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1. [FC®HIZ

{0 A (FR AR T2 : HoPHO3) (XA /L N0 AR (H3PO)Z ELER L C, AKA~DEEAREED <, H0 AU K VY
AR (LUF, ®i0ARE (M) L), ) 25 Te ka6 I U CHEICSEm HUf L7235 & o Ik s L= 35 &, 1
SROA VN ARG % T BN IO RS OB ES L, M0 ARRE & Te 3 i o FH O IRk <
FLBT DI TECNDY . —J5C, WX AR BRI CERWEOMELEINH L1702,
JEEFEL COREY B ORI A NEH SFLT05.

A, #0ARE (M) 25 T B AR CUEMED A BR 2 ARFEL T IRER DS IR B R SRS NRE L TV D28, BLIRT
1T, MEERSY ORBIEDIEE I HTEY e OEAMERBRIEY IS TR, 20729, 2014 FEOFE
WFFERRREIZ WV, SBRIEDSRE SHUBBHE HIR R & O % = 7. REEEITZ 0 JEOER BB
FEE MR DT O LRI FH B SV T2, L LD, ARG A L[FFRER R L L C 2014 12K
ALz BREE AW C, ERIEEI O B MRk A i L 7= 25, —H O IEEHI B W CREHAIRICFEFL
T HRER DL B 2 D IED R EZ AT HZEAHILT-.

ZD7e, EEMEY AUBRBRIEZ W R 352881, BUBHAIR P OHE0 A BE A I K Ol R 2 N2 CNEN#2A b,
Liztk, VT T BO I GREIR (IBEITIED 1285 b 3 3K) 2 AW FREV T T U T o E
=7 KW EEVRIC KO BIE T 57ROV TRETL, BB COZ 4R E T D TE O E A
W5,

2. MERUAE

1) HAROFR

(1) B &R

AREO IR T2 > T Table 1 \ZR LT, JIS HIMICHLE SN QOB ERR, S 99 %Ll ik % Y
JERIRAFEAES L FAMIC-A-13 (LR, TIEEHERE A-13120)). ) VW, EVAERE S A, <MD AUBRE
TRAEL COD LB Z X SR EEZ O CTEORE B EEA R L12L2A, BDAREII LT LDTEREL
2o TCNHIEN RO B, ARELD Y AT L7 I—7K ) (CaPHO;3  HoO) [ BB 7B 15 (2 g oD 7K
PED ABROFIH FIETIFEAETRIRLI2VD, <X ARV (20 mg/mL) ([ZIXIRIRT D E CTh-o7272,
ZOREEE TR LT AL L7, IEBHMERE A-13 IZ oW T ABROFRFHE SR ESN TV,
HH AR T V2T = KT, BilET B =0 L O g VD M, 1REANCHEAZ W THBE 500 um O
SHVERIBETHE L.

VSIATBOE NEMOK EH B L it 2 — et —



44 REEHFFE RS Vol. 9 (2016)

B AR OMERIZ Y 7= o T, FEDAER VT — K F) D )V 55738 100 %~B 55738 0.4 %k72d
£91Z Table 2 DEBVERIFEDEEZREL, <MD AEE (C-P,0s) EL TEEDH 5140 %~EHEDH
0.206 % AT 53R 1~8 ZFRR L7z, BRMIIMBER) =F L U RIZANTEREGLIZOLEELE
RCRE L.

Table 1 Properties of material (% (mass fraction))
Material C-P,05?
A Calcium phosphonate (CaHPO3) 51.40 %
B Fertilizer certificated reference material FAMIC-A-13 10.79 ©
C Ammonium sulfate 0.00
D Potassium sulfate 0.00

a) Content of citric acid-soluble phosphorus (C-P,0s)
b) Theoretical value
c¢) Certified value

Table 2 The preparation of analytical samples (% (mass fraction))
Number of The mixing ratio of the materials Content of PO33’
analytical sample AY B" (o D" C-P,0s” ~drived”)
1 100 51.40 51.40
2 60 40 35.16 30.84
3 30 70 22.97 15.42
4 20 40 40 10.28 10.28
5 10 45 45 5.14 5.14
6 47.5 47.5 2.57 2.57
7 2 49 49 1.03 1.03
8 0.4 49.8 49.8 0.206 0.206

a) These are materials which are shown in Table 1

b) Citric acid-soluble phosphorus (P,0Os) derived from phosphate-group and phosphonate-group
¢) Phosphorus (P,05s) derived from phosphonate-group

(2) pEam e
AR HY AEE (H) H e D <IEMEY AR Z & T BT AEERT 300 g 2 H BAE 500 um D 550\ a5l 5FTH
e, IBAL, 3B 9~14 AL 7-. BRBR TR = F L AR ANVB R LA IR CIRE L. BB FEE K&
O AU D H K9 Dk Table 3 (2R LTz,
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Table 3 Phosphonic acid source of fertilizers used in this study

anall\illtlir:;esra(r)rfple Type of fertilizer Phosphonic acid source
9 Processed phosphate fertilizer Phosphonic acid
10 Byproduct phosphate fertilizer Calcium phosphonate
11 Compound fertilizer Phosphonic acid
12 Compound fertilizer Phosphonic acid
13 Compound fertilizer Calcium phosphonate
14 Absorption mixed fertilizer Potassium phosphonate

2) #HE

(1) 7K: JISK 0557 IZHET D A3 DRZEfEHILT.

