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1. [IC®HIC

H0 A (ME) 23 L REHT Z <R THY, TEm B O ALEHE L THt@L TV 528, T4, B0 AR ()
ZE T E R ILEHC BN TY, <EEMER OVKIEVED AR RAEL 72 BB IEEPR GRS LTT@L T D. D AR
() % T B AR R O VR K OVKEMED VB OBBRIEIZFRR ST 2 ks TS, BE, OMTHE,
EH T REDHRRNZAT o7/, B BRERNICBIT DR GIEOZ LD HERES NI, LN LR, 1Y
Aol (M) %8 o TR ARt 0 ESPED AR OFRBRIED (2 BT, BOBHESIR T O < 2 /VBE D 53 iR B OV /U1
Dz B B E L THNE Y R IRFIZ N 2 DE IR 4 5K & UT2 IE O R AR 7208 — O Lk CHERR S L7272, [l
ORI LI TEY AR R L, S CTHRE, MTREE, & FREOHFZIToIof R, H—RBRENICE
T HRRBR T 1A D Z A PED HERR S L7 (AT

A ], 0 AR (D) 25 T B ARAELh O K EIED ABERBRIE (2014 AF R 1 R OERMED AR s BR %
(2015 4F EERRHN (T DU TRl ABR 2 20t L s BR = R O iR B EE 2 i AL L 72D T, TOBEZHE T 5.

2. MBRUAE

1) #RFEBRAFEHOHAR

(1) <¥EMED A BERRERE F R

Hf0 AT FR R O EMED AVl & Te I T /VBRIEEE 1 A5, ALAAREE 1, WA IR 1, 33K (Y
BRIV =K F) | 5% B BEE 500 um OS5\ A@iE T E T, IRA L. SBMEVABRE S
FRUVEEIEE | S E I, IRE%, MRS ORI (ALY L—Kin) LEERIG
9:1 KIAEMEVWABREL TR 5 %Y EE D) TIRA L.

e[RRI RREIE L C R S FEEOREIS ) 1.8 g Z RV F LU WIC AN, 1 S OTTA Rkl 243
D128, RZTUH LI FEAML, 10 Aa BRI il mLT-.

(2) JKIAEMED AR ERIE AR

0 AR F R DIKEENED Aol & oAb AR RE 3 A5, WA A IR 1 AL, BEAIERE 1 A4 500 pm OfE.5
HNEIBIETHETHEL, RA L.

LR AR S L C ERD S FH OB 6 g RV = F L KT AN, 1 RO T TA U REEIZ#R L5
7o, RITTH MIFEFEAL, 10 e alBR=1ChAm L.
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2) EERURE
BB ITRRE L TS B T = (EIR) [FHRIRD IR M OV e E A L.

3) HEBAZE
(1) HoARE () 28 Te BT IRE T OEEMD B ORI E
INTEREN g2 (1 mg DHTET)IEIN0ED, £2ET T 23250 mL IZ ALK 30 CITIE L=< 2 AVBRIATR 150

mL Z /%, 30~40 [F]#5,7 47, 30 ‘C*=1 CT 1 FEFHRVIEY, A BRIEMETKEMZ, A3 FETAHIEL T
AEHARE LTZ.

FBHANR 2.5 mL Zh—/LE—7—100 mL (ZAAL, Al | mL & O 3 mL 22 IR A L7k, REEHILT
W, 200 CT~250 CORYITL—RNTMEAL T, EAK) 2 mL IR FTMLIC. intk, RE7 723
100 mL (Z/K TRL, <X ABREIEDS 17 mL A4 &2/ 530 [AARE N %, s (1+1)2 mL 2N 7-.

A FRIRIANE (b 3A3K) 20 mL 200z, BERRETREMZ 2%, 59 30 0 MAGE L2y YR CI R 420 nm
DO EZREL (Scheme 1), FEHATRH OV AR EZ KD, ek OIEMED AR Z R H L.

(2) HEVARE OR) 25 To BT AR DK EEMED AR O I E

SYRTEEE S g % (1 mg DHFET) 1T, 487522 500 mL 12 A KK 400 mL &1, 30~40 [a]#,/
53 7C 30 RIS, FERREC/RENMZ . ARt 3 FECTAHBL CGREHRIRE L.

