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FEFGIE B LIS O 120 B DA IR EL CTERNTINZ B, KEEMEA IR ORFE & OF R3S A ieE 78>
729,

IKEVER VL BOGHTEE LT, BEER 2R LB MR R M AN fishTn0g (BUF, TR R
SIMTIELEND ) D3, TS T SO 3E i #Cm O IREHZ 3610 5, tRFEZE~EH EA LT 20D H L0
BN R OB AALEET DR (LLT, [0 RIFEBURLEELS | L), ):ﬁﬁﬂéhtﬁwy?A%ﬁ%&&Lﬂ\57‘:
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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)