(2) <AABEWHE (20 mg/mL) @ JIS K 8283 ITHET H X AEE—/KF#) 20 g Z/KIZEDL T 1000 mL &
L7z

(3) flfE: JIS K 8541 (ZHLE T D5k,

(4) Wilg: JISK 8951 ([ZHLE T D5k,

(5) HEfE: JISK 8180 (ZHLE T D53k,

(6) 7=/ —NTHLAEERR: NS K 8T ICHET LT =/ — L T7XL A1 g% JISK 8102 IZHETH=
X )—1(95) 100 mL (ZIAEDLT-.

(7) 7rE=77K: JISK 8085 |[ZHIET HAlEK.

(8) VWAREIEYUER (P,Os 10 mg/mL) : JIS K 9007 (ZHETDVAME —/KFEHIT L% 105 ‘CE2 CTH 2
REINEAL , 77— 2 — TR LI, 19.17 g ZO XD EMUTITNNED, D EDKTENL, BRI TA2
1000 mL (2B LA, filfig 2 mL~3 mL Z /1%, HE#ECREMZT-.

(9) DAPBKENERR (P,Os 0.5 mg/mL) : D AUBEAEHERR (P05 10 mg/mL) 50 mL Z 477 A= 1000 mL (Z&Y),
il 2 mL~3 mL Z %, B ETRENMZ 7.

(10) FEFKFE @hIK) : JISK 8747 IZHIET /3T VU (V)BT o E=U L 1.12 g ZKITEED L, B
fi 250 mL 2Nz 7=1%, JIS K 8905 |\ZHLE T HLEY T T UEERT =0 AIUKFIY) 27 g % /KIZEE L TN
Z, BITKZIAZ T 1000 mL &L7=.

(11) FEFAIEEH (b 3H) © JISK 8747 I[THET DTV (V)BT o E=U A 112 g ZKITEDL,
4ER 150 mL 201z 72%%, JISK 8905 |[ZHIETH LTV T T UERANT =0 LUK 50 g Z/KICEENL
TNz, BEIZKZMAZ T 1000 mL &L7=.

3) FERUEE

(1) FEFKUA: METTLER TOLEDO MS403S

(2) B FEREXEREERIED RS ADVANTEC THMO62FA
(3) Y7L —b: THEHYLRYERT APS-500

(4) Win

(5) ZrYeXREEt: EERAERT UV-1800

4) HEBRAZE
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(1) 2014 FRERFHE (RERE-RRIE 2 iR1E) [TRE 3. 2) ORET TV 7]

SIRTERER g% (1 mg DHTET) 1320 LD, 28T T 221250 mL I ALK 30 CITIMEL 72 2 A BRIRIF 150
mL Z/Z, 30~40 [El#5, 47, 30 ‘CE1 CT 1 REMIRVIEY, BBRIEMRETKEMR . A3 FETAHEL
TRBHARE LTz,

AEHA K D—E A h—/LE— 7 —100 mL [Z A, 2 2 mL X OIS 2 mL 2208 G L7, Rt
THEW, K250 CORYITL—RNTMEAL T, K&K 2 mL 1225 ETRMELZ. A L7220 [N AT TH
SEITK 30 BV 7=, i tk, 287722100 mL K THRLTHEIL, 7=/ — VI XA TR E 1~
2 WNZ, WROBPEOIREOITRDETT =T K+ 1) EMA T, D%, WEROPOIREE AR
THETHEEE (1+5) 22 TRIMELLEIRF TR LT, RERIKAK (a 383K) 20 mL 2%, fEHRETK
ZINA T, £ 30 Sy HCE Loy G FE R T R 420 nm OW S FE A HIE L 7= (Scheme 1) .

(2) S R¥E(EARmEALE)
[ ERE (1) D RO, TRL 3.3) ~3.7) THEMFZMEIL, 3.8) ~3.12) TOMEREMER AV T7 ]

EFE (D) SRS U 73U HR IR O — B B h—/LE— 5 —100 mL (2 AZv, & 1 mL M ONEREE 3 mL %
IMZIRELT-1%, FERFILTEY, 200 C~250 CORY ML —RNCMEL T, IREIK 2 mL 127225 F THAE
L7z, tntk, 2w 7 722100 mL IZKTEL, <ZABREIKAS 17 mL AR Y &2 50 RIEERZINZ, il (1
+1)2mL 2N 7.

0 ABERAEAERR (P2Os 0.5 mg/mL) 1 mL~12 mL 24877 A2 100 mL (ZERERIIZED, < ABRYETE 17 mL
ZINZ, WEEE (1+1)4 mL 200z, SBICHEEOKEMNZ 2. 3 EaRIEEIE (b A3 20 mL 200%, HEHRETKE
INZT=4%, £ 30 23 I ACE LAy YE R EE BT Tl R 420 nm O EEZ | E L7 (Scheme 2) .

(3) BEFDIT ik (2 — ViR 55 fifE)
[TRE 3.9 2B W T EFE (2) Dk B k& D HaR BRI V2 J71E]
AEEHERERIEY DY ARE 2 BBRIE L L OES L QOB 7V — VR Sy iR 1R I HEC T
EFE () LRSI 72 BRI O — & a7 VA — iR o iR L, AUERATR R O AR B EJIEL,
YAV AVBRE UTZ. 7035, TIEIZH T THEBEIC L DR A~ DR BE S B LURIE AR 100 mL IZRTER)S
0.5 mL LL &5 590255 BT,
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Weigh to the order of 1 mg
to a 250-mL volumetric flask

lg
analytical sample

< 150 mL of Citric acid (20 mg/mL)
(about 30 C)

Constant-temperature
rotary shaker

(30 - 40 revolutions/min)
for 1 hour (30 'Cx1 °C)

Shaking to mix

Standing to cool |

< Water (up to the marked line)

Filtration |Type 3 filter paper
I
Aliquot(predetermined
quot(predetermine 100-mL tall beaker
volume)

< 2 mL of nitric acid
< 2 mL of sulfonic acid

Cover the tall beaker with a
watch glass, heat on a hot plate
or sand bath at about 250 °C,
condense until the solution
volume reaches 2 mL. Further,
heat for 30 min from the solution
change to colorless, and white
smoke evolves.

