249 24.6 248
#4D FAMIC-C21 D% ENEE =4 7 f 5 (ELRAYE %)
e P N ERERE o /B
BBARK gy T i s
0 L 376 397 3.86 538 530 534
7 4.07 4.08 4.07 3.82 3.88 3.85 5.24 537 5.31
12 4.07 4.06 4.06 4.00 4.02 4.01 5.32 536 5.34
19 4.08 4.08 4.08 3.60 3.70  3.65 5.33 532 533
24 4.12 4.09 4.10 3.68 3.71 3.70 5.34 536 5.35

a) L[RIFBRIRF O 4T A FE 7
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F24D (i x) (E&EDHE %)
T Ak IR R E
ﬁ@ﬂ é?k (T-KZO) :F:i//j,fﬁ (T—CaO) :F‘i//j,fﬁ (O-C) :F‘j://],fﬁ
0 0.52 0.49 0.50 421 424 4723 27.20 26.93 27.1
7 0.52 0.52 0.52 4.17 4.14 4.15 27.57 26.61 27.1
12 0.53 0.52 0.52 4.12 4.18 4.15 27.73 27.43 27.6
19 0.51 0.51 0.51 429 433 4.31 27.31 2694 27.1
24 0.51 0.51 0.51 436 432 434 27.45 26.89 27.2
#4D (i) (mg/kg)
s i 4= b e . [0F3 b FIRIT L b
SRS R4 (T-Cu) YA (T-Zn) SEEIE (As) A (Cd) YA
0 449 438 443 1360 1323 1342 8.19 7.95 8.07 1.91 1.90 1.91
7 443 439 441 1324 1315 1320 7.75 6.53 7.14 1.90 1.92 1.91
12 459 443 451 1333 1332 1333 8.64 8.37 8.50 1.92 2.00 1.96
19 462 454 458 1360 1350 1355 7.76 771 7.74 1.96 2.00 1.98
24 453 449 451 1382 1382 1382 8.21 743 7.82 1.96 1.97 1.97
#£4D (Fix) (mg/kg)
N KR = V4= N &
Bl A . A NIA5 I
SBAM o TRIE g PRI oy P gy TSI
0 0.66 0.58 0.62 27 29 28 30 31 31 22 21 21
7 0.56 0.53 0.55 29 28 29 30 27 28 23 24 23
12 0.67 0.68 0.68 26 26 26 31 30 30 22 21 22
19 0.66 0.63 0.65 28 28 28 31 29 30 23 21 22

24 0.65 0.64 0.64 29 30 29 30 31 31 23 23 23




158

REBHIFZE RS Vol.17 (2024)

14.6

13.7
=
5 135
%
133
= 131

13.0

y =0.0007x + 13.97

0 20 40 60 80

A% ()
1. FAMIC-A-17 (£#F 2 &)

3 =-0.0014x + 13.32

0

20 40 60 80
e A % ()

3. FAMIC-A-17 (&M AFR)

3.8

3.7

Yo (%))

e 3.5

1 =0.001x + 3.463

0 20 40 60 80

e H % (7))

5. FAMIC-A-17 KiEM T +)

(%))

L

N

N

'

SIHTIE (

12.4
7= 0.003x+ 11.72
< 121
¥
t
i
il
17
o=
£ 114
2
11.0 - : :
0 20 40 60 80
amH % (H)
2. FAMIC-A-17 (72 =7 M3 35)
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0.36
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0.64
3=0.00004 x + 0.5631 050 F y=0.0002x +0.45212
I W 5
M 047 L O
%

Ny

I‘u_.

hLe O

1

1

1

1

|

1
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Oe0O
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O

1

fr 045 ¢ O D\?ﬂ'
~ [m]
= . P
jLE 042 |
%
0.40 - : -
0 20 40 60 80 0 20 40 60 80
A (H) am A% (H)
7. FAMIC-A-17 (KIEMEIFH ) 8. FAMIC-A-17 UKIEMEIEH FE)
T 3 =-0.0005x +2.315
N
% 25
>
il
@I]I/( 2.2
=
= 2.0
t
N
1.7 - - -
0 20 40 60 80
A (H)
9. FAMIC-A-17 (JRFEM %)
1A (i)
8.3
y=0.0001x + 7.994 95 F

y =-0.00028 x +9.194

7.8 ' ' 8.8 - -
0 50 100 0 50 100
A% (H) frim A% (H)
1. FAMIC-B-14 (7> &=T7 M%) 2. FAMIC-B-14 (RJ¥AEMED ARR)