EHATE 10 mL &2 h—/LE—#5—100 mL~200 mL (Z A, Hifg 3 mL &K OWEER 1 mL 22 RA L2,
RFRHILCTEWY, #9200 C~250 COFRYI T —NTHEALT. IKEDK) 2 mL IZ25F CRMLE. ink,
BET T2 100 mL IZKTEL, 72 /)= AT XA ERE 1~2 A, RO EIRONIREAIZRHET
ToE=T KA MR T ZDH%, BROWNIREEADTER T HE THER (1+10) Z N2 THERMES L, 1
BOKE AN, ORI (a 3838) 20 mL 2012 TERRECREIZ 72, £ 30 23 RAkE Loy Y6 e 7t
TP 420 nm OWEEEZIE L (Scheme 2) , FUBHAIR T OV AUl &R, S HTakBh i O KEMED AUk A
HL7-.

4) HEFABARKHOHEMHHER
IUPAC/ISO/AOAC DHERERBR T mbho L OB MHRERICHEV, & RA O LLFERER RN ENEh
10 B E Y, KNI X 2 ST T X LRI T 3) ITit> TobTLiz.

5) HRIHER
RERIZSMUTE 12 BREBRELFEHLZ 0 HEFHILL TOLBTHY, ZNENOREREIZIBVTRERL
77 20 FBHZOWT ) IS TH L=,

- FRa—7 T VRS (B ST 7 /Y —X U-5100)

- BT —HASH 4 E TS (BHE/EFT UVmini-1240)

- NAEETE N B AR E e A (BEE/ERT UV-1800)

© WNERMEEN BARNERERE 2 BvE S5 (BEEERT UV-1700)

« JRSEATEOE NEMOKPEM B2 e 2 —f P 2 — (BERERT UV-1800)
« JRSEATEOE NEMOKPEM B2 e 2 — iR 7 — (B ERERT UV-1800)
© JRNEATBOE NEMOKFEM B 22Tt 2 —lH o7 — (FEEERST UV-1800)
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-« MSEATBOE N BWKEN S Z a2 — 4 By 2 — (BHRYETT UVmini -1240)
« MSTATECE N EMOKEE S R 22— @it 2 — (GERYERT UVmini -1240)

-« MSEATEUE NBMOKPEIE B 22 il o 22— ARE (B HEERERT UV-1800)

- RY =T e AR AFFEET (BEERUERT UV-1800)

-« OAT 77 UA MRt (BEHRUYERT UV-1800)

(50 &)

| 1 g analytical sample | Weigh to the order of 1 mg to a 250-mL volumetric flask
< 150 mL of Citric acid (20 mg/mL) (about 30 C)

Constant-temperature rotary shaker (30 - 40 revolutions/min) for 1

Shaking to mi tempe
akig fo mix hour (30 ‘C+1 °C)

|
| Standing to cool |

< Water (up to the marked line)

| Filtration | Type 3 filter paper
|
Aliquot(predetermined
volume)

100-mL tall beaker

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

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

|
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

< Water (up to the marked line)

| Leaving at rest | For about 30 minutes
|

| Measurement I Spectrophotometer (420 nm)

Scheme 1 The flow sheet for citric acid-soluble phosphorus (C-P,0Os)
in solid fertilizers containing phosphonic acid, etc.
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| 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 | Rotary shaker (30 - 40 revolutions/min) for 30 minutes

< Water (up to the marked line)

| Filtration | Type 3 filter paper
|
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
Heating sand bath at 200 °C - 250 °C, condense until the solution volume
reaches 2 mL

|
| Standing to cool |
[

| Transfer | 100-mL volumetric flask, water

< 1-2 drop(s) of phenolphthalein solution (1 g/100 mL)
< Ammonia solution (1+1) [neutralization]

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

< 20 mL of coloring reagent solution

< Water (up to the marked line)

| Leaving at rest | For about 30 minutes
|

| Measurement | Spectrophotometer (420 nm)

Scheme 2 The flow sheet for water-soluble phosphorous (W-P,Os)

in solid fertilizers containing phosphonic acid, etc.
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3. WRRUER

1) #EHBRARMOHEERER

)M e 5B AR D piiiE e O D RAE D — JCELIE I Z LD BT S BAG LNt &% Table 1-1 KO
12127z, ﬁ?ﬁ*ifh \_Ob\‘(CochranTﬁ/tF_ ZEDHMUVEIEL T R TOFE L PRI Z B W TRROH BIVR) -
7o WIZ, —TEECEIC LD BT D F #E (A EAKUE 5 %) ZFERLIFER, X TOMIZ VTR
BHEICA B 22721 mm%W;bxoﬁ) F72, B TAHEHER 22 (RSDY) 13 0.2 %~1.0 % Tholz. ZDOTEND,
T T I FIFRER AR L RIRBR I H WA ZEN TELEM A/ L QDI EA R LT,