Heating

Standing to cool |

Transfer |100-mL volumetric flask, water

< 1-2 drops of phenolphthalein solution
(1 g/100 mL)

< Ammonia solution (1+1) [neutralization]
< Nitric acid (1+10) [slightly acidic]

Standing to cool |

< 20 mL of coloring reagent solution
(reagent “a” solution)

< Water (up to the marked line)

Leaving at rest |For about 30 minutes

Measurement |Spectr0ph0tometer (420 nm)

Scheme 1 The method that was developed in 2014
The flow sheet for citric acid-soluble phosphorus (P,0Os)
in solid fertilizers containing phosphonic acid

Weigh to the order of 1 mg
to a 250-mL volumetric flask

lg
analytical sample

< 150 mL of Citric acid (20 mg/mL)
(about 30 C)

Constant-temperature
rotary shaker

(30 - 40 revolutions/min)
for 1 hour (30 'Cx1 °C)

Shaking to mix

Standing to cool |

< Water (up to the marked line)

Filtration |Type 3 filter paper
I
Aliquot(predetermined
quot(predetermine 100-mL tall beaker
volume)

< 3 mL of hydrochloric acid
< 1 mL of nitric acid

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

Heating

Standing to cool |

Transfer |100-mL volumetric flask, water

< Citric acid solution, until it reaches
the equivalents of 17 mL

< 2 mL of nitric acid (1+1)

< 20 mL of coloring reagent solution
(reagent “b” solution)

< Water (up to the marked line)

Leaving at rest |For about 30 minutes

Measurement |Spectrophotometer (420 nm)

Scheme 2 The improving method in 2015
The flow sheet for citric acid-soluble phosphorus (P,05)
in solid fertilizers containing phosphonic acid
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3. MRERUSER

1) W (2014 ££18) FTORHBREREER
2014 FE F T FE RS NI<EME ABERBRIE O BRI E L LU T O LBV IEBIL .

(1) HE AR (M) 25 £ W RO B %

NEEFIATEED Je OB B BRE DV LTI IEAEL P O VEMED AEE (C-P20s) K OVKIEMED AR (W-P20s) Dk
EELT, WIEETHIH L%, ST REVTF U7 =0 ARG (LR, WOREEEENY. ) Ik 3
- HETDHEPIERSITND. ZOHIETIE, B T2EA NN ABEA VN VIR T 57201
BRI AR (1+1) ZIN 2 BT 2 ER LTS,

(2) #ARE (M) 2o e RO RERE

AR () 25 TIEEOGAIT ERE (1) O FIETIEHEVAB A HomibIn T, & EEMEIRHH M
W% . TR OO ABRA T ANTIRVIZTTHITHY, T2 DI(LANZ L > TE&MIZIR LS A VI AR A
AN BY ZENMBNTEY, BEIC, H0A R (M) & & T RIERI O KD A BEREBRE S atan™ @,
FRBHAE O HY A% YR K OV PR CINEN - R L LR S BEE IS K0 E 2 07 R DS IR 3 BR 154 1Y
I,

AR, #0 AR (M) 25 e ETE AR CEMED AR A IRFEL 7o IRE D IR BB SR SR IE L TVD 23, BLIRT
(X, YRS ORBIED NI HTEY K ONERFERBR LY [T S TR, #i0 AR (M) 25 2o ikt
D<EEMED AT DNTE % IEBE R ERE O K IEMED AU FRRBRIEICEC THE L7256, SUBHRIRIZE £ 5<%
AR SEH EEVRIC LD E BB A 52 25803057 . 2012, 2014 FEOFIEMITREIZIB T,
SEMEV AVBR D TE BABIZ R A 5 2 720 IOK R VBB T 3 R $ 5728, sBHAIR AR 2 mL KX Ol 2 mL %
Iz TIEAL , B0 ABRDFEILES X AFED Sy % [AIIRF ATV, KBS AUFR % OO 7E & T T~ 2 38 (iR
K (EEFIFTEDICEBIT D a 33K 1Tk aE BT 27 ESRESN, RS fTRa S clEsniz
(Scheme 1).

2) 2014 FERHE (HBR-RBRIMRE) ORERETORERE

AR, PHERFIEFT IR SE I T E O FERBROUER LT 2014 4 (TR U 7= B -hile /o ik
(Scheme 1) Z T, BB O R R A i L7=L 25, —HOIEEHI B W CHEERELD S @O EE
L2200 G NS <DoT-T280, MERDT=D DOFRERA TN 7=, IEER-HiEE o ik Z - CHD BRIV A
—KFNH B ONEEHEHE A-13 OV ABEEEIZEI 3 AT THNT L. iEEE-RiEE /iR 31T ekl
EREZR 2 mL 2055 1| mL ICE B LIz FIEICOWTH O L. ZOREE, BB, BN
B2K2 mL EL725A, SOABRI LT A— KT OV IR IE (E B H 51.4 %) ZF5HMET 2 %
FEEE L, IEEHEYE A-13 (2 OV CIIXNER S E B FRO 72D 0 b7 WL #j GRAEAE -+ 28 ) P B Y (R 25 X 3)
ZoE 5 i D OE (BEER I S TRRREEIZ KT T 2FIE DY 101 %~106 %) LigoTo. FBHATKIE B4 1 mL &
Lics &, 3 ROMTRERDI S 2 U3 BRI SUIREREME Ty Vil (BE R B S IREREIE L6 2525 98 %~
99 %) L7go7ey, OB 1 RUTIRMELIHE 5708 L TRES 22572