IB FAMIC-B-14 =) 75 R
(HEIZX 1A 2 07)
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8.8
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2) EEHZHREDEORMRE ST

FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2 & (U8 FAMIC-C-21 DFRGHERR TR D EE E TORGE A %%,
B D ST O SEIE K OV EVE D RIS AT OV TR EN% (E B3 H) O EH 5-1 12, mgkg O
D%Fe 5-2 \RUTz. ZEMEORAMIE, #éih H 2D FLEE L4 [ O E DO P4 EZ IV T ISO Guide 35 (JIS
Q0035) BB ILIROFNETITo72. £, (d) XK (e) b, #&8 A H OV T iE & D[RR EREOBIX (by)
KON (by) Z2sRed7=. iz, () O (@) :dh, FRIDEEHERE (s) M O EIFEMOMEE DOFEHERFE (s5,)
AR 7. BIREFROBEE DIEHEIRFE (sp,) & 8 (tg.957—2) ZFCTABEEZ DOAERME (|bq|) 2Ll L7Z.
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%5-1 JERERGEEEM L DL E DT =2 L 7V ST ORI 5
(2 DR 3% (BLRSY 3R) THHREERSY)

- b g 5 53 BT 5 S HIE |
RIS R T m® b9 50w g
©%)”  (mon) (%)” ( % )D )" (%) ( % )D < % )l)
mon. mon. mon.

(FAMIC-A-17)

wHLE (T-N) 1408 392 1400 0.0007  13.97  0.095  0.0011 0.0025 O
TUE=THAESE (AN) 1172 392 11.84  0.0030 11.723  0.133  0.0016  0.0035 O
SEMED AR (C-P20s) 13.32 392 13.27 -0.0014 13.323  0.074 0.0009 0.0020 O
TN (C-K20) 13.96 392 13.86  0.0023 13.773  0.198  0.0024  0.0053 O
<¥EtEE L (C-MgO) 3.54 392 3.501  0.0010 3.463  0.035  0.0004  0.0009 X
<¥sME~># (C-MnO) 0313 39.2  0.312  0.0002  0.305  0.007  0.00008  0.00018 X
<HEPEIZHFH (C-B:03) 0.55 392  0.565 0.00004 0.563  0.014  0.0002  0.0004 @)
KEMEIZOFE (W-B203) 0.45 39.2  0.453  0.00002  0.452 0.008 0.0001 0.0002 O
JRIFEMEZESH (U-N) 226 392 2296 -0.0005 2316  0.104  0.0012  0.0027 O
(FAMIC-B-14)

TUE=THEREFE (AN)  8.06 524 8.00  0.0001 7.99 0.05 0.0003  0.0007 O
ALY AR (S-P20s) 9.18 524 9.18 -0.00028  9.19 0.07 0.0005  0.0010 O
KEBEMED A (W-P20s) 6.70 524 672  0.00021  6.71 0.06 0.0004 0.0008 O
KEEMEINEL (W-K20) 8.32 52.4 824  0.00006  8.24 0.08 0.0006  0.0012 O
(FAMIC-C-18-2)

2HEALE (T-N) 4.83 266 477  -0.0007  4.78 0.09 0.0017  0.0040 O
0 AR (T-P20s) 4.66 26.6  4.62  0.0018 4.57 0.08 0.0015  0.0034 @)
nHE 4 & (T-K0) 0.12 26.6  0.12  0.0001 0.11 0.006  0.0001 0.0002 O
FIR4 & (T-Ca0) 1.68 266 1.67  0.0004 1.66 0.04 0.0007  0.0016 O
BRI (0-C) 37.2 26.6 37.61  0.0068  37.42 0.55 0.0101 0.0232 O
(FAMIC-C-21)

BHLE (T-N)rry—nn 3.8 124 3.81  -0.0092  3.93 0.13 0.0070  0.0222 O
EHELE (T-N)BREEE 4.11 124 409  -0.0001  4.09 0.02 0.0012  0.0038 O
A4 E (T-P20s) 5.29 124 533 0.0004 5.33 0.02 0.0009  0.0030 O
N 4& (T-K20) 0.53 124 0.51  0.0001 0.51 0.01 0.0004  0.0013 O
IR 48 (T-CaO) 4.16 124 424 0.0065 4.16 0.07 0.0039  0.0125 O
HEERFE (0-C) 27.0 124 2721  0.0034  27.16 0.24 0.0128  0.0407 O

a) FAMIC-A-17|3 8tk DF =2V 7 Eli H bR FEL TI5r AthETE=4) 7
FAMIC-B- 14|78t DE =2V 7 & H 0O E L TL060 H i TE=4Y 7
FAMIC-C-18-2|Zfi 8tk D=V 7 Fhi ANHEE L T4y A ETE=HI 7
FAMIC-C21IIFREIS D=2 7 F i A B RE L Q24 HE ETE=XU S

b) FRARBZYIEIOE=2) 7 EE HSHE=2 7 3 B £ ORI OEEME ()