Table 1-1 Homogeneity test results of citric acid-soluble phosphorus (C-P,0s)
No. of Mean” s RSD.” sy spaf RSDy.." F

Sample 2) i)

sample” (%)Y (%) (%) (%) (%)° (%)  Value”
Processed phosphate fertilizer 10 (0) 4554  0.17 0.4 0.05 0.18 0.4 1.17
Compound fertilizer 1 10(0) 17.54  0.06 0.3 0.04 0.07 0.4 1.91
Compound fertilizer 2 10(0) 5.20 0.05 0.9 0.03 0.06 1.1 1.55
Absorption mixed fertilizer 10(0) 14.11  0.07 0.5 0.07 0.10 0.7 2.82
Calussium phosphonate (CaHPO;) 10 (0) 50.80  0.11 0.2 0 0.11 0.2 0.29

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

b) Grand mean value (n = 20 = 10xThe number of times of a repetition (2))

¢) Mass fraction

d) Standard deviation of repeatability

e) Relative standard deviation of repeatability

f) Standard deviation of sample-to-sample

g) Standard devitation of sample-to-sample include repeatability Sy 4r = v Spp 2 + Sp2
h) Relative standard deviation of sample-to-sample include repeatability

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

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

Table 1-2 Homogeneity test results of water-soluble phosphorus (W-P,05)
No.of Mean” 5% RSD? 5w’  spu® RSDy.” F

Sample 2) i)

sample” (%)Y (%)? (%) %) (%) (%) Value”
Compound fertilizer 1 10 (0) 59.03 0.11 0.2 0.04 0.12 0.2 1.50
Compound fertilizer 2 10 (0) 3.85 0.04 1.0 0 0.04 1.0 0.31
Compound fertilizer 3 10 (0) 12.89  0.13 1.0 0.08 0.15 1.1 1.77
Absorption mixed fertilizer 10(0) 7.24 0.03 0.5 0.01 0.03 0.5 1.05
Mixed fertilizer 10 (0) 22.13  0.11 0.5 0 0.11 0.5 0.51

a) ~j) Refer to the footnote of Table 1-1
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2) #*EEBRBERVINERTE

FHRBRED SRS SN S FRBRAGES Table 2-1 KO 2-2 1ZRUTz. R 51D kO #E 4 TUPAC
OIEFRE T mhand Nt TRFHLEE L. BBRAGE O SMUEZ BT 572912 Cochran DRRE & Y
Grubbs DIREZ FfELT=. TOFER, 12 BREORWBRAE DG, <MD ABRIZ OV TIE 3 FEORE T
1 BRI IUE L L CHIES L. KR ABE OB SAE CIIs UEIZ 220 7.

Table 2-1 Individual result of citric acid-soluble phosphorus (C-P,0Os)

(% (mass fraction))

Processed phosphate

Lab ID? fertilizer Compound fertilizer 1 Compound fertilizer 2
A 47.31 47.19 17.39 17.49 5.09 5.16
B 48.83 48.68 18.57% 18.64% 5.47 5.32
C 46.80 46.81 17.54 17.62 4,98 491
D 46.86 46.74 17.42 17.54 5.12 5.17
E 47.58 47.19 17.77 17.66 5.13 5.08
F 46.50 46.73 17.60 17.63 4.90 4.95
G 47.33 47.32 17.90 17.75 4.79 4,94
H 48.06 48.05 18.03 17.95 5.24 5.22
I 47.34 47.33 17.81 17.75 5.02 4.91
J 46.88 47.10 17.91 18.04 5.22 5.18
K 46.93 47.27 17.80 17.84 5.25 4.95
L 46.13 46.04 17.55 17.60 491 4.92

Absorption mixed Calussium phosphonate

Lab ID" fertilizer (CaHPO:;)

A 14.18 14.16 51.07 50.90
B 15.05”  15.15” 54.15"  54.23"
C 14.10 14.14 50.77 50.86
D 14.13 14.25 50.47 49.96
E 14.41 14.40 52.02 51.77
F 14.32 14.22 50.17 50.22
G 14.27 14.29 51.25 51.21
H 14.58 14.60 51.67 51.63
I 14.37 14.30 50.90 50.94
J 14.53 14.62 50.52 50.66
K 14.38 14.55 50.84 51.08
L 14.13 14.07 50.28 50.28

a) Laboratory identification
b) Outlier of Grubbs test
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Table 2-2  Individual result of water-soluble phosphorus (W-P,0s)

(% (mass fraction))