ZORRELT, HEE-HiER iR - AR R TR A LT O BN EZ X b2, MR BRE ML, v
PUBBREAER 256 R R IAE (a 7k 3R) 2N 2 E L 72 0 (BEAERR D), 0 ABREEHER iR 2 mL } Ol F2 2 m
L2 Nz ChYmE — Fle o5 fifiE CRIE L7200 (EHER@) 12D\, BB 2 e L7z,
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ZORER, HEIR-TER YRR I I REHAR R B2 K 2 mL LU RO, k2 Z D EFR AT
FEAEE D& el LTI B ERER 30 43T 0.02 FREEED DU EFEL 72D, T D 90 43 # £ TORMF I3 vt
HOITHETH0.001 DEZA, FEHERDIT +0.013 &Ll AT E 2B B 1) 235583 B iz, fYER-Hifz /) fif
FEICEORENARTE B AR ImL ECTELTAEHEROIL, MER-FiNE Y a1 Tio7e > T AR U D& [RIFREE O
LT,

LU EDZEMNE, TEER-HREE D R TR I CHRER S 2 mL FREFEIF D2 LIC LD IED R MR K O
WAL DD LB 2 BT, A O FH I L5 I AR A Tt 3~ D RN RBRiE A R T2 BN AT
7-.

3) BYABRDERILEEDRTE

RS - FlE o iR i A L R T2 IR LT, BMLTIEO R BERFILIZ. B 2) OfE RSl EHA T % B4
1 mL ETETHEAELTHIELB 2O, ek & AR ORI TR MAE T 2LE018, BHE
T OHEIZHHAZEL, XD OXDJRK ERDIENE 2D, 2T, BITEEL TWA DA () AV
[ FE AT & B A B Ay HT FEAE 23 8o 2 IV AR P 2638 e OV T BN VAT D AR DR 5 A I X I FAAS L
7o, ZORER, i< AL TWDHIE, BITOREFERBRIEO T AR (M) 25 TRkt KMy
AUBRFRBRIE TR A ST DS 3 mL K OREEE | mL 2002 CMNEWEAE (UL T, T KR LERE &0, )L,
H 8 B O E BRI AR BRI E O VR AUBETRBRIE L BRI, 8 ARSI b RIS XOIE 5051k
ThHoTZEM b, ZDJ5 1k (Scheme 2) 12, LU FOMGETEATHIZEE LT,

4) EKBILBRERUMEE(O+)FMOBRICEIIHZBADEEITDOINT

FREBACHAEZATOC BTN, NFREV T FUBET = AR EIC BT, BN T % F K 4y fif
L7zB izt b =hr s L (NOCL) 2N EAFE T 5 EZ DR T K-> TOABR DI N T O a1 55107
0, EORBERETHULENRSD. Fiz, BUTOEHEREREY bR AR E (LT, THATE S
2L, PUBHAR B OB B AR P RS HENR |2 < 2 AVBRYAIR 17 mL A2 B J OVEg (1+1) 4 mL Z3RA0L, FEA L
DA% & Lo BHAIRIZ DWW TIIE B L2, PREEEZ1TO T, RERIEEIK (b 33 ZiILRlE 2
FETHDH. A COW B ETTREE (1+41)4 mL TOE®ICEZ T, REHAR T O AEEIRIL 357
DD EKEBICERIEZATIN, ZOFIKERERAE R O (1+41) 4 mL IRINOA ), IEHEROIAICE 2 D5
B\ ONT, WABRIEHETR P05 6 mg/100 mL % FVC, FKERLEMED A MK OREEE (1+1) DRI EEZE 2
T, 3 SOHMTRBRIC IV A Ll ¢ A a2 T o7, Z D5 R, Table 4 DEFY, FEUER@ (FRITIEDEE
), FEUER® (FEAERIC 2 AVBRYATE 15 mL, ¥EEE 3 mL M OVEEE 1 mL JRIIL, 92 mL £ CHIEEEE,
KX ABBERNR 2 mL B O EE (1+1) 2 mL 2 W12 E 35 515) O EZ R L 7= 25, [FFEE O R Lo
7o, FABLERTOMEE DTN ENZVEHER O (FKEBLEIEDTZ D DR | mL+ 52 (1+1) 4 mL=fifE
3 mL/100 mL 84 &) 1%, 52 2 mL/100 mL 024 &% 5 e B TIEOEER@ K 0@ L Hlg U T L EE DMK
TL, BEFEH RELBRDME ThoT-. EUEROIZ T KB EEREOTDICHEEE | mL ¥, TKBR{LERE
BATHEE (1+1)2 mL 230, JIERE F ORSEEO A G EMEER@LFEUA 2 mL MY & THH20, [H
FREDOWSEELIpo =& 2 b7,

ZOFERMNG, BUTIELRIRFICHIE D ATREZRFEMED B L, MR &M AR IBATIELRIC T 2 AR
% 17 mL AN, AEEE (1+1) 4 mL @ANTUSE AR SRIRTE b s CHIE 920775 L, sUBRAIRIE T KR L B E
%, <ZABBYRIR 17 mL ARG BRI, AR (1+1) 2 mL 2 N2 R AR b i3 CHIE T 5 515 1 ELLL T D
REtE ToZ kLT,
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Table 4 Influence on absorbance of the standard solution by the aqua regia oxidation treatment

@ a)b)c) @ a)b)d) @a)b)e) @a)b)f) a)b)g)

Absorbance Absorbance Absorbance Absorbance Absorbance
(abs) (abs) (abs) (abs) (abs)
30 minutes later™ 1.417 1.405 1.419 1.431 1.428
60 minutes later™ 1.415 1.399 1.417 1.433 1.429
90 minutes later™ 1.414 1.394 1.415 1.433 1.428
120 minutes later” 1.412 1.389 1.413 1.434 1.428

a) Mean value of parallel test (n = 3)

b) Phosphate standard solution (P,0Os 6 mg/mL),
This corresponds to reagent “b” solution in the Official Methods of Analysis of Fertilizers (1992).