¢) FAMIC-A-17D 53Kl RO FELE (7 — 2% = T=2V 7 FEhE R (11) X 7085 (2))
FAMIC-B-14D 5547 45 R ORI (7 — 248 = =XV 7 Ehanl$k (17) x G705 (2))
FAMIC-C-18-2D 3 W #it e ORI (7 — 2% = T =4V 7 FhiE a1k (10) X P 7558148 (2))
FAMIC-C-21 D53 ATt ORI (7 — 2% = T=2V 7 FEhEE % (5) X DT80 5(2))

d) B ERROMEE

e) [EUREMOTF

f) PRI

g) Bl E AR OOME & DOIEHERR 2

h)  Sp, X togsT-2

D OKAITHES L TEEIIABELTIROLNT, ZE LUy

|by| < sp, X toosr—2
) FHho%ITEESER
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52 JRFRAEAE U E D% E DT =2 L 7Y ST O R 5
(/ﬁf@%{ib)mg/kgf&)ém FESY)
SRR s
by ¥ by © sD Sby & " g

= b) 5 C)
R4y warE * y

mg/kg mg/kg mg/kg
(mg/kg) (mon.) (mg/kg) (mon,> (mg/kg) (mg/kg) (mon_> (mon,>

(FAMIC-B-14)
UE (As) 2.87 524 297  -0.0012 3.03 0.11 0.0007 0.0015 O
HRIY A (Cd) 4.23 524  4.26 0.0037 4.07 0.16 0.0011 0.0023 X
=)L (Ni) 37.9 524 374  -0.0054 37.7 0.87 0.0060 0.0127 O
(FAMIC-C-18-2)
#iem (T-Cu) 950 26.6 921 0.4367 909 27.84 0.5105 1.1772 O
figh4 & (T-Zn) 1560 26.6 1544  0.1841 1540 23.78 0.4361 1.0055 O
OFE (As) 12.9 26.6  13.8 0.0100 13.5 0.75 0.0138 0.0319 O
FRIT A (Cd) 1.9 26.6 1.85  -0.00002 1.85 0.03 0.0005 0.0012 O
=L (Ni) 25 266 249  -0.0272 25.6 0.94 0.0172 0.0398 O
a2 (Cr) 46 26.6  44.6  -0.0467 45.9 2.34 0.0429 0.0989 O
#h (Pb) 26 26.6  25.0 0.0268 243 1.12 0.0205 0.0474 O
(FAMIC-C-21)

#ief (T-Cu) 447 12.4 449 0.5565 442 5.36 0.2822 0.8981 O
figh4 & (T-Zn) 1340 12.4 1346 1.8788 1323 18.27 0.9614 3.0597 O
OFE (As) 7.3 12.4 7.9 -0.0006 7.9 0.58 0.0303 0.0963 O
HRIVA(C) 2.0 12.4 1.95 0.0031 1.91 0.02 0.0010 0.0032 O
KR (Hg) 0.61 12.4  0.63 0.0022 0.60 0.050 0.0026 0.0084 O
=L (Ni) 27 12.4  28.0 0.0203 27.7 1.35 0.0711 0.2262 O
e (Cr) 31 12.4  30.0 0.0271 29.7 1.06 0.0558 0.1774 O
#h (Pb) 23 124 224 0.0506 21.8 0.92 0.0484 0.1541 O