Lab ID® Compound fertilizer 1 Compound fertilizer 2 Compound fertilizer 3
A 59.46 59.36 4.01 3.96 13.54 13.49
B 58.68 58.58 3.94 3.90 13.22 12.97
C 58.08 58.34 3.80 3.93 13.29 13.26
D 57.87 57.79 3.88 3.88 13.43 13.43
E 58.54 58.62 4.04 4.01 13.30 13.22
F 58.62 58.69 3.84 3.88 13.37 13.46
G 58.27 58.36 3.81 3.84 13.11 13.05
H 58.93 58.69 4.06 4.12 13.63 13.43
I 58.49 58.54 3.87 3.85 13.58 13.50
J 58.04 57.95 3.86 3.95 13.07 13.29
K 58.24 58.43 3.85 3.86 13.45 13.63
L 58.53 58.12 3.90 3.92 13.52 13.68

Lab ID? Absogrttli(l)ir;errmxed Mixed fertilizer
A 7.25 7.21 21.97 22.02
B 7.05 7.07 21.65 21.49
C 7.05 6.97 21.78 21.69
D 7.04 7.04 21.65 21.65
E 7.51 7.45 21.69 22.00
F 7.37 7.34 21.74 21.87
G 7.07 7.08 21.51 21.75
H 7.36 7.35 22.12 21.90
I 7.06 7.11 21.88 21.75
J 7.06 7.02 21.89 22.07
K 6.98 7.00 21.66 21.56
L 7.20 7.16 22.00 21.84

a) Refer to the footnote of Table 2-1

3) BHTRERUVEMBREE

S IUEZ BRI BR AR L0 B 2 LT, DR TR YR 22 (s0) B OV TAR R HE R 22 (RSDy) , 2
N ] PR B (R 72 (sp) S OV FH) PR BUAE e AR MEJR 22 (RSDRr) % Table 3-1 KUY 3-2 [T/RLTZ.

SEMED AVBEDN-EIEIE 5.08 % (B &7 3) ~50.89 % (H &5 3) THY, OO TR 72 (s0) 1% 0.06 %
(HEDHR) ~0.14 % (EEHR), PHTHSIERERZ (RSD) 1X 0.3 %~1.6 %, =M HFIUEHERZE (sp) (X
0.17 % CE &7 5) ~0.69 % (E &5 3) , = M BB R R 72 (RSDr) 1% 1.1 %~3.3 % Th-o7-.

IKIENED AUBE DS IE 3.92 % (B0 5R) ~58.47 % (E B4y 3R) THY, ZTOPH THEHENR 2 (s,) 1 0.03 %
(E &) ~0.13 % (E &), fHTHSIEERZE (RSD) 1X 0.2 %~1.0 %, == i BUEER 2 (sp) 1
0.08 % (E #577) ~0.42 % (E &%), =M BB R E R 72 (RSDr) 1% 0.7 %~2.3 % ToH -7z,

WO P TAERHEHE(R 22 (RSD;) K OVER [ P BLFH M HE (R 22 (RSDR) ® IERFERBRIES D 2 4 M B D
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FINRL TOWDHEIREDL IR DIFED B LZOHPAN THLHIEND, AEORE X RFRERIEDOME
REREAT R HEDBLRFIHITE A L CWVH T L& MR LTz,

Table 3-1 Statistical analysis of collaborative study results for citric acid-soluble phosphorus (C-P,05)
Labs? Mean” 5% RSD? CRSD, s:¥ RSDR" CRSDy’

Sample
P (@) (W) (W (%) (%) (W (%) (%)
Processed phosphate fertilizer 12 (0) 47.21 0.13 0.3 1 0.69 1.5 2.5
Compound fertilizer 1 11(1) 17.71  0.07 0.4 1.5 0.19 1.1
Compound fertilizer 2 12(0) 5.08 0.08 1.6 2 0.17 33
Absorption mixed fertilizer 11 (1) 1432  0.06 0.4 1.5 0.18 1.2
Calussium phosphonate (CaHPO;) 11 (1) 50.89  0.14 0.3 1 0.57 1.1 2.5

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

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

¢) Mass fraction

d) Standard deviation of repeatability

e) Relative standard deviation of repeatability

f) Rough standard of relative standard deviation of repeatability in Testing Methods for Fertilizers 2015
g) Standard deviation of reproducibility

h) Relative standard deviation of reproducibility

i) Rough standard of rerative deviation of reproducibility in Testing Methods for Fertilizers 2015

Table 3-2  Statistical analysis of collaborative study results for water-soluble phosphorus (W-P,0s)
Labs” Mean” 5%  RSD° CRSD, s:¥ RSDR"” CRSDy’