¢) Add 17 mL of citric acid solution, then add 4 mL of nitric acid (1+1)

d) Add 15 mL of citric acid solution and 3 mL of hydrochloric acid , 1 mL of nitric acid, then heat and
condense until the solution volume becomes 2 mL, further add 2 mL of citric acid solution and 4 mL
of nitric acid (1+1)

e) Add 15 mL of citric acid solution and 3 mL of hydrochloric acid , 1 mL of nitric acid, then heat and
condense until the solution volume becomes 2 mL, further add 2 mL of citric acid solution and 2 mL
of nitric acid (1+1)

f) Add 17 mL of citric acid solution

g) Add 15 mL of citric acid solution and 3 mL of hydrochloric acid , 1 mL of nitric acid, then heat and
condense until the solution volume becomes 2 mL, further add 2 mL of citric acid solution

h) It is an elapsed time until the measurement after adding the coloring reagent solution.

5) {AABRERMU-BEBORBICEKBRILBRENEZIHEIIONT

NFREVT T URET =0 AR RO T, REHATR P I A AP IFET DA 12E, £V
T DN AX T INDTD, VAR ORIEER T OT) T T U R T 20N ERDHD. 127120, HED
ZHERETHET VIR BT D20, <A ABEIT—ELL (100 mL OFEAEERHPIZSZ AR 034 g), D
FeftF T CRARIERIK (b W) Dzl T,

BUTIE T, BEHAKR Oy BUEIZIS U TR AEMERTIC 100 mL F o< ABIARK (20 mg/mL) &% 17 mL
(KZABE 0.34 @AY BRI Z T, FABIEELIToTW5. KZABREEZ —EIZTHI2HT-0, FAKREBIGERIEC
FOFERAT T DL Z A BB T 572 8 LRI BET D0 EI0 it L.

R—/LE—%—100 mL (2D AFEFEAENR (6 mg FH Y &) 2 AdL, AR 0 mL~18 mL (KX AMELL
T 0.00 g~0.36 g 14 &) 2PN, T2, HiFg 3 mL K ORSER 1 mL 2012 TR 250 ‘COAvh
TU—h ETHEAL, &I 2 mL L5 FTRMEL, 287722 100 mL [IZ/K TBLIARE, 7 EE) O
R A AV 3 17 mL/100 mL A5 & LU F O%5513 17 mL A8 2 # L7 D IO A VBRI IR Z IR NL
DA% I E LT 45 55% Table 5 \ZRLT-.

FRBRACBRAERTOL 2 ABERIRIREAINE: 0 mL~17 mL (23 2 FEUERR W Y B (abs) 1% 1.419~1.423 THY,
FEPERERNIC X AR B4 17 mL/100 mL (ZHiix 52 E T, FAKRBILERIEORT%R E BT X AVBRIA IR
WINLTH, EREICEETHIILIHFIEAERNEDEE Z B,

ZORERMNG, 1R 2) OFEREFCHIEICKY, LT OfEE o8 e LTz,
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Table 5 Influence of aqua regia oxidation treatment on absorbance of standard solution varying
in the citric acid density

Before the aqua regia After the aqua regia
oxidation treatment oxidation treatment
; ; ot ; Citric acid
Estimated aliquot Citric ?101d Citric acid solution Absorbance of
amount of solution added amount . a)b)o)
: added amount  standard solution
sample solution added amount (Reference)
(Reference) A) (B)
(mL) (mL) (2 (mL) (abs)
0 0 0.00 17 1.423
2.5 1.5 0.03 15.5 1.421
10 6 0.12 11 1.421
25 15 0.30 2 1.419
30 18 0.36 0 1.420

a) Mean value of parallel test (n = 3)
b) P,Os 6 mg/mL

¢) Add predetermined volume (A) of citric acid solution and 3 mL of hydrochloric acid, 1 mL of
nitric acid, then heat and condense until the solution volume becomes 2 mL, further add the citric
acid solution (B) to make the equivalents of 17 mL of the citric acid solution and 2 mL of nitric
acid (1+1).

6) EKEALBEDOMEBIET FHEITONT

FKEBCERNEE T DRI, HABRE TR VN AR LT BT OB T &I a it 35720, 2.1)
(1) Table 2 DFBR AL 1 L OFRER A 6 2 FHV VMBI Z LD BURHANR IR B2 BB 1T 28 % T BRI & i B L
TEREE R U7z, 7ok, SUBHRIRIR B OMERITIRIZZEON— /L E — I —|Z/K 1 mL~5 mL ZBFERIZ AN
7O BT U L7z, BBR G O IEMED VBERRGHEIZ TN ENE 05 514 %, BEDHE 2.57 %
ThHD. MEIR I, SUBHA K O WM O FHE L T O I #G B TRIEN PR THLILRE LB EL T
250 CTATo72. TDRER, Table 6 DEFY, FEHATKRIE R 1 mL~3 mL O 12, 2 IREOREORE
o7 B DAL R DY 98 %~100 Y%b/a o7z, sEHATR IR B4 5 mL LA T ETRMELIZZE T, BRIRE A RS
720, AL D RLARY, HY ARE A NN AL T HZENTE LB 20N, Fe, EHARA &% 0.5 mL
LITFELTESHAID, MmO UTRIEM DAL, IVEWEBEE/RDGE R Ho7=2800, WRIETIX
IR LD ENATR R BA, F2mL 352U TLL FOMREITHIZEE LT,
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Table 6 Influence of sample solution residual amount at the time of the heating end
on recovery rate of C-P,0s