VI X F25- 145 FR

4. F&&

AEELRAHEYEY)E FAMIC-A-17, FAMIC-B-14, FAMIC-C-18-2 &U FAMIC-C-21 DE=HV 7L 5
W22 E M TR LTS R, & RSB Y E D25 FRRER D (2 BT Doy Mt o0 E34E1%, FAMIC-C-18-2
DA IRFHBRNT, BRI E R 3 [F 3R :iswﬂ%hf:ﬂﬁﬁ%ﬁ% m&m‘_ ETRCRR L (B — 3
B CHUSSNA O HHMED XS DX TR LHEE SN §iPH) N Ch-oT-. F72, TG % 1SO Guide 35 (JIS Q
0035) 5B ITHEFHRENTL, B E AR OB & OB FE-SZFEAM L7255, FAMIC-A-17, FAMIC-B-14,
FAMIC-C-18-2 X O FAMIC-C-21 [Z DWW CE=XY 7 FhaBRbARe D, & % 6 43 # A ], 8 4210 - AH, 4
6 7 A W MO 2 R DFERER 531 FAMIC-A-17 O<EMEE + K OKEE M~ 77 K T FAMIC-B-14 D71 R
IV LEROTLENEDS GRS, 7235, FAMIC-C-18-2 @ 54 » F B DA R 3D ks BT Z i R %
B2 TV, FURERROME X DL B ’%oéﬂf{ﬂﬁbf:n’:*% HEIIHBELITERD LI D o7,

ISO/IEC 17025 (JIS Q 17025) Ti&, /Hrifk R % BT 27200 DO FNEL LT, MY T WE
HAWEOER DRI TNS. FAMIC 233 H - ﬁaﬁbﬂ\éﬂlﬂﬂm AEAE EW) B DFRRERL 5y DA B A e 9
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Long-term Stability Evaluation of Fertilizer Certified Reference Materials for Determination
of Major Components and Harmful Elements:
High-Analysis Compound Fertilizer (FAMIC-A-17) , Ordinary Compound Fertilizer
(FAMIC-B-14) and Composted Sludge Fertilizer (FAMIC-C-18-2 and FAMIC-C-21)

KAMIKAWA Takafumi!, AOYAMA Keisuke', KAWAGUCHI Shinji'
MASUI Ryota!, OSHIMA Mayu?, and AKIMOTO Satono?

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

FAMIC has performed long-term stability examinations to confirm shelf life of fertilizer certified reference
materials (CRMs), high-analysis compound fertilizer ( FAMIC-A-17) , ordinary compound fertilizer (FAMIC-B-
14) and composted sludge fertilizer (FAMIC-C-18-2 and FAMIC-C-21) for analysis of major components and
harmful elements. We have given certified values total nitrogen (T-N), ammonium nitrogen (A-N), citric acid-
soluble phosphorus (C-P20s), citric acid-soluble potassium (C-K-0), citric acid-soluble magnesium (C-MgO)), citric
acid-soluble manganese (C-MnO), citric acid-soluble boron (C-B,03), water-soluble boron (W-B,0O3) and urea
nitrogen (U-N) for FAMIC-A-17, ammonium nitrogen (A-N), citrate-soluble phosphoric acid (S-P2Os), water-
soluble phosphoric acid (W-P20s), water-soluble potassium (W-K»0), arsenic (As), cadmium (Cd), and nickel (N1)
for FAMIC-B-14, total nitrogen (T-N), total phosphoric acid (T-P»Os), total potassium (T-K»0), total calcium (T-
Ca0), total copper (T-Cu), total zinc (T-Zn), organic carbon (O-C), arsenic (As), cadmium (Cd), nickel (Ni),
chromium (Cr), and lead (Pb) for FAMIC-C-18-2, and total nitrogen (T-N), total phosphoric acid (T-P,0Os), total
potassium (T-K,0), total calcium (T-CaO), total copper (T-Cu), total zinc (T-Zn), organic carbon (O-C), arsenic
(As), cadmium (Cd), nickel (Ni), chromium (Cr), lead (Pb),and mercury (Hg) for FAMIC-C-21. We evaluated the
monitoring long-term stability by a statistical analysis of the results of stability examination on the chemical analysis
of the stock CRMs. The data was performed a statistical analysis in reference to ISO Guide 35: 2006. It shows
evidence that there were no need to update the certified value and its uncertainty. From these results of the statistical
analysis, the all certified values of the CRMs (FAMIC-A-17: 6 years 3 months after preparation, FAMIC-B-14: 8
years 10 months after preparation, FAMIC-C-18-2: 4 years 6 months after preparation, FAMIC-C-21: 2 year after
preparation) were stable. The CRMs were expected to be useful for the quality assurance and the quality control in

the analysis of major components and harmful elements in compound fertilizers.

Key words certified reference material (CRM), fertilizer, major component, harmful elements, ISO Guide 35,

long-term stability

(Research Report of Fertilizer, 17, 148-170, 2024)
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