Sample
P (@) (W) (W (%) (%) (W (%) (%)
Compound fertilizer 1 12 58.47 0.13 0.2 1 0.42 0.7 2.5
Compound fertilizer 2 12 3.92 0.04 1.0 2 0.08 2.1 4
Compound fertilizer 3 12 13.37  0.10 0.7 1.5 0.20 1.5 3
Absorption mixed fertilizer 12 7.16 0.03 0.4 2 0.16 2.3 4
Mixed fertilizer 12 21.80  0.12 0.5 1.5 0.18 0.8 3

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

4. F&oH

12 SRBRERICIR W TH 5 FREE (10 £0) Okl AV CHLRRBRZ FML, HH0 AR (M) 25 felE EIEE
DOLIEME J OUKERMED VBRI E BT 2 E B H R OFN 21 T-7-.

ZORER, IEMED AR E-HIE 5.08 % (B 80 5F) ~50.89 % (B 857 28) OO C2 0> 55 ) - SAH 12 1e
Rz (RSDR) 1E 1.1 %~33 % THY, KIEMEDAFED V-HIME 3.92 % (B 857 3) ~58.47 % (E &7 ) O
TE DR M FHAAMEYERZE (RSDR) 1X 0.7 %~2.3 % THY, W3 100D 5= [ F BRI Y 22 (RSDR)ME
BHERBRIES O % A RO FINEIRL TOD R IR E DL~ BT D O B Z2OHFIAN THHZ LN,
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ARIEDONE L RFBRIE O MERERHAR AR HE D ZOR FIHIZE 5 L CWOD LN RS Uz,
X &

1) BRSO e 2 ARl PR i AUBE (M) 25 T BT AR O K ENED AR ORI E  — i F #EH
LR —, EEHIFFEER S, 8, 10~16 (2015)
2) BERSCHE, e RfEsE, SRR i AR (M) 25 BT ALE P O<EMED ABRORIE  — D ARRO
b 7iEot B —, IEEHWFZEHE, 8, 17~25 (2015)
3) Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency Testing
of Analytical Chemistry Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)
4) Horwitz, W., : Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure &
Appl. Chem., 67 (2), 331~343 (1995)
5) AOAC OFFICIAL METHODS OF ANALYSIS Appendix D: Guidelines for Collaborative Study Procedures
To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL (2005)
6) IMSIATBUE NEMIKPEI B 2 £ % — (FAMIC) : IEEHERAERIE (2015)
<http://www.famic.go.jp/ffis/fert/obj/shikenho_2015.pdf>
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Determination Method for Citric Acid-Soluble and Water-Soluble Phosphorus in Solid
Fertilizer Containing Phosphonic Acid or Phosphonate (Phosphite) using Spectrophotometer:
A Collaborative Study

Masayuki YAMANISHI', Toshiaki HIROI'! and Fumika TAKATSU'!

" Food and Agricultural Materials Inspection Center, Sendai Regional Center

A collaborative study was conducted to evaluate spectrophotometry for determination of citric acid-soluble (as
phosphorus oxide; C-P,Os) and water-soluble phosphorus (as phosphorus oxide; W-P,Os) in solid fertilizers
containing phosphonic acid or phosphonate (phosphite). The inorganic phosphorus compounds in fertilizer were
extracted with 2 % citric acid solution or water as ionic forms. Oxidation of phosphonic ion and hydrolysis of
pyrophosphoric ion with aqua regia was used to formation of orthophosphoric ion. C-P>Os and W-P,Os was
spectrophotometrically determined by measuring phosphoric ion colored with an ammonium vanadomolybdate
and hexaammonium heptamolybdate tetrahydrate according to Testing Methods for Fertilizers. We sent 12
collaborators 5 materials each method in a blind duplicate design. After identification of outliers with Cochran test
and Grubbs test, the mean values and the reproducibility relative standard deviation (RSDr) of determination of
C-P,0Os were reported 5.08 % ~ 50.89 % as a mass fraction and 1.1 % ~ 3.3 %, respectively. Those of
determination of W-P,0Os were reported 3.92 % ~ 58.47 % as a mass fraction and 0.7 % ~ 2.3 %, respectively.
These results indicated that this method has acceptable precision for determination of C-P,Os and W-P»Os in these

concentration ranges.

Key words  phosphonic acid, phosphonate, solid fertilizers, citric acid-soluble phosphorus, water-soluble

phosphorus, spectrophotometry, collaborative study

(Research Report of Fertilizer, 9, 59-68, 2016)