Content Aliquot Sample solution Sample solution residual amount

Number amount amount at the time of the heating end”

of of of at the time of
analytical C-P2Os  sample the heating start 105 3 2 1 05 0

sample solution mL mL mL mL mL mL mL
(%)® (mL) (mL) Recovery rate (%)°
1 51.4 2.5 6.5 — 9% 99 99 100 76 —9
6 2.57 25 29 94 97 98 98 98 98 —

a) Mass fraction
b) Approximate amount
¢) Mean recovery (n = 3)

d) It is immeasurable for carbonization.

7) EXKEBACBREOMBEEIZONT

FEIKBRA LA EIZ W CRUBHR IR & IR A T DR OIRE 2t L. 0 AUBA LS EH12H 720, I
BEREWTBRIE AR EDN, FiRTEDLMALD A OIBICEEIMER T2 E, UTZEHOfGRRIE
NEEDEEZLND. WIAKIR THHEMAL G EV I ViR %E Fe 7 L TEIRWRTREME N DD . Z D72
b, HERDIMBIREIZHOWT, L FDOLEBOHILT-.

2.1) (1) .Table 2 DFRERE 1 K OFERSL 6 2 HVINEE FEE 2 SO PS8 2 7o il BHA R & R B L e s 4 b
B U745 B4 Table 7 (/R L7z, 3RS 11X 170 ‘C~270 CT, #ABAS 612200 C~270 CIZIBWTEEAHK
53 BTRET DRI 98 %~100 %&7ao7z. ZORERND, sEHARRZ ) 2 mL £ T3 2BRZIT LY SR
THD 7 DIMBEE ORGSR DHIE, £2, 270 CTIXEBAROONLENE EORMERH LD T, W
RIETIIMEMREZ 200 C~250 CELTU FOMGETEIToZ8E LTz, ERE 2) ~7) ORGEHE RS, thRL
72 BRIEE 2.4) (2) Bh B ik (Scheme 2) L, ZOWBIEIZOWCLL FO B, KESOMRER AL ML 7=,

Table 7 Influence of heating temperature on recovery rate of C-P,0s

Number  Content  Aliquot amount

of of of Heating temperature
analytical ~ C-P20s sample solution
sample (o) ¥ (mL) 170°C 200°C 250 °C 270 C
ing time " 250 80 50 20
1 51.4 2.5 Heating time
Recovery rate (%)° 99 100 100 100
ing time >600 600 240 100
6 257 25 Heating time
Recovery rate (%) -9 98 98 98

a) Mass fraction
b) It is minute required for heating and condensing until the solution volume becomes 2 mL.
¢) Mean recovery (n = 3)

d) Non-measurement
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8) ERBEIAITE(Z kD EE O

K BIEOEE 2R T 5720, 2.1) (1) Table 2 OB 1~ 7 AW TIEEY AR OB Z 3
ROMT CEM LR K% Table 8 (IRLT. IEMEVABRORRFHEIZDOWT, VAR LD A—KF1Y)
(T ERER A2, AR RERRREAT MEM B I LR R A T

SEEMED VR INE B0y 5 1.03 %~E &7 FE 51.4 % T, [FIULERIT 99 %~100 % THY, WT N DENLHEE
LD EFRPHICI T DI RBRIE N R L TS EE (RILER) O HEELIN TH - 7.

Table 8 Result of recovery test

Number of Content of Mean Mean o Criteria of the
analytical C-P,0s value” recovery R3D: truness”
sample (%) (%) (%) (%) (%)
1 51.4 51.1 99 0.1 98~102
2 35.2 35.0 99 0.3 98~102
3 23.0 22.9 100 0.5 97~103
4 10.3 10.2 99 1.3 97~103
5 5.14 5.10 99 1.0 96~104
6 2.57 2.55 99 1.6 96~104
7 1.03 1.02 99 4.8 96~104

a) Mass fraction
b) Mean value (n = 3)
c¢) Repeatability relative standard devition

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

9) BEDFELDLBIZKDEEDEE

B BIED, BFEO R ] U720 AV () AV E T ALK E B2 H rTREDE I B 35720, BE
1RO IFEE L TIREHERBRIEY D0 A "“é%aﬁﬁ%ﬁ(é&&b“(ﬂﬂ%ﬁéhf%é’f”& — VI EE oy iRk (150 2.4)
(3)) Lk BE (FAKBRLIE) D 2 FIEIZXY, IO A I L L—KFi) K& O Table 3 (Z/RL7Zi
FERE 6 AL UM TDABRIERE 1 4%, sz/v@zﬂﬂﬂl i, ALERAEEE 3 8, WAEE IR 1 42) §F 7 Mo EHZ S
W, EEMED ABRE & i L=, =2 4 ,ﬁﬁﬁéﬁﬁ%%iﬁﬁbf:ﬁ%% Table 9 |Z/RLTZ.

2 BEDORIEDS 2B L, BBREM I ¢ MER FERE L7 R, MlA B KYE S % CHERZITED
LR oTz.
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Table 9 Comparison between kjeldahl method and Aqua regia oxidation method for C-P,0s

Number Kjeldahl method Aqua regia oxidation method
P -value
of Measured o Measured 9 of
analytical value” St value” o d)
sample b) b) b) b) {-test
P (%) (%) (%) (%)
9 45.8 0.1 45.8 0.1 0.58°
10 40.9 0.2 40.9 0.1 0.91°
11 17.7 0.1 17.6 0.1 0.07°
12 13.3 0.04 13.3 0.02 0.48%
13 5.15 0.1 5.18 0.03 0.55°
14 14.2 0.05 14.2 0.04 0.38°
1 51.0 0.3 50.8 0.1 0.24°

a) Mean value (n = 4)

b) Mass fraction

¢) Repeatability standard deviation

d) P -value of t-test on both sides levels
e) Not significant (P>5 %)

10) EHBIHREYEICLSEE D

O BV D BLFE A TR T A7, ALEHEHE A-13 % F VO CEMED A BE D3RR A 3 AT CE M L7k %
Table 10 [Z/RL7-. ZOVHMEITE &4 % 10.85 % THY, RAFEHEYH 0%?3&1 DR (3 Tt
Br) OFEPHLIN (B 8573 10.65 %~10.92 %) THY, EEHEREREICIIT LR EY E 2 W5 E
DOHEEG L Tz,

Table 10  Result of truness confirmation test for C-P,Os

Certified value Measured Warning limit®
Sample (C-P,0s) value? RSD Y Lower Upper
(%)" (%)" (%) (%)" (%)"
FAMIC-A-13% 10.79 10.85 0.05 10.65 10.92

a) Fertilizer certified reference material (High-analysis compound fertilizer)
b) Mass fraction

¢) Mean value (n = 3)

d) Repeatability relative standard deviation

e) The calculated evaluation criteria on basis of 3 replicate analysis

This evaluation criteria is used criteria of trueness in Testing Methods of Fertilizers

11)  BHTHRE R U PR E O S

S BLIED R R B K OV TRE B 2 s 357200, skt | R OABR G 6 2 O, <IBMED AR DRBRZ 2
FPHMTCTHZZEZ TS5 BIERL THON-H % Table 11 ([RLTZ. £72, 2O/ NS — TR & D4 BT
AT TRV O TR E K OV SRS £ % Table 12 (2R U7-. ikBR AL | OEHEITE BT 51.0 % T, #F
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ITHISRTIEAE R 2213 0.2 %, T RIFHEHER 7213 0.3 % Tih-7=. £, BRI 6 O FHHITE RSy =3RT2.57 %
T, PHTAEHEER 21X 0.6 %, TRFIRMEERAZIT 1.1 % Th-o7z.

ZNHOREIZBIT DT IO R R AT (R 225 AL SRR RS TOD O TREEE (D TR HE (R 22)
Fe OV RIS (P REIFE SR YR 22) 0 B 2N Thh 712280, W RIEITFORMEE A L COD I LD HER
niz.

Table 11 Individual result of repetition test of changing the date

for the precision confirmation (% (Mass fraction))
Test days Analytical sample 1 Analytical sample 6
1 50.9 50.8 2.55 2.54
2 51.2 51.0 2.56 2.54
3 51.0 51.3 2.54 2.56
4 51.2 51.0 2.62 2.59
5 50.9 51.0 2.58 2.60

Table 12 Statistical analysis of repetition test result for evaluating precision

Number of Repeatability Intermediate precision
analytical Mean * s RSD.”  CRSD. sury RSDyry? CRSDyr)”
sample )" ()" (%) (%) (%)" (%) (%)
1 51.0 0.1 0.2 1 0.2 0.3 2
6 2.57 0.01 0.6 2 0.03 1.1 3.5

a) Mean value (n = Sample number of parallel test (2) x Number of Test days (5))
b) Mass fraction
¢) Repeatability standard deviation
d) Repeatability relative standard deviation
e) Criteria of repeatability (repeatability relative standard deviation)
shown in Testing Methods for Fertilizers
f) Intermediate standard deviation
g) Intermediate relative standard deviation
h) Criteria of intermediate precision (intermediate relative standard deviation)

shown in Testing Methods for Fertilizers

12) EETRFEOHHESE

W RBIEDE & FRA MR T 5720, R 8 (KIEMEVABEREHE HE/75E 0.206 %) Z W TN A
fEDORERE 7 SO T CIIMELUIZFES% Table 13 1R L72. I E BEITE B33 0.205 % THY, T DOIEHE(R
ZETE RS 0.005 % Tholz. 728, i FIRIZIERERZEx10, f TERIFAEER 7Ex2x1(1-1,0.05) Z2 W
THHWLZLEZA, WREOER TRITE &5 0.05 %REE, Bt FIRITE RS2 0.02 %IEELHESN
72, 728, IEHERBRIEY [IORSITWDZOREIZB T DEILERD H 2L 94 %~106 % THY, BZE D=0
H L7825, FARLT-BURI ORI ER 100 %I XFFA#IPAN CTh-o7-.

BUEREIEL TWDEED AR (M) AD BRI O SEEMED AR O fie MEFER ST BITE RT3 5 %feEThy,
HEE LT B T R (B 55 58 0.05 %) 1L Z D F/IMRRERL T D 1/10 LU Thole. ZOZeEMD, WRIE,
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NERHETBRIED R L CODIE B T IROHESEELHEAT - L TV DT LA RS LT-.

Table 13 Estimation of the lower limit of quantitation (LOQ) of C-P,0Os

(% (mass fraction))

Number of
- Content 2 ®) © d)
anaiytial sample onten Mean St LOQ LOD

8 0.206 0.205 0.005 0.05 0.02
a) Mean value of the parallel test (n=7)
b) Repeatabillity standard deviation
¢) Lower limit of quantitation (LOQ = s, x 10)
d) Lower limit of detection (LOD = s, x 2 x t(n-1,0.05))

4. FEDH

2014 ETE&:@%W:%D/V@E(K@%@Ulﬁéﬁe*ﬂrqﬂ0)<7§¢$Dh@2@%&t%¥£ ZOUNT, AR |2 I AR
WfF D7D ORERE LTL A, — O JEEHI I THRIE FIVAIR H O Rl 03 € BAEI R 25 5.2 2L H3
Licles), BERFE U R T 52807 BRIEIT, HEH#aﬁ%ﬁ/ﬁ@ﬁ@hﬁ&(L]’?;))\Dﬂeﬂwkzﬁéwvﬁ&aﬁ
BRIECERASICODHERS 3 mL & O 1 mLZ2 N2 CINENENE 92 5 15 K0 aEHAE TR O B AU BR &
fEL, AERFEEGRBRIEDIEMED ABERBRTE L RIBRIZ, R b EEHWANFREVT T BT o E
=0 BRI K03, JIE T DS LT

B RIEIZOWT, BRI T 5% Y ViR & FE L 7= L AR DR R 15 7.

(1) <ZABEVEIE 0 mL~17 mL iRINIL7-0 A BB UERS IR A S8 Je OV IE CINBMIRAEL , N REVT T
Fe7 =0 DO EEE (R EAEEAIR b SR ICXVRIEL72L 25, FEBIERTIS A AR IR &4
17 mL/100 mL IZHix 22 & T, EKBILEAEORTRE DO TLAABEIEZIRINL Th, & &EIZZEL 2N
N i By

(2) HEZMRT D20, WA LT A= Kz il TR L7238 7 S22 W TS A
FRDRER%Z 3 mPHT CIMLIZETA, <EMEDARERIVE E573 1.03 %~E &'/ 51.4 % T, FIILRIL 99 %
~100 % THY, W IOENLHFE Z DO FEFLFHIZ 31T DB B ED VR L TS EEE (BIER) O B AR
UUNTHHoT-.

BEAED FIELL TR — VR M RE LS B L0 2 FIEICRY, EEOH VBRI LS h— KT K
O AEEL 6 L OFEHZ DN T 4 SO TRERZITV, 3B ¢ Tﬁﬂi’i’;‘%ﬁ@bf_& A, WA EAKAES %

THERAITROOLN Do T.

AEEIEREAR HEY) B FAMIC-A-13 2 AW CEAMED VR OB % 3 ROMT CEBLIZAER, WIhoE &l
HILEFEFRERIE DR L CODEEE O HAZ GERHEEY E OBRHEOEHAR) LN Th o7z

(3) DHMTHE R O S 2B 35720, 3B 2 RE AW, IBHVABORERE 2 RiMTTHZ
Tz T 5 BIFEMLIZEDA, FHEITE RS RT 51.0 %Rk 2.57 % T, PHTAMEHER 2T 02 %L O
0.6 %, TRIFHRMEAERZAET 0.3 %KY 1.1 % Th-olz. ZOWEEIZIBIT DT FLOFH IS (R 24 frph s
ABE RS TS RS EE (P AR SR YR 22) B OMIFT RS BE (B TR SHE YRR 22) O B Z N Th 7=

(4) CLBIEOLEEMED ABRTE B TIRITE B3 0.05 %A, B TIRIZE &% 0.02 % s HEE S
7.



10 Alg (HE) 2 & e EACEHh OV ABRORE  — EEPED ABRRBRIE DU R — 57

1)
2)
3)
4)

5)

6)
7)

8)

9)

10)
11)

X M|
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Determination Method for Citric Acid-Soluble Phosphorus in Solid Fertilizer
Containing Phosphonate (Phosphite) using Spectrophotometer

Toshiaki HIROI' and Masayuki YAMANISHI'

" Food and Agricultural Materials Inspection Center, Sendai Regional Center

A spectrophotometry was developed and valid for the determination of citric acid-soluble phosphorus as to
convert to phosphorus oxide (C-P,0s) in solid fertilizer containing phosphonate (phosphite). Phosphonate ion and
phosphate ion in solid fertilizer were extracted with 2 % citric acid solution. Phosphonate ion and phosphate ion
were oxidized to orthophosphoric ion with aqua regia. The C-P,Os was spectrophotometrically determined by
measuring orthophosphoric ion colored with the coloring regent which contains ammonium vanadomolybdate
and hexaammonium heptamolybdate tetrahydrate according to the Testing Methods for Fertilizers. As a result of 3
replicate analysis in 7 fertilizer samples prepared to contain 1.03 % ~ 51.4 % (mass fraction) of C-P,0s, the mean
recoveries ranged from 99 % to 100 %. In the train of duplicate test per 5 tests on different days using two
analytical samples, the mean values were 51.4 % and 2.57 % (mass fraction), repeatability relative standard
deviation (RSD;) were 0.2 % and 0.6 % and intermediate relative standard deviation (RSDyr) were 0.3 % and
1.1 %, respectively. On the basis of 7 replicate analysis of C-P>Os, the limit of quantitative value (LOQ) was
estimated at 0.05 % (mass fraction). These results were satisfied for the criteria shown in the Testing Methods for
Fertilizers. This method is valid for the determination of C-P»Os in solid fertilizer containing phosphonate

(phosphite).

Key words  phosphonic acid, phosphonate, solid fertilizer, citric acid-soluble phosphoric acid, aqua regia,

spectrophotometry, single-laboratory validation

(Research Report of Fertilizer, 9, 43-58, 2016)



